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PREFACE

This report was prepared as Part Il of a research program conducted by the
Douglas Aircraft Company, a Divisional Company of the McDonnell Douglas
Corporation, under Contract No. DOT-FA77WA-4019 for the Federal Aviation
Administration of the U. S. Department of Transportation. Until his
retirement Mr. Robert C. McGuire was Program Manager for the Federal Aviation
Administration and has been succeeded by Mr. Constantine P. Sarkos at the
Federal Aviation Administration Technical Center.

The report was divided into two parts: Part [ described the improved
technology 1investigated to wupgrade existing methods for testing the
flammability of aircraft cabin materials; Part Il was prepared to satisfy the
needs of investigators who are interested in building up similar laboratory
test equipment and provides detailed operational procedures, computer data
acquisition and processing program listings, and detailed derivations of the
hazards analysis models used to rate cabin materials in fire by the common
denominator of passenger escape time potential.

A large number of McDonnell Douglas personnel in many related technical fields
made important contributions to the successful completion of the program.
These individuals have been acknowledged in the Part I Preface. In addition
to these individuals, Yolanda Cortez and Terry Johns deserve special thanks
for their work with the word processors used to complete the two reports.
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[. INTRODUCTION

Part [ of this report presented the development and evaluation of the Combined
Hazards Index (CHI) methodology for ranking aircraft materials for their
collective combustion hazards. :

Part [II contains detailed descriptions of ancillary equipment and test
procedures needed to modify a standard Ohio State University Heat Release Rate
Calorimeter (OSU-HRR) into a laboratory test facility known as the Combined
Hazards Analyses System (CHAS). A Single Animal Test System (SATS),
integrated with CHAS, 1is also described. Dimensions and operational details
are given for the specifically developed thermally insulated SATS and the
Multiple Animal Test (MATS) chambers. These were used in correlation studies
of large scale and laboratory scale animal incapacitation data reported in
Part 1. The CHAS, a major part of the test procedures and the supporting
computer data processing programs, were developed prior to the CHI program.
The original work was done as part of the McDonnell Douglas Independent
Research and Development Programs in Fire Safety. This contribution greatly
aided the development of the more refined test procedures and protocols used
in the CHI program.

Part Il provides all of the important details for use by those who wish to
delve deeper or assemble and operate similar laboratory or cabin size test
equipment. It should not be inferred, however, that strict adherence to the
assembly details and selection of equipment is a necessity. Experience has
shown that certain modifications to the chamber, use of fast response gas
monitoring instruments, and proper implementation of the computerized data
acquisition and reduction programs will improve materials hazards measurement
precision. Thus, other combustion product gas monitors having similar
operational characteristics with respect to speed of response sampling
volume, stability, etc., may be used. Some of the modifications to the
OSU-HRR may not be needed. Extension of sample hold chamber required to make
use of the mass loss unit with an auxillary air cooling system fall in this
category.

A simultaneous opening and closing mechanism for the upper and lower radiation
doors, closing off the hold chamber before and after injection of a sample,
will improve precision and repeatability of measurement. The 1listed data
acquisition and reduction programs are compatible only for use with the
Hewlett Package Model 9825A controller and bus operated -data scanner, digital
voltmeter, clock, and a plotter.

Considerable modification of the programs will be required if other computer
systems are used, since the language will differ.

A1l of the gas monitors, pumps and the mass Tloss unit are commercially
available. The gas sampling system was assembled using standard parts. The
SATS, refractory radiation doors and the associated opening/closing mechanism.
adaption of the mass 1loss unit and cooling system on the sample injection
assembly, the housing for the gas sampling system smoke filter, and low
thermal capacitance, 10 X 10 inch, sample holders were custom built. The
smoke detector was also constructed using the schematic and parts specified in
the current OSU-HRR test procedure document under review by the ASTM.

-1-




Part [l contains additional discussion and derivations forming-the basis for
the hazards 1limit relationships, the Foriran coding, and output of the fire
analysis computer program. Other sections present suppliementary information
on the composition of the panel materials tested, and large scale cabin fire
simulator test procedures and results.



[1. CHI LABORATORY EQUIPMENT AND OPERATION

LABORATORY TEST EQUIPMENT

The CHAS/SATS is comprised of four operational subsystems:

1. A modified Ohio State University heat release rate calorimeter modified
to measure rate of weight-loss of the sample as it burns, in addition to
heat and smoke.

2. A gas sample extraction and release rate monitoring train for CO, HCN,
C02, NO/NOx. Op (Depletion), unburned hydrocarbons (CHx), and gas syringe
batch sampling of gases for which monitoring instruments are not
available (aldehydes, HF, HC1, etc.) and a capability for determining
release rates for seven additional toxic gases commonly generated by
cabin materials in fires.

3. A 10-channel data acquisition/reduction, calculator controller and
printer/plotter system and a formatter/tape unit needed to collect all
the release rate data in compatible form for use in calculating CHI using
the Fortran IV (IBM 370) Fire Analysis Computer Program (FACP).

4. An instrumented animal (rat) time-to-incapacitation (Ti) rotating wheel
mounted in an airtight plexiglas enclosure (SATS) connected to the gas
extraction system installed on the HRR calorimeter.

MODIFICATIONS TO THE OSU HRR CALORIMETER

The basic mechanical details and construction of the HRR equipment described
in References 1 and 2 have been preserved. The sample holder and injection
mechanism has been modified to accomodate a cage type cantilever mass 1loss
transducer (MLT) so that mass burning rates can be measured while the test
sample is burning in the HRR chamber. A photograph of this modification is
shown in Figure 1. Detail drawings of the sample holder/injection assembly
are presented in Appendix A, Figure A-1-1 through A-1-4. A wiring diagram for
the MLT is available in Appendix A, Figure A-2.

A new type of sample holder having minimum weight and thermal capacitance was
constructed to aviod overloading the MLT with 10 X 10 inch (25.4 X 25.4 cm)
samples mounted for testing. This holder is constructed so that a sampie burn
both on the front and back surfaces, as could occur in an actual fire. The
holder dimensions and construction are shown in Appendix A, Figure A-3 . The
front sample holder support tube has provision for feedthrough of a
thermocouple to the center of the test specimen to monitor surface or interior
temperature while a material burns. Other modifications required to
successfully accommodate and use the MLT include a hold chamber extension
duct, Appendix A, Figure A-4, and single action opening refractory radiation
doors shown in Appendix A, Figure A-5. These radiation doors are constructed
of low thermal conductivity material so that the hold chamber temperatures may
be held at lower Tlevels for each heat flux setting. Excess temperature rise
inside the insulated box housing the MLT must be prevented to avoid thermal
drift in the MLT baseline signal which reflects as an error in the weight loss
determination. The remaining baseline drift is easily corrected to zero weight






loss in the computer data acquisition program after standardizing runs are
made. As shown in the Figure 2 schematic, a known constant flow of cool
(ambient) air is introduced into the hold chamber to keep this area cooler
prior to a test run. Immediately after placing the sample holder MLT assembly
in the hold chamber, the 3 way valve must be turned to divert the airflow at
the same rate into the MLT housing to assure temperature stability. This
airflow (230 ft3/hr.), is included with the main airflow rate set for the
HRR chamber. It does not shift the thermal baseline set for the calorimeter,
since the air flows out of the MLT unit into the main chamber as part of the
total flow, and the baseline is taken after the air is diverted into the MLT.

A six position, neutral density filter wheel is mounted in front of the smoke
meter sensor housing to calibrate the smoke meter. This contains neutral den-
sity filters having optical density values of 0.1, 0.2, 0.3, 0.4, and 0.8 with
the sixth left blank for the test run.

GAS SAMPLING AND CALIBRATION SYSTEM - The gas sampling and monitoring system
(see schematic Figure 2) for the CHAS includes the following:

1. A 3/8" 0.D. Teflon <:) (TFE) coated stainless steel (SS) gas and smoke
sampling probe installed through the side wail of the chimney using a
standard SS Swagelok bulkhead fitting.

2. A heated 248°F (120°C), heavy wall TFE gas distribution line conducts gas
flow through a valve directly into the animal test system (SATS). A
heated fiber glass smoke filter and acid gas scrubber system is connected
between the pumps and gas monitors.

3. A gas monitor calibration system consisting of span gas mixtures, pure
gases, and zero gas needed to adjust the monitors prior to a test run. A
valve controlled auxiliary gas supply from this calibration gas manifold
permits the operator to direct the flow of selected span gas mixtures
through the gas monitoring train, or by turning the 3-way valve, of pure

gases into the HRR chamber through a 1/4" perforated gas introduction
tube. )

The HCN monitor is caliorated directly using a permeation tube heated oven and
flow control/mixing unit (Reference 3). HCN mixtures in compressed cylinders
are generally unstable for use; because of the reactivity of this gas with
cylinder walls, the concentration may change daily.

Standard flow control valves, flowmeters, SS tubing (0.25 in. x 0.026 in.
wall), TFE diaphragm pumps, 47 mm diameter filters, 50 ml 'syringes, standard
SS and TFE fittings, heating tapes and autotransformers, an electronic digital
timer, and TFE diaphragm pumps complete the gas sampling system.

A descriptive list of all monitors and parts for this system appears in the
Equipment List section of Appendix A.

The detection and quantitative acgurac¥ of measurement of the individual gases
depends on maintaining the integrity of the sample. Care must be exerciséd to

prevent undue loss of the reactive gases, HF, HC1, HCN, aldehydes, etc. in the
tubing. Heated TFE lines, fittings and valves are used at critical locations
to reduce losses of the reactive gases by condensation or absorption up to the
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point at which they are sampled, while selectively removing the active
components (HF, HC1) that will damage the CO, COp, 0p, and CHx gas
monitors downstream. Thus, a TFE "T" fitting with a septum is installed at
the gas sampling probe line close to the chimney to withdraw syringe gas
samples at timed intervals for HC1, HF, aldehydes and other gases not
monitored in real time. The smoke and acid gases are removed in tandem by the
heated 2 x 12 inches (50 mm 0.D. X 30.48 mm) filter tube filled with fiber
glass and the acid gas glass (or SS) U-tube scrubber guarding the pump and the
real time gas monitors. By design, the OSU HRR Calorimeter divides the
airflow so that 75% of the total flows through the outer pyramidal section
(see schematic) and the remaining 25% flows upward over the burning test
specimen and exits from the inner pyramidal section into the chimney. The gas
sampling probe is positioned below the outlet of the inner pyramidal section
to avoid the 3 times dilution of released gases that would result if the probe
were placed at the tog of the chimney. At a total flow of 60 ft2/min
(1699 liter/min), 15 ft°/min (424.7 1liters/min) flows through the internal
pyramidal sect1on The f]ow rate of gases pumped through the sampling probe
is much lower: 0.035 ft3/min (1 Titer/min) through the CO0, CO, and CH,

monitors (connected in series), and the HCN and NO/NO, monitors; O. I766
ft /min (0.5 liter/min) through the 0 monitor, and 0.4944 ft°/min
(14 liter/min) through the SATS. Flows can be adjusted to isokinetic levels,
if required by adjusting the flow rate or installing a probe with a different
inlet opening size. Under current operating flow conditions the ratio of
extracted gas flow to mainstream flow is so low (approximately 1%) that
reversal of outer pyramidal section air flow is avoided.

Tne CO and CO, monitors are not subject to interferences or nonspecific
reponse at the concentration levels of gases released in the analyte com-

bustion product stream if the gas cell drying agents provided 1in these
instruments are maintained.

The microfuel cell sensor in the 0, monitor (Infrared Industries) is
specific for oxygen and will not lose sensitivity even if it is exposed to
atmospheres containing high concentrations of COj.

The unburned hydrocarbons and other combustible gases (including CO) are
measured by the CHx monitor in terms of a methane (CHy) equiva]ent. Oxy-
genated and other hydrogen substituted combustibie gaseous species (alcohols,
ethers, esters, aldehydes, etc.) are also detected.

The HCN monitor silver electrode detector responds to Cl, and H,S in addi-
tion to HCN. However, C12 gas is not normally produced from chlorine con-
taining polymeric materials subjected to fire environments. Materials such as
wool carpeting or wool/nylon seat fabrics do contain sulfur and evolve
quantities of H,S in fires. A HpS filter, Appendix A, Figure 6, was
developed to remove H,S gas from the analyte stream sampled by the gas train
in the monitor. This filter, which consists of a heated "1" inch diameter
(2.54 cm) glass tube 6 idinches (20 cm) in length filled with a loosely
stratified pack of fiber glass alternated with powdered 1lead carbonate,
efficiently removes H,S with little loss of HCN. During the testing of all
panel materials, the %CN monitor was used without the lead carbonate filter

for both the laboratory and full-scale testing, since elemental sulfur was
absent and HpS was not evolved.



CHAS INSTRUMENTATION MEASUREMENT CHARACTERISTICS

TABLE 1

H.P. 305¢A RELEASE RATE CHAS DETECTION
INSTRUMENT CHANNEL PARAMETER MEASURED RANGE DELAY TIME
0SU Design 1 Smoke Optical Density | 0-2 0.2 sec
West Coast Res. 2 Mass-Loss, g/min 2-1000 g. 0.01 sec
Corp. & Dac
0SU HRR Cal. 3 Heat Release, Kw/m? | 2-2000 kw/m? 2 sec
MSA LIRA 303 4 CO, ppm V/V 0-7500 ppm 17 sec
Beckman 864 5 COp, % V/V 0-2.5% 18 sec
Kin-Tek {Dow) 6 HCN ppm V/V 0-100 ppm 0 sec®
Teledyne 326A0D| 7 0y, % V/V 0-25% 20 sec
Infra Red Ind.@ 7 0p, % V/V 0-2.5% 19 sec
Teledyne 175 8 CHg, % V/V 0-2.5% 19 sec
Material Surface 9 Material Temp, °K 0-1000 Ok 0.1 sec
Thermocouple |
CR-AL Type "K"
Thermoelectron 10 NO/NOx, ppm V/V 0-10,000 15 sec
Corp.

)
@
©)
®

Used for Panel 1 tests
Used for Panels 2, 3 and 4 tests,
Reduced to 6 sec for Panels 2, 3 and 4 tests.

Used only for Panel 2, 3 and 4 tests.

The gas monitors are commercially available instruments and essentially detect
and quantitatively measure each gas selectively with minimum or no interference

from other gases in tne combustion mixture.

Table 1

lists the monitors used and

the anaiytical sensing method employed by each instrument employed in the CHAS.

Two dual pen strip chart recorders plot the analog outputs from the HRR Calori-
meter thermopile, smoke meter, MLT, and one other parameter; or, alternatively,

sample front surface radiant flux

recorders are u

seful

levels,

or carbon monoxide reilease.
for pretest adjustments of airflow versus radiant panei
energy settings and observation of heat and smoke meter baselines
beginning a test.

These

prior to
They also afford some degree of redundancy and a check of the



reproducibility of the on-line Hewlett Packard data acquisition/reduction system
(HP-ADAS). The data is stored on the HP 9825A calculator tape cassette (or
disk) from each channel identified on the schematic, Figure 2 and in Table 1.
For a 10 minute burn period, 6000 data points are recorded defining the primary
combustion characteristics of the material for use in the FACP. At this stage,
the data may be processed and reduced using the HP 9825A programs delineated in
Appendix A. The output available from these programs consists of individual
plots (HP 9862A) showing the rate of release of heat, smoke, and gas, and mass
loss as the material burns in the HRR chamber, and a 1list of digitized data (HP
7245A) for each hazard over the burn period, if desired. The HP 9825A tape
cassette data is then transferred to IBM 370, 9 track 900 BPI 7 inch tape using
the BPIB buffered controller Dylon model 1015A formatter/tape recorder. This
interface system translates the HP acquired data into language compatible for
use with the Fortran IV programming required in the IBM 370 computations of
CHI. Figure 3 shows the HP data acquisition/reduction sytem and the Dylon for-
matter/tape accessories.

ANIMAL TIME TO INCAPACITATION TEST CHAMBER - In order to utilize animal
time-to-incapacitation (Ti) as a measure of the toxicological hazard, Douglas
designed and fabricated an exposure chamber, Figure 4. The plexiglas champer,
has a central shaft driven at low RPM by a variable speed electric motor/gear
reduction drive mechanism. A contact bar, positioned in the slot of the split
wheel, is supported on a flexible beam containing a strain gage at each end of
the contact bar. This provides an assembly that outputs deflection voltages
generated when the animal (rat) steps on, or contacts the bar. The voltage out-
puts from each strain gage are summed in a signal conditioner and then recorded
using a standard strip chart instrument having a full-scale response of 2 - 50
MV/full scale. A sensor of slightly different design was developed at FAA
Technical Center, formerly NAFEC by Dr J. Spurgeon (Reference 4). This single
wheel animal test system (SATS) has been integrated with the CHAS to obtain Ti
data along with the other monitored release rate data. Because of the dilution
occurring in the HRR continuous flow chamber, toxic dose buildup in the animal
chamber must be attained rapidly to obtain a Ti or Td (time-to-death) result in
less than 20 minutes. The developed test procedure, therefore, provided for a
gas and smoke pumping rate of 0.494 ft3/min (14 liters/min)through the chamber
which has a free volume of 0.19 ft3 (5.4 liters/min). This sampling rate,
therefore, allows 2.59 nominal volume interchanges per minute. The SATS chamber

was isolated at the highest CO production rate and held in this condition while
the Ti test was completed.










CALIBRATION OF CHAS/SATS

Each of the subsystems of the CHAS/SATS require calibration on a run-to-run or
day-to-day basis to ensure repeatabiiity and accuracy of measurements. A set
of calibration curves must be plotted, one for each fire response parameter,
that relates the change in analog signal output (millivolts) with the quantity
(concentration) of the parameter being measured. A polynomial curve fit of
the plotted data 1is caiculated. The coefficients for each parametric
polynomial equation are used in the HP data acquisition/reduction program to
digitize the data output by the CHAS instrumentation.

HEAT RELEASE RATE BY UNCOMPENSATED DTP - Preliminary to a run, two HRR
calibration measurements are made: (1) a reading of the Giobar radiant heat
flux at the center and at the same distance away as the front surface of th
test sample during a run wusing a calibrated, water cooled, Hyca(%)
Calorimeter, and (2) adjustment of the airflow rate to that selected for the
test (60 ft3/min (1699 1liters/min)] using a calibrated absolute pressure
differential gauge - orifice meter and a flowmeter to set the airflow through
the hold chamber/MLT unit. The HP-ADAS program contains a section useful for
adjusting the differential pressure reading to set the fiow rate.

The temperature difference between air entering the main burn chamber of the
HRR Calorimeter and that Tleaving is monitored by a thermopile (TP) having 3
cold and 3 hot 24 gauge chromel-alumel junctions. The hot Jjunctions are
spaced across the top of the exhaust stack (See Figure 2). The cold junctions
are located in the air distribution pan at the bottom of the chamber below the
air distribution plates.

Two parameters must be set to determine the heat release factor for the HRR
Calorimeter: (1) the airflow rate and (2) the volume of fuel gas, of known
heat content, burned per unit time in the HRR inner chamber.

A 7-flame calibration burner tube is substituted for the lower pilot light to
accomplisn the calibration runs, as described in detail in Reference 1.

A sharp edge type orifice and differential pressure gauge is used to adjust
the airflow rate thnrough the HRR chamber. A standard flowmeter and para]]e]
valve controlled, air supply 1is adjusted to a flow of 230 ft3/hr to
ventilate and cool, alternateiy, the hold chamber or the MLT unit during a
run. Table 2 lists a range of differential pressure gauge settings versus the
corresponding airflow rates that may be used for both calibration and test
runs. Figure 5 shows a plot of differential _pressure versus airflow using
data from Table 2. A total flgw of 60 ft3/min (1699 1liters/min) total
airflow split to provide 56.17 ft2/min (1591 liters/min) through the HRR air
distribution system, and 3.83 ft3min (]08 liters/min) through the hold
chamber or MLT unit was selected as the operational mode for all testing.
Natural gas (90% methane) having a heat content of 1060 Btu/ft3(with some
seasonal variation) or some other gas, such as propane, (with a known heat
content) is used for this calibration.

With the airflow adjusted to the selected test level, and the gaseous fuel
supply connected to a wet test gas meter and to the multiple flame burner
placed over the end of the pilot flame tubing using a gas tight connection,
proceed as follows by referring to the schematic of Figure 6:

-12-



TABLE 2

AIRFLOW RATES VERSUS DIFFERENTIAL PRESSURE READINGS

B P>GAUGE EQUIVALENT HRR ADJUSTED AIRFLOW | ADJUSTED} LINEAL AIRFLOW
READINGS TOTAL AIRFLOW TOTAL AF-MLTAF (1) P RATE OVER SAMPLE
PSI INCH Hg ft3/min | 1/min | ft3/min 1/min | INCH Hg [ft./min | cm/sec
0.3 0.61 20 566 16.17 458 0.43 4.04 2.05
0.6 1.22 30 849 26.17 741 0.92 6.54 3.32
1.0 2.04 40 1133 36.17 1025 1.73 9.04 4.59
.57 3.20 50 1416 46.17 1308 2.65 11.54 5.86
2.20 4.48 60 1699 56.17 1591 3.93 14.04 7.13
2.94 5.99 70 1982 66.17 1874 5.35 16 .54 8.40
3.78 7.70 80 2265 76.17 2157 7.02 19.04 9.67
4.71 9.59 90 2548 86.17 2440 8.86 21.54 10.94
5.75  11.71 100 2832 96.17 2724 10.91 24 .04 12.21
6.80 | 13.84 110 3115 106.17 3007 12.83 26.54 13.48
8.00 | 16.29 120 3398 116.17 3290 15.27 29.04 14,75
9.10 | 18.53 130 3681 126.17 3573 17.71 31.54 16.02

10.30 | 20.97 140 3964 136.17 3856 20.10 34.04 17.29

(I) Adjusted Airflow = Equivalent HRR Total Flow-Hold Chamber, MLT Airflow
Hold Chamber or MLT Airflow = 230 ft3/Hr = 3.83 ft3/min
Equivalent HRR Total Flow used for Tests = 60 ft3/min
Substituting above airflow values:

Adjusted Airflow = Equiv. HHR Total Flow - 3.83 ft3/m1n = 60-3.83 =
56.17 ft3/min airflow set for HRR Chamber input.

NOTE: The values listed in Table 2 and plotted in Figure 10 relate only
to the orifice meter used with the CHAS. Other meters and equipment wili
require individual calibration.

1. Open the valve from the natural gas main supply (be sure flow control
valves V1 & V2 are closed).

2. Switch 3-way valve, V3, to supply natural gas pressure from the main tap
to valve V1.

3. Slowly open V1 until wet test meter shows a low flow of gas is being
delivered to the multipe flamelet burner, and ignite the burner.

4. Adjust V1 until flamelet heights are approximately 1.6 inches (4 cm) or
0.4-0.6 inch water manometer differential pressure is observed. Heat
release should be not less tnan 80 Btu/min (1.4 kW).

5. Switch V3 to the other bypass leg supplying V2 with gas.

6. Open V2 until wet test meter shows flow, and reignite multiple flamelets

on burner.

-13-
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7. Adjust V2 until flamelet heights are approximately 8-10 inches
(20-25 cm.). Water manometer pressure should not exceed 1limits for

instrument (usually about 6 inches), and heat release should not exceed
440 Btu/min (7.75 kW).

8. Switch V3 back to flow into V1 bypass leg and allow thermopile reading
(mv) to stabilize on the strip chart recorder. This establishes baseline
which should not vary from steady state "zero" readings for 5 minutes by
more than +0.02 mv read from the strip chart recorder.

9, Set wet test meter dials to zero and start electronic timer as meter
needle passes zero.

10. Allow low flame condition on burner to establish baseline for a time
sufficient to burn 1-2 ft3 of natural gas and record the wet test
volume and the time (in seconds) in the appropriate columns in Table 3.

11. Switch V3 to high flame condition in the multiple flamelet burner. The
DTP signal level recorded on the strip chart recorder should move sharply
upward (+ mv direction).

12. Reset to zero all dials on wet test meter and on the electronic timer.
Restart time as main meter needle passes zero.

13. Allow high flame burn to continue for not less than 10 minutes. Record
wet test meter volume and elapsed time on the timer and the mv response
above baseline from the recorder chart in the appropriate columns of
Table 3. Reference 1 calls for recording the mv response at 4-minute
burn intervals until a constant increase and decrease of the mv signal to
baseline is achieved.

14. Repeat steps 7 through 13 at least three more times, adjusting flamelet
heights to different Tlevels by use of valve V2. Record natural gas
consumption and mv DTP response for each run in Table 3.

15. Using the formulas provided in Table 3 calculate the KW/mZ /mv
conversion factor that corresponds to the sample size to be tested.

16. Record baseline heat absorption profiles for the specimen holder (without
specimen) at each radiant heat flux level used for testing materials.

This calibration factor for heat release, kw/mz/mv and the specimen holder
baseline corrections are input into the HP-ADAS program for use in calculating
and plotting the data recorded during an experimental burn test in the CHAS,
only if the DTP 1is used to measure heat release rates.

RADIANT HEAT SOURCE - The radiant heat source, which consists of 4 silicon
carbide elements (Giobar, Unjon Carbide Co.) 1is wused with a variable
autotransformer power source to generate heat flux Tlevels up to 8.81 Btu/ft2
sec (10 W/em). A working curve similar to Figure 7 1is plotted to allow
rapid setting of the radiant flux level by adjusting the voltage input into
the Globar elements. This is accomplished by reading the radiant flux at 4
inches (also the test sample distance) from the radiant panel using a Hycal
model R-8015-C radiometer for vertical specimens and a P-8400-J pyroheliometer

-16-
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for horizontal specimens. Figure 8 is a copy of the National Bureau of
Standards based plot of the R-8015-C Calorimeter millivolts output against the
measured radiant heat flux. The use of voltage settings per Figure 7 to obtain
a desired radiant flux level is reliable for a period of 1-2 months. With
ageing and extended use, the heat flux output versus voltage of the power

transformers will change slowly, necessitating restandardization with the
Hycal calorimeter.

SMOKE METER - Special neutral density filters have been mounted in a wheel.
These are needed for setting the range of the smoke meter and obtaining mv
versus optical density readings from which a calibration curve and polynomial
equation curve fit can be determined and used during a test run. The filters
have been accurately measured for optical density using a spectrophotometer.

MASS LOSS TRANSDUCER (MLT) - The mass Tloss tranducer hnas the following
operational parameters:

0 Total sample weight (plus holder) = up to 2 Kg (0.9 1b.)
0 Nonlinearity - less than 1% at ambient temperature

0 Baseline Thermal Drift = 0.1% for first 5 minutes; and less than + 2% for
second 5 minutes of test at 5 w/cm2 HRR radiant flux setting.

0 Dynamic Response = 0.1158 mv/V/100 grams

A calibration curve for the MLT 1is generated by plotting the change in
millivolt output versus weight change by "dead loading" the sample holder,
with standard calibrated analytical balance weights. An HP plot of this
calibration showing the linearity of response of the MLT appears in Figure 9.
The slope of this curve 1is calculated to obtain the dynamic reponse value
(miilivolt/100g wt. change/volt excitation) which is used in the HP data
reduction program to determine the mass 1loss burning rate of the material
mounted in the sample holder.

GAS MONITORS - Calibration of the gas monitors was accomplished either (1)
directly by flowing standard analyzed gas mixtures of varying composition
supplied sequentially from compressed gas cylinders fitted with 2-stage

Regulators and manifolded on the gas system "input to the monitors, as shown in
Figure 6, or (2) by introducing the pure gases by a tube located below and
near the plane corresponding to the test specimen front surface. Method (1)
was used to set zero and gas monitor span readings prior to each run. The
additonal span gas mixtures are useful in checking the instrument responses
and preparing the calibration curves for each. Method (2) provides a
technique (as discussed in Reference 2) of injecting pure gases directly into
the HRR chamber to closely simulate the way in which gases are evolved by the
test sample and to provide accurate system response delay time for each
monitor. Method (1) was used to prepare the calibration curves for the
testing described in this report, since direct calibration requires larger
quantities of high purity gases for each monitor.
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Table 4 summarizes the span gas mixtures (Matheson analyzed and certified)
used for calibration.

TABLE 4

STANDARDIZED SPAN GASES & MIXTURES
(Compressed Gas Cylinders)

SPAN GAS CONCENTRATIONS IN CYLINDER

GAS

NO. (% CO %C0p | %02 % CHy | % Np % NO
1-S | 0.3654 2.086 | 18.46 0 BAL 0
2-S | 0.4100 2.170 1.97 0 BAL 0
3-S | 0.2086 1.245 | 15.88 0 BAL 0
4-S | 0.1083 0.8184 | 12.57 0 BAL 0
5-9 0 0 0 5.0 BAL 0
6-S 0 0 0 0 99.5 0
7-S 0 0 0 0 BAL 0
1-C 199.5 0 0 0 0 0
1-8 0 99.5 0 0 0 0
1-C 0 0 0 99.5 0 0

The analyzer and certified compressed gas cylinder mixtures (span gases 1-S
through 7-S) are suitable for calibration for the CO, CO,, 0,, NO/NOx, and
CHx monitors.

Calibration curves for CO and COp, Figures 10 and 11, were plotted by the HP
3052A ADAS system using the output readings obtained from the standard span
gas mixtures listed in Table 4. These curves were programmed in the
calculator to obtain the respective polynomial equations and coefficients
using a curve fit routine.

The response of the 0, monitor is a straight line in the range from zero to
25 percent oxygen depfetion. Thus, for this instrument, the baseline is set
to the known air concentration (20.95%) for each test.

Tests employing blends of methane in nitrogen gas in the range of zero to 5%
methane show that the total combustibles monitor is also quite Tlinear in
response. Span gases 5-S and 6-S are used to calibrate and set the range of
response of the detector output prior to a test (Method 1 and 2).

Experience with these monitors has shown each to be quite stable, uniform in
repeatability and free from drift during 8-hour test periods. More frequent
calibrations to set baselines and spans are required for the CO and COp
monitors if the barometric pressure changes greatly during the day. The CHx
monitor airfiow and sample flow settings require frequent adjustment to
achieve repeatable readings.
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The CHAS gas sampling system (Figure 2) is provided with a hypodermic syringe
septum and gas introduction 1line plumbed into the system upstream of the
pump. This is a useful feature since it permits injection of large syringe
(1500 m1) serial dilution mixtures of CO, COp, 0z, CHx to check instrument
calibration and the standard gas cylinder mixtures for significant changes in
calibration gas concentration due to "ageing" in cylinders over long periods
of use. The line connecting the acid gas scrubber to the valve upstream of
the pump (V2) is removed and capped to prevent dilution of the calibration
mixture. The gas system pump is used to pump the syringe dilutions through
the various monitors. The response of an instrument may be charted using
several dilutions employing the HP-ADAS system to take the data and plot the
curves on the same chart.

Figure 12 illustrates the use of the span gas mixtures and the serial dilution
syringe technique for checking instrument/data acquisition system calibration
and diagnostic response. Figures 12 (a), (b) and (c) show relatively rapid,
accurate, and stable response to the span gas mixture concentrations.
Figure 12 (d) shows the response of the CO monitor to direct injection of the
CO/Np syringe samples as a cross check of the span gas mixtures used to
calibrate the monitors.

The real-time gas monitors require from 30 minutes to 1.5 hours to warmup and
therma]]y stabilize. Thus, it 1is good practice to leave those monitors
requiring the longest warmup time (CO and CO») turned ON overnight to avoid
testing delay the next day. The heated smoke and H»S “filters, and the TFE
lines connecting the gas sampling probe (HRR stack% in the HRR to these
filters and the gas monitors also are maintained at a temperature of 1209C
during standby periods. The oxygen analyzer should be turned off during
longer periods of standby (overnight or en weekends) since the internal gas
sampling pump will give longer service.

The CHx analyzer catalytic bead type detector will lose sensitivity if it is
operated without airflow mixed in with the analyte stream flowing through the
sampling system. Combustibles without at least a 2 to 1 ratio mixture with
oxygen should never be allowed to flow past the sensor. The range of this
instrument is 0-5% combustible gas; however, it is actually operated at a
sensitivity of 0-2.5% combustibles (methane equivalent) due to the one-to-one
dilution with air. Accuracy is greatly dependent on maintaining the airflow
through the detector at a 1:1 ratio with the sample streanm.

The above monitors may be checked for response either by use of the zero and
span gas cylinder mixtures, or by mixing known concentrations (by dilution)
employing pure CO, CO2, 02, and CHx in a 1500 ml acrylic syringe
containing one or two small aluminum foil strips to aid in mixing the gases
injected from a low volume syringe into the larger one. Once mixed, the gas
syringe blend is injected through the septum provided on the CHAS, or it may
be pumped through the monitoring train. The syringe procedure is used only
when it 1is desired to check the regular calibration span gas mixtures for
changes or to obtain monitor readings not available with the span gas mixtures.

The following instructions must be followed to activate and calibrate the real
time gas monitor system (refer to schematic, Figure 2):

1. Close valve V1, isolating the SATS from the gas sampling system.
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10.

11.

Open V2 and V5 and switch the CO and CO, monitors on. Warmup requires 1
to 2 hours to attain thermal stability. Calibration can proceed when
meter needles show constant readings near low end of the dial (use zero
controls to keep needle on scale).

With V4 closed, turn on and adjust pressure regulated compressed air

supply for the CHx monitor; then, slowly open V4 and adjust airflow
through the detector to 1 liter/minute.

Switch the 0, monitor (Infrared Industries) on. Press solenoid switch
button on the front panel to sample ambient air (bypassing the sampling
system). In this mode, the monitor is reading the 0, percentage in room

air. After warmup 1(5-10 min.) the digital meter reading should stabilize
at 20.9 to 21.0%. See instruction manual if 0, reading needs adjustment.

Switch on the main power (front panel) to the NO/NOx monitor, and in
sequence, the vacuum pump, sampling system pump, sampling system heater,
and the temperature controller (catalyst oven) on the front panel.

While catalyst oven temperature is stabilizing (as indicated by controller
indicating light cycling on and off at 650°C set point), check photocell
for zero and full scale meter readings. Adjust dark current to zero as
outlined in instruction manual.

Disconnect NO/NOx monitor sampling line from the CHAS system and connect
to a 10 psig regulated pressure cylinder supply certified to contain

0.0150% of NO with nitrogen. This calibration mixture is designated 7-S
in Table 4.

Set the range switch on the front panel to 250 ppm and adjust the
calibration (10 turn) potentiometer knob to 2 or 3. Then turn on the
ozone generator. The needle on the meter should rise to nearly 30% of
full scale. MWhen the reading stabilizes, set the calibration pot to get a

reading equivalent to the NO concentration certified for the 7-S gas
mixture.

Reconnect the inlet line to the CHAS system after closing the calibration
cylinder regulator valve.

Turn 3-way valve V13 to permit calibration gas flow from the manifold to
the CO, CO» and CHx monitors.

Close V2 and open V3 and V5. Open main cylinder valve for N, zero gas
and adjust two stage regulator pressure to approximately 10 psig or until
a reading of 1 liter/min. flow is observed on the CO, €0y, and CHx
flowmeters. Fine adjustments are made using V3 and V5.

. Using the zero control knobs set the meters on the three monitors to zero.

13.

Close valve V7 on zero gas cylinder. Open V6 on the span gas mixture and
adjust pressure regulator as outlined in Step 11. Adjust V3 and V5 to
obtain 1 liter/min. flow through each monitor.
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14.

15.

16.
17.

Using span gas mixtures 1-S and 5-S set meter needle readings with the

span or gain knobs to the values corresponding to the certified gas
concentrations based on the individual instrument calibration curves,

Figures 10 and 11. The CHx monitor is set to full scale at 5% methane and
has straight line response.

While span gas mixtures 2-S through 4-S may be useful for checking the
calibration curves for each monitor, they are not needed for regular
operations.

Close all span gas cylinder valves on the manifold.

Open pump valve V2 slowly after the pump is switched on and adjust flow
rate from CHAS system into the monitors to 1 liter per minute.

The €0, COp, CHx, 0, and NO/NOx monitors are now ready for a test run.

HCN MONITOR - The dynamic permeation tube-flow dilution technique developed by

0'Keefe and Ditman, Reference 3 and described by Herrington in Reference 2 was

employed to prepare the calibration curve for this monitor. The calibration
curve is shown in Figure 13.

The following procedure must be followed to prepare the HCN monitor for opera-
tion and calibration:

1.

Preparation of Electrolyte

a. Add: 6 g KOH
20 g Na»S04
10 g Na2503 to boiled (CO2 free) deionized water
b. Seal the bottle for storage or use a stopper fitted with an
ascarite guard tube.
c. Never use electrolyte that is older than 3 months.

Set up the HCN analyzer

a. Turn the gas pump & electrolyte pump on. The digital voltmeter in
front of the analyzer should show a reading close to zero.

Set up the permeation device (Analytical Instrument Development Inc.
Calibration System Model 309, or equivalent).

a. Connect the air inlet at the back of device to a pressure regulated
flow of pure air, and connect the output line to the HCN monitor.

b. Adjust the pressure gage to approximately 40 psi.

c. Adjust the chamber flow to 1 liter/min (use a flow bubbler); the
reading on the scale should be close to 5.1. (AID Instrument, only).

d. Set the temperature on the oven in accordance with the following

table, and insert the permeation tubes into the AID permeation
chamber as required (singly or in multiples) depending upon HCN
concentration required for each calibration point.

CAUT ION: This operation must be done in a well ventilated
chemical fume hood. Use plastic gloves or forceps to
handle the permeation tubes.
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4, Calculation:

The permeation rates for the HCN permeation tubes are as follows:

30°C 50°C
#1705 2487 ng/min 8112 ng/min
#1706 2528 ng/min 8112 ng/min
#1707 2570 ng/min 8209 ng/min

Equation Used:

Concentration in ppm

Flow Rate cc/min
Constant

A M X O

K=10.0821x _T

Permeation Rate, ng/min

P X MW
T = Temp in O
P = Pressure in Atmospheres
MW = Molecular Weight

Calculate R

Assume Permeation Rate is

For Tube #1705 R

For Tube #1706
For Tube #1707

=l

R =2570 + 281.95 (X-30)

Linear response to temperature

2487 + 281.25 (X-30)
2528 + 279.20 (X-30)

NOTE: These values
differ and are
unique for each

new set of tubes
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X = Temp in OC

Caiculate K

(82}

7.

K =0.0821 x T (%)
T x 27.026
K = 3.0378 x 1073 x T (%)

Connect HCN monitor output to a standard high impedance input strip chart
recorder set to 0-100 mv range.

Obtain 10-12 calibration readings on the <chart recorder relating
permeation tube (calculated) HCN concentration per step 4 to the
recorded, stable mv reading. This is achieved using a combination of
permeation tubes placed in the AID wunit, by changing the oven
temperature, and the airflow dilution rates. Table 5 shows a

representative set of 5 <calibration points determined wusing this
procedure.

TABLE 5
HCN CALIBRATION DATA
(example)
DATA PT. PERM TUBES TEMP. AIRFLOW RECORDER HCN
NO. USED oC CC/MIN MV PPM
#1705
1 #1706 50.2 1000 78.1 24.16
#1707
2 Same 40.7 Same 53.5 15.82
3 Same 36.7 Same 42.5 12.45
4 Same 33.1 Same 33.3 9.48
5 Same 30.1 Same 26.9 7.38
6, etc. (Use same methodology as above)

Plot the HCN ppm values calculated from the formulas and input test

parameters (shown in Steps 4-6) against mv output from the HCN monitor
detector cell.
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8. Curve fit the above plotted data using a 3rd order polynomial curve fit
routine. The coefficients of this equation are used in the HP-ADAS pro-
gram to process the data recorded during a burn test (Figure 13).

The HCN monitor operational characteristics have been discussed in detail in
Reference 2. The detector in this instrument is relatively free of inter-
ferences from other gases commonly found in combustion products. As reported
by Dow, Table 6 gives the response of this detector to a number of gases.
Spot checks, conducted by injecting quantities of diluted pure gases (CHg,
C3Hg, HpS, NOp, HCI, etc.) essentially substantiate these results.

GAS BATCH SAMPLING - Real-time, specific response, monitoring instruments for
many combustion gases were not commercially available nor desired. Complexity
of CHAS was reduced by adding batch sampling capability for gases not gen-
erally present. Methods for laboratory chemical analysis of these gases were

selected from the scientific literature and modified as needed. Table 7 gives
this Tlist.

CHAS/SATS TEST PROCEDURE

Procedures for operation of the HRR calorimeter and preparation and in-
troduction of the sample into the inner chamber were in accordance with the
proposed ASTM test procedure (Reference 1) except as shown in Table 8. Modi-
fications to the calorimeter have required additional steps.

PRETEST ADJUSTMENTS - The procedural steps for running the CHAS/SATS are as
follows:

1. Turn on and adjust the main air_supply regulator for the HRR chamber to
the selected airflow rate (60 ft3/min).

2. Turn on electrical power to the HRR GlobarRradiant panel and adjugt
power input to selected radiant heat flux Tlevel (2.5, 3.5, or 5 W/cm¢)

as measured by a standardized calorimeter. Ignite the internal chamber
pilot light(s).

3. Open the air supply valve and adjust the auxiliary airflow to the CHx
monitor, adjusting the flowrate to 1 1liter/min, before switching on the
power.

4, Switch on the electrical power to the other continuous gas monitors (CO,
C0p, 0p, HCN and NO/NOx), MLT unit, and the smoke photometer.

5. Allow 1-1.5 hours for warmup time. All gas monitors should equilibrate
and readout very nearly to the same baseline readings as noted at the end

of the previous day. Barometric pressure changes from day to day will
cause slight deviations.

6. Cut samplies to size (6 x 6 or 10 x 10 inches) selecting the size on the

basis of the expected heat, smoke, and gas release rates, and mount in
sample holder.
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TABLE 6

RESPONSE OF AMPEROMETRIC HCN ANALYZER TO VARIQUS GASES

(Ref.: D. Herrington, Dow Chemical Co.)
Response
(Equivaient
Gas Concentration ppm HCN) Recovery

acetone 5% 0 immediate
acetylene 1% 4ppm immediate
ethylene 100% 0 immediate
methane 5% 0 immediate
butane 5% 0 immediate
methyl acetylene 2% 0 immediate
carbon monoxide 15% 0 immediate
carbon dioxide 15% 0 immediate
carbon tetrachloride 5% 0 immediate
chlorine 100ppm -10ppm immediate
chlorine 200ppm -20ppm for short

exposure,

longer for

long expo-

sure
sulfur dioxide 1000ppm 0 1 minute
sulfur dioxide 5-10% -10ppm several

minutes
hydrogen sulfide 10ppm 10ppm immediate
hydrogen chloride 2% 0 immediate
ammonia 1% Tppm 2-3 minutes
hydrogen 100% 0 immediate
oxygen 20% 0 operates in

air
cigarette smoke heavy S5ppm immediate
(Pall Mall)
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TABLE 7
ADDITIONAL GAS ANALYSES METHODS

GASES SAMPLING METHODS ANALYTICAL METHODS SOURCE OR REFERENCE
HC1, HBr Impinger/NaOH batch monitoring Ag NO? titration electrometric ORION Handbook
Impinger/Na2C03 DP polarographic 5
Gas Syringe Ag NO3 titration electrometric ORION
HF Impinger/NaOH Selective ton Electrode ORION Handbook
Impinger/NazC03 DP polarographic
Impinger/NACH Spectrophotometric
Gas Syringe Selective ion Electrode ORION Handbook
HCN Impinger/NaOH Pyridine-Pyrazolone Colorimetric 7
Gas Syringe GC (6Gas Chromatographic) CAMI
H2S Impinger/Cd(0H)2 Spectrophotometric 7
NO2 Gas Syringe 8
Real Time Monitoring Luminescent 9
Formaldehyde Impinger/NalS03 Chromotropic Acid Colorimetric 10
Acrolein Impinger/NalS03 4-Hexylresorcinol Colorimetric 10

Toluene Diisocyanate
NH3
502

Phenolics

Imp1inger/HC1 -CH3COOH
Impinger/H2504
Impinger/TCA Solution

Impinger/NaOH

Modified Marcali Colorimetric
Selective fon Electrode

Pararosaniline Colorimetric

4-Aminoantipyrine Colorimetric

11
ORION Handbook

12

7




TABLE 8

MODIFICATIONS OF ASTM PROPOSED STANDARD
USED IN CHI PROGRAM

PARAMETER ASTM (STD) CHI
Airflow 84 ft3/min 60 ft3/min
Radiant Panel Globars Same |
Pilot Light Natural Gas Same

Smoke

Sample Size
Mounting

Radiometer
Conditioning
Thermopile

02 Consumption

Sample position

Calibration

Calculations
Heat

Smoke

0-100% T/F.S.

Vert 6"xo6"
Horiz 4-3/8"x6"

Light/low Cp/boat
one surface only

2 types
239C/50%RH
compensated
no

Front surface, 4"
from rad. panel

DTP/nét. gas
HRR/M2

S.M.0.K.E/M2

0-0.4 0.D./F.S.

Vert 6"x6" & 10" x 10"

Horiz Same

Similar/optional
2 surfaces

1 only

optional

no

substitute, for DTP

same

same/0, consumption.

same or by
02 consumption

same




10.

1.

12.

CAUTION:

Very high heat release materials will swamp the gas monitors, and
flames will completely fill the burn chamber. This has been found
to heat the radiant panel Globars to such an extent that main power
1s lost because breaker switches are activated. Smaller samples of
such materials must be prepared to obtain CHAS data.

Turn strip chart recorder on and monitor baseline readings from the DTP.
Recorded (equilibrated) DTP HRR baseline should not vary over a period of
5 minutes by more than + 0.02 millivolts.

Fill 10-50 cc "batch" sample syringes with 5 cc of 0.1 normal sodium
hydroxide (NaOH) solution (reagent grade, chloride and flouride free).
These syringes fitted with large bore needles, must be labled to indicate
to the operator the time at which a 45 cc combustion gas sample is to be
withdrawn through the silicone rubber septum installed on a “T" fitting
on the gas sampling probe Tine.

NOTE: The time intervals are optional in this program, either 30-
sec or 60-second intervals were employed depending on the rate of
burning of the test specimen. These samples are assayed for HC1 and
HF .

Fill 10-50 cc syringes with 5 cc of 0.05% MBTH (3-methyl-2-benzothiazoline
hydrazone hydrochloride reagent dissolved in distilled water) and fit
each syringe with large bore needles. These syringes must be labeled to
alert the operator to take a sample at the gas line septum at 30-second
intervals alternately with the syringe samples taken in step 8. These
samples are assayed for total aldehyde content (as formaldehyde) after
the CHAS/SATS test is complete.

Concurrently with the above pretest preparations, the SATS exposure
chamber 1is cleaned and the <cage rotation motor drives checked for
operation and synchronized to 6 rpm. The Ti sensor and SATS chamber
temperature recording instrumentation is checked out for proper operation.

Set the zero and output (gain controls) on each continuous gas monitor
using calibrating gas mixtures (see Table 4) to span the instrument
reading to the known calibrated value.

The ADAS (HP 3052 with 9885M floppy disc memory and 9825A controller) is
initialized (Figure 14) and the data channels checked out to determine
that instruments are operational. The smoke photometer is calibrated at
this time by adjusting its output using standard neutral density filters
to set the span in millivolts corresponding to its calibration curve.
Press SF key No. 9. This calls up the accurate airflow orifice equation
program. Press "“Run” and input all the requested data as shown in the
airflow program, Figure 15. After the airflow rates have been adjusted
accurately 1to the se]ected values (e.g., 56.17 ft3/min through the HRR
chamber and 3.83 ft3/min through the hold chamber of MLT), press SF key
No. 7.
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NOTE: The CO, C02, and CHx monitors are zero set wusing pure
nitrogen. Span is set wusing an appropriate certified analyzed
compressed gas cylinder mixture. A special gas mixture is used for
the NO/NOx monitor, and the HCN monitor is separately calibrated.

RUNNING A MATERIAL

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

Initialize the ADAS, data acquisition program (SF Key 7, "DATAA",
Figure 16) entering the following:

Run No. Airflow Rate, CFM
Sample Name Inlet Air Temp, ©C
Date Sample Area, inl

Heat Flux, W/am?
Sample Wt., Grams

MLT Sensitivity Factor
mv/100g

Floppy Disk No.
Disk Run No.
Length of Test, Minutes

S KRG = T

a
b
o
d
e
f

— A p—
P~ A~ P

Load a test animal (rat, Sprague Dawley derived, or other strain) into
the SATS chamber and replace the top cover. Turn on the ventilation pump
and isolation valve between the SATS and the CHAS combustion products
sampling line, adjusting flow to 14 liters/min.

Check SATS cage rotation and sensor recording system for correct
operation.

Start the strip chart recorders on CHAS and continue ADAS program.

Check ADAS baseline data printed out on the 9852A tape. Make 1last
adjustments to smoke photometer span calibration points (millivolts).

Check 0y monitor to assure that it has been switched over from sampling
ambient air to the CHAS combustion products sampling mode.

ZLero the digital electronic timer visible from the storage rack location
near “"batch" sampling syringes.

Place the two racks (containing 10 syringes 1in each) at the position
provided near the CHAS gas sampling line septum.

Load sample/holder/injection mechanism assembly into the HRR hold
chamber, clamp the seal door in place with radiation doors still closed.

Immediately turn the hold chamber air cooling valve to divert this
airflow (3.83 ft3/min) through the MLT.

Observe the TP recorder trace to determine when the HRR chamber has
recovered its baseline (usually 1 to 1.5 minutes).

After the baseline strip chart recorder shows recovery of analog
baseline, continue the data acquisition with the ADAS to record all
baselines into computer 9885M disk memory (25 times once per second over
10 channels).
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24. When the baseline scans are completed, open the radiation doors immedi-
ately and inject the sample into the inner burn chamber, closing the

radiation doors at the same time to protect the MLT unit from radiant
heat.

25. Immediately upon completing step 24, start the data acquisition mode on
the ADAS controller. This is time zero for the burn test. Start the
digital electronic time at the same moment.

26. Change position within 15 seconds to take the "batch" syringe gas
samples. Take 45 cc gas volumes in 5-10 seconds for the HC1/HF samples
alternately with those for aldehydes in accordance with the preselected
time intervals printed on the syringe labels.

27. Observe the CO monitor output meter during the test run. Record the time
at which the CO concentration reaches a maximum and simultaneously turn
off the air circulation pump on the SATS and close the sample line isola-
tion valve. Continue recording the animal response for 15 minutes or
until a Td occurs. If a second burn episode occurs in which the CO
concentration increases again, turn on the pump and isolation valve to
establish flow through the chamber. Record elapsed time for the second
exposure period (valve open to valve off).

28. Continue the SATS test for an additional 5-10 minutes (20 minute total).

If no results are obtained, remove the test animal and clean the SATS
chamber for use in the next test.

29. After the burn test 1is compieted, remove the sample/hold/injection
mechanism from the HRR, vacuum clean the ashes, spalling off the burned
specimen, from the hold chamber and the bottom of the inner HRR chamber.

CAUTION:

Take care to avoid contact with the hot Globars when vacuuming ashes
from the chamber. The tube should be thermally and electrically
insulated to avoid shorting the Globars or melting the vacuum hose.

30. Turn off the CHAS gas sampling train pump, the HCN monitor, and switch
over the 0 monitor to sample ambient air.

31. Replace the membrane type smoke filter protecting the pump used to
ventilate the SATS and the filters (membrane and ascarite/drierite) used
to filter the product stream monitored by the 02 meter.

(NOTE: Only the drying agent is required if the data reduction
program normalizes the instantaneous 0, concentration by
using the concentrations of the other gases for correction).

Repeat runs were conducted on the CHI program materials following this 31-step
procedure. With all systems functioning properly, 3 to 4 test specimens were
run per day. This does not inciude all of the data processing time, which

requires one hour per test, nor the "batch" sample gas analyses which were
done after a number of runs were completed.
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DATA PROCESSING

The special function key overlay is placed over the special function key
section of the 9825A controller. The special function keys, each dedicated to
a CHAS data acquisition program or operational channel, are identified as
shown in Table 9.

Ten data channels, as identified on Figure 2 provide analog data from CHAS
tests for storage on a floppy disc (or on cassette) in the HP3052A Data
Acquisition System. Each disc has storage space for all programs and data
from 10 ten-minute CHAS tests.

It must be emphasized that the input variables consisting of the individual
gas monitor calibration curve polynomial equation coefficients and other
similar data are unique to the DAC system and instrumentation. The program
listings below will have to be modified where the listing steps show a "*".
This indicates the need for user instrument calibration (or other) data inputs
before the program can become operational. Instructions for an 1initial
HP3052A start up are given in Appendix A and are as shown in Figure 14.

FINAL PREPARATIONS FOR CHAS TESTS

With all systems "GO" press SF key No. 9. This calls up the accurate airflow
orifice equation program. Press "Run" and input all the requested data as
shown in the airflow program, Figure 15. After the a1rf1ow rates have been
adjusted accurately to the selected values (e.g., 56.33 ft3/min through the
HRR chamber and 3.67 ft3/min through the hold chamber or MLT), press SF key
No. 7. This calls up the 10-channel data acquisition program. The procedure
followed in this program is shown in the flow diagram Figure 16. At the
conclusion of the 10-minute (or longer) test run, the data held in disc memory
storage during the run is unpacked and rerecorded in separate files for each
parameter. The individual parameter release rate curves may be processed and
plotted optionally by selection of any of the programs called up by the SF
keys, as listed in Table 9 and the flow diagram in Figure 16. The program
listing is shown in Appendix A.

DATA TRANSFER TO IBM 370 The Fire Analysis Computer Program (FACP) that
predicts cabin environment from CHAS data is a fairly complex semiempirical
model written in FORTRAN for an IBM 370. The HP and IBM do not have a common
language so it was necessary to use a Dylon formatter to transfer the HP
digital data to an IBM 370 tape (SF 8). Batch gas concentrations sampled
every 30 seconds had an additional data point interpolated between each pair
of experimental points using a conventional straight line computer program and
were also transferred to the IBM 370 tape. Only the material combustion heat
flux (not the Globar output) was input to the FORTRAN program.

Three specimens of Panels 2, 3 and 4 were run at each heat flux but only one
set of data was needed at each heat flux. One set of specimens at each heat
flux was run without animals or syringe sampling since the syringe samples
caused spikes in the 02 concentration curve. Specimen heat flux was
calculated from this data set using the NBS 0 depletion Method. Rather
than attempting to obtain average run data for three runs as input to the IBM
370 tape, the data was plotted and the single most representative run
selected. In some cases the heat flux, smoke and gas data were not from the
same run.
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TABLE 9
SPECIAL FUNCTION KEY IDENTIFICATION

SF KEY CODE DATA REDUCTION PROGRAM

fo:/1 _ YES

fl:get “START" Initiates SF key selection

f2:get "HRRO," 0, Consumption heat release

f3:get "SMOKE" Smoke release rate

f4:g9et "HEAT" Heat release by differential thermopile
f5:get "TEMP" Sample surface temperature

f6:/ NO

f7:9et "DATAA" CHAS Data acquisition

f8:get "DATRR" Data unpacking and transfer

f9:get "HgADJ HRR airflow adjustment
f10:get "NO" NO and NOx release rate

f11:get "FIRE" Combustion Gas Volume Corrections to f2
f12:get"C0," €0, release rate
f13:g9et "CO" CO release rate

fl4:get "0, 02 release rate (depletion)

f15:qet "HCN" HCN release rate
fl6:qet “HC" Combustible gas release rate

f17 :get "MASS" Mass Loss and mass loss rate
f18:get "CFLA" Point connector program for batch sampled gases
f19:get "HCL" HCL release rate
f20:get “HF" HF release rate
f2l:get "ALD" Aliphatic aldehyde release rates
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ITI. HAZARD LIMIT CONCEPT

TOXIC GAS HAZARD LIMITS

The term "toxicity" has been used frequently during discussions on fire gases.
Many times it has been used interchangeably with quantitative units of
measurement of fire gases. Quantitative units of measurements, per se, have
nothing to do with denoting toxicity. The definition of toxicity (Reference
13) is "the quality of being poisonous and is expressed by a fraction
indicating the ratio between the smallest amount that will cause an animal's
death and the weight of that animal." This requires definition of the term
"poison” (Reference 13) which, according to Dorland is "any substance which,
when in- gested, inhaled or absorbed, or when applied to, injected into, or
developed within the body, in relatively small amounts, by its chemical action
may cause damage to structure or disturbance of function." From these
definitions, then, one can conclude that the agent in question must be related
to a living biological specimen, and that a quantitative unit of measurement
without this relationship cannot alone indicate the degree of toxicity.

This leads to the evaluation of standard toxicological terms used to describe
toxicity. These are LDgg and LCgy which indicate the dose or con-
centration required to ki]% 50% of tﬁe experimental animals. This criterion
of LCgg 1is untenable when it is applied to human survival and escape from
the fire situation wherever it might be. Some years ago, a new term, the Time
of Useful Function (TUF) was suggested by Gaume (Reference 14) as a more ap-
propriate term to indicate the time available for a person to escape the fire
environment before incapacitation by fire gases, after which it would not be
possible to do so without help. The TUF may be considered as an analogue of
the universally accepted (TUC) Time of Useful Consciousness applicable to
flight crews upon aircraft cabin decompression.

By definition, then, the toxicities of various fire gases can be determined,
for human purposes, only by collecting data on exposed animals or humans, the
latter being generally unacceptable subjects for these kinds of hazardous ex-
periments. Therefore, animal subjects are the only alternative for building a
data bank of biological effects from which scale factors can be developed via
further experimentation and mathematical modelling. For purposes of the data
bank related to fire safety, escape and survival, the collection of physi-
ological data should be oriented toward the TUF or the Ti rather than to the
LCgq concept. It would seem that the definition of poison fits the TUF con-
cept more appropriately than that of toxicity.

The TUF/Ti will be variable under different circumstances and will depend on a
variety of factors. Among these are the materials that are burning, their ig-
nition temperatures, heat flux, fire temperatures, oxygen supply, ventilation
and air currents, retardant treatment, the gases evolved, their generation
rates, and others. These variables, combined with the many physiological var-
jables present in the escapee's body, and the many types of gases evolving
(asphyxiant, irritant, anaesthetic, narcotic, systemic poisons), present a
very complex problem which is in urgent need of simplification. A standard
test based on the TUF concept may well provide a simple, inexpensive means of
determining the relative toxicities of materials, enhancing their selection,
and therefore, fire safety. The TUF method provides a rapid, simple and
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perhaps the only means of integrating all these complex variables without the
requirement to investigate each one individually, at high cost in time and
money. Once materials have been rated by such a test, the synergistic or
antagonistic effects of each combination or concentrations of gases, and other
single variables, can be investigated more leisurely on the basis or pre-
determined priorities. Our understanding of synergism and antagonism may

undergo some change as a result of investigation of controlled gas mixtures
(Reference 13).

In the initial CHI development effort, the FAA desired that we take a simple
approach, i.e. to consider the multiple gases evolved as having an additive
effect, which is the conventional toxicological approach to that condition.
Some of the more recent data, however, indicates that, in mixtures of gases,
this is not always the case. In certain cases, one or more gases may inhibit
the effect of others (References 14 and 15). This phenomenon has not yet been
studied sufficiently to understand fully the mechanisms involved. Therefore,
because of the complexity of the problem, the simple approach of additive
effect was taken. In the complex context, other factors such as synergism and
antagonism come into play, and the standard definitions of these two terms may
not apply, and may have to be redefined. The inhibitory effect of one gas for
another may be due to the fact that the high concentrations found in the fire
situation may develop so rapidly that the expected responsive metabolic
changes do not have time to occur before the organism succumbs; or the effect
could be due to a dilution factor, alone or in combination with another

factor. Delving into these complexities constitutes a fertile area for future
research, which should already have begun.

APPROACH - There is a dearth of short-time (5 minute) exposure data available
in the literature for use in the computer program. Therefore, Douglas was re-
quired to develop this kind of data from the best information available. The
approach used is described in the following paragraphs.

To determine a 5-minute Tlimit for CO, by starting with the Threshold Limit
Value (TVL) of 50 ppm for an 8-hour work-day exposure and doubling the
concentration as the time is halved, the result is approximately 4800 ppm of
CO as a 5-minute Timit. Figure 17 illustrates this method. This 5-minute
limit provides the concentration needed to develop the escape time curve. Ap-
plicability of this method to other gases was studied, because it was limited
to estimating the 5-minute 1limit for CO. This method can be named the
"reverse extrapolation" method, and results in a hyperbolic curve.

Studies were made to determine whether the reverse extrapolation method from
the TLV to a 5-minute limit was feasible for gases other than CO. The results
appear to be encouraging. A generalized form of the equation was derived from
available TLV data to estimate hazard 1limits in the absence of short term
data. Toxic hazard limits in industrial toxicology are sometimes expressed as
total integrated doses (TID), or ppm - minutes, as a constant for a gas. This
suggested that an equation could be derived for a gas which would allow cal-

culation of a hazard time 1limit as a function of the constant and the TLV con-
centration.
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where 480 = number of minutes in an 8 hour work day

TLV

Threshold Limit Value

+
n

Time of Exposure, 5 minutes

An analysis was conducted for the human survival 1imits of the toxic gases
(15) involved. The above equation has been utilized to determine initially
the estimated 5-minute hazard limit, (HLg), for these gases. The literature
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was then examined to find the data closest to a 5-minute survival time. (Very
seldom does the literature present such specific data). Interpolations were
made where the data were not sufficiently specific, and the result was com-
pared with the (HLg) for each gas as determined via the equation. In ten of
the fifteen cases the equation appeared to reflect an acceptable 1limit. In
the other five cases, reductions of the equation values appeared to be neces-

sary, based on the mechanisms of action of these gases, and the judgment of
the analyst. Table 10 shows the results of these analyses.

Hazard 1imit curves, as calculated for each of 15 significantly toxic gases
are shown in Appendix B and were used to calculate fractional "effective"
doses and escape time (CHI).

THERMAL HAZARD LIMITS

Two aspects of the thermal hazards were considered. The first was the max-
imum air temperature that can be tolerated by the respiratory tract; usually
considered to be 400°F. The second was the time-to-incapacitation resulting
from the effects of heat on the body (considered as a dose).

An extropolated air temperature hazard limit curve described this hazard, and
it's escape time characteristics were determined by curve fitting the data
using a modified polynomial computer routine. A simplified biothermal model
of a man being exposed to high air temperatures has been used to curve fit the
C. R. Crane air temperature limit data (Reference 16). Figure 18 shows the
correlation between the curve fit equation and the Crane data into the higher

air temperatures and lower human tolerance limits relating to the CHI program.

This simplified approach is based on an analysis that determines the time
needed to raise the internal (core) body temperature by 5.5°C (to 108.5°F)
when it is exposed to a heat flux by radiation and convection as well as an
internally generated metabolic heat. The convective heat gain or 1loss in-
cludes the effect of latent cooling due to the evaporation of perspiration
from the skin. It was assumed, as a simplification, that the rate of mass
loss by evaporation is a function of the temperature differential between the
body and the air as in the convective heat transfer term. The rate of mass
loss by evaporation 1is wusually expressed as being proportional to the
difference between the vapor pressure of water and that of the surrounding
air; but, vapor pressure is closely related to the temperature which makes the
mass 1oss proportional to the temperature differential.

The least squares curve fit of the simplified biothermal man-model determines
values for the radiation term coefficient, as well as the combined convective
plus evaporative cooling term coefficient, when fitted to experimental data of
the tolerance 1limit versus air temperature. An exponent of the convective
heat transfer term is included to account for the variation of the heat trans-
fer as a function of temperature. The metabolic heat rate was determined by
successive trials until a best fit of the data was obtained.

An interesting result of the curve fit gave a negative value for the con-
vective plus evaporative term coefficient. This was interpreted to mean that
the data reflects a situation in which the cooling effect of evaporation is
greater than the heat gain by convection, and it was assumed to be a logical
result. The radiation term is positive and adds heat to the body.
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TABLE 10

HUMAN SURVIVAL LIMITS ANALYSIS

(HL)5 ESTIMATED
BY

ADJUSTED
(HL)
(J = JUDGHENT)

EQUATION CLOSEST DATA [N
HAZARD | TLV(PPI1) (PPH) THE LITERATURE REFERENCE {NR = HOT REQ'D)
NO2 c5.0 480.0 1000 ppm 19 minutes - no deaths|Patty Vol. II, p 921-922, il.R.
arising Pulm. Edema delayed action (STow Action)
3350 ppm - death 8-10 minutes |(slow hydrolysis) cyanosis,
340 to 410 ppm 60-105 minutes |dyspnea, cardiac dilation
death collapse, death, eye
irritation,
HC1 C5.0 480.0 50 - 100 ppm - Work impossible |Patty Vol. Il p 851, Mucosal| 50.0 ppm (J)}
10 - 50 ppm - Work Difficult |[necrosis pulm. edema, Provides Mild
atelectesis, emphysemia Safety Factor
dam. to pulm. bl. vessels.
Laryngeal spasm & edema, eye
irritation.
HF 3.0 288.0 2250 ppm - Animal died in 5 Patty Vol. II, p 842. Damagg HN.R.
minutes to lung, liver, kidney
1500 ppm - Caused no deaths but
damaged tissue
HBr 3.0 288.0 5200 ppm - Rats survived € Patty, VYol. II No data on N.R.
minutes. HBr used methyl bromide as [Safety Factor
2600 ppm - Rats survived 24 subst. p 1252 Toxicity 1/7 fof 2.5
minutes. that of HBr.
SO2 5.0 480.0 400-500 Immediate danger to Patty VYol. II, p. 894 350(4J)
life.
“25 10.0 960.0 400-700 ppm dangerous to Patty, Vol. II p. 899, 600 ppm (J)

life in 1/2-1 hour.

Systemic Effect over-
shadows irritant effect at
700 ppm. CRS effect and

respiratory paralysis.
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TABLE 10

(Continued)

(HL)5 ESTIMATED ADJUSTED
BY (HL)5
EQUATION CLOSEST DATA IN = JUDGMENT)
HAZARD | TLv (PPM) (pPi) THE LITERATURE REFERENCE (WNR = RUT REQ'D)
COC]2 0.1 9.6 20 ppm - Severe Lung Damage Patty. Vol. II. pg. 940 N.R.
1 - 2 minutes
25 ppm - Danger to life in
30 minutes
COF2 0.1 (Est.) 9.6(Est) - - N.R,
No TLV Ref.
NH3 25.0 2400 2500-6500 ppm Dangerous to 5atty. Yol. XI:_pg. 862 N.R.
Life in 30 minutes.
Formalde-| C2.0 | 192.0 | Leg, Rat 30 minutes=800 ppm | Patty, Vol. II. pg. 1971 100 ppm
hyde 50-900 ppm for 5 minutes
may cause serious injury
Acetalde-| 100.0 9600.0 - | Ley, Rat = 20,000 ppm for | Patty, Vol. II. pg. 1973 N.R.
hyde 30 ﬂinutes Very Sketchy
Data
Acrolein 0.1 9.6 _ N.R.
00| 8.0 2000 ppm dangerous to life Patty. Vol. II. pg. 928-933 N.R.
co 1 Hour
>4000 ppm fatal:x1 Hour
| 5000.0 480,000 10% for 1 Hour no Harmful Patty, Vol. I1. pg. 937 150,000 ppm
effects (100,000 ppm) Based on Rat
co, Data -DAC Expts
Resp. Acidosis
1.0(Est) 9.0 Cat - 125 ppm Markedly toxic Patty. vol. II. pg. 1998 W.R.
HCN 10.0 Skin in 6-7 minutes, 12 minutes
for monkey

C = Ceiling Value
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O Table 1 Crane Data (Reference 16)
{>OTable 2 Crane Data

As stated before, the analysis is based on a temperature rise of the mean body
temperature. The curve fit plot shown in Figure 19 indicates that it requires
very high temperatures to raise the core body temperature 43°F (5.5°C) in less
than one minute. Another criterion that 1limits the maximum air temperature,
beyond which survival will not be possible, is the temperature at which third
degree burns of the skin occur. This T1imit, 585°K, ({312°C), or 593.5°F, was
determined from a simplified biothermal man model with a least squares curve
fit equation shown below.

dT _ hcA Ta,N hrFA 4 -4 Qm
= wop (1@ -Tm) (1) + ygp (Ta” - ™) + 37y
Where: Qm = metabolic heat rate, calories
W = weight of the man, Kg
Cp = specific heat, average human body, (consistent units)
dt = rate of change of body temperature, °C/min
Ti
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hc = convective plus evaporative heat transfer coefficient,

(consistent units)

A = body area, m2
Ta, To = air and surroundings temperature, °C
Tm = mean body temperature during the temperature rise, °K

hrF = radiant heat transfer coefficient, (consistent units)

N = exponent of heat temperature ratio
dT = taken as 5.5°C
Ti = time to incapacitation, minutes

The equation was solved for Ti and curve fitted to the Crane data. The
results of the curve fit gave the following values for the parameters:

hcA/WCp = -0.089811405
hrFA/WCp = 7.42071
QM/WCp = 0.0345

N = 1.55

These values appear to be quite reasonable thermodynamically, and were used in
the above equation to plot the curve shown in Figure 19.

The results of experimental studies on time-temperature relationships for ex-
posed skin thermal injury were reported in Reference 17. These experiments
were performed with animal subjects (pigs) to determine the air temperature
versus time on the exposed skin of the subjects. Data points taken from the

report are plotted on the extrapolated air temperature hazard curve in
Figure 19. It appears that third degree burns cross the hazard curve at
about 593.5°F (585°K). These values have been selected as the upper limit of
hazard above which escape would become impossible. At this temperature, the
escape time would drop abruptly to zero for this hazard.

SMOKE (VISIBILITY) HAZARD LIMITS

A proposed escape time curve for the effects of reduced visibility through
smoke has been selected and is shown in Figure 20. The rationale used in
deriving this curve involved an evaluation of how far one can see an il-
luminated emergency exit sign at various smoke densities as determined by the
transmittance per foot of distance. The transmittance and smoke volume gen-
eration rates are known for each material from tests in the CHAS chamber.
These data are translated in the CHI computer program to full scale test con-

ditions of smoke generation rates and transmittance as a function of time
during the burn.

Allard's Law (Reference 18) calculates the illuminance, foot candles, at the
observers eye from a 1light of a given luminous intensity (candles), at a
distance from the observer. The equation expressing Allard's Law is:
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transmittance per unit distance

is the illuminance at the observer's eye in foot candles
is the intensity of the source light in candles or candela
is the distance between the source 1ight and the observer

is the transmittance of the attenuating smoky atmosphere, or

740

FAR Part 25 Paragraph 25.812(a) specifies the intensity requirements for emer-

gency exit locator signs.

25 foot Lamberts, and an area of at least 21 square inches.
units to candles:
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25 foot Lamberts X 0.3183 = 7.9575 cand]es/ft2
and the intensity

I

7.9575 candles/ftZ x 0.1458 ft2
I

1.1605 candles (candela)

A plot of the -Log E of the illuminance at the observer's eye versus distance
D and transmittance per unit distance is shown in Figure 21. The intensity of
the light of 1.1605 candela was used in plotting the curves. Reference 18
quotes a threshold illuminance of 7 x 10-8 foot candles that is used to
assess the visibility of approach and landing lights for a pilot landing an
aircraft at night, which is also shown as a 1line in Figure 21. This
horizontal 1line was established in Figure 21 from -log(7 x 10~ 8 = 7.155;
values above this line have an illuminance which is too %ow to detect by eye.
Values on this line are just detectable, and values below the line are visible
with increasing illuminance as points are farther below this line. The value
of the illuminance in foot candles for points on this f1gure can be obtained
by raising the ordinate values to a power of 10~ Log E|
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A plot of transmittance versus distance for threshold illuminance, as
determined above, is shown in Figure 22. The plot shows that at increasing
values of transmittance one can see farther, and that at 100 feet one can see
the emergency exit from one end of a wide body jet to the other if tne
transmittance is greater than 93.1%. This T value was used to locate one point
at the visibility level relating to an escape time at 300 seconds, i.e., for
the full duration of the 5 minute fire scenario of the CHI program.

Another point on the escape time curve can be located at a time of 15 seconds
at a transmittance of zero (complete darkness). An experiment indicated that
one can feel their way to the nearest exit in a wide body jet, at a maximum
distance of 34 feet away. The curve was assumed to be an exponential,
expressed in terms of transmittance T or

ET = A(BT)
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where, to fit the two points,
A =15
B = 3.21775
This equation for the smoke hazard expression was used to obtain escape times
resulting from smoke as a function of transmittance per unit distance in the
CHI calculation. It was not used in an integrated dose sense as were the

other hazards but will affect the CHI since escape time will be slowed
depending on the amount of smoke generated by the material.

SATS ANIMAL TESTING

The single rotating wheel in the Single Animal Test System (SATS) plexiglas
chamber (Figure 23) and the associated electrical contact bar provided two
biological endpoints, Ti and Td. Either endpoint could have been used to
determine which panel material evolved the most hazardous combustion pro-
ducts. Ti was selected to make the comparisons since Td's were not observed
as often and the Ti represented a more conservative endpoint related to the
concept of emergency evacuation in a post crash fire cabin environment. The
SATS consisted of a Tow volume plexiglas chamber having a free volume of 5.4
liters. The animal subject was placed in a split wheel and prompted to walk
by rotating the wheel. The Ti endpoint was quite reliably determined by the
changes 1in the pattern or recorded electrical signals transmitted when the
test subject contacted a plexiglias bar. This bar was supported on strain gage
sensors at each end and inserted approximately 1/8 inch inside the slotted
space between the split cage halves and occupied the bottom quadrant of the
cage as shown in Figure 23. [Incapacitation was noted when the animal lost the
ability to walk and started to slide or tumbie as the wheel rotated.

This unit was designed and modified at DAC to permit paraliel recording of the
breathing rate by a 300X amplification of the signal. When a Ti was observed,
the wheel rotation was interrupted and with the animal resting against the
sensor bar, Td (time-to-death) was determined based on cessation of the re-
corded breathing trace. Combustion gases were pumped into the chamber through
a 3/8 inch teflon line and ball valve connected to the gas sampling probe from
the HRR (see schematic, Figure 2) at a flow rate of 14 liters/min. The Teflon
line and ball valve were heated to 248°F (120°C) during the run to prevent
condensation of combustion products, and provided minimum transport time to
the chamber. The test procedure was modified further to assure a biological
endpoint in less than 30 minutes. Combustion gas dilution was reduced by
adopting a test airflow rate of 60 cu ft/min through the HRR chamber and a 10
x 10 inch sample was prepared for each run instead of the conventional 6 x 6
inch sample (except for Panel 3 material).
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The last procedural modification adopted for the animal Ti tests is based on
the observation that the most common toxic gas produced in fires is carbon
monoxide.  However, carbon monoxide is not the only major toxic product
evolved since these depend upon the elementary composition of the particular
polymer or material being burned, the degree and character of any fire re-
tardants added, the intensity of the fire threat, and the availability of
oxygen (References 2 and 19). Since the combustion products are pumped
through the animal exposure chamber during a run at 14 liter/min and vented to
the CHAS exhaust system, the concentration of all the gases resident in the
chamber changed rapidly with time. The effective dose rates were dependent,
therefore on the generation rates of these gases and the air dilution ef-
fects. At 14 liters/min pumping rate, the nominal air change in the exposure
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FIGURE 23. SINGLE ANIMAL TEST SYSTEM PLEXIGLAS CHAMBER

chamber was 2.8 times per minute. At high radiant flux test levels, materials
burn more rapidly generating high levels of gases, but also burn out in a few
minutes. Thus, a protocol and procedure that calls for exposure at cgnstant
pumping speed would not correlate with the toxic endpoinﬁs obtained with ap-
paratus of more conventional design in which all toxic products are ac-
cumulated in the exposure chamber. The procedure that appeared to give a Ti

endpoint within 30 minutes to relatively ranking materials for toxic hazard
was as follows:
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(d)

(e)

After chamber closure, the inlet ball valve was opened, the pump was

turned on and the flow rate into the animal chamber was set to
14 liters/min.

Within 2 minutes, the sample was injected into the HRR chamber. Simul-

taneously an electronic timer was started along with the Ti sensor unit
recorder.

As the test sample burned, the CHAS panel meters of the CO, C02 and HCN
monitors were observed. When the CO concentration appeared to a maximize
reading, the pump taking combustion gases and smoke into the animal
chamber was turned off and the ball valve closed. The shut-off time in
seconds was recorded.

If either the CO or HCN meter readings showed a further increasing
evolution of these gases, the ball valve was reopened; the pump was
turned on, and time in seconds was recorded. The pump and valve were
turned off and on again if further increases in CO or HCN were observed,
registering the elapsed time for each.

With the combustion gas mixture isolated in the chamber, the wheel ro-
tation and Ti/breathing rate sensor recordings were continued for 15 or
30 minutes. Ti's and Td's were recorded for either test period option.

The observed Ti was normalized in terms of a 200g rat and the fractional ac-
cumulated dynamic exposure time based on 15 or 30 minutes in accordance with
the following formula:

Where: Ti(obs.)

i(obs.) x SF x 200 x 100

Ti (normalized) = ! 60 x 900 x W x A

observed Ti in seconds from start of test

W = weight in grams of test rat
SF = summation of exposure times to gas flow, seconds
60 = 60 sec/minute conversion factor
200 = normal rat weight, grams
900 = total test time, seconds
100 = standard area of CHAS sample, in?
A = Area of CHAS sample actually burned, 1n2

Td's were recorded directly in minutes without normalizing calculations.
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Maximum temperatures measured within the animal test chamber did not exceed
97°F (36°C) during tests for all radiant flux levels normally selected to test
materials in the CHAS. This temperature level does not exceed the temperature
104°F (40°C) known to produce incapacitation of the rat in 30 minutes due to
thermal stress alone (Reference 16).

The principal objective of the animal tests was to correlate the Ti results in
the CHAS/SATS and the CFS, comparing the relative rankings of the panel
materials with those predicted by the FACP. Typical Ti test records are
shown in Figures 24 and 25.

In the preliminary development of the SATS, panel number 1 was tested 9 times
at 4.41 Btu/ft2 sec radiant flux to develop a suitable test procedure and
protocol for use in the program. The difficulties of obtaining a Ti or Td
endpoint within the time intervals required to completely consume the test
materials were exemplified by the data shown in Table 11.

From the above tests, a flow rate of 14 liters/minute was finally selected as

the pumping rate from the CHAS chamber through the SATS to obtain a useable
endpoint for all further tests. An evaluation of SATS data is given in the
Part 1 report.

CFS ANIMAL TESTING

During Panel No. 1 tests, 1 and 3 rat open mesh driven split wheel cages
employing sensors of the same design as in the SATS were used and simply
shielded from radiant energy by aluminum foil. As discussed in the CFS test
section of this report thermal insulation was needed. A modified, insulated

polycarbonate enclosure with forced ventilation was provided as shown in
Figure 26.

Each of the six rats (in four chambers) had one dedicated channel on an
8-channel ASTRQ MED SUPER 8 hot-pen recorder. Temperatures in the four
chambers were multiplexed on the seventh channel and recorded each three se-
conds so that each chamber temperature was recorded every 12 seconds. Ti test
records from the CFS tests were similar to Figures 24 and 25.

The procedure during a run was to stop the vacuum pumps pulling air through
the chambers when maximum CO concentration was reached as was done in the
laboratory CHAS/SATS testing. This procedure was repeated to retain maximum
gas concentration since CFS ventilation was continued until reentry could be
made after the CFS had cooled.

The recorder charts for the Ti sensors in the various cages indicated that two
subjects escaped from their cages prior to the start of the test. Those at
the multiple cage testing Tlocation appeared to show Ti in 5 minutes. The
single subject under this set of cages (Zone 12) appeared to reach Ti at
approximately 5.5 minutes. With the exception of the two escapees, who

survived without any i1l effects, all other subjects were dead on opening the
chamber 1 hour after the test
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IV. FIRE ANALYSIS COMPUTER PROGRAM
SELECTION OF CABIN FIRE MODEL

The CHI program work statement (September 1977) included a task to utilize
currently available cabin fire modeling technology. The model was to ..."con-
sider the effect of the magnitude and propagation rate of heat, temperature,
smoke, and gases generated by a materials fire in one cabin location on ad-
jacent and distant cabin environments and materials."

A review of the available literature on fire modeling, in particular for air-
craft cabins, did not reveal any models or computer programs that could be
used (or easily modified). The specific materials fire model and the fire ex-
posure conditions imposed by tne selected crash fire scenario prevented direct

application of existing model programs for use in the CHI methodology develop-
ment.

The University of Dayton Cabin Fire Modeling Program (DACFIR) was designed to
predict the propagation rate of flame from one fuel material surface to ad-
jacent surfaces and the growth and space-time distribution of hazards in the
cabin environment. In the CHI program a single material (composited panels)
was exposed to radiant heat flux in the pilot light mode in a vertical ori-
entation. Since the radiant flux was approximately uniform over the area of
the specimen, flame involvement was nearly instantaneous. The laboratory
(CHAS) and full-scale heat exposures and test panel orientations for each
series of tests were kept the same. The panel area and airflow in the two
test regimes were different.

Thus, fire modeling research studies such as the 2 and 3 dimensional flow
studies of heated gases and smoke at the University of Notre Dame, fire plume
and ceiling jet models from wood crib sources, furniture, liquid pool fires,
etc. under development at the NBS Center for Fire Research, Factory Mutual
Insurance Company, Harvard University and others, were not easily adaptable
for use in the CHI program. A cabin Fire Analysis Computer Program (FACP) was
developed in Fortran IV Tlanguage based on heat and mass balance principles
used in existing aircraft cabin heating and air con- ditioning technology.

The basic elements of the fire dynamics model used to develop the FACP are
depicted in Figure 27.

COMPUTER PROGRAM DESCRIPTION

The CHAS burn test data for a material were stored on the HP9825B computer
disc {(or tape) in processed form after each experiment. Ten channels of data
consisting of 600 one-second data points were recorded in blocks (strings) for
each parameter measured by the CHAS. Three additional 600 data point blocks
were recorded from curves prepared from the batch sampling and analyses for
HF, HC1, and aliphatic aldehydes (RCHO). The 13 blocks of processed data were
transferred via the Dylon Formatter to an IBM 7-inch, 9-track 900 BPI tape,
and input into the IBM 370 FACP directly or recorded on disc for more con-

venience in accessing and processing data on a repeat basis for development
purposes.
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As shown in Figure 28, the main program calls 6 subroutines in processing the
IBM 370/CHAS data blocks for each hazard or measured parameter. The
differential equations (DIFFEQ) subroutine calculated the derivatives of 260
differential equations in a double do-loop procedure. The number of equations
depended on the number of gases recorded during CHAS burn tests and the number
of zones. The same set of equations was used to calculate all hazards for the
single zone program but computation time was greatly reduced since only
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FIGURE 27. FIRE DYNAMICS MODEL FOR FACP

the total CFS cabin volume was 1involved. The flow dynamics subroutine
(FLODYN) was not needed in the single zone program since the assumption of in-
stantaneous complete mixing of gases, heat, and smoke was operative
(well-mixed reactor approach). Differential equations describing the time
histories for each zone wall and air temperature, smoke density, CO, CO,,
HO, 0p, Ny, and NO/NOx were numerically integrated. Provision for 3
additional gases were included for printout in the program out of an optional
Tist of 7 toxic gases.

The individual gas constants (molecular weights and specific heat capacities)
were input into the program. These constants are listed in Appendix C.
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FIGURE 28. 20 ZONE FIRE ANALYSIS COMPUTER PROGRAM

When all of the derivatives in the DIFFEQ subroutine were evaluated, a double
precision differential equation (Runge Kutta) subroutine (SBR RUNGU) nu-
merically integrated the equations to obtain the concentration values of each
hazard for the next time point. The computing time intervai for successful
use of the Runge Kutta procedure was 0.02 seconds. Any longer time interval
made the system of equations integrations unstable and resulted in incorrect
data output or an IBM 370 progam interupt from an overflow in various storage
registers. This highlights one of the 20 zone program deficiencies since 15
minutes of computer processing time was required to process 300 seconds of
burn test data at a cost of $700 per run (day cost) or $350 (night-deferred).

The last subroutine (ESTI) calculates the fractional doses for each hazard
based on the individual personnel hazard time to incapacitation 1imit curves
presented in Section III, and prints out the CHI. The CHI in the 20-zone pro-
gram was determined for the arbitrarily fixed "CHI location" (Zone 13) or for
any zone. Only one CHI value is determine when Z FDi = 1 in the case of the
single zone FACP. Tnhe program loops back to the print subroutine (SBR print)
and prints out all calculated data at preselected time intervals during the
300-second burn time. Five second intervals were selected as the optimum for
printout in the FACP determinations. Examples of the IBM printout of pro-

cessed data from runs made using the 20 zone and single zone programs are pre
sented in Appendix C.
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FLOW DYNAMICS ROQUTINE - The FLODYN subroutine used to calculate zone to zone
flows of smoke, heated air and gases from the vertically oriented 4 x 6 ft.
panels burned in the CFS was developed on the basis of a simplified
semi-empirical treatment of the problem. Each zone in the model was assumed
to be instantaneously well-mixed. Thus flows were calculated only across the
boundries between zones, and temperatures, smoke and gas concentrations were
considered isotropic at any instant within zone boundries. The arrangement of
the twenty zones in the cabin is shown as Figure 29.

1 = TEST PANEL
2 = RADIANT PANEL

FIGURE 29. 20 ZONE CFS FIRE MODEL

Each zone has a number and its connection to other zones is defined by a two
dimensional array, P (I, K) where I is the zone number and K is the six sides
of the zone (four walls and the top and bottom of the zone). The number K in
the array defines which zone connects to the zone I for each of the six
sides. If one of the sides of zone I is a wall K it is set equal to zero
which will indicate that gas flow cannot pass through that surface. The di-
mensions of the P array are P (20, 6), and thus there are one hundred and
twenty numbers in the array which define all of the interconnections between
zones. Another array CA (I, K) defines the flow coefficient times the flow
area for each of the surfaces in the P (I, K) array. A third KADL (I, K)
array provides a KA/L heat transfer term between zones for each of the sur-
faces in the P (I, K) array. The input value for the KA/L heat transfer term
was estimated from known air atmosphere values.
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When the FLODYN subroutine is called, values for each of the variables for the
current time point are known. The total pressure in each zone is calculated
from a summation of the partial pressures in each zone. The flow from a zone
to each of the six sides of a zone is calculated in a double do-loop of zones
and walls of a zone as a function of the total pressure differential across
connecting zones. The P (I, K) and CA (I, K) arrays are used to determine the
interconnections and flow coefficients to be used for each surface. If the K
value in the array is zero, indicating an outer wall surface, the flow cal-
culation is bypassed. This routine is continued for all of the 120 surfaces
involved. The zone to zone flow equation, selected for use in the computer
program, is the Perry orifice equation reported in Reference 20.

2 - Pl
v = oYW P )

Where: W = Mass flow rate of gas, 1b/sec.
CA (I,L) = Flow coefficient x area of zone (I) to connecting zone K,
L=1, 6
K =P(I, L) [ = Zone No.; L = 6 Sides
Pt (I) = Zone (I) pressure, PSIA
P1 (K) = Connecting Zone (K) pressure, K = 1,20
Ta (I) = ZJone (I) temperature differential, °R

Thus, all the possible flows through the various zones are taken into acount.

The flow of smoke from zone to zone is made proportional to the total volume

flow between zone ("particles" per ft3 sec). A derivation of the smoke fliow
algorithm and formulas used in the FACP is presented in Appendix C.

The flow of individual gases is calculated from the ratio of the partial
pressure of the gas to the total pressure of gas in a zone times the molecular
weight ratio of the gas to the molecular weight of the mixture:

- P (J) .M ()
W(J) = W(I) x PT(I) X ¥ )
Where: W(J) = Flow of gas J, 1b/sec

W(l) = Total flow, 1b/sec
P(Jd) = Partial pressure of gas, psia
Pr(I) = Total zone pressure, psia
MIJ) = Molecular weight of gas, 1b/moie
M(I) = Molecular weight of gas mixture in zone (I), Tpo/mole

Tne enthalpy change in the zone to zone flows is calculated from the known
total flows and zone temperatures and zone specific heats. The heat transfer
between zones is calculated from the temperature differential between zones
and the KADL term. The equation is:

Q (I,L) = [KADL(L,L)][T4(1)-T4(K)]
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Where:

KADL (I,L) = Heat transfer term between zones I to K,

I =1,205 L = 1,6; Ta(I) and T4(K) = zone and zone boundry air
temperatures, °F

Q (I,L) = Heat flow across zone surfaces.

The combustion gases exhaust to ambient through an exhaust duct from zone six-
teen. The total flow is calculated using an incompressible flow equation:

Pr(16) x [Pr(16) - Pyyel x 2 g
) T T AMB
WAEX = CAEXH ‘J RM (16) x 1a (16)

Where: CAEXH Exhaust duct flow coefficient x area, in
Pr(16)= Total pressure in zone 16, psia

PaMB = Ambient pressure, psia
g = Gravitational constant, 32.17 ft/sec?
RM(16) = Zone 16 gas constant 10.73,
ft-1b/1b-°R
Ta(16) = Gas temperature in zone 16

The flow of the individual gases and smoke exhausting from zone 16 is cal-
culated in a manner similar to the zone to zone flows. The data calculated in
the flow dynamics subroutine is wused in subroutine DIFFEQ in obtaining the
rates of change of all of the variables. The equations are then numerically
integrated by the IBM RUNGE KUTTA routine which has been written into the pro-
gram. The flow dynamics subroutine repeats the calculations for each com-
puting time interval while all of the variables are varying with time.

The 120 unknown zone interface flow coefficients were not determined
mathematically. The CA flow coefficients were selected and ad- Jjusted in the
program on a trial and error basis using the CFS test data meas- ured for
panels 1, 2 and 3. Larger CA values were set for vertical surfaces in a zone
with the largest values set for zones in and near the burning panel. Thus,
the flows were generally directed to account for larger ceiling flows and with
increased downward mixing toward the CFS exhaust. Because of the limitations
imposed by program cost constraints and the trial and error approach required
to develop the FACP, the <changes 1in 1input variables needed for best
predictability by the computer program were not optimized.

Only 4 first order differential equations were used in the compute program:
(1) smoke, and (2) air and compartment (zone) wall temperatures, and (3) gases
partial pressure (mass concentration). The calculation procedure Tooped
through all of the equations for each time point and zone in sequence with
bounding zones until all hazards were evaluated in every zone. The do- loop
procedure provided a means for describing the transient changes 1in hazards
concentrations in the system in a concise manner.

DEVELOPMENT OF DIFFERENTIAL EQUATIONS

Douglas extensively uses computer programs to solve engineering problems.
arising from the need to guarantee the pull-down time to cool an aircraft from
a hot starting condition to comfortable air temperature using onboard or
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ground equipment as a source of cooling air. Tnis involves the solution of
differential equations describing a heat balance on the aircraft as a function
of time during the cooling period. Heat transfer, heat capacitance, cooling
air flow rates, and temperatures are the parameters considered in solving this

problem. The technique has been used on many different aircraft with good
success.

In considering what happens in an aircraft fire, the same problems are faced
that have been solved in transient heating or cooling of an aircraft.
Unsteady heat transfer into and out of materials and equipment, thermal
capacitance, heat Tlosses, ventilation rates, and compartment sizes, are the
same parameters used in a fire analysis as well as in heating and cooling
problems in an aircraft.

The differential eguations approach to fire analysis, explored during the
early IRAD fire analysis effort, showed that fire dynamics could be handled in
this manner. Transient air and surface temperatures obtained by analysis
agreed very well with those obtained in actual fire tests. The concept can be
further developed to describe what happens to the materials being heated or
burned, and the products of combustion or material emissions can also be
determined analytically as discussed in the foilowing pages.

In fire, the temperature of tne air heats up rapidly due to the convective
heat flux from the fire and obecause the air has a very TJlow thermal
capacitance. The surface temperature of materials at a distance, and not
directly in contact with the flames, increases more slowly due to the higher
thermal capacitance of the material and due to the strong radiation view
factor effecting on objects at a distance from the fire. Another important
factor 1is the characteristic of the so-called unsteady temperature gradients
in the material as a function of the thermal diffusivity, conductivity, and
the specific heat and density. For example, a material with a Tlow thermal
conductivity would not conduct the heat away from the surface as fast as the
heating rate being applied, and the surface temperature would rise faster than
points within the interior of the material. The heat flux entering a surface
is also a function of the surface temperature, and in order to analytically
describe how the heat of a fire 1is being dissipated, it 1is necessary to
describe mathematically this unsteady heat flow phenomenon.

The cabin section volume and the external environmental conditions affecting
ventilation in an accidental crash fire scenario, must also be included in the
mathematical model. Laboratory fire test data taken in a small chamber cannot
be applied directly to a large compartment. In addition to the heat flux
problem discussed above, consideration must be given to the rate at which
toxic gas emissions from the decomposed material affects the concentrations of
these gases in the cabin atmosphere. Obviously it is not practical to perform
and interpret burn tests on all potential materials and combinations in a
full-size cabin fire test chamber. This leads to the conclusion that some
analytical procedure is required which will bridge the gap between laboratory
tests and the fire scenario for a full-sized aircraft.

The unsteady heat flow problem has been widely treated in literature. Heat
transfer notes by L.M.K. Boelter and others (Reference 21) presented plots
showing the temperature change characteristics of materials suddenly thrust
into a hot environment. The plots were calculated by using an infinite series
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solution proposed by H. Grober. The procedure used is tedious and only
considers a case where the external surface neat transfer coefficient and
temperature are constant. The method does not appear to have direct
application in analyzing the dynamics of a fire.

During IRAD work at Douglas on the development of fire analysis techniques, an
empirical equation was developed which closely fits the characteristics of a
"Grober Plot" for a surface. This 1is Equation 1, in Figure 30, and points
calculated with the equation are plotted on a Grober plot to snow the
agreement over a wide range of the dimensionless parameters. This equation

was differentiated to put it in a differential form (Equation 2) and the
surface area and the thermal capacitance of the material were included in the
equation by transformation of some of the parameters.

The differentiated form of Equation 1 representing the differential equation
for inside surfaces is:

heao
h (Ta Ts) - kL
dTs 2)

de
eao
aoe

Now the equation can accommodate external temperature changes as described by
its differential form. The outside surfaces differential equation is:

h a
S L - e

1+ e
dT MsCs 2yae kL (3)

A2 h,a6
Ve w e
( k> as e” kL

Variations 1in the external heat transfer coefficient can be permitted by
defining a combined convection plus radiation heat transfer coefficient as
shown below. This is then substituted into Equation 2 and 3.

Teh - T Ag
he = ha + hp = hy + T x 0. -8
e a r a x 0.1714 x 10 (Ta - Ts) Ag

The total heat flux per unit of surface area is:

Q =

he (T3 = Tg) = Qconvection + Qradiation
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Where:

T = Radiation View Factor. Dimensionless

Af = Flame Area, ft2

AS = Surface Area, ft2

CS = Specific Heat, Btu/l1b °R

Ha = Convective Heat Transfer Coefficient, Btu/sec ft2 °R
MS = MWeight of the Material, lbs

To = Qutside Surface Temperature, °R

U = QOverall Heat Transfer Coefficient, Btu/sec ft2 °R

Equation 3 now can be used to describe the surface temperature of a material
being subjected to the rapid heating which occurs during a fire when all of
the parameters are changing continuously. The exponential terms automatically
take care of thick or thin materials, and the effects of time. For a thin
material the exponential terms remain in the equation and provides the desired
relationship of surface temperature and temperature gradients within the
material. Time also causes variations in the effect of the exponential term
causing it to go to zero at steady state. The above approach eliminates the

need to use partial differential equations to describe the unsteady heat
transfer phenomenon.

Equation 2 can be used to describe the thermodynamics of interior material
such as seats, partitions, and equipment where heat is flowing into both
sides. An exterior wall has heat flowing into one surface and heat losses
through the other to the outside. These effects have been added to the
equation, giving an external wall differential equation, as shown in Equation
3.

An air temperature differential equation is shown in Equation 4. It describes
effects of volume, ventilation rate, heat exchange between, materials and
convection from the flame of a fire.

doo _ 1 _ - _ _ (4)

'a—e— = I\_/i:zc—p[Afhf (TF Teo) w(-"P(Tao Tc~)+thw(T6 Too)]
Where: %%1 = Air temperature change in a zone with time, °R/sec

My = Rno x V, weight of air in the zone, 1b.

Cp = Average specific heat of air, Btu/1p-°R

Af = Flame area, ft2

heg = Convective heat transfer coefficient, Btu/sec ft2 °R

Tg = Average flame temperature, °R

T = Temperature in a zone, °R

W = Mass flow of ventilation air, 1b/sec

Tc = Temperature of incoming ventilation air, °R

n, = Cabin wall heat transfer coefficient bounding a zone,

Btu/sec ftZ °R
Area of wall, ft2
Wall temperature, °R
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The first term within the brackets in equation 4 calculates the heat exchanged
between the flame and air. The second term subtracts tne heat carried out of
the cabin (CFS) by ventilation air and the last term calculates the heat
exchange between the walls and air.

The zone air differential temperature equation used in the FACP was derived by
equating the thermal capacitance of the air times the rate of change of the
air temperature to a summation of the heat flow into or out of the air. The
equation is:

MaCpdT/dt=) (Heat Flows)

Substituting the ideal gas equation (P=pPRT), the equation becomes:

dT/dt=RT/(PVCp) x (Qi,-Qoyt) (5)
Where: p = Density of gas, 1b/ft3

Qin & Qgut includes the enthalpy change of the flowing gases plus heat
from the burning material along with the heat exchange to the walls.

DIFFERENTIAL EQUATION FOR SMOKE - The smoke data obtained from the CHAS tests
and stored on tape is defined by the following equation.

S = Log]0(100/T) Q/LA (6)
Where:
S = Smoke Units, "particles"
T = Fraction of light transmission (varies from one to zero)
L = Smoke detector light patn length, m
A = Sample area, m? (CHAS value)
Q = CHAS airflow rate, m3/min

The flow of smoke is assumed to be proportional to the total gas mixture
volume flow rate.

The flow of smoke into and out of a zone is:
Sin = Sout = 51 WMin/RHOjp - Sy WMo, /RHOgy¢

and the differential equation used in the FACP for smoke was:

Where:

w
—
H

[nstantaneous smgke concentration flowing into the zone,
"partic]es"/ft3

"

Instantaneous smgke concentration flowing out of the zone,
"particles"/ft
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WM = Weight flow rate of the gas mixture, 1bs/sec

RHO = Density of the mixture, 1bs/ft3

n

i

Sip = Smoke flow into a zone, per ft?
Sout = Smoke flow out of a zone, per ftl
AP = Area of burning panel, ft2

V = Volume of the zone, ft3

The equation behaves like a differential pressure equation where gas is stored
or depleted in a volume (capacitance) as a function of time. The smoke Tlevel
can build up in a zone as a function of the total flow rates.

A differential equation giving the rate of change of the partial pressure of
each gas is obtained by differentiating the gas Law.

The gas law is:

P-iV = M'iR‘iT (8)

Where:
Py = Partial Pressure of Each Gas in Mixture, 1bs/1’n2
M; = Weight of each Gas, 1b
Ri = @Gas Constant
V = Volume of Zone, ft3
T = Absolute Temperature, °R

dt T dt v TIN TouT
MiIN - Mass flow rate, 1b/sec of each individual gas into the zone.
M,

lgyy - Mass flow rate, 1b/sec of each individual gas out of the zone.
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These quantities are functions of the fiow into and out of each zone, and the
generation rate from the fire for each of the individual gases.

The differential equations were numerically integrated for each gas along with
the other differential equations in the CHI program. The partial pressure of
each gas will be known in each zone as it varies with time.

The total pressure in the compartment can be obtained from a summation of the
partial pressures.

P=ZP; (10)
and the weight of each gas can be obtained from the gas law:

P.V (11)

Mj = and Total M =ZM;

R5T

The gas constant for the mixture is obtained from:
Rm = Z (Mi Ri)/M (12)
and C =X (M. C_. )/M (13)

Pmixture TP
and C =Z (M, C ;)M (14)

mixture
and y - C _z (Mi C 1.)

C (M. C..)
v i v

Where:

Cy = Heat capacity of the gas at constant volume

The' qerivation of an equation wused to express the zone to zone flow of
individual gases which is used in the flow dynamics subroutine is given below:

The ideal gas law is:

M7 =ETV/(RT] (MW) ave

mi =[piv/ (RTJom);
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The mass fraction of gas “i" in a zone is:

mi/My = P3/PT(MW)i/(MW)T

The constituent gas weight flow out of a zone is:

Wi = mj/M7WT =(Pi/P1)(MW) i/ (MW)aye WT
Nonmenclature used in the gas equations are as follows:
Uppercase symbols.

Mass, 1bm

Total pressure, 1bf/fte

Zone volume, ft3

Temperature, °F

Universal gas constant
W Molecular weight

Total flow, 1bm/sec

T A< TOVX

Lowercase symbols

m Constituent gas mass, 1bm

p  Constituent partial pressure, 1b/ft2
W Constituent flow, 1bm/sec

v Constituent partial volume, ft3
Subscripts:

i Refers to specific gas constituent

T Total

ave Average gas property

The differential equations used in the FACP were: inside wall temperature
(Equation 2); air temperature (Equation 5); smoke (Equation 7); and gases
(Equation 9). The outside wall temperature, Equation (3), was not used in
the final version of the FACP. Toxic gas concentrations (Mj) were
calculated by the FACP as ratios of the individual partial pressures to the
total pressures. The total pressures at any instant were not precisely known
since all of the gases evolved in the combustion process were not measured in

the 1laboratory (CHAS). However, air plus the major products of combustion
that were directly measured (CO, COp, 0, depletion) accounted for 90-95%
of the mass balance in the CFS tests as ca?cu]ated by the FACP. Nitrogen and
H,0 vapor mass concentrations were calculated. A derivation for the method
of calculating water is included in the Appendix. Smoke was measured in terms
of optical transmission and was not included in terms of mass optical density.
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Fortran versions of the four differential equations descriped above have been
coded into the CHI computer program in do loop routines which are the same for
all zones and gases. Each gas has a particular gas constant and specific
heat. The zones are described by their volumes, surface areas and wall heat
transfer characteristics. The program loops through the gas partial pressure
equation for each gas in a zone, and it then continues on to the next zone
until all of the zones have been analyzed for a time point. This cycle is
repeated for each computing time interval to the maximum time specified for
the run.
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V. TEST MATERIALS
MATERTALS SELECTION

Candidates for selection of four materials were to satisfy largely the fol-
lowing criteria:

1. Represent interior cabin materials currently in airline service or under
development.

2. Possess a large exposure area and potential high fire load (total weight
in cabins).

3. Comprise sufficiently differing chemical compositions to evolve meas-
urable quantities of many probable gaseous products.

4. Contain an organic resin content high enough to evolve quantities of
heat, smoke, and gases at levels that substantially approach or exceed
personnel hazard levels when reasonable areas are exposed to a simulating
fire scenario heat source in CFS testing.

Four large area cabin panels were selected to represent a wide range of
typical constructions. The first was a then current, wide-body honeycomb
sandwich construction with decorative covering on both sides used for part-
itions, galley and 1lavatory walls. The second was a current production
panel. The third panel was a 1958 wall panel design. The fourth panel was
identical in construction to panel 1, except that epoxy resin instead of modi-
fied phenolic was used in fabrication.

PANEL FABRICATION

PANEL NO. 1 FABRICATION - Panel No. 1 was made earlier in the program than the
final three. Six 48 X 96 inch panels were fabricated for use in laboratory
and full scale Cabin Fire Simulator (CFS) testing. Fabrication was observed
by an engineer who selected production materials to be identical in all
panels. Due to press capacity, these were made in three press operations.
This panel consisted of the following commercially available components.

Decorative OQuter Layer: Tedlar ® /Vinyl laminate, Type 3-10-195 polyvac T
Green and Blue Cork, Mf'd. 10-25-73 1lot 12723 Polyplastix United, Inc.,
Chicago Division. Facing: Phenolic Impregnated "C" Stage Fiberglass laminate
Cloth, 31.3% resin content, Hexcel Corp., Mf'd. 11-22-77 Batch No. 41320.
Core: Nomex Honeycomb, Phenolic impregnated, DMS 1947J Class 2, Type 1, Grade
A, 0.700 inch thick Orbitex HMX-1/4-1.5, Mf'd 8-77. Adhesive: (Facing to
Core) Epoxy film adhesive MDS 1903D, Weight 0.040, Relianle Manufacturing
Company, Mf'd 2-28-78. Blocking: None. Glasing: None. Primer: National Ad-
hesives No. 41-4463. Table 12 gives a breakdown of the structure and com-
position of panel material No. 1. The element content shown for each poly-
meric constituent is known or was obtained for certain elements using X-ray
fluorescence spectroscopic analysis. The weights of each polymer type per

unit area, and for the 4 X 6 foot panel size used in full scale tests, are
listed also.
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[
TABLE 12
COMPOSITION OF MATERIAL NO. 1

|
| WEIGHT/AREA
|
‘ POLYMER ELEMENT CONTENT /Fr? | gr/M? GR/CFS PANEL
| TEDLAR C, H, F 0.014 68 174
! +
|
| ADHESIVE ? 0.002 10 ?
|
| VINYL + C, H, Ca, 0, CL 0.040 195 457

ADHESIVE 0.002 10 491
| + INK ? .045 220 ?
I~y
1\ TEDLAR C, H, F, CL, Ti 0.034 166 370
J s, K, 0
| POLYURETH. | C, H, N, sb, CL 0.004 20 a4
| 0
| PHENOLIC C, H, 0, Si, Ca, | 0.23 1123 2504
| Ti, K, CL 0.37 Fa | 1806 4027
“ EPOXY ¢, H, 0 0.09 440 981
|

NOMEX C, H, N, 0, Ca 0.088 430 959
|

TOTAL WEIGHT 0.919 4485 10,000
|
COMBUSTIBLES 0.504 2460 5,485




FABRICATION OF PANELS 2, 3 AND 4 - Five 4 X 8 foot panels each of three
constructions shown in Tables 13, 14, and 15 were fabricated under engineering
supervision with the same attention to detail as with Panel No. 1. These
panels were cut to the 4 X 6 foot size for CFS tests and the ends of each
panel (2 X 4 feet) cut into 10 X 10 inch specimens for CHAS testing. All

specimens were identified so that data from CHAS and CFS tests were from the
same panel.

TABLE 13
PANEL MATERIAL NO. 2 CONSTRUCTION

LAMINATE WEIGHT LBS/FT2 FINJSHED PANEL PHYSICALS i
STRUCTURE MATERIALS {GRAM/MZ) WT. LBS/FT2 | THICKNESS-IN.
(:) Polyvinyl Fluoride 0.10
_— Decorative Film (488.2)
+ Adhesive
_____EZZ — | " FLY SCREEN" 0.12 0.508 1b/ftZ | 0.5

Phenolic Fiberglass (585.9)
W/Epoxy Adhesive
(2480 g/m2)

NOMEX Honeycomb 0.056

Filled W/Fibergl. (273.4)

Batting W/Phenolic 0.0225

Binder (109.9)
(:> Phenolic Fiberglass 0.10

(488.2)
(:) Phenolic Fiberglass g.11
With Epoxy Adhesive | (537)

CFS TEST PANEL 4' x 6° (2.23 m2) 12.19 1b

(5.529 Kg)AAAL

ALL 5 TEST PANELS

DMS 2008, Polyvac T, Material No. 76-117, Class 1, Poyplastex
United, Inc.

DMS 2018, Reliabond, Product R1717-1507/60 x 96 in., Lot/Roll
509/20, Mfg. Date: 3-11-80, 0.12 1bs/sq. ft., Reliable
Manufacturing Inc.

DMS 2068, Hexcel Acousti-core, HRH 10 Acousti-core, Lot: 02609
1.5 PCF, 0.25 in. cell size, 0.45 thick, Hexcel
Structural Products.

DMS 2055, Type 1, Grade A, "B" Stage Phenolic/Glass, Product:
MXB6032/181, Roll 42, Mfg. Date: 3-21-80, 0.10 1bs/sq.
ft., Fiberite West Coast Corp.

DMS 2017, Type 1, "“C" Stage Phenolic/Glass, Product: NB1306-7781,
Batch 000095, Rol1/unit 000048, Mfg. Date: 2-14-80, 0.1
1bs/sq. ft., Newport Adhesives

OINCRECAICRIC)
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TABLE 14
PANEL MATERIAL NO. 3 CONSTRUCTION

LAMINATE T WEIGHT LB/FT2 FINISHED PANEL PHYSICALS
STRUCTURE | MATERIALS (GRAM/M2) WT LB/FTZ THICKNESS-IN.! -
3
©) PANLAM
_— Cloud White 4 0.195
0.026 Gage Su (952)
SEMI RIGID = -
® LES
—_ PRIMER 22 0.010 )
o= (48.8) 1.298 1b/ft
<C -
® S5
= POPLAR WOOD = 0.365 2 0.75 in.
= (1743) (6335 g/m")
__@_._ AHDESIVE 0.045
® (Epoxy) (220)
TR PAPER HONEYCOMB
CORE, 0.45" Thick. 0.068
FR TREATED (332)
CFS TEST PANEL 4* x 6° (2.23m%) 31.15 1b 0.75 in
(14.16 Kq) : .

ALL 5 TEST PANELS

DMS 1895, Type 5 PANLAM: .026 Gage Color:
6BR867486-9 DATE:

Yendor's Const. #76-250

Cloud White P. 0.
December 3, 1976

DPM 5411 Adhesive Primer

DMS 1526E .125 Thick Type 1 CR F&B Poplar Wood DATE: 1-10-80 General
Veneer Mfg.

FR-7031-2

DMS 1903 Adhesive Batch: #A-2798 Roll #2 DATE: 4-80 Fiber-Resin Corp.

©OIeePr ©

DMS 1925, Type 2 Paper H/C .45 Thick (No I.D. Tags)
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TABLE 15

PANEL MATERIAL NO. 4 CONSTRUCTION

| LaminaTe WEIGHT LB/FT° FINISHED PANE] PHYSICALS
STRUCTURE | MATERIALS - (GRAM/M2) WT_LB/FTZ | THICKNESS-IN.
N a2
PVF/PVC FILM | E 0.069
RBRASION RESIS.|z O (337)
ADHESIVE G 0.01 2
______ o .
PRIMER 2= (48.8) 0.816 1b/ft
=S » 0.75 in.
sEmmmre | 3 PLYS FIBER- | & 0.095 (3983 g/m°)
GLASS/EPOXY - (464)
m NOMEX HONEYCOMB 0.088
0.7 in. (429)
1/4" HEX CELL
CFS TEST PANEL 4’ x 6' (2.23 n?) 19.58 1b. 0.75 i
(8.9 Kg) . in,
PANELS (1] & PANELS [3] & [4] PANEL (5]

DMS 2008, Type 3
Class 1 Tedlar/Vinyl
Lot: #5

Same as Panel &

Same as Panel E] &

Job #L245777-02
Block #HJD15N-78204V
P.C.#7BR-440728-9
Hexcel Corp.

(:> Date: 11-19-79

P.0. #90R391653-9

Pattern Callout: 73-134

DPM 5411 By
@ Adhesive Primer Same as Panel[1] & Same as Panel E &

DMS 1926, Type 8 DMS 1926, Type 8 DMS 1926, Type 8

Ro11 #113 { Roll #8 Ro11 #160

DATE: 4-17-80 DATE: 11-7-79 DATE: 4-18-80

Resin Content: 40.5% Resin Content: 41.3% Resin Content: 39.9%
® | Flow: 14.0% Flow: 13.0% Flow: 14.3%

Volitiles: 25% Volitiles: .58% Volitiles: .19%

Lot #4816 Batch #44253 Lot #4816 °

Fiberite Corp Hexcel Corp Fiberite

MXB7704/181 (F-155-59) MXB7704/181

DMS 1974, Type 1

Class 2, Grade A

Nomex H/C .70 Thick Same as Panel m & Same as Pane1 & E]
(:) Density 1.5 PCF
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VI. CABIN FIRE SIMULATOR TESTING

CFS TEST SETUP

The full-scale tests performed in support of the Combined Hazard Index Program
were conducted in the Douglas Cabin Fire Simulator (CFS). The objective of
these tests was to develop the laboratory test methodology and demonstrate the
capability of the computer program to predict the environmental spectrum
within the CFS. The interior of the CFS was configured as shown in Figure
31. The interior of the cabin was segmented into 18 zones plus two zones for
interface with the computer program. The boundaries of 18 zones which were
formed by two horizontal planes 32 and 64 inches above the floor, two vertical
station planes at 152 and 314 inches and one vertical plant on the
longitudinal centerline of the CFS. The two computer interfacing zones were
physically located within the 18 zones and due to their physical size
overlapped several compartment zones. Zone 1 was the radiant panel and zone 2
the specimen panel. The 20-zone computer program split the output of these
two zones based on their area of intrusion into the 18 compartment zones. For
computer identification these zones were numbered from 1-20 as shown in Figure
31. They were identified in CFS data relative to their geographic position in
the chamber and their vertical location, i.e., upper, mid, and lower, so that
the lower zone farthest from the radiant quartz lamp array was identified as
LSW {lower southwest). Certain locations show a "T" for thermocoupie or a "P"
for photometer, as appropriate. £Eighteen major instrumentation points were
located in the center cf each of these zones and in the air exhaust duct. The
baseline test aluminum panel and the test samples were exposed to the radiant
flux emitted from the radiant quartz lamp panel modules arranged to produce as
uniform a flux as possible on the exposed panel. The test panel, during
exposure was mounted on a weighing fixture with the panel face 32 inches from
the quartz Tlamps. Ventilation of the chamber was achieved by pumping air

through a plenum mounting the lamps and exited through a pumped exhaust at the
far end of the chamber.

ZONE INSTRUMENTATION - A thermocouple was located in the center of each zone.
Nine photometers sampled the smoke density as percent transmission through a
12-inch 1light beam as recorded by a Weston cell in each instrument, located in
the zones on the cabin side opposite from the panels.

The temperature of the air was recorded both as it entered and exited the
chamber. These measurements were made by thermocouples mounted in the entry
and exit air ducts. The air temperature was also measured one inch under the
ceiling on centerline between the main thermocouple mounting trees.

CHAMBER VENTILATION - Air entered the chamber at 875 cfm flow rate at ambient
temperature througn a plenum chamber mounting the radiant source. This air
flowed uniformly around all of the radiant elements proviaing the necessary
cooling for the power cables and ceramic reflectors. After flowing through
the CFS the air exited through a simulated door opening in the end bulknead
and out through a 6-inch duct in the center of the end dome of the CFS.
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Post Test

Ventilation will remain on until the chamber 1is clear of smoke and Gas
Analysis confirms that a safe level of Oy and COp exist.

Open chamber.

Post-test photos of panel front and back and any ash on floor.

Remove animal subjects.

Remove ash on floor, weigh, and record.

Remove panel, weigh and record weight, including any residuals that drop to
floor during removal.

Review data for inoperative transducers and replace where required.

Inspect and clean scrubber filters if necessary. The cabin Ap should give a
good indication of their condition.

CFS TESTING

BASELINE TEST - A baseline test was conducted for the purpose of establishing
the thermal levels within the CFS attributable to the radiant energy from the
array. For this test, power was applied to the array for a period of 600
seconds. Plots of the data were made after this test. For this test a 4 X b

foot sheet of aluminum was exposed to the array mounted on the weighing
fixture.

In order to minimize the adverse effects of thermal stress, the aluminum sheet
dummy panel was attached with three bolts at the top edge only. As expected

upon exposure this panel warped convex toward the array and gradually
flattened out as the temperature became more uniform throughout its
thickness. The pilot flame tube mounted vertically in front of the panel
warped also. In the first two panel tests where the vertical tube was used,
the top end was tied to the array with steel wire to avoid any possibility of
contact with the panel from thermal deflection. The weight Tloss experiment
was adversely affected by the thermal environment, showing a loss of 36.3 1bs.
at power off, when in fact a zero Tloss should have been indicated. This

required insulating the Jload cell and adapting a horizontal pilot flame as
.described later.

The response of the photometers was affected by both the increase in visible
light emitted from the array and the temperature. The increase in cabin light
level caused an initial increase to over 100% transmission. A thermal effect
was noticeable as a progressive reduction of indicated intensity with time and
increased temperature. This effect began at approximately 100 seconds and
continued to decrease for the duration of the test recording. The error
resulting from the temperature effect is the most objectionable of the two.
Fortunately, its effect 1is noticeable only after sufficient time has
transpired to allow the temperature transfer to take place. In the material

tests the maximum reduction in 1light transmission occurs within the first 100
seconds.

Concern was felt as to the advisability of a 10-minute test duration for the
three material tests. Inasmuch as several failures or near failures of
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instrumentation cabling had occurred and no spare cells were available for the

photometers, it was decided to limit the exposure of the first material test
to five minutes.

PANEL NO. 1 TESTS

Three tests of Panel No. 1 were made using a 4 x 6 ft section of panel exposed
to the array in the same fashion as in the baseline exposure of the aluminum
sheet. Attachment of the panel to the mounting frame of the weighing device
was made with 14, 3/16 inch screws. As the three tests were conducted under
similar conditions with similar results, only significant common events or
differences in results or test protocol will be discussed in any detail.

The first two tests were characterized by a period of deflagration which began
from 20 to 28 seconds after the start of exposure. This deflagration resulted
in a pressure pulse reaching a peak of up to 1.5 psi at about 40 seconds from
exposure initiation. Tests 1 and 2 were quite similar in this regard with a
steep slope to the leading edge of the pulse and a maximum rise of 1.5-1.6
psi. Test 3 and all subsequent tests used a horizontal pilot ignition which
exhibited a reduced pressure peak pulse with a very moderate initial slope and
less area under the curve. Deflagration was believed to result from the
tremendous quantities of combustible gases driven from the panel by the sudden
heat l1oad followed by ignition. This effluent, initially rich in halogens,
may have extinguished the vertical pilot flames in Test 1 and 2 but did not
affect the horizontal burner used in test No. 3 (Figure 42). The visual
record of the initial exposure in all tests was recorded both on film and
video. These records showed first, a splitting and shrinking of the
decorative laminate followed by the evolution of a large amount of white vapor
from the front face. The transition to flaming ignition appeared to occur
when the white vapor changed to black smoke. This was followed very rapidly
by gas under pressure being emitted from the edges. Upon ignition were
produced jets of flame. Figure 43 is typical of the post test appearance of
the panels #4 and #1.

The weight and weight loss recorded by physically weighing the panel before
test and subtracting the residue remaining on the frame and that which had
fallen to the floor are shown below.

Test 1 Test 2 Test 3
Initial Weight, Lbs. 21.18 21.53 21.28
Weight Remaining on Frame 12.38 13.76 12.89
Weight Removed from Floor 1.14 .71 1.19
Total Consumed 7.66 7.06 7.20

The dynamic weighing of the panel during the burn was adversely affected by
temperatur s noted above. For test No. 1 the load cell was wrapped in
fiberfrax and the whole unit shielded with a foil box and a flow of
cooling air was introduced into the bottom.. This provided enough protection
to reduce the weight loss error to approximately 2% which, unfortunately, is
not sufficiently accurate. We were reluctant to attempt additional protective
measures, fearing that any effort of this nature might result in an increased
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error from restraint of the load cell movement. In the belief that if we
could relate the temperature to the error, corrective action could be taken;
therefore, a thermocouple was affixed to the load cell and several tests were
made using a heat gun while recording the static load and temperature with the
computer. From this data, it was determined that effective correction could
be achieved by application of two straight line correction factors. The

application of these factors and a comparison with one run in CHAS are shown
in Figure 44,

Figures 45, 46, and 47 show plots of the concentrations of HF, HC1, and HCN in
Zone 13 gas samples taken over a 7-minute time span in the CFS tests. The HCI
tests for Burn No. 1 were not plotted, since it was discovered that the
absorption reagent in these tanks were accidentally contaminated with chloride
as shown by a blank determination run after the test was completed.

The "bubbler" samples for HF, HC1, HCN and aliphatic aldehydes (as HCHO) were
taken in two standard glass impinger bottles connected in tandem to either TFE
or stainless steel sampling lines leading to the multiple animal test point
(Zone 13) and the CFS exhaust. Table 16 summarizes the results obtained for
each of the CFS burns of Material No. 1 and gives the average ppm by volumes
of each gas collected over a 5-minute sampling time.

TABLE 16

AVERAGE PANEL NO. 1 GAS CONCENTRATIONS
COLLECTED IN IMPINGERS AT TWO LOCATIONS FROM THE CFS

VOLUME PPM OF GASES RELEASED

CFS CFS OF GAS

TEST SAMPLING SAMPLED RCHO

NO. LOCATION (LITER) HC1 HF HCN (Aldehydes)

#1 Zone 13 10.8 * o 12 5.8
Exhaust 5 * *% 22 3.9

#2 Zone 13 10 115 12 15 4.2
Exhaust 5 144 3 7 5.4

#3 Zone 13 6.2 & 10 34 4 22 4.3
Exhaust 5 0 2 2 0.7

* Chloride in blank too high for accurate determination.
** Flouride contamination in impinger bottle.
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DATA PLOTS - The PDP-15 computer data acquisition system prepared a wealth of
data. The CHI point was "MS" (mid 1level, south) in PDP nomenclature.
Figures 48 through 53 are examples of temperature, smoke, CO, CO,, 0, at
the CHI point and pressure in the CFS for test 3 of Panel No. 1. A single
plot involves five pages for presentation to 1320 seconds but are shown only
to a significant time interval to save report space. Plots were made for all
real-time measurements, and all thermocouple locations.

ANIMAL TESTING - During the baseline test, one subject was placed in one of
the wheels in Zone 13. At approximately 4 minutes 50 seconds, a temporary Ti
sensor trace of 15 seconds duration was observed on the strip chart recorder
followed by an apparent recovery and vigorous activity until 7 minutes 8
seconds when a permanent Ti occurred. Td followed, but the time could not be
determined (the subject was dead by the time the CFS chamber was opened). The
maximum temperature recorded near this wheel was 2119F during the 310

seconds the radiant array was energized. No material was burned during this
test. ‘

Post examination of the strain gage sensors revealed softening of the acrylic
sensor bar support beams containing the strain gages. These were modified by
cementing a strip of spring steel to the upper surfaces of the beams.

For burn test No. 1, six rats were used in open, Ti split cage, wheel units.
Within 82 seconds after the beginning of the test, all six-wheel sensor records
showed no activity on the strip chart. Upon opening the CFS, it was found that
all six rats had escaped from their cages, and survived at the exnaust end of
the CFS or under shielding at Tlocations away from the fire. It was not
possible to determine which rat was in a particular cage. However, one rat
showed evidence of external burns on the ears and eyes. This subject also
appeared to have some central nervous system damage as evidenced by periodic
jerking movement. One other subject showed a severe blister on the cornea of
the left eye. Both subjects survived and showed normal activity. The other
subjects were unaffected by the test exposure to heat and gases.

The cages were reworked and the test procedure for the second burn was
essentially the same as for the first burn, except that the four animals
placed at the multiple animal test point, Zones 12 and 13, and the two placed
in Zone 16 near the exhaust were partially insulated with 3/4-inch Fiberfrax

on two surfaces to protect the subjects from direct heat without greatly
impeding the flow of gases and smoke.

With the exception of one subject that escaped from the test cage to the cooler
part of the CFS, all others ended in a Td. The temperature measurements indi-
cated that the thermal protection provided by a radiation shield (aluminum
foil) and the insulation was probably inadequate.

A1l expired subjects sustained etching of the cornea indicating the presence
of significant concentrations of acid gases.

For the third burn test one animal was placed inside a Ti instrumented wheel
(cage) housed within a Fiberfrax insulated polycarbonate (PC) box having an
internal volume of 1 cu. ft. Two inlet tubes were installed with deflector
shields to aid in mixing incoming smoke and gases with the atmosphere in the
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box by means of an electric pump closely connected to the box opposite from
the inlets. The pumping rate from the CFS into the box was set at 1.33 ft.3/
min. and the box, with its test subject, was placed near the exhaust point
between Zones 16 and 19. This was found to protect the subject from excess
temperature for the full period of the burn; the maximum temperature recorded
inside was 1159F. In this test, the radiant array was turned off at 6 min-
utes. The pump connected to the PC box was turned off at 6 minutes 20 seconds
when it was noted that tne CO monitor at the exhaust showed the CO concentra-
tion was beginning to decrease. A maximum €O level of 1700 ppm was recorded,
but the actual concentration inside the PC box was not precisely. known.
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APPENDIX A

This Appendix provides drawings, check 1ists and computer data reduction
details for the CHAS/SATS system. The following details are included:

I.
IT.
III.
Iv.
V.

FIGURE

4-2
5-1
5-2

O 00 N O v W N~
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o

DRAWINGS OF THE MAJOR MODIFICATIONS OF THE HRR CALORIMETER
CHAS/SATS CHECK LIST PRIOR TO A BURN TEST

HP3052A DATA ACQUISITION SYSTEM INITIALIZATION

HP9825A PROGRAM LISTING

CHAS PARTS LIST

LIST OF ILLUSTRATIONS
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SAMPLE HOLDER INJECTION ASSEMBLY....c.iriiiiinreinnnnonennns 119

DETAIL DRAWING OF SAMPLE HOLDER/MLT/INJECTION ASSEMBLY...... 120
DETAIL OF SAMPLE HOLDER/INJECTION ASSEMBLY GUIDE............ 121

DETAIL OF SAMPLE HOLDER/INJECTION ASSEMBLY OUTER SEAL

o L 122

WIRING DIAGRAM OF MASS. LOSS TRANSDUCER (MLT)...vvvreenunnnn. 123
SAMPLE HOLDER. .o i ittt ieinii e ittt inenoneeenenenonnennssnnnns 124

HRR HOLD CHAMBER EXTENSION DUCT ... eiviiiiereinenencnnnennnns 125

HRR HOLD CHAMBER OUTER DOOR. .. i vv i it iiteennrennseroennnonns 126

HRR RADIATION DOORS ... i iviiitiiiereeneneeenrocnsonnnnneneens 127

HRR RADIATION DOORS AND OPENING/CLOSING MECHANISM........... 128

H2 FILTER FOR HCN MONITOR.....coviieiiiiiiiiiiiieennnennnnnns 129"
CHAS DATA ACQUISITION AND PROCESSING SYSTEM......cvvevvuinn. 135

CHAS DATA PROCESSING FLOW DIAGRAM. .. iiiiiiiiiiiiiiiiennnnnns 136

II. CHAS/SATS TEST RUN CHECK LIST-

AIRFLOW SET? PILOT LIGHT LIGHTED?

HEAT FLUX CORRECT?

TC ICE REF. FOR SURFACE TEMP. ON?

TC ICE REF. FOR INLET AIR TEMP. ON?

BRUSH SOOT OFF OF TP JUNCTIONS IN STACK
TURN ON & BALANCE 2-CHANNEL GOULD RECORDERS
TURN MLT POWER ON. (1.25 mv/100g.)

(3) SMOKE FILTERS REPLACED?

BLOW SOOT OUT OF LINE FROM SATS TO STACK.
RECONNECT SATS TO SAMPLING LINE
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$S-1610-1-16

Cajon Reducing Couple
SS-HRCG-4

L%—]_/ TFE Tubing 1/4"

FIGURE A-6 HZS FILTER FOR HCN MONITOR
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1.
12.
13.
4.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.
28.

29.

30.

31.
32.
33.
34.
35.
36.
37.

38
39

40.
41.
42.

REPLACE GAS SYRINGE SAMPLING PORT SEPTUM.

SWITCH 02 MONITOR ON. SET ON AIR SAMPLING.

CK 0, SAMPLING LINE ASCARITE/DRIER FOR DEPLETION.

ADJUST AIR FLOW METER VALVE ON COMBUSTION GAS MONITOR TO ("2").
SWITCH COMBUSTION GAS MONITOR POWER ON.

SET ZERO ON CO C02 & COMBUSTIBLE GAS MONITORS N/GN2 FLOWING.
CHANGE OVER TO SPAN GAS & SET METERS (STEP 16) (MONITORS)

TURN SPAN GAS SUPPLY OFF.

SWITCH GAS TRAIN PUMP ON - ADJUST FLOW TO 1 LITER/MIN.

HCN MONITOR ELECTROLYTE SUPPLY, DRIER & RECEIVER FLASK OK?

SWITCH ELECTROLYTE PUMP & AIR SAMPLING PUMP ON.

ADJUST AIRFLOW TO 1.0 LITER/MIN.

CK DET. CELL ELECT. DROP RATE (1 DROP/20 SEC.)

PLUG IN & START UP NO/NOx MONITOR MAIN POWER, VACUUM PUMP & SAMPLE
CONDITIONING SYSTEM.

TURN NO/NO, POWER SWITCH ON (FRONT CONSOLE).

ADJUST NO/NO, DET. DARK CURRENT TO ZERO.

CK "ZERO" & "FULL SCALE" KNOB METER RESPONSE (NO/NOX).

SWITCH BACK TO EXPECTED RANGE (OR 2.5 ppm/FS) & SWITCH 03 GENERATOR
ON.

TURN NO/SPAN GAS INTO MONITOR & SET 10 TURN POT TO GIVE CORRECT METER
READING.

SWITCH GAS SAMPLING BACK TO CHAS (NO/NOx METER SHOULD RETURN TO
ZERO).

FILL HCL/HF & ALDEHYDE SAMPLING SYRINGES.

PLACE FILLED SYRINGES ON CHAS RACK.

LOAD RAT INTO SATS.

CAGE ROTATION OK/ ELECTRONICS OK? ,

CK CONNECTION OF SAMPLING LINE FROM SATS TO FILTERS.

SWITCH O2 MONITOR OVER TO CHAS.

SET MLT & HRR RECORDER BASELINES {(CHART SPEED 150 cm/Hr).

PLACE TOP ON SATS CHAMBER; CLAMP IN PLACE.

VENTILATE SATS W/PUMP ON AT 14 to 16 /MIN.

START CAGE ROTATION.

ZERO THE ELECTRONIC TIMERS.

CK SMOKE METER SETTINGS ("0" 0.D. = 621.5 mv; 0.4 0.D. = 763.5 mv).
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43.
44,

NOTE:

*

[IT.

TAKE BASELINES * SWITCH AIR OVER TO MLT.

START DATA ACQUISITION (HP3052A) AS SAMPLE IS INJECTED & ACTIVATE
ELECTRONIC TIMERS.

ABOVE CK-LIST ASSUMES HEATED LINES & SMOKE FILTER ARE PREHEATED TO
248°F (120°C).

AIR SWITCH-OVER NOT APPLICABLE IF MLT NOT USED.

STARTUP USER INSTRUCTION FOR HP 3052A

The following Operational procedure is for initial system turn on. The
instructions are also valid at all times.

1.

Place Disk containing CHAS/MATS program into 9855M Drive and place
the special function Key (S.F. Key) overlay on 9825A (or 9825B).

. Key in and execute "get" "START"

. Press "RUN"

. When "Index print out?" is displayed:

a) If Index is needed:
1) Press "YES" From S.F. key
2) The Index for CHAS/MATS program will be printed
b) If Index is not needed:
1) Press "NO" from S.F. Key
5. When "CHOOSE PROGRAM FROM S.F. KEY" is displayed:

a) Press desired program on the S.F. Key
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DATA ACQUISITION USER INSTRUCTIONS

1.

2.

The Program will ask a series of questions; enter all the answers promptly.

When "mv readings check, Cont." is displayed: press: "CONTINUE" and
check the print out.

When "Adjust Smoke mv output" is displayed: Adjust the smoke meter to
specification with unblocked Tight beam. The mv reading can be checked on
digital voltmeter. Alternately place the 0.4 0.D. neutral density filter
(or other density value filter) in the light beam and adjust readings as
called for to match smoke detector calibration curve.

When "Remove Filter, Cont." is displayed: Remove the selected neutral
density smoke filter from the light path.

When "Baselines, Cont." is displayed: press "CONTINUE", at 1 minute after
placing the Sample and Sample injection assembly into the HRR hold chamber.

When "Start data, Cont." is displayed: press "CONTINUE", at the same time
the sample is injected into the HRR Chamber.

When "Process?" is displayed (after 10 minutes):
a) If data processing is desired:

press "YES" on the S.F. key

Go to step 8
b) If data processing is not desired:

press "NO" on the S. F. key

Go to 9
When "CHOOSE PROGRAM FROM S.F. KEY" is displayed:
a) Press desired program on the S.F. KEY
b) Go To appropriate user instructions

When “SEE YOU NEXT TIME", is displayed:

This is the end of the program

GENERAL USER INSTRUCTIONS

DESCRIPTION - The following operational procedure can be applied to several
data processing programs (there is very little differences in each
procedure). These programs include:

1. Mass remaining & Loss
2. Smoke Release Rate
3. Heat Release Rate

(i) by Thermocouple
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(ii) by Oxygen Consumption

4, CO Release Rate

5. COp Release Rate

6. HCN Release Rate

7. 0y Release Rate

8. CHy Release Rate

9. Sample Temperature

10. NOy Release Rate

11. HCL Release Rate

12. HF Release Rate

13. RCHO Release Rate

USER INSTRUCTIONS - The following instructions are followed when data has been

acquired and processing is desired. Figures A-7 and A-8 show diagrams of the
HP9825A Data Acquisition/Processing System.

1. When "# of run in disk (1,2,...)?" is displayed:

a) Type in "1" or "2" or....
b) press "CONTINUE"

2. For Heat Release Rate by oxygen consumption Method GO to Step 9
FOR HC1, HF or RCHO Release Rate, go to Step 10
3. HWhen "has this been plotted before?" is displayed:

a) If this data has been plotted before, press "YES" on S.F. KEY
If this data has not been plotted before, press "NO" on S.F. KEY

b) Press "CONTINUE"
4. When "Have your plotter ready? Cont" is displayed:

a) Check plotter, pen and paper. Have it ready for plotting
b) Press "CONTINUE"

5. FOR Mass remaining & Mass loss rate go to Step 12
6. When "Another Run?" is displayed
a) If additional run is desired:

(I) press "YES" on S.F. Key
(IT) go to step 7
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10.

b) If no more runs are desired:

press "NO" on S.F. key
go to Step 8

When "CHOOSE PROGRAMS FROM S.F. KEY" is displayed:

a) Press the desired program on the S.F. KEY.
b) Go to the appropriate user instructions.

When "SEE YOU NEXT TIME" is displayed:

a) If an additional run is desired at this time go to Step 7(a).
b) If no more runs are desired. This is the end of program.
When "Do you have following file" is displayed:

a) "HF" will be displayed, after about half second

[f HF data is collected in this run. press "YES" on S.F. KEY
If HF data is not collected in this run. press "NO" on S.F. KEY

b) HC1 and RCHO will be displayed following HF. Use the same procedure
as for HF.

c) Go To Step 3

When "has this been plotted before?" is displayed:

a) If data (X = HC1, or HF or RCHO) has been plotted before, press
"YES" on S.F. Key

b) If X data has not been plotted before, press "NO" on S.F. key
When "Sequence" is displayed:
Type in Which "Sequence" is used in collecting this Sample data.
When "Time (SEC)?" is displayed:
Type in Time (sec)
press "CONTINUE"
repeat until all finish sequences are finished.
When "Sample amount? (mg/ml1)" is displayed:

Type in How many "(mg sample ion in 1 ml  of Gas Sample"
was determined by analysis.

Press "Continue"
Repeat until all sequences are finished.
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CLOoCK VOLTMETER FORMATTER PRINTER VOLTMETER

IBM COMPATIBLE
(10 CHANNELS) TAPE TRANSPORT

DATA SOURCE (HRR CHAMBER etc.)

FIGURE A-7 CHAS DATA ACQUISITION AMD PROCESSING SYSTEM
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1. When "MAX Y-SCALE" appears
a) Type in the Max. Y-Scale value {(ppm or %).
b) press "CONTINUE"
c) Go to step 4

12. When "Need plot for mass loss? is displayed:

a) If plot is to be made, press "YES" on S.F. Key
If plot is not to be made, press "NO" on S.F. Key

b) Go to Step 3
DATA TRANSFER

USER INSTRUCTIONS - The following procedure transfers data from the Disk to
IBM magnetic tape.

1. When "LOAD MAGNETIC REEL TAPE, Cont." is displayed

a. LOAD MAGNETIC REEL TAPE
b. press "CONTINUE"

2. When "# OF RUN IN THIS DISK?" is displayed

a. Type in "1" or "2" or - - -
b. press "CONTINUE"

3. When "Do you have the following files?" is displayed
a. When "NOx" is displayed

if "NOx" data has been collected press "YES"
if "NOx" data has not been coliected press "NO"

b. "NO", "NO,", "HF", "HCL" AND "RCHO" will follow "NOx"
Use the same key operations as for "NOX"
4. When "Need Read & Printing?" appears
a. If Read & Printing is desired, press "YES" on S.F. key
When "IBM TAPE" is displayed
Type in IBM TAPE #, such as "365552130"
whnen "DATE" is displayed

Type in date, such as "8/10/81"
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When "Any Note" appears

Type in any remark you want to put in.
Such as "NO HF, Hcl & RCHO is been collected"

b. If Read & Printing is not desired:
Press "NO" no S.F. key
When “"THAT'S ALL FOR CHAS/MATS:."

This is the end of the program.
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IV. HP9825A DATA PROCESSING AND DATA ACQUISITION AND PROGRAM LIST

0: "START":

1: gmtk *SFKEY®

2. =nt *INDEX print out?*,Asif flgi3;gto 28
3: prt "%x CHAS/MATS x%»°

4, prt "¥« INDEX *%%“ sspc 2

S: fmt "x¥ COHTENT **";wrt 16j3spc

6: prt ® 0 DATA *;prt ° ACABISITION" ;spc
7: prt * 1 SMOKE";spc

81 prt " 2 MASS *;prt ° REMAINING &°

9: prt * MASS LOSS";prt * RATE" ;spc

10: prt " 3 HEAT R. RATE";sspc

1i: prt " 4 CO R. RATE"jsspc

12: prt * 5 (€02 R. RATE®;spc

13: prt ®» 6 HCN R. RATE";spc

14: prt " 7 02 D. RATE";spc

1S5: prt * 8 TOTAL ";prt ° HYDROCARBON" sspc
16: prt * 3 SAMPLE";prt * TEMPERATURE® sspc
17: pr*t " 10 NOx or NO®

18: prt * R. RATE®;spc

19; prt " 11 HCL R. RATE";spc
20: prt " 12 HF R. RATE®;spc
21: prt " 13 RCHO R. RATE";spc
22: prt * 14 SPECIAL F.";prt " KEY®*;spc
23: prt * 15 START";spc
@®24: rt * 16 Hg ADJ. ";spc
@®@25: prt " 17 DATA *
26: prt " TRANSFER®
27: spc iprt TEFEEMEENDXMNEIXX® ;spc 2
28: dsp "CHOOSE PROGRAM FROM S.F.KEY"
29: stp s;gton -1
30: dsp "SEE YDU NEXT TIME®";stip

0: °10 CH Data Acq ":

1: dsp *ChecK avl record (>=200)) cont..."sstip

2: ent "is (Pvl Rerds )>=200 ?? yes or mo",A

3: if A=0;dsp "Not enough rcrds,Change wew disk'!!!i®;:stp
4; dim N*[15,151,M80151,2010),7%$010,101.Us(12]

5: dim A[151,A$[81,B3$(20),E8(6]),F¢{61 M N

5: fmt 16b;wrt 16,31,31,31,31,31,3:,31,31,31,31,31,31,31,31,31,31;spc
7 imt

s prt "10 CH Data Acgq 5-23-30"

Q. wrt 703,°PRS™

10s fmt 2,¥22.0;fmt 3,f9.6

11: rem 7223clr 722;wrt 722.3,"F1R7T2T3M1A0HO"

12: wrt 722.3,%EY",.001,"SYEZ",0,°52Z"

13: enp "Run #2",Al10);enp "Sample Name?" ,B$;enp "Date?",A$
s enp *"Disk Humber”® AT111

15: enp “run# in Disc?",Ms$
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16 enp " Length of Test Time,(mind)?",N
17: enp "Data interval, sec?" ,M;60/M}M
13: enp "Air flow,cfm?*,Al4]1;A041%_ _3048°32A[4]
19: enp "Air temp(CI?°,A[31:273.1+AR[31A4(31}
20: enp "Samp area,in®27",A(21;A(21%,.0254~2}A(2]
21: enp "Used ND or NOx??",E
221 enp "Range(ppmdUsed in HO or NOx?27?",F$
23: enp "Heat (W/cm~2)?°,Al1)
24: enp "Init. mass (gm)?*,Al7]
®25; enp *“dMV/100gm,zeroed” ,Al81
26 if MN>O31}i;if MNOBOO;2XT3af MND>1200;3Y15if MND>1800;4)31:1F MN>2400;5)1
27¢ if MN>3000;6)1;1f MN>36005721
28 1}Qsdim C$({10,2MN]
29: *xxDAT1"3Ts$(1]
30: M$)IT8(1,1,1en(M$D]
31 open T$(11,200%4Q
32: asgn T$(11,1,0
331+ dsp "mV Reedings Check.Cont.";stp
34: for 1=1 to 10;0}2[([d;snext I
35: for J=1 to 10;wrt 709.2,1;wrt 722.3,"R2";trg 722;red 722,P
36: P+201132111
37s for 1=2 to 105wrt 709.2,13wrt 722.3,"R7";trg 722;3red 722,P
38: P+Z2i11¥201);next l;next J
39: for I=1 to 10;2011/1032(13;next 1
40: spc ;fmt x,°CH.",6x, " mV*;swrt 163fmt ;spc
41, fmt ,°SMOKE",3x,f€.3;3wrt 16,2011}
42;: fmt ,°MASS ",3x,f.3;wrt 16,2021
43: fmt ,*HEAT *,3x.f8.3;wrt 16,Z2(31
44: f=mt ,"CO *,3x,f8.3;wrt 16,2041
45; fmt ,°C02 *,3x,f3.3;wrt 16,2051
46: fmt ,°"HCN *,3x,f3.3;wrt 16,2[6]
47: fmt ,"02 *,3x,f8.3;wrt 16,2071
468: fmt ,*HC *,3x,f8.3;wrt 16,2(8]
49: fat ,°*TEMP *,3x,fS.3;3;wrt 16,2(31]
50: fmt ,°NO *,5x,f8.3;wrt 16,Z[10);3s5pc ;fmt
@® 51: spc ;prt *"Smoke Correct ReadingsShould Be*
@® S2: spc jprt ".4 0D=763.5 mV®;prt * 0 0OD=621.5 mV";spc
£3: dsp "Adjust Smoke mV Output®
%4: wrt 709,"01%;wrt 722,°R2T1°;stp
£5: dsp "Remove Filter,Cont";=stp
56: wrt 722,°T273";dsp “Baselines,Cont.®;stp
£7- for I1=1 to 1030)}20l11;next I ’
S8: for J=1 to 25swrt 709.2,1;wrt 722.3,°R2":trg 7225red 722,P
S9: P+Z[11)211)
60; for 1=2 to 10;wrt 709.2,I3wet 722.3,"R7"3trq 722;red 722,P
S1: P+211)3201);5rext lsnext J
62: for XI=1 to 1032111/253ZC1);snext 1
63: sfg 14
64: 60/M}A
65t dsp *"Start data,Cont®;stp
66: wrt 708,°*7*;0}S
57+ for K=1 to MN;S5+81}S
68: wrt 709.2,1;wrt 722.3,"R2";3trg 722;red 722,P{11
69s wrt 722.3,°R7"
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70 for 1=2 to 10.wrt 709.2,1

71, trg 7223red 722,P(17;next 1;0}I

72: sprt 1,P[1),P(21.P[3],P[4?,P(5],P(6],P[7],PL8],P(9],P[10], " "end"
73: "loop®sred 708,U$

74, val(U$[9,101)¥60+val (U$111,121)3Usif S=MN;jmp 2

75 if S>Ujygto *loop*®

761 next K

77: fmt *Test Time=*,f4.0;wrt 16,U

78: ®xxismk*"INS[1J:"xx2masINS(2]1;"xx3ht"INS$(3?

79; "xx4co"IN$I4];°xx5c02"INSIS] s " xx6hen"N$[B]3"xx702"INS[7]
80: "xx8hc"IN$I[B81;"xx9tem”"INSIO];*xx1Cno*INS[10] s *xxxinf"}N$[11]
81: for I=1 to 11;M$INSII 1 ,len(M$)]ynext I

82: drive 0

83: asgn T$011,1,0

84: 128+32)Csfmt 4b," 1’m Working *,x,4b;wrt 0,C,C,C,C,C,C,C.C
85: for K=1 to MNjysread 1,P[13},P(21,P[31,P[4]),P[5],PI61,PL7]1,P[8]1,PI9],P[10)
86: for Y=1 to 10

87: i1f Yel;fti (C(PLY1+3)7,. 1%10000)}Cs(Y,2K-1,2K1]

88: 1f Y=1;ft: ((PIY1+200)~.1%10000)}C8$LVY,2K-1,2K]

89: next Yinext K

90: "xxDAT1°}T$(11:M32T$[1,1,len(M8$)D;kill TS$I1)

91: for I=1 to 10;0pen N$[1],G*6;next J;open N3[11),2

92: for J=1 to 10

93: as3n N$(J],3,0

94: sprt 3,Zi%x],C$(J]1,"end"

9S5: next J

96: spc sfmt x,"CH.",3x,"Baseline®;wrt 16;fmt ;spc

97: fmt ,®*1.SMOKE",x,f8.3;wrt 16,2017

98: fmt ,"2.MASS *,x,f8.3;wrt 16,202)

99: fm*t ,"3.HEAT *,x,¥8.3;wrt 16,7131

100: fmt ,*4.CO *.x,f8.3;wrt 16,7204)

191: fmt ,"5.€C02 *,x,9i8.3;5wrt 16,2ZI[5]

102: fmt ,°6.HCN " ,x,f8.3;wrt 16,2(617

103: fmt ,"7.02 *,x,f8.3;wrt 16,Z[71

104;: fmt ,"8.HC " ,x,f8.3;wrt 16,2[(81]

105;: fmt ,"9.TEMP " .x,f8.3;wrt 16,2(9}

106: fmt ,"10.N0 ",x,f8.3;wrt 16,2010);spc ;fmt

107. asgn N$[111,3,0

108: sprt 3,A(%],As$ B$ ,E$,F$, M, N N${15]1 ,M$_ "end"

109: 0}X;ent * PROCESS??*.,X;if flgl3;3g9to +4

110: dsp "CHOOSE PROGRAM FROM S.F.KEY"

111: stp ;gto -1

112: fmt 16b;wrt 16,31,31,31)31,31,31,31,31,31,31,31,31,31,31,31,31;5pc
113: dsp "SEE YOU NEXT TIME";stp

%20300
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@ 0: "Mass Remaining & Mass Loss Rate®:
1+ degy
2: fmt 16bywrt 16,31,31,31,31,31,31,31,31 31,31,31,31,31,31,31,31;4pc
31 prt "Masa Remaining 4 Mass Loss Rate”;spc 2
4 dsp "Mass Remaining & Mass Loss Rate®;wait 300
S5: dim A(iS],At(B],BSIZOI,ES{GJ,F{IGJ,M,N,Nt[lS,iO],Mt[ZJ
B¢ dim W$(12,12]
7: enp "# of run in disk(1,2..32",Wsl1)
81 0YW;ent ®Has this been plotted before?®,V
9: dsp "Have your plotter ready! Cont.*;stp
10: *"xxxinf®*}W$[2)
11: WSL1I3WSI2,1,]len(Ns[1])]
12: drive 0
13: asgn W$(21,1,0
14: sread 1,A0%),A$,BS,E$,F$ M, N, Ns[101,M$
1S5: fxd Osprt "Runs=",A[10]1,8%,A%;5spc
16: dsp "...WORKING ON MASS REMAINING...";g9sb "CACL 1I°*
17: gskt *PLOT I°*
18: dsp "...WORKING ON MASS LDSS RATE...®;9sb *CACL II°®
19: ent "NEED PLOT FOR MASS LOSS?".A;if flg13;3g9to +2
20: gsb “PLOT ITI*®
21: ent "ANOTHER RUN?® ,X;if flg13;g9to +3
22: dsp °"CHOOSE PROGRAM FROM S.F.KEY®
23s stp ;g9to -1
24: fmt 16bs;wrt 16,31,31,3%,31,31,31,31,31,31,31,31,31,31,31,31,31 38pc
25: dsp. "SEE YOU NEXT TIME';stp
@26: "CACL I":dim Z[101,V$[2MN]
27: dim MIMNI,SIMN]
28: "xx2mas“}ds$(31]
29: WSI11JWII3,1,1an(lsl11)]
30: asgn W$(31,2,0
31: sread 2,2(%1,V$
32: for I=1 to MNs(itf(V$I21-1,2112/710000)2210-9-Z2I21MM(I] next I
33: jmp 2
@34: "MLU DRIFT DATA HERE":
3S: for J=1 to 20;fer I=1 to MN-2;(M[IJ+MII+1)+M[]+21)/33S{]I+1);snext 1
36: for I=2 to MN-2;S[1+11IM[1+11;next I
37: next J
38: for I=1 to MN;M[I]*100/A[81}S[11;next [
39: if AU21=100%.0254"2 and A[11=2.5;9sb "2.5"
40s if A[2]=100%.0254"2 and A[11=3.5;9sb *3.5"
41: if A[21-100%.0254”2 and A[11=5;4sb *5.0°"
42: if A[21=100%.0254%2 and AL11=7:9sb *7.0"
43: if AT21=36%.0254"2 and Al1]1=2.5;g9sb *S2.5°*
44, if Al21-=-3€x%.0254*2 and Al11=3.5359sb "S3.5°
45: i1f Al2)=76%.0254"~2 arnd Al11=539s5b *S5.0°"
46: "Ad). Max. Wt":
47: for 1=1 to S5;0)S[Il;next I
48: max(S[*1)-Al7);for [=1 to MMH;SII1-W}S[I)snext I
49: °*S(11=8+Cl1":A[71}5(1}
50: (S11031-S{12>/9¥C5s(105[11-51101)/9}6
S1. for 1=1 to 10;B+Ci}S[I)snext 1
S52: \f U=1l;gto +7
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S53: for 121 to MN;if S[11¢(-6;-5.999}5(11]

54, fti ((S[1)+62*.1%10000>)V$(21-1,21];next I
£S: *"xx=mas"iWS[4);WNeIi1 MeId,1,len(hs(11]1)]
56: open W$[4]1,06

57: asgn W¢(41,3,0

38;: sprt 3,Vs,"end”
53: prt *MAXCIMNITIALY MAS";spc
60: fmt f6.2,x,"GM";wrt 16,A{71;5pc ;jret
S51: "PLOT 1°:A0713)C
62s if 2<5000;50C0A;if Z<2000;20003A;if Z<1000;10002A;if 2<500;500}4
62: 1f Z<200;200}A;1f Z<100;100}A;if Z<S0;501A«if Z<20,;203A
64: scl -12N,G5N,-.2A,1.05A
65: axe 0,0,60,.1A
66t csiz 1.5,1.5,1,0
67: for 1=0 to 65N by 60
68: plt 1-N,-.D05A,-1;fxd 0;1bl 1/:0
69: next I
70: ¢siz 1.5,1.5,1,90
12 plt -10NH,.2A,-151bl "Mass Remaining (grams)®
72: csiz 1.5,1.5,1,0
73: for 1=0 to A by A/10;fxd 0
74: plt -7N,I1,-151bl1 1
S: next I
76 plt 25N,-.03A,-151b] *"Time (mind"*
77: for 1=2 to MN-2
78: plt 601/M,8(11,-2
79: next I;pen
80: csiz 2.5,2,1,0
81: plt 8N,-.16A,-1;1bl °*fig. Mas's remaining *
82: fxd 0;plt 40N,A,-1;1bl "Run #°,AL10)
83: ¢siz 1.5,1.5,1,0
84: plt 40N,.95A,-1;1bl B$
85: plt 40N,.85A,-1;1bl *INITIAL MASS"
26: plt 40N,.8A,-1sfxd 2;3bl AL71," grams”®
87: plt 40N,.7A,-1;1b] °*FINAL MASS"
88: plt 40N,.65A,-1;51bl 5IMN-23,"* 3rams"”
89: plt 404,.55A,-1;1bl "HEAT FLUX"
90: fxd 1;plt 40N,.SA,-1;1b1 AL11," W/CM®
31: plt 40H,.4A,-151b1 "SAMPLE AREA"
S2: fxd S;plt 40NH,.35A,-131bl AL[2]),* M"
93: csiz 1,1.5,8.5/11,40
894: plt 52.8M,.51A,-1;1bl "2";plt S54N,.36A,-1;1bl "2°;ret
@95: "CACL I1°:
9. for I1=1 to MN-I
97: (S{I]-SC(I1+11>/A[23/(30/M)}ST1]snext 1
98: S{MN-17)SI{MN]
99: if U=139t0 +7
100: for I=1 to MN;if S[]1]<-6;-5.992}S[1]
101, ft3i ((S{I1+63".1%1000073VS$(21-1,212;next I
102: *"xxhmas®IW$ISIsWsl1]1IUSI5,1,len(N${1])]
103: open W$I[S],6
104: asgn W$[%1,4,0
105: sprt 4,V8,%end”
10€: 0}Z¢for 1=1 to MN;1f S{11>Z4SI[11}Z
107: next 1
108s prt *MAX RATE";spc
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109
110:
111
112,
113,
114:
115,
116:
117:
118:
119,
120:
121:.
122,
123,
124,
125,
126:
127
128.
129.:
130
131
132:
133:
134:
135,
136
137
138
139.
140,
141.
142.
0143:
®144.;
@®145:
9146:
147.
9148:
®149:
®150:
@151,
152,
@153,
0154,
0155,
0156,
9157
o138,
159,
@160,
0161
162,

fmt £7.2 ,x,"G/MIN/M2%;wrt 16,7ss5pc sret

‘PLOT 11°:

if 2<5000;5000}A;if Z2<2000;2000}A;if 2<C1000510C00)Asif Z2<¢5003500)A
1f 2¢200;2005A53F Z<100;100%A

scl -12NH,6SN,-.2A,1.05A

axe 0,0,60,.1A

csiz 1.5,1.5,1.,0

for 1=0 to ESN by 60

plt 1-N,-.05A,-1;fxd 0;1lbl 1/60inext 1

deg

csiz 1.5,1.5,1,90

plt -10N,.2A,-1;1bl °*MASS LOSS RATE (G/MIN/M )°*
csiz 1,1.5,8.5/11,90;plt -10.6N,.685A,-1;51b] *2°
csi12 1.5,1.5,1,0

for 1=0 to A by 4/10;fxd 1

plt -7H,1,-151bl I;next 1

for 122 to MN-2;plt 60I/M,S(1),-2;5next 1|

pen
¢csiz 2.5.2,1,0
plt 8N,-.1€A,-1;1b1 *fig. MASS LG5S RATE °*

fxd O:plt 40N,A,-13151 "RUN #°* ,Al10]

csiz 1.5,1.5,1,0

plt 40N,.95A,-1:;1bl B$

plt 40N,.85A,-1;1bl1 “"INITIAL MASS"

plt 40N,.8A,-1;fxd 2;1bl AL71," grams”®

plt SO0N,.7A,-151bl *MAX MASS LOSS*

nlt 40N,.65A,-1;1t1 Z,° g/min/m *

csiz 1,1.5,8.5/11,0;iplt -N,.015A,-31;1bl "2°;penscsiz 1.5,1.5,1,0
plt 40N, .55A,-1351bl "HEAT FLUX"®

fxd 1;plt 40N,.5A,-1;1b1 A{13," w/cm’

fxd S;plt 40N,.4A,-1;51%]1 *SAMPLE AREA®

fxd Syplt 404,.35A,-1;ibl AlL2],* m*

.siz 1,1.5,8.5/11,0;plt S2.8N,.51A4,-1;1b1 "2°"

plt S4N,.36A,-1351bl "2";ret

*2.5":

*Used Run#i2381 As Paseline Correction for 2.5w/cm®*2":
~.623845011A;.0490861132}B:-.00031272304)C
£.8249508e-7¥D35-1.05374061e-9}E;4.3786104e-13}F

for 1=1 to MN;S(11-CA+BI+CI*2+DI*3+E1*4+F1I25)}S{1)snext I;ret
*3.5":for 1=1 to MN
Sl11-(.01350293+.0014524071+.0000127754122)3S{1);snext I;ret
*S.0°%:

*Used Run#12681 As Baseline Correction for S5.0w/cm*2":
-.63581441A;.09019751B;-.00063287153C;.000002027112)D
-2.56707245e-9)E51.20057396e-123F

for I=1 tno MN;SII1-(A+*Bl1+C1*2+DIA3+E1*4+F1253)S{1);next Isret
*7.0":

"Used Runs13281+13331 As Baseline Correction for 7.0w/cm®2°%;
-8.759822e-1)A;9.176136e-2}B;-7.086861e-4)C
2.131036e-63D3-2.70434e-91E51.258464e-121F

for I=1 to MN;S{I)-CA+BI+CI*2+DI*3+EI*4+FI25)1S5l1)ynext Isret
*G2.5%":for 1=1 to MN
SI[11-(-.4131766+,032971465%1-.00005763108%x172+.00000005104936%[~3)+S[}]
next firet
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9163 *S3.5":for -1 to MN

®164; S[I11-(1.138011+,03248146%1-,00008936823%142+.00000008260017%I43)}SI1]]
1651 next ljsret ' '

®166: "S5.0°:for I=1 to MN ,

@167 S[11-(-.490928+.035501S%7-.0001139977%172+.0000001424141%1~3))S(1)
168 next I;srct

0s ®"Smoke Data Reduction®:
1: fmt 16bk;wrt 16,31,31,31,31.31,31,31,31,31,31,31,31,31,31,31,313spc
2: prt "Smoke Data Reduction®;spc
3: dim AI1S1,A8(81,B8{20),E$[6]1,F$I6Y M,N,N$[15,15]1,M8[151
4: dim W$[15,15]
S: dsp "SMOKE DATA REDUCTION";wait 900
6: ent "# of run in disk(1,2..)2°%,Ws(1]
7: ent "Has this been plotted before?",Hd
8: dsp "Have your plotter ready! Cont.";stp
9: "xxxinf®iKt[2]
10: WElL1IIWS[2,1,1en(NS01])]
i1:. asgn W$(21,1,0
12: sread 1,A(%1,A$,Bt . ES$,F$ M N,N$[15],M$
13: spc ;fxd G;prt "Runs=",A[10],B$ 6 A¢
14: dsp " Run#=*,A[10]1,B$,Ad;wait 1500
15: dim SIMN]1,HIMN?,RI(S]
16: dim Z[107,S¢I2MN1
17: "xx3ht"}W$I3)
18: WEI1IIWSI[3,1,1en(lsl1]1)]
19: asgn W$[37,2,0
20: sread 2.,ZI%].S$
2i: dsp "..... WORKING...... ";9sb °CALC*
22: gsb "PLOT®
23: gsb "LABLE"
24: ent "ANOTHER RUN?® ,X;if flgi13;3to0 +4
25: dsp °*CHOOSE PROGRAM FROM S.F.KEY®
26: stp ;g9to -1
27, fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,3%,31,31,31,31,31,31sspc
28: dsp "SEE YOU NEXT TIME®";stp
29 s " REMENEE N 060N 0NN TN T 000003 0 T
30z "CALC":for 1=1 to MN
31: AL31+CCitf(S$ITI-1,211)/7100000%10-9-2{317%24.744/3}H[11
32: next |
33: "xx1smk"IN$(S]
34: WSI1I3WSIS,1,1lenNsl11)1]
35: asgn W${51,4,0
36: sread 4,Z2[%],S¢
37: gsb “CALIB*®
381 for I=1 to MN;AL4IXHIII®S[I]1/(.134%A121%A[31))S[TI;next 1
39: for J=1 to 5
40: for I1=1 to MN-2
41, (S[I1+S[1+11+S0{1+21)/3HI[T+1)snext |
421 for 1=2 to MN-1;HII)}SIIIsnext Tgnext J
®43: "Automatc Correct Basaline®; -
44; 0 V;for 121 to MN
Se AF SIIIKVY,;SITIY
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4€
47
48,
49,
50,
51.
52
53
S4.
S5
S6:

57

58:
59:
60:
61,
62:
631
64,
651
56
671
68:
69:
70:
711
724
73
74,
75
76:
77:
78:
79:
80:
81:
82,
83:
84;
85:
86:
37:
88,
89.
S0
91:
@92,
93
94,
®95;
96
997,
98
99,

next |

for I=1 to MN;S{JI-VIS[I1)snext I
*"A.C.B";

for 122 to MN-13if S[I1>Z;S011:7
(SLT1+S[1-11)%1/2M+D)}0

1f 1=1.5MyDIRIL)

1€ I1=3MsDIRI[2]

if I=SM;DIRL3]

if I1=10M-1;D)IR[4]

1f I=MN-1:D}IRIS]

next |

if W=1;9t0 +8

*prevent S[11<-6":

for I=1 to MN;if S[11<-6;-5.999}SI[1]

fti ((S{1)+6)*.1%10000>)S8$121-1,21)snext I
*xxssmk*HS[GI;WSI1I7HSI6,. 1, len(e[13)]
open W$[61.6

asgn W$I[61,5,0

sprt 5,5¢%,%end"

ret

*PLOT":prt "Max SMOKE value=*®,Z3spc

0}r3

if Z2<5000;5000A;if Z<2000;20003}A;if Z<31000;1000}A;if Z<S500;500}A
if Z2<200;2C0As3if Z<100;3100)YA5if 2Z<S0:sS50}Asif Z2{203;20)4
1f 2<10:10)A

Alr1l

r1/7103r 0

scl -12N,B65N,r3-(r1-v331/6,r1+(r1-r331/10
axe 0,r3,60,r0

csiz 1.5,1.5,1,0;pen

for 1=r3 to v1 by r0

plt -6N,I,-1 '

fxd 0;1bl I

next |

plt 25N,r3-Cr1-r3>1/10,-1

1bl "Time (min)®

for 1=0 to 65N by 60

pit 1-H,r3-(r1-r3)1/18,-1

bl 1/60

next Is;pen

csiz 1.5,1.5,1,90;fxd 0

plt -8N,r3+(r1-r33/4,-%

1bl “SMOKE (S.M.0.K.E./M ) *

csiz 1,1.5,.77,90;plt -8.ON,r3+¢(r1-r33/1.53,-151bl "2°;pen
for 1=2 to MHN

plt 601/M,5[1),-2ynext I;pensret
*one":A[G]}P

for 11 to MN
(C1tfF(S$021-1,211>/7100002~10-~200-21111/P1}Q
.00143+.04205%Q+. 3535%N*21S5[]]

next Ijret

*three":A[G1}P

for I1=1 to MN
(Citf(Ss$(21-1,211)/10000Y"10-200-2[11)/P})Q
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@110,
101:
®102:
1035,
104:
105,
106;
@107
108
109:
110:
111,
112
113:
114,
®115,
@116,
117
118:
119.
120:
121:
122,
123:
124
125:
126
127.
128,
129.
130:
131
132,
133:
134:
135:
136
137
138:
139:
140,
141:
142
143:

9
is
2
3
a4,
S

7:

.00868+.10054%0+ . 173737xQ@"212S5(1)

n~xt ljret

*four®:AlLGI}P

for I=1 to MM
(Citf(S¢0(21-1,211>/100007"210-200~-2011)/P}Q
.0000704155+.317257665%Q+. 096262657xQ2}S[ 1]
next Ijsret

*infin"i1AIG1}P

for 1=1 to MN
CCitf(S3121-1,211>/7400002210-200~-2011)/P}@
Q)}S(IJ)-next 1

prt "Need al responsevs0D calibrationcurve for this 0D FS®*;spc 3
stp ;ret

"CALTB":

for I=1 to MN;(itf(Se¢721-1,211>/10000)%210-20230Q
@+621.5-20111})Q
14.3259075403-.05885451204Q+.00n07702426Q3*2-.60000003124Q~3>S[11
next JIsret

"LABLE®:csiz 2,1.5,1,0

pit SN,-r1/6,-1

11 “FIG. SMOKE RELEASE PLOT"

plt 40N,r1,-1

1bl *RUN #* ,A[10]

cs1z 1.5,1.5,1,0;fxd 0

plt 40N,r1-(r1-+33).07,-1;1b1 B$

plt 40N,r1-(r1-r32.12,-151bl "smoke 8"

plt S2N,r1-(r1-r3).12,-151bl *"Time(min)"®

plt 40N,r1-7-1-¢3).2,-1;1bl R(1]

plt SSN,r1-7r1-r33.2,-151bl *1.5"

plt 40N ,r1-(r1-r33.25,-151b1 RI[21]

plt S5N,r1-(r1-,3).25,-1;1b1 *"3°

pit 40N,r1-(r1-r33.3,-1;1bl RI31]

pit SSN,r1-(r1-r33).3,-151b1 °*S5°"

plt 40N,r1-Cr1-,3>.35,-1:1b1 RI4]

plt SS5N,r1-(r1-r3).35,-131b1 "*10°*

plt 40N,r1-(r1-r33.4,-1:1bl RIS]

plt S3.3N,ri-(r1-r3).4,-151bl N

plt 40M,r1-(ri1-r32.5,-151bl °*HEAT FLUX®

fxd 1;plt 40N,r1-(r1-r31.55,-151b! AI1]," w/cm"
plt 40N,r1-C(r1-r3).5,-231t]1 "SAMPLE AREA®

fxd S:plt 40N,ri-C(r1-r32.865,-1351bl A(21," m"
csiz 1,1.5,8.5/711,0

plt S3N,r1-(r1-r3).525,-1;1b1 *2°

plt S4N,r1-(r1-r3).625,-151bl "2";sret

*HRR FROM 02% CONSUMPTION ... (included fire gas flow adj,BTU )":
fmt 16bswrt 1€,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;spc
prt °*Heat Release Patas ®";spc

dsp "HEAT PELEASE RATE";wait 859

dim A[15],A$(81,B3(20),E8[61,F$[6],M N,N$([15,15] ,Ms(15]

dim W$I15,15),E(600],Y(5G0),.3010,10]1,0¢012001,Y¢[10,10)

enp *# of run in disk(1,2..)72",H$(13

dsp ®"0Do you have the folluwing file?*; ;wait 1500
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8: ent "HF®,Y3[11,"HCL"®,Y$[2],"AL0",Ys$(3}
9: ent *IS THIS PEEN PLOTTED BEFORE?Yes=1,No=0,cont®,M
10: dsp *Have your plotter ready! Cont.";stip
11s *xxxinf®}is(2]
12: WST1IYWN$72,1,lenCW4[11))
13: drive 0
14: ®»sgn W$I2) 1,0
15: sread 1,A[%]1,A$ . BS, ES . F$ M {{,NST[15] ,MS
16: dsp "RUN#* ,A[i02," *,.BS," °*,As;wmit 1500
17: fxd O;prt °"RUN#=",A[10],B$,A8:spc
18: dim Z0{10},P$I{2MN] ,RISI,PIMN],S(MN]
19: gsb "CACLO02";dsp "I’M HORKING........ *
20: gsb "A¥ES®
2i: gsb *PLOT®
22+ gsb "LABLE"
23: 3sb °"BTU®"
24: ent "ANOTHER RUN?",X;if flgi3;gteo +3
25: dsp "CHOOSE FROGRAM FROM S.F.KEY®
26: stp j;gto -1
27: dsp "SEE YOU HEXT TIME";stp
285 T REACCNE NI I 306 003 006 RN ®
29: °AXES':
30: if Z<5000:5000>A5if C<2000;20003A;if 2<1000;10002A;if 2<500;50C}A
3i: if 2<200;2003A31f Z<100;100A;if Z2<50;50}A
32: scl -10N,70N,-A/6,1.05A
33: axe 0,0,60,A/103¢cs1z 1.5,1.5,1,035fxd 0
34: for 1=0 to 10;plt -6N,IA/1D,-1;fxd J;1bl 1A/10:next I
35: plt 25N.-A/10,-1;1bl *Time (mind*
36: fxd O;for I=0 to 65N by 50;,.1t I-N,-A/720,-1
37: 1lbl [/60snaxt 1
38: ¢siz 1.5,1.5,1,90
39: plt -7N,.2A,-1
40¢ 1bl *Heatl FRelease Rate (kw/m )*;pen
41; cs3yz 1,1.5,.77,90;plt -7.5N,A/1.49,-1;1bl "2°;penjret
42: "PLOT®:
43: for K=1 to MN-13;K+13}I;plt EOK/M,PII1],-2
413 next K
®45: for I=MN-13 to MN;PIMNI}PII1;plt 601/M,PlI},-2;next I;pensret
®45: °"CACLL2": .
47: 132+23)C;fmt 4b,"Converting Data®",4bswrt 0,C,C,C,C,C,C,C,C
48: "xxgco®IL$[2];"xxgco2"ILS$I[3]
49: "xxghcn®}L8$141; xxghc® L $[5]
S0: "xxgno*}L$I[61]
St "xxHF"IL${7)5*"xxHCL*YL*I81;3*xxALD"}L $(9]
S2: for T=2 to 9
53: 132+28}C;fmt 4b,"Converting Data",x,f2.0,4bwrt 0,C,C,C,C,7,C,C,C,C
S4s prt T
55: if T=7;if Y$[11#"1%3g9t0 67
€6: if T=3¢1f Y$({2172"1";91t0 E7
57+ Af T=9sif Y$(31#s°1";9t0 67
S3»
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http:WORKING..�..��

$39: M$IL2(T,1,len(M$)]
60: drive 0
51: asgn L$1T71,1,9
62: sread 1,D$
63: for K=1 to 600 .
64: (1tf(D$12K-1,2K113/13000>*10-61E[K]
65: next K
€6: jmp 2
67: for JI=1 to 600;0}E[IY;next I
68: for 1=1 to G6003E[LI1+YI[I]1}YII)snext I
69;: next T
?70s for 1=1 to 600
71: Y[11/7455%A[2)/.07625}Y[T);snext 1
72: 132+28)C;s;fmt 45 ,x,"Working®,x,4bswrt 0,C,C,C,C,C,C,C,C
73: "xx702"}WS$I3]
74: WSI11IWSI3,1,1enCisl1])]
75: asgn W3(31,2,0
76: sread 2,2(%],Ps
77: for K=1 to MN; Citf(P$(2K-1,2K1)/10000)220-9-Z[71}P[K]:next K
78s for [=1 to MN;(P[11/40+21)%(CY[I])+15)/15}P[I];next !
79: Pf2l1iPf11}@
80: for I=31 tc MN
@81: 15% . 21%439%60/3414%.2%(.21-P[11/100)/.21/AL2}}P[1);next 1
82: for J=1 to 5
83: for I=1 to MN-4
84: (FLI1+P[1+1)+Pl1+2)+Pl1+2]+PlI+4])/S)IP[1+21]
85: if PII+2)<0s0}PlI+2]
86: next [;next J
87: for I=1 to MN-2;if PIII>ZsPL11}2
83: next I
89: prt "02 MAX HEAT=",Z;spc
90: if W=1;jmp S
91: for I=1 to MH
92: 1f PII1<-63;-5.999}P(1]]
93: fti ((PLI11+6)4.1%10000)3}P8$I21-1,211;next 1
94;: "xxN2HR"IWNS[4]I;8[1IWs{4,1,]len{Ns[1])]
95: open W$[41,6
9€: asgn W$[41,3,0
97: sprt 3,P$,"end”
98: 0D
93: for I=1 to MN-2
100: 7PLI+1)+PL1+2]))/2%1/M+D3}D
101: if I1=1.5%M-2;DIRI(1)
102: if 1=3M-2;DIRI[Z]
103s if 1=5M-2;D}R(31]
104; Af !=10M-2;D}IR[4)
10S: if I=NM-24D}RI[S]
1061 next |

107: ret

108:; °*LABLE":csiz 2,1.5,1,0;plt 3H,-A/E,-1
109: 1lbl *Fig. Heat Release Rate"

110: 32017

111: fxd 0-plt T,A,-151lbl °"PUN#* ,A[10]
112y es1z 1.5,1.5,8.5/11,03plt 10N,.95A,-151bl *MAX HRR(BY 0N2)=",Z
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i13: plt T7,.95A -1

114, 1bl B

11S¢ plt T7,.9A,-1

116: 1bl "INTEGRATED HFAT FELEASFE®

117 plit T7,.854,-1;1bl *(by 02Z Consumption)®
118: plt T,.8A,-1:1bl *(kw min/m )"

119, plt T+15N,.8A,-1;51b]l "min"

120, plt T,.75A,-1s51bl RI1]

121: plt T+1SN,.75A,-1;1b1 *1.5"

122: plt T,.7A8,-1;1bl RI2}

123: plt T+1SN,.7A,~-151bl *3°

124: plt T,.€5A,-1351bl PIL[3]

125 plt T+15NH,.65A,-1;1bl "S°*

126: plt T,.6A,-1;1bl R[4}

127: plt T+13.8N,.6A,-1;11 "10°

128: if N=10;5g9to +3

129: plt T,.55A,-151b1 RIS]

130: plt T+1S5N,.55A,-151bl i

121: plt T..5A,-1;1bl *Heat flux®

132: fxd 1;plt T+2N,.45A,-131bl AIl1]," w/cm *
133: fxd Ssplt T,.4A,-1:1bl *“Sample Area®

134: plt T,.35A,-1;51b]1 AL2])," m *

135: csiz 1,1.5,8.5/711,0

136: plt T7+95.34N,.81A,-1;1b1 *2*

137: plt T+12,3N,.46A,-1;1bl *2°

138: plt T+11N,.36A,-151bl *2°

139: °*BTU":

140: °®Axe For KW/M*2}BTU/SEC/FT42",

141: =cl -10N,7CN,-A/€,1.05A4

152: A%X.0881G6)B;BL

143: 01N .
144: if L<S00;500)B;if L<200;200)B;if L<100:100}8;if L{50;501)8
145: tf L<20;201}8;if L<104103Bsif L<S5;538;1)}H
146: B} C

147: axe GC0N,0.0,C/.088166/1035¢csiz 1.5,1.5,1,03fxd O
148: for 120 to 10;plt 69.2K,1C/.088166/10,-1;f«d Hslbl IC/10;next I’
149: c¢siz 1.5,1.5,1,90

150: plt 67.5N,.2A,-1

157: 1bl “"Heat Felease Rate (BTU/SEC/FT*2)";pen
A30536

0: "Hezt Release Rate”:

1: fmt 16bswrt 16,31,31,31,31.31,31,31,31,31,32,31,31,31,31,31,3133fc ;fmt
2: prt "Heat Release Rate ®s;spc

3: dsp "HEAT RELEASF PATE®";wait 850

4, dim AU1S51,A$I2),R$[(201,E$(63,F$16]1,M,N,N8[25,15],M8[15]
S: dim W$[15,151

B8: enp *# of run in disk(1,2..)?",Kks(112

7: ent "Has this been plotted before?" ,H

8: dsp "Have your plotter ready! Cont.";atp

9; *xxxinf®)usl2]

10, WeI113Ws[2,1,]1er(W3I1]D]

11: drive 0
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12: asgn W$(21,1,0
13:, sread 1,A[%®],As$,R3 . E$,F$ M N,NST{15]1 Ms
14, dsp "RUNZ®,A[10),"* *,3%," *",As; ;wait 1500
15: fxd O;prt °"RUN#=*,Al10],58,A8$;5pcC
@16: if A[2)/.0254"2=35;12.889}F
@17: if Al21/.0254%2=100;4.64)F
18: dim Z[10],R$I[2MM];dim PS$I2MN],RISY,PIMN],SIMN]
@®19: gsb "CACL®;dsp °*I°’M WORKING...... .
20: gsb "AXES®
21: gsh "PLOT®
22: jmp 2
23c stp
24: gsb “LABLE"
25: =nt "ANDTHER PUN?".X;if flg13;3;g9to +3
26: dsp °"CHOOSE FROGRAM FROM S.F.KEY®
27: stp j3;gto -1
28: dsp "SEE YOU NEXT TIME®;stip
29 ; TN IO E AN
30: "AXES":
31: if Z<S000;5000A;if Z<2000;2000}A;:if Z<10003;1000}As1f Z<500;500}A
32; if 27200;200A;if Z2<10031002f;:i7 Z<S50;50}A;if Z<205202A
33: jmp 2
34: ent "HMAX Y-axis??2?7?".A
35: scl -12N,B5N,-A/6.1.05A
36: jmp 2
37: csiz 1.5,1.5,8.5/11,0;plt 10N,.85A,-2;1b1 °*MAX HRR(by TC)=",Z;ret
38: axe 0,0,60,A/103¢cs5iz 1.5,1.5,1,0;5fxd 0
39: for 1=0 to 10;plt -7N,1A/10,-1
40: fxd O;51bl TA/10;snext I
41: plt 25MH,-A/10,-1;51bl! "Time (mind"
42: fxd O0s;for [=0 to 65N by 60;5plt I-N,-A/20,-1
43: 1lbl I/603next 1
44; csiz 1.5,1.5,1,30
45: plt -10.5N,.2A,-1
463 lbl "Heat Release Rate (kw/m J";pen
47: csiz 1,1.5,.77,80;5p1t -11N,A/1.49,-1;1b]1 *2°%;penrel
48: *PLDT":jmp 3
@49;: *Time Delay Correction Used Before G/1/80":
50: for I=1 to MN-4;plt 601/M,5[1+41,-2;next I;pen;zrat
S1: for I=1 to MHN;plt 601/M,SI1],-23next I;penjyret
'@52: "CACL":0}D
53: "xx3ht*}WEI[3)
S4: WSI11IWE[3,1,len(lsl1131]
55: drive 0
56: asgn W$[31,2,0
S7: sread 2,Z7[(#%],R$
S8: for I=1 to MMN; Citf(R$[2I-1,2113/10000)°10-9-2[3313S[1];next 1
59: jmp 2
@50: "EMPTY HOLDER CALIBRATIDN HERE":
61: for J=1 to 20
62: for I=1 to MN-2;(S[I1+S[I1+11+S([+21)/33P[I+1)snext ;;next J
63:s for I=1 to MN-2:P[1+12%F}5[1+1]1;next I
@64: "PASELINE CORPECTICN,6x6,10x10°"
6Sr 1f AL[21/.025472=36 and Al11=2.5;9sb "S52.5°
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066!
671

ot8:
69
70:
71,
72
73:
T4,
75:
76:
77:

®78:
79
20,
81:
82:
83:
84,
85
861
87,
88:
89,
90
91,
92:
93:
94:
95,
96
97
98
99:
100,
101,
102,
103,
104:
105;:
106,
107,
108.,
109,
110.
111,
112,
113,
114,
115,
116
117:
118
119,
120+

if Al21/.0254%2=36 and Al11=3.539sb "S3.<"
if Al21/.0254~2=-36 and A{11=5;g9sb °S5.0"
1f AL217.0254%22100 and Al11=1.S5;9sb *1.5°
if AL21/.023472=100 an Al11=25g9sb *"~.0"
1f Al21/.025472=700 and A{1)=2.5;9s5b °*2.5°"
1f A[21/.0254%2=100 and A[T1=3;9sb *"3.0"
if Al21/.0254%2=100 and A[11=2.5;9sb *"3.5°"
if Al2)/.025472=100 and Al11=459sb "4.0°
1f Al21/.0254"2-100 and A{13=4.5;59sb *4.5°
if A[21/.0254%2=100 and Al1)=5;9s5b °*5.0°"
for I=1 to MN-2;if S(I1+115Z5S5[1+1122

next I:prt *MAX HEAT=",Z;spc

. 34344081 r1;24.258727303}r2;.055849161}r3;5-.0286631593r4
for I=1 to MN-2
(A(31-273.12/24.94+(PT1+1)+Z[3?>/32P
gsb "POLYN®
K}PIT+1)snext !
PIMN-21)PIMN-113PI[MN)
SIMN-21)}SIMN-11}S[MN]
jmp 2

*baseline correction(B) if BL lower than 0°%:
for Isi to MNsS(I11+B}SiIl;snext I

if W=1;9to +17
for =1 to MN

if ST{11<-6;-5.9299}SI(1] .
if PI[11<-6;-5.999}P[11
fti (C(PL13+6)*,.1%13000)3}P%{21-1,21}173
fti ((SII13+3)2.1%10000)}Ps$[21-1,21I];snext 1
"xxpht®IWS$(4) ;W1 WS04, ,len(sT1]2])
open W$[4]1,6
asgn W$(4],3,0
sprt 3,P$,%end"

*xxsht® LSS I;NS${1I}WS(S,1,len($(1]1)]
for I=1 to MN

if S[11<-6;-5.999})S[1!1]

fti ((SI{11+6)>~.1%10000)3}P$[21-1,21);next 1
op=n W$[S1.6

asgn W$(51,4,0

sprt 4,P$,"end"

for I=1 to MN-2

(STI+1)+S[T1+2)/2%1/M+D}D

if I1=1.5M5D}RI[1]

if I=3M;DIRI[2]

if I=S5M3DIRI[3]

if 1=10M-2;D3R[4]

1f I«MN-2sD¥RIS]

next I;ret

"L ARLE®:csiz 2,1.5,1,0;5plt 3N,-A/6,-1

1b! *Fig. Heat Release Rzte"

fxd Osplt 40N,7A,-151b1 “RUN#",A[10]

csiz 1.5,1.5,8.5/11,0

plt 40N,.95A,-1

1bl Bs$

plt 40N,.9A,-1

l1bl “INTEGRATED HEAT RELEASE"

t
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121
1221
123,
124,
125,
126:
127:
128:
129;
130:
131
132;
133
134:
135
136
137
138-
139:
140
141:
142,
143,
144.;
145,
146
@147,
148
@149;
150:
151:
@152:
153:
154,
@155:
156G
157,
@158:
159.
160:
@161.
162:
163:
®164:
165:
16€;:
@167
168
1€9:
170,
@171:
172:
173:

plt 40N,.85A,-1;1bl "C(kw min/m )°*

plt SS5N,.8%5A,-1;1bl "min®

plt 40N,.84,-1;101 R[1]

plt SSN,.8A,-1:1bl *1.5°"

plt 40N,.75A,-1;1bl1 RI2]

plt SSN,.75A,-151bl1 *3*

plt 40N,.7A,-1:1b1 RI3]

plt S5N,.7A,-151bl *5°®

plt 40N,.65A,-1:1bl RI[4]

plt 53.8H,.65A,-1:1bl *"10°*

if N=10;gto +3

plt 40N,.64,-1;1bl RIS]

plt SS5N,.6A,-1;10L1 N

plt 40N,.5%A,-151bl1 "Heat flux"

fxd 1;plt 42N,.5A,-1;1bl AI1?," w/cm *

fxd S;plt 40N, . 44,-1;1bl "Sample Area“

plt 40MN,.35A,-1;31k1 AL2]," m "

csiz 1,1.5,8.5/711,90

plt 49.34N,.86A,-1;1bl *2°*

plt 52.3N,.51A,-1;1b1 =2°*

plt S51N,.36A,-1;1b1 *2°

ret

flt 6

for (=10 to 600 by 10

fxd 23wrt 701,1,S[11,PLI1,.54%CP[I.-P[313/S[1);next I

list #701,86

*Baseline Correction®:

*1.5"%:for 1=1 to MN-2
S[11-(-.9194725+.028305081-.00007046232172+.00000005€6059721~3)}31L17?
next Isret

*2.0%cfor I=1 to MN-2
S[11-(-.1181896+,033533311-.00003664722142+.000000070937571~3)3S11]
next Isret

*2.5":for 1=1 to MN-2
SI12-(-1.021223+.052443581-.0001335559142+,.00000010396361°3>}SI[11
next l;ret

*3.0%:for 1=1 tc MN-2
SIJ1-(-.3690328+.060214971-.0001630504122+.00000013821851~3115(11
next Isret

*3.%":for 1=1 to MN-2
S[11-(-1.08422+.071462451-.00013037451°2+.00000016402421*3>1S![11
next I;s;ret

*4.0%:7or 1=1 to MN-2
S[11-(-.7870187+.064036171-.0001683035142+.00000014501561°3)1S(!1
next I;ret *

*4.5";for [=1 to MN-2
SII1-(-.9312105+.063378031-.C001738078142+.0000001483744123)}SI(11]
next I;ret

*S.0%":far 1=1 to MN-2

*62.5":for I=1 to MN-2
S[I11-(-2.58957R+.0137N0923%1-.000016094142+.000000006867123):S[(11;next I
ret

*S3.5%:1for I1=1 to MN-2
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@174

1 S[11-(-3.57033+.03143085%1-.0000738175%1%2+.00000005873%123>}S{1);next I

175: ret
®176s "S5.0%:for 1=1 tn MN-2

177

: S(11-(-1.67813+.01426365¥1-.0000141206%1*2+.000000005143%I*3)3S("?snext |

178: ret
179: °"POLYN":rl1+r2P+r3P"2+r4P"T}K;sret

25

”
[

28:

29:
30
311
322
33:
34:
35:
363
374
38,
39:
40,
41,
42
43,
44,

"CO Release Rate":

fmt 16H;wrt 16,31,31,31,31,31,31,31,31,3¢2,31,34,31,31,731,31,313spc
prt *CO Releases Rate®;spc 2
dsp "CO0 RELEASE RATE*;wait 900
dim A[15]1,A$[8]1,8$[201,E$[6],F$(6],M,N,N$(15,15),M3$(15]
dim W$[15,15)
enp "# of run in disk(1,2..)2°,d$[1)]
ent "Has this been plotted before?" . W
dsp ®"Have your plotter ready! Cont.®*;stp

*xxxinf*}I$[2]

We(1IXW$[2,1,len(Ns[1]D]

drive 0

asgn W${2),1,0

sread 1,A[*],A$,B$,ES,F$ M N,NS[15] Ms$

dsp "Run#=°" A[101,°*°,Bt,At;wait 1500

fxd 03prt “"Run#=*,Al1C]),Bs,A%;spc

dim 2[10),G$(2MN1s;dim GIMN]

dsp "...... WORKING...... *;93b "CACL"®

gsb “AXES®

gsb "PLOT®

gsb °“LABLE"

=nt "ANOTHER RUN?" ,X3if flgi13s59to +3

dsp "CHOOSE PROGRAM FROM S.F.KEY"

=tp 3gto -1

fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,3;s5pc
dsp "SEE YOU NEXT TIME";end

20606 0000006 060K T 3 W60 E 06 MO0 0NN ®

*AXES":

scl -12N,65N,-A’6,1.05A

axe 0,0,60,A/10

csiz 1.5,1.5,1,03fx3 0;for I=0 to 10;3p1t -7N,I1A/10,-1
fxd 031btl 1A/10;next I

plt 25N,-A/710,-131bl "Time (mind)"*

for I=0 to 65N by 60;plt 1-N,-A/20, -1

fxd 031bl 1/60;next 1

c=iz 1.5,1.5,1,90:fxd 0

plt -10N,A/4,-1

1bl *"C0 Release Rate (g/min/m )";pen

csiz 1,1.5,.77,303plt -10.5N,A/1.31,-131b) ®2";penyret
“CACL":0}D :
*xx4co”IW3I(3} )

WSI1IIWSI[3,1,1len(WI[1])]

asgn W$I[31,2,0

sread 2,2(%],68

for K=1 to MNs(itf(G$12K-1,2K]1)/10000)*10-9)GIK])next K
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@45,
@46,
®47:
43:
49,
50
51,
52
53:
S5a.
S5
S6:
S57:
58:
S59:
64d:
61:
62:
631
64:
65:
66:
67:
68:
969:;
@70:
714
72:
73
74;
75
76:
77
78,
79
80:
81:
821
83
84:
85:
86
87:
88:
89:
90,
91:

*THIS CALIBRATION IS mVippm":
10.102623+329.0365%2[4)+17.13045%2Z2[417232(41

far K=1 to MN;10.102623+329.0365%GTK1+17,.19045%GIKI*2}GIK]GIK]I-ZT413GIK]
next K

for I1=1 to MNsif G[1]/1ed4> ;GlI1/1e4}Z

next Ijprt "Max CO®*;sps sfmt f6.2,5x,"2%;wrt 16,Z

jmp 2

*TEMP EFFECT AIR FLOW }TI%*1";

for I=1 to MN;GI11/1eC%P[4])/4%1e3%28/.08205/298/A[212G(11snext 1|
max(GI(x])}2

if 2<5000;5000}A;if Z2<2000;2000A;:f 2<1000;1000}A;if 2<50055002}A
if 2{200;200)A;3f Z<100;100XA;if Z<50;50}A;if Z2<20;201}A

if Z2710;103A

fmt.f6.2,x,'9/m1n/m‘2';wrt 18,Z;spcv

for 1=2 to MN;(GI[11+GI[I-11>)%60/M/2/6C+D}D;snext I

if W=1;9to +7

for I=1 to MN;if GLI}<(-65-5.9991GI[1]1

fti ((G[11)+6)~.1%10000)3G3[21-1,212;next 1
*xxgco*IWS[41;Ws[1]USI4,1,len(ls$[1])]

open W$(4],6

asgn W$(41,3,0

sprt 3,6%,%ernd"

ret

jmp 3 .

"Time D2lay Correction Used Before 6/1/30":

for I=1 teo MN-13;1+13}3K;plt 601/M,G6[K1,-2;next I;pen;ret
*PLOT*:for 1=9 to MN;plt 60(I-8)/M,G[1},-2;next 1

for 1=MN-9 to MN;GIMNI}GI!1;plt 601I/M,Gl1];next I;pensret
*LABLE®*:csiz 2,1.5,1,0;¢1t 3N,-A/6,-1

Ibl *Fig. Carbon Monoxide RPelease Rate"

fxd 0:plt 40K,A,-151bl "RUN #*,A[10]

csiz 1.5,1.5,1,0;fxd 0

plt 40N,.95A,-1;1bl BS

plt 40N,.8%A,-1;1bl "MAXIMUM RATE"

plt 40N,.8A,-151bl 2Z,* g/min/m *

csiz 1,1.5,8.5/11,0;iplt -N,.015A,-131b1 "2%;3¢siz 1.5,1.5,1,0
plt 40N,.7A,-1;fxd 2;1bl ®*total released"

fxd O0;plt 40N,.65A,-1;1b1 D,"* a/m *

¢siz 1,1.5,8.5/711,%;iplt -N,.015A,-1:1b) "2%;c¢siz 1.5,1.5,1,8
plt 40N,.S5A,~1;fxd 1;1bl "heat flux *

fxd 1;plt 40N,.5A,-1;1b1 Al1)," w/cm "

plt 40N,.4A,-1;1bl "Sample area *

fxd Ssplt 40N,.35A,-1351bl AIZI,"* m *

cwlz 1,1.5,8.5/711,0

plt S3N,.51A,-131bl1 *"2°

plt 54.3N,.36A,-151bl "2°

pensret

13915
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~
<t

3:

[
23

73
81
9
10:
11:
12
13
14:
1S:
ie.:
17.
13.:
19:
20:
21:
22:
23:
24,
25:
26:
27
28:
29:
20:
31:
32:
33:
34
35:
361
37:
381
39,
401
41,
42
433
44,
453
46;
47,
@48
49,
S0
51,
52,
5%

°.02 Releass Rate":

fmt 16bjwrt 16,31,31,31,51.71,32,35,31,31,31,31,31,31,31,31,31 s sp¢

prt "C02 Release Rate";spc

dsp "C02 Felease Rate®";wait 209

dim A[15]1,43(8],B$0(201,E8(61,F$[6),M,H,'e{15,15],M$(15]
dim W$[15,15]

enp "# of run in disc(1,2.)?7°,Ws$(11
ent *Has this been plotted before?® W
dsp "Have your pleotter ready! Cont.®;sip
*xxxinf®IW3[2]

Wel112is[2,1,len(ls(1])12

drive 0

asgn We(21,1,0

sread 1,A[%]1,A$,B$ ES$ . F$ .M, N N$I[15],M8
dsp "Pun#=*,"",A[101,B$,A$;wart 15C0
fxd O;prt “Run#=",A010],B¢,A%;=pc

dim Z2[103,G$[2MN];dim GIMNI
J2+128)C;fmt 4b, *WORKING" ,4b;wrt 0,C,C,C,C,C,C,C,C
gsb "CACL*®

gab "AXES®

gsb "PLOT®

gsb "LAELE"

ent "ANOTHER RUN?",X;:;if flgi3;gta +3
dsp "CHOOSE PROGRA! FROM S.F.KEY"®

stp j;gto -1

;fl‘h'.

fpt 16b;wrt 165,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31sspc - fmt

dsp "SEE YOU NEXT TIME®;erd

306 206 20 0 06 306 306 0E 06 06 20 30 306 30306 206 06 200 206 208 208 30 0 ENE K0 ® 5

*AXES":

scl -12N,65N,-A/6,1.05A

axe 0,0,60,A/10 )
csiz 1.5,1.5,1,0:fxd Os;for I=0 to 10;plt -7N,1A/10,-1
fxd 031b1 IA/10;snext 1

plt 25N,-A/710,-151b1 "Time (min)"

for I=0 to 65N by 60;3plt I-N,-A/20,-1

fxd 0s31bl 1/80;snext 1

csiz 1.5,1.5,1,90;fxd 0

plt -10N,A/4,-1

1bl *CO Release RPate (g/min/m J°;pen

csiz 1,1.5,.77,90;plt -10N,A/3.4,-1;1b1 "2";plt -10.5N,A/1.28 -1-
ret

*CACL":0)D

*xxSco?" WS (3]

WS[1IIWNS[3,1,1ler(W$l11D]

asgn W$(31,2,0

sread 2,2(%]1,G$

for K=1 to MN; (itf(G$[2K-1,2K2)/710000)*10-3}GIK]l;snext K
*THIS CALIBRATION I35 mVi;%":

gsb "ONE®;if Al121=2;39sb "TWO®*;if Al121}=3;9sb °*THREE"
if GI21#0:5GL2313X:for 1=1 to MNsGII1-X}Gl1)snext

for I=1 to MNj;if GIII>2Z246(1133}2

next Iyprt *Max CO02°;spc sfmt fG.2,5x,°%";wrt 16,2
imp 2

"TEMP EFFECT AIR FLOW TI(%]"%,:
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S4, for I=1 to MH;298)}Tsrext I ‘
5S: for I=1 to MN;G[!1/100!A[4]/4'1e3!44/.08205/T/A!2!)G[Xllnext 1
SF: max(G(¥1)}Z
57: 1§ Z2<5000;5000}A;if 2¢2000;2000Asif 2<1000:1000}A;if Z<500;5002A
S8, 1f 2¢2003200}Asif 2<100;100}A;if 2<50;50}A;if 2Z<(20s20}A
59, 1f Z2<10310}A;if Z<131YA3if Z<¢.15.12A;1f 2<.013.01})A
60y fmt f6.2,x,"g/min/n"*2";wrt 16,Z;spc
61: for I1=2 to MN;(GI[11+G[I-1]1>%60/M/2/60+}D;next 1
62: if W=1l;9to +10
63: 016G
641 for I=1 to MN
65: if G011<-3s5prt I,*Gl11=",G6(1):spc 30}GI(11;G+13Gsif G>10;3stp
66: fti C((GLI1+6)"~.1¥10000)3G$[21-1,21);next 1
67: ®"xxgcol2®}Ws(4]
63: W1 W3[4,1,1len(lNe[11)]
69; open W$(4]1,6
70: asgn W$[4],3,0
71: sprt 3,G$,"end"
721
73: ret
@®74: "Time Delay Correction Used Before 5/1/80":
@®75: for I=1 to MN-17;1+17}Ksplt 6CGI/M,GLK] -23next Ijpen;ret
76: °PLOT":for 1=10 to MN;plt 60CT-92/M,GI[1],-2;next I;pen
77: for I=MN-10 to MN;GIMNI}GLIl;plt 60I/M,G[1],-2;next I;pensret
78: "LABLE":csiz 2,1.5,1,0;plt 3N,-A/G,-1
79: 1bl *Fig. ‘Carbon Dioxide Release Rata®
80: fxd O0;plt 40N,A,-1;1b! "RUN #* ,A[10)
81: ¢siz 1.5,1.5,1,0;fxd 0
82: plt 40N,.95A,-151b1 BS
83: plt 40N,.85A,-1;1bl "MAXIMUM RATE®
84: fxd O3plt 40N,.84,-1;1b1 Z,* g/min/m *
85: c¢siz 1,1.5,8.5/11,0;iplt -N,.015A,2;1bl "2%;c¢siz 1.5,1.5,1,0
36: plt 40N,.7A,-1;fxd 2;1bl "total released®
87: fxd 0;plt 49N,.65A,-1;1bl D,* g/m *
88: cw1z 1,1.5,8.5/11,05iplt -N,.015A,1;1b]l "2";c¢siz 1.5,1.5,1,0
89: plt 40N,.55A,-1;fxd 1;1bl "heat flux °®
90: fxd 1;plt 40N,.5A,-1;1bl Al1],® w/cm °*
91:i plt 40N,.47,-1;1bl *Sample area "
92, fxd S5:p1lt 40N,.35A,-1;1bl AL2]," m *
93: c¢siz 1,1.5,8.5/11,0
94, plt 53N,.51A,-1;1b] *2°
95: plt S4.3N,.36A,-1;51b1 "2"
96: pen;ret
@97: "ONE®:for I=1 to MN;.031095+.003916G(11+.000205GI11~2}G(1]
@98: .031095+.0039162(51+.000205Z(51”2}2[51;GL1)-Z2151}G[(I)lsnext I:ret
@®939: "TWD":.028207+.003622(51+.00010962(51~2322151
@100: for I=1 to MN;.028207+.00362G{11+.0001096G[1122}G(I1);GLI13-2(5]1GT]7
101: next I;ret
 @102: "THREE®,:.0013263+.00340072[(51+.000015752[51%2}2Z[5)
- @103: for I:1 to MN;.0013263+.00340076(11+.00001575GI11~2}GII146L11-2[52G[]]
104¢ rnext Isret
»17322
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01
1

2:

<

[ )

4,
St
61
73
8:

10:
i1,
12.
13:
14.
15,
16:
174
18:
19
20:
21,
22
23:
24
251
26:
27
28
29:
30
31:
32
33
34
35:
36
37
38:
39:
40.
41,
421
43
44,
@45,
@®46:
473
@48,
49,
50
S
52
53

"HCH Relecase Pata®,
fmt 16bswrt 16,31,31,51,31,31,31,31,31,31,31,31,31,31,31,31,31;5sp¢c
prt "HCHN Relea<e Fate®;spc
dsp " HCHN Kelease Rate *;wait 200
dim AL151,A%[8]1,88(20) ,E3[6]1,F$[S5]1.M,N,N$[15,151 ,M8$[151
Jim W$[15,15)
enp "# of run in J1sk(1,2.)7%,W$01)
ent "Has this cdata been plot before?®,l
dsp "Have your plotter ready! Cont.";stp

"xxxinf*}Ws$[2?

WSI11 WSI[2,1,lenCNs[11)]

drive 0

asan W$(2],1,0

sread 1,AI[%],A$,Bs,C8,F$,M N,N$[15] M3

dsp ' RUN#® A[101,"°,B$,"",As;wait 1500

fxd O;prt "Run#=",A[10],B$,A$;spcC

dim Z27101.G$(2MH];s;dim GIMNMN]

dsp "...... WORKING...... ";gsb “CACL®

gsb "AXES®

gsb *PLOT®

3sb *LAPLE”"

ent "ANOTHER RUN?",X;if flgi13;gto +3

dsp “"CHDOSE PROGPAIM FROM S.F.KEY*®

stp :9to -1

fmt 16b;wrt 15,31,31,31,51,31,31,31,31,31,31,31,31 .31,31,31,31;=p¢
desp *SEE YOU NEXT TIME";end

20306 00 236 206 300206 06 630200 0650 300 00069 000 MO0 MR MY

"AXES":

sc] -12N,65N,-A/6,1.05A

axe 0,0,60,A/710

csiz 1.5,1.5,1,0;fxd 2;for 120 to 103plt -7N,IA/10,-1
1bl 1A/10;:nextl I

plt 25N,-A/10,-1;ibl *Time (min)"®

for [=D0 to GSN by €0;pit [-N,-A/20,-1

fx4 0s1bl 1/60;3next 1

¢s5iz 1.5,1.5,1,90

plt -10N,A/4,-1

lbl "HCHN Felease Rate (g/min/in J)";pen

csiz 1,1.5,.77,90;3p1%t -16.5N,A/1.31,-1;1bl *2";pen;ret
*CACL":0)D

*xx6hcn®}i$[3]

WS$[11IUS[3,1,len(sl113]

asgn W$[3),2,0

sread 2,2[%1,G8

for ¥=1 to MN;(itf(G312K-1,2K13/710000)*10-2}G6I[K];next K
*THIS CALIBRATIGN IS mVippm®:
-.9017671+.9986752%Z2(61-.010206%2[61°2+.000134%2[(6143}32[(61}
for K=1 to MN
-.93017671+.9986752%G{K1-.01090EX6GIK142+.000134%G{K1*3)¥56LK]1;6[K]I~-T7(61)GIK)]
next K

for J=1 to Sc¢for 121 to MN-2;(GII1+G{[+11+G[1+2])/3}H
H}GII1+ilsnext Jfjinext J

for I=1 to MNjif G(11/1e427;G[11/1e4}2

next Iyprt "Max HCN®jspc sfmt f6.2,5x,"%"jwrt 16,2

~ .
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S4: jmp 2
SS: *TEMP EFFECT AIR FLOW }T(%1%,
S6: for I=1 to MN;C(]1/1e6¥Al4]1/4%1e3%27.03/.08205/298/A(21)G[1);next
57: 01Z3for 1=1 to MNyif GIII>Z;601)32
58: next I;fmt £5.2,x,"g/min/m*2s;wrt 16.2;spc
59: for =2 to MN;(GII1+G[I-11)%60/!1/2/50+DiD;next I
60: if Z2<5000;5000)A;if 2¢200052000)A;if Z2{1CN0s1000}Asif Z7530;500}A
61: if 2<2003200XA;if Z<100;100}A;if Z<503S0}A;if Z2<20;20})A
62: if 2¢10510¥A-if Z2<1;1}A
63: i1f W=1;9to +7
64: for I=1 to MN:if GI11<-6;5-5.999}G(11
€5: fti ((GI1]+6)*.1%10000)3G$(21-1,211;snext 1
66: "xxghcn®Md$[4i;N$[113W$[4,1,1lenCls$[1])]
67: open W$[41,6
68: asgn W$[41,3,0
59: sprt 3,6%,"end"
70: ret
71 °*PLOT":
72s for I=4 to MN;plt 60CT-3)/M,GII11,-2:next 1
@®73: for I[=MN-4 to MN;plt 60I/M,GIMN],-2;next I;pen;ret
74, °*LASIF*:csiz 2,1.5,1,0;plt 3N,-A/6,-1
75: 1lbl °®Figq. HYDROGEN CYANIDE RELEASE RATE"
76 fxd O;plt 40N,A,-151bl "RUN #*,A[101
77+ c=iz 1.5,1.5,1,0
78; plt 40N..95A,-1;1bl B
79: fxd 2;plt 40N,.85F,-1;1b1 *MAXIMUM RATE®
80: plt 40N,.8A,-151bl Z," g/min/m *°
81; csiz 1,1.5,8.5/11,0;iplt -N,.015A,-1;1bl "2%;¢s1z 1.5,1.5.1,¢0
82: p't 40N,.7A,-1;fxd 2;1bl "total released"
83: plt 40N,.65A.-1:1bl1 D," 9/m *
84: ¢siz 1,1.5,8.5/11,0;1plt -N,.015A,-151b] *2%;cstz 1.5,1.5,1,0
85: plt 40N,.55A,-1:fxd 1;51bl °hLeat flux * '
86: fxd 1;plt 40N,.5f8,-151bl AT1],* w/cm "
27: plt 40H,.4A,-1;1b]l *Sample area *
88: fxd S;plt 40N,.35A,-1;1b1 AL2)," m *
89: csiz 1,1.5,8.5/711,0
90: plt S3N,.51A,-1;1bl "2°
391: plt 54.0N,.36A,-1;1'bl *2*
92: pensret
%23403

0: *02 Depletion Rate":

1: fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31;31,31,31,31,31,31,31;5pc
2: prt "02 Cepletion Rate";spc

3: dsp "02 Release Rate";wait 300

4s dim Al15),A$131,B$0201,E4[6),F$[6],,N,N$[15,15],M$[151
St dim W$[(15,151

31 enp "# of run in disk(1,2,.)2°, Ws$l1]

7: ent "Has this been plotted before?* W

8: dsp "Have your plotier raady! Cont.*;stp

9: "xxxinf lW$[2]

10s WST1IIWS(2,1, anClsT1131]
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11,
12;
13
14
1S,
16
17:
18,
19,
20
21
22:
23
24:
25:;
261
27:
28:
29:
30:
31
32,
33:
34
35:
36:
37
38,
39:
40,
41,
@42,
43
44
45,
465
47
48,
43,
50:
51,
52
53,
S54:
55,
56:
S7a
S8,
59;:
60
61,
62
63,
64

drive 0

asgn W$(2]1,1,°

sread 1,A[%] ,A8,BS,E$,F¢ M N,N$[i5]) M
dsp "Run#=* Al{0]," °,B$,Atswait 1500
fxd O;prt "Runs#=",A[101,B$,As$;3pc

dim Z[1071,G$[2MN];dim GIMN]

32+128)C

fmt 12b,"WORKING®,12bswrt 0,C,C,C,C,C,%,C,¢,C,6,C,C,C,6,C5,6,C,C,7 ©.C,C

gsb °"CACL"*

gsb "AXES®

gsb "PLOT"

gsb °"LASLE"

ent "ANOTHER RUNZT® ,X;if flg13;g9to . +3
dsp "CHCOOSE PPOGRAM FRIM S.F.KEY®
stp ;3to -1

fmt i6b;s;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,33,31 ;5

dsp “SEE YOU NEXT TIME*:end

306 306000600 26306 06306 300206 296 06 2060600 06 06 200 00300300300 N0 ENEN ¥ o
*AXES":

scl -i2N,65N,-A/6,1.05A

axe 0,0,60,A/10

csiz 1.5,1.5,1,0:fxd 0;for i=0 to 10;plt -7N,IA/10,-1
fxd 0s51bl 1A/10;3n=xt 1

plt 25N,-A/10,-151b1 *Time {mind*

for I=0 to 6SN by 60;plt I-N,-A/20,-1
fxd 0;1tl 1/60;next 1

csiz 1.5,1.5,1,905;fxd 0

plt -10N,A/4,-1

11 *0 Depletion Rate (g/min/m J)*;pen

csiz 1,1.5,.77,90;plt ~-20N,A/3.5,-131bl "2"yplit -10.3N,A/1.22,-1-1%)
ret

“CACL":02)D

*xx702"IWS$I3]

WS{113We(3,1,1enClis(1])2
asgn W$[3) 2,0
sread 2,Z20%],G$

for Ka1 to MN; Citf(G${2K-1,2K1)/710C002210-9-2[71:Gl¥];next K

for I=1 to MN;GI[11/40+221)3G[11;znext 1!
jmp 2

*TEMP EFFECT AIR FLOW TI%¥1":

for 1=1 to MN321i-GI[11Glilsnext I

for I=1 to MN;GIT]/100%A(41/4%1e3¥T2/.03205/298/A(213GI]isnext !

*Smoothing
for J=1 to 4

'2.

for I=1 to MN-9;(GI1)+GLI+11+GL{I+2]1+G[1+31+G[1+4132/51G([+2);next l:next

0}2s:for I1=1 to MNsif GlI1025GI[11}2

next Isprt "Max 02%;a9pc sfmt f6.2,x,°g/min/m*2%;wrt 16,Z1spc

for 122 to MM, (GLI)+GII-1])%€E0/M/2/60+DD;snext 1

1f 2¢5000;5000xAsi7T 2<2000;2000)A;if Z<1000;1000)A3if Z<500;500#

1f 2¢2005200}A

1€ Z€103102A3if 2<1312A5if Z<.15.1}A5if 2<.01;.01}A
1f W=lygto +7

for I=1 to MN;if GLI1<-6;-5.993)}G[]]

Fti ((GLI11+6)~.1%1000073G3[21-1,21ynext I
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65 '11302')N${4];Ntfl])w$[4,1,len(wtfll)]
6€E: open UWE(4),6
67: asgn W$[4] 3,0
68: sprt 3,6$%,"end”
69: ret
®70: "Time Delay Correction Used Before 6/1/80":
®71; for 1=1 to MN-214'+21)}Ksplt 601/4,G(K],-2;3next I;pen;ret
72: °PLOT";for 1=5 to MNsplt 60(1-5)/M,GI[1],-2;next I;pen
73: for 1=MN-6 1o MN;GIMNIIGII1;plt B60]1/M,G(1),-23next Ispansret
74 °LABLE®":csiz 2,1.5,1,0;:plt 3N,-A/6,-1
S: 1lbl "Fig. Oxygen Depletion Rate*
76: fxd 0;plt 40MN,A,-1;1b1 "RUN #",Af10]
77: csiz 1.5,1.5,1,05fxd 0
78: plt 40N,.95A,-1;1bl B$
79: plt 40N,.85A,-1:1b1 °*MAXIMUM RATE"
80: plt 40N,.8A,-1;1b1 2Z," g/min/m "
81: csiz 1,1.5,8.5/711,0;5iplt -M,.015A,-131bl *2%;csiz 1.5,1.5,1,0
82: plt 40M,.7A,-15fxd 2;1b! "total depleted”
83: fxd 0:plt 40MN,.65A,-1;1bl D,*" 9/m *
84: csiz 1,1.5,8.5/711,0;iplt -H,.015A,-1;1b]1 *2";csjiz 1.5,1.5,1,0
85: plt 40N,.55A,-1;fxd 151b] “"heat flux *
86: fxd 1splt 40N,.5A,-1;1b]l AL1]l," w/cm °*
87, plt 40N,.4A,-1;1b]l *Sample area °*
88:; fxd S;plt 40N,.35A,-151bl Al21," m °
89: c¢siz 1,1.5,8.5/711,0
90: plt S5S3N,.51A,-151b1 *2°
91: plt S4.3N,.36A,-1;1b1 "2°
92, penjiret
%12789

0: *"TOTAL HYDROCARFON *".

1: fmt 16bh;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;5¢¢
2: prt “TOTAL HYDROCARBON *;spc 2

31 dsp *Tntal Hydrocarbon®":wait 900 _
4: dim A[15),4$(8),B8120),E$[{6],F$[€E1,M,N,N8(15,15],M3[15]
5: dim W$[15,15]

6: enp *# of run in disk(1,2..)7" ,W$[1]

7: ent ®"Has this been plotted before?*® N

8: dsp "Have your plctter ready! Cont.";stp

9: "xxxinf")}W$(2)

10, WSI11YWSI[2,1,1len(lsl1]))

11: drive 0

12: asgn Ws$12]1,1,0

13: sread 1,A[%),A$,P$ ,E$,F$ M, N,N¢[152,M¢

14: dsp "Run#* ,AU10],"",B$,A$3wait 1500

1S5: fxd4 Osprt "Runs#=" ,Al1C),E$,A$:5pcC

16: dim 2{10),68$[2MNY;dim GIMN]I,HI300)

17: dim T$TZMN] ‘

18: dsp "....... WORKING., ...... *;g3b ®"CACL*®

19: gsb "AXES"

20: gsb "PLOT®

21s qsb °LABLE"



22: ent "ANOTHER RUN?" ,X;3if flg13;3;gto +4

23
24: dsp °"CHOQSE PROGRAM FRCM S.F. KEV"
25s stp ;9to -1 .

26: fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31
27: dsp ®"SEE YOU NEXT TIME®;stp )
28 ¢ TN WO TN A NG00 AW 60 NN g
29: "AXES";
30: scl -12N,65N,-A/6,1.N05A
3i: axe 0,0,c60,A/10
32: csiz 1.5.1.5,8.5/11,0;fxd Osfor I=0 to 10;plt -7M,1A/10,-1
33: fxd 0;3;1bl 1A/10snext 1
34: plt 25H,-A/10,-151b]1 *"Time (mind*®
35: for =0 to BSN by 60;plt I-N,-2/20,-1
36: fxd 05lbl 1/60;next |
37: ¢stz 1.5,1.5,1,30;fxd 0
33: plt -10N,A/4,-1
39: 1bl! "THC Release Rate (g/min/m )";pen
40;: csiz 1,1.5,.77,905p1t -10.5N,A/71.31,-151b1 *2°*
41, pen;ret
@®42: °"CACL":0)D
43: °xx8hc"IWS[3]
44; WSI[1I1M8([3,1,.len(W$(11)]
45: drive 0
46: asgn W$[(31,2,0
47: sread 2,2"%1,G$
48: for K=1 to MN;(itfr58[2K-1,2K1)/710000)210-93G[K];snext K
@49: *THIS CALIBRATION IS mVippm®:
®S0: -21.852+20.3352[81+.01400%7[81%2}218)
®5S1: for I=1 to MN;-21.352+20.335G6711+.01403*%G(1122}G(I]);GI11-2[813G("]}:next !
52: for 121 to MN;if GUI11>2:G611132
53: next I;prt “Max TH’":spc ;fmt f6,4x,"ppm";wrt 16,2
S4; jmp 2
55: 1df 12,T(x)
56: for I=1 to MN;298}Tsnext I
S7: for I=1 to MN;G[11/126%A[4)/4%1e3%16/.0820S/T/AT213GII)snext !
58s 0'23for I=1 to MN:if GII11>25601132
59: next Isfmt f6.2,x,°g/min/m*2%;wrt 16,Z2;s5p<
50: for =2 to MN;(GII1+G(I-11)%60/M/€0/2+D}D;s;next 1
B61: 1f Z<5000;5000YA:if Z2<2000;2000}Asif 2Z2<1000;10003Asif Z<500:500)#
62: if 2<200;200}A;if Z2<100;100}A;if Z2<50;50XAs;if Z<20;20}A
63: 1f 2<10;10)A;if 2<1313A;3f 2<.1;. 1 A51F 2(.015.0132A
64: if W=1;3;9l0 +7
65: for I=1 to MNsif GI11<(-63-5.999}¥GI[I]
66: fti ((G[11+6)~.1%10000~13G6%(21-1,211;next I
67: 'xxghc'}N$[4);NS[i]}N$[4,1,lencwilll)]
68: open W$[4],6
69: asgn W$[41,35,0
70: sprt 3,G%,"=2nd"
71 ret
72: "PLOT":for 1=10 to MN3plt 60(T1-9)/M,Gl1]1,-2;next I;pen
73: for I-MN-10 to MNs;plt 601/M,GIMN],-235ncxt I;penyret
741 for I=1 to 300;GII1YHII);snext |
75s if W=1;3g9to +6
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76

for I=1 to 300;fti C(CHI11+€)>*.1%10000)}T$[21-1,21};next I

775 *xxnhc®}WSIS);WSI1IIWS(S,1,len(lis(1]3])

78: open W$IS],6

79: asgn W$(51,4,0

80: sprt 4,T¢,°end”

31: ret

82: °"LABLE"icsiz 2,1.5,1,0;,plt 2.5M,-A/S,-2

83: 1bl *FIG. TOTAL HYDROCARBON RELEASE RATE®

84, fxd 0;plt 40N,A,-1;1bl °"RUN #",AT10]

85: csiz 1.5,1.5,1,0

86: plt 40N,.35A,-1;51bl BS$

87: plt 40N,.85A,-1;1bl “"MAXIMUM RATE"

88: plt 40N,.8A,-1;fxd 0;51bl Z," g/min/m "*

89; csiz 1,1.5,8.5/711,0;ipilt -N,.015A,-1;1bl *“2";¢csiz 1.5,1.5,1,0
90: plt 40N,.7A4,-151b! *Total Feleased®

91: plt 40N,.65A,-1;1b1 D," o/m "

92: cs5iz 1,1.5,8.5/11,05iplt -N,.N1S5A,-1;1bl "2";csiz 1.5,1.5,1,0
93: plt 40N, .5%A,-1;fxd 1;1bL1 *"HEAT FLUX *

94: pl!t 40N,.5A,-1;1bl Afi],' w/em";fxd S

95 plt 40N,.4A,-1;1bl *Sample ar=a *

96: plt 40N,.35A,-1;1bl AI2)," m °

97: ¢siz 1,1.5,8.5/711,¢

98: plt S52.8N,.51A,-1;1b1 *"2°;plt S54N,.36A,-151bl "2°
99: pensret

%2934

0: "Sample Temperature *:

1:
21
3:

St

7
8:

10:
11.
12:
13:
14,
15:
i6:
17,
18:
19,
20:
21,
22,
23:
24,
25,
261

fmt 16b;wrt 15,31,31,31,31,31,31,31,31,31,31,31,31,31,31 ., 31,31;5¢°
prt "Sample Temp *;spc 2
dsp "Sample Tamperature®";wait 200
dim A[151,A8[8],831201,E$[6]1,F$(6) .M N,N$[15,i51,M8[1S5);dim W$[1S 3%
eprp "# of run in disk(1,2..3%" ,W3(1]
ent "Has this been plotted before?®,W
dsp "Have your plotter ready! Cont.";stp

*xxxinf"}W$[2]
WSL1IIWe[2,1,1en(sl1])]

drive

asgn W$121,1,0

sread 1,3[(%),A%,B8 ,E$,F$ M N N$[15] M3

dsp "RUNe#*" AL3101," *,8%$," *,A$;wait 1500

fxd 0:prt °*Runs=",A[101,B8,8%5spcC

dim MIMN1

dim Z21101,D8[2MN]

dsp "......... WORKING........... *sgsb °CACL®
9=b °"PLOT"

ent "ANOTHER RUN?*,A;3;1f flg1330to +3

d=5p “"CHOCSE PROGRAM FROM S_F.KEY"

stp sgto -1

fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31.,351,31
dsp °SEE YDOU HEXT TIME®";stp j;end

gst "PLOT"®

*PLOT"

scl -12N,e5M,50,1550
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http:WORKIHG......��

27 axe 0,250,60,150
28: csiz 1.5,1.5,1,03fxd 0
29: for [+250 to 1500 by 150;5plt -8N,I1,-1;1bl Tinext 1|
30: pit 25N,145,-1;!6! "Time (mind"
31: for I=0 to 65N by 60;plt I-N,200,-131b) 1/€60;naxt I
I2: =iz 1.9,1.5,1,20;fxd O
33s plt -10N,5S50,-1
34: lb! *"Temperature (K)°*
35¢ for I=1 to MH;plt 601I/M,M(1],-23next [;pensgto 57
@®36: °"CACL":
37: "x«3tam")US$[3]
38s WSI1IMHNII[3,1,1lenCNs[11)]
395 asgn W$131,2,0
40« sread 2,2(%x),Ds
@41, -.0093421+24.7967789532[91-.026153332[91*212(2]
42: for 121 to MN
43: (itf(D$(21-1,2132/710CC0>*210-93M(1]
@44: -.0098421+24.796778953MI11-.0261533IMITI*2IMITI;MI1]-2(93:M(]]
45,; M[11+273.1M( 1]
46: next I
47¢ "Front Temp of Sample in deg K }f21":
48: if W=1;3;gto +7
49¢ for 1=1 to MN;if MIII<-6;-5.999M[]]
S0: fti C((Mr11+8)~.1%10000)3D8{21-2,21):next I
S1s "xxmtem"YW$[4T;WSL133 WS04, , lendis[13D]
52: open W$[4).6
S3: asgn W$(41,3,0
54: sprt 3,08%,%"end”
5S5: for I=1 to MN;if MIII>ZsMLI11}2
56: next I;prt "Max Temp®;spc ;fmt f6.1,5x,"’K":wrt 16,2 ret
S7: “lable”:
58: csiz 2,1.5,1,9%;pen
S9: plt 3H,50,-1
60: 1bl *"Fig. Back Sample Temperature *
61: 1S500:}A
62: fxd Ospit 40N,A,-1;51b1 °*RUN 2" ,A[10]
63: csiz 1.5,1.5,1,0
64: plt 40N,.35A,-1;1b1 BS
65: plt 40N,.85A,-1;51bl *MAXIMUM TEMP®"
663 plt 40N, .8A,-1;fxd 0;1b1l 2,* K*
671 fxd t3plt 40N,.7A,-131bl °*Heat Flux®
€8s plt 40N,.65A,-1;1bl Al1),* w/ca"
69:; fxd S;plt 40N,.55A,-131b]! "sample area®
70: plt 40N,.5A,-1:1bl AL[2)," m *
71: csiz 1,1.5,3.5/11,0
72y plt S53.5N,.66A,-1;1bl "2%";plt 5SS5K,.S1A,-1;1bl *2°
73: dsp “END";ret
%12422
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G
1
2
3
4,
S:
6:
7:
8:
9:
10:
11,
12,
13
14,
15,
i€.
17:
i8:
19:
20
21,
22
23:
24
25:
26:
27
282,
29,
30:
31,
32;
33
34,
35.
3€ :
37
38:
39:
40,
41,
42,
43,
44,
@45,
46:
47,
48,
49;
50
51
52
53

*NO-NOx Release Rate 5/23/30 SNL":

fmt 16bjswrt 16,31,31,31,51,31,31,34,31,31,31,31.31,31,31,31,31ss5p~
prt "NO-NOx Release Rate"ispc
dsp °"NO-NOx Release Rat2"swait 300
dim A[151,A3(8],B¢[20],E8[61,F$[6),M,N,}${15,15],M8[15]1,T¢(5]
dim W$[15,:5]
enp "2 of run in disk(1,2..22",Ws$(1]
ent "Has this been plotted before?",W
dsp "Have your plotter ready! Cont."*;stp
*xxxinf*}W$(Z] '
WST{11IWS[2 .1, 1en(lsl11]]

driv= 0

asgn KH$[(21,1,0 ,

sread 1,Al%] ,A$,38 F$ F$, M, N, NS[15],Ms

*Mode”:ES$1}TS$

*opm Rang=":val(F$)IR

dsp "Pun#s=" _ Al101," °*,B$,A%;wait 1500

fxd Osprt "Runs=" ,A710),B$,A$;apc

dim Z[101,G8[2MNY;dim GIMN]

32+128)C; fmt 6b, "WORKING®,6b;wrt 0,C,C,C,C,C,C,C,C,C,C,C,C
gsb “CACL"

gsb T"AXES'

gsb "PLOT®

gsb "LABLE"

ent "ANOTHER RUN?" X;if fig13;gte +3

dsp "CHOOSE PROGFAM FROM S.F.KEY®

stp j;9to -1

fmt 16b;wrt 15,31,32,31,31,31,31,31,34,31,31,31,31,31.31,31,31;=r~
dsp *SEE YOU HEXT TIME®:end

300020002060 T NN M0 o TN ™

"AXES": .

scl -12N,65M,-A/6,1.05A

axe 0,0,60,A/10

23X3if A>=1;1)X;1f AS=103403X

csiz 1.5,1.5,1,0;fxd Xsfor I=0 to 103plt -7N,IA/10,-1
1bl 1A/103next I

plt 25N,-A/10,-1:1bl *Time (mind°*®

for =0 to 65K by 60;plit !-NH,-4/20,-1

fxd 0s1bl 1/603next 1

csiz 1.5,1.S,1,905fx4d 0

plt -10N,A/4,-1

if T$="NOx";1bl °"NOx Release Rate (g/min/m J)*;pen

if T¢="HU*;1bl "NO Relezse Rate (g/min/m J*;pen
csiz 1,1.5,.77,90;5plt -10.75H,A/1.32,-1;1bl *2°*
ret

*CACL™:0}D

"xx10no®YWSI[3]

WS{11IWTIL3,1,1lenClis(11)]

asgn W$(33,2,0

sread 2,20(%],G$

for K=1 to MNs(itf(G$(2K-1,2K132/10nr00)~10-9-2[101}3G[{K])tnext K
for 1=1 to MN;REGIIIXA[41I%3T0/(4%ledn 08205%298%A[2]112)G[Isnext |
0YZ3for I=1 to MN;if GUI1)>Z3G(11}2

next !
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54:
5S5:
56:
57
S8
59,
60:
61:
62:
63:
64,
65¢
66
657t
581
69:
70:
®71:
72
73:
74,
75:
76:
77:
78 :
79;
80
81,
82:
83:
84.
85.
86
87
88,
89:
90,
91
92:
93,
94,
95
96,

if T8="NOx*;prt *"Max NOx"j3spc sfmt £6.2,x,%g/min/m*2%;w-t 16,2Zy=zr:
if T$="H0";prt "Max NO"sspc ;fmt f6.2,x,%"g/min/m"2" wrt 16,Z;spc
for 122 to MH;(GI11+GII-11)%EC0/M/2/60+D}D;next 1

if 2{5000;5000 Asif Z<2000;20003)A;if 2<10005;1000>A;if 2750055002,
1f 2<200;200A;if Z2<2100;5100XA;if Z{S0;S50}A;5if Z2<70;20)A

if 2<10:10}A;if Z<1;12Asif 2<.1;3.1}A

1f W=1;9to +7

for I=1 to MNgif GI11<-6;-5.9391G(1?

fti ((GEI1+6)*.1*%1000003G8[21-1,211snext I

*xxgno" WS4 sME{1TWNS04,1,1len(WEl11)]

open Ws${41,6

asgn ksl41,5,92

sprt 3,68,%end"

ret

"PLOT",;

if E4="NOx":imp 3

for 1=8 to MN3plt 60CI-722/M,GII1,-2;next I

for I=MN-2 to MM;GIMNIIGII)yplt 601/M,GI13,-2;next Ispensret
if E$="NO";jmp 3

for I=11 to MN-11;plil GOCI-112/M GIll];next I

for I=MN-12 to MN;GIMNI}G[(I);plt 601/M,G[1],-2;5next I;pen

ret

*LABLE®":csiz 2,1.5,1,0:plt 3N,-A/B,-1

if T$="NNx;ibl * Fig. HOx Pelease Rale®

if T$="NDO";1bl ® Fig. Nitric oxide Release Rate®

fxd 0;r1t 40N,A,-2;1b1l "RUN #° ,A{10]

csiz 1.5,1.5,1.02:fxd4 O

plt 40N,.9SA,-1;1bi B$

plt 40N,.85A,-1;1bl “"MAXIMUM RATE"

plt 40N,..8A,-1;fxd 3;1bl 2,° g/min/m *

fxd 0

csiz 1,1.5,8.5/711,0;iplt -N,.015A,-131bl *2%;csiz 1.5,1.5,1,0
plt 40N,.7A,-151bl "total released"

fxd 3;plt 40N,.65A,-151bl D,* qg/m *®

csiz 1,1.5,8.5/711.0yiplt -N,.015A,-1;1bl "2";csiz 1.5,1.9,1,0
plt 40N,.55A,-1;fxd 1;1bl “heat flux °

fxd 1;plt 40N, .TA,-1;51b! AI1])," w/cm °*

plt 40N, .4A,-1;1bl *Sample area "

fxd Ssplt 404,.3%A,-1;1bl AL2)," = °

ceiz 1,1.5,8.5/11,0

plt S3N,.51A,-131b1 ®*2*

plt 54.3N,.36A,-1;1b1 "2°*

pensret

%x29365

[
1

3
4.

61

"HCL RELEASE RATE J1/17°".

prt “HCL Release Fatz"®

dim Al15),A$[8),B%020) ,F+{6],F${6],M N,N$(15,15),M8[15];dtm T$(4]
dim W$(15,15]

ent "7 of run in Aisk(1,2..)2°,W¢(11

ent ®Has this been plotted before?® . T$

dsp "Have your plotter ready! Cont.®ystip
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7:
8.
9
10,
11,
12,
13
14.
15
16:
17
18:
19:
20
21:
221
3
24,
25:
26:
27:
28
29:
30
31:
32
33
34,
25:
36:
37:
38:
39,
40,
@41:
42
43:
44 ;
45:
46:
®47:
@48
049
S50:
51,
52:
53:
54,
55
561
57
58:
59:
60

*vxxinf*IUsl2]

xxHCL*)YWS (3]

Ws(11Me(02,1,len(W$(31))

WS[1I1*'WSI[3,1,len(Ws(1])]

asgn W$[2],1,0

sread 1,P[(*),A$ BS$,ES$ F$ M N,NST[15],M¢

d=p " Run#s=",Al10],83%,A8;wait 1500

spc 3fxd O;pri "Runs="_,A[10},B8%,A8ys,cC

dim 2I3),G8$I2MNY;dir XIMN] ,YIMN] ,WIMNI,UIMN],VIMN],P$[10])
if T$="1";9s5 "TTF"

if T8="1";imp 2

gsb °*DATA*

gsb °*CACL"®

gsbh "AXES®

gsb *PLOT"

gsb “LABLE"

ent "ANOTHER RUN?® X;3if flg13;3;g9to +3

dsp "CHOOSE PROGRAM FROM S.F.KEVY®

stp ;gto -1

fmt 16b;wrt 26,31,31,31,31,31,21,31,32,31,31.31,31,31,31,315spc
dsp "SEE YOU NFEXT TIME®;end

*AXES":

scl -12N,65M,-A/6,1.05A

axe 0,0,60,A/10 -
csiz 1.5,1.5,1,0;fxd O0;for 1=0 to 10;plt -7N,1A/10,-1
fxd 0;1bl 1A/10;3;next I

plt 25i1,-A/1C,-1;1bl *"Time (mind*

for I=0 to KSH by 60;plt I-N,-A/20,-1

fxd 9;1b1 I1/60;3rnext 1

csiz 1.5,1.5,1,30;¢fxd 0

plt -10N,A/4,-1

l1b]l "HCL Release Rate (g/min/m )®spen

csiz 1,1.5,.77,905plt -11N,A/1.25,-1;31b1 "2°*
pen-ret

*CACL"®:

6J0}P _

if T$="1";g9ta "MAX"

for =1 to P

“Cl}HCl; secimin®:YI11%1.028433Y[1);XI11/602X{1)
next I

*Sml reagent; 4521 Gas Sample®:5}V;45}6
*HCLwt/vol (ug/ml}lg/m3)%reagent vol(ml)/gas sample vol(ml)®:
"®airflow(m*3I/minl)/area(m*2)ig/min/m*2°":

for I=1 to P;YI11%1IxV/G%CA[4]1/4)/AL2)IIWI]]
next I

"MAX" v

0}23for I=1 to Psif WIIIDZ;UWITI1XZ

next I;fxd 2;prt "Max HCL(g/min/m*2)=°,2
enp "MAX Y-Scale?*,A

0)0

for 1=2 to Py (WITI+WII~-1])/2M+D}Dsnext I

if T$a®1%imp 2

gsb "FTI*

pensret
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61: "PLOT":for 1=1 to P:plt GN¥X[T1],WIlI),-2;next I pensret
62: "LACLE®".:csiz 2,1.5,1,0;plt SN,-A/6,-1

63: 1bl "Fig. Hydrogen Chloride Release Rate"
64: fxd O;plt 40 ,A,-1;1bl *"PUN #°,A[101]

65: csiz 1.5,1.5,1,0;fxd 0

66: plt 40N,.95A,-1;1b1 BS

67: plt 40H,.9A,-1;1ibl “Total HCL Released®
68: plt 40K,.85A,-15fxd 1;1b]l D,* g/m *

69: csi* 1,1.5,8.5/11,0s5iplt -M,.015A,-131bl ®"2%;¢csiz 1.5,1.5,1,0
70¢ csiz 1.5,1.5,1,0

71: plt 40H,.7%A,-1:fxd 1;1bl “*heat flux *

72: plt 40N,.7A, ‘151bl AL1)," w’cm ®;fxd S
73: plt 40N, .€A,-1;1bl "Sample area *

74: glt 40N,.5SA,-2-1b1 ALZ)," m °

751 csiz 1,1.5,8.5/11,0

76s plt S52.8N,.71A,-1;1bl "2";plt S4N,.56A,-1;1H1 *2°
77: pen;ret

78: °*FTI*:;for I=1 to 500

79: fti ((W{l13+6)*.1%10000)}G8[2]1-1,211

80: next I

81: ofpen W$[31,6

82: asgn W$(31,2,0

83: sprt 2,G%,%°end”

4: ret

85: "DATA":

86: ent "Segence?",Ps$

87: fmt “SEQENCE..." c2;wrt 16,PS$

88: i03}D

89: fmt ,f2.0,x,"POINT";wrt 16.D

90: fmt *#* ,lx,"sec*,2x,"ionug/ml";wit 16

31 1IXR

32; if R=131}¥X[13:0}Y{13;D+13}D;1}E

93: for I=1+f to D

94: ent "Time (sec)?" ,X[I1;s;next 1|

95: for I=1+E to D

96: ent "sample amount?( Cl =ug/mld® . Y[]]

971 next I

92: for I[=1+E to D

99: fmt ,f2.0,2x,f3.0,2x,f7.5;wrt 16,1-E X{11.Y(1I]
100: next I

101: if X[DIKEN0;600)YXID+123Y[DI*Y(D+11,D+13D
182; for I=1 to D

103: if X[11)=600;jmp 3

174, 1f YU(11=C;.00000011}Y(]]

105: (XUTIYOUI+13-KIT+21YLIDD/(CXETI-X[I+41)2)A
10E: (YOI)-YII+2))/CXIT1-X{1+11)}8B

107: for T=X[I1 to X{]+1]}

108: THU(T]

109: A+BUITIMIT]

110: next 7T

111: next |

112: for 1=1 to B00sUlIIIXITITgVITIIY{I];next !
113 ret

114, "ITF*:

-7 A
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115: asgn W$r31,1,0

116, sr-cad 1,C$

117: for 121 to €00

118 (1tf(GCs$I21-1,2113/100003210-63U01]
119: 1/603¥X[1]

120 next I

221
23
24
25:
26:
27:
28:
29:
30
31
32:
33:
34,
S
36:
37:
38:
39,
40.
41,
@42,
43 :
44,

*HF RELEZr~SE RATE 11/18€";:
prt "HF Release Rate®
dim A[151,A3[8),B%(29),E¢(6],F$(6),M,N,N$[15,15] ,M$[153;dim T$l4]
dim W$[15,15]
ent "# of run _n disk(1,2..22" We[1]
ent "Has this been plotted before?",T$
dsp “*Have your plotter ready! Tont.";stp
"xxxinf"}u$(2]

*xxHF " *W$[3]
Wsl1Jusl(2,1,lenClel1])?
Wel11JWS(3,1,1en(is(1])]

asgn W$[231,1,0

sread 1,A[%x],A¢,BS . ES$,F$,MM,N,N$[15],Ms
spc 3fxd Osprt "Run#=",A010]1,3%,A%;spcC
cgim 20103,63{2MN]sdim KIMN]I,YIMN],WIMN],ULE600]1,VI600]1,P$(10)
if T$¢="1";gsb “ITF*

if T$="1";jmp 2

gsb "DATA®

gsb °*CACL"

gab "AXES*

2sb *PLOT®

: gsb "LABLE"

ent "Another Run?",¥;if {l1g1339to +3

dsp "CHQ0OSE PROGPAM FROM S.F.KEY"®

stp ;3to -1

fmt 1Cb;wrt 16,31,31,3:1,31,31,31,31,31,34,31,31,31,31,31,313spc - °~t
dsp ®SEF YNU NEXT TIME®;end

*AXES":

if 2<1C00:100)A;if Z2<S5035S0)A;1if 2<25;25)Asif Z<10;103A31f 2Z2<5;5}A
if 2<2:2A31f 2¢131:A

scl -12N,65N,-A/6,1.05A

axe 0,0,50,A/10

csiz 1.9,1.5,1,0;fxd O;for 1=0 to 10;plt -7N,IA/10,-1
fxd 1;1bl TA/10;snext !

plt 25N,-A/10,-1;1bl "Time (mind"

for I=0 to GSH by €0;pit I-N,-A/20,-1

fxd 0;1bl 1/50;next 1

csiz 1.5,1.5,1,90;5fxd O

plt -10N,A/4,-1

1bl *HF Kelease Rate (g/min/m )®;pen

csiz 1,1.5,.77,905plt -11N,A/1.25,-1;1bl *2°

pensret

*CACL":6001}P

if T$="1"53gto *MAX"

for I=1 to P
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45: Y(I11m1. Q530SI N[12/602X01Y
463 next 1
®47: 45)G;S)V
943; "HFwt/vol(u3/mllg/m3)%reagent vol(ml)/gas =ample vol(ml)®:
49; "®airflow(m*3/mind)/area(m”2)ig/min/m=2%:
S0s for I=1 to PyYI[11%1mV/GHCA[43/4)/AL2TINII]
51: next I
S2: "MAX":
S3: 0)}2yfor I=1 to P;if WIIIDZ;WIITN}Z
S4; next I;fxd 25prt "Max HF(g/min/m*2)=",2spc
S5: enp "MAX, Y-scale",f
S6: 01D
S7: for 1=2 to Py(WII)+WII-1))/2M+D}D;srext I
58: if T$="1";jmp 2
59: osb “FT]°®
60: -en;ret
61: "PLOT":for "={ to P;pli €OXII]1,H[]1],-2;next lipensret
62: "LAPLE®:csiz 2,1.5,1,05plt 3N,-A/6,-1
63: lbl "Fig. Hydrngen Fluoride R=lease Rate"
64: fxd 0;plt 40N,A,-1;1bl "RUN #°* A[10]
65: csiz 1.5,1.5,1,0;fxd 0
66: plt 40N,.9SA,-1;1b1 BS
67: plt 40N, .9A,-1;1bl "Total HF Released®
68: plt 40N,.25A,-15fxd 1;1b} D," g/m *
59: ¢siz 1,1.5,8.5/11,05iplt -N,.015A,-1;1b) *2%;3¢csiz 1.5,1.5,1,0
70: csiz 1.5,1.5,1,0
71: plt 40N,.75A,-1;fxd 1;1bl "heat flux *
72+ plt 40N,.7A,-1370]1 A1), w/cm *;fxd 5
73: plt 40H,.6A,-1;1bl "Sample area "
74: plt 40N,.55A,-151bl AIZ],®* m *
75: ecsiz 1,1.5,8.5/11,0
76: plt S2.8N,.71A,-1:1bl *"2°;plt 54H,.569,-1;1b1 a2
77: penyret
78: °FTI":for 1=1 to €00
79: fti C(CWII1+63*,1%10000)>1G8121-1,211
80: next 1
Bl: WETIT1IWSII,1,len(lis(1])?
82: open W$I[3].6
83: asgn W$[(T1,2,0
84: sprt 2,6%,%end"
85: ret
36: "DATA":
27: ent “"Seqernce?*,P$
88: fmt "SEQEMCE...",c2;wrt 16,P$
89: 10D
90: fmt ,f2.0,x,"POINT";wrt 16,D
91: fmt "#" ,2x,"sec”,2x,"ionug/ml"swrt 16
92: 1)R
93: 1f R=1513X012503Y[1135D+13D;1)E
94 for [=1+E to D
95: ent "Time (sec)?® X[IJl;next I
96: for I=1{+E tn D
971 ent 'sample amount?( F =ug/ml)*,Y[]]
98: next I
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99:

100
101,
102:
103:
104:
105,
106:
107,
108:
109.;
110
111,
112.:
113,
114;
115.;
116:
117:
143.
119,
120,
i21:

for 1s1+E to D

fmt ,f2.0,2x,f3.0,2x,f7.3swrt 16, 1-E,X(1),Y(]]
next |

if X(DJI<C00;€E00)XID+1]1;YI(DI1}Y(D+1);D+1)}D
for 1=1 to D

if X[13=600;jmp 9

pf Y{11=0;.000001}Y(1]
CXITIYIT#11-XEI+13YLTIDD/7CACTID-X{TI+21)2A
(YIII-YI[I+1]})/CXU11-X{1+11))B

for T=X[I1 to X[]+1]

TIUIT]

A+BULTIIVIT]

next T

next 1

for I=1 to 600;UCIIYXN(I]sVIIIIVII];snext I
ret

*ITF®

asgn W$(31,1,0

sread 1,G$

for 1=1 to 600
(itf(6G8021-1,2115/7100000410-6}WII]
1/603¥X(11] ’

next [

d: °"FCHO REL. R 11/19",

11+ prt "RCHO Release Rate”®

2: dim AL157,A$(8]1,B$[20),E$(6]1 F$16],M,N,N$T15,15]1,M8[152;dim T$l 412
S: dim W$[15,151

4;: ent *"# of run in disk(1,2..372°,1i$(1]

S: ent *Has this been plotted befor=?",T$

6: dsp *Have your plotter ready! Cont.*sstp

7: °
8: *

xxxinf"}3(2)
xxALD" }WSI3]

9: WSI1I3WS[2,1,1len(el1])]

10:
11.
12,
13:
14;
1S
16:
17.
18:
19;
20:
21:
22;
231
23,
251
263
27

WEL1IYWSI3,1,len(is1])]

asgn Ws(21,1,0

sread 1,3[%],As$ 3% ,E$,F$ M, N,N$[15],N$

cpc sfxd O;prt *"Rune=",A010],B%,As3spc

dim Z{10),58I2MN];dim XIMN]1,YI(MN],WIMN],UlC00],VI600],P8$1101
if T$="1";9sb "ITF"

Aif T$="1"5imp 2

gsb "DATA®

gsb "CACL"

gsb "AXES®

gsb “PLOT"

gsb *LABLE"

ent "ANOTHER RUN?®* ,X;if flg13;59to +3

dsp "CHOOSE PROGRAM FROM S.F.KEY"®

stp ;g9to -1

fmt i6b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31sspc
dsp *SEE YOU HEXT TIME" ;end

end
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28: "AXES":
29: scl -12N,65MN,-A/€6,1.05A
30: axe 0,0,60,A/10
31s csiz 1.5,1.5,1,05fxd 0;for I1=0 to 10;plt -7N,1A/10,-1
32: fxd 231bl 1A/10;pnert |
33: plt 25N,-A/1C,-1;51bl1 *Time (min)*
34: for I=0 to 6SH by 60;plt I-N,-A/720,-1
35s fxd 0;1bl 1/60;3next 1
36: cstz £.5,1.5,1,90:fxd 0
37 pit -10N,A/4,-1
38: 1bl °*RCHO Release Rate (g/min/m 3*jpen
39: csiz 1,1.5,.77,90;5plt -11N,A/1.25,-151b]1 ®2°*
40: pen;ret
@41: "CACL":6001}P
42, if T$="1";9to °"MAX"
43: for 121 to P
44, X[13/B0¥XI[11]
45: next |
®46: 51V;4536
®47: °*ALDwt/vol(ug/ml}3/m3)%reagent vol(mi)/gas sample vol(ml)*:
48: "#¥airflow(m®"3/minl)/area(m*2)}g/min/m"2":
49; for I=1 to P;Y[I1I%1%V/CGX(A[4]1/4)/AT2]1}WIT]
S50: next |
S1: *"MAX®:
521 0}2Z;for 1=1 to P;if WIII>Z;MIIN}Z
53: next I3fxd 2;prt “"Max RCHC(g/min/m"2)=",2;spc
54: enp "MAX. Y-Scale??",A
551 0}Dsfor 1=2 to Ps(WIIT+WII-12)/2M+D}D;next Ispen
S6: if T$=2"1";jmp 2
S7:+ gsb *FT1"
58: pensret
59: *PLOT":for 1=1 to F;plt 6OXI[IY, W[i],-2;next Iipen;ret
60: “LABLE"*:csiz 2,1.5,:,0;plt 3N,~-A/6,-1
61: 1lbl "Fi3. Aliphatic Aldehyde Release Rate”®
€2: fxd O;plt 40N,A,-151b] °*RUN #°,A[10]
631 ¢siz 1.5,1.5,1,0;:fxd 0
64: plt 40N,.95A,-1351bl B$
65: plt 40N,.9A,-1;1bl "Tot=1 Released"
66: plt 40N,.85A,-1;3fxd 1;ibl D," g/m °
67s csiz 1,1.5,8.5/11,0;iplt -N,.015A4,-1;1b! "2";csiz 1.5,2.5,1,0
68: ¢siz 1.5,1.5,1,0
69: plt 40H,.73A,-1;fxd 1;1bl "heat flux *
70s plt 404,.7A,-1;1bl Al1]," w/em ";fxd S
71 plt 4DM,.6A,-1;1bl "Sample area *
72: plt 40N,.S55A,-1;1bl1 Al2],* m *
?3: csiz 1,1.5,8.5/711,0
74: plt S2.8H,.71A,-131b1 *2°;plt S4N,.S6A,-151bL! *2°
75: penjret
76: "FTI®:for 1=1 to 600
77: fty ((WI11+6)*.1%20000)3G8[21-1,211
78: next I
79 WS[11IW$I3, I ,len(lHS(11)]
80: open W3I[31,6
81: asgn W$[(3],2,0
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82: sprt 2,68,%°end"

83: -t

34: "({ATA":

85: ent "Seqence?*®,P$

8€: fmt "SEQEMNCE..."*,c2;wrt 16,P$

87: 101D

88: fmt ,f2.0,x,"POINT";wrt 16,D

89: fmt "“¢",2x,"sec”,2x,"ionug/ml*jwrt 16
90: 1R

91: if R=1;1»X[11503Y{211,D+12D;s1)E

92:; for 1=1+E to D

Q3: ent "Time (sec)?*,X[(I)snext I

94: for I=1+E tc D

95: ent °"sample amount?(RCHO=vg/ml)®,YI(I)
96: next I

97: for I=1+E to D

98: fet ,f2.0,2x,f3.0,2x,f7.33wrt 16,1-FE,X(11,Y[]]
99s next |

100: if X{D1<600;500}X[D+113YI(D1YI(D+115;D+13}D
101: fer I=1 to D

102, if X{11)=600s5jmp 9

103: if YI[I1=0,.000001}Y(])

204 CX[IIYLI+1)3-X[I+11YI[I1)/CXUI)-X[(I+11)2}A
105 QYLIY-YII+11)/7CXITI)-X(I+112)}8B

106: for T=XII! to XI[I+1]

107: TYUITI

108: A+3UITIIVITI]

109: next T

110: next I

111: for I=1 to 600;ULIIXX[II;VIIID}YII)snext 1
112: ret

113: “ITF":

114: asgn W$°'3]1,1,0

115S: sread 1,068

116: for 1=1 to 600

117: Citf(G$121-1,211)/10300)210-63KWIT1]

118: 1/60XXI 1]

119: next !

120: ret

#1833

0: “"RCHO REL. R Il1/19",

1: prt °*RCHO Release Rate’

2s dim AU15]),A3(8),R$(20),E8$(61,F$I6) , M, N, N$[15,157,M8[(1S5)sdim TS$[42
31 dim W$[15,151]

4; ent *2 of run in disk(1,2..)7°,We[1]

S: ent “"Has this been plotted before?",T$
5+ Jdap "Have your plotter ready! Cont."sstp
7r “"xxxinf®}iWsl2])

8: "xxALD*IUSI[3]

9: WSIL112WS[2,1,12an(lNST1])]

10¢ WSIL1IIASI3,1,1en(Us$[1])]
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11:
12
13,
14,
S
16
17
18;
19,
20:
21,
224
23,
24:
25¢:
26:
27:
23:
29,
30:
31,
32
33:
349
35:
36:
37
33
39:
40,
@41,
42,
43,
44.;
45:
946
947
48:
43:
S0,
51,
S2:
S3s
54,
55
56:
57
58
59:
60
61
62.
53:
64

asan W$(21,1,90

sread 1,A{%] A% BS . E$ F$ M N,NS[15],Ms

spc 3fxd Cscrt *Rung=" A[10],.B$ As;spc

dim Z0101,C8(2MNYsdim XIMH),YIMN] , IWIMN]I ULCS00],VIGNO0]1,P$[10?
if T$="1";9sb "17TF*
1f Te¢="1".3mp 2
gsb "DATA"
gsb "CACL"
gsb "AXES"®
gsb °"PLOT®
gsb "LABLE"
ent "ANOTHER RUN?*® X;if flgi3:g9to +3

dsp "CHOGSE PROGRAM FROM S_F.KEY"

stp ;9to -1

fmt 16bswri 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31sspc
dsp "SEE YOU NEXT TIME"jsend :
end

"AXES"®:

scl -12N,65N,-A/6,1.054A

axe 0,0,60,R/10

csiz 1.5,1.5,1,03fxd O0;for I=0 to 10;plt -7N,1A/10,-12
fxd 231bl 1A/10;3next !

plt 25NH,-A/20,-151bl *Time (mind"

for 1=0 to 6SN by €60:plt 1-N,-A/20,-1

fxd 0;1bl T/60;next 1

csiz 1.5,1.5,1,905fxd 0

pit -10N,A/4,-1

Ibl *RCHO Release Rate (g/min/m )";pen

csiz 1,1.5,.77,90;3p1t -11N A/1.25,-1;1b} "2°

per;ret

*CACL":6CC1P

if Te="1";9to0 "MAX®

for 1=1 to P

XII12/60}kXI[1]

next I

5¥Vv;4516

*AtDwt/vol fua/mllg/m3)*¥reagent vollmld)/3as sample vol(ml)®,
*#airflow(m*3/min) /area(m™2)}ig/min/m"2":

for I=1 to P;YIII®1%V/G%(A[41/4)/AL21KI1]

next I

*MAX":

0}Z2s5for 1=1 to Psif WITYIDZsWII1)2Z

next I;fxd 2;5prt *Max RCHO(g/min/m*2)=",Zsspc

enp "MAX. Y-Scale??”,A )

0}D;s;for =2 to P; (WIT1Y+WII-113/2M+D}Dsnext I;pen

if T$="1";jmp 2

gst "FT1°

penyret

‘PLOT":for 1=1 to Pyplt GOXIIJ,WNII3,-25next lspen;ret
*LABlE":csiz 2,1.5,1,035plt 3N,-A/G,-1

1bl *Fig. Aliphatic Allehyde Release Rate"

fxd Osplt 40N,A,-1;1bl "RUMN #°",A[10]

csiz 1.5,1.5,1,0;fxd 0

plt 40N,.95A,-1:1b1 BS

.
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65: plt 40N,.9A,-151bl "Total Released*

66: plt 40N,.85A,-1;fxd 1:1bl D,* g/m *

67 csiz 1.1.5,8.5/11,0;iplt -N,.015A,-1;1bl *2"5c=iz 1.5,1.5,1,0
68: c¢siz 1.9,1.5,1,0

69: plt 40N,.75A,-1;fxd 1;1bl *heat flux *
70: plt 40N,.7A,-1;1b} AI1),* w/cm ";fxd S
71: plt 40N,.6A,-1;1bl “Sample area *

72: plt 40N,.55A,-1;31b1 AL2]," m °

73: csiz 1,1.5,8.5/711,0

74: plt S2.8N,.71A.-1;1pb1 "2%;plt S54N,.56A,-1;1b1 °*2°
75: penzret

76: "FTI®";for I=1 to 600

77: fti C(CWET)+EDX*.1%10090)368(21-1,211

73¢ next 1T

79: WST1IIWS[(3,2,1len(ls(1])]

80: open W$I[(3]1,6

81: asgn W$[31,2,C

82: sprt 2,6%,"end"

83: ret

84: "DATA":

RS5: ent *Senence?” .P$

e6: fmt "SEQGENCE...".,c2;wrt 16,PS$

87: 101D

88: fmt ,f2.0,x,"POINT*;wrt 16,D

’9: fmt *#°,2x,"sec",2x,%ionug/ml*;wrt 16
90: 1}P

91: (f R=1;1XX0(11;03Y{113D+1XDs12}E

92: for I=1+E to D

93: ent "Time (sec)?",%(Il;next I

94: for 1=1+E to D

95: ent *sample amount?(RCHO=ug/ml1)",YLI]
96: next I

97: for 1=1+f to O

98: fmt ,f2.0,2x,f3.0,2x,f7.3swrt 16,1-E,XI1),YL1}
99;: next I

100: if X(DJ<600;600XXID+1);YIDI}YI(D+11;D+12D
101¢ for I1=1 to D

102: if X{1]=6003jnp 9

103: if YI[I1=05.0000013VY(1]]

104: CXLTIYLI1+1)-XTI+11Y{T1D/7CXI1)-X[I+1))2}A
105, CY[I)-Y{I+1DD/(X{I)-X{1+11)}B

106: for T=X{1) to X[I+1])

107 TMIUILT)

108: A+BULTIIVIT?

109: next T

110: next I

111, for I=1 to 600;UTIIXXIII;VIII}Y(I)snext 1
112: ret

1132 *ITF",

114, asgn W$[3],1,0

11S: sread 1,G$

116: for 1=1 to 600

117, (1tf(6$(21-1,2113/710000)*10-6131IL12

118: 1/60¥XI1)

119: next !

120: ret
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*PLASTIC FLOW METER FROGRAM®,

fxd 2 o

"trk,tape9,fileli8",

ent "BARD. PRESSURE IN.2°.,V

ent "AIR TEMPERATURE F2°*,T

ent °*TOTAl AIR FLCK?*,0

ent "MLT. AIR FLOW?",M

prt "AIR TEMPERATURE=",T

0-M3}K

prt "ADJ. AIR FLCW=","TNTAL-ML™=" K

+ prt *BARD PPE.=",V;spc 2

:+ ent "AIR PRESSURE IN.?2°,F

1 O0)W;0}H;02Q

: dsp "] AM WORKIMNG. . ... en.. *

v T+4603T

: 9H

s fxd 3

: 10.775662}A;381.6775731B;-1402.88013C;2814.175)D;-2116.4421}E
1 "CAL.®:

s H/2.54/P}X

t P/\TRC(A+BXEX+Cx(X*2+DXX*23+E%}{*4)}0
s if G<K;.001+H}H;q9to °*CAL."

: fxd 2

t T-46037

Y+13Y

s *PRT®.

:+ prt "AIR PRE.=",P

: prt "DELT-P cm=",H

H/2¥NW

@®29: prt *ADJUST MERCURY TUBE AS FOLLOW:*

37

®3:
1.
2:
J:
4:
S
61
AR
€:
9
i0:
11:
12,
13,

3 prt “LEFT=*,50-W

1 prt "RIGHT=°",50+W;spc 2

1+ dsp "Adj. Hg Tube& Check Air Pr=,.Cont.";stp
: Y-1}v

s c¢fg 1335ent “Has Air Pra. Change any?*,Y

t if Y;dsp "Make another Adj.";gto 1i

: dsp “CHOOSE FROM S.F KEY...,CONT."®:=tp

: end

*TRANSFER DATA FROM DISK TO REEL AND PRINT OUT 32080 S.MN L trk0,fi*214";

fmt 16b;s;wrt 16,31.31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;fat spc
prt "Data Transfer®;spc
dsp "LOAD MAGNETIC REEL TAFZ,Cont.";stp
dsp "....REWIHDING....";wrt 704,73 "
dim A[151,A8(81,E$(20],E4[6],F$[61,M,N,MS[152,N$[17,171
dim C(6001,B[6001,D8$112001,2[9]
dim W$715,61,Y$[206,101,580(70),E(6001,C$[401
enp * # OF RUN IN THIS DISK??2? " ,W$l151
dsp "Do you have the following file?*;wait 1500
ent "NOx",Y$[1],°MO®,Y$(2],"NO2",Y$(31,"HF*,¥2[4],"HC1",Y$[31,°A"' """ ¥¢$(6])
*xxxinf*"rlWs$[1]
WSI15]3IWel1,1,len(lis(151)0]
drive 0
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14:; asgn Ws$(1l1,1,0
15: sread 1,A{x),As ,BS,ES$ .F$ M,N,NS[15]) M3
16: spc ;fxd Osprt "Rune=° ,A010],E8,AS
17: "xxssmk"IN$[1)l;"xxsmas”" N3[2]; " xxhras®*INS$(3];:"xxJ2HR"INS[4?
18: *xxpht®*}NS$IS]);*xxmtem®}N$76];*xxgco®INS$[?]s"xxgco2®}NS{ 8]}
19: *xx302"}IN$[9]1;"xxghcn®"IN${10]7s °xxghc”"}N${11]
20; "xxgnox®}H$(12]1;"xxgno*}Hs$[13];"xxgno2")INe{14]
21 "xxHF*INS[15]);"xxHCL"}NS$[16] ;" xxALD"INS[17]
22: prt "DATA IS HRITTING ON..... *
23: for T=1 to 17
24: i1f T=12;5if Y$[1l#"1";9t0 31
25: §f T=13;if Y$[2)le"1";gt0 31
26: if T=14;if Y$[(31#"1°;g5t0 31
27: if T=1531f Y$[41#°1°:g9to 1
28: i1f T=163if Y$[Sle"1°;g9to 31
29: if T=17;if Y$[E)#"1";9t0 31
36: jmp 2
31: "EMPTY FILE®INSIT13for I=1 toc 600;0)C[{I]lsnext Is3gta 57
32: MSINSIT,1,len(M$)]
33: drive 0
34: asgn Ns$[T),1,0
3S5: sread 1,D$
36: for K=1 tc 600;(itf(D$I2K-1,2K1)>/1€0002*13-6)E[K]
37: if EC(KICO0;50YE(K)
38: next K
39: 1}H
40: if T=:,;0}E
41: if T=2;2)E
42: if T=3,2)E
43: if T=4;0}E
44: if T=5;0}E
45 if T=630)}E
46: \f T=7;17}E
47, if T=8;13)F
48: 1f T=9;21)¢
49: if T=10;61}F
50: if T=11519}E
S1: if T=12,23)E
52: if T=13;23}E
S53: if T=14;23}F
S54: for I=1+FE to GOO0+E;if I>G004EIB00])}CIHI;jmp 2
55: EI[II}CIH]
S6: H+1}H;s;next |
S7: gsb "wrt"®
S9: next T
501 3sb "mkf"
B1: "prt®:ent °Need Read & Printing?”",A;if flgi3;gto +3
62: g3sb "rew*
63: g9sb *red"
64: dsp "That’s all for CHAS/MATS !"j;ernd
S1 "wrt®:wrt 704,"B2000 W3 *
66: cmd 7,°?2U%";fmt 1,:,e10.31for I=1 tc 600swrt 731.1,ClI);next Isr=t
67: *mkf*iwrt 704,"Y “*;ret , ’
681 "rew®":dsp *..REWINDING..."swrt 704,°Q "jret
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£f9: "red®":ent "IBM TAPE#*®,A
70, ent *DATE®,CS
s fmt *----------c--- TAFE®" ,x,f13.0.3x,"CATE" ,x,c20,%~~~~~=~cc=ceca--
72 wrt 702,A,CS$
731 wth 702,10
74: fmt R
751 wrt 702,%. ... Cresanas DATA RFECOVERING.. ... ... i vnn. canes
7€: wtb 702,10 .
77: “mt "RUN#*,fS.0,4x,"DISK-RUN®,f2.0,%-",c2,5x,215,3x,f4.1, " W/CM*2"
78: wrt 702,A[101,A011},M$,Bs,A[1]
79: ent "ARY NOTE",G$
80: fmt °*MNOTE:*,c30
81, wrt 702,63
82: wtb 702,10
83: for K=1 to 1
84: for J=1 to 17
85: dsp "..READING..",N$[.I," FILE",J,"..."
86: wth 702,10;wrt 704,°B27248 R3 *
87: fmt 2,2,f10s3for I=1 to 6003red 705.2,B[IJsnext 1]
881 fmt
89: "prt*iwrt 702,°"FILE #* . J,° " ,N$[.)]
30: *mt
91: wrt 702,°First S0 points™®
92: for I=1 to SO by S
93: fmt 3,5e15.3swrt 702.3,B[1?,211+11,8[1+2]1,B[1+3],Bl1+4]
924; next I
95: fmt
96: wrt 70z,"Last S0 points"
97: for 1551 to 600 by 5
98: wrt 702.3,8011,B(1+2),Bl1+2],B[1+3),B[1+4)
99: next Iinext J
100: wrt 704,"K1 ";next K;wtb 702,10;ret
101: *IC®:wrt 704,"R10 W1 ";cmd 7,*7U%"
102: fmi 4,2,f10.0
103: wrt 731.4,A(103;sret
1041 *D":for I=1 to 600;0}C{I);next Ijzret
€23972
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CHAS/SATS COMPUTER PROGRAM PARAMETER IDENTIFICATION

N---LENGTH OF TEST TIME

M---DATA POINT

E$---n- USED NO OR NOX

F$----- WHICH CONC. RANGE IS USED FOR NO OR NOX
B$---SAMPLE NAME

A$---DATE

AC1]----HEAT FLUX (W/CM2)

AC2]----SAMPLE AREA (INZ M2)

AC3]----AIR TEMPERATURE (c—K)

AC-4]---AIRFLOW RATE (FM—CMM)

AC-5]---SMOKE FILTER F.S.

AC-6]---

AC-7]---INITIAL MASS (GM)

AC-8]---DMV/100GM MLU SENSITY

AC-9]---

AC-10]--RUN NUMBER

AC-11]--DISK NUMBER

Z[1]---2[10]

------- BASELINE MV OUTPUT FROM CHANNEL 1 TO 10

DATA FILE CONTENT

FILE 1=—>=10 RESERVE FOR MV DATA

FILE 16 SMOKE
FILE 17 MASS REMAINING
FILE 18 MASS LOSS RATE
FILE 19 HEAT R. R. (T.C)
FILE 20 AIR TEMP.
FILE 21 SAMPLE TEMP.
FILE 22 Co
FILE 23 co,
FILE 24 0o
FILE 25 HCN
FILE 26 HC
FILE 27 NO-NOX
FILE 28 HEAT R.R. (0p)
FILE 29 HCL
FILE 30 HF
FILE 31 RCHO
COMPUTER SELECT CODE IDENTIFICATION
702-----=--- 7245A PLOTTER PRINTER
/1 P DYLON 1015A
708--------- 59309 HP-18 DIGITAL CLOCK
709--------- 3495A SCANNER
- J—— 3455A DIGITAL VOLTMETER
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TABLE A-1
CHAS PARTS LIST

* Substitution not recommended

-08L-

** May be substituted for with item of equal or better performance

PART SUBSTITUTION MANUFACTURER
1 - HRR CALORIMETER * Karlis Svanks Co.
Incl. Thermopile, Air 67 East 9th Avenue
System, Smoke Meter, Columbus, OHIO
& Diff. Press. Orifice
1 - HRR HOLD CHAMBER bkl Make in-house or subcontract
EXTENSION DUCT
5 « MODIFIED SAMPLE hadad Make in-house or subcontract
HOLDERS, 10* x 10"
1 - MASS LOSS TRANSDUCER * West Coast Research Corp.
2301 Purdue Avenue
Los Angeles, CA 90064
MLT ACCESSORIES - ** Make in-house or subcontract

INSULATED AIR COOLING
BOX INNER AND OUTER
MOUNTING TUBES AND
FITTINGS

GLOBAR RADIANT HEAT
ELEMENTS - MATCHED
RESISTANCE

POWERSTAT VARIABLE
TRANSFOROMER 12.5 kVA,
0-270 VAC

OC POWER SUPPLY
HP-62568, 0-10V

Radiometers

-k

*%

Carborundum Company

Superior Electric Co.

Hewlett-Packard Co.

Hy-Cal Engineering Co.
12105 Los Nietos Rd.
Santa Fe Springs, CA
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TABLE A-1 (Cont'd)
PART SUBSTITUTION MANUFACTURER
11 = NEUTRAL DENSITY FILTERS Ll Melles-Griot
0.1 to 1.5 0.D. Irvine, CA
2 = DUAL CHANNEL - e Gould, Inc, Instruments Div.
Potentiometric Recorde 3631 Perkins Avenue
Model 110 , Cleveland, Ohio 44114
1 = OXYGEN MONITOR wh Teledyme Analytical Instr.
+ . MODEL 326A 333 West Mission Drive
i San Gabriel, CA 91776
1 - OXYGEN ANALYZER * % Infrared Industries
MODEL IR-2100 Santa Barbara, CA
1 = NEUTRAL OPTICAL - Make in-house or subcontract
' FILTER WHEEL :
1 - COMBUSTIBLE GAS MONITOR - e Teledyne
MODEL 175
‘3 = CO ANALYZER LIRA 303. - Mine Safety Appliances Co.
Pittsburg, PA
le coz MIALYZER NIR MODEL 864 - Beckman Instruments Co.
Fullerton, CA
1 = HCN MONITOR (DOW) * Kin-Tek Laboratories
Texas City, TE
bl Kin-Tek Labs.

1 = HCN PERMEATION
CALIBRATION INSTR.

1- NO, ANALYZER MODEL 10AR

1 = CALCULATOR/DATA

ACQUISITION/PLOTTER SYSTEM -

20 CHANNEL MODEL 3052A

1 - PLOTTER PRINTER
MODEL 7245A

Thermoelectron Corp.
Environmental Instruments Div.
108 South Street

Hopkinton, MA 01748

Hewlett Packard Co.

Hewlett Packard Co.
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Cat. Log. 2220
DIFFERENTIAL PRESSURE

i

GAGE, MODEL 2015, 0-15 PSI

TABLE A-1 (Cont'd)
PART SUBSTITUTION MANUFACTURER
1 - FORMATTER/IBM TAPE * The Dylon Corporation
SYSTEM MODEL 1015A 3670 Ruffin Road
San Diego, CA
1 - SPECIFIC 10N MICRO- * Orion Research
PROCESSOR - MODEL 901
4 - SPECIFIC 1ON & REF, * Orion Research
JUNCTION ELECTRODES
F, C1, REF, DOUBLE
JUNCTION
2 - TFE DIAPHRAGM AIR * Thomas Industries, Inc.
PUMPS - MOD.
107CAI8BTFE
2 - ELECTRONIC TC-ICE *k Omega Engineering, Inc.
REFERENCE UNITS Box 4047
MODEL MCJ Stamford, CONN 06907
1 - LABORATORY CHRONOMETER e Lab. - Line Instruments, Inc.
KWIK-set
FLOWMETERS
-1 - 448 - 100 " Fischer & Porter Co.
3 - 448 - 215 b Fischer & Porter Co.
1 - 448 - 309 bkl Fischer & Porter Co.
1 - VFB -~ 65 bl Dwyer Instruments, Inc.
Michigan City, Indiana
1 - RMC - 104 & Dwyer Instruments, Inc.
1 - WET TEST METER * Any scientific supply house
0.25 Cu.Ft./Rev,
2 - FILTER HOLDERS, 47 M1 " Gelman Instrument Co.

Dwyer Instruments, Inc.
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PART

TABLE A-1 (Cont'd)

SUBSTITUTION

'MANUFACTURER

1 - ROLL, TWISTED PAIR
SHIELDED WIRE

20 FT., HEAVY WALL, 3/8"
TFE TUBING

20 FT., HEAVY WALL, 1/4*
TFE TUBING

2 - VARIABLE TRANSFORMERS

0-120 VAC
10 - DATA TAPES, HP-9825A

6 - ROLLS, PLOTTER PRINTER

PAPER FOR HP 7245A

100 - PLASTIPAX SYRINGES
50 m1, BD #5663

100 - SYRINGE NEEDLES: BD-5196
1 - TFE SMOKE FILTER HOUSING

W/FITTINGS

1 = 501-25 Cap w/1/4" nut
1 = 501-37 Cap w/3/8" nut

3 = Segments, #504
2 - Connectors, #502

MISCELLANEOUS

Swagelok Fittings
SS & Copper Tubing
Chemicals

Duraboard (Carborundum)

DuPont Ludox, HS-40
Glass Tubing
Rubber Tubing
Tygon Tubing

* %

Valves, Flow Control, 1/4*

Valves, Ball, 3/8"
Filters

Electrical supply house
Chemical supply house
Chemical supply house
Chemical supply house

Hewlett Packard
Hewlett Packard

Becton - Dickinson
Becton - Dickinson
Savillex Corporation

5325 Highway 101,
Minnetonka, MINN 55343

Various suppliers



TABLE A-1 (Conc'd)
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PART SUBSTITUTION MANUFACTURER
3 - HCN PERMEATION o Metronics
CALIBRATION TUBES 2991 Corvin Drive
Santa Clara, CA 95051
6 -~ SPAN GAS MIXTURES, bkl Matheson
ANALYZED _
5 - 2 STAGE PRESS. bkl Matheson
REGULATORS 3104-350
1 - 2 STAGE PRESS. bkl Matheson
REGULATOR 380-660
4 - PURE GASES IN STD e Matheson
CYLINDERS AIR, Ny,
co, CO2
1 - 2 STAGE PRESS. REG. haked Matheson
8-320, CO2 .
1 - 2 STAGE REG., CO, e Matheson
8-350
1 - 2 STAGE REG., N, haked Matheson
8-580
1 - 2 STAGE REG., AIR el _Matheson

8-590



APPENDIX B

This Appendix provides additional data for the personnel hazard limit concept.

1. Five minute (HL)5 curves for fire gases.

2. Modifications of the Peterson and Stewart Co. (Carbon Monoxide) hazard
equation to form compared with CHI Program Hazard Limit Curve.

FIGURE
1 HAZARD LIMIT
2 HAZARD LIMIT
3 HAZARD LIMIT
4 HAZARD LIMIT
5 HAZARD LIMIT
6 HAZARD LIMIT
7 HAZARD LIMIT
8 HAZARD LIMIT
9 HAZARD LIMIT
10 HAZARD LIMIT
11 HAZARD LIMIT
12 HAZARD LIMIT

CURVE
CURVE
CURVE
CURVE

CURVE

CURVE
CURVE
CURVE
CURVE
CURVE
CURVE
CURVE
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ACETALDEHYDE .. ..euuivnenenenenennnnnn. 190
00 ittt ettt 190
o 191
HON. .ottt 191
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DERIVATION OF MODIFIED PETERSON AND STEWART HAZARD LIMIT EXPRESSION FOR HUMAN
EXPOSURE TO CARBON MONOXIDE IN AIR

The Peterson and Stewart equation developed to relate the quantity of CO
buildup in the blood versus the concentration of CO and the breathing rate is:

% COHb/1iter = A% carboxyhemoglobin increase in blood per liter of
contaminated air breathed.

The equation recommended (Reference 22 ) is:
log ( A% COHb/liter) = 1.036 log (ppm CO) - 4.4793
Simplifying:
% COHb/1iter = 101-036 log(ppm CO) -4.4793 x y (1iter/min)

Where:
V = Hurran Lung ventilation rate at various levels of activity:
V=6 liters/min at rest

9.5 liters/min light activity
18.0 Titers/min light work
30.0 liters/min heavy work

nw u nn

To modify the above equation to the hyperbolic form used in the CHI program:

. _K m-sec
Ti sec —L%%]—t'o—l

K was, by definition, related to a concentration of COHb shown to be related
to collapse, i.e.,:

% COHb at Ti = 46.5% COHb saturation in the blood

Then
L 46.5
Ti {min) = (10) 1-036 Tog (ppm CO) - 4.4793 , y
I (sec) = 46.5 x 60

(10) 1036 log (ppm CO) - 4.4793 , y

_ 8.406 x 107 ,
(10.864) 'og (ppm CO) , y

A plot of this relationship is shown in the Part I CHI report.
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APPENDIX C
FORTRAN FIRE ANALYSIS COMPUTER PROGRAM (FACP)

This Appendix contains additional information lrelated to the FACP and its
development.

[. CHI FACP SMOKE EMISSION RATE ALGORITHM
II. WATER (STEAM) GENERATION ALGORITHM
ITI.  GAS CONSTANTS USED IN PROGRAM
Iv. IBM TAPE/TEST MATERIAL IDENTIFICATION
V. REPRESENTATIVE FACP PRINTOUTS

CHI FACP SMOKE EMISSION RATE FORMULATION

The conventional method for expressing a "concentration" of smoke in a layer
or through some viewing distance relates this quantity to optical transmission
or density:

I
0.D. = logyq (—-—%Q-——)= 1og]0(T°)= SLK (C-1)

Where:

0.0. = Optical Density

T = Percent Light Transmission through Pathlength L Meters

[o/1 = Ratio of the initial light intensity to the intensity over
pathlength

K = Proportionality constant, similar to the extinction
coefficient, which may be interpretgd as the optical cross
section of a smoke "particle" = 1 m¢/SMOKE.

S = SMOKE concentration in "particles” per cubic volume.

Smoke is measured in the OSU HRR calorimeter using a photometer at the stack
outlet. The photometer is calibrated and measures the dynamic changes in
optical density of smoke concentrations flowing through its optical viewing
path. The formulation employed in the CHI computer program uses the same
emission rate calculation as currently proposed by Smith (Reference 1). As
output in the CHAS measurements, the concentration of SMOKE is calculated as
the "particles" emitted per cubic meter over a pathlength of 1 meter per
minute per me of test sample. A concentration in terms of "particle" of
smoke (SRR unit) is defined as the quantity contained in one cubic meter of
volume which will reduce the light transmission over 1 meter path to 10%.
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Based on equation C-1, the value of K then is:

K = Togyy T2 =1 (C-2)

when S is expressed in units of "particles" per cubic meter. The light
transmission T, then can be related to the smoke concentration by substitution

in (C-1):
100
and solving for T
100
T = (C-4)
]OSLK

This states that_the percent transmission for a concentration of one smoke
"part1c1e“ per m3 v1ewed over a 1-meter gath]ength (SRR unit) would equal
10% (% Two particles per m® would give a transmission of 100

n
(0.1)¢ or 1% three particles per m2 would give 100 (0.1) g or 0.001%,
etc.

The instantaneous SMOKE emission values output by the CHAS are input by means
of the IBM tape to the FACP as particles per second, SN, entering each of
the 18 zones in the CFS (Figure 29) or as a well mixed concentration in the
total CFS volume (single zone program). An additional assumption is that the
flow of smoke is proportional to the total gas mixture volume flow rate. The

smoke data from CHAS is calcylated per m of smoke whereas the panels burned
in the CFS were 24 ft2 (2.2 m?) so that:

Sy (1) = CHAS SSU .~ _ AP

2 (C-5)
min m 60 sec/min
Where
CHAS SSU = Standard SMOKE ug1ts measured instantaneously by CHAS
AP = Area of Panel,
SiN(I) = Instantaneous SMOKE "“particles" per second into a zone per
panel.

AIR T s[1] _PARTICLES" -
N — —+ GASES + SMOKE OUT

CFS OR CFS ZONE—
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SiN(I) flow in “"particles” per second enters the CFS or any zone in the CFS
(per 20 zone FACP). Assuming that the smoke is nearly equivalent to the total
mixture weight flow, WM, divided by the mixture density, RHO. The
conservation equation describing the flow of SMOKE in terms of partic]es/ft3
for each instant of time into and out of a zone or the CFS as indicated in the
above diagram is:

WM WM

Sen - S =S IN -5 ouT
IN ouT 1 (——— 2 | =5 (C-6)

Based on the area of material, AP, emitting smoke into a volume, V of the CFS
or a CFS zone, the equation for the rate of change of smoke concentration with
time can be written:

ds [1] . (Sin - Sout) x ap - (C-7)
at V

"Particles" of SMOKE (Panel)
Volume of Compartment

The subroutine FLODYN (Figure 29) calculates the S(I) out of the compartment.
The DIFFEQ SBR numerically integrates the difference equation, (C-6), and
calculates the net rate of increase or decrease of smoke "particles" per
second in the compartment. Integration of d;fferentia] equation (C-7) by the
RUNGKU SBR gives the S(I) "particles" per ftd after conversion to English

units, and calculates thr quantity of smoke in terms of transmittance over a
burn time., '

T 1
100 (SRR x 0305, (C-8)
02832

10

SBR ESTI then calculates the "Fractional Dose” in the Fortran Program using
Allard's Law, q,i.v.

The FD 1imit for smoke is limited in the calculations and plotting of the FD
curve of smoke to 0.4 based on the discussion presented in the Part I report.

STEAM GENERATION

The computer program calculates the ppm concentration of each gas in terms of
the partial pressure ratio of each (ith) principal combustion product to the
total partial pressure sum of the air and the measured gases in the mixture
(Dalton's Law). Since each test panel was composed of a variety of organic
and inorganic (nonburning) materials, many organic chemical compounds are
generated by thermal decomposition during burn tests. These compounds are
constituted from differing quantities of the elements carbon, hydrogen,
OX{gen, nitrogen, etc. and yield correspondingly different quantities of lower
molecular weight gaseous and liquid products in the regions near the burning
surface of the parent material.
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Thermal decomposition also produces carbon which can burn to produce CO or
CO, depending on the temperature and the availability of oxygen. Smaller
amounts of higher molecular weight (1iquid) organic products of combustion may
be generated as aerosol particles which are filtered out in the CHAS filters
during a test run and are not therefore measured by the hydrocarbon analyzer.
The chemical equation for the combustion of a hydrocarbon fuel is:

Ch Hy * X [A(Oz) + B (Nz) + C (C02) + h (HzO)] =

P1 (COp) + Py (Np) + P3 (02) + Py (Hzo) + Pg (co

+Pg (CyxHy) + P7 (NO....P; (6)

Where:
X = moles of dry air/mole of hydrocarbon
A = mole fraction of 0, in inlet air, 0.2095
B = mole fraction of Ny (and argon) in inlet air, 0.79
C = mole fraction of CO» in inlet air, 0.00032
h = mole fraction of Hy0 in inlet air
Pq1-P7 = partial pressures of gas products
n,m,Xx,y = carbon and hydrogen atoms in fuel and unburned hydrocarbons

In this equation, the dry air input to the CHAS was relatively dry, so
humidity was neglected, and

Air =A+B+C =1

The molecular weight for dry air used in the FACP was 28.9. The molecular
formulas of the unburned hydrocarbons, CyHy, and any oxygenated varieties
in the combustion products were not known.” The composition of the unburned
hydrocarbons in the product mixture also was not known, so a simplified
calculation of the water (steam) generated as a major product was estimated
and added to the other gases to calculate the total pressure.

Carbon burns to produce:

0, +2C =2 CO (c-10)
or
2 0p +2C = 2 COy (c-1)

The CHx analyzer used in CHAS was assumed to measure the carbon number of
unburned hydrocarbons in terms of methane, CHg (carbon/hydrogen ratio = 4 to
1)}, which when burned gives:

2 0p + CHyq = COp + 2 Hy0 (c-12)

Subtracting (C-10) from (C-11) gives:

0, =2 COp - 2 CO (C-13)
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and adding (C-12) and (C-13) gives:
30, + CHy = 3COp + 2 HpO - 2 CO (c-14)

Rearanging to obtain H,0:
2H20=302+CH4+2C0-3C02
H,0 = 3/2 0, + 1/2 CHy + CO - 3/2 COp (C-15)
The CHAS monitors measure oxygen depletion, and the concentration of CHg,
C0, and CO, in real time. The other gases and products (not measured) were

neglected in the FACP calculation for water (steam).

GAS CONSTANTS USED IN FACP

The gas constants input as independant variables in the FACP are listed in
Table C-1.

TABLE C-1
GAS CONSTANTS USED IN FACP
FACP GAS MOL.
NO. FORUMLA WT. Cp R' AMAX *
1 02 32 0.217 48.3 1
2 N2 28 0.247 55.2 1
3 CO2 44 0.205 35.1 4500
4 co 28 0.243 55.2 144
5 NO 30 0.24 51.5 14.4
6 HCN 27 0.24 57.2 2.88
7 HF 20 0.335 77 .2 8.64
8 HC1 36.5 0.185 42.3 1.5
9 RCHO (HCHO) 30 0.24 51.5 3.0
10 CHx (CH4) 16 0.525 96.0 1
* AMAX = K value 1imit established by hazard 1limit analyses and used to
calculate the FD's and CHI values, % sec
R' = Universal gas constant/M.W. of gas, 1b ft/1b °R
Cp = Heat capacity at constant pressure, Btu/1b °R

[BM TAPE IDENTIFICATION

The data from the CHAS runs transferred to IBM 7-inch tape are identified for
reference purposes in Table C-2.
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TABLE

C-2

IBM TAPE/TEST MATERIAL IDENTIFICATION

HEAT FLUX PANEL MATERIAL & TAPE NUMBER

BTU/FTZ SEC W/CM2 1 2 3 4
2.2 2.5 - BA 482 BA 475 | BA 479
3.08 3.5 - BA 476 BA 478 | BA 480
4.4 5.0 BA 484 BA 474 BA 483 | BA 477

REPRESENTIVE FACP PRINTOUTS - SINGLE AND 20 ZONE PROGRAMS

The FACP prints out various hazard concentrations changes in rate of surface
temperatures, fractional doses and CHI (escape time) values at 5 second
intervals.

The 20 zone program was formatted to print out all parameters at the time the
summation of all FD's = 1.

The single zone program prints out values only at 5 second intervals or other
intervals, if required.

Tables C-3 ad C-4 show FACP 20 zone printouts for Panel 4 run at 4.41

Btu/ftZ sec heat flux; Tables C-5 is representative of FACP single zone
printouts for the same material heat flux. It should be noted that the 20
zone printout has been formatted with 10 zone columns of output data per page
while the single zone program prints the output data serially in separate
5-sec data blocks for each parameter in a column.

The abbreviations used in these printouts are identified as follows:

CHI = Summation of all hazards FD's

Flow = Gas and smoke flow, 1b/sec

Wall Temp = CFS wall temperature, °F

Air Temp = CFS air temperature, °F

DTA/DT = Rate of change of air temperature
SMOKE FD = SMOKE Fractional Dose

0, P = Oxygen partial pressure, ppm

No P = Nitrogen partial pressure, ppm

C02 P = Carbon dioxide partial pressure, ppm
C0, FD = Carbon dioxide fractional dose

coP = Carbon monoxide partial pressure, ppm
H20 = Water (steam) partial pressure, ppm
etc.

SMOKE or = Smoke transmittance, %¥7/100

TRANS
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TABLE C-3
20 ZONE FACP PRINTOUT OF DATA FOR PANEL 4 MATERIAL

AT 4.41 BTU/FTZ SEC

TIME = 2540 SEC
20NE 1
(HI Cel36
Tul PRESS 15.918
FLOW C.618
WALL TEMP 80.000
AIR TEMP 0.117D+03
uTr LT 0.575D+01
AIR FD 0.9640—C1
TRANS 0.176GD+91
SMUKE FD 0.4000-G1
2 P 02100406
N2 P O TD+06
caz p 0.153D0-05
C02 Fb 0.22710~-11
co p 0.2280-U6
CO FD 0.106b-10
H20 P 0.9 79D-02
HCN PARTPRESS 0.1390-08
HCN D 0e4370-11
NO  PARTIPRESS 0.1870~-06
NO D 0.866D-10
HCL PARTPRESS 0.416L-04
HCL FO 0.185D-06
FORMALDEHYD :PRESS 0.213D-06
- FORMALDEHYLT FD 0.4 74D=-09
10T HYDRUCBNPRESS 0.534D—~06
TuT HYDROCEN FL 0.0
HFE  PARTPRESS 0.1930-04
HF  FD 0.1490-97

2
9.610
16.375
0.707
#0000
0.146D+C 3
0.168D+02
0.967D-01
¢e1120-01
044000400
0.1510+06
0.7900+06
0.2470405
0.471D-02
0.1020405
0.5170-01
0. 166D+04
0e690D+01
C.7580—C3
0.694D4+03
0.607D-01
0.5700+04
0.618D+01
0.355D+02
0.228D-01
0.1290+05
0.0
0.339D+04
0. 7960400

3
6.194
15.443
0.210
M.990
0.127D+03

4
6.201
15. 389
0,770
71.004
0.124D+03

0.101D+03-0,124D+03

0.9120-01
0.6060-05
0.400D+00
0.162D+06
0.796D+06
0.161D0+05
0.225D-02
0.621D0+04
0.229D0-01
0.20904+04
0.,2310+01
0.2750-03
0.5550+03
0.3290-01
0.559D+04
0.514D+01
03270402
e 141D-01
0.303D+04
0.0

0.324D404
0.494D+00

0.8970-01
0.2290~04
0.4000+00
0.1620+06
0.796D+06
0.162D+05
0.2270-02
0.625D404
0.2310-01
0.208D+04
0.233D4+01
0.2770-03
0.557D+03
0.3310-01
0.560D+04
0.514D+01
0.3280+02
0.141D-01
0.808D+04
0.0

0.325D+04
0.4¥3D+00

5
2.269
15.303
0.0
70.987
0.115D+03

6
1.991
15.321
0.257
T70.986
0.1110+03

0.1190+403-0.455D+02

0.874D~01
0.2520-06
0.400D0+00
0.1900+06
0,795D+06
0.488D+04
0.5060-03
0.167D+04
0. 464D-02
0.1490+04
0,396D+00
0.574D-04
0.2100+03
0.841D0-02
0.286D+04
0.,161D0+01
0.159D+02
0.435D0-02
0.223D+04
0.0

0.1610+404
0.153D+00

0.8590~-01
0.1190+00
0.4000+00
0.193D+06
0.794D+06
0.400D+04
0.409D-03
0.1350+04
0.3710-02
0.136D+04
0.3190+00
0+.474D-04
0.176D+03
0.687D-02
0.249D+04
0.136D+01
0.1380+02
0.3670-02
0.181D+04
0.0

0.140D+04
0.129D+00

7
1.746

15.326
0.0

T1.001

&
n.93e

15.265
0.639

70.986

9
2.317

15.221
0.441

70.985

0.111D0+03 0.108D0+03 0.101D0+03
0¢152D0+403-0,18104+03-0.926D+02

0.8620-01
0.166D+00
0.400D+00
0.195D+06
0.794D+06
0.3570+04
0.355D-03
0.122D+04
0.3260-02
0.117D+04
0.287D0+400
0.405D-04
0.1560+03
0.589D0-02
0.218D+04
0.114D+01
0.121D+02
0.307D-02
0.,1630+04
0.0

0.1220+404
0.104D+00

0.848D-01
0.118D+00
0.400D+00
0.204D+06
0.792D+06
0.107D+04
0.,928D0-04
0.324D+403
0,.761D0-03
0.6380+03
0.734D-01
0.122D-04
0.544D+02
0.171D-02
0.980D+03
0.4110+00
0,533D+01
0.110D-02
0.447D+03
0.0

0.540M=n3
0.3340=01

0.8180-01
0.547D-01
0.400D+00
0.1900+06
0.795D+06
0.492D+04
0.514D-03
0.168D+04
0.,470D-02
0.153D+04
0.398D+00
0.588D0-04
0.2120+03
0.857D-02
0.291D+04
0.166D+01
0.162D+02
0.448D0-02
0.2250+04
0.0

0.164D+04
0.157D+00

10

24522
15.218
0.128
71.009
0.1010+03
0.202D+03
0.825D-01
0.4600-01
0.400D+00
0.188D¢06
0.7950+06
0.563D+04
0.6020-03
0.196D¢04
0.558D-02
0.1560U+04

0.470D+00

0.675D-04
0.2370+03
0.988D-02
0.310D+04
0.1840+01
0.174D+02
0.4980~02
0.2600+04
0.0

0.1750+04

0.1750+00

i
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12
0.609
15.237
0.G50
T0.042

CHI ZONE
13
0.611
15.185
0.736
70.102

25.0 SEC .
(Cont'd) 20N 11

HI 1.032

TJUT PRESS 15.165

H OW veb22

WALL TEMP T0.042

AIR TEMP C.,994D%02

DTA/DY  ~0.176D+03

AIR FOD 0.8110-01

TRANS 0.920D-01

SMOKE 0.4000+00
il RAD 0.0

uz2 P 0.2030+06

N2 P 0.792D+006

coez P Vel206D+04

Cuz2 FO 0.114D-03

ca p 0.386D+03

Cuo FD 0.939D0~-03

H20 P 0.7300+03

HCN PARTIPREZ LS 0.8650-01

HCN  FD 0.1490-04

NU  PARTPRELSS 0.642D+02

NG FD 0.2100-02

HCL PARIPREDSS 0.11l4U+04

HCL FD 0.4 99D +00

FURMALDEHYDLPRESS Ge6190401

FORMALOERYDE FU 0.133D-02

TOT HYLRUCDBNPREUS 0.5320+03
TOT HYDRUCBN FU 0.0

HF  PARTPRESS 0,627D+03

HE FD 0.46T70-01

Ce992D+02 0.984D+02
04114D+03-0.2230+03
0.818D-01 0.8100-01

0.7040+00
061040400
0.C

0,204D+06
C.792D+06
0.100D+04
0.848u-04
0.3020+403
0.693N~03
0.635p+03
0.698b-01
0.113D-04
0.518D+02
0.157b—-02
Ue95TL+03
0.3840L+00C
0.5190+01
C.l102D—02
Qo4 lBD+03
[ePN1]

0ed26D4+03
0.3580-01

C.692D+00
0.108D+0N
0.0

0.,205D+06
0.792D+06
0.997D+03
0.870D0-04
0,304D+03
0.7170-03
05930403
0.688D~-01
0.114D~04
0.507T0H+02
0.160D-02
0.9110+03
0.3082D+00
Ue495D+01
0.102D-02
04200403
C.0

0.5020+03
0.357TD-01

TABLE C-3 (Cont'd)

(Zone 13)
14
0.411
15.238
0.0
70.041
0.9910+02
0.3250+403
0.824D-01
0.609D+00
0.141D+00
0.0
0,207D+06
0.791D+06
0.367D+03
0.299D~04
0.101D+03
0.223D-03
0.342D+053
0.278D-01
0.474D-05
042090402
0.5910-03
0.465D+03
0.171D+00
0.2490+01
N.452D-03
0.144D+03
0.0
0.252D+03
0.1%5D-01

17
C.252
15.085
C.102
70.035

18
0.193
15.124
0.213
70.035

19
0.199
15.113
0.105
7C.072

20
0.17¢
15.125
0.491
70.035

15 16
0.600 0.716
15.094 14,644
0.111 1.419
70.035 70,072
0.930D0¢02 0.917D+02

0.655D+402-0.5740+03

0.9280+02 0.,922D+02
0.73CD+02-0.450D+02

0.926D+32 G.9200+62
0.104D+403-0G41320+C32

0.7750-01
0.696D+00
0,106D+00
0.0

0.205D+06
0.79204+06
0.9970+03
0.854D-04
0.304D+03
0.702D0-03
0.596D+03
0.6890~01
0.112D-04
0.509D+02
0.1570-02
0.9160+03
0.377D0+00
0.498D+401
C.101D0-02
0.419D+03
0.0

0.504D+03
0.,3520-01

0.754D-01
0.583D+00
0.1530+00
0.0

0.204D+06
0.792D+06
0.127D+04
0.114D-03
0.406D+03
0.981D-03
0.583D+03
0.873D0-01
0.138D-04
0.607D+02
0.203D0-02
0.972D+03
0.442D+00
0.533D+01
0.118D-02
0.552D+03
0.0

0.540D+03
0.415D0-01

0,77¢0-01
0.773D+00
0.8320~vl
0.0

0.209D406
0.790D+06
0.1940+03
0.143D-04
0.5280+02
0.106D—03
0.192D+403
0.151D-01
0.2300-05
0.1120+02
0.283D-03
0.256D+03
0.829D-01
0.137D+01
0.219D-03
0.754D+02
0.0

0.139D+03
Qe 764D-02

0.7770-01
0.970D400
0.4410-01
0.0

0.209D+06
0.790D+06
0.149D+03
0.1070-04
0.397D+02
0.781D-04
0.161D+03
0.1210-01
0.1790-05
0.867D+01
0.2130-03
0.208D+03
0.649D-01
0.1110+01
0.1720-03
0.571D+02
0.0

0.1120403
0.5970 02

0.7820-01
0.964D+U0
0.4490-01
0.0

0.209D+06
0.790D+06
0.154D+03
0.1160-04
0.415D+02
0.851D~-04
0.159D+03
0.122D-01
0.190D-05
0.887D+01
0.229D0-03
0.208D+03
0.6890-01
0.111D+01
0.182D~03
0.594D+02
0.0

0.113D+03
0.63§Dr02

0.7760-vl
0.9260+400
C.5080-01
0.0

0.2090+0¢
0.790D+Co
0.84¢0+02
0.599D-05
0.2070+02
0.4050-C4
0.1210+03
0.794D-02
0.1170-G5
0.5240+01
0.1240-03
0.147D0+03
0.4340-01
0.780D+0C0
0.114D-03
0.305D+02
0.0

G.785D+Cc
0.3960-02
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TIME = 28.5 SEC MDOT
IONE 1

H1 0.154

TUT PRESS 19.492

FLOW Te641

WALL TEMP 540,000

AIR TEMP C.6010403

OTAAT  0.804D+01

AIR FD  04114D+00

TRANS 0.1000+01

SMIYE FD 0,4000-01
Q RN 0.0

vz P 0.2 10D+06

N2 P 0.79GD+006

cuc P 0.1200-05

COZ FD  0.237D-11

co p 0.180D-06

CO FD  0.111D-10

H20 P 0.7710-02

HCN PARTPRE 5% 0.1480-09

HCN FO 0.451D-11

ND  PARIPR.LS 04147006

NU  FD 0.907D~19

hLL PARTPRESS 0.3270-04

HCL FD 0.194D~C6

FURMALDE HYDLPRLSS 0.1630-06

FUKMALDEHYDL Fu 0.4 96D~09

TOT HYDROCBHPRE 5§ 04 200-06
TOT HYLRUCBN FU 0.0

HF  PARIPRE S 0.1520-04

ik D L

TABLE C-4
20 ZONE FACP PRINTOUT OF DATA FOR PANEL 4 MATERIAL AT 4.41 BTU/FT2 SEC

0.156D-07

= 229,516
2
11.092
16.716

0.745
540,000

Ve6470+03

0.129D0402

0.120D400
0.495D-02
0.4000+400

Ue0

0.151D+06

0. 736D+06

U.271D+05

0.61730-02

0.113D+405

0.7820-01

0.147D+04

(0e1220+402

0.197D-02

0.098D+03
0.776L-01
0.5220+04
0.,9450+01
0.3420+02

0.2690-01

0.1420+05

Ve

0.315D+04

0. 9290400

TMATL = 991.577
3 4

7.686 7.693
15.641 15.583

0.234 0.764
530.737 530.763

0.,6190+03 0.614D+03
0.105D0+03-0.123D+03
0.111D0+00 0.109D0+00
0.1860-05 0.1170-04
0.400D+00 0.400D+00
0.0 0.C

0.157D+06 0.,157D+06
0.792D+406 0,7920+06
0.2030405 0.,209D+05
0.370D-02 0.3720-02
0.842D+04 0.,845D+04
0.408D-01 0.410D0-01
0.181D0+04 0.181D+04
0.590D+01 0,594D+01
0.761D-03 0.766D-03
04621D403 0.623D+03
0.473D-01 0.475D0-01
0.552D+04 0.552D+04
0.644D+01 C.645D+01
Ue337D402 0.337D+02
0.1800-01 N.1800-01
0.107D405 0.107D+05
0.0 0.0

0.3250404 0,325D+04
06270400 O.A!UB*OO

QDOTMATL = 233,
5 6

3.113 2.732
15.473 15.505

0.038 0.261
530.732 530.731

0.6000+03 0.5950+03
0.1120+03~0.4350+02
0.1050+00 0.1030+00
0.1430-07 0.396D-01
0.400D+00 0.400D+00
0.0 0.0

0.183D+06 0.187D+06
0.794D+06 0.794D+06
0.811D+04 0.665D+04
0.1010-02 0.820D-03
0.3020+404 0.245D+04
0.1030-01 0.828D-02
0.157D404 0.146D+04
0.128D+01 0.999D+00
0.1510-03 0.1210-03
0.298D+03 0.251D+03
0.1460-01 0.1200-01
0.346D+04 0.304D+04
0.2350+01 0.201D+01
0.1980+02 0.173D+02
0.644D-02 0.549D-02
0.394D4+04 0.3200+04
0.0 0.0

0.198D404 0.173D+04
0.226D+00 0.192D+00

642
7
2.401
15.508
C.0
530.757

WTMATL =

8
1.263
15.439
0.610
530.730

229.516

9
3.166
15.385
0.453
530.729

0.593D0+403 0.589D+03 0.5780+03
0.157D+403-0.180D0+03~0.939D+02

0.1030+00
0.6720-01
0.400D+00
0.0

0.1890+06
0.794D+06
0.601D+04
0.7240-03
0.2220+04
0.7380-02
0.129D+04
0.912D+00
0.1080-03
0.225D+03
0.1050-01
0.271D+04
0.1710+01
0.154D402
0.468D-02
0.2900404
0.0

0.154D404
041640400

0.1010+00
0.364D-01
0.400D+00
0.0

0.2010+06
0.7920+06
0.216D+04
0.2150-03
0.7320403
0.2000-02
0.812D+03
0.2190+00
0.2820-04
0.944D+02
0.3500-02
0.141D+04
0.689D+00
0.7810+01
C.1R860-02
0.978D+03
0.0

0.78RD+03
0.652001

0.9710-01
0.1640-01
0.4000400C
0.0

0.183D406
0.794D406
0.803D4+04
0.1010-02
0.299D+04
0.1030-01
0.1590+04
0.126D+01
0.1520-03
0.296D+03
0.148D-01
0.346D+04
0.241D401
0.198D+02
0.6580-02
0.389D+04
0.0

0.198D+04
0.2310+00

10

3.415
15.378
0.167
530,773
0.5780+03
0.210D0+03
0.9790-01
0.1200-01
0.4000+400

0.0
0.1810+06
0.7940+06
0.893D0+04
0.117D-02
0.3370+04
0.1200-C1
0.157D0+04
0.1490+01
0.1780-03
0.320D+03
0.167D-01
0.359D+C4
0.263D+01
0.207D+402
0.721D-02
0.4370+04

0.0
0.206D+04
0.253D+00
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28.5 SEC  mne 11
(Cont'd) u; .395
TuT PRESS 15.333
FLOW 0.60C5
WeLL TEMP 530,064
AIR TEMP 0.5760D+03
DIA/DT  —0.168D+03
AIR FD  0.9620C1
TRANS 0.2400-01
SMUKE FD 044000400
Q RAD 0.0
uz P 0.20004+06
N2 P 0.79304+06
o2 P 0.2430+04
Cu2 FD  0.2540-03
co p 0.823D+03
CO FD  0.2370-02
H20 P 0.897D+03
HCN PARTPRESS 0.2561+00
HCN FD 0.3 34D-04
NU PARTPRESS C.106D4+03
NO RO 0.414D-02
HCL PARTPRESS 0.156D+04
HCL FU 0.8130+00
FORMALUE HYDECPRE 58 0.85640+01
FORMALDEHYD®: FD 0.2192-02
TOT HYDROUCBANPRESS 0.111v+04
TOT HYDRGCEN FD 0.0
HF  PARTPRESS 0.8720+03
HE FD = 0.7690-01

12
1.021
15.402
O0.UTG
530.0064
0.5750+03

0.1160+03~

0.968D-01
0.5010+40¢C
0.1990+00
0.0

0.2010+406
0.7920+06
0,2C2D+04
C.1990-03
0.,678D+03
0.1340-02
0.,813D+03
0.200D0+00
1e262D-04
0.878D+02
0.327D-02
0.138D+04
0.,6560+00
0,7620+01
0.1770~02
0.,909D0+03
0.0

0.769D+03
0.620D0-01

13

1.002

15.350
0.720
530.157
0.574D+03
0.226D403
0.958D-01
0.4990+00
0.201D+00
0.0
0.202D4+406
0.792D0+06
0.195D0+04
0.199D-03
0.660D+02
0.,1850-02
0,743D+03
C.198D+4C0
0.2610-04
0.954D+C2
0.324D-02
0.128D+04
0.638D+00
0.710D+01
(e.172D-02
0.8830+03
0.0
0.716D+03
0.603D-01

TABLE C-4 (Cont'd)

14
0.715
15,405
0.0
530,063
0.574D+03
0.326D+03
0.9730-01
0.393D+00
0.2780+00
0.0
0.206D+06
C.791D+406
0.803D+03
0.7370-04
0.251D+03
0.6290-03
0.473D+03
0.6650-01
0.1000-04
0.3970+02
0.131D-02
0.719D0+03
0.3080+00
0.3910+01
0.8220-03
0.3430+03
0.0
0.3950+403

0.2wah-01

15
1.002
15,225
0.143
530,054
0.5650+03

16
1.17
14.661
1.561
530.111
0.564D+03

0.683D+02-0.631D+03

0.914D-01
0.4880+00
0.208D+00
0.0

0.201D+06
0.792D+06
0.2010+04
0.199D-03
0.683D+03
0.136D0-02
0.747D0+03
0.207D+00
0.263D-04
0.875D+402
0.324D-02
0.130D+04
0.635D+400
0.7210+01
0.1710-02
0.9120+03
0.0

0,727D+03
0.6010-01

0.8900-01
0.374D+00
0.3000+00
0.0

0.201D+06
0.792D+06
0.237D+04
0.2530-03
0.841D+03
0.246D0~02
0.686D0+03
0.2850+00
0.3410-04
0.963D+02
0.3920-02
0.1300+04
0.7070+00
0.727D+01
0.1920-02
0.111D+04
0.0

0.7310+03
0.6730~01

17
0.426
15.220
0.139
530.054
0.565D+03

18
0.288
15.269
0.209
530.053
0.564D+403

0.743D402-0.351D+02

0.914D-01
0.578D+00
0.156D+00
0.0

0.207D+06
0.791D0+406
0.4639D+03
0.389D0-04
0.145D+03
0.3320-03
0.294D+03
0.3910-01
0.531D-05
0.235D+02
0.691D-03
0.437D+403
0.163D+00
0.237D+01
0.4350-03
0.1990+03
0.0

0.240D0+403
0.152D-01

0.9140-01
0.9230+00
0.514D-01
0.0

0.208D+06
0.791D+06
0.376D+03
0.300D—04
0.114D+03
0.253D~03
0.2570+03
0.3120-01
0.419D-05
0.1920+02
0.539D-03
0.372D+03
0.1310+00
0.201D401
0.3500~03
0.158D+403
0.0 '
0.2030+03
0.122041

19
0.292
15.257
0.148
530.111
0.564D+403

20
0.259
15.278
0.459
530,053
0.564D+03

0.958D0402-0.1260+03

0.920D0-01
0.912D+0¢C
0.531D-01
0.0

0.208D+06
0.791D+06
0.370D0+03
0.3100~04
0.1130+03
0.2620-03
0.244D+03
0.308D-01
0.430D-05
0.187D+02
0.553D-03
0.3570+03
0.134D+400
0.193D+01
0.357D-03
0.1560+03

0.0

0.1950+403
0.125D-01

0.913D0-01
0.8350+00
0.681D-01
0.0

0.209D+06
0.790D+06
0.214D+03
0.1690-04
0.603D+02
0.1320-03
0.197D+03
0.176D-01
0.2620-05
0.118D+0¢2
0.3240-03
0.265D+03
0.905b~01
0.1420+01
0.2400-03
0.851D+02
0.0

0.143D+03
0.8360-02
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TABLE C-5
SINGLE ZONE FACP PRINTOUT FOR PANEL 4 MATERIAL AT 4.41 BTU/FT2 SEC

(HCN) (NO)  (HC1)  (HF)  (RCHO)

ViMcyaele W N Cue o H20 Gasé GAS? " GASB, GASY GAS11 CHI ¥OT PRESS
e Ve LY Do 790000 .0 (U] 0.V Uel Ue O.v V.U 0.0 0.0 0.1470+02

RT U= 15, 042 e Jeu s J.0 0.0 0.0 2.0 0.0 0.0 DENSITY  MOLWT

FD Lal Jed : 0.0 0.0 0.0 ¢.0 C.0 0.7650-01 0.2880+02

FLOW Ul Flod IN )T Wl LJdy HcaTl RATL (ed”? AaTL AT MATL GA> CONST AIR TeEMP DFA/OT TEMP FD SMOKE SMOKE FD QRADP

0.v 7 Jel vel) Uetd 0.5300403 U.5330402 0,7000+02 0.0 Uev 0,100p+01 0.0 . 0.0

Tide,vels Us N w2 Cu H20 Gassé GAST GASH, GASY _ GAS1l CHI TOV PRESS

D270 e08 Da 138005 Ue200Ldl2 Vel3wutul Ve3290+404 V363002 0.1290+01 0slloU+C3 06030400 045900402 0.760D~01 0.147D+02

5t
RT 2 Lriu=0e2230=00~3e 1920-92 0.1270-93 2.1720-34-0.1250-03 0.1660-07 0.7940-05 0.3130-03 0,1670~05 0.1760-03 DENS1TY MOLWT
FD Ce 194006 0.3240-0> 0e4900-05 0.1660-04 0,2000-01 0.5160-04 0,171D-02 0,746D0-01 0.288D+02
FLOUW Ul Fliw LN 2T W7 LU3S HeoAl RAalc FéMe MATL WI MATL GAS CUNST AIR TEMP DTA/DT TedP FO SMOKE SMOKE FD QRADP

Debhelt U 2enoT*0u Vel 13-08 241540401 Ued25U40u 02390400 045370402 V.6960+02-0,7620-01 0,1400-01 0.999L+00 0,4020-01 0.0
Tlacy scle U2 N2 Lle (WV] Hz20 GAS6 GAS7 GASB, GAS9 LASL] CHI TOT PRESS
| ] De20804005 . TBIV406 01010+, D.1710+402 03860404 0.1130-01 0, 7810+01 0U.2140+03 0,1130+01 0.1160+03 0.1530400 0.147D+02

RT UF CAs=2.20/0=02 Ve v110=03 0a33050=00 J.951D-064-0,1330-03 04164007 0.292D0-04 J.2643-03 0.1490-05 0,1560-03 DENSITY MOLWT

FD 0en73D=05 0e343U-0% 0.1970-05 0.1540-03 0,7550-01 0.,1970-03 0,6820-02 ‘0.7460~01 0.2880+02

FLUA b Foid T Af W1 LusS HueAT KATz TeMY @dATL WT MATL GAS CONST AIR IEMP DTA/DT TeEM? FD SMUKE SMOKE FO QRADP
Qenliies L0510%0) Da1330-02 OavlaU+02 040430405 063730401 05370402 0.06940+02-041360L-02 0.2790-01 V.986L+U0 0.4190~01 0.0

TiMcsonoe J- N2 LJe iy HeU GAS6 GAST GAS3, GASY LASLL CHI TOT PRESS

GelJbiutJo Je duBUAUL Ues UL+ Ls VeI NUHUZ D42950¢04 0,168D-01 D.191D+02 0.2960+U3 U.161D+01 0.1650003 0e276D+0U0 0. 147D+02

15.v
RT GF LHe=0al36U=02 Uewliu=uld geveoU=u3 Ue3bbJd=03-0,8980-04 0.1630-07 C.3380-04 0.2180-C3 0.1340-05 0.1320-03 DENSITY MOLWT
FO DeiAU=04 LeludU=03 0.4420-05 0,6170-03 0.10lD+0U 0.4270-03 0.150D0-01 Q.746D-01 0.288D+02
FLUW JJT FLUA I™ AT AT Lud> HUAT nAlc Tedr MATL AT 4ATL GAS CONST AIR TeMe wTA/LT TEMP tu SMUKE - SMOKE FD QRADP

Ceosie il o021, DelP20=32 Des5(Ivus Cend 70403 24230U0+02 V5370402 0.0930+¢02 0.1820+400 J.41l9u-01 0.889L+00 0.572D0-01 0.0
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TABLE C-5 (Cont'd)

aATC

(HCN) (NO) (HC1) (HF) (RCHO)
TIME S, e N2 Lz o8] HIV TGASS GASH GASE, GASY " GAS11 CHI TOT PRESS
250 Gel JHUt I Ve ddYLr 0 Lel i3 Ugl0lU+03 02090404 0,3800~31 Ge297D+02 Je3620+403 J.2040+01 0,2060+403 0.4650400 0.1470+02
RT Ur c45=0.1250-02 wed3veu=LDl Celddu=Ue se0%00=03-0,0420-04 0.2350~06 0.25670-04 J.17¢0~03 0.1190-05 2.1080-03 DeNSITY MOLWT
FO Vel lu—Ua I fUIL=03 0e8200-U5 0.1470-02 0.2710+20 3.7320-03 0.258D0-01 0.745D-01 0,2880+02
FLOA Dol Fret o 2T Wi LUSS rzal mal o ToMP MATL Q} MATL GAS CuNST AlR TEM® OTA/0T TeMP Fu SMUKE SMUKE FD QRADP
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	A ADAS 
	Adh.. ASTM. Av. RSO%. 
	Btu/ft sec 
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	CA (1, K) Ca; r Ct Ceo 
	CFS CHAS CHI CHx, HCx CO COHb CO? 
	CDC 12 
	Cp C1 C2 
	o 
	DACFIR DATTAP Di DIFFEQ 
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	E 
	EST1 
	ET 
	FACP FDi 
	GP IB. GRR. 
	G.S. 
	HBr. HCl. HeN. HF. HRR. 
	ACRONYMS, ABBREVIATIONS AND INITIALISMS 
	Area Automatic Data Acquisition SystemAdhesive American Society for Testing and Materials Average Relative Standard Deviation, Percent 
	Heat Flux, British Thermal Units per Square Foot 
	per Second 
	per Second 

	Concentration (also a conversion factor) Array Defining Flow Coefficients Between Zones Concentration of 02 in Air, 20.93% Depleted Concentrat.ion of 02 at any time, % Concentration of Carbon Monoxide Cabin Fire Simulator (Figure 1) Combined Hazards Analysis SystemCombined Hazards Index (Equivalent to Escape Time) Combustible Gases, Also Unburned HydrocarbonsCarbon Monoxide Carboxyhemoglobin (as % blood saturation)Carbon Dioxide Carbonyl Chloride Specific Heat Intercept of a Regression Line Slope of a Regre
	Distance Between a Light Source and an Observer, Feet University of Dayton Aircraft Fire Computer Program CHAS Data on Fortran Fire Analysis Program Tape Dose of Toxic Gas Resulting in Incapacitation Differential Equations Program for Calculating Rate 
	of Change of all Variables (Subroutine).Differential Thermopile 
	Exit Sign Light Illuminance at Observerls Eye Subroutine in Computer Program Calculates Fractional Doses and CHI Escape time (Egress Time from a Cabin) 
	Fortran IV Fire Analysis Computer Program Fractional Doses of Measured Hazards 
	General Purpose Interface Bus Gas Release Rate Gas Sampling by Syringe Method 
	Hydrogen Bromide. Hydrogen Chloride. Hydrogen Cyanide.Hydrogen Fluoride. Heat Release Rate. 
	viii 
	viii 
	( HL) 5 HP-ADAS HS 
	2

	IBM 
	K 
	KAOL 
	K 1,2,3,n 
	LD1' LD50' 
	etc. 
	LCSO 
	fV1 ATS ~1 BTH 
	MFD 
	MW 
	MLT 
	PVF PVC pK S~10 Pk HRR ppm 
	R 
	RCHO 
	RMV 
	RSD. R2. RUNGU. 

	ACRONYMS, ABBREVIATIONS AND INITIALISMS (Cont'd) 
	Five Minute Hazard Limit Hewlett-Packard Automatic Data Acquisition System Hydrogen Sulfide 
	Zone Number in Computer Program, also Intensity of Light Source in Candela International Business Machines (Computer) 
	Zone Number in Computer Program, also Intensity of Light Source in Candela International Business Machines (Computer) 
	Number of a Zone in an Array Connected to Zone I for Each of the Six Sides Array Providing a Heat Transfer Between Zones in the.CFS Derived Constant Used to Calculate Fractional Effective Doses of Hazards 
	Lethal Dose of a Toxic Substance Needed to Kill 1, 50, etc., Percent of Test Animals Lethal Concentration Killing 50 Percent of Test Animals 
	Mu1tip 1e Ani ma°1 Test Sys t em. 3-Methyl-2-Benzothiazoline Hydrazone. Mixture Fractional Effective Dose. Molecular Weight. Mass Loss Transducer (Figure 5). 
	Ammonia. Oxides of Nitrogen. 
	Oxygen. 
	Pressure~ Also an Array Defining the P (I,K). Interconnections Between Zones (Computer Program). Polyvinylfluoride (Decorative Coating Material).Polyvinylchloride (Decorative Coating Material). PeaK SMOKE Release Rate. Peak Heat Release Rate. Parts per Million. 
	Statistically Derived Proportionality Constant. Related to Number of Calories of Heat Absorbed. by the Human Body Before Collapse.. 
	Correlation Coefficient. Total Aldehydes (as formaldehyde).Respiratory Minute Volume. Relative Standard Deviation. Coefficient of Determination. Runge Kutta Technique for Numerical Integration of. 
	Differential Equations. 

	ACRONYMS, ABBREVIATIONS AND INITIALISMS (Cant'd) 
	SATS Single Animal Test System. SSU Standard Smoke Unit (of S.M.O.K.E.). 
	S.M.O.K.E.. Standard Metric Optical Kinetic Emission (of smoke)Sulfur Dioxide
	5°2 
	SRR. Standard S.M.O.K.E. Release Rate Units (same as SSU) 
	t. Time 
	T. Temperature (also light transmission) 
	Td rime to Death Ti Time to Incapacitation TLV Threshold Limit Value To Ambient Temperature
	TTime to Thermal Collapse (humans) 
	e. 

	v. Volume, also Human Breathing (ventilation volume) Rate Valve Isolating Animal Test Chamber in CHAS/SATS 
	Weight of Test Rat, Grams 
	Yc. Char Yield 
	FIRE ANALYSIS COMPUTER PROGRAM SYMBOLS 
	a. Thermal Diffusivity, Ft /hr 
	2

	Af Flame Area, Ft AP Area of Burning Panel, Ft
	2 
	l 
	r 

	Cp, CSpecific Heat, Btu/lb. of 
	s. 

	h Convective Heat Transfer Coefficient 
	a. 

	he. Film Coefficient, Btu/hr. Ft of 
	2 

	h Radiant Heat Transfer Coefficient 
	r. 

	k. Thermal Conductivity, Btu/hr Ft of 
	L. Half Thickness, Ft 
	Ma Weight of Air in a Zone, lb. Mi I N Mass Flow Rate of Gas into Zone or Compartment,lb/sec Mi OUT Mass Flow Rate of Gas Out of Zone or Compartment,lb/secMi Weight of Each Gas, lb 
	Ta 
	Ta 
	so 
	T

	V. WM. 

	ACRONYMS, ABBREVIATIONS AND INITIALISMS (Cant1d) 
	Pressure, lb/ftPartial Pressure of Each Gas (I) in Mixture: lb/ftTotal Heat Flux per Unit Storage Area, Btu/hr 
	Pressure, lb/ftPartial Pressure of Each Gas (I) in Mixture: lb/ftTotal Heat Flux per Unit Storage Area, Btu/hr 
	2 
	2 

	Gas Constant Density of Gas Mixture, lb/ft
	3 

	Instantaneous Smoke Concentration Lone, IIParticles"/ftInstantaneous Smoke Concentration Zone,"Particles/ft
	3 
	3 

	S.M.O.K.E. 
	S.M.O.K.E. 
	S.M.O.K.E. 
	Flow into a Zone/ft 
	2 


	S.M.O.K.E. 
	S.M.O.K.E. 
	Flow Out of a Zone/ft 
	2 



	Time, hr 
	Temperature of Air, vF Initial Surface Temperature, of Radiation View Factor 
	Volume, ft 
	Volume, ft 
	3 

	Flowing into a Flowing out of a 

	Weight Flow Rate of Gas Mixture, lb/sec 

	Figure
	I. INTRODUCTION. 
	I. INTRODUCTION. 

	Part I of this report presented the development and evaluation of the Combined 
	Hazards Index (CHI) methodology for ranking aircraft materials for their 
	collective combustion hazards. 
	Part II contains detailed descriptions of ancillary equipment and test procedures needed to modify a standard Ohio State University Heat Release Rate Calorimeter (OSU-HRR) into a laboratory test facility known as the Combined Hazards Analyses System (CHAS). A Single Animal Test System (SATS), integrated with CHAS, is also described. Dimensions and operational details are given for the specifically developed thermally insulated SATS and the Multiple Animal Test (MATS) chambers. These were used in correlation
	in the CHI program. 
	in the CHI program. 

	Part II provides all of the important details for use by those who wish to de"1 ve deeper or assemb1e and operate simi 1ar 1aboratory or cabi n size test equipment. It should not be inferred, however, that strict adherence to the assembly details and selection of equipment is a necessity. Experience has shown that certain modifications to the chamber, use of fast response gas monitoring instruments, and proper implementation of the computerized data acquisition and reduction programs will improve materials 
	A simultaneous opening and closing mechanism for the upper and lower radiation doors, closing off the hold chamber before and after injection of a sample, will improve precision and repeatability of measurement. The listed data acquisition and reduction programs are compatible only for use with the Hewlett Package Model 9825A controller and bus operated ·data scanner, digital
	• 
	voltmeter, clock, and a plotter. 
	Considerable modification of the programs will be required if other computer systems are used, since the language will differ. 
	All of the gas monitors, pumps and the mass loss unit are commercially available. The gas sampling system was assembled using standard parts. The SATS, refractory radiation doors and the associated opening/closing mechanism. adaption of the mass loss unit and cooling system on the sample injection assembly, the housing for the gas sampling system smoke filter, and low thermal capacitance, 10 X 10 inch, sample holders were custom built. The smoke detector was also constructed using the schematic and parts sp
	-1­
	-1­

	Part II contains additional discussion and derivations forming·the basis for the hazards limit relationships, the Fortran coding, and outp-ut of the fire ana 1ys is compu ter program. Other sect ions present supp1ementary i nformat i on on the composition of the panel materials tested, and l~rge scale cabin fire simulator test procedures and results. 
	-2­
	-2­

	II.. CHI LABORATORY EQUIPMENT AND OPERATION 
	LABORATORY TEST EQUIPMENT 
	The CHAS/SATS is comprised of four operational subsystems: 
	1.. 
	1.. 
	1.. 
	A modified Ohio State University heat rele'ase rate calorimeter modified to measure rate of weight-loss of the sample as it burns, in addition to heat and smoke. 

	2.. 
	2.. 
	A gas sample extraction and release rate monitoring train for CO, HCN~ C02, NO/NOx, 02 (Depletion), unburned hydrocarbons (CHx), and gas syringe batch sampling of gases for which monitoring instruments are not available (aldehydes, HF, HC1, etc.) and a capability for determining release rates for seven additional toxic gases commonly generated by cabin materials in fires. 

	3.. 
	3.. 
	A 10-channel data acquisition/reduction, calculator controller and printer/plotter system and a formatter/tape unit needed to collect all the release rate data in compatible form for use in calculating CHI using the Fortran IV (IBM 370) Fire Analysis Computer Program (FACP). 

	4.. 
	4.. 
	An instrumented animal (rat) time-to-incapacitation (Ti) rotating wheel mounted in an airtight plexiglas enclosure (SATS) connected to the gas extraction system installed on the HRR calorimeter. 


	MODIFICATIONS TO THE OSU HRR CALORIMETER 
	The basic mechanical details and construction of the HRR equipment described in References 1 and 2 have been preserved. The sample holder and injection mechanism has been modified to accomodate a cage type cantilever mass loss transducer (ML T) so that mass burning rates can be measured whi le the test sample is burning in the HRR chamber. A photograph of this modification is shown in Figure 1. Detail drawings of the sample holder/injection assembly are presented in Appendix A, Figure A-l-l through A-1-4. A
	A new type of sample holder having minimum weight and thermal capacitance was constructed to aviod overloading the MLT with 10 X 10 inch (25.4 X 25.-4 cm)
	A new type of sample holder having minimum weight and thermal capacitance was constructed to aviod overloading the MLT with 10 X 10 inch (25.4 X 25.-4 cm)
	A new type of sample holder having minimum weight and thermal capacitance was constructed to aviod overloading the MLT with 10 X 10 inch (25.4 X 25.-4 cm)
	• 

	samples mounted for testing. This holder is constructed so that a sample burn both on the front and back surfaces, as could occur in an actual fire. The holder dimensions and construction are shown in Appendix A, Figure A-3. The front sample holder support tube has provision for feedthrough of a thermocouple to the center of the test specimen to monitor surface or interior temperature while a material burns. Other modifications required to successfully accommodate and use the MLT include a hold chamber exte
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	loss in the computer data acqu is i t i on program after standardi zi ng runs are made. As shown in the Figure 2 schematic, a known constant flow of cool (ambient) air is introduced into the hold chamber to keep this area cooler prior t~'a test run. Immediately after placing the sample holder ,MLT assembly in the hold chamber, the 3 way valve must be turned to divert the airflow at the same rate into the MLT housing to assure temperature stability. This airflow (230 ft/hr.), is included with the main ai.rfl
	3

	A six position, neutral density filter wheel is mounted in front of the smoke meter sensor housing to calibrate the smoke meter. This contains neutral den­O.l~ 0.2, 0.3, 0.4, and 0.8 with the sixth left blank for the test run. 
	sity filters having optical density values of 

	GAS SAMPLING AND CALIBRATION SYSTEM -The gas sampling and monitoring system (see schematic Figure 2) for the CHA5 includes the following: 
	1.. A 3/8" 0.0. Teflon ® (TFE) coated stainless steel (55) gas and smoke 
	sampling probe installed through the side wall of the chimney using a standard SS Swagelok bulkhead fitting. ' 
	2.. 
	2.. 
	2.. 
	A heated 248~F (120 C), heavy wall TFE gas distribution line conducts gas flow through a valve directly into the animal test system (SATS). A heated fiber glass smoke filter and acid gas scrubber system is connected between the pumps and gas monitors. 
	J 


	3.. 
	3.. 
	A gas monitor calibration system consisting of span gas mixtures, pure gases, and zero gas needed to adjust the monitors prior to a test run. A valve controlled auxiliary gas supply. from this calibration gas manifold permits the operator to direct the flow of selected span gas mixtures through the gas monitoring train, or by turning the 3-way valve, of pure perforated gas introduction 
	gases into the HRR chamber through a 1/4
	11 



	tube.. \ 
	The HeN monitor is calibrated directly using a permeation tube heated oven and flow control/mixing unit (Reference 3). HCN mixtures in compressed cylinders are generally unstable for use; because of the reacti.vity of this gas with cylinder walls, the concentration may change daily • 
	.. 
	Standard flow control valves, flowmeters, S5 tUbing (0.25 in. x 0.026 in. wall), TFE diaphragm pumps, 47 mm diameter filters, 50 ml ·syringes, standard SS and TFE fittings, heating tapes and autotransformers, an electronic digital timer, and TFE diaphragm pumps complete the gas sampling system. 
	A descri pt i ve 1i st of all mon; tors and' parts for this system appears in the Equipment List section of Appendix A. 
	The detection and quantitative accuracy of measurement of the individual gases
	depends on maintaining the integrity of the sample. Care must be exercised to prevent undue loss of the reactive gases, HF, HC1, HCN, aldehydes, etc. in the tubing. Heated TFE lines, fittings and valves are used at critical locations to reduce losses of the reactive gases by condensation or absorption up to the 
	HP AUI'OMATIC DATA ACQ. SYSTEM 
	AIR SUPPLY CO UONITOR V5 I 0 V7 FLO\"METER L OSU HEAT RELEASE CALORUtETER , PlJ}{P (TY?) • I PRESSURE REGULATED COMPRESSED AIR ' INTERNAL PYRAMIDAL SECTION EXTERNAL PYR. SECTION 

	S.~t.O.K.1: 0--------­
	HRR 
	HRR 
	02 
	FRT. 

	I 
	en 
	I 
	IBN 370
	TAPE 
	@ 

	DECK 
	PLOTTER & PLOTTER-PRINTER DIGITAL VOLTMETER CLOCK UULTICHANNEL­SCANNER CHx R.R. NO/NOx R.R. ~l_\SS LOSS 0 .... (DTP) 0·-------­co R.R. Q..-.------..... C02 R.R. (])----_ HCN R.R. @----­(DEPL'N) 0,----. Sl'RF. T. 
	FIGURE 2. SCHEMATIC DIAGRAM OF THE CHAS/SATS 
	FIGURE 2. SCHEMATIC DIAGRAM OF THE CHAS/SATS 
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	point at which they are sampled, while selectively removing the active cornponents (HF, HC1) that will damage the CO, CO, 02' and CHx gas II Til fitting with a septum is installed at the gas sampl ing probe 1ine close to the chimney to withdraw syringe gas samples at timed intervals for HC1, HF, aldehydes and other gases not monitored in real time. The smoke and acid gases are removed in tandem by the heated 2 x 12 inches (50 mm 0.0. X 30.48 mm) filter tube filled with fiber glass and the acid gas glass (or
	2
	monitors downstream. Thus, a TFE 
	to avoid the 3 times dilution of released gases that would result if the 
	were placed at the 
	3
	x 
	x 

	(14 liter/min) through the SATS. Flows can be adjusted to isokinetic levels, if required by adjusting the flow rate or installing a probe with a different inlet opening size. Under current operating flow conditions the ratio of extracted gas flow to mainstream flow is so low (approximately 1%) that reversal of outer pyramidal section air flow is avoided. 
	Tne CO and C02 monitors are not subject to interferences or nonspecific reponse at the concentrat"ion levels of gases released in the analyte com­bustion product stream if the gas cell drying agents provided in these instruments are maintained. 
	The microfuel cell sensor in the 02 monitor (Infrared Industries) is specific for oxygen and will not lose sensitivity even if it is exposed to atmospheres containing high concentrations of C02. 
	The unburned hydrocarbons and other combustible gases (including CO) are measured by the CHx monitor in terms of a methane (CH4) equivalent. Oxy­genated and other hydrogen substituted combustible gaseous species (alcohols, ethers, esters, aldehydes, etc.) are also detected. 
	The HeN monitor silver electrode detector responds to C1 and H5 in addi­tion to HeN. However, C12 gas is not normally produced from chlorine con­taining polymeric materials subjected to fire environments. Materials such as wool carpeting or wool/nylon seat fabrics do contain sulfur and evolve quantities of HS in fires. A HS filter, Appendix A, Figure 6, was developed to remove HS gas from the analyte stream sampled by the gas train in the monitor. This filter, which consists of a heated 111 inch diameter 
	Z 
	L
	2
	2
	2
	11 

	(2.54 cm) glass tube 6 inches (20 cm) in length filled with a loosely stratified pack of fiber glass alternated with powdered lead carbonate, efficiently removes HS with little loss of HeN. During the testing of all panel materials, the lieN monitor was used without the lead carbonate filter for both the laboratory and full-scale testing, since elemental sulfur was absent and H2S was not evolved. 
	2
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	INS TR UMENT 
	OSU Design West Coast Res. Corp. &Dac 

	I 
	OSU HRR Cal. MSA LIRA 303 Be ckman 864 
	OSU HRR Cal. MSA LIRA 303 Be ckman 864 
	Kin-Tek (Dow) 

	TABLE 1. CHAS INSTRUMENTATION MEASUREMENT CHARACTERISTICS. 
	H.P. 305~A. CHANNEL. 
	H.P. 305~A. CHANNEL. 
	1 2 
	3 4 
	5 
	6 
	Te 1edyne 326A CD 7 2
	Infra Red Ind. 7 Teledyne 175 
	8 
	Material Surface 9 Thermocoup"1 e I CR-AL Type 11K" 
	10 Corp. 4 
	Thermae(!)tran 
	RELEASE RATE. PARAMETER MEASURED. 
	Smoke Optical Density Mass-Loss, g/min 
	Heat Release, Kw/mCO, ppm V/V C02, % V/V HeN ppm V/V 
	2 

	% V/V
	°2, % V/V
	°2, CH, %V/V Material Temp, oK 
	4

	NO/NOx, ppm V/V 
	RANGE 
	0-2 2-1000 g. 
	2-2000 kw/m0-7500 ppm 0-2.5% 0--100 ppm 0-25% 0-2.5% 
	2 

	O-~.5% 
	0-1000 oK 
	0-10,000 
	CHAS DETECTION. DELAY TIME. 


	0.2 sec 
	0.2 sec 
	0.2 sec 
	0.01 sec 
	0.01 sec 
	2 sec 17 sec 18 sec 30 sec® 20 sec 19 sec 19 sec 



	O.1 sec 
	O.1 sec 
	O.1 sec 
	15 sec 

	CD Used for Panel 1 tests ® Used for Panels 2, 3 and 4 tests. 
	@) Reduced to 6 sec for Pane1s 2, 3 and 4 tests. ® Used only for Panel 2, 3 and 4 tests. 
	The gas monitors are commercially available instruments and essentially detect and quantitatively measure each gas selectively with minimum or no interference from other gases in tne combustion mixture. Table 1 lists the monitors used and the analytical sensing method employed by each instrument employed in the CHAS. 
	Calori~ meter thermopile, smoke meter, MLT, and one other parameter; or, alternatively, sample front surface radiant flux levels, or carbon monoxide release. These 
	Two dual pen strip chart recorders plot the analog outputs from the HRR 

	recorders are useful for pretest adjustments of airflow versus radiant panel energy settings and observation of heat and smoke meter base-I ines prior to beginning a test. They also afford some degree of redundancy and a check of the 
	reproducibility of the on-line Hewlett Packard data acquisition/reduction system (HP-ADAS). The data is stored on the HP 9825A calculator tape cassette lor disk) from each channel identified on the schematic, Figure 2 and in Table 1. For a 10 minute burn period, 6000 data points are recorded defining the primary combustion characteristics of the material for use in the FACP. At this stage, the data may be processed and reduced using the HP 9825A programs delineated in Appendix A. The output available from t
	ANIMAL TIME TO INCAPACITATION TEST CHAMBER -In order to utilize animal time-to-incapacitation (Ti) as a measure of the toxicological hazard, Douglas designed and fabricated an exposure chamber) Figure 4. The plexiglas chamoer, has a central shaft driven at low RPM by a variable speed electric motor/gear reduction drive mechanism. A contact bar, positioned in the slot of the split wheel, is supported on a flexible beam containing a strain gage at each end of the contact bar. This provides an assembly that ou
	3
	3 

	therefore, allows 2.59 nominal volume interchanges per minute. The SATS chamber was isolated at the highest CO production rate and held in this condition while the Ti test was completed. 
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	FIGURE 4. SINGLE ANIMAL TEST SYSTEM (SATS). 
	FIGURE 4. SINGLE ANIMAL TEST SYSTEM (SATS). 
	CALIBRATION OF CHAS/SAfS 

	Each of the subsystems of the CHAS/SATS require calibration on a run-to-run or day-to-day basis to ensure repeatability and accuracy of measurements. A set of cal ibration curves must be plotted, one for each fire response parameter, that relates the change in analog signal output (millivolts) with the quantity (concentration) of the parameter being measured. A polynomial curve fit of the plotted data is calculated. The coefficients for each parametric polynomial equation are used in the HP data acquisition
	HEAT RELEASE RATE BY UNCOMPENSATED OTP -Preliminary to a run, two HRR calibration measurements are made: (1) a reading of the Globar radiant heat flux at the center and at the same distance away as the front surface of th~ test sample during a run using a calibrated, water cooled, Hyca~ Calorimeter, and (2) adjustment of the airflow rate to that'selected for the test (60 ft/min (1699 liters/min)] using a calibrated absolute pressure differential gauge -orifice meter and a flowmeter to set the airflow throug
	3

	The temperature di fference between ai r enteri ng the rnai n burn chamber of the HRR Calorimeter and that leaving ;s monitored by a thermopile (TP) having 3 cold and 3 hot 24 gauge chromel-alumel junctions. The hot junctions are spaced across the top of the exhaust stack (See Figure 2). The cold junctions are located in the air distribution pan at the bottom of the chamber below the air dis t ributi on p'lates. 
	Two parameters must be set to determine the heat release factor for the HRR 
	Calorimeter: (1) the airflow rate and (2) the volume of fuel gas, of known 
	heat content, burned per unit time in the HRR inner chamber. 
	A 7-flame calibration burner tube is substituted for the lower pilot light to 
	accomplish the calibration runs, as described in detail in Reference 1. 
	A sharp edge type orifice and differential pressure gauge is used to adjust the airflow rate through the HRR chamber. A standard flowmeter and parallel, valve controlled, air supply is adjusted to a flow of 230 ft/hr to ventilate and cool, alternately, the hold chamber or the MLT unit during a run. Table 2 lists a range of differential pressure gauge settings versus the corresponding airflow rates that may be used for both calibration and test runs. Figure 5 shows a plot of differential pressure versus airf
	3
	3
	3
	3

	Wi th the airflow adjusted to the selected test level, and the gaseous fuel supply connected to a wet test gas meter and to the multiple flame burner placed over the end of the pilot flame tUbing using a gas tight connection, proceed as follows by referring to the schematic of Figure 6: 
	TABLE 2. AIRFLOW RATES VERSUS DIFFERENTIAL PRESSURE READINGS. 
	_.. _.__.-.-------.-----_..--­P GAUGE READ INGS 
	_.. _.__.-.-------.-----_..--­P GAUGE READ INGS 
	_.. _.__.-.-------.-----_..--­P GAUGE READ INGS 
	EQUIVALENT HRR fOTAL AIRFLOW 
	ADJUSTED AIRFLOW TOTAL AF-ML TAF CD 
	ADJUSTED P 
	LINEAL AIRFLOW RATE OVER SAMPLE 

	PSI 
	PSI 
	INC H Hg 
	ft 3/min 
	l/min 
	ft3/min 
	l/min 
	INCH Hg 
	ft./min 
	em/sec 

	0.3 
	0.3 
	0.61 
	20 
	566 
	16 . 17 
	458 
	0.43 
	4.04 
	2.05 

	0.6 
	0.6 
	1.22 
	30 
	849 
	26. 17 
	741 
	0.92 
	6.54 
	3.32 

	1.0 
	1.0 
	2.04 
	40 
	1133 
	36 . 17' 
	1025 
	1. 73 
	9.04 
	4.59 

	-1.57 
	-1.57 
	3.20 
	50 
	1416 
	46.17 
	'1308 
	2.65 
	11 .54 
	5.86 

	2.20 
	2.20 
	4.48 
	60 
	1699 
	56. 17 
	1591 
	3.93 
	14.04 
	7. 13 

	2.94 i 3.78 
	2.94 i 3.78 
	5.99 7.70 
	70 80 
	1982 2265 
	66. 17 76. 17 
	1874 2157 
	5.35 7.02 
	16 .54 19.04 
	8.40 9.67 

	4.71 
	4.71 
	9.59 
	90 
	2548 
	86.17 
	2440 
	8.86 
	21 .54 
	10.94 

	5.75 
	5.75 
	11 . 71 
	100 
	2832 
	96. 17 
	2724 
	10.91 
	24.04 
	12.21 

	6.80 
	6.80 
	13.84 
	110 
	3115 
	106.17 
	3007 
	12.83 
	26.54 
	13.48 

	8.00 
	8.00 
	16.29 
	120 
	3398 
	116. 17 
	3290 
	15.27 
	29.04 
	·'4. 75 

	9.10 
	9.10 
	18.53 
	130 
	3681 
	126.17 
	3573 
	17.71 
	31.54 
	16.02 

	10.30 
	10.30 
	20.97 
	140 
	3964 
	136 •17 
	3856 
	20. 10 
	34.04 
	17 .29 


	_._­
	_._­

	Adjusted Airflow = Equivalent HRR Total Flow-Hold Chamber, MLT Airflow Hold Chamber or MLT Airflow = 230 ft/Hr = 3.83 ft/min Equivalent HRR Total Flow used for Tests = 60 ft/min Substituting above airflow values: 
	3
	3
	3

	Adjusted Airflow = Equiv. HHR Total Flow -3.83 ft/min = 60-3.83 = 
	3


	56.17 ft /min airflow set for HRR Chamber input. 
	56.17 ft /min airflow set for HRR Chamber input. 
	3

	NOTE: The values listed in Table 2 and plotted in Figure 10 relate only to the orifice meter used with the CHAS. Other meters and equipment will require individual calibration. 
	1.. 
	1.. 
	1.. 
	Open the valve from the natural gas main supply (be sure flow control valves Vl &V2 are closed). 

	2.. 
	2.. 
	Switch 3-way valve, V3, to supply natural gas pressure from the main tap to valve Vl. 

	3.. 
	3.. 
	S·'owly open Vl until wet test meter shows a .low flow of gas is being delivered to the multipe flamelet burner, and ignite the burner. 

	4.. 
	4.. 
	Adjust Vl until flamelet heights are approximately 1.6 inches (4 em) or 0.4-0.6 inch water manometer differential pressure is observed. Heat release should be not less than 80 Btu/min (1.4 kW). 

	5.. 
	5.. 
	Switch V3 to the other bypass leg supplying V2 with gas. 

	6.. 
	6.. 
	Open V2 until wet test meter shows flow, and reignite multiple flamelets on burner. 
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	FIGURE 5.. CALIBRATION CURVE-HRR CALORIMETER AIRFLOW RATE VERSUS PSI AND INCHES OF MERCURY 
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	FIGURE 6. SCHEt1ATIC OF HRR CALIBRATION 

	7.. 
	7.. 
	7.. 
	Adjust V2 until flamelet heights are approximately 8-10 inches (20-25 em.). Water manometer pressure should not exceed limits for ins t rument (usua1ly about 6 inches), and heat re1ease sh0u1d not exceed 440 Btu Imi n (7. 75 kW). 

	8.. 
	8.. 
	Sw"itch V3 back to flow into Vl bypass leg and allow thermopile reading (mv) to stabilize on the strip chart recorder. This establishes baseline II zero " readings for 5 minutes by more than :,0.02 mv read from the strip chart recorder. 
	which should not vary from steady state 


	9.. 
	9.. 
	Set wet test meter dials to zero and start electronic timer as meter needle passes zero. 

	10.. 
	10.. 
	Allow low flanle condition on burner to establish baseline for a time sufficient to burn 1-2 ftof natural gas and record the wet test volume and the time (in seconds) in the appropriate columns in Table 3. 
	3 


	11.. 
	11.. 
	Switch V3 to high flame condition in the multiple flamelet burner. The DTP signal level recorded on the strip chart recorder should move sharply upw ard (+ mv direction)• 

	12.. 
	12.. 
	Reset to zero all dials on wet test meter and on the electronic timer. Restart time as main meter needle passes zero. 

	13.. 
	13.. 
	Allow high flame burn to continue for not less than 10 minutes. Record wet test meter volume and elapsed time on the timer and the mv response above baseline fran' the recorder chart in the appropriate columns of Table 3. Reference 1 calls for recording the mv response at 4-minute burn intervals until a constant increase and decrease of the mv signal to baseline is achieved. 

	14.. 
	14.. 
	Repeat steps 7 through 13 at least three more times, adjusting flamelet heights to different levels by use of valve V2. Record natural gas consumption and mv DTP response for each run in Table 3. 

	15.. 
	15.. 
	Using the formulas provided in Table 3 calculate the kW/m/mv conversion factor that corresponds to the sample size to be tested. 
	2


	16.. 
	16.. 
	Record baseline heat absorption profiles for the specimen holder (without specimen) at each radiant heat flux level used for testing materials. 


	This calibration factor for heat release, kW/m/mv and the specimen holder baseli.ne corrections are input into the HP-ADAS program for use in calculating and plotting the data recorded during an experimental burn test in the CHAS, only if the DTP is used to measure heat release rates. 
	2

	RADIANT HEAT SOURCE -The radiant heat source, which consists of 4 silicon carbide elements (Globar, Union Carbide Co.) is used with a variable autotransformer power source to generate heat flux levels up to 8.81 Btu/ftsec (10 W/cm). A working curve similar to Figure 7 is plotted to allow rapid setting of the radiant flux level by adjusting the voltage input into the G"labar elements. This is accomplished by reading the radiant flux at 4 inches (also the test sample distance) from the radiant panel using a H
	2 
	2

	TABLE 3 
	TABLE 3 
	~-
	-


	HRR CALIBRATION. CALIBRATION GAS HEATING VALUE : BUT /FT ; AIRFLOl·~ __~ FT /MIN: DATE __. 
	3
	3

	GAS FLOW-WET TEST METER 
	HRR FACT9R VS SAMPLE SIZE VH 
	Figure

	NET GAS Fl.O~J FT 3Ir1 IN 
	NET GAS Fl.O~J FT 3Ir1 IN 
	TIME
	TIME
	TIME 


	kW/m /mv /SA~1PLE NO. 
	VL 
	VL 
	(VH x 60)-{VL x 60) 
	HEAT RELEASE RATE 
	SECONDS
	FT /t1 IN 
	3

	~3/r~IN 
	SECONDS 

	0.06452 mt: 6 x 6 SAMPLE) I( lOx lOSA~1 PLt) 
	0.06452 mt: 6 x 6 SAMPLE) I( lOx lOSA~1 PLt) 
	kvJ 
	kvJ 

	0.02323 rn 
	0.02323 rn 
	L

	SEC SEC 
	SEC SEC 
	BTUjr1IN 
	Figure

	I 
	~ 
	.........,. 
	I 
	V= VOLUME OF CAL. GAS BURNED FOR BASELINE RUN. NGF x 1060 = HRR, BTU/MIN x 0.01757 = HRR, kW FOR 6 x 6 INCH SAMPLE, kW/m /mv = [NGF x 801.7J 
	L 
	2

	V= VOLUME OF CAL. GAS BURNED FOR SELECTED STEP RESPONSE 
	V= VOLUME OF CAL. GAS BURNED FOR SELECTED STEP RESPONSE 
	H 

	+ mv RESPONSE FOR 10 x 10 INCH SAMPLE kW/m/mv = 
	2


	_ VHx 60 VL x 60 STEP FLOW-FT/MIN NET GAS FLOW -~~~ ~I n~-SEC FLOW' PER WET TEST METER 
	_ VHx 60 VL x 60 STEP FLOW-FT/MIN NET GAS FLOW -~~~ ~I n~-SEC FLOW' PER WET TEST METER 
	3
	[NGF x 288.65J + mv RESPONSE.

	for horizontal specimens. Figure 8 is a copy of the National Bureau of Standards based plot of the R-8015-C Calorimeter millivolts output against the measured radiant heat flux. The use of voltage settings per Figure 7 to obtain a desired radiant flux level is reliable for a period of 1-2 months. With ageing and extended use, the heat flux output versus voltage of the power transformers will change slowly, necessitating restandardization with the Hycal calorimeter. 

	SMOKE METER -Special neutral density filters have been mounted in a wheel. These are needed for setti ng the range of the smoke meter and obtai ni ng mv versus optical density readings from which a calibration curve and polynomial equation curve fit can be determined and used during a test run. The filters have been accurately measured for optical density using a spectrophotometer. 
	I 
	I 

	MASS LOSS TRANSDUCER (MLT) -The mass loss tranducer has the following operational parameters: 
	o. Total sample weight (plus holder) = up to 2 Kg (0.9 lb.) 
	o. Total sample weight (plus holder) = up to 2 Kg (0.9 lb.) 
	o. Total sample weight (plus holder) = up to 2 Kg (0.9 lb.) 

	o. Nonlinearity -less than 1% at ambient temperature 
	o. Nonlinearity -less than 1% at ambient temperature 

	o. Baseline Thermal Drift = 0.1% for first 5 minutes; and less than + 2% for second 5 minutes of test at 5 W/cmHRR radiant flux setting. 
	o. Baseline Thermal Drift = 0.1% for first 5 minutes; and less than + 2% for second 5 minutes of test at 5 W/cmHRR radiant flux setting. 
	2 


	o. Dynamic Response = 0.1158 mv/V/100 grams 
	o. Dynamic Response = 0.1158 mv/V/100 grams 


	A cal ibration curve for the MLT is generated by plotting the change in millivolt output versus weight change by "dead loading the sample holder, with standard calibrated analytical balance weights. An HP plot of this calibration showing the linearity of response of the MLT appears in Figure 9. The slope of this curve is calculated to obtain the dynamic reponse value (miilivolt/100g wt. change/volt excitation) which is used in the HP data reduction program to determine the mass loss burning rate of the mate
	ll 

	GAS MONITORS -Calibration of the gas monitors was accomplished either (1) directly by flowing standard analyzed gas mixtures of varying composition supplied sequentially from compressed gas cylinders fitted with 2-stage 
	Regulators and manifolded on the gas system "input to the monitors, as shown in Fi gure 6, or (2) by i ntroduc i ng the pure gases by a tube located be low and near the plane corresponding to the test specimen front surface. Method (1) was used to set zero and gas monitor span readings prior to each run. The additonal span gas mixtures are useful in checking the instrument responses and preparing the calibration curves for each. Method (2) provides a technique (as discussed in Reference 2) of injecting pure
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	Table 4 summarizes the span gas mixtures (Matheson analyzed and certified) used for calibration. 
	TABLE 4 
	TABLE 4 

	STANDARDIZED SPAN GASES &MIXTURES (Compressed Gas Cylinders) 
	SPAN 
	SPAN 
	SPAN 
	GAS CONCENTRATIONS 
	IN CYLINDER 

	GAS NO. 
	GAS NO. 
	% CO 
	%CO2 
	%02 
	% CH4 
	% N2 
	% NO 

	1-5 
	1-5 
	0.3654 
	2.086 
	18.46 
	0 
	SAL 
	0 

	2-5 
	2-5 
	0.4100 
	2. 170 
	1.97 
	0 
	BAL 
	0 

	3-5 
	3-5 
	0.2086 
	1.245 
	15.88 
	0 
	SAL 
	0 

	4-5 
	4-5 
	0.1083 
	0.8184 
	12.57 
	0 
	BAL 
	0 

	5-5 
	5-5 
	0 
	0 
	0 
	5.0 
	SAL 
	0 

	6-S 
	6-S 
	0 
	0 
	0 
	0 
	99.5 
	a 

	7-5 
	7-5 
	0 
	a 
	a 
	0 
	BAL 
	a 

	l-C 
	l-C 
	99.5 
	0 
	0 
	0 
	0 
	0 

	1-8 
	1-8 
	0 
	99.5 
	0 
	a 
	0 
	0 

	1-C 
	1-C 
	0 
	0 
	0 
	99.5 
	0 
	0 


	Th~ analyzer and certified compressed gas cylinder mixtures lspan gases 1-5 through 7-S) are suitable for calibration for the CO, C02' 02, NO/NOx, and CHx monitors. 
	Calibration curves for CO and C02' Figures 10 and 11, were plotted by the HP 3052A ADA5 system using the output readings obtained from the standard span gas mixtures listed in Table 4. These curves were programmed in the calculator to obtain the respective polynomial equations and coefficients using a curve fit routine. 
	The response of the Omonitor is a straight line in the range from zero to
	2
	2

	25 percent oxygen depTetion. Thus, for this instrument, the baseline is set to the known air concentration (20.95%) for each test. 
	Tests employing blends of methane in nitrogen gas in the range of zero to 5% 
	methane show that t~le total combustibles monitor is also quite linear in re sponse. Span gases 5-5 and 6-$ are used to ca1i brate and set the range of response of the detector output prior to a test (Method 1 and 2). 
	Experience with these monitors has shown each to be quite stable, uniform in repeatabi 1ity and free from drift during a-hour test periods. More frequent calibrations to set baselines and spans are required for the CO and C02 monitors if the barometric pressure changes greatly during the day. The CHx monitor airflow and sample flow settings require frequent adjustment to achieve repeatable readings. 
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	FIGURE 10. CO CALIBRATION AND POLYNOMIAL EQUATION CURVE FIT. 
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	Figure
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	FIGURE 11. COCALIBRATION AND POLYNOMIAL EQUATION CURVE FIT 
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	The CHAS gas sampling system (Figure 2) is provided with a hypodermic syringe septum and gas introduction line plumbed into the system upstream of the pump. This is a useful feature since it permits injection of large syringe (1500 ml) serial dilution mixtures of CO, C02, 02, CHx to check instrument calibration and the standard gas cylinder mixtures for significant changes in in cylinders over long periods of use. The line connecting the acid gas scrubber to the valve upstream of the pump (V2) is removed an
	calibration gas concentration due to "ageing 
	ll 

	Figure 12 illustrates the use of the span gas mixtures and the serial dilution syringe technique for checking instrument/data acquisition system calibration and diagnostic response. Figures 12 (a), (b) and (c) show relatively rapid, accurate, and stable response to the span gas mixture concentrations. Figure 12 (d) shows the response of the CO monitor to direct injection of the CO/N2 syringe samples as a cross check of the span gas mixtures used to calibrate the monitors. 
	The real-time gas monitors require from 30 minutes to 1.5 hours to warmup and thermally stabilize. Thus, it is good practice to leave those monitors requiring the longest warmup time (CO and C02) turned ON overnight to avoid testing delay the next day. The heated smoke and HZS filters, and the TFE lines connecting the gas sampling probe (HRR stack) in the HRR to these filters and the gas monitors also are maintained at a temperature of l20C during standby periods. The oxygen analyzer should be turned off du
	0

	The CHx analyzer catalytic bead type detector will lose sensitivity if it is operated without airflow mixed in with the analyte stream flowing through the sampling system. Combustibles without at least a 2 to 1 ratio mixture with oxygen should never be allowed to flow past the sensor. The range of this instrument is 0-5% combustible gas; however, it is actually operated at a sensitivity of 0-2.5% combustibles (methane equivalent) due to the one-to-one dilution with air. Accuracy is greatly dependent on main
	The above monitors may be checked for response either by use of the zero and span gas cylinder mixtures, or by mixing known concentrations (by dilution) employing pure CO, C02, 02, and CHx in a 1500 ml acrylic syringe containing one or two small aluminum foil strips to aid in mixing the gases injected from a low volume syringe into the larger one. Once mixed, the gas syringe blend is injected through the septum provided on the CHAS, or it may be pumped through the monitoring train. The syringe 'procedure is
	The following instructions must be followed to activate and calibrate the real time gas monitor system (refer to schematic, Figure 2): 
	1. Close valve Vl, isolating the SATS from the gas sampling system. 
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	(c). CARBON MONOXIDE CONTENT SYRINGE DILUTIONS 
	(d) CARBON MONOXIDE 

	FIGURE 12.. COMPARISON OF SPAN GAS WITH SYRINGE INJECTED GAS DILUTION CALIBRATION 
	,i 
	2.. 
	2.. 
	2.. 
	Open V2 and V5 and switch the CO and C02 monitors on. Warmup requires 1 to 2 hours to attain thermal stability. Calibration can proceed when meter needles show constant readings near low end of the dial (use zero controls to keep needle on scale). 

	3.. 
	3.. 
	With V4 closed, turn on and adjust pressure regulated compressed air supply for the CHx monitor; then, slowly' open V4 and adjust airflow through the detector to 1 liter/minute. 

	4.. 
	4.. 
	Switch the 02 monitor (Infrared Industries) on. Press solenoid switch button on the front panel to sample ambient air (bypassing the sampling sys tern). In thi s mode, the mon itor is readi ng the Opercentage in room 
	2 



	air. After warmup 1(5-10 min.) the digital meter reading should stabilize at 20.9 to 21.0%. See instruction manual if 02 reading needs adjustment. 
	5.. 
	5.. 
	5.. 
	Switch on the main power (front panel) to the NO/NOx monitor, and in sequence, the vacuum pump, sampl ing system pump, sampl ing system heater, and' the temperature controller (catalyst oven) on the front panel. 

	6.. 
	6.. 
	While catalyst oven temperature is stabilizing (as indicated by controller i nd i cati ng 1i ght cyc1i ng on and off at 650C set po i nt), check photoce11 for zero and full scale meter readings.. Adjust dark current to zero as outlined in instruction manual. 
	0 


	7.. 
	7.. 
	Disconnect NO/NOx monitor sampling line from the CHAS system and connect to a 10 psig regulated pressure cylinder supply certified to contain 0.0150% of NO with nitrogen. This calibration mixture is designated 7-S in Table 4. 

	8.. 
	8.. 
	Set the range switch on the front panel to 250 ppm and adjust the calibration (10 turn) potentiometer knob to 2 or 3. Then turn on the ozone generator. The needle on the meter should rise to nearly 30% of full scale. When the reading stabilizes, set the calibration pot to get a reading equivalent 'to the NO concentration certified for the 7-S gas mixture. 

	9.. 
	9.. 
	Reconnect the inlet line to the CHAS system after closing the calibration cylinder regulator valve. 

	10. 
	10. 
	Turn. 3-way valve V13 to permit calibration gas flow from the manifold to the CO, C02 and CHx monitors. 

	11.. 
	11.. 
	Close V2 and open V3 and V5. Open main cylinder valve for N2 zero gas and adjust two stage regulator pressure to approximately 10. ps1g or' unti1 a reading of 1 liter/min. flow is observed on the CO, C02' and CHx flowmeters. Fine adjustments are made using V3 and V5. 

	12.. 
	12.. 
	Using the zero control knobs set the meters on the three monitors to zero. 

	13. 
	13. 
	Close. valve V7 on zero gas cylinder. Open V6 on the span gas mixture and adjust pressure regul ator as outl i ned inStep 11. Adjust V3 and V5 to obtain 1 liter/min. flow through each monitor. 

	14.. 
	14.. 
	Using span gas mixtures 1-5 and 5-5 set meter needle readings with the span or gain knobs to the values corresponding to the certified gasconcentrations based on the individual instrument calibration curves, Figures 10 and 11. The CHx monitor is set to full scale at 5% methane and has straight line response. 

	15.. 
	15.. 
	Whi le span gas mixtures 2-5 through 4-5 may be useful for checking the t they are not needed for regularoperations. 
	calibration curves for each monitor 


	16.. 
	16.. 
	Close all span gas cylinder valves on the manifold. 

	17.. 
	17.. 
	Open pump va1ve V2 slowly after the pump is swi tched on and adjust flow rate from CHAS system into the monitors to 1 liter per minute. 


	The. co, C02' CHx, 02 and NO/NOx monitors are now ready for a test run. 
	HeN MONITOR -The dynamic permeation tUbe-flow dilution technique developed by O'Keefe and Oitman, Reference 3 and described by Herrington in Reference 2 was employed to prepare the calibration curve for this monitor. The calibration curve is shown in Figure 13. 
	The following procedure must be followed to prepare the HCN monitor for opera­tion and calibration: 
	1.. Preparation of Electrolyte 
	a.. Add: 6g KOH. 20 9 Na2504. 
	10 9 NaS0to boiled (C0free) deionized water 
	2
	3 
	2 

	b.. 
	b.. 
	b.. 
	Seal the bottle for storage or use a stopper fitted with an ascarite guard tube. 

	c.. 
	c.. 
	Never use electrolyte that is older than 3 months. 


	2.. Set up the HeN analyzer 
	a.. Turn the gas pump &electrolyte pump on. The digital voltmeter in front of the analyzer should show a reading close to zero. 
	3.. Set up the permeation device (Analytical Instrument Development Inc. Calibration System Model 309, or equivalent). 
	a.. 
	a.. 
	a.. 
	Connect the air inlet at the back of device to a pressure regulated flow of pure air t and connect the output line to the HeN monitor. 

	b.. 
	b.. 
	Adjust the pressure gage to approximately 40 psi. 

	c.. 
	c.. 
	Adjust the chamber flow to 1 liter/min (use a flow bubbler); the reading on the scale should be close to 5.1. (AID Instrument, only). 

	d.. 
	d.. 
	Set the temperature on the oven in accordance with the following table, and insert the permeation tubes into the AID permeationchamber as required (singly or in multiples) depending upon HeN concentration required for each calibration point. 


	CAUTION:. This operation must be done ;n a well ventilated chemical fume hood. Use plastic gloves or forceps to handle the permeation tubes. 
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	FIGURE 13. HCN CALIBRATION AND POLYNOr1IAL EQUATION CURVE FIT 
	4. Calculation: 
	The permeation rates for the HeN permeation tubes are as follows: 
	30°C 50°C. '1705 2487 ng/min 8112 ng/min. #1706 2528 ng/min 8112 ng/min. 11707 2570 ng/min 8209 ng/min. 
	Equation Used: 
	c= RxK. F. 
	c: Concentration in ppm 
	R: Permeation Rate, ng/min 
	F: Flow Rate ce/min 
	K: Constant 
	K = 0.0821 x T 
	""'!""-P~X-M~W 
	T = Temp in oK. P = Pressure in Atmospheres. MW = Molecular Weight. 
	Calculate R 
	Assume Permeation Rate ;s Linear response to temperature 
	For Tube #1705 R = 2487 + 281.25 (X-3D) NOTE: These values For Tube #1706 R = 2528 + 279.20 (X-30) differ and are For Tube #1707 R =2570 + 281.95 (X-30) unique for each 
	new set of tubes 
	x= Temp in °c 
	Ca-Iculate K 
	K = 0.0821 x T (OK) 1 x 27.026 
	K = 3.0378 x 10-x T (oK) 
	3 

	5.. 
	5.. 
	5.. 
	Connect HCN monitor output to a standard high impedance input strip chart recorder set to 0-100 mv range. 

	6.. 
	6.. 
	Obtain 10-12 calibration readings on the chart recorder relating permeation tube (calculated) HCN concentration per step 4 to the recorded, stable mv reading. This is achieved using a combination of permeation tubes placed in the AID unit, by changing the oven 


	temperature, 
	temperature, 
	temperature, 
	and 
	the 
	airflow 
	dilution 
	rates. 
	Table 
	5 
	shows 
	a 

	representative 
	representative 
	set 
	of 
	5 
	calibration 
	points 
	determined 
	using 
	this 

	procedure. 
	procedure. 


	TABLE 5. HCN CALIBRATION DATA. (ex"ample). 
	DATA PT. NO. 
	DATA PT. NO. 
	DATA PT. NO. 
	PERM TUBES USED 
	TEMP. °c 
	AIRFLOW CC/MIN 
	RECORDER MV 
	HCN PPM 

	1 
	1 
	#1705 #1706 #1707 
	50.2 
	1000 
	78. 1 
	24.16 

	2 
	2 
	Same 
	40.7 
	Same 
	53.5 
	15.82 

	3 
	3 
	Same 
	36.7 
	Same 
	42.5 
	12.45 

	4 
	4 
	Same 
	33.1 
	Same 
	33.3 
	9.48 

	5 
	5 
	Same 
	30. 1 
	Same 
	26.9 
	7.38 

	6, etc. 
	6, etc. 
	(Use same methodology as 
	above) 


	7.. Plot the HCN ppm values calculated from the formulas and input test parameters (shown in Steps 4-6) against mv output from the HCN monitor detector cell. 
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	8.. Curve fit the above plotted data using a 3rd order polynomial curve fit routine. The coefficients of this equation are used in the HP-ADAS pro­gram to process the data recorded during a burn test lFigure 13). 
	The HeN monitor operational characteristics have been discussed in detail in Reference 2. The detector in this instrument is relatively free of inter­ferences from other gases commonly found in combustion products. As reported by Dow, Table 6 gives the response of thi s detector to a number of gases. Spot checks, conducted by injecting quantities of diluted pure gases (CH4' C3Ha, H2S, N02, Hel, etc.) essentially substantiate these results. 
	GAS BATCH SAMPLING -Real-time, specific response, monitoring instruments for many combustion gases were not commercially available nor desired. Complexity of CHAS was reduced by adding batch sampling capability for gases not gen­erally present. Methods for laboratory chemical analysis of these gases were selected from the scientific" literature and modified as needed. Table 7 gives this list. 
	CHAS/SATS TEST PROCEDURE 
	Procedures for operation of the HRR calorimeter and preparation and in­troduction of the sample into the inner chamber were in accordance with the proposed ASTM test procedure (Reference 1) except as shown in Table 8. Modi­fications to the calorimeter have required additional steps. 
	PRETEST ADJUSTMENTS -The procedura1 steps for runni ng the CHAS/SATS are as follows: 
	1.. 
	1.. 
	1.. 
	Turn on and adjust the main air supply regulator for the HRR chamber to the selected airflow rate (60 ft/min). 
	3


	2.. 
	2.. 
	Turn on electrical power to the HRR GlobarRradiant panel and adjU~t power input to selected radiant heat flux level (2.5, 3.5, or 5 W/cm ) as measured by a standardized calorimeter. Ignite the internal chamber pilot light(s). 

	3.. 
	3.. 
	Open the air supply valve and adjust the auxi"liary airflow to the CHx monitor, adjusting the flowrate to 1 liter/min, before switching on the power. 

	4.. 
	4.. 
	Switch on the electrical power to the other continuous gas monitors (CO, C02' 02' HeN and NO/NOx), MLT unit, and the smoke photometer. 

	5.. 
	5.. 
	Allow 1-1.5 hours for warmup time. All gas monitors should equilibrate and readout very nearly to the same baseline readings as noted at the end of the previ ous day. Barometri c pressure changes from day to day wi 11 cause slight deviations. 

	6.. 
	6.. 
	Cut samples to size (6 x 6 or 10 x 10 inches) selecting the size on the 


	basis of the expected heat, smoke, and gas release rates, and mount in samp1e ho1der • 
	TABLE 6 
	RESPONSE OF AMPEROMETRIC HCN ANALYZER TO VARIOUS GASES (Ref.: D. Herrington, Dow Chemical Co.) 
	-Gas 
	-Gas 
	-Gas 
	Concentration 
	Response (Equivalent Jlllm HCNJ 
	Recovery 

	acetone 
	acetone 
	5% 
	0 
	immediate 

	acetylene 
	acetylene 
	1% 
	4ppm 
	immediate 

	ethylene 
	ethylene 
	100% 
	0 
	immediate 

	methane 
	methane 
	5% 
	0 
	immediate 

	butane 
	butane 
	5% 
	0 
	immediate 

	methyl acetylene 
	methyl acetylene 
	2% 
	0 
	immediate 

	carbon monoxide 
	carbon monoxide 
	15% 
	0 
	immediate 

	carbon dioxide 
	carbon dioxide 
	15% 
	a 
	immediate 

	carbon tetrachloride 
	carbon tetrachloride 
	5% 
	a 
	immediate 

	chlorine chlorine 
	chlorine chlorine 
	lOOppm200ppm 
	-lOppm -20ppm 
	immediate for short exposure, longer for long expo­sure 

	sulfur dioxide 
	sulfur dioxide 
	1000ppm 
	0 
	1 mi nute 

	sulfur dioxide 
	sulfur dioxide 
	5-10% 
	-lOppm 
	several minutes 

	hydrogen sulfide 
	hydrogen sulfide 
	10ppm 
	lOppm 
	immediate 

	hydrogen chloride 
	hydrogen chloride 
	2% 
	a 
	immediate 

	ammonia 
	ammonia 
	1% 
	lppm 
	2-3 minutes 

	hydrogen 
	hydrogen 
	100% 
	0 
	inmediate 

	oxygen 
	oxygen 
	20% 
	0 
	operates in air 

	cigarette smoke (P a11 Ma 11 ) 
	cigarette smoke (P a11 Ma 11 ) 
	heavy 
	5ppm 
	immediate 
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	w 
	~ 
	TABLE 7. ADDITIONAL GAS ANALYSES METHODS. 
	GASES 
	GASES 
	GASES 
	SAMlLING tETHODS 
	ANAlYTICAL METHODS 
	SOURCE OR REFERENCE 

	Hel, H8r 
	Hel, H8r 
	Impinqer/NaOH batch monitoring Impi nger/Na2C03Gas Syringe 
	Ag N0l titration electrometric IP po arographic Ag NO] titration electrometric 
	ORION Handbook 5 ORION 

	HF 
	HF 
	Impi nger/NaOH Impinger/Na 2C03 Ilipi nger/NAOHGas Syringe 
	Selective ion Electrode DP polarographicSpectrophotometric Selective ion Electrode 
	ORION Handbook 5 6 ORION Handbook 

	HCN 
	HCN 
	Impinger/NaOHGas Syringe 
	Pyridine-Pyrazolone Colorimetric GC (Gas Chromatographic) 
	7 CAMI 

	H2S 
	H2S 
	Impi nger/Cd ((Ii)2 
	Spectrophotometric 
	7 

	N02 
	N02 
	Gas SyringeReal Time Monitoring 
	Luminescent 
	8 9 

	Fonnaldehyde 
	Fonnaldehyde 
	Impi nger/NaHS03 
	Chromotropic Acid Colorimetric 
	10 

	Acrolein 
	Acrolein 
	Impi nger/NaHS03 
	4-Hexylresorcinol Colorimetric 
	10 

	Toluene Diisocyanate 
	Toluene Diisocyanate 
	Impinger/HC1-CH3COOH 
	Modified Marcali Colorimetric 
	11 

	NH3 
	NH3 
	Impi nger/H2S04 
	Selective ion Electrode 
	ORION Handbook 

	S02 
	S02 
	Impinger/TCA Solution 
	Pararosaniline Colorimetric 
	12 

	Phenolics 
	Phenolics 
	Impinger/NaOH 
	4-Aminoantipyrine Colorimetric 
	7 


	TABLE 8. MODIFICATIONS OF ASTM PROPOSED STANDARD. USED IN CHI PROGRAM. 
	PARAMETER 
	PARAMETER 
	PARAMETER 
	ASTM 
	(STD} 
	CHI 

	Airflow 
	Airflow 
	84 ft3/min 
	60 
	ft3/min 

	Radiant Panel 
	Radiant Panel 
	Globars 
	Same 

	Pilot Light 
	Pilot Light 
	Natural 
	Gas 
	Same 

	Smoke Sample Size 
	Smoke Sample Size 
	0-100% T/F.S. Vert 611 x6 11 Hor;z 4-3/8 I1 x6 11 
	0-0.40.D./F.S. Vert 611 x6 11 &1011 Horiz Same 
	X 10" 

	Mounting 
	Mounting 
	Light/low Cp/boat one surface only 
	Similar/optional 2 surfaces 

	Radiometer 
	Radiometer 
	2 types 
	1 only 

	Conditioning 
	Conditioning 
	23 0 C/50%RH 
	optional 

	Thermopi 1e 
	Thermopi 1e 
	compensated 
	no 

	02 Consumption 
	02 Consumption 
	no 
	substitute~ 
	for 
	DTP 

	Sample position 
	Sample position 
	Front surface, 4" from rad. pane 1 
	same 

	Calibration 
	Calibration 
	DTP/nat. 
	gas 
	same/02 consumption. 

	Calculations Heat 
	Calculations Heat 
	HRR/M2 
	same or by 02 consumption 

	Smoke 
	Smoke 
	S.M.0.K.E/M2 
	same 


	CAUTION:. 
	Very high heat release materials will swamp the gas monitors, and flames will completely fill the burn chamber. This has been found to heat the radiant panel Globars to such an extent that main power is lost because bre.aker switches are activated. Smaller samples of such materials must be prepared .to obtain CHAS data. 
	7.. 
	7.. 
	7.. 
	Turn strip chart recorder on and monitor baseline readings from the DTP. Recorded (equilibrated) DTP HRR baseline should not vary over a period of 5 minutes by more than ~ 0.02 millivolts. 

	8.. 
	8.. 
	8.. 
	Fill 10-50 cc IIbatch sample syringes with 5 cc of 0.1 normal sodium hydroxide (NaOH) solution {reagent grade, chloride and flouride free). These syringes fitted with large bore needles, must be labled to indicate to the operator the time at which a 45 cc combustion gas sample is to be withdrawn through the silicone rubber septum installed on a liTII fitting on the gas sampling probe line. 
	ll 


	NOTE: The time intervals are optional in this program, either 30­sec or 60-second intervals were employed depending on the rate of burning of the test specimen. These samples are assayed for HCl and HF. 

	9.. 
	9.. 
	Fill 10-50 cc syringes with 5 cc of 0.05% MBTH (3-methyl-2-benzothiazoline hydrazone hydrochloride reagent dissolved in distilled water) and fit each syringe with large bore needles. These syringes must be labeled to alert the operator to take a sample at the gas 1ine septum at 30-second intervals alternately with the syringe samples taken in step 8. These samples are assayed for total aldehyde content las formaldehyde) after the CHAS/SATS test is complete. 

	10.. 
	10.. 
	Concurrently with the above pretest preparations, the SATS exposure chamber is cleaned and the cage rotation motor drives checked for operation and synchronized to 6 rpm. The Ti sensor and SATS chamber temperature recording instrumentation is checked out for proper operation. 

	11.. 
	11.. 
	Set the zero and output (gain controls) on each continuous gas monitor using calibrating gas mixtures (see Table 4) to span the instrument reading to the known calibrated value. 

	12.. 
	12.. 
	The ADAS (HP 3052 with 9885M floppy disc memory and 9825A controller) is initialized (Figure 14) and the data channels checked out to determine that instruments are operational. The smoke photometer is calibrated at this time by adjusting its output using standard neutral density filters to set the span in millivolts corresponding to its calibration curve. Press SF key No.9. This calls up the accurate airflow orifice equation program. Press IIRun" and input all the requested data as shown in the airflow pro
	3
	3
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	NOTE: The CO, C02' and CHx monitors are zero set using pure nitrogen. Span is set using an appropriate certified analyzedcompressed gas cylinder mixture. A special gas mixture is used for the NO/NOx monitor, and the HCN monitor is separately calibrated. 
	RUNNING A MATERIAL 
	13.. , Figure 16) entering the following: 
	Initialize the ADAS, data acquisition program (SF Key 7, IIDATAA 
	II 

	(a) 
	(a) 
	(a) 
	Run No. (h). Airflow Rate, CFM 

	(b) 
	(b) 
	Sample Name (i). Inlet Air Temp, 0c 

	(c) 
	(c) 
	Date (j). Sample Area, in
	2 


	(d) 
	(d) 
	Floppy Disk No. (k). Heat Flux, W/cm
	2 


	(e) 
	(e) 
	Disk Run No. (1). Sample Wt., Grams 

	(f). 
	(f). 
	Length of Test, Minutes (m) MLT Sensitivity Factor. mv/100g. 


	14.. 
	14.. 
	14.. 
	Load a test animal (rat, Sprague Dawley derived, or other strain) into the SATS chamber and replace the top cover. Turn on the ventilation pumpand isolation valve between the SATS and the CHAS combustion products sampling line, adjusting flow to 14 liters/min. 

	15.. 
	15.. 
	Check SATS cage rotation and sensor recording system for correct operation. 

	16.. 
	16.. 
	Start the strip chart recorders on CHAS and continue ADAS program. 

	17.. 
	17.. 
	Check ADAS baseline data printed out on the 9852A tape. Make last adjustments to smoke photometer span calibration points (millivolts). 

	18.. 
	18.. 
	Check 02 monitor to assure that it has been switched over from sampling ambient air to the CHAS combustion products sampling mode. 

	19.. 
	19.. 
	Zero the digital electronic timer visible from the storage rack location sampling syringes. 
	near "batch 
	ll 


	20.. 
	20.. 
	Place the two racks (containing 10 syringes in each) at the position provided near the CHAS gas sampling line septum. 

	21.. 
	21.. 
	Load sample/holder/injection mechanism assembly into the HRR hold chamber, clamp the seal door in place with radiation doors still closed. Immediately turn the hold chamber air cooling valve to divert this airflow (3.83 ft/min) through the MLT. 
	3


	22.. 
	22.. 
	Observe the TP recorder trace to determine when the HRR chamber has recovered its baseline (usually 1 to 1.5 minutes). 

	23.. 
	23.. 
	After the baseline strip chart recorder shows recovery of analog baseline, continue the data acquisition with the ADAS to record all baselines into computer 9885M disk memory (25 times once per second over 10 channels). 
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	"START". 
	GET k nSF KEY" 
	CHOOSE PROGRAM FROM SF KEY 
	CHOOSE PROGRAM FROM SF KEY 
	CHOOSE PROGRAM FROM SF KEY 


	FIGURE 14. PRELIMINARY SETUP. 
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	Figure
	£9 START 
	___.....-. REQUEST ORIFICE UPSTREAM AIR 
	REQUEST. BAROMETRIC. PRESSURE. 
	REQUEST. INLET AIR. TEMPERATURE. 
	REQUEST. TOTAL. AIRFLOW. 
	REQUEST. MLT AIRFLOW. 
	REQUEST ADJUST AIRFLOW "TarAL-MLT==" 
	Figure
	:YES 
	Figure

	URE SF KEY C 
	FIGURE 15. HRR AIRFLOW ADJUSTMENT COMPUTER FLOW DIAGRAM. 
	Figure
	SETUP DIGITAL VOLTMETER 
	Figure
	Figure
	FIGURE 16. CHAS DATA ACQUISITION COMPUTER PROGRAM. 
	24.. 
	24.. 
	24.. 
	When the baseline scans are completed, open the radiation doors immedi­ately and inject the sample into the inner burn charnber, closing the radiation doors at the same time to protect the MLT unit from radiant heat. 

	25.. 
	25.. 
	Immediately upon completing step 24, start the data acquisition mode on the ADAS controller. This is time zero for the burn test. Start the digital electronic time at the same moment. 

	26.. 
	26.. 
	syringe gas samples. Take 45 cc gas volumes in 5-10 seconds for the HC1/HF samples alternately with those for aldehydes in accordance with the preselected time intervals printed on the syringe labels. 
	Change position within 15 seconds to take the IIbatch 
	ll 


	27.. 
	27.. 
	Observe the CO monitor output meter during the test run. Record the time at which the CO concentration reaches a maximum and simultaneously turn off the air circulation pump on the SATS and close the sample line isola­tion valve. Continue recording the animal response for 15 minutes or until a Td occurs. If a second burn episode occurs in which the CO concentration increases again, turn on the pump and isolation valve to establish flow through the chamber. Record elapsed time for the second exposure period 

	28.. 
	28.. 
	Continue the SATS test for an additional 5-10 minutes (20 minute tota-l). If no results are obtained, remove the test animal and clean the SATS chamber for use in the next test. 

	29.. 
	29.. 
	After the burn test is completed, remove the sample/hold/injection mechanism from the HRR, vacuum clean the ashes, spalling off the burned specimen, from the hold chamber and the bottom of the inner HRR chamber. 


	CAUTION: 
	Take care to avoid contact with the hot Globars when vacuuming ashes from the chamber. The tube should be thermally and electricaily insulated to avoid shorting the Globars or melting the vacuum hose. 
	30.. 
	30.. 
	30.. 
	Turn off the CHAS gas sampling train pump, the HCN monitor, and switch over the 02 monitor to sample ambient air. 

	31.. 
	31.. 
	Replace the membrane type smoke filter protecting the pump used to ventilate the SATS and the filters (membrane and ascarite/drierite) used to filter the product stream monitored by the 02 meter. 


	(NOTE:. Only the drying agent is required if the data reduction program normalizes the instantaneous 02 concentration by using the concentrations of the other gases for correction). 
	Repeat runs were conducted on the CHI program materials following this 31-step procedure. With all systems functioning properly, 3 to 4 test specimens were run per day. This does not include all of the data processing time, which sample gas analyses which were done after a number of runs were completed. 
	requires one hour per test, nor the IIbatch 
	ll 
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	DATA PROCESSING 
	The special function key overlay is placed over the special function key section of the 9825A controller. The special function keys, each dedicated to a CHAS data acquisition program or operational channel, are identified as shown in Table 9. 
	Ten data channels, as identified on Figure 2 provide analog data from CHAS tests for storage on a floppy disc (or on cassette) in the HP3052A Data Acquisition System. Each disc has storage space for all programs and data from 10 ten-minute CHAS tests. 
	It must be emphasized that the input variables consisting of the individual gas monitor calibration curve polynomial equation coefficients and other sim; 1ar data are uni que to the DAC system and i nstrumentation. The program 11*11. This indicates the need for user instrument calibration (or other) data inputs before the program can become operational. Instructions for an initial HP3052A start up are given in Appendix A and are as shown in Figure 14. 
	listings below will have to be modified where the listing steps show a 

	FINAL PREPARATIONS FOR CHAS TESTS 
	FINAL PREPARATIONS FOR CHAS TESTS 

	With all systems IIGOIl press SF key No.9. This calls up the accurate airflow orifice equation program. Press IIRun" and input all the requested data as shown in the airflow program, Figure 15. After the airflow rates have been adjusted accurately to the selected values (e.g., 56.33 ft/min through the HRR chamber and 3.67 ft/min through the hold chamber or MLT), press SF key No.7. This calls up the lO-channel data acquisition program. The procedure followed in this program is shown in the flow diagranl Figu
	3
	3

	DATA TRANSFER TO IBM 370 The Fire Analysis Computer Program (FACP) that predicts cabin environment from CHAS data is a fairly complex semiempirical model written in FORTRAN for an IBM 370. The HP and IBM do not have a common 1anguage so it was necessary to use a Dylon formatter to transfer the HP digital data to an IBM 370 tape (SF 8). Batch gas concentrations sampled every 30 seconds had an additional data point interpolated between each pair of experimental points using a conventional straight line comput
	Three specimens of Panels 2, 3 and 4 were run at each heat flux but only one set of data was needed at each heat flux. One set of specimens at each heat flux was run without animals or syringe sampling since the syringe samples caused spikes in the 02 concentration curve. Specimen heat flux was calculated from this data set using the NBS 02 depletion Method. Rather than attempting to obtain average run data for three runs as input to the IBM 370 tape, the data was plotted and the single most representative 
	TABLE 9. SPECIAL FUNCTION KEY IDENTIFICATION·. 
	SF 
	SF 
	SF 
	KEY 
	CODE 
	DATA REDUCTION PROGRAM 

	fO:/l 
	fO:/l 
	YES 

	fl:get liSTART" 
	fl:get liSTART" 
	Initiates SF 
	key selection 

	f2:get 
	f2:get 
	IIHRRO II2 
	O2 Consumption 
	heat release 

	f3:get 
	f3:get 
	"SMOKE II 
	Smoke 
	release 
	rate 

	f4: get IIHEAT II 
	f4: get IIHEAT II 
	Heat release by differential 
	thermopile 

	f5:get 
	f5:get 
	IITEMP" 
	Sample surface temperature 

	f6:/ 
	f6:/ 
	NO 

	I 
	I 
	f7:get 
	"DATAA Il 
	CHAS 
	Data acquisition 

	TR
	f8:get 
	IIDATRR Il 
	Data unpacking and transfer 

	TR
	f9: get IIHgADJ 
	HRR 
	airflow adjustment 

	TR
	flO:get 
	II NOli 
	NO and NO x 
	release rate 

	TR
	fll:get 
	IIFIREII 
	Combustion Gas 
	Volume Corrections 
	to f2 

	TR
	f12:get 1l C0211 
	CO2 release rate 

	TR
	f13:get 
	IICO" 
	CO 
	release rate 
	I 

	TR
	f14:get 
	1102 
	O2 release 
	rate 
	(depletion) 
	I 

	TR
	f15:get 
	IIHeN Il 
	HCN 
	release 
	rate 

	TR
	f16:get 
	IIHe ll 
	Combustible gas release rate 

	TR
	f17:get 
	"MASS" 
	Mass 
	Loss 
	and 
	mass 
	loss 
	rate 

	TR
	f18:get 
	"CFLA Il 
	Point connector program for batch sampled gases 

	TR
	f19:get 
	IIHCL II 
	HCL 
	re1ease 
	rate 

	TR
	f20:get 
	IIHF II 
	HF release 
	rate 

	TR
	f21:get 
	IIALD II 
	Aliphatic aldehyde release 
	rates 
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	III. HAZARD LIMIT CONCEPT. 
	TOXIC GAS HAZARD LIMITS. 
	The term IItoxicity" has been used frequently during discussions on fire gases. Many times it has been used interchangeably with quantitative units of measurement of fire gases. Quantitative units of measurements, per se, have nothing to do with denoting toxicity. The definition of toxicity (Reference 13) is lithe quality of being poisonous and is expressed by a fraction indicating the ratio between the smallest amount that will cause an animal·s II This requires definition of the term (Reference 13) which,
	death and the weight of that animal. 
	"poison
	ll 
	may cause damage to structure or disturbance of function. 
	1I 

	This leads to the evaluation of standard toxicological terms used to describe toxicity. These are LDs.O and LCSO which indicate the dose or con­
	centration required to kil-l 50% of tfle experimental animals. This criterion of LCSO is untenable when it is applied to human survival and escape from the f,re situation wherever it might be. Some years ago, a new term, the Time of Useful Function (TUF) was suggested by Gaume (Reference 14) as a more ap­propriate term to indicate the time available for a person to escape the fire environment before incapacitation by fire gases, after which it would not be possible to do so without help. The TUF may be cons
	By definition, then, the toxicities of various fire gases can be determined, for human purposes, only by collecting data on exposed animals or humans, the latter being generally unacceptable subjects for these kinds of hazardous ex­periments. Therefore, animal subjects are the only alternative for building a data bank of biological effects from which scale factors can be developed via further experimentation and mathematical modelling. For purposes of the data bank related to fire safety, escape and surviva
	The TUF/Ti will be variable under different circumstances and will depend on a variety of factors. Among these are the materials that are burning, their ig­ni t ion temperatures, heat fl UX, fire temperatures, oxygen supp1y, venti1at;on and air currents, retardant treatment, the gases evolved, their generation rates, and others. These variables, combined with the many physiological var­iables present in the escapee·s body, and the many types of gases evolving(asphyxiant, irritant, anaesthetic, narcotic, sys
	The TUF/Ti will be variable under different circumstances and will depend on a variety of factors. Among these are the materials that are burning, their ig­ni t ion temperatures, heat fl UX, fire temperatures, oxygen supp1y, venti1at;on and air currents, retardant treatment, the gases evolved, their generation rates, and others. These variables, combined with the many physiological var­iables present in the escapee·s body, and the many types of gases evolving(asphyxiant, irritant, anaesthetic, narcotic, sys
	perhaps the only means of integrating all these complex variables without the requirement to investigate each one individuallYt at high cost in time and money. Once materials have been rated by such a test t the synergistic or antagonistic effects of each combination or concentrations of gases, and other single variables, can be investigated more leisurely on the basis or pre­determined priorities. Our understanding of synergism and antagonism mayundergo some change as a result of investigation of controlle

	In the initial CHI development effort, the FAA desired that we take a simpleapproach, i.e. to consider the multiple gases evolved as having an additive effect, which is the conventional toxicological approach to that condition. Some of the more recent data, however, indicates that, in mixtures of gases,this is not always the case. In certain cases, one or more gases may inhibit the effect of others (References 14 and 15). This phenomenon has not yet been studied sufficiently to understand fully the mechanis
	APPROACH -There is a dearth of short-time (5 minute) exposure data available in the literature for use in the computer program. Therefore, Douglas was re­quired to develop this kind of data from the best information available. The approach used is described in the following paragraphs. 
	To detennine a 5-minute limit for CO, by starting with the Threshold Limit Value (TVL) of 50 ppm for an 8-hour work-day exposure and doubling the concentration as the time is halved, the result is approximately 4800 ppm of CO as a 5-minute limit. Figure 17 illustrates this method. This 5-minute limit provides the concentration needed to develop the escape time curve. Ap­plicability of this method to other gases was studied, because it was limited to estimating the 5-minute limit for CO. This method can be n
	"reverse extrapolation 
	ll 

	Studies were made to determine whether the reverse extrapolation method from 
	the TLV to a 5-minute limit was feasible for gases other than CO. The results 
	appear to be encouraging. A generalized form of the equation was derived from 
	available TLV data to estimate hazard limits in the absence of short term 
	data. Toxic hazard limits in industrial toxicology are sometimes expressed as 
	total integrated doses (TID), or ppm -minutes, as a constant for a gas. This 
	suggested that an equation could be derived for a gas which would allow cal­
	culation of a hazard time limit as a function of the constant and the TLV con­
	centration. 
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	TI~1E (HOURS) FIGURE 17. FIVE-MINUTE TLV EXTRAPOLATION CURVE FOR CO 
	HL = 480 X TLV (ppm)5 t where 480 = number of minutes in an 8 hour work day TLV = Threshold Limit Value t = Time of Exposure, 5 minutes 
	An analysis was conducted for the human survival 1imits of the toxic gases (15) involved. The above equation has been utilized to determine initially the estimated 5-minute hazard limit, (HLS), for these gases. The literature 
	-46­
	was then examined to find the data closest to a 5-minute survival time. (Very seldom does the literature present such specific data). Interpolations were made where the data were not sufficiently specific, and the result was com­pared with the (HLS) for each gas as determined via the equation. In ten of the fifteen cases the equation appeared to reflect an acceptable limit. In the other five cases, reductions of the equation values appeared to be neces­sary, based on the mechanisms of action of these gases,
	Hazard limit curves, as calculated are shown in Appendix B and were doses and escape time (CHI). 
	Hazard limit curves, as calculated are shown in Appendix B and were doses and escape time (CHI). 
	Hazard limit curves, as calculated are shown in Appendix B and were doses and escape time (CHI). 
	for each of 15 used to calculate 
	significantly toxic fractional "effec
	gases tive" 

	THERMAL HAZARD LIMITS 
	THERMAL HAZARD LIMITS 

	Two 
	Two 
	aspects 
	of 
	the 
	therma1 
	hazards 
	were 
	cons idered. 
	The -fi rst 
	was 
	the 
	max­


	imum air temperature that can be tolerated by the respiratory tract; usually considered to be 400°F. The second was the time-to-incapacitation resulting from the effects of heat on the body (considered as a dose). 
	An extropolated air temperature hazard limit curve described this hazard, and it1s escape time characteristics were determined by curve fitting the data using a modified polynomial computer routine. A simplified biothermal model of a man being exposed to high air temperatures has been used to curve fit the 
	C. R. Crane air temperature limit data (Reference 16). Figure 18 shows the 
	correlation between the curve fit equation and the Crane data into the higher air temperatures and lower human tolerance limits relating to the CHI program. 
	This simplified approach ;s based on an analysis that determines the time needed to raise the internal (core) body temperature by 5.5°C (to l08.5\JF) when it is exposed to a heat flux by radiation and convection as well as an internally generated metabolic heat. The convective heat gain or loss in­cludes the effect of latent cooling due to the evaporation of perspiration from the skin. It was assumed, as a simplification, that the rate of mass loss by evaporation is a function of the temperature differentia
	The least squares curve fit of the simplified biothermal man-mode"' determines values for the radiation term coefficient, as well as the combined convective plus evaporative cooling term coefficient, when fitted to experimental data of the tolerance limit versus air temperature. An exponent of the convective heat transfer term is included to account for the variation of the heat trans­fer as a function of temperature. The metabolic heat rate was determined by successive trials until a best fit of the data w
	An interesting result of the curve fit gave a negative value for the con­vective plus evaporative term coefficient. This was interpreted to mean that the data reflects a situation in which the cooling effect of evaporation is greater than the heat gain by convection, and it was assumed to be a logical result. The radiation term is positive and adds heat to the body. 
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	UAZARU I TLV(ppr t) 
	(HL)5 ESTlfiATEO BY EQUATION
	(ppr1) 
	TABLE 10. HUrt1AN SURV IVAL LINITS ANALYSIS. 
	CLOSEST DATA IN TUE LITERATURE 
	CLOSEST DATA IN TUE LITERATURE 
	REFEREUCE 

	AUJUSTEO 
	(HL)5 (J = JUUGNENT)(NR = NOT REQ'D) 
	N02 
	N02 
	N02 
	C 5.0 
	480.0 
	1000 ppm 19 minutes arising 
	-no 
	deaths Patty Vol. II, p 921-922, Pu1m. Edema delayed action 
	I i~.R. (Slow Action) 

	TR
	3350 ppm 
	-death 8-10 minutes 
	(slow hydrolysis) cyanosis, 

	TR
	340 to 
	410 ppm 60-105 minutes 
	dyspnea, 
	cardiac dilation 

	TR
	death 
	collapse, death, eye 

	TR
	i rri ta ti on. 


	Table
	TR
	UC1 
	C 5.0 
	480.0 
	50 -100 ppm -Work impossible Ipatty Vol. II p 851, Mucosal 

	TR
	10 -50 ppm -Work Difficult necrosis pu1m. edema, 

	TR
	atelectesis, emphysemia 

	TR
	dam. to pulm. b1. vessels. 

	TR
	laryn_gea1 spasrl & edema, eye

	~ 
	~ 

	Q) 
	Q) 
	irritation. 


	50.0 ppm (J) Provides Mild \sa fety Factor 
	HF 
	283.0
	3.0 
	HBr 
	3.0 
	288.0 
	2250 ppm 
	2250 ppm 
	2250 ppm 
	-Animal 
	died in 5 
	jPatty Vol. 
	II, p 842. 
	Uamage 
	N.R. 

	minutes 
	minutes 
	to 
	lung, liver, kidney 

	1500 ppm -Caused 
	1500 ppm -Caused 
	no deaths but 

	damaged tissue 
	damaged tissue 


	5200 ppmminutes. 
	5200 ppmminutes. 
	5200 ppmminutes. 
	-
	Rats survived 6 
	Patty, Vol. II No data on HBr used methyl bromide as 

	2600 ppm 
	2600 ppm 
	-
	Rats survived 24 
	subst. 
	p 1252 Toxicity 1/7 

	minutes. 
	minutes. 
	that of HBr. 


	N.R. ~a fety Factor bf 2.5 
	350(J)
	5.0 
	480.0 
	400-500 Immediate danger to Patty Vol. II, p. 894
	S02 
	life. 
	H2S 
	H2S 
	H2S 
	10.0 
	960.0 
	400-700 ppm dangerous life in 1/2-1 hour. 
	to 
	Patty, Vol. II p. 899, Systemic Effect over­

	TR
	shadows 
	irritant effect at 

	TR
	700 ppm. 
	eus effect and 

	TR
	respiratory paraiysis. 


	GOO ppm (J) 
	+:-­
	\0 
	(HL)5 ESTIMATED ADJUSTEU BY (HL)SEQUATION CLOSEST DATA IN (J = JUDGNEUT) HAZARD TLV (PP~1) (pp(1) THE LITERATURE REFERENCE (NR = l'~UT REQ' 0) COC1 2 o. 1 9.6 20 ppm -Severe Lung Damage Patty. Vol. II. pg. 940 N.R. 1 -2 mi nutes 25 ppm -Danger to life in 30 minutes -­COF2 0.1 (Est.) 9.6{Est) --N.R. No TLV Ref. --­---~------------_._. -­--­INH 3 25.0 2400 2500-6500 ppm Dangerous to Patty. Vol. II. pg. 862 N.R. Life ;n 30 minutes. ...-----------­---~----------------~-----1--­100 ppmlForma 1de­C 2.0 192.0 LC~9
	TABLE 10 (Continued) 
	TABLE 10 (Continued) 
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	As stated before, the analysis is based on a temperature rise of the mean body temperature. The curve fit plot shown in Figure 19 indicates that it requires very high temperatures to raise the core body temperature 43°F (5.5°C) in less than one minute. Another criterion that limits the maximum air temperature, beyond which survival will not be possible, is the temperature at which third degree burns of the skin occur. This limit, 585°K, (312°C), or 593.5°F, was determined from a simplified biothermal man mo
	Figure
	Where: 
	Where: 
	Where: 
	Qm 
	= metabolic heat rate, 
	calories 

	TR
	W 
	= weight of the man, 
	Kg 

	TR
	Cp 
	= specific heat, 
	average human 
	body, 
	(consistent units) 

	TR
	dt 
	= rate of change of body temperature, °C/min 

	TR
	Ti 
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	he = convective plus evaporative heat transfer coefficient, 
	(consistent units) 
	2
	A = body area, m 
	Ta, To = air and surroundings temperature, °C 
	Tm = mean body temperature during the temperature rise, OK 
	hrF = radiant heat transfer coefficient, (consistent units) 
	N= exponent of heat temperature ratio 
	dT = taken as 5.5°C 
	Ti = time to incapacitation, minutes 
	The equat i on was so1ved for Ti and curve fi tted to the Crane data. The results of the curve fit gave the following values for the parameters: 
	heA/WCp = -0.089811405 hrFA/WCp = 7.42071 QM/WCp = 0.0345 
	N = 1.55 
	These values appear to be quite reasonable thermodynamically, and were used in the above equation to plot the curve shown in Figure 19. 
	The results of experimental studies on time-temperature relationships for ex­posed skin thermal injury were reported in Reference 17. These experiments were performed with animal sUbjects (pigs) to determine the air temperature versus time on the exposed skin of the subjects. Data points taken from the 
	report are plotted on the extrapolated air temperature hazard curve in Fi gure 19. It appears that third degree burns cross the hazard curve at about 593.5°F (585°K). These values have been selected as the upper limit of hazard above which escape would become impossible. At this temperature, the escape time would drop abruptly to zero for this hazard. 
	SMOKE (VISIBILITY) HAZARD LIMITS 
	A proposed escape time curve for the effects of reduced visi bi1i ty through smoke has been selected and is shown in Figure 20. The rationale used in deriving this curve involved an evaluation of how far one can see an il­luminated emergency exit sign at various smoke densities as determined by the transmittance per foot of distance. The transmittance and smoke volume gen­eration rates are known for each material from tests in the CHAS chamber. These data are translated in the CHI computer program to full s
	Allard's Law (Reference 18) calculates the illuminance, foot candles, at the observers eye from a light of a given luminous intensity (candles), at a distance from the observer. The equation expressing Allard's Law is: 
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	AIR TEMPERATURE FIGURE 19. COMBINED AIR TEMPERATURE HAZARD LIMITS 
	Figure
	Where: 
	E ;s the illuminance at the observer's eye in foot candles 
	I is the intensity of the source light in candles or candela 
	o ;s the distance between the source light and the observer 
	T ;s the transmittance of the attenuating smoky atmosphere, or. transmittance per unit distance. 
	FAR Part 25 Paragraph 25.8l2(a) specifies the intensity requirements for emer­gency exit locator signs. They must have a minimum background brightness of 25 foot Lamberts, and an area of at least 21 square inches. Converting the units to candles: 
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	FIGURE 20. ESCAPE TIME VERSUS LIGHT TRANSMITTANCE THROUGH SMOKE 
	25 foot Lamberts X0.3183 = 7.9575 cand1es/ft
	2 

	and the intensity 
	I = 7.9575 candles/ftx 0.1458 ft
	2 
	2 

	= 1.1605 candles (candela) 
	A plot of the -Log E of the illuminance at the observer's eye versus distance 
	o and transmittance per unit distance is shown in Figure 21. The intensity of the 1ight of 1.1605 candela was used in plotting the curves. Reference 18 quotes a threshold illuminance of 7 x 10-foot candles that is used to 
	8 

	assess the visibility of approach and landing lights for a pilot landing an aircraft at night, which is also shown as a line in Figure 21. This horizontal line was established in Figure 21 from -10g(7 ·x 10-) = 7.155; values above this line have an illuminance which is too low to detect by eye.Values on this line are just detectable, and values below the line are visible with increasing illuminance as points are farther below this line. The value of the illuminance in foot candles for points on this figure 
	8
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	A plot of transmittance versus distance for threshold illuminance, as determined above, is shown in Figure 22. The plot shows that at increasing values of transmittance one can see farther, and that at 100 feet one can see the emergency exit from one end of a wide body jet to the other if tne transmittance is greater than 93.1%. This T value was used to locate one point at the visibility level relating to an escape time at 300 seconds, i.e., for the full duration of the 5 minute fire scenario of the CHI pro
	Another point on the escape time curve can be located at a time of 15 seconds at a transmittance of zero (complete darkness). An experiment indicated that one can fee 1 the ir way to the nearest exi t in a wi de body jet, at a max imum distance of 34 feet away. The curve was assumed to be an exponential, expressed in terms of transmittance T or 
	ET = A(BT) 
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	where, to fit the two points, 
	A= 15 
	B = 3.21775 
	This equation for the smoke hazard expression was used to obtain escape times resulting from smoke as a function of transmittance per unit distance in the CHI calculation. It was not used in an integrated dose sense as were the other hazards but will affect the CHI since escape time will be slowed depending on the amount of smoke generated by the material. 
	SATS ANIMAL TESTING 
	The single rotating wheel in the Single Animal Test System (SATS) plexiglas chamber (Figure 23) and the associated electrical contact bar provided two biological endpoints, Ti and Td. Either endpoint could have been used to detenmine which panel material evolved the most hazardous combustion pro­ducts. Ti was selected to make the comparisons since Td's were not observed as often and the Ti represented a more .conservat i ve endpoi nt re1ated to the concept of emergency evacuation in a post crash fire cabin 
	This unit was designed and modified at DAC to permit parallel recording of the breathing rate by a 300X amplification of the signal. When a Ti was observed, the wheel rotation was interrupted and with the animal resting against the sensor bar, Td (time-to-death) was determined based on cessation of the re­corded breathing trace. Combustion gases were pumped into the chamber through a 3/8 inch teflon line and ball valve connected to the gas sampling probe from the HRR (see schematic, Figure 2) at a flow rate
	The last procedural modification adopted for the animal Ti tests is based on the observation that the most common toxic gas produced in fires is carbon monoxide. However, carbon monoxide is not the only major toxic product evolved since these depend upon the elementary composition of the particular polymer or materi al being burned, the degree and character of any fire re­tardants added, the intensity of the fire threat, and the availability of oxygen (References 2 and 19). Since the combustion products are
	STAINLESS STEEL 
	MESH CAGE (COATED) 
	DEMOUNTABLE. CHAMBER. COVER. 
	PLEXIGLASS ......-oIto-SENSOR BAR 
	COMBUSTION ~~~ GASES 
	FROM 
	CHAS 
	STRAIN GAGE 
	PROCESSOR 
	TO SIGNAL 
	AND SUPPORT BAR AND RECORDER 
	FIGURE 23. SINGLE ANIMAL TEST SYSTEM PLEXIGLAS CHAMBER 
	chamber was 2.8 times per minute. At high radiant flux test levels, materials burn more rapidly generating high levels of gases, but also burn out in a few minutes. Thus, a protoco1 and procedure that calls for exposure at constant pumping speed would not correlate with the toxic endpoints obtained with ap­paratus of more conventional design in which all toxic products .are ac: cumulated in the exposure chamber. The procedure that appeared to glve a T1 endpoint within 30 minutes to relatively ranking materi
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	(a). 
	(a). 
	(a). 
	After chamber closure, the inlet ball valve was opened, the pump was turned on and the flow rate into the animal chamber was set to 14 liters/min. 

	(b). 
	(b). 
	Within 2 minutes, the sample was injected into the HRR chamber. Simul­taneously an electronic timer was started along with the Ti sensor unit recorder. 

	(c). 
	(c). 
	As the test sample burned, the CHAS panel meters of the CO, COand HCN monitors were observed. When the CO concentration appeared to a maximize reading, the pump taking combustion gases and smoke into the animal chamber was turned off and the ball valve closed •. The shut-off time in seconds was recorded. 
	2 


	(d). 
	(d). 
	If either the CO or HeN meter readings showed a further increasing evolution of these gases, the ball valve was reopened; the pump was 


	turned on, and time in seconds was recorded. The pump and valve were turned off and on again if further increases in CO or HeN were observed, registering the elapsed time for each. 
	(e). With the combustion gas mixture isolated in the chamber, the wheel ro­tation and Ti/breathing rate sensor recordings were continued for 15 or 30 minutes. Ti's and Td's were recorded for either test period option. 
	The observed Ti was normalized in terms of a 200g rat and the fractional ac­cumulated dynamic exposure time based on 15 or 30 minutes in accordance with the following formula: 
	Figure
	Where: Ti(obs.) = observed Ti in seconds from start of test 
	W = weight in grams of test rat SF = summation of exposure times to gas flow, seconds 60 = 60 sec/minute conversion factor 
	200 = normal rat weight, grams 900 = total test time, seconds 100 = standard area of CHAS sample, in 
	200 = normal rat weight, grams 900 = total test time, seconds 100 = standard area of CHAS sample, in 
	2 

	2

	A = Area of CHAS sample actually burned, inTd1s were recorded directly in minutes without normalizing calculations. 
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	Maximum temperatures measured within the animal test chamber did not exceed 97°F (36°C) during tests for all radiant flux levels normally selected to test materials in the CHAS. This temperature level does not exceed the temperature l04~F (40°C) known to produce incapacitation of the rat in 30 minutes due to thermal stress alone (Reference 16). 
	The,principal objective of the animal tests was to correlate the Ti results in the CHAS/SATS and the CFS, comparing the relative rankings of the panel materials with those predicted by the FACP. Typical, Ti test records are shown in Figures 24 and 25. 
	In the preliminary development of the SATS, panel number 1 was tested 9 times 
	at 4.41 Btu/ftsec radiant flux to develop a suitable test procedure and protocol for use in the program. The difficulties of obtaining a Ti or Td endpoint w.ithin the time intervals required to completely consume the test m~terials were exemplified by the data shown in Table 11. 
	2 

	From the above tests, a flow rate of 14 liters/minute was finally selected as the pumping rate from the CHAS chamber through the SATS to obtain a useable endpoint for all further tests. An evaluation of SATS data is given in the Part 1 report. 
	CFS ANIMAL TESTING 
	During Panel No. 1 tests, 1 and 3 rat open mesh driven split wheel cages 'employing sensors of the same design as in the SATS were used and simply shielded from radiant energy by aluminum foil. As discussed in the CFS test section of this report thermal insulation was needed. A modified, insulated polycarbonate enclosure with forced ventilation was provided as shown in 
	Figure 26. 
	Each of the six rats (i n four chambers) had one dedi cated channe1 on an a-channel ASTRO MED SUPER a hot-pen recorder. Temperatures in the four chambers were multiplexed on the seventh channel and recorded each three se­conds so that each chamber temperature was recorded every 12 seconds. Ti test records from the CFS tests were similar to Figures 24 and 25. 
	The procedure during a run was to stop the vacuum pumps pull ing air through the chambers when maximum CO concentration was reached as was done in the 1aboratory CHAS/SATS test i ng. Th is procedure was repeated to retain max imum gas concentration since CFS ventilation was continued until reentry could be made after the CFS had cooled. 
	The recorder charts for the Ti sensors in the various cages indicated that two 
	sUbjects escaped from their cages prior to the start of the test. Those at 
	the multiple cage testing location appeared to show Ti in 5 'minutes. The 
	single subject under this set of cages (Zone 12) appeared to reach Ti at 
	approximately 5.5 minutes. With the exception of the two escapees, who 
	survived without any ill effects, all other subjects were dead on opening the 
	chamber 1 hour after the test 
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	START TEST SHUT OFF GAS FLOW 
	Figure
	FIGURE 24. TYPICAL CHAS/SATS Ti TEST RECORDING 
	I 
	I 
	.j i til; 
	.j i til; 
	Ift·j 

	Figure
	FIGURE 25. TYPICAL Ti TEST PATTERN SHOWING Td AFTER AMPLIFICATION OF RESPIRATION 
	TABLE 11. CHAS/SATS TI TESTS OF PANEL 1 MATERIAL. 
	RUN. NO.. 
	47. 48. 49,. 54. NO CHAS DATA. 
	NO CHAS DATA. 
	72. 
	73. NO CHAS DATA. 
	SATS. FLOW RATE. LITER/MIN. 
	1 1 4 5 
	10 
	14 
	14 
	14 14 
	FLOW. TERMINATED. SEC. 
	1800 
	1200 300 180 180 
	216 
	192 
	204 180 
	RAT. WI.. GRAMS. 
	350 356 334 210 230 
	239 
	234 
	194 259 
	Ti. SEC. 
	-
	-
	-
	-
	720 972 990 252 
	750 
	Td. SEC. 
	-.-.-.-.
	-
	-
	1260 
	720 1200 
	REMARKS. 
	No 
	No 
	No 
	Results 

	No 
	No 
	Results 

	No 
	No 
	Results 

	No 
	No 
	Results 

	Td 
	Td 
	Elicited with 

	CO 
	CO 

	Td 
	Td 
	Elicited with 

	N2 
	N2 

	V1 
	V1 
	Turned 
	Off 
	at 


	Maximum CO Same as Above Same as Above 
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	FIGURE 26. INSULATED ANIMAL CHAMBERS AT THE CHI POINT 
	The Ti sensor chart and computer recordings for the subject exposed inside the thermally protected polycarbonate box showed that this subject did not arrive at a Ti endpoint until after the end of computer data acqusition at 1304 seconds. However t upon opening the chamber later (1 hour) this subject had 
	expired. 
	Program development was essentially completed with the scheduled burn of three No.1 Panels in the CFS at 4.41 Btu/ftsec. This included CHAS/SATS test methdologYt its data acquisition t writing the data reduction programs and need for computer language translation in preparing data tapes for the IBM 370 Fortran program. The peronnel hazard limit curves were finalized at the best knowledge then available and with CFS testing optimized and operational. The Fortran program could not yet predict flows t to our s
	2 
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	IV. FIRE ANALYSIS COMPUTER PROGRAM. 
	SELECTION OF CABIN FIRE MODEL. 
	The CHI program work statement (September 1977) included a task to utilize currently available cabin fire modeling technology. The model was to ••• "con­sider the effect of the magn itude and propagat ion rate of heat, temperature, smoke, and gases generated by a materials fire in one cabin location on ad­
	jacent and distant cabin environments and materials. 
	1I 

	A review of the available literature on fire modeling, in particular for air­craft cabins, did not reveal any models or computer programs that could be used (or easily modified). The specific materials fire model and tne fire ex­posure conditions imposed by the selected crash fire scenario prevented direct application of existing model programs for use in the CHI methodology develop­ment. 
	The University of Dayton Cabin Fire Modeling Program (DACFIR) was designed to predict the propagation rate of flame from one fuel material surface to ad­jacent surfaces and the growth and space-time distribution of hazards in the cabin environment. In the CHI program a single material (composited pane"ls) was exposed to radiant heat flux in the pilot light mode in a vertical ori­entation. Since the radiant flux was approximately uniform over the area of the specimen, flame involvement was nearly instantaneo
	(CHAS) and full-scale heat exposures and test panel· orientations for each seri es of tests were kept the same. The panel area and airflow in the two test regimes were different. 
	Thus, fire modeling research studies such as the 2 and 3 dimensional flow studies of heated gases and smoke at the University of Notre Dame, fire plume and ceiling jet models from wood crib sources, furniture, liquid poo"1 fires, etc. under development at the NBS Center for Fire Research, Factory Mutual Insurance Company, Harvard University and others, were not easily adaptable for use in the CHI program. A cabin Fire Analysis Computer Program (FACP) was developed in Fortran IV language based on heat and ma
	COMPUTER PROGRAM DESCRIPTION 
	The CHAS burn test data for a materi al were stored on the HP9825B computer 
	disc (or tape) in processed form after each experiment. Ten channels of data 
	consisting of 600 one-second data points were recorded in blocks (strings) for 
	each parameter measured by the CHAS. Three additiona"1 600 data point blocks 
	were recorded from curves prepared from the batch sampl i ng and analyses for 
	HF, HC1, and aliphatic aldehydes (RCHO). The 13 blocks of processed data were 
	transferred vi a the Dylon Formatter to an IBM 7-inch, 9-track 900 BPI tape, 
	and input into the IBM 370 FACP directly or recorded on disc for more con­
	venience in accessing and processing data on a repeat basis for development 
	purposes. 
	As shown in Figure 28, the main program calls 6 sUbroutines in processing the IBM 370/CHAS data blocks for each hazard or measured parameter. The differential equations (OIFFEQ) subroutine calculated the derivatives of 260 differential equations in a double do-loop procedure. The number of equations depended on the number of gases recorded during CHAS burn tests and the number 
	of single 
	of single 
	of single 
	zones. zone 
	The same set program but 
	of equations computation time 
	was 
	used was g
	to rea
	calculate tly reduce
	all d si
	hazards nce only 
	for 
	the 
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	FIGURE 27. FIRE DYNAMICS MODEL FOR FACP 
	the total CFS cabin volume was involved. The flow dynamics subroutine (FLODYN) was not needed in the single zone program since the assumption of in­stantaneous complete mlxlng of gases, heat, and smoke was operative 
	(well-mixed reactor approach). Differential equations describing the time histories for each zone wall and air temperature, smoke density, CO, C02' H 0, 02' N2' and NO/NOx were numerically integrated. Provision for additional gases were included for printout in the program out of an optional 
	list of 7 toxic gases. 
	The individual gas constants (molecular weights and specific heat capacities) were input into the program. These constants are listed in Appendix C. 
	[ SBR FLODYN
	-r-.
	-r-.


	MAIN. PROGRAM. 
	CALL. DATTAD. 
	CALL. PRINT. 
	---SBR [___ DIF~EQ 
	CALL. FLODYN. 
	CALL. DIFFEQ. 
	CALL RUNGU 
	~SBR ~R~UN~G~U_j----------t., 
	L__

	CALCULATE AND INTEGRATE HAZARDS 
	SBR 
	CALL ESTI 
	ESTI 
	NOTES: 
	1.. 
	1.. 
	1.. 
	DATTAP = IBM TAPE WITH CHAS DATA 

	2.. 
	2.. 
	SBR PRINTS DATA INCLUDING CHI FOR EACH ZONE 

	3.. 
	3.. 
	SBR FLODYN CALCULATES ZONE-TO-ZONE FLOW RATES AND ENTHALPY CHANGES 

	4.. 
	4.. 
	SBR DIFFEQ CALCULATE TilE Rl\'I'E OF CHANGE OF ALL VARIABLES FOR EACH TIME 

	5.. 
	5.. 
	RUNGU NUMERICALLY INTEGRATES THE DIFFERENTIAL EQUATIONS 

	6.. 
	6.. 
	SBR ESTI CALCULATES THE FRACTIONAL DOSE CONCENTRATIONS AND THE CHI'S 


	Figure
	FIGURE 28. 20 ZONE FIRE ANALYSIS COMPUTER PROGRAM 
	When all of the derivatives in the DIFFEQ subroutine were evaluated, a double preclslon differential equation (Runge Kutta) subroutine (SBR RUNGU) nu­merically integrated the equations to obtain the concentration values of each hazard for the next time point. The computing time interva"l for successful use of the Runge Kutta procedure was 0.02 seconds. Any longer time interval made the system of equations integrations unstable and resulted in incorrect data output or an IBM 370 progam interupt from an overf
	burn test data at a cost of $700 per run (day cost) or $350 (night-deferred). 
	The last subroutine (ESTI) calculates the fractional doses for each hazard based on the individual personnel hazard time to incapacitation limit curves presented in Section III, and prints out the CHI. The CHI in the 20-zone pro­(Zone 13) or for any zone. Only one CHI value is determine when ]; FDi = 1 in the case of the single zone FACP. The program loops back to the print subroutine (SBR print) and prints out all calculated data at preselected time intervals during the 
	The last subroutine (ESTI) calculates the fractional doses for each hazard based on the individual personnel hazard time to incapacitation limit curves presented in Section III, and prints out the CHI. The CHI in the 20-zone pro­(Zone 13) or for any zone. Only one CHI value is determine when ]; FDi = 1 in the case of the single zone FACP. The program loops back to the print subroutine (SBR print) and prints out all calculated data at preselected time intervals during the 
	gram was determined for the arbitrarily fixed "CHI location 
	ll 

	FLOW DYNAMICS ROUTINE -The FLODYN subroutine used to calculate zone to zone flows of smoke, heated air and gases from the vertically oriented 4 x 6 ft. panels burned in the CFS was developed on the basis of a simplified semi-empirical treatment of the problem. Each zone in the model was assumed to be instantaneously well-mixed. Thus flows were calculated only across the boundri es between zones, and temperatures, smoke and gas -concentrations were considered isotropic at any instant within zone boundries. T

	300-second burn time. printout in the FACP cessed data from runs sented in Appendix C. 
	300-second burn time. printout in the FACP cessed data from runs sented in Appendix C. 
	300-second burn time. printout in the FACP cessed data from runs sented in Appendix C. 
	Five second intervals determinations. Examples made using the 20 zone 
	were selected as the optimum for of the IBM printout of pro­and single zone programs are pre 
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	AIR IN ~ 
	AIR 
	OUT 
	FIGURE 29. 20 ZONE CFS FIRE MODEL 
	Each zone has a number and its connection to other zones ;s defined by a two dimensional array, P (I, K) where I is the zone number and K is the six sides of the zone (four walls and the top and bottom of the zone). The number K in the array defi nes wh i ch zone connects to the zone I for each of the six sides. If one of the sides of zone I is a wall K it is set equal to zero which will indicate that gas flow cannot pass through that surface. The di­mens ions of the P array are P (20, 6), and thus there ar
	When the FLODYN subroutine is called, values for each of the variables for the current time point are known. The total pressure in each zone is calcul ated from a summation of the partial pressures in each zone. The flow from a zone to each of the six sides of a zone is calculated in a double do-loop of zones and walls of a zone as a function of the total pressure differential across connecting zones. The P (I, K) and CA (I, K) arrays are used to determine the interconnections and flow coefficients to be us
	program, is the Perry orifice equation reported in Reference 20. 
	_ ~ pr(1) -P[2 (K) 
	2 

	W-CA(I, L) Ta(I) 
	Where:. W = Mass flow rate of gas, lb/sec. CA (I,L) = Flow coefficient x area of zone (1) to connecting zone K, L= 1, 6 K = P(I, L): I = Zone No.; L = 6 Sides Pr (1) = Zone (I) pressure, PSIA PT (K) = Connecting Zone (K) pressure, K = 1,20 Ta (I) = Zone (1) temperature differential, OR 
	ThUS, all the possible flows through the various zones are taken into acount. 
	The flow of smoke from zone to zone is made proportional to the total volume 
	flow between zone ("particles" per ftsec). A derivation of the smoke flow 
	3 

	algorithm and formulas used in the FACP is presented in Appendix C. 
	The flow of individual gases is calculated from the ratio of the partial 
	pressure of the gas to the total pressure of gas in a zone times the molecular 
	weight. ratio of the gas to the molecular weight of the mixture: 
	W(J) = W(1) x ~ x ~ 

	PTrrT Mm 
	PTrrT Mm 
	Where:. W(J) = Flow of gas J, lb/sec. W(I ) = Total flow, lb/sec. P(J) = Partial pressure of gas, psia. PT( 1) = Total zone pressure, psia. M(J) = Molecular weight of gas, lb/mole. M(I ) = Molecular weight of gas mixture in zone (1), lb/mole. 
	The enthalpy change in the zone to zone flows is calculated from the known total flows and zone temperatures and zone specific heats. The heat transfer between zones is calculated from the temperature differential between zones and the KADL term. The equation is: 
	Q (I,L) = [KADL(I,L)]CTa(I)-Ta(K)] 
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	Where: 
	KADL (I,L) = Heat transfer term between zones I to K, I = 1,20; L = 1,6; Ta(l) and Ta(K) = zone and zone boundry air temperatures, of 
	Q (I,L) = Heat flow across zone surfaces. 
	The combustion gases exhaust to ambient through an exhaust duct from zone six­teen. The total flow is calculated using an incompressible flow equation: 
	P(16) x [P(16) -PAMBJ x 2 9 WAEX =CAEXH ~ RM (16) x Ta (16) 
	J 
	T
	T

	Where: CAEXH = Exhaust duct flow coefficient x area, in 
	2 

	PT(16)= Total pressure in zone 16, psia 
	= Ambient pressure, psia 
	PAMB 

	g = Gravitational cons tant, 32. 17 ft/sec
	2 

	RM(16) = Zone 16 gas constant 10.73,
	ft-lb/lb-oR 
	Ta(16) = Gas temperature in zone 16 
	The flow of the individual gases and smoke eXhausting from zone 16 is cal­culated in a manner similar to the zone to zone flows. The data calculated in the flow dynamics subroutine ;s used in subroutine DIFFEQ in obtaining the rates of change of all of the variables. The equations are then numerically integrated by the IBM RUNGE KUTTA routine which has been written into the pro­gram. The flow dynamics subroutine repeats the calculations for each com­puting time interval while all of the variables are varyin
	The 120 unknown zone interface flow coefficients were not determined mathematically. The CA flow coefficients were selected and ad-justed in the program on a trial and error basis using the CFS test data meas-ured for panels 1, 2 and 3. Larger CA values were set for vertical surfaces in a zone with the largest values set for zones in and near the burning panel. Tnus, the flows were generally directed to account for larger ceiling flows and with increased downward mixing toward the CFS eXhaust. Because of th
	Only 4 first order differential equations were used in the compute program:
	(1) smoke, and (2) air and compartment (zone) wall temperatures, and t3) gases
	partial pressure (mass concentration). The calculation procedure loopedthrough all of the equations for each time point and zone in sequence with bounding zones until all hazards were evaluated in every zone. The do-loop procedure provided a means for describing the transient changes in hazards concentrations in the system in a concise manner. 
	DEVELOPMENT OF DIFFERENTIAL EQUATIONS 
	Douglas extensively uses computer programs to solve engineering problems. arising from the need to guarantee the pull-down time to cool an aircraft from a hot starting condition to comfortable air temperature using onboard or 
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	ground equipment as a source of cooling air. This involves the solution of differential equations describing a heat balance on the aircraft as a function of time during the cooling period. Heat transfer, heat capacitance, cooling air flow rates, and temperatures are the parameters considered in solving this problem. The technique has been used on many different aircraft with good success. 
	In considering what happens in an aircraft fire, the same problems are faced that have been solved in transient heating or cooling of an aircraft. Unsteady heat transfer into and out of materials and equipment, thermal capacitance, heat losses, ventilation rates, and compartment sizes, are the same parameters used in a fire analysis as well as in heating and cooling problems in an aircraft. 
	The differential equations approach to fire analysis, explored during the early IRAD fire analysis effort, showed that fire dynamics could be handled in this manner. Transient air and surface temperatures obtained by analysis agreed very well with those obtained in actual fire tests. The concept can be further developed to describe what happens to the materials being heated or burned, and the products of combustion or material emissions can also be determined analytically as discussed in the following pages
	In fire, the temperature of the air heats up rapidly due to the convective heat flux from the fire and because the air has a very low thermal capacitance. The surface temperature of materials at a distance, and not directly in contact with the flames, increases more slowly due to the higher thermal capacitance of the material and due to the strong radiation view factor effecting on objects at a distance from the fire. Another important factor is the characteristic of the so-called unsteady temperature gradi
	The cabin section volume and the external environmental conditions affecting ventilation in an accidental crash fire scenario, must also be included in the mathematical model. Laboratory fire test data taken in a small chamber cannot be applied directly to a large compartment. In addition to the heat flux problem discussed above, consideration must be given to the rate at which toxic gas emissions from the decomposed material affects the concentrations of these gases in the cabin atmosphere. Obviously it is
	The unsteady heat flow problem has been widely treated in 1iterature. Heat transfer notes by L.M.K. Boelter and others (Reference 21) presented plotsshowi ng the temperature change characteri sti cs of materi a1s sudden ly thrust into a hot environment. The plots were calculated by using an infinite series 
	= 
	Figure
	Figure
	WHERE: 
	DIMENSIONLESS PARAMETERS: a =THERMAL DIFFUSIVITY, fi/sec L = HALF THICKNESS, ft a8 • FOURIER'S MODULUS 
	2

	L2 
	8 =TIME, SECONDS 
	~L BlOT'S MODULUS
	k = CONDUCTIVITY, Btu/sec ft OR. 
	K 

	h = FILM COEFFICIENT, OR T= SURFACE TEMPERATURE, OR .T = AIR TEMPERATURE, OR has 
	s

	kL. T = INITIAL SURFACE. 
	a 

	Figure
	o TEMPERATURE, OR 
	s

	Figure
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	solution proposed by H. Grober. The procedure used is tedious and only considers a case where the external surface heat transfer coefficient and temperature are constant. The method does not appear to have direct application in analyzing the dynamics of a fire. 
	During IRAD work at Douglas on the development of fire analysis techniques, an empiri cal equation was developed which closely fits the characteristics of a for a surface. This is Equation 1, in Figure 30, and pointscalculated with the equation are plotted on a Grober plot to snow the agreement over a wide range of the dimensionless parameters. This. equation was differentiated to put it in a differential form (Equation 2) and the surface area and the thennal capacitance of the material were included in the
	IIGrober Plot
	ll 

	The differentiated form of Equation 1 representing the differential equation for inside surfaces is: 
	hea 8 he(Ta-Ts) 2A[1 + e-kL MsC
	s
	L 
	s 

	2..jiT (2) = 
	dTs 
	] 

	dB 
	~ heae
	+ ~ ae e-kL 
	Now the equati on can accommodate externa1 temperature changes as described by its differential form. The outside surfaces differential equation is: 
	[he (T-Ts)-U(T-To)] ~~-~---+--~ _ h'ea Me e­
	a
	so

	dTs s s 2va;-kL 
	(3) 
	= 
	d8 




	1 +{J"ae e 
	1 +{J"ae e 
	1 +{J"ae e 

	Variations in the external heat transfer coefficient can be permitted by defining a combined convection plus radiation heat transfer coefficient as shown below. This is then SUbstituted into Equation 2 and 3. 
	(Tf4 -T4)Af
	s

	he =ha + hr =ha + T x 0.1714 x 10-8 -----------­
	(T-T) As 
	a
	s

	The total heat flux per unit of surface area is: 
	The total heat flux per unit of surface area is: 
	Q = he (Ta -T) =Qconvection + Qradiation 
	s 
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	Where: 
	= Radiation View Factor. Dimensionless = Flame Area, ft= Surface Area, ft= Specific Heat, Btu/lb oR = Convective Heat Transfer Coefficient, Btu/sec ftoR = Weight of the Material, lbs = Outside Surface Temperature, oR = Overall Heat Transfer Coefficient, Btu/sec ftoR 
	T. 
	2 
	2 
	2 
	2 

	Equation 3 now can be used to describe the surface temperature of a material being subjected to the rapid heating which occurs during a fire when all of the parameters are changing continuously. The exponential terms automatically 
	take care of thick or thin materials, and the effects of time. For a thin material the exponential terms remain in the equation and provides the desired relationship of surface temperature and temperature gradients within the material. Time also causes variations in the effect of the exponen~ial term causing it to go to zero at steady state. The above approach eliminates the need to use partial differential equations to describe the unsteady heat transfer phenomenon. 
	Equat ion 2 can be used to descr ibe the thermodynami cs of interi or materi a1 such as seats, partitions, and equipment where heat is flowing into both s; des. An exteri or wa 11 has heat fl owi ng into one surface and heat losses through the other to the outside. These effects have been added to the equation, giving an external wall differential equation, as shown in Equation 
	3. 
	An air temperature differential equation is shown in Equation 4. It describes effects of volume, ventilation rate, heat exchange between, materials and convection from the flame of a fire. 
	deo. (4)
	-= 
	-= 
	dO 

	Where: dco 
	= Air temperature change in a zone with time, oR/sec 
	= Air temperature change in a zone with time, oR/sec 
	dT 
	M= Rho x V, weight of air in the zone, 10.
	a
	Cp = Average. specific heat of air, Btu/lb-oR 
	Af = Fl arne area, ft
	2 


	hf = Convective heat transfer coefficient, Btu/sec ft~R 
	2 

	= Average. flame temperature, oR 
	= Average. flame temperature, oR 
	TF 

	T = Temperature in a zone, oR 
	W -Mass flow of ventilation air, lb/sec 
	= Temperature of incoming ventilation air, oR
	!c 

	n= Cabin wall heat transfer coefficient bounding a zone, Btu/sec ftoR A= Area of wall, ft = Wall temperature, oR
	w 
	2 
	w 
	2 

	Te' 
	Te' 

	The first term within the brackets in equation 4 calculates the heat exchanged between the flame and air. The second term subtracts the heat carried out of the cabin (CFS) by ventilation air and the last term calculates the heat exchange between the walls and air. 
	The zone air differential temperature equation used in the FACP was derived by equa t ing the thermal capac itance of the ai r times the rate of change of the air temperature to a summation of the heat flow into or out of the air. The equation is: 
	MaCpdT/dt=~(Heat Flows) 
	MaCpdT/dt=~(Heat Flows) 

	Substituting the ideal gas equation (P=pRT), the equation becomes: 
	dT/dt=RT/(PVCp) x (Qin-Qout) (5 ) 
	Where: ~ = Density of gas. lo/ft
	3 

	Qin & Gout includes the enthalpy change of the flowing gases plus heat from the burning material along with the heat exchange to the walls. 
	DIFFERENTIAL EQUATION FOR SMOKE -The smoke data obtained from the CHAS tests and stored on tape is defined by the following equation. 
	S = LoglO(lOO/T) Q/LA (6 ) 
	Where: 
	Where: 
	Where: 

	5 
	5 
	= Smoke Units, 
	"particles" 

	T = Fraction of light transmission (varies from L = Smoke detector light path length, m A = Sample area, m2 (CHAS value) Q = CHAS airflow rate, m3/min 
	T = Fraction of light transmission (varies from L = Smoke detector light path length, m A = Sample area, m2 (CHAS value) Q = CHAS airflow rate, m3/min 
	one 
	to 
	zero) 

	The flow of smoke volume flow rate. 
	The flow of smoke volume flow rate. 
	is 
	assumed 
	to 
	be 
	proport iona1 
	to 
	the 
	tota1 
	gas 
	mi xture 

	The flow of smoke 
	The flow of smoke 
	into and out of 
	a zone 
	is: 


	Sin -Sout = 51 WMin/RHOin -S2 WMout/RHOout and the differential equation used in the FACP for smoke was: 
	Sin -Sout = 51 WMin/RHOin -S2 WMout/RHOout and the differential equation used in the FACP for smoke was: 

	dS/dT = (Sin -Sout) AP/V (7 ) Where: = Instantaneous smoke concentration flowing into the lone, IIparticles"/ft3 
	52 = Instantaneous smoke concentration flowing out of the lone, IIparticles"/ft3 
	-73­
	-73­
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	WM = Weight flow rate of the gas mixture, lbs/sec RHO = Density of the mixture, lbS/ftSin = Smoke flow into a zone, per ftSout = Smoke flow out of a zone, per ftAP = Area of burning panel, ftV = Volume of the zone, ft The equation behaves like a differential pressure equation where gas is stored 
	3 
	2 
	2 
	2 
	3 



	or depleted in a volume (capacitance) as a function of time. The smoke level 
	can build up in a zone as a function of the total flow rates.. A differential equation giving the rate of change of the partial pressure of. each gas is obtained by differentiating the gas Law.. 
	The gas 1aw is: 
	(8 ) 
	Figure

	Where: 
	Pi =Partial Pressure of Each Gas in Mixture, lbs/in
	2 

	oM; = Weight of each Gas, lb R= Gas Constant V = Volume of Zone, ftT = Absolute Temperature, oR 
	i 
	3 

	dP. P. 1 1 crt=T 
	dP. P. 1 1 crt=T 
	(9). 

	M-Mass flow rate, lb/sec of each individual gas into the zone.
	iIN 
	M.
	lOUT -Mass flow rate, lb/sec of each individual gas out of the zone. 
	fhe5e quantities dY"e functions of the flow into and out of each lone, and the generation rate from the fire for each of the individual gases. 
	The differential equations were numerically integrated for each gas along with the other differential equations in the CHI program. The partial pressure of each gas will be known in each zone as it varies with time. 
	The total pressure in the compartment can be obtained from a summation of the partial pressures. 
	(10) 
	Figure

	and the weight of each gas can be obtained from the gas law: 
	P.v. (11 )
	P.v. (11 )
	1Mi = --and Total M =:tMi
	Ri T The gas constant for the mixture is obtained from: 
	R. )/M. (12) 
	Figure

	1 
	1 

	and C = 1: (M; C; )/M. (13 )
	p
	p
	Pmixture 

	and C =:t (M. C .)/M. (14 )
	v. t. 1Vl
	v. t. 1Vl
	mlX ure 

	C= 1: (M; C E (M.
	and 
	)J =. 
	p 

	v, 
	v, 
	Figure

	Where:. C= Heat capacity of the gas at constant volume. 
	v 

	The derivation of an equation used to express the zone to zone flow of individual gases which is used in the flow dynamics subroutine is given below: 
	The ideal gas law is: 
	The ideal gas law is: 
	The mass fraction of gas 11;" ;n a zone is: 

	Figure
	mi/MT = Pi/Pr(MW)i/(MW)T 
	The constituent gas weight flow out of a zone is: 
	Wi = mi/MTWT =(Pi /P 1)(MW)i / (MW)ave WT 
	Nonmenclature used in the gas equations are as follows: 
	Uppercase symbols. 
	M Mass, lbm P Total pressure, lbf/ftV Zone volume, ftT Temperature, of R Universal gas constant MW Molecular weight W Total flow, lbm/sec 
	2 
	3 

	Lowercase symbols 
	m Constituent gas mass, lbm p Constituent partial pressure, lb/ftw Constituent flow, lbm/sec v Constituent partial volume, ft
	2 
	3 

	Subscripts: 
	i Refers to specific gas constituent 
	T Total 
	ave Average gas property 
	fhe differential equations used in the FACP were: inside wall temperature (Equation 2); air "temperature (Equation 5); smoke (Equation 7); and gases (Equation 9). The outside wall temperature, Equation (3), was not used in the final version of the FACP. Toxic gas concentrations (Mi) were calculated by the FACP as ratios of the individual partial pressures to the total pressures. The total pressures at any instant were not precisely known since all of the gases evolved in the combustion process were not meas
	2

	Fortran versions of the four differential equations described above have been coded into the CHI computer program in do loop routines which are the same for all zones and gases. Each gas has a particular gas constant and specific heat. The zones are described by their volumes, surface areas and wall heat transfer characteristics. The program loops through the gas partial pressure equation for each gas in a zone, and it then continues on to the next zone until all of the zones have been analyzed for a time p
	v. TEST MATERIALS. 
	v. TEST MATERIALS. 

	MATERIALS SELECTION. 
	Candidates for selection of four materials were to satisfy largely the fol­lowing criteria: 
	1.. 
	1.. 
	1.. 
	Represent interior cabin materials currently in airline service or under development. 

	2.. 
	2.. 
	Possess a large exposure area and potential high fire load (total weightin cabins). 

	3.. 
	3.. 
	Comprise sufficiently differing chemical compositions to evolve meas­urable quantities of many probable gaseous products. 

	4.. 
	4.. 
	Contain an organic resin content high enough to evolve quantities of heat, smoke, and gases at levels that substantially approach or exceed personnel hazard levels when reasonable areas are exposed to a simulating fire scenario heat source in CFS testing. 


	Four large area cabin panels were selected to represent a wide range of typical constructions. The first was a then current, wide-body honeycomb sandwich construction with decorative covering on both sides used for part­itions, galley and lavatory walls. The second was a current production pane1. The third panel was a 1958 wall pane1 desi gn • The fourth pane1 was identical in construction to panel 1, except that epoxy resin instead of modi­fied phenolic was used in fabrication. 
	PANEL FABRICATION 
	PANEL NO.1 FABRICATION -Panel No.1 was made earlier in the program than the final three. Six 48 X96 inch panels were fabricated for use in laboratory and full scale Cabin Fire Simulator (CFS) testing. Fabrication was observed by an' engineer who selected production materials to be identical in all panels. Due to press capacity, these were made in three press opetations. This panel consisted of the following commercially available components. 
	Decorative Outer Lai:er: Ted1ar ® /Viny1 laminate, Type 3-10-195 polyvac T Green and Blue Cork, Mf1d. 10-25-73 lot 12723 Polyplastix United, Inc., Chicago Division. Facing: Phenolic Impregnated IIC" Stage Fiberglass laminate Cloth, 31.3% resin content, Hexcel Corp., Mf'd. 11-22-77 Batch No. 41320. Core: Nomex Honeycomb, Phenolic impregnated, OMS 1947J Class 2, Type 1, Grade "A:Q.700 inch thick Orbitex HMX-l/4-1.5, Mf1d 8-77. Adhesive: (Facing to Core) Epoxy film adhesive MDS 19030, Weight 0.040, Reliaole Ma
	TABLE 12 COMPOSITION OF MATERIAL NO. 
	I. 
	I. 

	2. 
	I I~ ;> ~ -'-CAD I ----.... ~ ........ -, r-___ I "(,y* ~.-I .. ~_"./>-/y~ . C, H, Ca, 0, CL I I I .~~~ ~~ '" ? I I I "" «'I-4A <?~-J\ r-=-=:J ,'(-' "-"-PHENOLIC----""~L:= I I EPOXY 
	WEIGHT/AREA. 

	2.
	2.
	POL Y~1ER 

	ELEMENT CONTENT LB/FT 
	GR/CFS PANEL TEDLAR 
	GR/M 

	C, H, F 0.014 
	68 174. +. ADHESIVE. 
	I 

	? 
	? 

	0.002 I 10 I ?. VINYL +. 
	0.040 
	0.040 
	195 457. 
	ADHESIVE 
	0.002 
	10 491. 
	+ INK 
	.045 
	I.
	220 ? 

	......... 
	TEDLAR 
	\0 
	II 

	C, H, F,CL,Ti 
	0.034 
	0.034 
	166 I 370. 
	S, K,0 

	C,H,N,Sb, CL I 0.004 I 20 I 44.
	POL YURETH. 
	POL YURETH. 
	,I 

	a 

	C, H, 0, Si, Ca, 0.23 2504. 
	I 
	I1123 

	Ti, K, CL 0.37 FG 1806 4027. C, H,0 I 0.09 I 440 I 981. NOMEX. 
	I. 
	I. 

	C, H, N,0, Ca 
	0.088 I 430 I 959. TOTAL WEIGHT. 
	0.919 10,000 
	0.919 10,000 
	0.504 5,485

	CO'~BUST I BL ES 
	FABRICATION OF PANELS 2, 3 AND 4 -Five 4 X 8 foot panels each of three constructions shown in Tables 13, 14, and 15 were fabricated under engineering supervision with the same attention to detail as with Panel No.1. These 
	pane 1s were panel (2 X spec imens wsame panel. 
	pane 1s were panel (2 X spec imens wsame panel. 
	pane 1s were panel (2 X spec imens wsame panel. 
	cut to 4 feet) ere i den
	the 4 X 6 foot size" for CFS tests and the cut into 10 X 10 inch specimens for CHAS t; f i ed so that data from CHAS and CFS tests 
	ends testiwere 
	of ng. from 
	each All the 
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	PANEL 
	TABLE 13 MATERIAL NO.2 CONSTRUCTION 


	LAr~INATE 
	LAr~INATE 
	LAr~INATE 
	~£IGHT LBS/FT2 
	FINISHED PANEL PHYSICAl.S 

	STRUCTURE 
	STRUCTURE 
	MATERIALS Po1yvi ny1 Fluoride Decorative Film + Adhesive II FLY SCREEN II Phenolic Fiberglass W/Epoxy Adhesive NOMEX Honeycomb Filled W/Fibergl. Batting W/Pheno1ic Binder Phenolic Fiberglass Phenolic Fiberglass With Epoxy Adhesive 
	(GRAM/M2) 
	WT. LBS/FT2 
	THICKNESS-IN. 

	CD 
	CD 
	0.10 (4R8.2) 0.12 {585.9} 0.056 (273.4) 0.0225 (109.9) 0.10 {488.2} 0.11 (537) 
	0.508 lb/ft2 (2480 91m2) 
	0.5

	0 A ;;; x Ns--;x:A 
	0 A ;;; x Ns--;x:A 

	0)
	0)

	lig§ifi ® 
	lig§ifi ® 

	" " 6; a X;ZS;::J ® 
	" " 6; a X;ZS;::J ® 

	& A gO Z\;a ;a a 
	& A gO Z\;a ;a a 

	CFS TEST PANEL 4' x 61 
	CFS TEST PANEL 4' x 61 
	(2.23 m2) 
	12.191b (5.529 Kg) 


	ALL 5 TEST PANELS 
	ALL 5 TEST PANELS 

	CD 0 0) 0 
	CD 0 0) 0 
	CD 0 0) 0 
	OMS OMS D~1S OMS OMS 
	2008. 2018, 2068, 2055, 2017, 
	Polyvac T. Material No. 76-117. Class 1, Poyplastex Un; ted, Inc. Reliabond. Product R1717-1507/60 x 96 in., Lot/Roll 509/20) Mfg. Date: 3-11-80, 0.12 1bs/sq. ft., Reliable Manufac turing Inc. Hexcel Acousti-core, HRH 10 Acousti-core, Lot: 02609 1.5 PCF, 0.25 in. c€l11 size, 0.45 thick, Hexcei Structural Products. Type 1, Grade A, "B II Stage Phenolic/Glass, Product: MXB6032/181, Roll 42. Mfg. Date: 3-21-80,0.10 1bs/sq. ft., Fiberite West Coast Corp. Type 1, "e" Stage Phenolic/Glass, Product: NB1306-7781, B

	eD 
	eD 
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	TABLE 14 PANEL MATERIAL NO. 3 CONSTRUCTION 
	PAPER HONEYCOHB. CORE, 0.45" Thick.. 
	0.068. FR TREATED. 
	,......... LAMIr~ATE ~TURE CD ®----Q) !¥f&4t --:J @ -----® ~ i1111118 ~ CFS TEST PANEL 

	(332) (2.23m) 
	4' x6 
	1 
	2

	31.151b 

	0.75 in.
	0.75 in.
	0.75 in.

	(14.16 Kg) 
	I 
	I 

	ALL 5 TEST PANELS OMS 1895, Type 5 PANLAM: .026 Gage Color: Cloud White P. O. 
	6BR867486-9 DATE: December 3, 1976
	6BR867486-9 DATE: December 3, 1976
	CD 
	~1ATERIALS 



	fANLAM
	fANLAM
	fANLAM
	Cloud White 
	0.026 Gage SE~lI RIG ID 
	PRI~'ER 
	POPLAR WOOD 
	AHDESIVE. (Epoxy). 
	WEIGHT LB/FT2 

	FINISHED PANEL PHYSICALS 
	_. 

	(GRAM/t~2 ) 
	(GRAM/t~2 ) 

	WT LBI FTZ I TH ICKNESS-IN.! 
	I 
	I 
	V'l. UJ. 
	0.195 
	a 
	(952)
	-UJ 
	I
	V'l a::: 
	0 
	~w 
	>6w 
	0.010
	co "" 
	:t:. --J. 
	(48.8) 

	1. 298 1b/ft
	2 

	c:(u.. 
	c:(u.. 
	wo 
	0.365 

	0.75 in.
	0.75 in.
	0.75 in.
	Q.. 
	-


	2
	>­
	>­
	(1743 ) 
	(1743 ) 
	(6335 g/m )


	.­
	.­
	0.045 
	(220) 
	I 

	Vendor's Canst. 
	Vendor's Canst. 
	Vendor's Canst. 
	#76-250 

	® 
	® 
	OPM 5411 Adhes; ve Primer 

	Q) 
	Q) 
	OMS 1526E . 125 Th; ck Type 1 CR Veneer Mfg. 
	F&B 
	Pop1 ar 
	Wood 
	DATE: 
	1-10-80 
	Genera1 


	DMS 1903 Adhes;ve Batch: #A-2798 Roll #2 DATE: 4-80 Fiber-Res;n Corp. 
	@ 
	@ 
	FR-7031-2. OMS 1925, Type 2 Paper H/C .45 Thick (No 1.0. Tags).
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	TABLE 15.PANEL r,lATERIAL NO.4. CONSTRUCTION. 
	LAMINATE STRUCTURE 
	CD 
	--~-_. 
	G). CIX ;2;: ;5. 
	@ 
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	CFS TEST PANEL 4' x 6' 
	WEIGHT LB/FT-(GRAM/M2) 
	? 


	Figure
	0.069 
	0.069 
	(337) 
	0.01 
	(48.8) 
	0.095 
	(464) 
	0.088 
	(429) 
	2
	(2.23 m ) 

	FiNISHl-fJ PANF PHV~TrAI <:: 
	WT LB/FT2 
	WT LB/FT2 

	THICKNESS-IN. 
	0.816 lb/ft
	0.816 lb/ft
	0.816 lb/ft
	2 


	0.75 in.
	0.75 in.
	2
	2
	(3983 g/m ) 



	19.58 1b. 
	19.58 1b. 
	19.58 1b. 

	0.75 in.
	0.75 in.
	(8.9 Kg) 
	(8.9 Kg) 
	f1ATERIALS 
	"\ 
	PVF/ PVC FI Lr·1 ABRASION RESIS. 
	ADHESIVE 
	PRIMER 
	3 PLYS FIBER­
	GLASS/EPOXY 
	NOMEX HONEYCOMB 
	0.7 ;n. 1/4 HEX CELL 
	11 


	Table
	TR
	PANELS OJ & ill 
	PANELS 0 & 0 
	PANEL (I] 

	CD 
	CD 
	OM S 2008, Type 3 Class 1 Ted1ar/Viny1 Lot: #5 Date: 11-19-79 P.O. #90R391653-9 Pattern Callout: 73-134 
	OJ &~Same as Panel 
	5ame as Pa ne 1 OJ & ill Same as Panel [TI & 0 OMS 1926, Type 8 Roll #160 DATE: 4-18-80 Resin Content: 39.9% Flow: 14.3% Vol it;1es: •19% Lot #4816 . Fiberite MXB7704/181 Same as Pa ne1III & L?J 

	0 
	0 
	DPM 5411 Adhesive Primer OMS 1926, Type 8 Ro 11 #113 DATE: 4-17-80 Resin Content: 40.5% Flow: 14.0% Voliti1es: 25% Lot #4816 Fiberite Corp MXB7704/181 OMS 1974, Type 1 Class 2, Grade A Nomex HIC .70 Thick Densi ty 1.5 PCF Job #L245777-02 Block #HJD15N-78204V P.C.#7BR-440728-9 Hexce1 Corp. 
	Same as Pa ne 1OJ &~ OMS 1926, Type 8 . Roll #8 DATE: 11-7-79 Resin Content: 41.3% Flow: 13.0% Vb 1; til es: .58% Sa tch #44253 Hexce1 Corp (F-l55-59) Same as Panel [!] &@) 
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	VI. CABIN FIRE SIMULATOR TESTING. 

	CFS TEST SETUP. 
	The full-scale tests performed in support of the Combined Hazard Index Program were conducted in the Douglas Cabin Fire Simulator tCFS). The objective of these tests was to develop the laboratory test methodology and demonstrate the capability of the computer program to predict the environmental spectrum withi n the CFS. The interior of the CFS was configured as shown in Figure
	31. The interior of the cabin was segmented into 18 zones plus two zones for interface wi th the computer program. The boundari es of 18 zones whi ch were formed by two horizontal planes 32 and 64 inches above the floor, two vertical station planes at 152 and 314 inches and one vertical plant on the longitudinal centerline of the CFS. The two computer interfacing zones were physically located within the 18 zones and due to their physical size overlapped several compartment zones. Zone 1 was the radiant pane
	31. They were identified in CFS data relative to their geographic position in the chamber and their vertical location, i.e., upper, mid, and lower, so that the lower zone farthest from the radi ant quartz 1amp array was identified as LSW (lower southwest). Certain locations show a "TII for thermocoup·'e or a lip" for photometer, as appropr i ate. Eighteen major i nstrumentat i on po in ts were located in the center of each of these zones and in the air exhaust duct. fhe baseline test aluminum panel and the 
	ZONE INSTRUMENTATION -A thermocouple was located in the center of each zone. Nine photometers sampled the smoke density as percent transmission through a 12-inch "light beam as recorded by a Weston cell in each instrument, located in the zones on the cabin side opposite from the panels. 
	The tempera ture of the air was recorded both as it entered and ex i ted the chamber. These measurements were made by thermocoup 1es mounted in the entry and exit air ducts. The air temperature was also measured one inch under the ceiling on centerline between the main thermocouple mounting trees. 
	CHAMBER VENTILATION -Air entered the chamber at 875 cfm flow rate at ambient temperature througn a plenum chamber mounting the radiant source. This air flowed uniformly around all of the radiant elements proviaing the necessarycooling for the power cable.s and ceramic reflectors. After flowing through the CFS the air exited through a sirnulated door opening in the end bulknead and out through a 6-inch duct in the center of the end dome of the CFS. 
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	FIGURE 31. CHI TEST SETUP IN CFS 
	QUARTZ LAMP R.ADIANT ARRAY -Simulation of the post-crash fuel fire radiant flux was achieved with 16 Pyropane1 mOdules, Mode'l No. 4083-16-12 fabricated by Research Inc. Thi s assembly is shown in Fi gure 32. The array was 91 inches wide by 64 inches high, with the 8 upper and lower units separated by a center spacer in order to achieve a more uniform flux distribution. The radiant energy of this array consisted of 184 160013 CL tungsten filament quartz lamps operated at 240 volts. The filament temperature 
	0

	ignitrons operated in the manual mode. Initial setting of ignition power was made by measurement of the voltage at the array to insure that 240 volts was present correcting for voltage drop in the power cables. 
	The radiant array was mapped (Figure 33) to determine the optimum distance for specimen location. This was accomplished using 5 Medtherm Calorimeters, each with a 0-20 BTU/ft/sec. range. The objective was to select a plane in which the incident heat flux was most uniform at each selected heat flux. This desired flux was selected to coincide with that being used in the HRR 
	2

	chamber. 
	A plot showing the apRroximated flux distribution for a nominal average power setting of 4.41 Btu/ftsec (5 W/cm) is shown in Figure 34. 
	2 
	2

	SPECIMEN MOUNTING -Figure 35 shows Panel No. 1 mounted on the weighing 
	fixture. The attachment of this specimen to the frame was made with 3/16 machine screws, 5/8 in. diameter washers and nuts on the frame side. All other panels were held to the frame with edgebars and clamps. The mounting frame was held in position by a four bar linkage system restrained by a 0-50 lb. load cellon the 5i'de opposlte from the sample, the output of which is recorded by the computer data system. This system was calibrated by adding and removing weights within the range of expected weight loss an
	GAS SAMPLING -The atmosphere of the CFS was sampled at the CHI point (zone 13) and in the air exhaust duct. For certain acids and gases, batch bubbler samples were obtained and a posttest laboratory analysis of their contents was performed. 
	The following gases were sampled and monitored by specific response gas instruments at the following locations: (see Figures 36 and 37). 
	Gas CFS Exhaust Multiple Animal Test Point (Zone 13) 
	Beckman-1008, 2 liter/min f10wrate MSA-802, 2 liter/min flowrate
	°2 
	°2 

	COBeckman-864, 1 liter/min f10wrate MSA-LIRA, 1 liter/min flowrate CO MSA-LIRA, 1 liter/min flowrate Bendix CH MSA-LIRA, 2 liter/min flowrate 
	2 

	x 
	x 

	HCN Kin-Tek (DOW), 1 liter/min flowrate 
	,. 
	,. 
	-86­

	Figure
	Figure
	-87­
	-87­

	... 6 ft. .. I 
	I

	Figure
	r-
	r-
	IJ... 
	l..O 
	>< «t 

	I 
	-I
	-I

	co 
	LLJ
	LLJ

	co 
	z
	z

	I 
	4 ft. 
	4 ft. 
	<t: 

	0­
	r-
	V} LLJ 
	r­
	...... 
	:c 
	u 

	FIGURE 34. CHI PANEL HEAT FLUX DISTRIBUTION, BTU/FTSEC (Average Nominal Setting = 4.41 Btu/ft2 sec) 
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	DATA ACQUISITION -Output from these real time instruments was recorded by the PDP-15 computer data acquisition system beginning from time zero to the end of the data acquisition time period (21-22 minutes). In each test, power was applied to the array 20 seconds after time zero. Channel nomenclature was 
	established as follows: 
	Basic l8TC 
	At Ceiling 
	At Subject Cages Wa 11 Temp 
	Vent Air 
	II BATCH II samples were taken at 
	II BATCH II samples were taken at 
	TIME INTERVAL 

	Thermocouples 

	TUNW 
	TUNW 
	TMNW 
	TLNW 
	TUN 
	TMN 
	TLN 
	TUNE 
	TMNE 
	TLNE 
	TUSE 
	TMSE 
	TLSE 
	TUS 
	H1S 
	TLS 
	TUSW 
	TMSW 
	TLSW 
	TeW 
	TCM 
	TeE 
	TNW 
	TSW 
	TAIN 
	TAOUT 
	AND INTEGRATED selected time 
	Photometers 
	PUSE 
	PMSE 
	PLSE 
	PUS 
	PMS 
	PLS 
	PUSW 
	PMSW 
	PLSW 

	Real Time Gas Exhaust 
	COE 
	COE 
	C02E 
	°2
	E 

	HCNE 
	CHXE 
	At CHI Point. CDC. C02C. 02C. 
	Sample Weight Loss WL Cabin Pressure PC 

	Ventilation Air Flow 
	VAIN, VAOUT 
	VAIN, VAOUT 

	(TOTAL) "BUBBLER" SAMPLES -The batch intervals into 8 liter stainless steel 
	cyl inders containing 50 ml of 0.2 N NaOH absorption reagent. The inside surfaces of each tank were wet with the absorption solution. The tanks were mounted in parallel on a 1/4 inch stainless steel manifold which was connected to 8 feet of TFE tUbing leading to the sampling point near the 3 animal Ti 
	-92­
	-92­

	test cages in zone 13 (See Figure 32). These cylinders were evacuated to 0.8 atmosphere just prior to a CFS burn test. Each cylinder was isolated from the sampling line by a solenoid valve, and each were opened sequentially at timed intervals to take samples during the test. Each absorbtion solution was removed at the end of a test and analyzed by microchemical techniques: 
	1. 
	1. 
	1. 
	HF by specific ion electrode analysis 

	2. 
	2. 
	Hel by si1ver-e1ectrometric titration 

	3. 
	3. 
	HeN by colorimetric analysis 


	The standard glass impinger IIbubbler" samples for HF, HC1, and HeN and aliphatic aldehydes (as HCHO) were taken in two standard glass impinger bottles connected in tandem to either TFE or stainless steel sampling lines leading to the multiple animal test point (zone 13) and the CFS exhaust for panel No. 1 tests. For the remaining 9 tests of panels 2, 3 and 4 these bubblers were mounted inside the CFS in an insulated box to protect them from heat build up during each test. Twelve bubblers were connected in 
	ANIMAL TEST LOCATIONS -Open mesh, split wheel cage units employing sensors of the same design used in SATS were placed in the zone locations shown in the CFS schematic (Figure 31) for panel No.1 tests. Tnree cages, each containing a rat, were placed side oy side in Zone 13. The fourth cage was placed in Zone 12, directly under the 3 in Zone 13. The fifth and sixth cages were located, respectively, near the center of Zone 16, and at the exhaust end of the CFS between Zones 16 and 19. For the final three mate
	adding the pump 

	~ and the exhaust end of the CFS. 
	The time to incapacitation (Ti) method of monitoring the rats developed by the FAA (Reference 4) was used. The output from the contact bars were recorded on an 8-channe1 ASTRO MEO SUPER 8 hot pen recorder with one channel dedicatea to 
	. each rat. The temperatures in the four chambers (six rats) were multiplexed on the seventh channel and the temperature in each chamber was recorded for three seconds so that each chamber temperature was sampled every twe·lve seconds. A photograph of this equipment is presented in Figure 40. The recordi ng time ran from approximately 20 minutes before the test to 30 minutes after the test. Test duration was 20 minutes. 
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	FIGURE 38. SOLENOID VALVE CONTROLLED GAS SAMPLING UNIT. 
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	i \.C (J1 I 
	FIGURE 39. CFS CAMERA, CHI, AND MIDPOINT ANIMAL LOCATIONS. 
	Figure
	FIGURE 40. MULTICHANNEL RECORDER AND ANIMAL TI CAGE ROTATION CONTROLLERS 
	FIGURE 40. MULTICHANNEL RECORDER AND ANIMAL TI CAGE ROTATION CONTROLLERS 
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	FIGURE 41. CFS VIDEO CAMERA RECORDER AND MONITOR 
	FIGURE 41. CFS VIDEO CAMERA RECORDER AND MONITOR 
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	PHOTOGRAPHIC RECORDS -In addition to pre-test and post-test photographic records of each test, color motion pictures and video tape recordings were made of each panel exposure. The video tape unit and monitor are shown in Fi gure 41. The motion pictures were made at 24 frames per second from a position at the level of the panel. The color video camera was located in as low a position as possible and as close to the panel as possible. This position was chosen so as to provide as long a duration of visible re
	CFS TEST CHECKLIST 
	Prior to each test, the following checks were made: 
	Weigh panel, use small platform scale. 
	Record Test, Material type, Specimen No. and weight. 
	Install panel on frame using lie II clamp bars, snug fit only. Don't crush panel by over-tightening. 
	Check distance from panel face to front of quartz lamps-should be 32 
	11 

	• 
	• 

	Check zero calibration for load cell. 
	Check lamps for burn out and replace as required. 
	Call for fireman 30 minutes prior to anticipated test time. 
	Cock ignitor so that pilot orifices point away from panel and attaching nylon. cord to array so that it is exposed to tubes for quick burn-through.. 
	Install animal subjects.. 
	Check that proper thermocouple is in each cage.. 
	Photo. Slate test run on 16 mm. and tape and take pre-test photos with slate. in vi ew.. 
	Inform ignitron operator the level of radiant heat flux required for the. specific test, i.e., 4.41, 3.08 or 2.2 Btu/ftsec t5, 3.5 or 2.5 w/cm)..This setting will have been determined on the array map and marked on the. ignitron control.. Check operation of ventilation system on scrubber and blower.. 
	2 
	2

	Check to assure cooling air flow to cameras and load cell.. 
	Check that the following are ready for the test and are on intercom:. 
	Photo 
	Photo 
	Gas Ana1ys i s 
	Animal Experiment 
	Propane valve operator 
	Computer review all channels 
	Ignition operator -Arm ignition
	Fireman is present 
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	Light all propane pilots and adjust if necessary.. Check that chamber is clear.. Close chamber.. 
	Final Intercom Check. 
	Photo Gas AnalysisAnimal Experiment Propane valve operatorComputer Ignition for green light 
	Photo Gas AnalysisAnimal Experiment Propane valve operatorComputer Ignition for green light 

	Computer room will take control of test and announce start of recording as zero start recording. 
	At zero time 
	At zero time 
	Photo: Start cameras and tape. Animal Experiment: Start recording. 

	Computer room wi 11 count each scan from zero to 10 on the intercom. On the tenth scan (20 seconds) the Ignitron operator will bring up the control to the preselected power setting (heat flux level). 
	The test director will view the test from the viewing port to note: 
	1.. 
	1.. 
	1.. 
	That the array comes on.. If it does not come on, declare Abort test.. 

	2.. 
	2.. 
	That the pilot flames remain lit and that they rotate into position upon burn-through of the supporting cord. 

	3.. 
	3.. 
	When visibility of the pilot flames is lost from smoke, he will ask the propane valve operator to close the valve. 

	4.. 
	4.. 
	Look for and note any unusual occurrence. 


	Total radiant heat exposure time for each test specimen will be for a period of 300 seconds. 
	Ignitron shut-down will be at 320 seconds computer time. 
	At 260 seconds the computer room wi 11 announce 1 minute ti 11 shut-down of i gn i tron. At 300 seconds a count down wi 11 begi n with i gnitron shut-down declared at 320 seconds. 
	Recording of data will continue for 15 additional minutes with computer control announcing test termination at 1220 seconds. 
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	Post Test. 
	Ventilation will remain on until the chamber is clear of smoke and Gas. Analysis confirms that a safe level of 02 and C02 exist.. Open chamber.. 
	Post-test photos of panel front and back and any ash on floor.. 
	Remove animal subjects.. 
	Remove ash on floor, weigh, and record.. 
	Remove panel, weigh and record weight, including any residuals that drop to. floor during removal.. 
	Review data for inoperative transducers and replace where required.. 
	~p should give a. good indication of their condition.. 
	Inspect and clean scrubber filters if necessary. The cabin 

	CFS TESTING. 
	BASELINE TEST -A baseline test was conducted for the purpose of establishing. the thermal levels within the CFS attributable to the radiant energy from the. array_ For this test, power was applied to the array for a peri·od of 600. seconds. Plots of the data were made after this test. For this test a 4 X 6. foot sheet of a1umi num was exposed to the array mounted on the wei ghi ng. fixture.. 
	In order to minimize the adverse effects of thermal stress, the aluminum sheet. dummy panel was attached with three bolts at the top edge only. As expected. upon exposure this panel warped convex toward the array and gradually. fl attened out as the temperature became more uni form throughout its. thickness. The pilot flame tube mounted vertically 1n front of the panel. warped also. In the first two panel tests where the vertical tube was used,. the top end was tied to the array with steel wire to avoid any
	-. described later.. 
	The response of the photometers was affected by both the increase in visible. light emitted from the array and the temperature. The increase in cabin light. level caused an initial increase to over "100% transmission. A thermal effect. was noticeable as a progressive reduction of indicated intensity with time and. i ncre ased temperature. Thi s effect began at approx imately 100 seconds and. continued to decrease for the duration of the test recording. The error. resulting from the temperature effect is the
	Concern was felt as to the advisability of a 10-minute test duration for the. three material tests. Inasmuch as several failures or near failures of. 
	instrumentation cabling had occurred and no spare cells were available for the photometers, it was dec ided to 1imi t the exposure of the fi rst mater ial test to five minutes. 
	PANEL NO. 1 TESTS 
	Three tests of Panel No. 1 were made using a 4 x 6 ft section of panel exposed to the array in the same fashion as in the basel ine exposure of the aluminum sheet. Attachment of the panel to the mounting frame of the weighing device was made wi th 14, 3/16 inch screws. As the three tests were conducted under similar conditions with similar results, only significant common events or differences in results or test protocol will be discussed in any detail. 
	The first two tests were characterized by a period of def1agration which beganfrom 20 to 28 seconds after the start of exposure. This deflagration resulted in a pressure pulse reaching a peak of up to 1.5 psi at about 40 seconds from exposure initiation. Tests 1 and 2 were quite similar in this regard with a steep slope to the leading edge of the pulse and a maximum rise of 1.5-1.6 psi. Test 3 and all subsequent tests used a horizontal pilot ignition which exhibited a reduced pressure peak pulse with a very
	The weight and weight loss recorded by physically weighing the panel before tes t and subtract i ng the res i due remai ni ng on the frame and that wh ich had fallen to the floor are shown below. 
	Table
	TR
	Test 1 
	Test 2 
	Test 3 

	Initial Weight, Weight Remaining Weight Removed Total Consumed 
	Initial Weight, Weight Remaining Weight Removed Total Consumed 
	Lbs. on from 
	Frame Floor 
	21.18 12.38 1•14 7.66 
	21.53 13.76 .71 7 .06 
	21.28 12.89 1•19 7.20 


	The dynamic weighing of the panel during the burn was adversely affected by temperatur~s noted above. For test No. 1 the load cell was wrapped in fiberfrax Wand the whole unit shielded with a foil box and a flow of cooling air was introduced into the bottom.. This provided enough protection to reduce the weight loss error to approximately 2% which, unfortunately, is not sufficiently accurate. We were reluctant to attempt additional protective measures, fearing that any effort of this nature might result in 
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	Figure
	Computed from tabulated data by use of the following correction factors: 
	% [tab data z (a + bt load)] 
	Weight Loss 

	Where for t< 100°F a 8.0636
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	FIGURE 44. PANEL 1 MASS BURNING RATE -CFS VERSUS CHAS, 4.41 Btu-ftSEC (4 X 6 FT. PANEL) 
	FIGURE 44. PANEL 1 MASS BURNING RATE -CFS VERSUS CHAS, 4.41 Btu-ftSEC (4 X 6 FT. PANEL) 
	2 

	error from restraint of the load cell movement. In the belief that if we could relate the temperature to the error, corrective action could be taken; therefore, a thermocouple was affixed to the load cell and several tests were made using a heat gun while recording the static load and temperature with the computer. From this data, it was determined that effective correction could be achieved by application of two straight line correction factors. The application of these factors and a comparison with one ru

	Figures 45, 46, and 47 show plots of the concentrations of HF, HC1, and HCN in Zone 13 gas samples taken over a 7-minute time span in the CFS tests. The Hel tests for Burn No. 1 were not plotted, since it was discovered that the absorption reagent in these tanks were accidentally contaminated with chloride as shown by a blank determination run after the test was completed. 
	The II bubb 1er II samp1es for HF, He 1, HCN and aliphaticaldehydes (as HCHO) were taken in two standard glass impinger bottles connected in tandem to either TFE or stainless steel sampling lines leading to the multiple animal test point (Zone 13) and "the CFS eXhaust. Table 16 summarizes the results obtained for each of the CFS burns of Material No.1 and gives the average ppm by volumes of each gas collected over a 5-minute sampling time. 
	TABLE. 16 
	TABLE. 16 
	AVERAGE PANEL NO. 1 GAS CONCENTRATIONS COLLECTED IN IMPINGERS AT TWO LOCATIONS FROM THE CFS 

	VOLUME 
	VOLUME 
	VOLUME 
	PPM OF GASES 
	RELEASED 

	CFS 
	CFS 
	CFS 
	OF 
	GAS 

	TEST 
	TEST 
	SAMPLING 
	SAMPLED 
	RCHO 

	NO. 
	NO. 
	LOCATION 
	(LITER) HCl HF 
	HCN 
	(Aldehydes) 


	#1. Zone13 10.8 * 6 12 5.8 Exhaust 5 22 3.9
	* ** #2 Zone 13 10 115 12 15 4.2 Exhaust 5 144 3 7 5.4 #3 Zone 13 6.2 &10 34 4 22 4.3 Exhaust 5 0 22 0.7 
	* Chloride in blank too high for accurate determination. ** Flouride contamination in impinger bottle. 
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	FIGURE 53. CFS CABIN DIFFERENTIAL PRESSURE PANEL 1, 4.41 Btu/ft SEC 
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	DATA PLOTS -The PDP-15 computer data acquisition system prepared a wealth of data. The CHI poi nt was "MS" (mi d 1eve1, south) in PDP nomenc 1ature. Figures 48 through 53 are examples of temperature, smoke, CO, C02' 02 at the CHI point and pressure in the CFS for test 3 of Panel No.1. A slngle plot involves five pages for presentation to 1320 seconds but are shown only to a significant time interval to save report space. Plots were made for all real-time measurements, and all thermocouple locations. 
	ANIMAL TESTING -During the basel ine test, one subject was pl aced in one of the wheels in Zone 13. At approximately 4 minutes 50 seconds, a temporary Ti sensor trace of 15 seconds durat ion was observed on the str i p chart recorder followed by an apparent recovery and vigorous activity until 7 minutes 8 seconds when a permanent Ti occurred. Td followed, but the time could not be determined (the subject was dead by the time the CFS chamber was opened). The maximum temperature recorded near this wheel was 2
	f test. 
	Post examination of the strain gage sensors revealed softening of the acrylic sensor bar support beams contai ning the strain gages. These were modified by cementing a strip of spring steel to the upper surfaces of the beams. 
	For burn test No.1, six rats were used in open, Ti split cage, wheel units. Within 82 seconds after the beginning of the test, all six-wheel sensor records showed no activity on the strip chart. Upon opening the CFS, it was found that all six rats had escaped from their cages, and survived at the exhaust end of the CFS or under shielding at locations away from the fire. It was not possible to determine which rat was in a particular cage. However, one rat showed evidence of external burns on the ears and eye
	The cages were reworked and the test procedure for the second burn was essentially the same as for the first burn, except that the four animals placed at the multiple animal test point, Zones 12 and 13, and the two placed in Zone 16 near the exhaust were partially insulated with 3/4-inch Fiberfrax on two surfaces to protect the suojects from direct heat without greatly impeding the flow of gases and smoke. 
	With the exception of one subject that escaped from the test cage to the cooler part of the CFS, all others ended in a Td. The temperature measurements indi­cated that the thermal protection provided by a radiation shield (aluminum foil) and the insulation was probaoly inadequate. 
	Al-J expired sUbjects sustained etching of the cornea indicating the presence of significant concentrations of acid gases. 
	For the third burn test one animal was placed inside a Ti instrumented wheel (cage) housed within a Fiberfrax insulated po1ycarbonate (PC) box having an inter~nal volume of 1 cu. ft. Two inlet tubes were installed with deflector shields to aid in mixing incoming smoke and gases with the atmosphere in the 
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	box by means of an electric pump closely connected to the box opposite from the inlets. The pumping rate from the CFS into the box was set at 1.33 ft. / min. and the box, with its test subject, was placed near the exhaust point between Zones 16 and 19. This was found to protect the subject from excess temperature for the full period of the burn; the maximum temperature recorded 
	3

	inside was 115F. In this test, the radiant array was turned off at 6 min­utes. The pump connected to the PC box was turned off at 6 minutes 20 seconds when it was noted that the CO monitor at the exhaust showed the CO concentra­
	0 

	tion was beginning to decrease. A maximum CO level of 1700 ppm was recorded, but the actual concentration inside the PC box was not precisely. known. 
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	APPENDIX A. 
	This Appendix provides drawings, check lists and computer data reduction details for the CHAS/SATS system. The following details are included: 
	I. DRAWINGS OF THE MAJOR MODIFICATIONS OF THE HRR CALORIMETER 
	II. CHAS/SATS CHECK LIST PRIOR TO A BURN TEST 
	III. HP3052A DATA ACQUISITION SYSTEM INITIALIZATION 
	IV. 
	IV. 
	IV. 
	HP9825A PROGRAM LISTING 

	v. 
	v. 
	CHAS PARTS LIST 
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	Powdered 
	Powdered 
	Powdered 
	Pyrex Fiberglass
	Lead Carbonate 
	swaglok Male Connector 55-1610-1-16 
	Cajon Reducing Couple SS-HRCG-4 
	TFE Tubing 1/4­
	FIGURE A-6 HS FILTER FOR HeN MONITOR 
	2

	11.. 
	11.. 
	11.. 
	REPLACE GAS SYRINGE SAMPLING PORT SEPTUM. 

	12.. 
	12.. 
	SWITCH 02 MONITOR ON. SET ON AIR SAMPLING. 

	13.. 
	13.. 
	CK 02 SAMPLING LINE ASCARITE/DRIER FOR DEPLETION. 

	14.. 
	14.. 
	ADJUST AIR FLOW METER VALVE ON COMBUSTION GAS MONITOR TO (112 ). 
	11 


	15.. 
	15.. 
	SWITCH COMBUSTION GAS MONITOR POWER ON. 

	16.. 
	16.. 
	SET ZERO ON CO CO&COMBUSTIBLE GAS MONITORS W/GNFLOWING. 
	2
	2 


	17.. 
	17.. 
	CHANGE OVER TO SPAN GAS &SET METERS (STEP 16) (MONITORS) 

	18.. 
	18.. 
	TURN SPAN GAS SUPPLY OFF. 

	19.. 
	19.. 
	SWITCH GAS TRAIN PUMP ON -ADJUST FLOW TO 1 LITER/MIN. 

	20.. 
	20.. 
	HCN MONITOR ELECTROLYTE SUPPLY, DRIER &RECEIVER FLASK OK? 

	21.. 
	21.. 
	SWITCH ELECTROLYTE PUMP &AIR SAMPLING PUMP ON. 

	22.. 
	22.. 
	ADJUST AIRFLOW fO 1.0 LITER/MIN. 

	23.. 
	23.. 
	CK DET. CELL ELECT. DROP RATE (1 DROP/20 SEC.) 

	24.. 
	24.. 
	24.. 
	PLUG IN & START UP NO/NO MONITOR MAIN POWER, VACUUM PUMP &SAMPLE 

	x. CONDITIONING SYSTEM.. 

	25.. 
	25.. 
	TURN NO/NO POWER SWITCH ON (FRONT CONSOLE).

	26.. 
	26.. 
	ADJUST NO/NODET. DARK CURRENT TO ZERO.

	27.. 
	27.. 
	CK "ZERO & IIFULL SCALEII KNOB METER RESPONSE (NO/NO).
	II 



	x 
	x 
	x
	28.. 
	28.. 
	28.. 
	SWITCH BACK TO EXPECTED RANGE (OR 2.5 ppm/FS) &SWITCH 03 GENERATOR ON. 

	29.. 
	29.. 
	TURN NO/SPAN GAS INTO MONITOR &SET 10 TURN POT TO GIVE CORRECT METER READ! NG. 

	30.. 
	30.. 
	SWITCH GAS SAMPLING BACK TO CHAS (NO/NOMETER SHOULD RETURN TO ZERO) . 
	x 


	31.. 
	31.. 
	FILL HCL/HF &ALDEHYDE SAMPLING SYRINGES. 

	32.. 
	32.. 
	PLACE FILLED SYRINGES ON CHAS RACK. 

	33.. 
	33.. 
	LOAD RAT INTO SATS. 

	34.. 
	34.. 
	CAGE ROTATION OK/ ELECTRONICS OK? 

	35.. 
	35.. 
	CK CONNECTION OF SAMPLING LINE FROM SATS TO FILTERS. 

	36.. 
	36.. 
	SWITCH 02 MONITOR OVER TO CHAS. 

	37. 
	37. 
	SET MLT &HRR RECORDER BASELINES (CHART SPEED 150 cm/Hr). 38 PLACE TOP ON SATS CHAMBER; CLAMP IN PLACE. 39 VENTILATE SATS W/PUMP ON AT 14 to 16 /MIN. 


	40.. 
	40.. 
	40.. 
	START CAGE ROTATION. 

	41.. 
	41.. 
	ZERO THE ELECTRONIC TIMERS. 

	42.. 
	42.. 
	CK SMOKE METER SETTINGS (liD" 0.0. = 621.5 my; 0.4 0.0. = 763.5 my). 

	43.. 
	43.. 
	TAKE BASELINES * SWITCH AIR OVER TO MLT. 

	44.. 
	44.. 
	START DATA ACQUISITION (HP3052A) AS SAMPLE IS INJECTED &ACTIVATE ELECTRONIC TIMERS. 


	NOTE:. ABOVE CK-LIST ASSUMES HEATED LINES &SMOKE FILTER ARE PREHEATED TO 248F (120C). 
	0
	o

	*. AIR SWITCH-OVER NOT APPLICABLE IF MLT NOT USED. 
	III.. STARTUP USER INSTRUCTION FOR HP 3052A 
	The following Operational procedure is for initial system turn on. The instructions are also valid at all times. 
	1.. 
	1.. 
	1.. 
	Place Disk containing CHAS/MATS program into 9855M Drive and place the special function Key (S.F. Key) overlay on 9825A (or 9825B). 

	2.. 
	2.. 
	IISTARTII 
	Key in and execute IIget 
	ll 


	3.. 
	3.. 
	Press "RUN 
	Press "RUN 
	II 


	4.. 
	4.. 
	When IIIndex print out?1I is displayed: 


	a). If Index is needed: 
	1). Press "YES From S.F. key 
	II 

	2). The Index for CHAS/MATS program will be printed 
	b). If Index is not needed:. 1) Press IINO" from S.F. Key. 
	5.. When "CHOOSE PROGRAM FROM S.F. KEY" is displayed: a) Press desired program on the S.F. Key 
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	DATA ACQUISITION USER INSTRUCTIONS 
	1.. 
	1.. 
	1.. 
	The Program will ask a series of questions; enter all the answers promptly. 

	2.. 
	2.. 
	When IImv readings check, Cont. is displayed: press: "CONTINUE and check the print out. 
	1I 
	II 


	3.. 
	3.. 
	When IIAdjust Smoke mv outputis displayed: Adjust the smoke meter to specification with unblocked light beam. The mv reading can be checked on digital voltmeter. Alternately place the 0.4 0.0. neutral density filter (or other density value filter) in the light beam and adjust readings as called for to match smoke detector calibration curve. 
	ll 


	4.. 
	4.. 
	When "Remove Filter, Cont. is displayed: Remove the selected neutral density smoke filter from the light path. 
	1I 


	5.. 
	5.. 
	When "Baselines, Cont. is displayed: press IIC·ONTINUE , at 1 minute after placing the Sample and Sample injection assembly into the HRR hold chamber. 
	1I 
	II 


	6.. 
	6.. 
	When "Start data, Cont. is displayed: press IICONTINUE", at the same. time the sample is injected into the HRR Chamber. 
	1I 


	7.. 
	7.. 
	When IIProcess?1I is displayed (after 10 minutes): 


	a). If data processing is desired:. press "YES" on the S. F. key. Go to step8. 
	b). If data processing is not desired:. on the S. F. key. Go to 9. 
	press IINO 
	II 

	8.. When IICHOOSE PROGRAM FROM S.F. KEY" is displayed: 
	a). Press desired program on the S.F. KEY 
	b). Go To appropriate user instructions 
	9.. When "SEE YOU NEXT TIME", is displayed: 
	This is the end of the program 
	GENERAL USER INSTRUCTIONS 
	DESCRIPTION -The following operational procedure can be applied to several data processing programs (there ;s very little differences in each procedure). These programs include: 
	1.. 
	1.. 
	1.. 
	Mass remaining &Loss 

	2.. 
	2.. 
	Smoke Release Rate 

	3.. 
	3.. 
	Heat Release Rate 


	(i). 
	(i). 
	(i). 
	by Thermocouple 

	(ii) 
	(ii) 
	by Oxygen Consumption. 4 • CO Release Rate. 


	5.. CO2 Release Rate 
	6 . HCN Release Rate. 7• 02 Release Rate. 
	8. CHRelease Rate. 9• Sample Temperature. 
	x 

	10. NORelease Rate. 11• HCL Release Rate. 12 • HF Release Rate. 13 • RCHO Release Rate. 
	x 

	USER INSTRUCTIONS -The following instructions are followed when data has been acquired and processing is desired. Figures A-7 and A-a show diagrams of the HP9825A Data Acquisition/Processing System. 
	1.. 
	1.. 
	1.. 
	1.. 
	When "' of run in disk (1,2, ••• )?1I is displayed: 

	a) Type in 111 or 112 or .•••. b) press IICONTINUE". 
	11 
	11 


	2.. 
	2.. 
	For Heat Release Rate by oxygen consumption Method GO to Step 9 FOR HC1, HF or RCHO Release Rate, go to Step 10 

	3.. 
	3.. 
	3.. 
	When IIhas this been plotted before?1I is displayed: a) If this data has been plotted before, press IIYES" on S.F. KEY 

	If this data has not been plotted before, press IINO on S.F. KEY b) Pres s II CON TINUE II 
	II 


	4.. 
	4.. 
	4.. 
	When IIHave your plotter ready? Cont" is displayed: 

	a) Check plotter, pen and paper. Have it ready for plotting. b) Press "CONTINUEII. 

	5.. 
	5.. 
	FOR Mass remaining & Mass loss rate go to Step 12 

	6.. 
	6.. 
	When IIAnother Run?1I is displayed a) If additional run is desired: 


	(I). 
	(I). 
	(I). 
	press IIVESII on S.F. Key 

	(II). 
	(II). 
	go to step 7 


	b) If no more runs are desired: 
	press uNO" on S.F. key 
	goto Step8 
	7. 
	7. 
	7. 
	7. 
	When "CHOOSE PROGRAMS FROM S.F. KEY" ;s displayed: 

	a) Press the desired program on the S.F. KEY.. b) Go to the appropriate user instructions.. 

	8. 
	8. 
	8. 
	When uSEE YOU NEXT TIMEII is displayed: 

	a) If an additional run is desired at this time go to Step 7(a). b) If no more runs are desired. This is the end of program. 

	9. 
	9. 
	When "00 you have following file is displayed: 
	ll 



	a) uHFIl will be displayed, after about half second 
	If HF data is collected in this run. press uYES" on S.F. KEY 
	If HF data is not collected in this run. press liND" on S.F. KEY 
	b) HCl and RCHO will be displayed following" HF. Use the same procedure as for HF. c) Go ToStep3 
	10. When IIhas this been plotted before?" is displayed: 
	a) If data (X = HC1, or HF or RCHO) has been plotted before, pressIIYES" on S.F. Key b) If X data has not been plotted before, press liND" on S.F. key 
	When IISequence" is displayed:. Type in Which "Sequence" is used in collecting this Sample data.. When IITime (SEC)?II is displayed:. 
	Type in Time (sec) 
	press "CONTINUE" 
	repeat until all finish sequences are finished. 
	When "Sample amount? (mg/ml)1I is displayed: 
	Type in How nlany U(mg sample ion in 1 ml of Gas Sample" was determined by analysis. 
	Press "Continue 
	Press "Continue 
	ll 

	Repeat until all sequences are finished. 
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	H p 9862A PL0TTEP H P-I [3 HP 59309/\ DIGITAL CLOCK (10 CHANNELS) HP 3495A SCANNER HP 3455A DIGITAL VOL Tt·1ETE R DYLON l015A FOR~1ATTER IBM COMPATIBLE TAPE TRANSPORT HP 7245A PLOTTER/PRINTER HO 3437t\ SYSTEr·1 VOL Tr~ETER DATA SOURCE (HRR CHJ\J1BER etc.) 
	FIGURE A-7 CHAS DATA ACQUISITION ArJD PROCESSING SYSTEr1 
	FIGURE A-7 CHAS DATA ACQUISITION ArJD PROCESSING SYSTEr1 


	H P 9825 I\. 
	COMPUTER 
	I 
	--J 
	w 
	<..n 
	I 
	CHOOSE 
	YES
	CALIBRATION 
	CURVE 
	YES
	Figure

	SMOOTH 
	ROUTINE 
	I --' 
	w 
	en 
	I 
	LOAD I NSTRurJ1ENTS PARAr\~ETERS NO I .. TRANSFER J ... DATA NO RECORD ON IB~-ca~PATIBLE 
	TAPE. 
	FIGURE A-8 CHAS DATA PROCESSI NG FLOrI DIAGRAr1 
	11 • When IIMAX Y-SCALE II appears 
	a) Type in the Max. Y-Scale value (ppm or %).. b) press IICONTINUE c) Gotostep 4. 
	II. 

	12. When IINeed plot for mass loss? is displayed: 
	a). If plot is to be made, press IIYES on S.F. Key. If plot is not-to be made, press IINO on S.F. Key. 
	II 
	II 

	b). Go to Step 3 
	DATA TRANSFER 
	USER INSTRUCTIONS -The following procedure transfers data from the Disk to IBM magnetic tape. 
	1. When IILOAD MAGNETIC REEL TAPE, Cont. is displayed 
	1I 

	a.. 
	a.. 
	a.. 
	LOAD MAGNETIC REEL TAPE 

	b.. 
	b.. 
	press IICONTINUE 
	II 



	2. When 11# OF RUN IN THIS DISK?II is displayed 
	a.. 
	a.. 
	a.. 
	Typein 111 or 112or--­
	11
	11


	b.. 
	b.. 
	press "CONTINUE 
	II 



	3. When 1100 you have the follov/ing files?1I is displayed 
	a.. When IINOx" is displayed 
	if IINOx data has been collected press IIYES if IINOx" data has not been collected press IINO". 
	ll 
	II. 

	Use. the same key operations as for IINOX 
	II 

	4. When II Need Read & Pri nti ng?1I appears 
	a.. If Read &Printing is desired, press IIYES" on S.F. key When IIIBM TAPEII is displayed 
	Type in IBM TAPE #, such as 11965552130 
	11 

	when "DATE" is displayed 
	Type in date, such as "8/10/81 
	11 
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	When IIAny Note" appears 
	Type in any remark you want to put in.. Such as IINO HF, Hcl &RCHO is been collected". 
	b.. If Read & Printing ;s not desired:. Press uNO" no S.F. key. 
	5.. CHAS/MATS~II This ;s the end of the program. 
	When "THAT1S ALL FOR 
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	IV. HP9825A DATA PROCESSING AND DATA ACQUISITION AND PROGRA~1 LIST 
	o~ "START-:. tJ 'j~t Ie ·srkEY·. 2~ ~nt ·IHOEX print out~·JA;lf flg13Jqto 28. ~, ort .~. CH~S/MATS ••­4, prt ••~ INDEX .~.wS5pC 2. 
	S. fmt .... CONTEHT ••• ;wrt 16;5pc 
	6. prt • 0 DATA ·iprt· ACQIJISITIOH"jspc 
	7: prt • 1 SMOKE"3 S pC 
	8. ~rt • 2 MASS ·iprt " REMAIHJHG Ir· 
	9: prt· ~ASS L05S ;prt • RATE"J5PC 
	R 

	10: prt • 3 HEAT R. RATE-;spc 
	11: prt ~ 4 CO R. RATE·J5PC 
	12: prt • 5 C02 R. RATE·;spc 
	13: prt • 6 HeN R. RATE·;spc 
	14: ~rt • 7 02 D. RPTE·,5pC 
	15: prt • B TOTAL ";prt· HVO~OCARBON·;5pC 
	16: prt • 9 SAMPLER;prt· TEMPERATURE·~spc 
	17. 
	17. 
	17. 
	pr~ • 10 NOx or HO· 

	18. 
	18. 
	prt· R. RATE·;5pC 

	19. 
	19. 
	prt • 11 HCL R. RATE·;spc. 2~1 prt " 12 Hf R. RATE·iSpC. 


	21: prt • 13 RCHO R. RATE"jspc 
	22: prt • 14 SPECIAL F.-;prt " KEY" ) 5pC 
	23.prt • 15 START";~pc _24: prt • 16 H9 ADJ.·;spc _25: prt • 17 DATA" 
	261 prt· TRAHSFER" 
	27: ~pc iprt ·~~••••END~••••~.·~spc 2 
	28. dsp ·CHOOSE P~OGRAM FROM S.f.KEV· 
	29: 5 t P ;9 t') -1 
	30. d5P ~SEE YOU HE~T TIME"15tp 
	o. -10 CH Data Acq -. 
	1: d5P "Chec~ avl record ()~200)) cont ... M l5 tp 
	2: ent "is (~vl Rcrds )=200 1? yes or no"~A. 31 If A;O;dsp "Not enough Tcrds,Change n~w di5k~~! ~ ~·;stp. 41 dim NS[15,1S],MS[lSJ,Z[101,T$[10,10l,USC121. 
	5. 
	5. 
	5. 
	A[15]~A.[8]~B$r20J)E$r6JJFt[6J,M,H 
	dim 


	6. 
	6. 
	f~~ 16b;wrt 16,31,31,31,31,31,31,31,31J31J31,31~31,3~,31)31)31;spc 


	7. fmt 
	3. prt ·10 CH Data Acq 5-29-30· 
	q. wrt 7f)3,·PRS". 101 fmt 2,fzZ.Q;fmt 3)f9.6. l1z rem 722Jclr 722;wrt 722.3,nF1R7T2T3M1AOHO·. 
	12. wrt 722.3,·EY·,.001,-SYE2·JO~·SZ" 
	13: ~"p ·Run 1?",A[10J,enp ·Satnple Name?-,B'senp ·Oate?·~A$. 1·1 I ~ n p• 0i 5 k Numbe r ~J -, Ar11 ]. 15; enp "runl in Oisc?-,Mt. 
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	t~. enp • length of Te~t TimeJ(min)?-,N. 1:~ enp -Oata int~rvel, sec?-)M,60/M}M. 131 ~np -Air flow.cfm?-,Ar4];A[4J •. 3048A3}A(~]. 
	19. enp -Air temp(C)?-,A[3J,273.1.~r1]~A(3J 
	enp 8Samp area)in·2~·JAr2]jA{2J•. 02S4·2}A(2] 
	to. 

	21: enp ~U5ed NO or HOx??·)ES. 22, enp aRaoge(ppm)U5ed 1n NO or NOx?1·,rs. 23& enp -Heat (W/cm2)?·,A[1l. 
	A 

	24. enp -Init. ma55 (gm)?·,A[71 _25, enp -dMV/100gm,zeroed·,ACSl 
	26. 1f MH>O,l}I;if MH>600i2}T~if MH)1200.3}I,lf MH)1800 ••}Iflf MH>240015)1 
	21. if MH>3000;6}Ijif MN>3600J7}) 
	28. !lQ,dim CS£10,2MN]. 291 ·xxDATj8}Tt[tl. 301 Mt}Tt(l,l J lenCM$)]. 31, or~n TS(1J J 200-Q. 32t eS9n TS(1J,1)O. 
	33. dsp ·mV Reedin95 Check.Cont.-;stp. 34, for 1=1 to 10jO}Z[IJjnext I. 35, for J=l to 10swrt 709.2,1jwrt 722.3J ·R2·,trg 722jred 722,P. 
	36. 
	36. 
	36. 
	p+Zrl]}Zr11 

	37. 
	37. 
	f~r 1=2 to 10Jwrt 7~9.2~IJwrt 722.3)·R7·\trg 722Jred 722,P 


	38: p+ZrIJ}Z[ll;next Ijnext J 
	39. for 1~1 to 10JZrIJ/10lZ£IJjnext I 
	40: 5pC ,fmt x,·CH.·,6x,·mV·;w~t 1SJfmt 411 fmt J·SMOKE8,3x,fS.3;wrt 16,Z[1] ~2, fmt ,·MASS ·J3~)fe.3jwrt 16,Z[2] 
	43. fmt )·HEAT ·,3x~fa.3;wrt 16,Z[3] 
	44. f~t ,·CO ·J3x,fB.3jwrt 16,Zr~] 45, fmt ,·C02 ·)3x,f8.3;wrt 16,Zf51 46& fmt ,·HeN ·,3x,f3.3;wrt 16,2[6] 47& fmt ,·02 ·,3x,f8.3jwrt 16 Zl7J
	J 
	48. 
	48. 
	48. 
	Imt ~·HC ·,3x,f8.3;wrt 16,Z[8] 

	49. 
	49. 
	fmt ,-TEMP ·,3x,f8.3jwrt !6,ZrSl 


	50: fmt ,-NO ·,5x,fB.3;wrt 16,Z[101J5pc 
	;5pC 
	jfmt 
	51. spc ;prt ·Smoke Correct Reading5Should B.­
	e 

	~2: 5P~ Jprt ·.4 00=763.5 mV-;prt • 0 00:621.5 .V-jSpC 53, dsp -Adju5t Smote mV Output­~4: wrt 709,801-jwrt 722J·R2Tl-~5tp 
	e 

	~5: dsp ~R~move Filter,Cont";stp. 5~1 wrt 722 J ·T2T3;dsp uBaselines,CoRt4·jstp. 57· for 1=1 to 10s0}Z[lljnext I. 
	8 

	59. for J a l to 2S,wrt 709.2,1;wrt 722.3,·R2·~tr9 722sred 722 J P 
	59: P.Z[l]}Z[lJ 
	60. for )a2 to 10;wrt 709.2,IJwrt 722.3J·R7-lt~9 722;red 722,P ~1. P+Z[I]}Z[I];~ext {,next J 62~ for 1=1 to 10,Z[Il/2S}Z[IJ;next I 
	63: 5f9 14. 641 SO/M}A. 
	65. 
	65. 
	65. 
	d5P ·Start data,C~nt·J~tr 

	66. 
	66. 
	wrt 708,·~-~O}S 


	67. for K-1 to MNiS+A}S. 68, wrt 709.2 1 1;wrt 722.3)·R2-Jtrg 722;red 722 J P[!1. 
	69. 
	69. 
	69. 
	wrt 722.3,·R1" 

	70. 
	70. 
	for 1-2 to 10;wrt 709.2,1 

	71. 
	71. 
	tr9 722,red 722,P£Jljnext I,O}I 


	72. ~prt 1)P(1J)P[2]~P(3),P[41,P[5],P[6]JP(7],P[8J,P[9),P[10J,·end­731 -loop· Ired 708,US 
	714. ~t31CU'[9~101)'':60+val(lJtr11,12])}U,if S=MN)jmp 2 
	75. 1f S>Us9to ·loop· 76, next K 
	77: fmt -Test Time 2 ·,f4.0;wrt 16,U 
	78. ·xxlsmk }N$[11,W xx2mas }Nt£2lj·xx3ht·}H$[31 
	W
	W

	79. -xx4coW}N${4];Wxx5co2·}N'[5],-~x6h~n·}H$r6],·xx702·}N'[7] 
	·xx8hc·}N$[8J;·xx9tem·}NS[9];·xxl0no-}N$[10]J·x~xinf·}NSr!1] 811 for I-I to 11;M$}N.rI,1,len(MS)],next I 
	aOI 

	82. d,..iv~ 0 831 asgn T$[jl,l,O 84, 128+32}C,fmt 4b,· I'm Working ·,x,4b;wrt O,C,C)C,C,C,C)C~C 
	85: for K=1 to MHJsread 1,P(1],P[2],P[3J,P[4],P[S]~P[6],P[7),p[a],p[9],P[101 
	86: for V=l to 10 
	87: if Y'1;fti «P[Vl+9)~.1.10000)}C.[V12K-l,2Kl 
	88: if V~ljfti (CP[V]+200)A.1-10000)}C.[V,2K-1,2Kl 
	89. next V;next K 90, ·xxDAT1·}Tt[11,M$}T$[1,1)len(M')]jkill T$t1J 911 for 1-1 to 10;open NSrlJ,G-6jnext Ijopen NSC11l J 2 
	92. for J=l to 10 
	93: aSJn H$(JJ,3,O 
	94: sprt 3,Z[-J,C$[Jl,·@nd· 
	95: next J 
	96. spc sfmt x,·CH.-»3x,-Ba5eline-jwrt 16;fmt jSPC 
	97: fmt ,·1.SMOKE·,x)fS.3)~rt 16,2[11 
	98: f~t ,R2.MASS ·,x,f8.3;wrt 1G,Zr2J 991 fm~ )·3.HEAT ·,x,f8.3;wrt 16,Z[3] 
	100: fmt )·4.CO ·,x,fB.3;wrt 16,Zr4J 
	101. 
	101. 
	101. 
	fmt ,-S.C02 ·,x,f8.3;wrt 16,2r5] 

	102. 
	102. 
	fmt ,·G.HeN w,x,f8.3;wrt 16,Z£SJ 


	103. fmt ,-7.02 ~)x~f8.3;wrt 16,Z(7J 
	104. 
	104. 
	104. 
	fmt ,wa.He ·,x,f8.3;wrt 16,Z[8] 

	105. 
	105. 
	fmt ,-9.TEMP ·)x,f8.3;wrt 16,2[9] 


	106: fmt ,·10.NO ·,x,f8~3jwrt 16,Z[10];spc Jfmt 
	107: esg" HS[11J,3,O. 108J 5prt 3)A[~J,A.,B',[$,r$,MJN)H.[151,M'~·end­.109, O}Xlent -PROCESS??·,X;if f191319to +~. 
	110: dsp ·CHOOSE PROGRAM FROM S.F.kEV· 111J stp S9to -1 
	112. fmt 16b;wrt 16~31,31,31)31,31,31,31)31,31,31,31)31,31,31~31,31;5pc 
	113. d5P .SEE YOU ~[XT TIMEW;stp -20300 
	-141­
	_. 0 I -Ma.,!I Re ma 1n 109 • Me.., I) L o!t S Rft t ~. ! 
	1. d~y 
	21 fmt 16bJwr t 16,31 )31 .31.31 ,3J ,31 ,J1 .31.31 J31,Jl.31.31,Jl.3t#311~P(" 
	3. 
	3. 
	3. 
	prt ·M~s~ Remaining & M8~5 L05~ Rate·j~pc 2 

	4. 
	4. 
	d~p -Ma55 Remelnl~g , Ma55 L05~ Rate·;wa1t ~OO 

	5. 
	5. 
	dim A[1S1,A'[9J,BSl20J,ES[SJ,rtr6l,M,N J HS[15,101.Mtr21 


	6. dim W$[12 t 12J. 7, enp -I of run in di~t(1,2•. )?·)~r1]. 
	8. 
	8. 
	8. 
	O}Wsent -Ha5 this b~en plotted before?·,U 

	9. 
	9. 
	d5P 8Have your plotter reedy! Cont.e;stp 


	10: ·xxxinf }W$[2l. 11& Wtt!]}W$[2,1,len(WS[1])]. 
	a 

	12. drive 0 
	13: B~9n W$[2],1,O 
	14, 5read IJA[~]JA$JB$,ESJFt)M)N)H'[10],MS 
	15. 
	15. 
	15. 
	fxd o,p~t ·Runl :·,A[10]JBS,A'sspc 

	16. 
	16. 
	d5P ••• WORKING OH MASS REMAINJHG.•• ·j95b ·CACl I­


	8 
	17: 9 !if:. ·PLOT I· 
	18. d5P • .•• WORKIHG ON MASS lOSS RATE... ·i9sb ·CACL II­.191 ent ·NEED PLOT FOR MASS LOSS?-,A,lf f1913'9to 42. 
	20. 95b -PLOT rI· 
	21. ~nt -ANOTHER RUH?-~Xjif f1st3,9to +3. 2:. d~p -CHOOSE PROGRAM FROM S.F.KEV­
	23. 5tp ;gto -1 
	24: fmt 16b,wrt 16)31)31J3t,31J31~31.31)31)31)31:J1J31)31)31,31)31J5pc 2S, d5p.•SEE YOU NEXT TIME-;5tp 
	_26,. ·CACL 18:dim Zrl0l,VSr2MHl 27, dim M[MNJ,S[MNJ 28, ·xx2mas-}W$[31 29, W$[1]}W.£3,1.IenCW$[1])] 
	30. a5gn W$[3l,2,O 
	31: 5read 2 J Zr.],V$ 
	32: for 1=1 to MN,(itfCV$[2I-l,21))/10000)A10-9-Zr2]}MCIJsnext 
	33, Jmp 2 _34, -MLU DRIFT DATA HERE-t 
	35. for Ja l to 20;for 1=1 to MN-2;CMrIl+M£I+1J+MrI+2])/3}Stl+tllnext ] 
	36: for 1=2 to M~-2iS[I+IJ}M[I+1].next I 
	37: n~xt .J. 38, for 1=1 to MNiM[11-100/A[S]}SrIJ;next I. 391 if A£2]=100W.0254 2 and Ar1]-2.5;9sb -2.5­.
	A 

	40. if Ar2]s100-.02542 and A[1l=3.5i95b -3.5­
	A 

	41: if Ar21=100~.0254A2 and A[1]=5)~sb -5.0·. 42r if A[2]~100•. 02S4A2 and A[1J=71gsb -7.0 
	8. 

	43. if A(2)a36*.02542 and A[lJ~2.Sj9Sb ·S2.5·. 44, if A[2J=36-.02542 and A[1)s3.S;9sb ·53.5­.45, 1f A[2J=~6•. ~254A2 and A[1]=5jgsb ·55.0·. 46, -Adj. Max. Wt·,. 47a for 1~1 to 5;O}S[IJ;next I. 48, max(S£W])-A[7J}W;for 1=1 to MN;S[I]-W~SrIlsnext. 
	A 
	A 

	49. ·S[IJ~8+CI·:Ar7]}S(1] 
	50. (S[10]-S(1J)/9}CJ(10S[l]-S[10))/9}B. 51, for 1-1 to 10;B+CI}S[f11next T. 521 if U-lj9to +7. 
	I for I ~ J to f'1H) if S[ I) (-I; J-5.9991S[ I ]. 541 fti «(S[lJ~6)A.1.10000)}VS(21-1,2I];next. 55• -x x ~ ma 5 " }W.( 4] ; W$ [ ~. J j. ~J t r4,1 ,Ien(W$ ( 1]) J. 561 open W$[4J)6. 
	53 

	57: a~gn Wt[41,3,C 
	58: 5~rt 3,Vt,-endpr~ -MAXCINITIAL) MAS-;5pC. 60, fmt f6.2,x; ·GM~,wrt 16,A[7];5~C ;ret. 
	8. 
	59, 

	61. 
	61. 
	61. 
	-PLOT I·:AC7J}Z 

	62. 
	62. 
	if Z<SOOOj50CO}A,if Z<2000;2000}Ajif Z(lOOOs1000lA;if Z<SOO.500)Q 6~: if Z(200j200JA,if Z{100;100}A;if Z<50j50lAtif Z<20j20}A 64, 5cl -12N)6SH,-.2A,1.0SA 65, axe O,O,60,.1A 66, c5iz 1.5,1.5,1,0 


	67. for 1=0 to 6S~ by 60. 6£a pIt I-H,-.05A,-1;fxd O;lbl I/~O. 
	69: next I 
	70: c5i2 1.5,1.5,1,90. 7i. pIt -10H).2A,-1;lbl -Mas5 Remaining (gram5)­.
	72: csiz 1.5,1.5,1,0. 73, for 1=0 to A by A/10jfxd 0. 
	74: pIt -7H,1.-1;lbl I. I next I. 
	75 

	76. 25H)-.09A~-lJlbl -Time (min)­
	pIt 

	77: for 1=2 to MH-2. 78, pIt 60I/M,S(!J,-2. 
	79: next I ;pen 
	80: csiz 2.5)2,1)0. 91 I p]t 8H,-•16A)-1; 1b 1 Wf i9• Mis5'5 r ema 1 II 1ns. 
	8 
	82: fxd D;plt 40N,A)-1;lbl wRun la»At10J 
	83: csiz 1.S~1.5,1,O 
	84: pIt 40N,.95A,-1;lbl 8. 
	85: plt 40~~.85A~-1)lbl ·INITIAl MASS~ 
	86. pIt 40N,.8A)-1,fxd 2;Jbl A[7J,· grams­.87, pIt 40H,.7A,-1jlbl -FINAL MASS". 
	88. pIt 40N,.65A,-1;lbl S(~N-2],-grams­
	89: pIt 40N).55A,-1;lbl ·HE~T FLUX·. 90, fxd l;plt 40H,.5A,-1;lbl A[1J}· W/CM­.91, pIt 40H,.4A,-1;lbl -SAMPLE AREA­
	92. fxd 5;plt 40N,.35A,-1;lbl A[2l,-M931 csiz 1,1.5,S.5/11)O. 
	W. 

	94. pIt 52.8H, .5tA,-1;lbl -2-;plt 54H, .36A,-1Jlbl ~2· jret _95: ·CACl I 1-: 
	96. for 1=1 to MH-1 
	97. (S[I]-S[I+1])/A(2J/(60/M)}S(IJ;~~xt 
	98: S[MN-1]}S[~N]. 99, 1f U=1;gto +7. 
	100: for I~1 to MH;if S[!J(-6;-S.999}SrIJ. 101, fti ({S[I]+6)A.l.10000)}V$[2I-l~21J;n~xt. 8xxhma5·)Wt[S]J~$[1]}W$[5,1,Ien(W$[1])]. 
	102& 

	103. open W$[5J,6 
	104: assn W$[~1,4~O. 10~1 sprt 4,VI,aend 10€, OlZyfor 1=1 to MH,lf SeJl)Z,Srl]}Z. 107! next I. 
	w. 

	1 08. pr t IIMAX RATE 8 ; 5 pC 
	-143­
	109s fmt f7.2,x,·G/MIH/M2·,wrt 16,Zsspc Jret. 1'0: ·PLOT 11-:. 
	111: if Z<SOOOj5000}A,if Z<2000j2000}AJif Z<10nOs10CO}A,if Z(SOO,500)A 
	112. 
	112. 
	112. 
	4f Z(200;200}Ajif Z<100~100~A 

	113. 
	113. 
	5~1 -12H,65N,-.2A,l.05A. 1141 ax~ O,O,GO,.lA. 


	115. cslz 1.5,1.5,1,0. 116~ for 1=0 to 65H ~y 60. 
	117: pIt I-H,-.05A,-1;fxd O;lbl 1/60snext I 
	118: d~9 
	119. csiz 1.5,1.5 l)90
	J 
	120: pIt -10H,.2A,-ljlbl -MASS LOSS RATE CG/MIH/M ). 
	121. c~iz l,l.5,8.5/11]90;plt -10.6H~_685A~-1)lbl ·2­.1221 CS1Z 1.5,1.5,1,0. 123, for 1=0 to A by A/l0;fxd 1. 1241 pIt -7H,I,-1,lbl I;next ). 125, fo~ '-2 to MH-2;plt SOI/M 1 SCIJ J -2;next. 
	126: pen 
	127. csiz 2.5~2Jl,O. 8H~-.1~AJ-l;1~1 -fig-MASS LOSS RATE •. 
	128a pIt 

	129: fxd O~plt 40H,A,-1;1~1 -RUN I-J Ar10] 
	130: c~iz 1.5,1.~J1)O 
	131: pIt 40H,.95A,-1s1bl B' 
	132: pIt 40N,.85A,-1;lbl -INITIAL MASS· 
	133: pIt 40N,.8A,-1;fxd 2Jlbl A[7l,-gram5· 
	134: pIt ~OH~.7A>-ljlbl ·MAX MASS LOSS·. 1351 pIt 40N,.65A J -l;lbl Z,· 9/~in/m·. 136a csiz 1,1.5,8.5/11,C;iplt -H,.015A,-2.1bl -2·tpen,cs1z 1.5,1.5,1,0. 1371 pIt 40N,.55A,-1;lbl -HEAT FLUX·. 
	138. fxd 1;plt 40H~.5A,-1;lbl A[ljJ· w/c~· 
	139: fxd 5;plt 40N,.4A,-1;lbl -SAMPLE APEA­
	140. fxd SJplt 40N,.35A,-1;lbl A[2J,· m­1~12 ~5iz 1)1.5,8.5/11 J O;plt 52.8N,.51A,-1;lbl -2­.142, pIt 54H,.36AJ~131bl ·2-;ret. 
	.143: -2.5-:. .144: ·Used Runl12381 As Baseline Correction for 2.Sw/c~A2·:. ~.62a84501}A;.0490861132}B;-.00031272304}C. .146. 8.8249508e-7}O;-1.05374061e-9l[;4.3786104e-13}r. 
	.145: 

	147~ for 1=1 to MN;S[ll-(A+BI+CI 2+DI 3+EI 4+fI 5)}SrJlJnext Ijret .148: e3.S":for I~l to MN 5rI]-(_01350293+.0014S2407I+.OOO~127754IA2)}S[I];nex~Isret .150. ·5. 0·: .151. ·Used Runl12681 As Baseline Correction for 5.0w/cm2-, .!52. -.6358144}A;.0901975}B;-.000639S71SJCj.000002027112}O e153. -2.567G7245e-9}E;1.20057396e-12}F .154& for 1-1 to ~HjSrl]-(A~BI+CIA2+DIA3.EI·4+FlA5)}S[I];nextIsret 
	A 
	A 
	A 
	A 
	.149: 
	A 

	.155. •7. 0-:. -U5~d Run113281+13381 As Baseline Correction for 7.0w/c~·2-,. e157, -S.759822e-1}A;9.17613Ge-2}B;-7.086861e-4}C. 2.131036e-6}D~-2.70434e-9}EJ·1.258464e-12}F. 
	.156, 
	.158. 

	159. for 1=1 to MN;S[IJ-(A+BI+CI 2+0I 3+EJ 4+FI S)}Srll,next I,ret ·S2.5·~for J=l to MN e161, 5[1]-(-.4131766+.03297146-(-.00005763108-I
	A
	A
	A 
	A
	.160. 

	2·.00000005104936.IA3'~S[I] 
	A 

	162. next I,ret 
	-144­
	.163, -S3.S-,for r~1 to MN .164, S[IJ-(1.138011+.03248146.J-.00008~36823.IA2
	•. 0~OOOO~8260017-IJ)}SrIl 
	A 

	lS5. next J~ret .166. ·SS.O-.rfor 1.%1 to MH 
	.167. S[I]-(-.49092B+.035501S.T-.0001139977~t·2+.0000001424141-I
	J)}SCI' 
	A 

	168. n~xt I, rc:t 
	0, ·Smoke Data ~eduction·1 
	1, fm~ lS~;wrt 16J31J31,31,31~31,31J31,31J31J31,31)31J31)Jl,~1,3115pc 2, prt .Smoke Data Reduction-;spc 
	3. dim Ar1Sl,AS[SJ,B$(20J,E$[61,t$[Sl i M,N,Htr15,1S1,MSr1SJ 
	4: dim '.J$[ 15, 15] 
	5: d5P -SMOKE DATA REDUCTION-Jwait 900 
	6. ~nt ., of run in disk(1 J 2.. )?·,WS[lJ. 7, ~nt -Has this be~n plotted before?·,W. 
	8. 
	8. 
	8. 
	~5P ·Have your plotter ready! Cont.-J5tp 

	9. 
	9. 
	·xxxinf·}W$[2J 


	10: Wt.r1J}WS[2,1,1e~(Wt(1])] 
	11& eS9n Wt[2l J l,O 
	12. sread 1,A(.J,AS,Bt,ES J F$,M,N,HS[15l,Mt 
	13: ~pc ;fxd GJprt ·Run'=·,AC10J,8t)A$. 14& d5p· Run#2·,Af101,BS,AS;wait 1500. 151 dim S£MHJ,H[MHJ)R[5l. 
	16. dim Zrl0J,Str2MHJ. 17, ·xx3ht"}W$[3J. 
	18: Wtr1]}W$[3,1,1~n(WS[1])] 
	19& 8sgn Wt[3J,2,O. 201 !read 2,ZI~];S'. 
	21: d5P •...•• WO~kIHG•.• " •• • ;g5b -CALC· 
	22. 95b -PLOT·. 23-: 9sb "LABlE­
	24: ent -ANOTHER RUH?·)X;if flg13;9 to +4. 25, dsp -CHOOSE PROGRAM FROM S.F.KEV·. 26 , !I t p; 9t 0-1. 
	27. 
	27. 
	27. 
	frnt IGb;wrt 16,31»31,31,31,31,31,31,31,31,J1,31 J 31,31,31,31,31Jspc 

	28. 
	28. 
	d5p .SEE YOU NEXT TIME.,stp 


	29: •••••••••~•••~~•••*••••••~•••••••:. 30I "Cf3 LC" : for r;;1 t 0 MH. 
	31. At3]+«(itf(S$[2I-l,2I])/10000J 10-9-Z£3])W24.744/3}H[I]. 32& next I. 
	A 

	33. ·xx15mk~}W$[5] 
	34. W$[1]}W$[5,l,len(WSC11)]. 35a a59" WS[SJ,4,O. 
	36: 5read 4)Zr~J,s.. 37~ 95b ·CALIS·. ·38, for 1;1 to MH}A[4].H[IJ.S[I]/(.134.A(2J~A[3J)}S[!]Jnext. 
	39. 
	39. 
	39. 
	for J=l to 5 

	40. 
	40. 
	for 1-1 to MN-2 

	41. 
	41. 
	CSrIJ+S[I+l1+5[I+2])/3}H[I+1Jsnext J. 42, for 1=2 to MH-1JH[IJ}Srl]Jn~xt Tsnext J. 


	.43.. -Automate Correct Baseline-, . 441 O}Vlfor t a1 to MH 
	45. if S[IJ<VJSrr]}V 
	-145­
	4€. n~x t I 
	47. for f 1 to MHjS[J]-V}SrJ];n~xt I. 481 eA. C. S· I. 
	a

	49. for 1-2 to MN-1Jif SCIJ)Z,S[I]}7. SO. (SCTl+SrI-1J)-1/2M+O}O. 511 1f 1=1.5M,O}R[ll. 
	52. Jf 1=3M,D}Rr2J. 53, if r-SMJO}P[31. 
	54. if I-I0M-1;O}R[4l 
	55: if I-MH-1jO}R[5J 
	56. next I 
	57. if W=l;gto +8 
	58, prevent 5[YJ(-6-:
	8 
	59: for 1:1 to MH:if S£IJ(-6;-5.999}S[]l. 60& fti ((S[!)+6)A.I-10000)}S.f21-1,2IJ;next. 61 I •xX55 mIe: • }~: S[ 6 J; Wtr1 J} W*r6'I 1en(WS[ 1 J) J.
	11 
	!. 

	62: open WS[6l;6. a59~ W$[6J,5,O. 
	63, 

	64. 5prt S,SSJ·end­I ret. 
	6S 

	66. 
	66. 
	66. 
	·PLOT8: pr t -Max SMOKE value··,Z,spc 

	67. 
	67. 
	O}r3 68r i~ Z(5000;5000lA;if Z(2000,20001A;if Z{1000,1000}A,if Z<SOOsSOO}A 


	69. 
	69. 
	69. 
	if Z<200;2COlA;if Z(100,100}A,if Z<SO,SO}Asif Z<20J20}~ 

	70. 
	70. 
	if Z<10!10}A 

	71. 
	71. 
	A},.1 

	72. 
	72. 
	I' 1/10}r 0 


	73: ~cl -12H,6SN J r3-(r1-r3)1/6,r1+(rl-r3)1/10 
	74: axe O,r3,60,rO. 7~, c5iz 1.5)1.5~1JO;pen. 76& for l~r3 torl by rO. 
	77: p 1t -6N)],-1. 79, fxd O;lbl I. 79~ next I. 
	80, pIt 25H~r3-(rl-r3)1/10,-1 
	81: Ibl -Time (min)­82, for 1=0 to 65H by 60·. 
	83: pIt I-H,r3-(rl-r3)1/1B,-1. 84lIb1 I 160. 
	85: next I;pen 
	86: 7 1.5,l)90,fxd 0 
	csiz 1.5 

	97: pIt -SH,r3+(rt-r3)/4,-1. 881 lbl ·SMOKE (S.M.O.K.E./M ) •. 891 c5iz l,l.5,.77,90;plt -8.~H,r3+(rl-r3)/1.53,-1Jlbl ·2-lpen. 90r for 1=2 to MH. 
	91: pIt 601/M)Sr}l,-2Inext I;pen,ret .92. ·one-:A(6l}P 
	93. for 1=1 to MH 
	94. ((ltfCSSC21-1,2IJ)/10000)A10-200-Zr1])/PlQ .0014~+.04205.Q•. 0535.QA2}S[I] 96, n ~ x t I J ret 
	.95, 

	.97.. -t.hree· :A[61 lP 98, for I~1 to MH 
	99. «itf(SS[21-1,21])/10000)A10-~OO-Z[1])/P}Q 
	,/ 
	-146­
	.OOB6R+.10054.0+.17~~7~QA2}S[I]
	el'lO. 
	101: Tt":1t I ,ret. .102 : ·four·IA[~]}P. 
	103. for J. 1 to f1U 
	104: «(itf(SS[21-1,2Il)/1000Q10-200-Z[1])/P}Q. .105. .0000704155+.31725766S-Q+.096962657-a-2}S[Il. 
	1A

	106. next Ilret. .107. ·infln"I~[6]}P. 
	108. for 1=1 to MN 
	109: ((itfCS.[2J-l,2I))/10000)A10-200-Z[1])/PlQ 
	110: Q}S[IJ·next T lIla prt "Heed aX responsev50D calibrattoncurve for this 00 FS ;5PC 3 1121 5tp ;ret 
	8 

	113: ·CAL~B-: 
	114. for 1=1 to MHj(itf(St~2I-1,2I])/100~O)·1~-20C}Q .115. Q+621.5-Z[lJ}Q .116. 14.3259075403-.0588S451204Q+.00007702426Q2-.C0000003124QJ}S[11 
	A 
	A 

	117. nex t I; ret 
	118: -LABLE·,csiz 2Jl.5,1~O. 1191 pIt 5H,-r1/6)-1. 
	120: Ibl -FIG. SMOKE RELEASE PLOT­
	121: pIt 40H>rl,-1 
	122. Ibl MRUN #·,A[10l. 12~: C51Z 1.5,l.5,l,O;fxd 0. 1241 pIt 40N, r 1-( (.1-r 3) . I) 7 ) -1; 1bIB.. 
	125: pIt 40H,rl-(rl-r3).12,-1;lbl -smoke 8­.126a pIt 52H,r1-Crl-r3).12,-1;lbl -Time(min)­.127~ pIt 40H>rl-(~1-r3).2,-1;lbl Rr1J. 128a pIt 55N,rl-Cr1-r3).2,-1;lbl -1.5 
	N. 

	129: pIt 40H,rl-(r1-r3).25 J -1jlbl R[21 
	130: pIt 5SH,rl-(r1-r3).25,-1;lbl 83­
	131: pit 40H~r1-(rl-r3).3,-1;lbl Rr3l. 132a pIt 55H,rl-(r!-r3).3,-1;lbl -S­133, pIt 40N,~1-(rl-r3).3SJ-1~Ibl R(4J. 
	134: pIt 55N,rl-(rl-r3).35,-1,lbl -10· 
	135: pIt 40M,rl-(rl-r3).4,-1,lbl R[Sl 
	136: pIt 53.3N,rl-(rl-r3).4:-1;lbl N 
	137. pIt 40H)r1-(rl-r3).5J-l~lbl -HEAT rLUX­13~: fxd 1jplt 40N,rl-(rl-r3).55,-1;lbl Arl],-w/c~­.139~ pIt 40N~~1-(rl-r3).6,-:;ltl -SAMPLE AREA 140, fxd 5;plt 40H,rl-(rl-~3).65J-1.1bl A[21,-.8. 
	8. 

	141: c5iz 1,1.5,8.5/11,0 
	142: pIt 53N,rl-(rl-r3).525,-1;lbl 82­
	143: pIt 54H~r1-(r1-r3).625,-1;lbl 82-sret 
	• ~ .·HRR FROM 02% CONSUMPTION ... (included fire ga5 flow adj,BTU )8: 
	i. frnt 1€,31J31,31J31)31,31J31~31~31,31)31J31,31)31,3t.31;5pc
	16bJwrt ,fmt 
	2. prt 8Heel Release Pate ·;5pC. 3, d5P -HEAT RELEASE RATE·,wait 85~. 
	4. diM A[1SJ,A$[8],8$[20]JE.r6],rS[6J,M)N~Ht[15~15]JMS[15] Sa dim W$r15,15]JE[600]7Y[600J)L~r10,10],D$[1200],Vt[10~10] 
	6. ~np 8-of run in di5k(1,2 .. )?·,W$(1] 
	7: d5P 800 you have the folluwlog fl1e?-Jwait 1500 
	-147·_·. 
	8& ent wHF·,V$[lJ 7 -HCl·,V${2J,·AlO·,V$[3J. 9& ent ·IS THIS PEEN PLOTTED BEFOPE?Ves-l,No-O,cont·,W. 
	10. d5P ~H~ve yo~r plott~r ready! Cont.-J5tp. 111 ·xxxinf-}Wtl21. 
	12. W.[1]}W'!2)1Jlen(W~[lJ)]. 13, drive 0. 
	14. 
	14. 
	14. 
	Wt(~]11,O 
	esgn 


	15. 
	15. 
	~rpad 1JA[.lJA';B$JE'Jr.,M':~JH.[15],MS 

	16. 
	16. 
	d5P ·RUHI·,AC10J,· ·,BS,· ·)ASJwsit 1500. 171 fxd O)prt ·RUHI~·,A[10JJB$,At~5PC. 


	18. 
	18. 
	18. 
	dim Zr10J,pt[2MH],RCSJ,P[MNJ 7 SfMHl 

	19. 
	19. 
	9sb ·CACl02-jdsp ·I'M . •. 201 95b ·A~ES·. 
	WORKING..•..••



	21. 
	21. 
	21. 
	9~b -PlOTI 

	22. 
	22. 
	9sb ·LABlE­


	23. 95b -BTU­
	24. ent -ANOTHER RUH?·,X;if flg13;gto +3 
	25: dsp -CHOOSE PROGRAM FROM S.F.KEV· 
	26. 
	26. 
	26. 
	stp Jgto -1 

	27. 
	27. 
	dsp ·SEE YOU HEXT TIME-Jstp 


	~••••••••••••••••••••••••e: 
	281 •••

	29: -AXES·:. JOt 1f Z<5000~5000}A;if Z<2000;2000}A;if Z<1000;1000}A,1f Z<SOO,50C}A. 
	31. if Z<200,200lA,if Z<100j100lAjif Z<SO;50}A. 32, 5cl -10H)70N~-A/6~1.~5A. 
	33. ex~ OJO,60,A/l0;c~iz 1.5,1.5,1,O,fxd 0. 34, for 1*0 to 10;plt -6~JIA/1),-11fxd O;lbl I~/10!next I. 35, plt 25H~-A/10J-1;lbl 8Time (~ln)
	-

	36: fxd O;for leO to 65H by oO)~lt I-H,-A/20,-1. 37& Ibl 1/60,"ext I. 
	38: csiz 1.5,1.5,1,90. 39, pIt -7H,.ZA,-1. 
	40. Ibl ·~eat Release Rate {kw/m )e;pen 
	41. c5iz 1~1.S,.77J90jplt -7.5HJA/l.49)-1~lbl 82-;pensret. :. 
	42, ·PLOT 
	8 

	43: f~r K-1 to MN-13;K~13}ljplt GOK/M)P[IJ~-2 
	4~, n~xt K 
	.45: ~or I~MH-13 to MH)P[MH]}P[I1splt 601/M,prI]J~2!next Ispen;ret .46. ·CACLC2·: 
	47: !32~2a}C;fmt 4b,-Conv~rtin9 Data·,4b,wrt O)CJC,C,C,C,C,C,C 
	48. 8xx9cO·}LS[2];-~9co2-}L$[3l 
	491 -xX9hc~·}L*r4]j·Xx9hc·}L$[5J. 50, ·xx9no·}LS[61. 
	51. -xxHr-}Lt(7]s·xxHCL·}L~r81sexxAlD·}L$(91 
	52. for T=2 to 9 
	53: 132+28}Csf~t 4b,·Con~ertins Oats·,x,f2.0 J 4blwrt O~C,C,C,O,T,CJC)C,C 
	54. 
	54. 
	54. 
	prt T 

	55. 
	55. 
	if T-7;if V$[1]IR1-J9to 67. ~61 if T-3,if VS[2]I"j·j9to €7. 


	57. 1f T:9Jif VS[3JI 1-;gto 67 
	8 

	sa. 
	-148­
	59: MS}ltrT)l,l~n(MS)J 
	60. drlv~ 0. 61t a59~ LtfTJ,l,Q. 62, 5r~-=id 1,0$. 631 fvr K-l to 600. 
	64: (ltf(D.(2~-1)2K])/1aOOO)Al0-6}E[K] 
	65: next K 
	66: imp 2. 67a for J m 1 to 600;O}E(I!;next I. 
	68: fo~ 1=1 to 600JE[I]+V[Jl}VrIJ;next 
	69. ne~t T 
	70. for 1=1 to 600 
	71: V[11/455~A[2]/.0769'}VrI];nextI 
	72. 132+28}C~fmt 4b)x,·Workin9-~xJ4b,wrt O)C.C~C~CJCJCJCJC 7jz -xx]o2-}WS[3l 
	74. 
	74. 
	74. 
	W$[1]}W$[3,1,lenCWt rlJ)] 

	75. 
	75. 
	asgn Wl(31,2,O 

	76. 
	76. 
	5read 2,Z(-J,PS 


	77: for K=1 to. K
	MHj(itf(P$(2K-1~2K])/l0000)A10-9-Z[7]}P[K]~next
	78. for 1=1 to MH;(P[Il/40+21).CY[IJ+15)/15}P[Il;next ! 
	79: P[2]}Pfl1}Q 
	BOa for 1=1 tc MH eala 15•. 21.439.60/3414•. 8.(.21-P[I]/l00)/.21/A[2]}P[JJine~t 
	82. for J::1 to 5 
	83: for I=l to MH-4 84, (P[IJ+P[I+1l+P[I+2l+P(I+2J+P[I+4])/S}P[I+2J 
	85. if P[I+2J(O,OlP[I+2l. I r.ext I; next .J. 
	86

	87: for 1=1 to MN-2;if P[IJ)Z;P[IJ}Z 
	83. nr:xt I 
	89. prt ·02 MAX HEAT:·,Z;spc 
	90. if W=l;jmp 9 
	91: for I =1 t \J MN 
	92. if P[Il(-6;-S.999}P[}l 
	93: fti ((P[ll+6)A.1wl0000)}P$[2I-1,2Il;next 
	94: }WS[4JJWS[1]}W$(4,l,lenCWSrl])l 
	·xx02HR 
	R 

	95. open Wt(4J J 6. 9~, a59" WSr4l)3,O. 
	97. ~prt 3,PS,-end­
	98: O}0 
	99: for 1=1 to MN-2 
	100: (P[I+1l+P[I+2l)IZ-1/M+OlD 
	101: if I z l.S-M-2;D}Rl1J 
	102. if 1=3M-2;D}R[~] 
	103: if I=5M-2JDlR(31 ~041 1f r-10M-2;O}R[4J 
	... 

	105. 
	105. 
	105. 
	if I=HM-2,O}R[Sl 

	106. 
	106. 
	next I 

	107. 
	107. 
	ret 


	108. -LABLE·,csiz 2 J 1.5 l,Ojplt 3N J -A/6,-1. 1093 lbl ·~i9. H~et Relea5e Rete­lI0s 32J}T. 
	J 
	111: fxd a·pIt T,A,-1,lbl ·~IJHI-»A[10]. i1?, c5iz 1.5 J 1.5,8.5/11,O,plt 10N,.95A)-1,lbl -MAX HRRCBV 02)=·,Z. 
	-149­
	113. 
	113. 
	113. 
	r1t T).95A -1 

	114. 
	114. 
	lbl B. t1s. pIt T,.9A,-1 


	116. 
	116. 
	116. 
	-tHTEG~~TEO H(AT ~ElEASf­
	lb! 


	117. 
	117. 
	pIt T~.85A.-1Jlbl -(by 02% t18. pIt T,.BA,-1!lbl -(kw minIm 


	119. 
	119. 
	119. 
	pIt T+15N,.8A)-1;lbl -min· 

	120. 
	120. 
	pIt T,.75A,-1;lbl R[lJ 


	121. pit T+1SN~.75A)-1;lbl -1.5· 
	122. pIt T,.7A,-1Jlbl R£2J 123~ ~lt T+15H).7A,-1;lbl -3­
	124. T~.65A,-t;lbl P[31 
	pIt 

	125. pIt T+15H,.6SA,-1;lbl -5­
	126: ~[4] 
	pIt T).6A,-1;lbl 

	127: T+13.8H~.6A,-ljl~1 ~10­
	pIt 

	128: if H~10;9to +3 
	129. pIt T,.55A,-1Jlbl R(SJ 
	130 I ~ 1t T+15H»• 55A,-~ JIb1 tt 
	Con5umptlon)­)­
	131. 
	131. 
	131. 
	pIt T#.5A}-ljlbl -Heat flux· 

	132. 
	132. 
	A[1]~-w/cm· 
	fxd l;plt T+2H,.45A,-ls1bl 



	133: fxd 5,plt T,.4A,-1,lbi ·Sample Ares­
	134. 
	134. 
	134. 
	T).35A~-1;Ibl A[2J,-m· 
	pIt 


	135. 
	135. 
	csiz 1~1.5,8.5/11,O 


	136: pIt T+9.34N,.81A,-1;lbl -2· 
	137: pIt T+12.3N,.46A,-1Jlbl -2­
	138. pIt T.l1N,.36A,-1~lbl 82­
	139. -BTU-: 
	140: -Axe For KW/M2}BTU/SEC/FT2 , 
	A 
	A 
	w 

	141. 5cl -10H)7C~,-A/6)1.0S~ 
	142: A-.0881GS}8;B}L 
	143: OlH 
	144: if L<500,500}B;if L<200;2CO}B,if L<100,tOO}B;if L<SO,50}B 
	145. if L<20j20}9Jlf L<10J10}BJif l<SsS}B;llH 146, B}C 
	147. axe GOH,O,O,C/.088166/10;csiz 1.5,1.5,1,O,fxd 0 
	148: f~r IxO to 10;pJt 6~.2H,IC/.08816~/10,-1jf~dH,lbl IC/l0jnext JO 149~ c5iz 1.5,1.5.1)90 150, pIt 67.5H,.2A,-1 
	151. ·H~et ~elea5e R~te (BTU/SEC/FT2)·,pen -30536 
	Ibl 
	A 

	o. -Heet Relea5e RateR: 
	i. fmt 16b~wrt 16,31)31,31,31~31,31)3t.31.31,31J31)31J3t,31,31,~115Fc;f~t 
	2. 
	2. 
	2. 
	prt -Heat Relea5e Rate 8 JSpC 

	3. 
	3. 
	d5P -HEAT RELEASE PATE-Jwait 850 


	4. dim A(15],~$[B],Pt[20J,E$[61,F.[6],M,N.H'(1S)1S],M'[15]. 5, dim W$[15,151. 
	6. enp -I of run in di5k(lJ2.. )?-,~t[1]. 71 ent ·Has this been plotted before?·,W. 81 dsp -Have your plotter reddy! Cont.esstp. 
	9. •xxx i faf·}WS [21. 101 Wt[l]}WS[2,1)le~(W$[1J)]. 
	11: drive 0 
	-150­
	121 a59" WSCZ1 1 JO
	J 
	13. sread l,Ar-J,AS,91,ES,F.,M,N,Htr15J J Mt 
	14. d~p ·~UH'-,A[10],· -,8$,· ·,At swalt 1500 
	151 fxd OJprt ·RCHI2·,A[10]J9.,A.~5pC .161 1f A[2]/.0254A2z3~;12.889}F .17. if A{2l/.02542=100;4.64}F 
	A 

	18• dim Z[10],Rt[ 2M~1 ]; d i rn P$[ 2MH] ,Rr5] J P( MN] , 5[ MH ] .19. 95b ·GAGl-;dsp -I'M WORKING ••••.••• ­
	20: 95b ·AXES­
	21. 95b -PLOT­
	22: jmp 2. 23.& 5tp. 
	24. 95b -LABlE·. 25a ent -ANOTHER PUH~-,X;if f1913J9to +3. 
	26: d5P ·CHOOSE PR00RAM FROM S.F.KEV· 
	27: 5tp Jgto -1 
	28: d5P ·SEE YOU ~EXT TIME-;5tp 
	29: ~~•••••••~~••••••••-I. J. 
	•••••••••
	30, -AXES· 

	31. if Z<SOOO,5000lA;if Z<2000,2000lAiif Z<1000;1000}A,lf Z<SOOj500}A 
	32: if Z<200;200lA;if Z<100,100}P;if Z(SO;50}A;if Z<20,20}A 
	33. jmp 2 
	34: ent -MAX Y-axi5????·)A 
	351 ~cl -12H765H,-A/6~1.05A 
	36: j mp 2 
	37. c5iz 1.5,1.S,8.5/11,O;plt 10N,.85A)-2jlbl -MAX HRR(by TC)··,Z;ret 381 axe O,O,60,A/I0;csiz 1.5,1.5,1JO~fxd 0 
	39. for 1=0 to 10;plt -7N,~A/l0)-1 
	40: fxd OsIbl IA/10~neyt I. ~1: pIt 25H)-A/l0~-1;lbl -Time (min)­
	42. fxd O;for 1=0 to 6SM by 6~;plt Y-~)-A/20,-1 
	43: Ibl J/60~neAt I 
	44. c5iz 1.5,1.5,1,90 
	45: pIt -10.5H,.2A,-1 
	46. ·He~t Release Rate (tw/m )-ipen 
	Ibl 

	47: c5iz 1J1.5,.7~)20;plt -11H,A/1.49,-1;lbl -2-;penJret 
	f jmp 3. ·Tl~e Delay Correction Used Before 6/1/80·.. 
	48, -PLOT-
	.49. 

	50: for 1=1 10 MH-4~plt 60I/M,S[I+4],-2~next I;fen;ret 
	51. for 1=1 to MH!plt 601/M 7 S[ll,-2;next lipensret ·.52. ·CACL-:O}O 
	53: "xx3ht-}WS[3J 
	5~: W$[1]}Wt[3,1 J lenCWS£1])]. 551 drive 0. 
	56. 8~9n W$[31,2,O 
	57. 5read 2JZ[~])R$ 
	58. for 1=1 to MH;(itfCR$[21-1,2IJ)/10000)A10-9-Z£3]}S[llsnext 
	59, Jmp 2. .60. ·EMPTV HOLDER CALIBRATION HERE-:. 
	61. for J-1 to 20. 621 for 1=1 to MN-2J(S[Il+S(J+1]+S[I+21}/3}?[I+1Jln~xt~;next J. 
	63. for 1-1 to MH-2,P[I+1]-F}S[I+1J1next I 
	.64.. ·BASELINE COR~ECTrON,6x6,10xl0·t. 65, lf A[21/.02542=36 and A[1J-2.5;g5b ·52.5­
	A 

	-,.51­
	.66. if A[21/.02542z 36 and A(1]~3.SJ9~b ~S3.!· 671 if A[2J/.02542=36 a~d AC1l=5J95b ·S5.0· .68: if AC2J/.02542-100 and A(11=1.5,g5b ·1.5­
	A 
	A 
	A 

	69. 1f A[2J/.0254"£'=100 and Arl]=2J9Sb ·~.O
	-

	70. if A(2]/.0254A2=~OO and A[lJ-2.S;gsb -2.5·. 711 1f A[21/.02542=100 and A(f]c3195b -3.0·. 
	A 

	72. 1f A[2J/.02S4 2=100 and ~[t]&3.S;95b -3.5 
	A 
	w 

	c
	73: if Ar2J/.02542 130 and A[11-419Sb -4.0· 
	A 

	74. If A(2]/.0254-2~100 and A[1J=4.5s9~b -4.5­
	75. if A(2J/.02542=100 and A[1Jz5j9Sb -5.0· 
	A 

	76: for 1-1 to M~-2Jif S[I+11)ZJS[I+1]}Z 
	77: next t~prt -MAX ~EAT=·,Z;5pC 
	.78: .343440B}r1s24.258?7303}~2;.055849161}r3J-.028S63159)r4 
	79. 
	79. 
	79. 
	for J=1 to ~N-2 

	80. 
	80. 
	(A[31-273.1)/24.94+(P(I·1]+Z[3~)/3}P 


	81: gsb ·POLYH 
	W 

	82: KlPrJ+1l,next !. 831 P[MH-2J}P[MN-1}}P[MHJ. 
	84. 
	84. 
	84. 
	S[MH-2]}SrMN-1]}SrMNl 

	85. 
	85. 
	Jmp 2 


	86. -baseline correctionCS) if Bl lower then 0·.. 87, for 1~1 to ~N,S[I]+B}S(I];next. 
	88: t f W-1,gto +! 7 
	89. for 1~1 to MH. 90, if S[ll(-6j-5.999}S[Il. 
	91. if P[ll<-6~-5.999}P[I] 
	92. ftl «P[I]+6)A.l-10000)}PtrZI-l,2JJ 
	93: fti «S[IJ+G)A.l.10000)}P.[21-1J2I]jn~xtI 
	94: wxxpn t-}WS[4J,W$[1]}W$(4,1,lenCW$rl])]. 95, open WS[41,6. 96, a59n W$[4J,3,O. 
	97. 5prt 3,P$,-end·. ga. ·xxsht8}WtrSJiWSrl]}WtrS,1,len(WSr1])]. 
	99. for 1-1 to MH 
	100. 
	100. 
	100. 
	if SrI1{-6j-5.999}S[IJ 

	101. 
	101. 
	ftl ((S[I]+6)A.I-10000)}P$[2J-l,211jnext I 

	102. 
	102. 
	open WS[SJ;6 

	103. 
	103. 
	859" W$[5]~4JO. 1041 5prt 4,P$,·end·. 


	105. f~r I~1 to MH-2 
	106. 
	106. 
	106. 
	(SrI+1)+S[I+2)~/2~1/M+D}D 

	107. 
	107. 
	jf 1=~.5~;D}R[1] 


	108. if I=3M;D}R[2] 
	1 09. if I =5MJOlRC3l 
	110: if 1=10M-2,OJR[41. 111& if I-MN-2s0}RrSJ. 112 • next I; ret. 
	113. -LABLE-IC5iz 2~1.571JO$plt 3HJ-A/~~-1 
	114. Ibl WFig. Heat Release Rct~· 
	115. fxd O~plt 40HJ~,-1~lbl -RUNI· J Ar10J 
	116. c~iz 1.5,1.5,8.5/11,0 
	117: pIt 40N .. 95A,-1 
	118: Ibl as 
	119. pIt 40H,.9A,-1. 120, Ibl -INTEGR4TED HEAT RrLEAsr­
	-152­
	121: J .85A,-ljlbl ·(kw minim ). 
	pJt 40H 

	122. 
	122. 
	122. 
	pit 5SHJ.85AJ-l~lbl -min­

	123. 
	123. 
	pIt 40HJ.B~,-1)J~1 Rr11 

	1241 
	1241 
	pIt 55HJ.8AJ-1~lbl ·1.5 N 

	125, 
	125, 
	pIt 40H~.7SA)-1;lbl R[2l 

	126: 
	126: 
	pIt 55N,.75A,-1;lbl -3 8 

	127: 
	127: 
	pIt 40HJ.7AJ-l~lbl R[3J 

	128. 
	128. 
	pIt 55N,.7A,-1;lbl -5­

	1291 
	1291 
	pIt 40HJ.65A,-1~lbl Rr4J 

	130: 
	130: 
	plt S3.8NJ.65A,-!~1bl -10­

	131. 
	131. 
	if H=10~9to +3 

	132& 
	132& 
	pIt 40N,.6~,-1ilbl RrS] 

	133: 
	133: 
	pIt 55H,.6A,-ljlLl H 

	134: 
	134: 
	pIt 40H).5~A,-1;Ibl WHeat ~lux­

	135. 
	135. 
	fxd 1;plt 42H,.5A,-1;lbl A[lJ,8 

	1361 
	1361 
	fxd 5;plt 40N,.4A,-1;lbl NSampl~ 

	137: 
	137: 
	pIt 40~,.35A,-1;!bl A[21,­m­

	138­
	138­
	c5iz 1,1.5,8.5/11,0 

	139: 
	139: 
	pIt 49.34N,.86A J -1;lbl 82­

	140, 
	140, 
	pIt 52.3H~.51AJ-1}lbl 82­

	141: 
	141: 
	pit 51N,.36A,-ljIbl -2­

	142. 
	142. 
	ret 

	143& 
	143& 
	fIt 6 

	144. 
	144. 
	for I-10 to 600 by 10 


	w/cm­
	Ar~a­
	145. 
	145. 
	145. 
	fxcl 
	2;wrt 
	701,I,Srll,p()lJ.54-(P[I:-P[3l)/S[lljnext 
	) 

	146. 
	146. 
	list 1701,86 

	e147. 
	e147. 
	-Ba5eline 
	Correction-: 

	148. 
	148. 
	w1.S-:for 
	1=1 
	to 
	MH-2 


	SrI]-(-.9194725+.0~830S08)-.00007046232IA2+.00000005605972I
	e149. 

	3)}SlIJ 
	A 

	150: next Isret 
	151: -2.0·.fQr 1=1 to MN-2 e152: 5[1]-(-.1181896+. 033633311-. 000086647921 2+.00000007093757I 3)}Stll 
	A 
	A

	153: next Ijret 
	154. w2.S :for 1=1 to MH-2 e155: SrIJ-(-1.021223+.052443581-.000133S559I 2+.0000001089636I 3)}SlIJ 
	8 
	A 
	A

	156. next I;ret 
	157: ·3.0-,for 1=1 t~ MH-2 e158, 5[)]-(-.3690328+.060214971-.00016305041-2+.0000001382185I3)}S[IJ 
	A 

	159. ~ext I~ret 
	160: -3.5 :for .=1 to MH-2 e161. S[I]-(-l. 08422+. 071462451-.00019037451-2+.0000001640242I 3)}S[Il 
	w 
	A

	162. next l;ret 
	163: -4.0-lfor 1=1 to MH-2 _164: 5[1]-(-.7870187+.064086171-.0001683035I 2+.0000001450156I 3)}Srll 
	A 
	A

	165. next I;ret 
	16€. -4.S·zfor 1=1 to ~N-2 e167: S[I]-(-.9312105+.06937803I-.C0017ge078IA2+.0CO~~01~83744Y
	3)}S[11 168, n~xt I;ret 169& ·5.0-,f~r 1=1 to MH-2 1701 wS2.S·:for 1-1 to MH-2 
	A 

	e171, S[I]-(-2.58957~+.01370923.I-.000016094IA2+.Q00000006867I
	3)}S[!J j next 
	A 

	172: ret 173& wS3.S lfor I a i to MH-2 
	w

	-153­
	_174, 5[1]-(-3.57033+.03149085-1-.0000738175.,A2+.00000005873-J-3)}SlLJ,next 
	175: t! t _176. ·SS.O·:for 1&1 to MN-2 
	,. 

	177: S£']-(-1.61B13+.014~686S.I-.0000141e06.1·2+.000000005143-y
	3»S(!1;next 
	A 

	178r ret 
	179. ·POlVN·lrl+r2P+r3P2+r4P3}K;ret 
	A 
	A 

	R~lea5e Rate-. 
	0, ·CO 

	1. f~t 16b;wrt 16,31~31J31J31,31,31J31,31J31J31,3:.31,31J~lJ31,3115PC. 2, prt .CO Reles5e Rate-;spc 2. 
	3. 
	3. 
	3. 
	d~p ·CO ~EL[qSE RATE-;wait 900 

	4. 
	4. 
	dim AC1Sl,A$[Sl;BS[20J,E$[Sl,F$[6l.M)H,Ht£15,15J,M'[15l 


	5. dim WSr15,151. 6, en p-, 0 f run in di 5 k(1,2••) ?-.:4$ [ 1]. 
	7. ent -Ha5 thi5 be~n plotted ~efore?·iW 
	8. dsp ·Have yo~r plotter ready! Cont.-s5tp 
	9. ·xxxinf·}WS[2J. W.(lJ}W.C2Jl~len(WS[1])]. 11, drive 0. 
	lOa 

	12: asgn WS[2l,1,O 
	13. 5reed IJA[.]JA$)B.,E'JF.,M,N,~tr15],M'. 14, d5P eRunl=-,A[10],··,Bt,At swait 1500. 
	15. 
	15. 
	15. 
	fxd QJprt -Runl·-,A[1Cl,BS J A$J5pc 

	16. 
	16. 
	dim Z[10l J G$[2MHJ;diID GtMHJ. 17, d5P •..•••• WORKING •••••• • i95b ·CACL·. 


	18: 95b -AXES· 
	19. g!!b ·PLOT­2(1. g'5b -LABlE­21, ~nt ·ANOTHER RUH?-,XJif flg13;gto +3. 22, d5p ·CHOOSE PROGRAM FROM S.t.KEY·. 
	23 , ~ t P ,9t 0-1 
	24: fmt 16,J1,31,31J31,31,31)31~31J3j,31,31J31JJ1~31»31,31
	16b;wrt jSPC. 251 d5P ·SEE YOU NEXT TIME-;end. 
	26: •••••••w••••••••••••••••••••••·, 
	27: ·AXES·. 
	28: scI -12H,65H,-A/6,1.05A. 29, axe O}O,60,A/10. 
	30. c5iz 1.5~1.5Ji,O,fxd O;for 1-0 to 10;plt -7N,IA/l0,-1 
	31. 
	31. 
	31. 
	fxd OsIbi IA/l0;next I 

	32. 
	32. 
	pit 25H,-A/10,-1;lbl -Time (min)­331 for 1-0 to 65" by SOjplt I-H)-A/20 i -1. 


	34: fxd OIIb! 1/60jn~xt I 
	35. 
	35. 
	35. 
	c~lz 1.5,1.5 J 1,90!fxd 0 

	36. 
	36. 
	pIt -10H,A/4,-1 


	37. Ibl -co Relea5e Rate Cg/min/m )8 ipen. 38r cslz 1)1.S,.77 J 90JpJt -10.5H.A~1.31,-1Jlbl -2·Jpen,ret. 
	39: "CACL-:O}O 
	40. ·xx4co-}WS(3l 
	~1. W.(1}}W$[3,1.1en(W~[1])] 
	42: e59" W$(3],2~O 
	43. 
	43. 
	43. 
	~read 2,Z[.]Jvt 

	44. 
	44. 
	for Ka l to MHJ(itfCGS£2K-1,2K])/10000)Al0-9}GrKl,next K 


	CAL~BRAT'ON IS mV}p~m-: _46. '10.102623+329.036SWZ[4J+17.1904S-Z[41 2}Z[4J 
	e45, -THIS 
	A 

	~7. f"r K-t to MH;20.102623+329.f}365~r;[Kl+17.19045~G[K]A2}G[KJIG(Kl-Zf41}G£KJ 
	48: next I(. 4Q, for 1-1 to MH;lf GrIJ/1e4>~;G[IJ/le4}Z. 
	50. 
	50. 
	50. 
	next Isprt WMax CO-;5P~ ~fmt f6.2,Sx,·X-;wrt 16,Z 

	51. 
	51. 
	j mp 2 


	52. -TEMP EFFECT AlP FLOW IT[-l-,. 531 for 1-1 to MHJG£11/te6.P[4]/4.1e3.28/.08205/298/A(2]}G[J1Jn~xt. 
	f IT.ex(G[• ]) }Z 
	54 

	55: if Z<SOOO;5000}A;if Z(2000;2000lA;if Z(1000;1000}A;if Z<SOO,500}A 
	56: if Z<200j200lAjif Z<100i100}A;if Z<SO,50}A;if Z(20,20}A 
	57: if ?·'10;10}A. ~8: fmt f6.2,x,-9/min/mA2w;wrt 16,ZJ5PC. 
	59. for 1=2 to MH;(G£I]+G[I-1])-60/M/2/GC+O}OJnex1. 6~: if W=1;9to +7. 
	61: for I z 1 to MH;if GCIJ<-6;-5.999}G[Il 
	62: fti «(G[I]+6)A.l.10000)}G~[2I-l,2IJ)next 
	63. -XX9CO·}WSr4J;W$[1]}WSr4,1Jl~n(W$[1])J 
	64: open WS[4J , 6 
	65: esgn W'£41 , 3,O 
	66. J»G$,-e~d
	sprt 
	-

	67: ret 
	68. jmp 3 e69. -Time O~lay Correction Used Before 6/1/30-: _ 7"0: f () r I -1 t.C' MH-13) I + 13}" ; pIt 60I /M,G[f( J) -2; ne :.< t J; pen ; ret 
	71. ·PlOT-:for 1=9 to MH;plt 60CI-S)/M,G[IJ,-2;next 1. 72, for I=MN-9 to MHJG(MH]}GCJ1;plt 60I/M~G[I];next I;pen;ret. 
	73. -LABLEalcsi= 2)1.5,1,O)~lt 3N,-A/6,-1 
	74: Ibl -Fi9. Carbon Monoxide Release Rate­O~plt 40N,A,-1;lbl -RUN 1-,A[10]. 761 c5iz 1.SJ1.5,l,O~fxd 0. 
	75, fxd 

	71. pJt 40N,.95A,-1s1bl 8S 
	78. 
	78. 
	78. 
	pIt 40N,.85A,-1;lbl -MAXIMUM RATE­

	79. 
	79. 
	pIt 40N J .8A,-1s1bl Z,-g/min/m ­


	80: c~iz 1,1.5J8.S/11,O~ipl~ -N).01SA,-1,lbl -2;csiz 1.5,1.5,1,0. 811 pIt 40N,.7A,-1jfxd 2~lbl -total released­
	a 

	82. 
	82. 
	82. 
	fxd O;plt 40HJ.6SA~-1;lbl D~-g/m­

	83. 
	83. 
	csiz 1,1.5,8.5/11~'ji~lt -H,.015A,-1;lbl ·2-Jc~iz 1.5,1.5,1,0 


	84: pIt 40H,.55A,;-;-13fxdl;lbl -heal. flux • 
	85: fxd 1;plt 40H,.5A,-1)lbl A(1))-w/cm •. I pIt 40ti J 4AJ -1jIb1 ..S.amp1earea ­
	86 

	• 
	87: fxd 5~plt 40H~.35A,-1Jlbl A(,~,-m·. 8S, cslz 1,1.5,8.5/11,0. 
	89. 
	89. 
	89. 
	pIt 53N,.51A,-1,lbl -2­

	90. 
	90. 
	pIt 54.3N,.36A,-1s1bl -2­


	91: p~nJr~t. -13915. 
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	01 ·~02 Rele8'\~ Rrat,.·: 
	1. 
	1. 
	1. 
	fmt 16bswrt 1613t)31J31):1.31~31,3')31)3!,31)~lJ31»31,31~31)Jls~pc:f.t 

	2. 
	2. 
	prt ·C02 R~1~a5e RAte·1sp~ 


	31 dsp ·C02 Pelea5~ Rate·;~ait 90Q. 4r di'" A[ 15], Atr81,8 $[ 20 ] ~ E'r6] , r.r6] »M) f'l 7 ~I $[ 1S,15] , M' ( t5]. 
	5. dim Wt[15't1S1 
	6: enp 8, of run in dlsc(1,2.)?·,W$[1J 
	7. 
	7. 
	7. 
	ent -Ha~ thi5 been plotted before?·,W 

	8. 
	8. 
	d5P -Have your plntt~r ready! Cont.·;5tp 

	9. 
	9. 
	·xxxinf·}WS[2l 

	10. 
	10. 
	J lenCW$[lJ)]. 111 drive 0. 
	WS£1]}W$[2,1 



	12. 85gn WS[2J,1,O 
	13. 5read 1)A[.]JA$,BS,Et)F$~M,H)N.r15J,~' 
	14: dsp ·Pun'=·J-·)A[10J~B$)A$jwait1500 
	151 fxn O;prt ·Runla·,Arl0)J8$,A$;~pc 
	16I d1'" Z[10 ~ , (;S[ 2t~H J j dim GrMH ] 
	171 32+128}C)f~t 4b,·WORKING8J4b~wrt O,C,C~CJC)C,C,CJC. 95b • CAel­
	la. 

	19: 95b ·AXES· 
	20: 95b -PLOT­
	21: 9sb ·'_AELE·. 221 ent -ANOTHER RUH?·,X!if flg13;sto +3. 
	23. 
	23. 
	23. 
	d5P ·CHOOSE PROGRr.:n F'ROM S.F.KEV· 

	24. 
	24. 
	~tp Jgto -1 


	251 f~t 16,31,31,31,31)31,31,31,J1~31,31~31,31,31,31,31,31s5pc
	16b;wrt ~f.t 
	26: d~p ·SEE YOU NEXT TIME·i~r~ 
	~.~•••••••••~•••••••• :. 28r -AXES·,. 
	27•••••••••••

	29. scI -12N,65HJ-~/6Jl.05A 
	30: axe 070,60~A/10 
	31. c51z 1.5,1.5,1,O~fxd O;for 1-0 to 10.plt -7H,IA/tO,-1 
	32: fxd Glibi IA/10;next J 
	33: pIt 25H,-A/I0,-1;lbl -Time (min)­
	34. for I-a to 65H by 60,plt I-N,-A/20,-1 
	35: fxd a,IbI 1/60;next I. 36, csiz 1.5)1.5,1,90;fxd 0. 
	37r pIt -10H,A/4,-1 . 
	38. Ibl ·CO Release Pat~ (s/mln/m )·;pen 
	39. csiz 1,1.5~.77790Jplt -10H,A/3.4~-1jlbl -2·,pIt -10.SH,A/1.28 -1,lbl -2­
	40. ret 
	41. ·CACL·,O}O. 421 ·xx5co?·}W$[31. 
	43. W'[1]}WS[3,1,le"(W$[1])]. 44, a590 W$[3J,2,O. 
	45. sread 2,Zr.l,Gt. 461 for K-1 to MNJ(itfCG$[2K-1,2K)}/10000)A10-9}G[KJJnext K. 
	41. -THIS CALIBRATION IS mV}X·, _481 9sb ·OHE-Jif Al12J=2J9sb -TWO·lif A[12]·3~95b -TH~EE· 
	49. if G[2]'OJG[2]}X!~or {=1 to MHJGrll-X}GrJ)lnex~ I 
	50. for 1-1 to MN;lf G[I]~ZJG(I]}Z. 51J next I.ort 8Max C02·J5PC ,fmt fG.2,5x,-X-Jwrt 16,2. 
	52. J....p2. 511 -TEMP EFFECT AIR FLOW }Tr-]·&. 
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	54. for 1-1 to MUs298}TJr'~xt I 
	55. for 1-1 to I
	~HIG[I]/I00~A[4]/4.1~3.44/.08205/T/Ar2~}G[11Jnext
	SE:. ""ax (GC.]) lZ. 57, if Z<SOOOsSOOOlAsif Z<2000,2000lA,if 2<1000~1000}A;if Z<SOOI500}A. 
	58. 
	58. 
	58. 
	1f Z<200!200}A,if Z<100jl00}A;if Z<SOs50}A;if Z<ZO,20}A 

	59. 
	59. 
	1f Z<tOs10}A;if Z<1,1}Asif Z(.1J.1}A;lf Z(.01s.01}A 


	60. fmt f6.2,x)~9/min/mA2·Jwrt 16,Zjspc 
	61. for 1-2 to MH;(G£IJ+GCI-1])-6fJ/Ml2/60+r}D;next I 
	62 : 1f W=-1 J 9t 0+10. 63, O}(;. 
	64. for Ial to MH 
	65. if 0[Il<-3;prt I,·G[IJ=·~G[I]!5pc JO}G[Il;G+1}Gsif G)101~tp 
	66. fti «G[]]+6)A.l-10000)}G$[2I-1,2IJ;next 
	67: ·xxgco2·}W$[4]. Wt[lJ}W$[4,l J len(Wt(1])]. 69, open W$[4J,6. 
	sa. 

	70. aS9" Wt[4],~,O. 711 sprt 3)G$,·end·. 
	72. 
	73 ~ ~et. e74. -Time Delay Corre~t!on Used B~fore ~Jl!80-:. _75. for Ja 1 to MN-17;I+17}K;plt 6GI/M,G[rJ~-2Jnext J;pen;ret. 
	76a ·PLOT·:for 1=10 to MN;plt 60(J-9)/M,G[I]J-2;n~xt I;pen 
	77: t~ MH;G[MHJ1G[Il;plt 60I!~,G[I]~~2;neyt l~penJret. 78= -LABlE-:csiz 2,1.5,1,O;plt 3H,-A/G)-1. 
	for I=MH-10 

	79: Ibl ·Fig. 'Carbcin Dioxide Release Rate­
	80: fxd O;plt 40N,A,-1;lbl ·RUN '·,Arl0] 
	81. c~iz 1.5,1.5~1,O;fxd 0 
	82. pIt 40H,.95A,-lJlbl as 
	93. pIt 40H,. 8SA, -1) lbl ·MA>\IMtJM ~ATE
	-

	84: fxd OJplt 40N).8~,-1;lbl z~· 9/min/m • 
	85. csiz 1,1.S,8.5/11,O;iplt -H,.015A)1;lbl -2-JC5iz 1.5,1.5J1~O. as: pIt 40N,.7A,-1;fxd 2;lbl -total relea5ed­
	87: fxd O;plt 4~H,.6S~,-1;lbl D~· g/m­
	88. c51z 1,1.5,8.S/11)O,iplt -H~.OlSA)17lbl ·2";csiz· 1.5)1.5,1 J O. aqf pIt 40H,.55A,-!;fxd ljlbl ·heat flux •. 
	90: fxd 1~plt 40H,.5A,-1;lbl Ar1])-w/c~ ­91; pIt 40H,.4A,-1;lbl ·Sample area ­
	92. S~plt 40H,.35A,-1;lbl A[~J,-m­.931 c5iz 1,1.5,8.5/11,0. 53H,.~1A;-1;1~1 ·2­
	fxd 
	94r pIt 

	95. pIt 54.3N,.36A,-1;lbl -2­
	96. penjret. e97. -OHE-:for 1=1 to t1t~;.031095+.003916G(!]+.00020SGrl]A2}G(I]. e98: .031095+.003916Z(S)+.000205Z£SJ 2}Z[SJ;G[I]-Z(S]}GCIJInext I;ret. e991 -TWO·I.0282~7+.00J62Z[5]·.0001096Z[5]A2}Z[5l. _100: for Is1 to MHJ.028207+.003G2G[I]+.0001096G[I]A2}G[I]JG[I]-Z[5]}6~1.
	A 

	1 
	101. next I; ret ~ _102. ·TH~EE·I.OO13263+.0034007Z[5]+.OOOO1575Zr5]A2}Z(5) ·~el03. for I~l to MHJ.0013263+.0034007G[I]~.00001575G[I]A2}G[I],G[I]-2[5llG[IJ 
	104. nex t J,,.~ t. -17322. 
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	o. R~1t:a5E-Pest'!-, 
	·HeN 

	1 r f,... t 16b ~ ~n" t 16):31)31,31 J 31)31,31,31 J31,31 J31,31 J J 1J J 1 J31,31.3t; 5 PC. 2, prt -HeN Re)~~ce rate-j5pC. 3&d5P •HeN Rel~t35e Rate ·,weit 900. 
	4. 
	4. 
	4. 
	dlm A[15J~A$[a],Bt{20),E$r6],r$[o],MJN»H.[15,1S],M'[151 

	5. 
	5. 
	Ji~ Wt[1S,lSl. 61 enp ., of run in ~i~k(1)2.)?·JWSrlJ. 7, ent ·Ha5 this dat~ b~en pl~t before?-JW. 8t ~5P ·Hav~ your plotter ready~ Cont .• J5tp. 


	9. ·xxxinf }Wt[2J. 10, w, r1]}Wi[2 , 1,len ('''S [ 1]) ]. lIt drive 0. 12, aS9~ WSr2J,l J O. 
	e 

	13: sread 1,~[.J,A$,B$,E$,Ft,M)N,H.r15],MS 
	14: dsp -RUHI-J Ar10J'·-J8S J ··,A$;wait 1500 
	15. 
	15. 
	15. 
	fxd O;prt -Run6=-,ACI0J,B$,A$;5pc 

	16. 
	16. 
	dim Zr10l,GSr2MH1;dim G[M~] 

	17. 
	17. 
	d5P •...•.•~ORKfHG..•••• ·;95b ·CACL­


	18: 9sb ·AXES· 
	19. 95b ·PLOT" 
	20: 9sb ·LAPLE·. 211 ent ·ANOTHER RUH?·,Xjif f1913;9to +3. 
	22. d5P ·CHOOSE PROGPAM FROM S.F.KEV·. 23 I 5t p ~ 9 t0 -1. 
	24. fmt 16bJ~rt 16~31,31)31J31,31,31J31,31,31.31»31»31~31,31~31,31!!pc 
	25. 
	25. 
	25. 
	d~p -SEE YOU HEAT TIME-;end 

	26. 
	26. 
	~ •••W••••~ ••••••••••~·, 
	•••••••••



	t •AXES": 
	27

	28, 5cl -12HJ65N,-A/~,1.05A 
	29& axe OJO)60,~/10. 301 csiz 1.S,1.5,l,O;fxd 2;for 1:0 to lOsplt -7H,IA/10.-1. 
	31: Ibl IA/I0;next I 
	32: pIt 25H)-A/l0,-1;lbl ·Ti~~ (min)·. 33& for I~O to 65H by €O;plt I-H,-A/20»-1. 
	34. 
	34. 
	34. 
	fxrl O,lbl 1/60snext I 

	35. 
	35. 
	c5iz 1.5,1.5,1,90 

	36. 
	36. 
	J A/4,-1 
	pIt -10N 



	37. Ibl -HeN Pelease Rate (g/min/m )-,pen. 381 c~iz 1,1.5,.77,90Jplt -10.5HJ~/1.31,-1Jlbl a2-spenlret. 
	39: -CACL·:O}O. 401 ·xx6hcn-}WS[3l. 
	41. 
	41. 
	41. 
	WS(!]}WS[3,l,len(WtC1])] 

	42. 
	42. 
	859" W$r3J,2,O 

	43. 
	43. 
	5read 2,Zr.J,GS 


	~4. for r-l to MHj(itf(Gj[2K-1 J 2K])/10000)A10-9}GCK1.next K _45& -THIS CALIBRATION IS mV}ppm·: -.9017671+.9986752.Z{6J-.010~06.Z[6]·2+.000134.Z[6)A3}2[6] 
	_46, 

	47. for K=1 to MH _48, -.9017671+.9986752.~[KJ-.Ol0906.G[K]·2
	•• 000134.GrK]·3}G[K]1G[Kl-~[61}G[K] 
	49. next K. SO. for J-l to 5tfor 1-1 to MH-2seG£ll+GtJ+1l+G[t+2])/J}H. ~}Grl+l]Jnext Isnext J. 
	51, 

	52. 
	52. 
	52. 
	for Is 1 to MHJlf G[IJ/1e4>7,GCIJ/le4}Z 

	53. 
	53. 
	l,p~t -Max HCH·,5pC ~fmt fS.2,5x,·X·Jwrt 16,Z 
	next 
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	54& jPlp 2 
	55. -TEMP EFFECT AIR FLOW lTr.]8. 56, for Izt to MHjG[JJ,'1e6.A[4]/4.1e3.27.03/.0820~/298/A[2]}G[Il;next 57, O}Z,for I z l to MNJif GfIJ)ZsG£IJ}Z 581 ~~xt I;fmt fS.2,x,-g/min/m2-swrt 16~Z;5PC 591 for 1;2 to M~;(G[I]+G[1-1]).60/M/2/~O+D}D~nextI 
	A 

	60a if Z<SOOO;5000lA;if Z<2000J2000lA;if Z(lCOOs1000}A,if Z<5~O;500}A 611 if Z<200,200}Ajif Z<100,100}A~if Z<SOJ50}A;if Z<20J20}A 
	62. if 2(10JI0}A~if Z<1;1}A 
	I if;~ = 1 ;9 t0 + 7 
	63 

	64. 
	64. 
	64. 
	for 1-1 to MHjif G[Jl<-Ss-S.999}G£ll 

	65. 
	65. 
	ftl ((G[I]+6)A.1M10000)}GS[21-1.2IJ;next 

	66. 
	66. 
	-xxghcn-}WS[4JjWS[1J}W$[4,1,lenCW$[1])] 


	67: op~n WSl4J,6 
	68. 859" Wt[4J,3,O 
	69. 5prt 3~GS,-end
	-

	70. roe t 
	71. 8 PLOT Ja : 
	72. for 1=4 to MH;plt 60(T-3)/M,G[IJ)-2~next 
	_73:. for I=MH-4 to MN;plt 60I/M,GfMHl J -2;next T;pen;ret 74& 8lA9LE :csiz 2,1.5,1,O;plt 3H,-A/6,-1 751 lbl -Fig. HYDROGEN CYANIDE RFLEASE RATE­
	8

	76. 
	76. 
	76. 
	fxd OiP!t 40H,A,-1;lbl "RUN 1·,Af10J 

	77. 
	77. 
	csiz 1.5,1.5,1>0 


	78. plt 40H~.95A,-1)lbl 8t 
	79: fxd 2;plt 40H,.85~,-1;lbl -MAXIMUM RATE­
	80. pIt 40N;.SA,-1)lbl Z,· g/min/m ­811 c5iz 1~1.5,8.5/11,O;iplt -H).015A)-1Jlbl 821 plt 40H,.7A,-1;fxd 2;lbl -total released­
	83. pIt 40H,.65A~-151bl 0,-g/m· 
	84. csiz 1,l.S,S.S/11,O;iplt -N,.015A~-1;lbl 85, pIt 40H).55A,-1;f7d l;lbl -heat flux ­
	86. ~[1]J-w/cm ~7: pIt 40H,.4A,-1;lbl ·Sample area • 
	fxd 1;plt 40N,.5A,-1;lbl 

	88. fxd 5;plt 40H,.35A,-1;lbl A[2J,· m­
	89: csiz l,1.5;8.5/11~O 
	90. pIt 53H,.S1A,-1;lbl -2­54.~H).36A,-1)lbl -2­
	911 pIt 

	92: pen,ret -23403 
	Q: -02 Depletion Rate-: 
	·2-)C5iz 1.5~1.5;1,O 
	;C5!Z 1.S~1.5,1)O 
	82 
	8 

	1. fmt 16b;wrt 16,31,31,31,31,31,31,31;31J31~31~31,31)31J31,31)31;5pc 
	2. prt .02 Depletion RateM)~pc 
	3: d5P ·02 Release Rate·jwait 300 
	4. dim A[15],A'[3]~B$[20]JE'[S]JF'[6])~JN,N$[15,15]JM$r15] 
	5, dim WS[1S~15J. Gr enp ·1 of rtjn .in d i 5k(1 )2 ••)? 8 , WI[1]. 
	7: ent ·Ha5 this bften plotted before?·,W 
	8s d5P -Have your plot~er re8dy~ Cont.-;5tp 9% ·xxxinf-}WSr21 
	10. Wt£1]}W$[2,1):cnCWSrlJ)] 
	-159­
	11, drive 0 
	12: 85gn W$(2]~1,~ 
	13. 5read l~A(.J,A'JBS,E'JFtJM)H,H'(lS]~MS 
	14: d5P ·Runla·,Ar~O),~ -,8',AtJwoit 1500. 151 fxd O,prt ·Runl =·,A[101,BS,Atj5pc. 16 r di PI Z[ 11) J , G$( 2MHJ)d 1m G[ MHJ. 
	17: 32+128}C 
	18. fmt 12b,·WORKING-j 12bJwrt O,CtC,CJC,C)CJC~C,C)C,CJC,C,CJCJC,C,C)~r.cac 
	19. 
	19. 
	19. 
	9sb ·CACl· 

	20. 
	20. 
	9 5b "AXES 
	8 


	21. 
	21. 
	95b ·PLOT 
	8 



	22: 9sb 8LAgLE­£3. ent 8ANOTHER ~UH~·,X;if flg13;gto.+3. 
	24. dsp ·CHOOSE PPOGRAM F~1M S.r.KEV· 
	I 5 tP ;9 t0 -1 
	25 

	26. fmt 16bJwrt 16)31~31,31,31,31,31,31J31J31~31J31,3tJ31,31J31~Jl)~p~ 
	27: dsp MSEE YOU NEXT TIME~;end 
	28: ••••••••••••••••••••••••••••••• : 
	29. I 
	-AXES" 

	30. scI -12H,6SH,-A/6,l.0SA 
	31. 
	31. 
	31. 
	exe O~OJ60JA/10 

	32. 
	32. 
	c5iz 1.SJ1.5J1,O~fxd O;for 1-0 to 10jplt -7N,IA/I0,-1 


	33: IA/10;n~xt I 
	fxd O;lbl 

	34: pIt 25H,-~/10,-1;lbl ·Time 'min)­
	35. for 1=0 to 65H by 60jplt I-N,-A / 20.-1 
	36: fxd O;lbl I/60)next I 
	37. 
	37. 
	37. 
	csiz 1.5)1.S~1.90Jfxd 0 

	38. 
	38. 
	pIt -10H,A/4,-1 391 Ibl·O Depletion Rate (g/min/m ,aspen 40, c5iz 1;1.5,.77,90;pIt -~OHJA/3.6,-lJlbl -2-lplt -10.3H,A/1.22~-1~1~' -2­411 ret 


	_42.. -GACC·:O}O 431 ·xx702-}W$[3l 44~ WSC1]}W$[3,l,lenCW$[lJ)} 
	45. B~9n W~r3],2JO 
	4Br 5read 2,Z[~lJG$ 
	47. 
	47. 
	47. 
	for K=1 to MN)(itf(GSr2K-1)2K])/tOOOO)·10-9-Z[7]~Gr~];nextK 

	48. 
	48. 
	for 1-1 to MHJ~[I]/40+~1}G(I]Jnext I 


	~91 jtr.p 2 
	50. 
	50. 
	50. 
	EFrE~T AIR FLOW }T[-]-: 
	-TEMP 


	51. 
	51. 
	for 1=1 to MHJ21-G[I]}G[I]joext I 


	52:for to. !
	D1 MH;G[I)/100.A[4]/4.1e3~~2/.0320S/298/A[2]}G[IJJnext
	I 

	53. 
	53. 
	53. 
	-Smoothing 8: 

	54. 
	54. 
	for J:c1 to ... 55, for 1=1 to MH-4)(G(JJ+GCI+1J+GCI+2l.G£I+31+Grl+4])/5}G[I+2JJnext l~next J. 


	56. O}Zyfor 1=1 to MH~if GfIJ)ZsG[J)}Z 
	57. 
	57. 
	57. 
	next I;prt -Max 02·;~pc ,fmt f6.2~x,-9/~in/mA2·jwrt 16~ZJ5PC 

	58. 
	58. 
	for I:r2 to "'f';(G[I]+G[I-l]);l60/M/2/60+D}Dsn~xtI 

	59. 
	59. 
	if Z<SOOO~5000}AJif Z<2000;2000lA;if Z<1000;1000}A,if Z<SOO,SOOlP. SOr lf Z<'200,200}A. G1a 1· Z~10,10}Ajif Z<1,1}AJif Z(.11.1}A,if Z<.Ol;.Ol}A. 


	62. if W-IJ9to +7 
	63. for Ial to MH;lf ~[)]<-SJ-~.999}GrJ] 
	64. 
	64. 
	64. 
	fti {(G[I]+6)A.l-10000)}GS[21-1,2IJ,next 

	65. 
	65. 
	-1xgo2-}WCf41JWtrlJ}W$[4»1,lenCW$[1])] 

	66. 
	66. 
	op~n (.aJt r4 ] ,6 


	-160­
	67. aS9" wtr4l;3,O 68, sprt 3,G$,~end­
	69: rf!t .70. ·Time Delay .71. for 1=1 to 
	72. 
	72. 
	72. 
	·PLOT-,far 

	73. 
	73. 
	for I=MN-6 


	C~rrectlon U5e~ Before 6/1/80-, MH-21,!+21}K,plt 60J/~)G[K],-2J"ext I;pen;ret 1=6 to MHlplt GOCI-S)/M,G[ll,-2;next l;p~n to M~J~[MNJ}G[IJ;pJt 60I/M)G[IJ,-2Jnext I,pen;ret 
	74, -lABLE-:C5!Z 2,1.5,1,O~plt 3H,-A/6,-~ 
	75. Ibl -Fig. OAygen Depletion Rete 16a fxd O;plt 40H)A,-1;lbl -RUM 1-,A£10l 
	8 

	77. csiz 1.5,1.5»1,O,fxd 0 78a pIt 40H,.95A,-1,lbl BS 79, pit 40H,.8SA,-1;lbl ·MAXIMUM RATE­8~, pIt 40H,.8A,-1;lbl Z,· g/min/m ­
	81. c5iz l,1.S,B.5/11,O;ipit -N,.015A,-1,lbl ·2-Jcsiz 1.5,1.5,1,0 
	82: pIt 40N,.7A~-lJfxd 2;Ib! -total deplet~d­
	83. 
	83. 
	83. 
	fxd O;plt 40H,.65A,-ljlbl 0,-g/m­

	84. 
	84. 
	cslz l,l.5,8.5/11,O;iplt -tl,.015A,-lslbl -2-;C5iz 1.5,1.5,1,0 85, pIt 40H,.55A,-ljfxd 1s1bl -heat flux ­


	86. 
	86. 
	86. 
	fxd lJplt 40H).SA,-1;lbl A[1],-w/c~ ­

	87. 
	87. 
	pIt 40N).4A,-1;lbl ·Sample aree • 


	88. fxd 5!plt 40H,.3SA~-111bl A[2]~· ~­89a csiz 1,1.5,8.5/11,0 
	90. 
	90. 
	90. 
	53H~.51A,-1,lbl -2­
	pIt 


	91. 
	91. 
	~lt S~.3H~.36AJ-l;lbl -2­


	92. pen,ret -12789 
	OJ -TOTAL HYO~OCAR~OH -& 
	1: fmt 16h;wrt 16,31,31,31,31,31}31,31,31)31,31,31,31,31,31,31,31 3 5 pc 
	2. prt -TOTAL HVOROC~RBOH -~5PC 2 31 d5P -T'ltal Hydrocarbor'-;'Nait 900 
	4. 
	4. 
	4. 
	dtm A[1Sl,A$[SJ,B$[20J J EI[Sl,t$[S),M,N,H$[15,151,MS£15J 

	5. 
	5. 
	dim WI[15,15] 


	6. enp -, of run in di5k(1,2•. )~-~W'[1] 
	7: ent -Has this been plotted before?-,W 
	8. d5~ -Have your plctter ready~ Cont.-;5tp 91 ·xxxinf-}W$[21 
	10. 
	10. 
	10. 
	W'£1]}W$[2,l,lenCWS[1])] 

	11. 
	11. 
	drive 0 


	12. 859" W$[2l,l,O 131 sread l,A[.J,A.,e$,E'JFtJM~H~Ht[1S],Mt 141 d5P "R'jTa'·»A£10J,··,BS,A$,...,ait 1500 
	15: fxd OJprt -Runl·-~A[1Cl,ES,A';5pc. 16& dim Z[10J,GS[2MH1Jdlm G[MNl,H[300J. 
	171 dim Tlr2f1fHl 
	18: d5P -••••..• WORte:JHG••••••• -J9tJb 19, 9'51:.. -AXES­t 95b -·PLOT· 21, q!lb -LPBLE­
	20 

	-GAel­
	-161­
	22. ent -ANOTHER RUN?-JXJif f1913Jgto .4. 23,. ?41 d~p ·CHOOSE P~O~RAM FROM S.F. ~EV
	-

	25. 5tp ~ 9 to -1 
	26. fmt l~b)wrt 16)31)31~31,31,31,31)31,31J31,31,31,31,3tJ31,31,~1. 27, dsp ·SEE YOU NEXT TIME·;stp. 
	28. •••••••~•••••~••••••*w••••••~••••••••••·1 
	29, -AXES": 
	30: 5cl -12H)65H,-A/6J1.~5A. 311 axe O)O,£O,A/l0. 
	32: csiz 1.5~1.5)S.5/1170;fxd O,for 1=0 to 10,plt -7N,IA/I0,-1. 33, fxd D;Ibi IA/10Jne~t I. 34, plt 25H,-A/10,-lJlbl -Time (min)·. 
	35. for 1-0 to 65H b~ 60;plt I-H,-o/20)-1 
	36: fxd OJlbl I/60,next I 
	37: csl? 1.5~1.5)1,30;fxd 0 
	38: pIt -1ON,A/4)-1 
	39: Ibl -THe Rel~a5e Rate (g/min/m )·spen 
	40: csiz 1)1.5,.77,90,r1t -10.5N,A/1.31,-1,lbl -2· 
	4~_1 pen;"'et 
	_42: •CAel•:0}0 
	43: ·xxShc"}WS[3l 
	44: W$[ 1]}f·: S[3 J 1 Jlen( tal Sr1 ] ~ ]. 451 drive 0. 
	46: 8~9n W$[3],2,O. 47z sread 2,ZrwJ,GS. 
	48: fer K:l to MH;(itf(G.[2K-1,2K])/10000)A10-9~G[K]JnextK _49. -THIS CALIBRATION I~ mV}ppm·: -21.852+20.335Zr8]+.0140~~Zr8JA2}Zr~] 
	.501 

	.51. for Iz1 to MHJ-21.85~+20.335GrIJ+.01403.G[I]A2}G[I]JG[I]-Zr8]}G('l!~ext 
	52: for 1=1 to MH;if G[I])Z,Grl]}Z 
	53: next I;prt WMax TH'·~5pC 3fmt f6~4x,·ppm-Jwrt 16,Z 
	I jmp 2 
	54

	55. 1df 12,T[.) 
	56: for ]z1 to MN;298}TJnext I 
	57: fo., 1-1 to MH;G[I]/le6.A[4J/4.1e3.16/.0820S/T/~(2)}G(I)lnext! 
	O~~Jfor 12 1 to MH;if ~[I]>~JG[I]}Z 
	58, 

	59: n~xt I,fmt f6.2,x,a9/min/~A2·jwrt 16,Z;5p~ 
	60. for 1=2 to MH,(G[I)+G(I-l)).60 / M/60/2+D}O;next I 
	61. if Z<5000J5000}A~if Z<2000;2000lA,if Z<1000,1000}A,if Z<500J500}~ 
	62. 
	62. 
	62. 
	if Z<200J200}Ajif Z<100;100}A;if Z<SOJ50}A;if Z<20s20}A 

	63. 
	63. 
	if Z<10;10}A;if Z<lJl}~jlf Z<.1;.1}A;if Z{.01s.01}A 

	64. 
	64. 
	1f W=1Jgto +7 

	65. 
	65. 
	for 1=1 t~ MH,if G£ll(-6,-S.999lGtll 


	66. ftl C(G[I]+6)A.1.10000~}G$[21-1,2Il;nextI 
	67& ·xxShcR}W$(4];Wt[1]}Wt[4~1,len(W.rl])] 
	68, open WS[4J,6 
	69z 85gn W$[4])3~O 
	70, 5prt 3)Gt,·~nd
	-

	71. 
	71. 
	71. 
	ret 

	72. 
	72. 
	·PLOr-:for 1:10 to MH,plt 60(J-9)/M,G[Il,-2;next I;pen. 731 for I~MH-10 to MH~plt 60J/M,GrMNl,-2sncxt IJpenlr~t. 


	74. for 1-1 to 300sGII]}H[Il,next J 
	75. 1f W~1J9to +6 
	-162­
	76. for I-I to 300,fti (H[!]+€)A.1-10000)}TSr2I-1,2Il;next 
	77. ·xxhhc·>WS[5]jWt[1]}WS[S,1)1~n(Wt[1])] 
	78: op~~ WtrSJ J 6 
	79. a59n WI[51,4.0 
	80: 5r~t 4,TS)·enda1. rl!t 821 -lABLE-'C5iz 2,l.571.0~plt 2.~N,-A/€)-1 
	8 

	93. Ibl -FIG. TOTAL HYDROCARBON RflEASE RATE 
	8 

	84: fxd O;plt 40H,A~-1;lbl -~UH 1·,ArlO] 
	85: c5iz 1.5,1.5,1)0 ~~H).95A,-1;lbl ~. 871 pIt 40H,.85A,-1;lbl -MAXIMUM RATE­
	86a pIt 

	88. pIt 40H,.8A,-1;fxd O,lbl 2,-g/min/m·. 89, csiz 1)1.5,S.S/11,O;ip1t -N,.015A,-1;lbl ·2JC5iz 1.5»1.5,1,0. 
	8 

	90. 40~,.7AJ-1;lbl ·Total Peleased· 91, pIt 40N,.65A,-1;lbl 0,· g/m 
	pIt 

	8 
	92: cslz 1,l.S,S;S/11,t)slplt -H,.015A,-1;lbl .~8jc!iiz 1.5,1.5.1.0 
	93. pIt 40H~.5~AJ-l)fxd ~;lLl ·HEAT FLUX • 9~. 'pIt 40H,.5A,-1~lbl ~rl],-w/cm·sfxd 5 8r~a 8 
	95! pIt 40H,.4A,-1;lbl 8S3mp le 

	96: pIt 40H,.35A,-lJlbl A[2J,-m· 
	97: csiz 1,1.5,8.5/11,0 98a pIt 52.8H,.51A,-1;lbl -28 splt 54N~.36~,-1Jlbl 82­991 peTt I ret 
	.2~34 
	0, ·Sample Temper~ture .: 
	1. 
	1. 
	1. 
	f.t 16r;wrt 16.31)31,31,31~31,31~31»J1,31)31.31,31,31)31.31J31J5p· 

	2. 
	2. 
	prt -Sample Temp -;sPc 2 -Sampl~ T~mperature·;~ait 900 
	3, dsp 



	4: di fA A[ 15],AS[8] )B$[ 20 jJ E$[ 6] ,FS [ 6] ;M,H)HS[ 15,15] ,MS[ 15] • din: illS[1: 1c: 1 
	5. e~p 81 of run in dlsk(l,2.. )?·,W'[~] 

	6: ent -Has this be~n plotted befor~?-,W 
	6: ent -Has this be~n plotted befor~?-,W 
	7. dsp -Have your plotter ready~ Cont. ;stp 8, ·xxxinf-}W$[2J 
	8 

	9. 
	9. 
	9. 
	WS(1]}Wt[2,1,len(W$r1])] 

	10. 
	10. 
	drive (' 


	11: B59n W$[21,l)O 
	12: 1,~[.],A$,B.,ESJr')M)H,H$r15],MS 
	sread 

	13: d5P -RUH'·,A[10J,· ·,8$)· ·,A.~~~it 1500 1~, fxd O~prt -Runl··,A[10J,B.,A$ISpC 1S. dim M£MHl Z[10],D~[2MHJ 
	16, dim 

	17. 
	17. 
	17. 
	dsp • ... ·,gsb ·CACL· 
	WORKIHG......••


	18. 
	18. 
	9!Jb ·PLOT· 

	19. 
	19. 
	ent -~HOTHER RUN?·,A;lf f1913;9to +3 

	20. 
	20. 
	~~p ·CHOOSE P~OGRA~ FROM S.F.KEV· 


	21. !ltp ygto -1 
	22. fmt 16b;wrt 16,31J31J31»31,31J31,31.31,31,31,31,31~31J31)~1,31. 231 d5P ·SEE YOU HEXT TIM(·,5tp send. 
	24. 
	24. 
	24. 
	9sb ·PLOT· 

	25. 
	25. 
	·PLOT·" 


	26. ~cl -12~,€5HJSO,1550 
	-163­
	27. axe 0,250,60.150. 28! csiz 1.5)1.5)1)OJfxd 0. 
	29. for I 250 to 1500 b~ t50splt -SH)I)-1;lbl !Jnext 
	s 

	30: r1t 25H,145,-1;Jb' -Time (min)­31r for I~O to 65N by 60;plt !-H,2CO J -l,lbl T/60)n~xt I. 
	32. ~~iz 1.5,1.~,lJ90Jfxd 0 
	33. 
	33. 
	33. 
	pIt -10H,550,-1 

	34. 
	34. 
	IbI ·Temperatur~ (K)­35, for 1=1 to MN;plt 60I/M)M£Il,-2Jnex! ·1;p~nJ9to 57. 


	_36. ·CACL-: 
	37: ·xA:9t~fT\· }WS [3] 
	38, WSrl]}W$[3,1,lenCWS[l])] 
	39. 
	39. 
	39. 
	859" Wtr3l,2,O 

	40. 
	40. 
	sread 2,2[.],D. 2}Z[91 
	_41, -.0098421+24.796778953Z[S]-.02615333Zr91
	A 



	42. 
	42. 
	42. 
	for 1:1 to MN 

	43. 
	43. 
	(itf(O.[21-1,2IJ)/10COO)A10-9}M[IJ _44, -.0098421+24.796778953MrIl-.02615333Mt']A2}MrIl;M[IJ-Z[91}M[ll 


	45. M[IJ+273.1}M[Il. 46, next I. 4~1 -Front Temp of Sample in deg K }f21-:. 48r if Wallgto +7. 
	49. for 1=1 to MHjif M[IJ<-S)-5.999}~[I] 
	50: fti «Mrl]+6)A.1.100CO)}~t[21-1,2I];n~xt. ·xxmtem·}Wt[4]sWt[1]}W$(4)1~len(W.[1])]'. 
	51, 

	52. open W'(4J~6 
	53. aS9" WS[4J,3,O. 541 5prt 3,Dt,-end
	R. 

	55: for 1=1 to MNJif MfIJ)Z,M£lJ}Z 
	56: next I;prt -Max Temp-J5pc ;fmt f6.1,5x)-'K·~wrt 16J Z.ret 
	57. -lable-: 
	58: c5i7 2)1.5,l,Ojp~n 
	59: pIt 3N,50,-1 
	60: Ibl -Fig. Back S3mple Temper3ture • 
	61. lS00}A. 62, fxd OJplt 40H,A,-1;lbl ·RCH '·,A[10). 63, csiz 1.5,1.5,1)0. 
	64: pIt 40N,.95~,-ljJbl Bt 
	65: pIt 40H,.85A,-1;lbl -MAXIMUM TEMp·. 66a pIt 40H,.8A,-1;fxd O;lbl Z,-K­
	67. fxd 1Jplt 40H,.7A,-1,lbl -Heat Flux·. 68, pIt 40H,.65A,-1ilbl ACI],· w/c~·. 69, fxd 5;plt 40H,.55A,-1,tbl -sample a~ea
	-

	70. pIt 40HJ.5AJ-1~lbl A[2l,· m· 
	71. csiz 1,1.5 J 8.5/11,O 
	72. pit 53.SN,.66A J -l;lbl -2·Jplt ~5N,.S1A,-lJlbl -2­
	73. d~p ·EHO·sret. -12422. 
	-164­
	G. ·HO-HOx R~lea5e R&te 5/23/80 SNl-: 
	1. 
	1. 
	1. 
	fmt '~bJ~rt 16~31,31J31.J1JJ1,J1,32,31J31,J1)31.31J31,Jl,31J31;5p~ 

	2. 
	2. 
	prt -HO-HOx Re!ea5~ Rate~~spc 

	3. 
	3. 
	d5p ·HO-HOx Rel~a5e Pat~·IWftlt 300 


	4. dim A[151 )A~(8] )8$[20J ,E$[6] )r$[6l ,M,N):t$t1S,1Sl ,M'[15],TI[S] 
	S: dim WS[15,:SJ 
	6. enp., of r~n in diskCl,2•. )?·,WS£1l 
	7: ~~t ·Has thi5 be~n plotted befo~e?·,W 
	8. d5P WHave your plotter ready! Cont.·,stp 
	9: ·xxxinf-}WS(2l 
	10: WS(1)}WS[2;1;len(W$(1J)] 
	11. d,...ive 0. 121 859" Wt(21 1 1,O. ~read ~,Ar.]JA.Ja.)[~,F$,M,N,H$[151,M.. 
	13, 

	14. 
	14. 
	14. 
	·Mode-:Et}T$ 

	15. 
	15. 
	-ppm Rangeg:va!CFt)}R. lE& d5P -R~n,a-,Arl0])· ·J8$,A~;wait lS00. 


	17: fxd Qsprt wRunl=·)Af10J)Bt,ASjspc 
	18: dim Zr10J,G$[2MNJ;dim GfMHl 
	19: 6bJ·WORKIH~·,6b;wrt O,C,C,C,C,C,C,C,CJC,C»C,C. 20, 95b ·CAel·. 21z 9sb -AXES·. ~2, 9~b -PLOT­23, gsb -tABLE­24& ent aAHOTHER RUN?·}Xjif f1913;gto .3. 
	32+128}C;fmt 

	25: d5P ·CHOOS~ PR~GR~M rROM S.'F.KEV·. 26I 5 t P s9 t 0 -1. 27, fmt 1~b;wrt lS,31)31J31)31)31J31J31»31,31,31,31.31,31:31,31.31J=r~. 
	28. 
	28. 
	28. 
	dsp -SEE VOU NEXT TIME-!E:nd 

	29. 
	29. 
	••••••••••~••••~•••••••~*•••••·I 


	30: -AXES·, 
	31. scI -12~)65H,-A/6)1.05A 
	32. 
	32. 
	32. 
	axe O}O,60,A/l0 

	33. 
	33. 
	2}Xsif A}=1;1}X;if A>=lJsO}X. 34, c51z 1.5,l.5,1,O;fxd X,for 1-0 to 10Jplt -7H,IA/l0,-1. 35, Ibl IA/l0;next I. 


	36: pIt 2SH,-A/I0J-l~lbl ·Time (min)­
	37. for ~=O to 65H by 60;plt !-H,-A/20,-1 
	38: fxd O,lbl J/60;next I 
	39: c5iz t.5,1.~,1,~O,fxd 0 
	40. pIt -10H,A/4~-1 
	41. 
	41. 
	41. 
	1f TS=-HOx·;Ibl -NOx Relea5e Rate <g/mi,n/m )·~pen 

	42. 
	42. 
	if T'c-NO-jIbl -HO R~l~ease Rate (g/mln/m )·Ipen 

	43. 
	43. 
	c5iz 1,1.5,.77,90;plt -10.75H,A/1.32,-1s1bl -2­.44& ret. 


	_45.. ·CACL-:O}O 46, ·xxl0no·}W$[3l 47, WSr1]}W1[3,1,lenCWt£1])] 
	48. ~59n Wtr3]~2,0. 491 sreed 2,Z(-J,Gt. 50, for ~a1 to K.
	MHJ(ltf(Gt[2K-1~2K])/10nOO)~10-9-Z[10]}GrK]~next
	51. for 1=1 to MH;R.3[I].A[4].30/(4.1~4•. 08205.298.Ar2])}G(I]lne~t. 52& O~ZJfor 1-1 to ~H;if G(IJ)ZSb[I]}Z. 
	53. next , 
	-165­
	a
	541 1f rt·HOx·1prt -Max HO~-,5PC Jfmt f6_2Jx,·9/mln/m·~-,w~·t 16tZJ!~: 
	55: 1f T'z-NO"iprt -Max NO~'5PC ;fmt f6.2)x)·9/mi~/~A2·Jwrt 16,Zlspc 
	56: for Y-2 to M:l~(G[JJ+G[I-1]).60/M/2/60+D}D;next1 57, if Z~5000j5000~A;if Z<2000j2000}A;if Z<1000Jl000}A;i~ Z~SOOJ500}P 
	58t if Z<200i200}A;if Z(100,100}A;if Z<SO;50lAsif 
	59. if Z(10~10}A;if Z<1;1}AJif Z(.lJ.!}A 
	60. if W=1;9to +7 
	61: for I~l to ~HJif G[!1(-6J-5.999}G[IJ 
	62. fti «G[I]+6)·.1.10000)}G$[2I-1,2IlJn~xt, 
	631 -xx9no~}WS[4];Wt[lJ}W$r4)1,len(W$[11)] 
	64a open WS(41,6 6St B5gn WSr4l,3,ry 66a 5prt 3,G.,·end­671 ret 
	68. ·PLOT., 69, if E~=·~Ox·~jmp 3 
	70: for 1=8 to MH1plt 60CI-7)/M,G[Il,-Z;next I 
	Z<£OJ~O)A 
	_71r for IcMH-8 to M~r;G[MM]}Gr!],plt 60I/M~G[J)J-2;next Ispensret 
	72. if Et··NO·;jmp 3 
	73: for 1=11 to MH-il;pJt 60(!-11)/M;G£Il;next I 
	74. for I~MN-12 to MN3G[~N]}G[IJ;ptt 60J/M,G[I],-2;n~xt T1pen 75, ret 
	76: wLABLE8: cs iz 2,1.S,1)O:plt 3H,-A/6,-1. 771 if T$=·HOx'jibl· ~i9. NOx P~~~3~~ Retp·. 
	78: if T'·~HO·;lbl • Fig-Hitr'ic oxid~ Rel~a5e Rate­
	79. fxd O;plt 40N,A)-1;lbl -RUN '·,A(10) 
	80. csiz 1.5,l.5,1:~;f~d 0. e11 pIt 40H,.9~;)-ljlbl 8S. 
	82: pIt 40N,.85A,-1;lbI -MAXIMUM RATE­
	83: pit 40H~.8A,-1;fxd 3;lbl Z,· 9/~in/~ • 
	841 ~xd 0 
	85: c5iz l,l.5,8.5/11 J O;iplt 86, pIt 40H,.7A,-1Jlbl -total 
	87. 
	87. 
	87. 
	fxd 3;plt 40H,.65A,-1;lbl 

	88. 
	88. 
	c51z 1,1.S,8.5/11,Oliplt 


	89: pIt 40H,.55A,-1jfxd ljlbl 
	90. fXd l;plt 40HJ.~A,-1!lbl 
	~heat 
	A[1],· 
	911 pit 40N,.4A,-lJlbl -Sample area 
	92: fxd 5;plt 40N).35A,-1;lbl A[2J J ­
	93. c~iz 1)1.5J8.5/11~O 
	94. 
	94. 
	94. 
	pIt 53H).51A,-lllbl ·2­

	95. 
	95. 
	pIt S4.3N,.36A,-1;lbl -2­96, pens ret -29365 


	O. ~HCl RELEASE RATE 11/17-, 
	1. prt -HCl Release P~t~· 
	-H,.OlSA,-ls1bl -2·Jcsiz 1.5,1.5,1,0 released-OJ· g/m· 
	-H,.015A,-1;lbl w2-JcsiZ 1.5~1.5.1tO 
	flux • 
	w/cm • 
	• 
	m­
	2. dim T.(41
	A[15J)~$[8JJB$(20],Ftr61JF$[6])M)NJH$[15J15]JM$[1Sl;dt~
	3. 
	3. 
	3. 
	dim WS[15,15J 

	4. 
	4. 
	ent -, ~f run in rli5k(1,2 •• )?·,WSr1J 

	5. 
	5. 
	ent ·H~~ this been plotted before?·iTt 

	6. 
	6. 
	d5p ·Ha~e your plotter ready! Cont.-,5tp 
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	7, ·yxxinf·}WSr2J 
	a. -xxHCl-}WS(3J. 9 I WS(1] } tAl t [ 2,1, len(Wt £, 1) J. 
	10. Wt[11~W$r3,1Jlen(W'[l])] 
	11. 
	11. 
	11. 
	859n W$[21,l,O 

	12. 
	12. 
	5read 1,P[.l,AS)BS,Et,Ft;M,H,H$(15J,Mt 

	13. 
	13. 
	d~p -Qun'··,A£10J,8'aASjweit 1500 


	14: 3pC ,fxd O;prt ·Ru~I·-,A[10),Bt,ASJ5~C. 15I dim Z r9] )G. r2MH] ;d 1". )( r~tt J ~ V[ MH J J:'J [ MH] ,UrMH] »V[ MH]»PS[ 101. 
	16. if T$s-1-j95b -'Tt­17• if T$=-1-; jmp 2. 
	18. 
	18. 
	18. 
	9sb -DATA­

	19. 
	19. 
	95b ·CAel­

	20. 
	20. 
	95b -AXES­

	21. 
	21. 
	95b -PLOT­

	22. 
	22. 
	9sb -LABLE­


	23. ent ·~NOTHER ~JH?-,X;if f1913J9~o +3 
	24. dsp -CHOOSE PROGRAM ~~OM S.F.KEV· 
	I 5 t P )9t 0 -1 
	25 

	26. fmt 16b;wrt ~6,31,31~31J31,31,~1,31,31,31J31~31J31,31)Jl,31s5pcr.f 27, d5P -SEE YOU HfXT TIME iend 
	8 

	28. -AXES·: 
	29. 5cl -12N,6~H,-~/6,1.05A. 30, 8xe O,O,60,A!10. 3t: c5iz 1.5~1.S,1,~;f~d O,for 1-0 to 10;plt -7N,IA / 10,-1. 
	32. fxd O;lbl IA/10snext I 
	33. pIt 2Sri)-A11 0, -1 jIb1• T i Al ~ ( fft in) • 
	34. 
	34. 
	34. 
	for 1=0 to 6SH by 60splt I-N,-A/20,-1 

	35. 
	35. 
	fxd O;lbl I/60J~ext I. 361 c51z 1.5,1.5,l)90;fxd 0. 


	37: -10H~A/4~-1 
	pIt 

	38: )·,pc~ 
	Ibl -HCL Release Rate Cs/min/m 

	39. c5iz 1)1.5J.77)90splt -11H.A/1.25)-ls1bl -2­
	40. ~ e r. : ret e41: ·CACL·. 
	42: 600}P 
	43. if T$=-l·jgto -MAX· 
	44: for 1=1 to P. 45, -CIlHCl,sec}min-:Y[Jl-1.02843}VrIljX[Il/60)XC)J. 
	46: next I .47: 85ml r~agent; 45:nl G'35 Sample :S}V;4S}G ·HClwt/volCu9/~1}9/m3).reagentvolCm!)/ga5 sample vo!Cml)-• 
	8 
	.48. 

	•. 49. ·.Birflow(~A3/min)/are~(mA2)}9/.in/mA2·, SO. for 1=1 to PjV£Il-1-V/G-CAC4J/4)/A[2]}WrIl 
	51. next I 
	52. : 
	·MA>t 
	8

	53, O}Z,for 1:1 to PJif WrIJ)Z;W(I)}Z 
	54. 
	54. 
	54. 
	next I,fxd 2;prt -Max HCLCg/min/m2)··,Z 
	A 


	55. 
	55. 
	enp -MAX V-Scale?-,A 


	56. O}D 
	~7. for 1=2 t~ PJCW[I]+W[I-l])/2M+D}Dln~xt 
	58: ifTS• • 1-J jmp 2 
	59: 95b ·FTI· 
	60. 
	60. 
	60. 
	penJ,.~t 
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	61. 
	61. 
	-PLOT-,for '-1 to P~plt 6~.X(l]JWrl]~-2)next JJP~n~ret 

	62: ·lArLE-zcsiz 2,1.S;1,O;plt 3N)-A/o J -l 
	63. Ibl -Fi9. Hydrogen Cnloridt! Relee5t! Ret~· 64r fxd O,plt 40~',A,-1;lbl ·PUN I· J A[10l 
	65. c~iz 1.~,1.5,1~Ojfxj 0 6~, pIt 40H,.95A~-lJlbl as 
	67. pit 40H,.9A,-1;lbl -Total HCl Relea5ed· S8. pit 40N,.B5A J -l,fxd 1jlbl O~-g/m­
	69. 
	69. 
	69. 
	C5t~ 1,1.5,8.5/11,O,iplt -N,.Ot5A,-1s1bl -2 ;C5iz 1.5.1.5,1.0 
	8 


	70. 
	70. 
	c5iz 1.5.1.5,1,0 


	71. pIt 40H~.75AJ-l!fxd 111b! 72, r1t 40H,.7", -ljlbl AC1],· 
	73. 
	73. 
	73. 
	pIt 40H,.6A,-1;lbl -Sample 

	74. 
	74. 
	pIt 40H •. 5SqJ-1~lbl ACZ1,­751 csiz 1,1.5,8.5/11,0 


	·he~t flux • w'cm ·;fxd 5 area • m· 
	76. pIt 52.8H •• 71A,-1;lbl -2";plt S4H,.56A.-ljlbl -2­
	77: penjret 
	78. -FTY·.for 1=1 to 600 79 1ft i ( W[ 1 J..6) A •1-10000)}G.[·2I -1 J 2 I] 80, next I 
	81. op~n W$[3J,6 82 a a 59n ~.., $( 3] :-2, () 
	83: sprt 2,G$,·end· 
	84: ret 
	85: I 
	-DATA· 

	a~. ~nt ·Seqence?·,PS 
	87: fmt ·SEQENCE... ·,c2jwrt !6,PS 88a 10}O 
	139: fmt ,+'2.0,JC,·POIHT-;wrt 16,,0 
	90: fmt • I •• ~ x ; • 5ec• ~ 2x, • i0 Tt U '3 1m1• J W 1-· t 16 q1. l}R 
	32. if R=1~1}X[1]!O}Y[1);D+1}DJ1}E g3: for 1=1+[ to 0 
	94: ent -Time (sec)?ft)XCIJ,next I 
	95: for 1=1+£ to 0 96r ent ·~ampl~ amo~~t?( Cl =ug'_l)·,V(IJ 
	97. ilext I 9S: for 1&1"E to 0 
	99: f~t ,f2.0,2x)f3.0,2x)f7.~;wrt16)I-E.X£ll;VrJJ 
	100: n,==xt I 
	101. if XrD]<6QO;~OO}XrD+1JJV[D]}V[D+1]~D+1}O 
	102. for Ia! to 0 103, if X[]]=600,jmp 9 tQ4. if Vr!]=c;.0000001}¥[rl 105, (X[I1Y[I+l]-X[I+1JVlI])/(X[!]-X[I+l])}A 
	106. (YfI]-VrI+l])/eX[I]-X[J+1J)}B 
	107: for T-XCIJ to X[I+1J 1082. T}UCTJ 
	109: A+8UrTJ}V[Tl 
	110. next T t 111 n,.xt I t121 for 1=1 to 600JU[I]}XCI1,V[I]}V[Iljnext I 
	113. 
	113. 
	113. 
	r~t 

	114. 
	114. 
	• JTF· J 
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	1t51 a5gn w,r31,l,O. 11C; I 5 r ,:~ ad 1)GS. 117r for '~1 to 600. 113· (ltf(Gtf21-1,2I})/100COl 10-S}Wrll. 
	A 

	119: I /60})([ I]. 120, next I. 
	0, •HF' ~ ELE;,5E ~ ATE 11" 1B -: 
	1: prt -HF Relea5e Rate 
	8 

	2. dim T.r41
	A[15],A'[BJ,B$[2~J,Etr6],F$[6])MJH,H.[t5,15].M'(15J;dlm
	3. dlm W$[15,15J. 41 ent -, of run In di5k(1J2 .. ~?-JW~[1]. 
	5: ent ·Ha5 this been plotted bef~re?·,TS. S, d5P -Have your plotter ready! Cont.8)~t.p. 
	7. ·xxxinf"}W$[2l 
	81 ·xxHF-)-W$[3J 
	9. WS[1]}W$[2,1,len(W~(11)~ 
	10. 
	10. 
	10. 
	W$[1]}WS[3,1,len(WtC1J}] 

	11. 
	11. 
	e59~ WSC2J,l,O 


	12: 5r~ad 1)A(~l,A.JBS,E$,~t,M,H,Ht[15],Mt. 1~, 5pG Jfxd O,prt -Runl =8,A£101,a.,A$,spc. 
	14: X[MH),V[~H],W(MH)JU[600],Vr600]JP'(10] 
	dim Zr101,G;{2MNJ;dim 

	15. if rt=-t ;9 5 b -ITF8. 16• if TS = -1 • ;.'j mp 2. 
	8 

	17. 
	17. 
	17. 
	9!1b -DATA­

	18. 
	18. 
	95b -CACl­


	19: 9sb 8AXES· 
	20: Jsb 8PLOT­
	21: 9sb -LABLE­
	22. -Anot~er Qun1·,~~if f19131gto +3. 2~, dsp ·CHOOSf PROGPAM FROM S.F.KEV·. 
	ent 

	24. !ltp J9to -1 
	25: fmt 16J31,31,31,31~31J31,31J31,31,31)31,31,31J31~31J5pc
	IGb;wrt . r.~t 
	26: dsp 8SEE YOU NEXT TIME8 send 
	27: • AXES· : 
	2B. if Z<lCO;100}Aiif Z(SO;50}A;if 2(2S;2S}A,if Z<10j10}A;lf Z<S;S}P 
	29: if Z<2~2}A;if Z(1J1}A. 30, 5cl -12H,65N,-A/G,1.0SA. 311 ax~ O,O,60,A/10. 
	32: c5iz 1.5)1.5)1,O;fxd O,for 1=0 to 10splt -7~,JA/I0,-1 
	33: IA/l0,n~xt I 
	fxd 1;lbl 

	34. pIt 25H,-A/10,-1;Ibl -Time (min)­35 • for I =0t 0 65t~ t.Y 60 J pIt I-N»-A120, -1. 
	36. O~lbl 1/~03next I. 371 cslz 1.5,1.5,l,90,fxd 0. 381 pIt -10H,A/4~-1. 
	fxd 

	39. ~elea5e Rate (9/min/~ )8;pen. 40, c51z 1,1.S •. 77 J 90,pJt -11H,A/l.25,-1,lbl -2­.
	lbl -HF 

	41. pen,ret :600}P 
	_42. ·CACL 
	8 

	43. 
	43. 
	43. 
	if TS=-t·,gto ·~AX· 

	44. 
	44. 
	for 1=1 to r 
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	45: V[I]-t.05~05}V[I]JX[I]/60}X(I' 
	46. next I .47. 4SlGJS}V .48, ·HFwt/volC~3/ml}9/m3).reBgentvol(ml'/ge5 ~Bmple volCm!)·, 
	~9. ·.alrflow(m3/min)/area(m2)}g/min/m2-&. SO. for 1-1 to p,vrll-t-V/G-(A[41/4)/A[2]}WlIJ. 
	A
	A
	A 

	51. next I 
	I 
	S2: -MAX· 

	~3: OlZ,for I-I to Pjif W[ll)Z;W[IJ}Z 
	54. next Ijfxd 2,prt ~Max HF(9/~in/mA2)=·,Z'5pC 
	55: enp ·M~X. V-5cale·,A 
	56: O}O. 571 for r=2 to p,CWrl]+W[I-1J)/2M+O}DJnext t'. 
	58: 1f T$:·1-,jmp 2. 59, 9sb -rTI­60, penjret. 
	61. ·PLOT"rfor '=1 to P;plt 60X[Il,Wrll,-21next IJpensret. 621 ·lA~LE·:C5iz 2,1.5,1,O,plt 3H,-A/6,-1. S3: Ibl -Fig. Hydr~gen Fl~Qride R~lea5e Rate·. 
	64: fxd Dsplt 40N>A,-1;lbl ·RUH '·lA[10] 
	65. c5iz 1.5,1.5,1,O;fxd 0 661 pIt 40H).9~A)-1;lbl 8. 
	67: pIt 40H,.9A,-1;lbl -!otal 
	68: pIt 40H,.85A,-1;fxd 111bl 
	~91 cslz 1,1.5,8.5/11)OJiplt 701 csiz 1.5,1.5 1)O
	J 
	71. pIt 40H,.75A J -l;fxd 1;lbl 
	72. pIt 40N,.7A,-1)~bl A[l])· 
	HF Released· 
	D~· 9/~· -~,.015A,-1~lbl ·2-Jcsiz 1.5,1.5,1,0 
	Wheat flux •. w/c~ -;fxd 5. 
	73. pIt 40H).6A,-1;lbl ·Sample area •. 7~: pIt 40H,.55A,-1~lbl ArZl,-m­.751 csiz 1)1.5,8.5/11,0. 76, pIt 52.8H,.71A 7 -1;lbl ·2·iplt 54N,.S6A)-tslbJ -2­.
	77: penlret 781 ·tTY·:for 1:1 to 600 
	79. 
	79. 
	79. 
	fti ((W[I]+6)·.1~10000)}G$r2I-IJ21] 

	80. 
	80. 
	next I 81, W$[1]}W$[3,lJlen(W~[1])J 82& open W$[3J,6 


	83. BS9n W$[0],2,O 841 sprt 2)Gt,-end­85, ret 
	a6. -DATA·, 871 ent ·Seqence?·,PS 
	88I fmt •5EQE".CE. ••• JCo 2; wr,t 16 J P. 
	89. 
	89. 
	89. 
	10}O 

	90. 
	90. 
	fmt ,f2.0,x,·POIHT;wrt 16,0 
	a 



	91: fmt -#·)2x,·sec·J2xJwiQnU9/~1·~wrt16 
	92. 
	92. 
	92. 
	l}R 

	93. 
	93. 
	1f R-1,1}X[1JJO}Y[ll,D+1}O;1}E 94, for r-1+E to D 


	95. 
	95. 
	95. 
	ent -Time (sec)?-"X[IJjf&f!xt I 

	96. 
	96. 
	for 1;1+£ to 0 

	97. 
	97. 
	ent M5ample amount?( F -ug/ml)·,V[ll 98, r.ext I 
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	99: for I~1+E to 0 100a fmt )f2.0,2x,f3.0,2x f1.3,wrt 16,I-E.X[Jl,V£)1
	1 
	lOla T.f!xt I 
	102: 1f X£Ol<GOO,€OO}X(O+1lsY(O]}VrO+11iD+1}O 103! for 1:111 to 0 104, if X[I]·600Jj~p 9 
	105. if V[ll=Oj.000001}Y[IJ 
	106. (X[I]V[I+l]-X[I+l]YrIJ)/C~[I]-X[I+l1)}A 
	107. eVrI]-V[I+1J)/CX(JJ-X[!+1])}B 108, for T=X[J] to X[)+!] 
	109. 
	109. 
	109. 
	TlU[Tl 

	110. 
	110. 
	A+BU[T]}VrTJ 

	111. 
	111. 
	next T 


	112: r.~xt I 
	113. for 1-1 to 600~U[IJ}~[I],V(J]}V[I]lnextJ 
	114: ret 115, • I TF· : 
	116. 
	116. 
	116. 
	a5gn WS£31,1,O 

	117. 
	117. 
	5read I,GS 


	118: for 1:1 to 600 
	119. (itf(GS[21-1,2IJ)/l0000)A10-6}W~I] 
	120. 1/60}X[ I] 
	121: next I 
	~: -~CHO ~EL. R 11/19·, 1, prt ·~CHO Release Rate· 
	2: d~m A[15J 1 AS[Sl,BSr'CJ,ES[Sl;tS[Sl,M.H»HSr15,15l J Mt[1S1sdlm TtC41 :3. dim WSr15,1SJ 4I ent• # of run i n dis t (1 J? •)?-J :'JS r1] 
	5. ent ·Has thi5 bee~ plotted befor~?-JT' 6, d5P ·Have your plotter read~! Cont.·,~tp 7, ·xxxinf·}W'[2J Slr ·xxAlO·}W$[31 
	9: W$[1]}WS£2,1,lenCWSfl])] 
	10: WS£1]}W$[3,l,len(WS[1])]. 1~1 6sgn Wtf21,1 J O. 
	12. 5r~ed 1,A[~))A.)8',ES,F.,M,H,H'[15J,M. 
	13: ~pc ,fxd O;prt ·Run#&·JArl0],Bt,At,~pc. 14, dim Zr10J,G$[2MHl;dlm XrMH1 7 Y[MNl,WlMNl,Ur600],V[SOOl,PSr101. 
	15. if rS=-1·;95b aITF·. 16, if T$··1·~jmp 2. 
	17. 
	17. 
	17. 
	95b -DATA­

	18. 
	18. 
	95b ·CACL· 

	19. 
	19. 
	95b -AXES· 


	20: 95b ·PLOT· 
	21: 9Cib ·LABLE­
	22. 
	22. 
	22. 
	ent -AHOTHEP RUH?-,XJjf flg13Jgto +3 

	23. 
	23. 
	d5P ·CHOOSE PROGRAM FROM S.F.KEV­.~4. stp Sgto -1. 


	25. 
	25. 
	25. 
	fmt 16b;wrt 16 J 31)31,31 J 31,31,31.31)31)31,31,31,31,31,31,31Jspc ,'r·t 

	26. 
	26. 
	d5P ·SEE YOU NEXT TIME-lend. 27 r er.d. 
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	281 -AXES· t 
	29. 
	29. 
	29. 
	scI -12H,65H)-A/6,1.05A 

	30. 
	30. 
	fixe O,O,6fl,Ail0. 3t. csiz 1.5,1.5,l,O,fxd D;for 1-0 to 10iplt -7H)IA/tO,-1. :32. fxd 2Jlbl IA/10;n'!7t I. 


	33. plt 25N,-A/10,-1;lbl ·Time (min)­
	34: for 1-0 to 65N by 60;plt I-H,-A/20)-1 
	35. fxd O;IbI I/601next I 
	361 c51z 1.5~1.5,1)90!fxd 0 
	37. pIt -10N,A/4,-1. 381 Ibl -RCHO Release Rate (g/mln/m )a Jpen. J9a csiz 1,1.5,.77;90;plt -11H,A/1.25,-ls1bl -2­.
	40. p~njret e41: ·CACl-: 600}P 
	42. if TS~·1-19to -MAX· 
	43. for 1=1 to P. 44, X[Il/60lX[IJ. 45 r nex t I. 
	.46, S}Vj4SJ-(; 
	.47=. -ALDwt/vol(1J9/ml}3/m3)-reiSselit vo!Cml)/g8s 5ampJe vo~(ml'·' -.airflow(mA3/min)/area(mA2)}9/min/m~2·1 491 for I~l to PJY[I].1.V/G.(~[4]/4)/Ar2]}W[I] 
	48, 

	50. nf!:xt I 
	51. 
	51. 
	51. 
	-MAX-: 

	52. 
	52. 
	0}Z; for I=1 toP ~ i f W[ ~ J :> Z; ~: [I J} Z 

	53. 
	53. 
	next :sfxd 2;?rt ·~ex R:HO(g/min/m2)=·,ZjSPC. 541 enp -MAX. V-5cale??·,A. 
	A



	55. D}D;for 1=2 to P;(W(Jl+W[I-1])/2M+D)r~next IIP~n 
	SOl if T$=a1-;jmp 2. I 9 ~ b •FTI­58, p~n J ret. 
	57 

	59: ·PlOT-:for 1=1 to P;plt 60XtIJ,W[Il,-2;next IJP~niret 
	60. 
	60. 
	60. 
	-LABLE-:csiz 2,l.5,lJOiplt 3N,-A/6,-1 

	61. 
	61. 
	Ibl ·ti3. Aliphatic Aldehyde Release Rete­


	62a fxd O;plt 40H,A,-1;lbl -RUN #-,A[101 
	63. 
	63. 
	63. 
	c51z 1.S,1.5,l,O;fxd 0 

	64. 
	64. 
	pIt 40H,.95A,-l,lbl BS 


	65: plt 40H,.9A~-1;lbi ·Tot~l Released­66, pIt 40H~.85AJ-lifxd li 1bl OJ· 9/m· 
	67. csiz 1,1.5,8.S/11,OJiplt -H,.015A)-1;lbl 681 c5iz 1.5 7 1.5,1)0 
	69: pIt 40H~.75A)-1;fxd 1;lbl ·hpst fl~x • 
	70. pIt 40~~,.7A)-1;lbl A[lJ,· w/cm -;fxd 5 71, pIt 40H,.6A,-1)lbl ·Sample area • 
	72. pIt 40H).55A,-1;lbl A[2J~· m· 73, c5iz 1~1.5,8.5/11)O 
	-2-SC5iz 1.5,~.5Jl,O 
	74: pIt 52.8nJ.71A~-1,lbl -2-Jplt 54HJ.56A~-1,lbl -2­751 pen;ret 
	76. ·rTI-:for 1=1 to BOO 
	77: ftl ((W{I]~6)A.1*10000)}G'[2I-1)21] 
	78. next I 
	79. 
	79. 
	79. 
	WS[1]}wtr3,1,len(W$[11)] 

	80. 
	80. 
	open WS(3J,6 

	81. 
	81. 
	a~9n W$[3l,2»D 
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	821 5prt 2,GS,·~nd· 83; r ~t 
	34. •[ ,iTA· • 
	85. ent ·Seq~nce?·,Pt. Sf: ; fmt8 SEQ[ ttCE••• • )c 2J wr t 16,P.. 
	87. 10}D 
	88: fmt ,f2.0,x,·POINTJwrt 1?,D 
	8 

	89. fmt ·,·,2x,·5ec~)2x7·ionu9/ml·swrt16 
	90. 1}R 
	91. 
	91. 
	91. 
	if R-l;1}X£1JJO}Y[!]ID+l}DJ1)E 

	92. 
	92. 
	for 1=1+£ to D 


	93: ~nt ·Tlme (sec)?·,X(I1Jnext I 94, for 1-1+£ tc 0 9S. ~nt 85ample amount?(RCHO-ug/ml)·,VrIJ 
	96. 
	96. 
	96. 
	r.ext I 

	97. 
	97. 
	for 1=1+E to 0 

	98. 
	98. 
	f.t ,f2.0,2x,f3.0,2x,f7.3swrt t6,J-E,X[IJ,V[ll 

	99. 
	99. 
	next I 100i if XCOl(600;SOO}X[O+lJ,V[Ol}VtD+1ls0+1}O 


	101. fer 1=1 to 0 10~, if X[ll=600,jmp 9 
	103. if Y[I]=Os.000001}¥rIJ 
	~04, (X[I]V(I+1]-X[I+1]V[Il)/(~rI]-X[!+1])A 
	105. 
	105. 
	105. 
	eV[IJ-V[I+l))/(XCIl-XrI+l])}B 

	106. 
	106. 
	for TaX(ll to XCI+l1 


	107: T}UrTl 108, A+8U[TJ}VrTl 
	109: next T 110, next I 
	111: for 1=1 to 600;U[I]}XC!1;VCI]}Y[Il,next I 11~: ret 
	113: • TTF· : 
	114: a59n WS~3])1)O 1151 !5read 1,GS 
	116: for 1=1 to 600 
	117. (ltf(GSr21-1,2Il)/10~OO)·10-8}WrI] 
	118: 1/60}Xrrl 
	119: next Y 
	120. ret -1833 
	o. -RCHO REL. R II/1~·. 
	i. prt aRCHO Rel~~5e Rate­
	2. di. A[15],A,r8JJBt(20],E.C6],rt[6]~M,H,H.[lS,15J~M'[lS]sdlm
	Tt[41 ;5 a dim 1-1$ [ 15 ;l 15] 
	4.ent8,ofrun 1n dl~k(1,2•• )?·JW.[1] 
	5: e~t ·Ha5 thi5 b~en plotted b~fore?·tT$ 
	6. 
	6. 
	6. 
	dsp ·Have your plotter ready! Cont. '5tp 
	8 


	7. 
	7. 
	·xxx1nf }Wtr2J 
	a



	8. axxALoa1W~[3) 
	9: WS(11}W$[2,l,len(wsr1)] 
	"101 Wt[11}~$[3,ltlen(W$(1))J 
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	11: e~3n WSr2J,1,O 
	12. 
	12. 
	12. 
	~read 1,A[.],AS,8S,E',FS,M,H,NS[lSl,Mt 

	13. 
	13. 
	5pC ,fxd QJprf -Runl··,A[10JJB•• A$;5pc 


	14. dim Z[10JJ~'[2MHJ,d\m X[MNJ,Y[MH))WrMH]JU[600JJV(6~Ol,P'(10] 152 if TS=·1-j9Sb -ITr­16, if T$=·l·~jmp 2 
	17. 
	17. 
	17. 
	95b ·OATA­

	18. 
	18. 
	95b ·CACL· 19, 95b -AXES" 


	20: 9!tb ·PLOT­211 9sb -LABlE­221 eDt ·AHOTHER ~UH?·,X;if flg13;9to +3 
	23. dsp ·CHOOSE PROGRAM FROM S.F.KEV· 
	24: 5tp )gto -1 251 fmt 16)31,31,31)31J31,31J31J31,31~31,31,31J31,31,3115pc
	IGb;wrt. :r~t 
	26: ~EXT TIME-,end 
	dsp -SEE YOU 

	27: end 
	23: -AXES·, 29z scI -12H)65H,-A/6 J l.05A 
	30: axe O,O,60 JP/I0 
	31. c5iz 1.5,1.S~lJOJfxd O;for 1-0 to 10Jplt -7H J IA/10,-1 
	32, fxd 2;lbl IA/l0,next !. 33, pIt 25H,-A/10,-1;lbl -Time (min)­
	34. for 1=0 to 65H by 60~plt I-H,-A/20)-1. 351 fxd O;lbl '1/60;nf!xt I. 
	36: c5iz 1.5,~.5J1)90.fxd 0. 37, pIt -10H,A/4,-1. 
	38. ·RC~O Rel~a5e Rete (g/min/m )·;pen. 391 c!tiz 1)1.5).77)90Jpl~ -1!~~Ail.25,-1;!bl -2­.
	Jbl 

	40. pef'l;re:t 
	_41,. ·CACL-:6CO}P 421 if TSJIC-I-Jgto -MAX· 
	43. for 1=1 to P 
	44: X[I~/60}X[1] 
	45: next I .46. S}'Jj4S1-G .47: -AlDwt/vol(u9/ml}9/m3)-reagent vo!(ml)/gB5 5ample 
	48. -.airflow(m-3/mln)/area(m2)}g/min!m2-:. 49, for 1=1 to P;Y(I].1~V/G.(A[4J/4)/A[2]}W[I]. 
	A 
	A 

	50. n~xt I 
	51, -MAX·: 
	52. 
	52. 
	52. 
	O}Z,for 1=1 to Plif WfTJ)ZJW£I]}Z 

	53. 
	53. 
	next I;fxd 21prt -Max RCHO(g/min/m2)=·,ZJ5PC 
	A 



	54. enp "MAX. Y-Scale?~·JA 
	55: O}O;for 1=2 to Pj(W[IJ+~rI-1])/2M+D}OJnextIlpen 56, if TS s M1·;jmp 2 
	57: 9sb -rTf" 
	58. penJret 
	vol(~l)·, 
	59: ·PLOT-:for 1=1 ~o PipIt 60X[I],W[I~J-2jnext IJPpnjret 60, :C5iz 2,1.5,1,OspJt 3H)-A/G,-1 S1. Ibl -ri9. Aliphatic AIJehyde R~lea5e RBte­
	-LABt.E 
	8 

	62. fxd OJplt 40H,A,-1;lbl "RUN 1·,A[10l 631 c51z 1.5,1.5)l,O)fxd 0 641 pit 40H,.95A,-1;lbl et 
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	65, pIt 40H~.9AJ-1Jlbl 8Total Released­
	66. 
	66. 
	66. 
	pIt 40H,.85A~-1Ifxd 171bl DJ • g/m· 

	67. 
	67. 
	c~iz 1~1.5,a.5/11)OJiplt -H,.015A I -1Jlbl -2·scslz 1.5 J l.5,1,O 681 c51z 1.5,1.5»1,0 


	69. pIt 40H).75A,··1;fxd 1;lbl ·t.eat flux· 
	70. pIt 40H,.7A,-ljlbJ Af1],· w/cm ·;f~d 5 71, pIt 40H,.6A J -1;lbl ·Sample area ­7~1 pIt 40H).5SA I -1;lbl A(2J,· ·m • 
	73. c51z 1,1.5 J 8.5/11,0 74, pIt 52.8H~.71A;-1;lrl ·2-JPlt 54H,.S6A,-1;lbl -2­7'S• P~ n ; ret 7S, 8FTI·,for 1=1 to 600 77, ftl ((W[I]+6)A.1.100~O)}G.[21-1,2I] 
	78. next J 
	79. W'[1J}W$[~,!,len(WS[1])] 
	80: open W$[31,6 
	81. 
	81. 
	81. 
	859n W$[3l,2,C 

	82. 
	82. 
	~prt 2)G',8end· 83! ret 


	841 ·DPTA z 
	8 

	~5. ent ·Seq~nce?·;.P$ 
	BS: fmt ·SEQE~CE•.. ·,c2;wrt 161 P. 
	81, 1010 
	88. f.t ,f2.0)x,·POIHT·jwrt 16)0 
	89: fmt .,8,2x,·5ec·~2x)·ionu9/ml·;wrt16 
	90. 1)-P 
	91: if Ral;1}X[11s0}Y[1l,D+l}D,1}E 
	92: f~r I~1+E to D 
	93: ent ·Ti~~ (sec)?·I¥[Il;next I 
	94: for 1=1+E to 0 
	95. ent ·sampl~ amount?(RCHO-ug/ml)·,V£ll 
	96. next I 97, for I=1+E to C 
	98: fmt ,f2.0,2x,f3.0 1 2x,f7.3Iwrt 16.I-E,X[J].V[I) 99~ next I 
	100: If X[Ol<600;600lX[O+1JsV[Dl}V[O+lJsD+1}D 
	101. for 1-1to 0 
	102: if X[!l=600,jnp 9 1031 if VrI]=O,.000001}V[JJ 104, (X(}JY[!+1]-XfI.1lVrl])/eXrIJ-X['+11)}A 
	105. (Y[I]-V[I+l])/eX[I]-X[I+1])}B. 1061 for T=X[IJ to X[I+11. 
	107. 
	107. 
	107. 
	T}U[TJ 

	108. 
	108. 
	A+BU[T]}V[TJ 

	109. 
	109. 
	next T 

	110. 
	110. 
	next I 


	111. for 1-1 to 600~U[I]}X[I]jV[Il}V[I]lnext I. 112, ret. 
	113. • 1TF· I. 114, asgn WS[31,l)O. 
	115. 
	115. 
	115. 
	!tread 1,GS 

	116. 
	116. 
	for 1;1 to 600. 117• (1 tf (t3$ ( 2J -1)2I]) /10000) -1 0-6l!J1 [ I]. 


	118. J160}Xr 11 
	119. 
	119. 
	119. 
	next t 

	120. 
	120. 
	ret 
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	·PlAST:C FLOW METER fROGRAM·,. 1, f'(d 2. 
	eo. 

	21 ·tr~,tepe9)fl1~18-. 
	3. t!r.t -BARD. P~ESSURE IN.?-,V 
	4. ent -AIR TEMPERATURE V?·,T 
	~nt -TOTAl. AIR fleW?W,O. _6, ent -MLT. AIR ~lOW?-JM. 
	5, 

	7. prt -AIR TEMPERATUREa·,T 
	8. O-M}K 
	9, prt -ADJ. AIR FLCW=·,·TOThL-MlTa·,K' 
	10. prt wBARD PPE.=-,VlSpC 2. ~nt -AIR P~ESSURE YH.?·,P. 
	11t 

	12. OlWjO}HiO}Q. 13 r d5p -I AM WORKI ~:G •••••••••••• ­
	14. 
	14. 
	14. 
	T+460lT 

	15. 
	15. 
	~} ... 


	16. fxd 3. _17: 10.775662}A;381.67757}B)-1402.8801}C;2814.175}OJ-~116.44~1}E. 
	18. •CAL. • , 
	19: H/2.54/PlX 
	20: P/\T.(A+B.X+C~XA2+D.XA3+E.X~4)}Q 
	21. if Q<Kj.001~H}H;9to ·CAl.­22a fxd 2. 231 T-460}T. 
	24: Y+1}V 
	25. •PRT -~ 
	26. 
	26. 
	26. 
	prt -rilR PRE.=·,P 

	27. 
	27. 
	prt -DElT-P cm:-)H 


	28: H/2}W 
	_29:. prt ·~DJUST MERCURY TUBE AS FOlLOW:­.301 prt -LEFT=·,50-W. 311 prt ·RIGHT=-,50+W;spc 2. 321 d5P -Adj. Hg Tube& Check Air Pr~.Cont.-~5tp. 
	331: Y-l}V 
	34. cfg 13Jent -Has Air Pre. Change any?·,V. 35, if V;dsp -Make another Adi.~;9to 11. 
	36: d5P -CHOOSE FROM S.F KEV... JCOHT.·;~tp. 371 end. 
	e1t ·TR~NSFER DATA fROM DISK TO ~EEl AND PRINT OUT 32080 S.H L tr~O,fi~~!4·1 
	1. fmt 16b,wrt 16J31~31,31,31J31~Jl,31)31J3jJ31~31,31,31,31,31J31;fw~~pc 
	2: prt WData Transfer-j5pC 
	3. ~5P -LOAD MAGHETIC REEL TAP:,Cont.-;stp. 4r d5P ••.•. REWltIDING...• -;wrt 704,-Q •. 
	5: dim A[t5J)A.r8]~E$(20]~Et[6],~t[61JM,H7MS[1S~JH'[17~17] 
	6. C[600]~8[GOO],D$[1200],Z[9]. 7". dlm WSf15,6l,V$[10,10l )GS(7Q),E[SOOJ,CSC401. 
	dim 

	8. enp· # OF RUH IN THIS DISK??? ·,W$[15J 
	9. d5P ·00 you have the following file~·Jwait 1500 . 10 & ent -H0x· , Vsr1] )•NO·,V*[21,• NO2· J V$( 3], -HF· , v, r4) , •He1• , V'[51 J-P' ~. ; V'(6 ] 
	11: ·xxxinf-}W$[1J. 121 WSflS)}W$rl,l,len(WS[1S])]. 
	13. drive 0 
	14. a~9n W$(1)~1)O 
	lS. sreed 1,At.],AS,B.,E$~F'~M,H7H'[lS]J~S 
	16. ~pc sfxd Osprt ·Run,··,A(101,C.,A$ 
	11. -xx55mk-}NS[1],·xx~ma5·}H$[2Jj·xxh~a5·}H'[J]:·xx02HR·)N$[4J 
	18. ·xxpht·}HS[51;·xx.tem·}Ht~6];·xX9Co·}H'(?)I·XX9Co2·)H'[8J 
	19, ·XX302·}Ht(9]j·xx9h~n·}H$[10],·Xx9hc·}H.rl1J 
	20. 
	20. 
	20. 
	·xxgnox·}N.r12Jj·xxgno·}U$[131,-xxgno2}Ht[14J 
	a 


	21. 
	21. 
	·xxHF }H$(lSls·xxHCL·}HSr16J,·xxALD-)HI[171 
	a 



	22: prt -DATA IS ~RITTIHG ON ••••• • 
	23. for r-l to 17 
	24: if T-12,if VSf1ll-t-iSta 31 25, if T=~3;if VS[2JI·1·i910 31 
	26: if T-14;if vtr3ll·t-;gto 31 
	27. 
	27. 
	27. 
	if Tc15s1f V$[4J#·1a'9to 31 

	28. 
	28. 
	if Ta 16,if V$rS]I·t·1gto 31 29, if T-17jif VSf6]I·t·J9to 31 


	30: Jrnp 2 
	31. 
	31. 
	31. 
	·E~PTV FILE-}N$[TJ,for I s 1 to 600;O}C[I]sn~xt IJ9t~ 57 

	32. 
	32. 
	MS}HS£T)1)len(Mt)] 


	33: drive 0 
	34. 
	34. 
	34. 
	ssgn H$[Tl,i,O 

	35. 
	35. 
	!lreed 1 ~ OS 


	36. for K=l t~ 600;(itf(O$r2K-l~2Kl>/1COOO)Al~-6)E(K] 
	31. if Er~]<QsOlE[K] 38, next K 
	39. l}H 40, If T·~~O}E 41, if T-2J2}[ 
	42. 1f Tc 3s2}E 431 i~ T-4jO}E 
	44: If TsSsO}E 
	45. if T-6JO}E 
	46: if T-7;17}E 
	47. if T-Si13lE 
	48: if r-9,21}E 
	49. if T:al0j6}E' 501 if T=11~19}E 
	51. 1 f T"12 J 23}[ 
	52. if T-13J23}E 53& if r-14;23}E 
	54: for J~l+E to 600+Ejif I)~OOIE[600]}C[H];Jmp 2 
	& E[ I]}C(H] 
	55 

	56: H+1}H;next 
	57. 9'5b ·wrt­S9 a T,t:xt T 
	60. gsb ·mkf­
	61. ·prt-:ent ·Need Read' Prlntlng?·,Aiif f1913.gto +3 
	62. 9!1b wrew • 
	63. 
	63. 
	63. 
	9!1b -red· 

	64. 
	64. 
	dsr ·That'5 all for CHAS/MATS !-,end 

	65. 
	65. 
	-wrt·,wrl 704)-82000 W3 ­66, ~~d 7,·?UX-;fmt 1J~Jel0.3.for 1&1 to 600,wrt 731.1,C[lltnext Ilr~t 


	67. -mkf·,wrt 704,·V ·J~et 
	68. are~·rd5p • •• REWINDING... ·.wr~ 704,·Q ·I~et 
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	~g, ·r~d·Je"t -IBM TAPEI·,A 
	70. 
	70. 
	70. 
	ent ·~ATE·,CS 

	71. 
	71. 
	fmt ·--------------TAPE.)A,f13.0.3x~·CATE·,x~c20,·---------------.• 


	72. wrt 702,A,CS 7;]. wtb 702,10 74, fmt 
	75. wrt ......DATA . • 76r wtb 702,1fl 
	702,·..•.........•
	RECOVERING•....•••..••....•••••

	77. Zmt ·RUH#·,f5.0~4x,·DISK-RUH·,f2.0J·_·,c2JSx,~1S,3xJf4.1J·~/CMA:. 78, wrt 702,A[101,A[111,MS,BS,A[1J 
	79: ~nt ·ANY ~OTE·,G$ 
	80. 
	80. 
	80. 
	fmt ·HOTE:·,c30 

	81. 
	81. 
	wrt 702,6S 82a wtb 702,10 


	83: f~r Ka1to 1 
	84: for J=l to 17. 85a dsp •.. READIHG •• • ,H$[J~, FILE-JJ, •.•• ­.
	11 
	861 ~tb 702,10;wrt 7C4,·82~48 R3 • 
	87: fmt 2,z,fl0;for lsI to 600Jred 70S.2,B[Il,jnext 
	88. 1mt 89 I• Prt • IWr t 702,·r IlEI· ; J J• •JH$[ .J J 
	I ~lnt 
	90 

	91. wrt 7~2,·rir5t 50 points-
	92.for 1-1to50by5 
	93: fmt 702.3JB[!~JBrI+l],B(I+2],B[I+~],Brl.41 
	3,5@15.3Jwrt 

	94. next I 
	95. fa.t 
	96: wrt 70L t -Last 50 point~· 
	97. for 1=551 to 600 by 5 
	98. wrt 702.3,B[I],B[I+~]JB[I+2J78[I+3J,B['+4] 
	99. next I;next J 
	100: ~rt 704,·K1 ~;next Kj~tb 702JI0sret 7~·~U%­
	101, -'O·,wrt 704)-810 Wi ·jcmd 

	102. f~t 4,z,f10.0 
	103: wrt 731.4,Ar10]Jret 
	104. ·O-:for 1=1 to 600JO}C[IJ;next Isret -23972 
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	CHAS/SATS COMPUTER PROGRAM PARAMETER IDENTIFICATION 
	N---LENGTH OF TEST TIME M---DATA POINT E$-----USED NO OR NOX F$-----WHICH CONC. RANGE IS USED FOR NO OR NOX B$---SAMPLE NAME A$---DATE AC1]----HEAT FLUX (W/CM2)AC2]----SAMPLE AREA (IN2 M2)AC3]----AIR TEMPERATURE (c-.K)AC-4]---AIRFLOW RATE (FM-'CMM)AC-5]---SMOKE FILTER F.S. AC-6]--­AC-7]---INITIAL MASS (GM)AC-8]---DMV/100GM MLU SENSITY AC-9]--­
	AC-10]--RUN NUMBER AC-ll]--DISK NUMBER Z[l]---Z[lO] -------BASELINE MV OUTPUT FROM CHANNEL 1 TO 10 
	DATA FILE CONTENT 
	FILE 1--+10 RESERVE FOR MV DATA 
	FILE 16 SMOKE FILE 17 MASS REMAINING FILE 18 MASS LOSS RATE FILE 19 HEAT R. R. (T.C)FILE 20 AIR TEMP. FILE 21 SAMPLE TEMP. FILE 22 CO FILE 23 C02 FILE 24 02 FILE 25 HCN FILE 26 HC FILE 27 NO-NOX FILE 28 HEAT R. R. (02 )
	FILE 29 HCL FILE 30 HF FILE 31 RCHO 
	COMPUTER SELECT CODE IDENTIFICATIO.N 
	702---------7245A PLOTTER PRINTER 704---------DYLON 1015A 708---------59309 HP-18 DIGITAL CLOCK 709---------3495A SCANNER 722---------3455A DIGITAL VOLTMETER 
	-179~ 
	TABLE A-l CHAS PARTS LIST 
	... Subst1 tut10n not reconmendedMay be substi tuted for wi th item of equal or better perfonnance 
	** 

	PART 
	PART 
	PART 
	SUBSTITUTIOt 
	MANUFACTURER 

	1 
	1 
	-HRR CALORIMETER Incl. Thenmop11e. Air System. Smoke Meter. & D1ff. Press. Orifice 
	* 
	Karl1s 5vanks Co. 67 East 9th Avenue Coluni>u5. OHIO 

	1 
	1 
	-HRR HOLD CHRtBER EXTENSI~ WeT 
	** 
	Make in-house or subcontract 

	5 
	5 
	-MODIFIED SAMPLE HOLDERS. 10· x 10· 
	** 
	Make in-house or subcontract 

	I ...... OJ 0 I 
	I ...... OJ 0 I 
	1 -MASS LOSS TRANSOOCER MlT ACCESSORIES -INSULATED AIR COOLING BOX INNER MD OOTER r«>uNTING TUBES MD FITTINGS 
	* ** 
	West Coast Research Corp. 2301 Purdue Avenue Los Angeles, CA ~4 Make in-house or subcontract 

	TR
	4.-GLOBAR RADIANT HEAT ELEMENTS -MATCHED RESISTANCE 
	* 
	Carborondllll Company 

	TR
	, 
	-
	POWERSTAT VARIABLE TRANSFOROMER 12.5 kYA, 0-270 VAC 
	** 
	Superior Electric Co. 

	TR
	1 
	-DC POWER SUPPLY HP-6256B, a-1OV 
	** 
	Hewlett-Packard Co. 

	TR
	2 
	-Radiometers 
	* 
	Hy-Ca1 Eng1neer'ing Co. 12105. los Nietos Rd. Santa Fe Springs. CA 


	0" 
	.~ 
	TABLE A-l (Cont1d) 
	SUBSTITUTI~. MMUFACTURER 
	PART 

	11 -NEUTRAL MNSITY FILTERS. Melles-Gnot
	** 
	0.1 to 1.5 O.D. Irvine. CA 2 • DUAL CHANNEL -Gould. Inc. Inst~nts Div• 
	.. 

	Potentta.etrtc Recorders 3631 Pert1ns Avenue Model 110 el••l..d. Ohio 44114 
	1-OXYGEN DITOR. Tel.~ Analytical Instr. 
	** 
	, . MOIEL 32M 333 west Mf 5S1on Drt we ---. Sin Glbrte1. CA 91776 
	1 -OXYGEN ANALYZER. Infrared Industries 
	** 
	MODEL IR-2100. Santa Barbara, CA 
	1 -NEUTRAL OPTICAL Make 1n-house or subcontract 
	... 

	FILTER HEL 
	1 -CDIIUSTIBLE GAS OITOR -Tel.'" 
	I. 
	... 

	...... IGDEL 175 
	co 
	-.I 
	I '1 -CO MAl-YZER LIRA. ~3. Mine Sifety App11ancas Co• Ptttsburg• PA 
	... 

	1• ~ MALYZER NIR MOIEL 864 Becblln Inst".nts Co• 
	... 

	Fu11ertan. CA 1 • Hat .OITOR (DOW) K1n-Tet Laboratorte.
	* 
	Tex.s ctty. TE 1 • Hat PEAMEATIC* K1n-Tet Labs.
	** 
	CALIBRATION INSTR. 1 -NOANALYZER MODEL 10AR Thennoelectron Corp.
	x.* 
	Env1ron1entll Instrulents Dfv. 108 South Street Hopkinton. MA 01748 
	1 • CALQJLATORIDATA *. Hewlett Packard Co. 
	AOQUISITI~/PLOTTER SYSTEM ­
	20 CHANNEL MODEL 3052A 1 -PLOTTER PRINTER * Hewlett Pickard Co. 
	MQII:L 7245A 
	TABLE A-l 
	TABLE A-l 
	TABLE A-l 
	(Cont'd) 

	PART 
	PART 
	SUBSTITUTION 
	MANUFACTURER 

	1 -FORMATTER/IBH TAPE SYSTEM MODEL lO15A 
	1 -FORMATTER/IBH TAPE SYSTEM MODEL lO15A 
	* 
	The Dylon Corporation3610 Ruffin Road San Diego. CA 

	1 -SPECIFIC lON MICRO­PROCESSOR -MODEL 901 
	1 -SPECIFIC lON MICRO­PROCESSOR -MODEL 901 
	* 
	Orion Resea rch 

	4 
	4 
	-SPECIFIC 10M & REF. JUNCTION ELECTRODES F. el. REF, DOUBLE JUNCTI~ 
	* 
	OM on 
	Research 

	2 -TFE DIAPHRAGM AIR PUMPS -MOD. 107CA18TFE 
	2 -TFE DIAPHRAGM AIR PUMPS -MOD. 107CA18TFE 
	* 
	Thomas Industries. Inc. 

	I --I co N, 
	I --I co N, 
	2 -ELECTRONIC TC-ICE REFERENCE UNITS MODEL MCJ 1 -LABORATORY CHRONOMETER KWIK-set 
	** ** 
	OInega Engineering, Inc. Box 4047 Stamford, C~N 06907 Lib. -Line Instruments. Inc. 

	TR
	FLOWtETERS 

	TR
	. 1 
	-
	448 
	-
	100 
	** 
	Fischer & Porter Co• 

	TR
	3 -448 
	-
	215 
	** 
	Fischer I 
	Porter Co. 

	TR
	1 -448 -309 1 -YFB -65 1 -RMC -104 1 -WET TEST METER 0.25 Cu.Ft./Rev. 2 -FILTER HOLDERS, 47 "1 Cat. Log. 2220 1 -DIFFERENTIAL PRESSURE GAGE, MODEL 2015. 0-15 PSI 
	** ** ** ** .. ** 
	Fischer' Porter Co. Dwyer Instruments, Inc. Michigan City, Indiana Dwyer Instruments, Inc. Any scientific su~ply house Gelman Instrument Co. Dwyer Instruments, Inc. 


	Table
	TR
	TABLE 
	A-l 
	(Cant'd) 

	PART 
	PART 
	SUBSTITUTI (It 
	HMU FACTURER 

	1 -ROLL. TWISTED PAIR SHIELIED WIRE 
	1 -ROLL. TWISTED PAIR SHIELIED WIRE 
	* 
	Electrtcal supply house 

	20 ".. HEAVY WALL. 3/8­TFE TUBING 
	20 ".. HEAVY WALL. 3/8­TFE TUBING 
	* 
	CIIIIIi cil supply house 

	20 n., HEAVY WALL, 1./4­TFE TUBING 2 -VARIMLE TRMSFc.ERS 0-120 VAC 
	20 n., HEAVY WALL, 1./4­TFE TUBING 2 -VARIMLE TRMSFc.ERS 0-120 VAC 
	* . • 
	CIIIIItcll supply house a-tcll supp'ly house 

	10 
	10 
	-DATA TAPES, HP-9825A 
	* 
	Hewlett Plckarel 

	6 
	6 
	-ROLLS, PLOTTER· PRINTER PAPER' FOR HP 7245A. 
	* 
	Hewlett· Pickard 

	100 
	100 
	-
	PLASTIPAK SYRINGES 50.•1. BD 15663 
	* 
	Becton 
	-Dickinson 

	I --' ex> w I 
	I --' ex> w I 
	100 -SYRINGE NEEDLES: 80..5196 1 -TFE SMOKE FILTER HOUSING W/FlnINGS 1 -501-25 tip w/1/4· nut 1 -501-37 cap w/3/S-nut 3 -Slv-ents. 1504 2 -Connectors, 1502 
	** ** 
	Becton -Dtckinson Savillex Corporation 5325 Hi pay 101,Mtnnetonka, MINN 55343 

	TR
	MISCELLMEOUS 

	TR
	S~.gelok Fittings SS &Copper TubingChelateals DurabGird (Cirborundulll)DuPont LucIDa, HS-40 Glass Tubing Rubber Tubing TY90n TubingValves, Flow Control, 1/4M Valves, Ball, 3/8­Filters 
	** 
	Various supplters 


	TABLE A-l (Cone'd). PART SUBSTITUTIOO MANUFACTURER. 
	3 
	3 
	3 
	-HCN PERMEATltw CALIBRATION TUBES 
	** 
	Hetron1cs 2991 Corvin Drive Santa Clara. CA 95051 

	6 
	6 
	-SPAN GAS MIXTURES, MAlYZED 
	** 
	Matheson 

	5 -2 STAGE PRESS. REGULATORS 3104-350 
	5 -2 STAGE PRESS. REGULATORS 3104-350 
	** 
	Matheson 

	1 
	1 
	-2 STAGE PRESS. REQJLATOR 380-660 
	** 
	Matheson 

	I -....& co ' ~ I 
	I -....& co ' ~ I 
	4 -PURE GASES IN STD CYLINDERS AIR, "2' CO, CO2 
	** 
	Matheson 

	TR
	1 1 
	-2 STAGE PRESS. REG. 8-320. CO2 -2 STAGE REG.. CO, 8-350 
	** ** 
	Matheson Matheson 

	TR
	. 1 
	-2 STAGE 8-580 
	REG.. "2 
	** 
	Matheson 

	TR
	1 -2 STAGE REG., AIR 8-590 
	** 
	.Matheson 


	APPENDIX B. 
	This Appendix provides additional data for the personnel hazard limit concept. 
	1.. Five minute (HL)5 curves for fire gases. 
	2.. Modifications of the Peterson and Stewart Co. (Carbon Monoxide) hazard equation to form compared with CHI Program Hazard Limit Curve. 
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	DERIVATION OF MODIFIED PETERSON AND STEWART HAZARD LIMIT EXPRESSION FOR HUMAN 
	EXPOSURE TO CARBON MONOXIDE IN AIR 
	The Peterson and Stewart equation developed to relate the quantity of CO buildup in the blood versus the concentration of CO and the breathing rate is: 
	% COHb/liter = ~% carboxyhemoglobin increase in blood per liter of contaminated air breathed. 
	The equation recommended (Reference 22 ) is: log ( ~ %COHb/liter) = 1.036 log (ppm CO) -4.4793 Simplifying: %COHb/liter = 10.log(ppm CO) -4.4793 XV (liter/min) 
	1
	036 

	Where:. v = Hurran Lung ventilation rate at various levels of activity:. v = 6 liters/min at rest. 
	= 9.5 liters/min light activity. = 18.0 liters/min light work. = 30.0 liters/min heavy work. 
	To modify the above equation to the hyperbolic form used in the CHI program: Ti sec = K (ppm-sec)
	ppn Co K was, by definition, related to a concentration of COHb shown to be related to collapse, i.e.,: % COHb at Ti = 46.5% COHb saturation in the blood Then 
	46.5
	Ti (mi n) = 
	(10) 1.036 log (ppm CO) -4.4793 x V 


	46.5 x 60
	46.5 x 60
	Ti (sec) = 
	(10) 1.036 log (ppm CO) -4.4793 x V 
	8.406 x 107 
	8.406 x 107 
	= 
	(10.864) log (ppm CO) x V 
	A plot of this relationship is shown in the Part I CHI report. 
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	APPENDIX C. 
	FORTRAN FIRE ANALYSIS COMPUTER PROGRAM (FACP) 
	This Appendix contains additional information lrelated to the FACP and its development. 
	I. CHI FACP SMOKE EMISSION RATE ALGORITHM 
	II. WATER (STEAM) GENERATION ALGORITHM 
	III. GAS CONSTANTS USED IN P"ROGRAM 
	IV. 
	IV. 
	IV. 
	IBM TAPE/TEST MATERIAL IDENTIFICATION 

	V. 
	V. 
	REPRESENTATIVE FACP PRINTOUTS 


	CHI FACP SMOKE EMISSION RATE FORMULATION 
	of smoke in a layer or through some viewing distance relates this quantity to optical transmission or density: 
	The conventional method for expressing a "concentration 
	ll 

	0
	0.0. = 10910 ( 1~() ) = 10910 (11) = SLK. (C-l) 
	Where: 
	0.0. = Optica1 Densi tjl T = Percent Light Transmission through Pathlength L Meters 1/1 = Ratio of the initial light intensity to the intensity over 
	0 

	path length 
	= Proportionality constant, similar to the extinction coefficient, which may be interpreted as the optical cross section of a smoke IIparticle" = 1 m~/SMOKE. 
	K.

	S =. SMOKE concentration in "particles" per cubic volume. 
	Smoke is measured in the OSU HRR calorimeter using a photometer at the stack 
	outlet. The photometer is calibrated and measures the dynamic 'changes in 
	optical density of smoke concentrations flowing through its optical viewing
	path. The formulation employed in the CHI computer program uses the same 
	emission rate calculation as currently proposed by Smith (Reference 1). As 
	output in the CHAS measurements, the concentration of SMOKE is calculated as 
	the "particles" emitted per cubic meter over a pathlength of 1 meter per 
	minute per mof test sample. A concentration in terms of "particle" of 
	2 

	smoke (SRR unit) is defined as the quantity contained in one cubic meter of 
	volume which will reduce the light transmission over 1 meter path to 10%. 
	-1 93­
	Based on equation C-l, the value of Kthen is: 
	100
	K = 10910 lC) = 1 (C-2) 
	when 5 is expressed in units of "particles" per cubic meter. The light transmission T, then can be related to the smoke concentration by substitution in (C-l): 
	100) (C-3)
	109,0 -r-= SLK
	( 
	and solving for T 
	100
	T = (C-4)
	lOSLK 
	This states that the percent transmission for a concentration of one smoke 
	per mviewed over a 1-meter t)athlength (5RR unit) would equal
	"particle
	ll 
	3 

	10% (5 = 1, L = 1). Two particles per mwould give a transmission of 100 
	3 

	(0.1)2 or 1%; three particles per mwould give 100 (0.1)3 or 0.001%, 
	3 

	etc. 
	The instantaneous SMOKE emission values output by the CHAS are input by means of the IBM tape to the FACP as particles per second, SIN, entering each of the 18 zones in the CFS (Figure 29) or as a well mixed concentration in the total CFS volume (single zone program). An additional assumption is that the flow of smoke is proportional to the total gas mixture volume flow rate. The smoke data from CHAS is calcMlated per mof snl0ke whereas the panels burned in the CFS were 24 ft(2.2 m£) so that: 
	2 
	2 

	CHAS SSU AP
	x (C-5)
	SIN (I) = min m2 
	60 sec/min Where 
	CHAS SSU = Standard SMOKE units measured instantaneously by CHAS 
	2
	AP = Area of Panel, mSIN(I) = Instantaneous SMOKE IIparticles" per second into a zone per panel. 
	Figure
	\\ '/ 
	L.
	PARTICLES
	S[I] 
	• GASES + SMOKE OUT
	FT3 
	CFS OR CFS ZONE 
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	SIN(I) flow in "particles" per second enters the CFS or any zone in the CFS 
	(per 20 zone FACP). Assuming that the smoke is nearly equivalent to the total mixture weight flow, WM, divided by the mixture density, RHO. The conservation equation describing the flow of SMOKE in terms of particles/ftfor each instant of time into and out of a zone or the CFS as indicated in the above diagram is: 
	3 

	WM WM -SOUT :: 51 IN)-52( OUT ) (C-6)
	IN 
	5

	( RHO RHO
	OUT

	IN 
	Based on the area of material, AP, emitting smoke into a volume, V of the CFS or a CFS zone, the equation for the rate of change of smoke concentration with time can be written: 
	d5 [I] = (SIN -Sour) x AP (C-7) dt V 
	= "Particles" of SMOKE (Panel) Volume of Compartment 
	The subroutine FLODYN (Figure 29) calculates the S(I) out of the compartment. 
	The DIFFEQ SBR numerically integrates the difference equation, (C-6), and 
	calculates the net rate of increase or decrease of smoke "particles" per 
	second in the compartment. Integration of djfferential equation (C-7) by the 
	RUNGKU SBR gives the S(I) IIparticles" per ft after conversion to English 
	units, and calculates thr quantity of smoke in terms of transmittance over a 
	burn time., . 
	T 
	= 
	(C-8)
	100 (SRR x 0.305). 10 ·02832. 
	SBR ESTI then calculates the "Fractional Dose" in the Fortran Program using 
	Allard's Law, q,i.v. 
	The FD limit for smoke is limited in the calculations and plotting of the FD 
	curve of smoke to 0.4 based on the discussion presented in the Part 1 report. 
	STEAM GENERATION 
	The computer program calculates the ppm concentration of each gas in terms· of the partial pressure ratio of each (ith) principal combustion product to the total partial pressure sum of the air and the measured gases in the mixture (Dalton's Law). Since each test panel was composed of a variety of organic and inorganic (nonburning) materials, many organic chemical compounds are generated by thermal decomposition during burn tests. These compounds are constituted from differing quantities of the elements car
	-195­
	Thermal decomposition also produces carbon which can burn to produce CO or C02 depending on the temperature and the availability of oxygen. Smaller 
	amounts of hlgher molecular weight (liquid) organic products of combustion may be generated as aerosol particles which are filtered out in the CHAS filters during a test run and are not therefore measured by the hydrocarbon analyzer. 
	The chemical equation for the combustion of a hydrocarbon fuel is: 
	en H+ x [A(02) + B (N2) + C (C02) + h (H20)] = 
	m 

	Pl (C02) + P2 (N2) + P3 (02) + P4 (H20) + Ps (CO 
	+ P6 (CxH) + P7 (NO....Pi (G) 
	y

	Where: 
	X = moles of dry air/mole of hydrocarbon 
	A = mole fraction of Oin inlet air, 0.2095 
	2 

	B = mole fraction of N2 (and argon) in inlet air, 0.79 
	C = mole fraction of C02 in inlet air, 0.00032 
	h = mole fraction of H20 in inlet air 
	Pl-P7 = partial pressures of gas products 
	n,m,x,y = carbon and hydrogen atoms in fuel and unburned hydrocarbons 
	In this equation, the dry air input to the CHAS was relatively dry, so 
	humidity was neglected, and 
	Air =A + B + C=1 
	The molecular weight for dry air used in the FACP was 28.9. The molecular 
	formulas of the unburned hydrocarbons, CxH, and any oxygenated varieties 
	y

	in the combustion products were not known. The composition of the unburned 
	hydrocarbons in the product mixture also was not known, so a simplified 
	calculation of the water (steam) generated as a major product was estimated 
	and added to the other gases to calculate the total pressure. 
	Carbon burns to produce: 
	O+ 2C = 2 CO (C-10) 
	2 

	or 
	(C-ll) 
	The CHx analyzer used in CHAS was assumed to measure the carbon number of 
	unburned hydrocarbons in terms of methane, CH4 (carbon/hydrogen ratio = 4 to 
	1), which when burned gives: 
	1), which when burned gives: 
	(C-12) 

	Subtracting (C-10) from (C-ll) gives: 
	02 =2 C02 -2 CO (C-13) 
	-196­
	and adding (C-12) and (C-13) gives: 3 O+ CH4=3C02 +2H20-2 CO .(C-14) 
	2 

	Rearanging to obtain H20: 2 H0 =3 O+ CH+ 2CO-3 COH0 =3/2 02 + 1/2 CH4 + CO -3/2 C02 (C-15) 
	2
	2 
	4 
	2 
	2

	The CHAS monitors measure oxygen depletion, and the concentration of CH4' CO, and COZ in real time. The other gases and products (not measured) were neglected 1n the FACP calculation for water (steam). 
	The gas constants input as independant variables in the FACP are listed in Table C-l. TABLE C-l GAS CONSTANTS USED IN FACP FACP GAS MOL. NO. FORUMLA WT. Cp R' AMAX * 
	GAS CONSTANTS USED IN FACP 

	1 O32 0.217 48.3 1 2 N28 0.247 55.2 1 3 CO44 0.205 35. 1 4500 4 CO 28 0.243 55.2 144 5 NO 30 0.24 51.5 14.4 6 HCN 27 0.24 57.2 2.88 7 HF 20 0.335 77.2 8.64 8 HCl 36.5 0.185 42.3 1.5 9 RCHO (HCHO) 30 0.. 24 51.5 3.0 10 CHx (CH) 16 0.525 96.0 1 
	2 
	2 
	2 
	4

	*. AMAX = K value limit established by hazard limit analyses and used to calculate the FD's and CHI values, %sec R' = Universal gas constant/M.W. of gas, lb ft/lb oR Cp = Heat capacity at constant pressure, Btu/lb OR 
	IBM TAPE IDENTIFICATION The data from the CHAS runs transferred to IBM 7-inch tape are identified for reference purposes in Table C-2. 
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	TABLE C-2. IBM TAPE/TEST MATERIAL IDENTIFICATION. 
	HEAT FLUX 
	HEAT FLUX 
	HEAT FLUX 
	PANEL MATERIAL &TAPE NUMBER 

	BTU/FT2 SEC 
	BTU/FT2 SEC 
	W/CM2 
	1 
	2 
	3 
	4 

	2.2 3.08 4.41 
	2.2 3.08 4.41 
	2.5 3.5 5.0 
	--BA 484 
	BA 482 SA 476 SA 474 
	BA 475 SA 478 BA 483 
	BA 479 BA 480 BA 477 


	" 
	REPRESENTIVE FACP PRINTOUTS -SINGLE AND 20 ZONE PROGRAMS 
	The FACP prints out various hazard concentrations changes in rate of surface temperatures, fractional doses and CHI (escape time) values at 5 second intervals. 
	The 20 zone program was formatted to print out all parameters at the time the summation of all FDl s = 1. 
	The single zone program prints out values only at 5 second intervals or other intervals, if required. 
	Tables C-3 ad C-4 show FACP 20 zone printouts for Panel 4 run at 4.41 Btu/ftsec heat flux; Tables C-5 is representative of FACP single zone printouts for the same material heat flux. It should be noted that the 20 zone printout has been formatted with 10 zone columns of output data per page while the single zone program prints the output data serially in separate 5-sec data blocks for each parameter in a column. 
	2 

	The abbreviations used in these printouts are identified as follows: 
	CHI = Summation of all hazards FDls Flow = Gas and smoke flow, lb/sec Wall Temp = CFS wall temperature, OF Air Temp = CFS air temperature, of OTA/DT = Rate of change of air temperature SMOKE FD = SMOKE Fractional Dose 
	= Oxygen partial pressure, ppm
	p 

	°2 
	N2 P = Nitrogen partial pressure, ppm C02 P = Carbon dioxide partial pressure, ppm C02 FD = Carbon dioxide fractional dose CO P = Carbon monoxide partial pressure, ppm 0 = Water (steam) partial pressure, ppm etc. SMOKE or = Smoke transmittance, %T/100 TRANS 
	H2
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	TABLE C-3 20 ZONE FACP PRINTOUT OF DATA FOR PANEL 4 MATERIAL AT 4.41 BTU/FTSEC 
	2 

	1JME = 25.0 SEC. llJNE 1 23 4. 
	56 7 P 910 CHI (' .136 9.610 0.194 6.201 
	2.269 1.991 1.746 0.938 2.317 2.522 TuT PRE 55 1.,.918 16.375 15.44~ 15.3B9 15.303 
	15.321 15.326 15.265 15.221 15.216 
	FLOW C.618 0.707 0.210 1).770 0.0 0.257 0.0 0.639 0.441 0.128 WALL fE MP 00.000 HO.{'OC 10.990 
	11.004 70.987 70.986 71.001 70.9A6 70.985 71.009 
	11.004 70.987 70.986 71.001 70.9A6 70.985 71.009 
	AIR TEMP 0.1170+03 O.l't6D+CJ 0.1270+03 0.1240+03 0.1150+03 0.1110+03 0.1110+03 0.1080+03 0.1010+03 O.1011J+03 uT, IUT 
	0.5150+01 O.1~OO+02 0.1010+03-0.1240+03 0.1190+03-0.4550+02 0.1520+03-0.1810+03-0.9260+02 0.2020+03 AIk FO 
	0.96~D-01 0.9670-01 0.9120-01 0.8970-01 0.8740-01 0.8590-01 0.8620-01 O.84AO-Ol 0.8180-01 0.8250-01 TRA"6 O.I'lGD+01 0.1120-01 0.6060-05 O.2ZQO-04 0.2520-06 0.1190+00 0.1660+00 0.1180+00 0.6470-01 0.4600-01 SMUKE FO 0.4000-01 0.4UOO+00 O.4~OO+00 0.4000+00 0.4000+00 0.4000+00 0.4000+00 0.4000+00 0.4000+00 0.4000+00 02 P O.210~+06 0.1510+06 0.1620+06 0.1620+06 0.1900+06 0.1930+06 0.1950+06 0.2040+06 0.1900+06 0.1880+0& r~2 O.19CD+06 0.1900+06 0.7960+06 0.7960+06 0.1950+06 O.7940+Ob 0.1940+06 0.7920+06 0.7950+
	p 
	C02 P 0.153U-05 0.247u+05 0.1610+05 0.1620+05 0.4880+04 0.4000+04 0.3570+04 0.1070+04 0.4920+04 0.5630+04 C02 FO 0.2270-11 O.411[)-02 0.2250-02 0.2270-02 0.5060-03 0.4090-03 0.3550-03 0.9280-04 0.5140-03 0.6020-03 
	I --' 
	CO P O.22UO-U6 0.1020+05 0.b210+04 0.6250+04 0.1670+04 0.1350+04 0.1220+04 0.3240+03 0.1660+04 0.1960+04 
	\D \D 
	CO FO 0.1060-10 0.5170-01 0.2290-01 0.2310-01 0.4640-02 0.3110-02 0.3260-02 0.7610-03 0.4700-02 0.5580-02 
	I 

	ti20 P O.919D-02 O.1b60+04 0.2090+04 0.2080+04 0.1490+04 0.1360+04 0.1170+04 0.6380+03 0.1530+04 0.1560+04 HeN JJAR' PRE·.)$ 0.1·J9LJ-08 0.6'100+01 0.2310+01 0.2330+01 0.3960+00 0.3190+00 0.2870+00 0.1340-01 0.398D+00 0.4700+00 . HeN "U 0.431U-11 0.7880-03 0.2750-03 0.2770-03 0.5140-04 0.4740-04 0.4050-04 0.1220-04 0.5880-04 0.6750-04 NO PAR lPKESS 0.187U-06 0.6940+03 0.555D+03 0.5570+03 0.2100+03 0.1760+03 0.1560+03 0.5440+02 0.2120+03 0.2370+03 NO fD O.86bU-IO O.b070-01 0.3290-01 0.3310-01 0.8410-02 0.087
	FORMALDEHY0 ..:PR~ 55 0.213U-06 0.355D+02 0.3270+02 0.3280+02 0.159D+02 0.1380+02 0.1210+02 0.5330+01 0.1620+02 0.1140+02 
	. FUR Mt LOE tty lJ: F II O.474LJ-tl9 O.22liO-Ol 0.1410-01 0.1410-01 0.4350-02 0.3670-02 0.3070-02 0.1100-02 0.4480-02 0.4980-02 JOT HYLJR ue U~JPKE SS 0.5340-06 0.129U+05 0.803D+04 0.808D+04 0.2230+04 0.1810+04 0.1630+04 0.4470+03 0.2250+04 0.2600+04 1uT HY[JR OCCi~ FU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
	tit-PARToRE~ O.lQ3U-04 0.3390+04 0.3240+04 O.3~~O+04 0.161D+04 0.1400+04 0.1220+04 O.540P~~3 ~.164D+04 0.1750+04 
	HFFl) o .149U-~)7 O."1<J6[l+OO O.494D+()O 0 .4~)+OO 0.1530+00 O.129D+00 O. 1080+00 O.384U-ol 0.1570+00 0.1750+00 
	TABLE C-3 (Cont'd) 
	TABLE C-3 (Cont'd) 
	TABLE C-3 (Cont'd) 

	25.0 SEC 
	25.0 SEC 
	CHI ZONE 
	(Zone 13) 

	(Cant'd) 
	(Cant'd) 
	lO NE 
	1 1 
	12 
	13 / 
	14 
	15 
	16 
	17 
	18 
	19 
	20 

	TR
	CHI 
	1.032 
	0.609 
	0.611 
	0.411 
	O.bOO 
	0.116 
	C.l5l 
	0.193 
	0.199 
	0.116 

	TuT 
	TuT 
	PKESS 
	1~.lb5 
	15.231 
	15.185 
	15.238 
	15.094 
	14.644 
	15.085 
	15.124 
	15.113 
	15.125 

	TR
	rLOW 
	0.622 
	0.050 
	0.736 
	0.0 
	0.111 
	1.419 
	0.102 
	0.213 
	0.105 
	0.491 

	WALL 
	WALL 
	TEMP 
	70.0~2 
	10.042 
	10.102 
	70.041 
	10.035 
	10.012 
	10.035 
	70.035 
	7C.072 
	10.035 

	AIR 
	AIR 
	TEMP 
	0.9940.02 
	0.9920+02 O.9A4D+02 
	0.9910+02 
	0.9300+02 0.9170+02 
	0.928U+02 
	0.9220+02 
	0.926D+J2 
	Q.92uD+Q2 

	OTA/DT 
	OTA/DT 
	-0.17&0+03 
	0.114U+03-0.2230...03 
	0.3250+03 0.6550+02-0.5740+03 
	0.7300"'02-0.4500+02 
	O.1040 ..03-<J.132u+C3 

	Al~ 
	Al~ 
	FU 
	O.811u-Ol 
	O.u180-01 
	0.8100-01 
	0.8240-01 
	0.7150-01 
	0.1540-01 
	0.7760-01 
	0.1110-01 
	0.7820-01 
	O.776U-~1 

	TRA~ 
	TRA~ 
	0.9200-01 
	0.1040+00 0.6920+00 
	0.6090+00 0.0960+00 0.583D+00 
	0.1730+00 
	0.9100+00 
	0.964D+00 
	O.9lbu+~u 

	SMOKE 
	SMOKE 
	FU 
	0.400U+00 
	O.104lJ+OO 
	0.1080+01) 
	0.1410+00 
	0.1060+00 0.1530+00 
	0.8320-U1 
	u.441D-01 
	0.4490-01 C.508[)-(jl 

	t~ 
	t~ 
	RAD 
	0 .0 
	0 • () 
	0 .0 
	0 • 0 
	0 • 0 
	0 • 0 
	O. 0 
	0 • 0 
	0 • 0 
	0 • U 

	02 
	02 
	P 
	0.203U+06 
	0.204D+06 0.2050+06 
	0.2070+06 
	0.2050+06 0.2040+06 
	0.2090+06 0.2090+06 
	0.2090+06 
	0.2090+00 

	N2 
	N2 
	P 
	0.1920+06 
	0.792D+06 
	0.7920+06 
	0.7910+06 0.7920+06 0.7920+06 
	0.7900+0b 
	0.7900+06 
	0.1900+06 0.7900+00 

	I 
	I 

	N' 0 1 
	N' 0 1 
	C02 P 
	O.12bD+04 
	0.1000+04 0.9910+03 
	0.3670+03 0.9910+03 
	0.1270+04 
	0.1940+03 
	0.1490+03 
	0.1540+03 
	0.84~D+u2 

	0' I 
	0' I 
	CUl 
	FU 
	0.1140-u3 
	O.04Bu-04 0.8700-04 
	0.2990-04 
	0.8540-04 0.114D-03 
	0.1430-04 0.1010-04 0.1160-04 O.5990-U5 

	TR
	CO 
	P 
	O.386D+O~ 
	O.~02D+03 
	0.3040+03 
	0.1010+03 
	0.3040+03 0.4060+03 
	0.5280+02 0.3970+02 
	0.4150+02 
	O.207u+02 

	TR
	CO 
	FD 
	0.939D-03 
	0.6930-03 0.7170-03 
	0.2230-03 
	0.1020-03 0.9610-03 
	0.106D-03 
	0.1810-04 
	0.8510-04 O.405W-U4 

	TR
	H20 P 
	O.130u+03 
	O.b~5U+03 0.5930+03 
	O.342D"'0~ 
	0.5960+03 0.583D+03 
	0.1920+03 
	0.1610+03 
	0.1590+03 
	O.121L+~3 

	TR
	HeN 
	PARrPRE~' 
	0.8050-01 
	O.b9tlU-Ol 
	0.6880-01 
	0.2780-01 
	0.6690-01 0.8730-01 
	0.1510-01 
	0.121D-Ol 
	0.1220-01 
	0.7940-02 

	TR
	HeN 
	fD 
	0.1490-04 0.113D-04 
	0.1140-04 
	0.4"140-05 
	0.1120-04 0.1380-04 
	0.2300-05 
	0.1190-05 
	0.1900-05 0.1170-(;5 

	TR
	Nu 
	PARIPRt::.s 
	0.642D+02 
	0.516U+02 
	O.507()+02 
	0.2090+()t! 
	0.5090+02 
	0.6010+02 
	0.1120+02 
	0.8610+01 
	0.8870+01 
	O.52/tu+Ol 

	TR
	NU 
	FO 
	0.2100-02 
	O.151U-02 0.1600-02 
	0.5910-03 0.1510-02 0.2030-02 
	0.2830-03 
	0.2130-03 
	0.2290-03 
	O.ll4~-C3 

	TR
	t~LL 
	PARIPRE~S 
	O.114u+04 
	0.9570+03 0.9110+03 
	0.4650+03 0.9160+03 0.9720+03 
	0.256D+03 
	0.2080+03 
	0.2080+03 0.1470+03 

	TR
	hCl 
	FD 
	O.49~U+OO 
	O.3B4u+OO 
	0.3020+00 
	0.1710+00 
	0.3770+00 0.4420+00 
	0.8290-01 
	0.6490-01 
	0.6890-01 
	0.4340-01 

	TR
	fUkMALOEHYULPR~~ 
	L.6110+01 
	0.5190+01 
	0.495D+Ol 
	0.2490+01 
	O.49~D+Ol. 0.5330+01 
	0.1310+01 
	0.1110+01 
	0.111D+01 
	O.78LD+~G 

	TR
	FOKMALOEHYD~ fO 
	O.133U-U2 
	0.1020-02 0.1020-02 
	0.4520-03 0.1010-02 0.1180-02 
	0.2190-03 
	0.1720-03 
	0.1620-03 0.1140-03 

	TR
	lOT 
	HYURUCBNPR[~ 
	O.532U+03 
	O.~18D+03 v.420D+03 
	O.~44D+03 
	0.4190+03 0.5520+03 
	0.1540+02 
	0.5110+02 
	0.5940+02 
	O.30)D+v2 

	TR
	TOT 
	~tVDROCljN 
	FJ 
	0.0 
	0.0 
	0.0. 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	TR
	Hf 
	PARfPRESS 
	O.bl1D+03 
	O.~~bU+03 
	0.S020+03 
	O.2~~O+03 0.504D+03 0.5400+03 
	0.1390+03 
	0.1120·03 0.1130+03 
	0.7850+(, 

	TR
	hF 
	FO-
	O.467u-Ol 
	O.35UD-Ol 
	0.3510-01 
	o.1·:r~b-01 
	0.3520-01 
	0.4150-01 
	O.164D-u2 
	O.591U 02 0.6340,...02f 
	0.390U-02 


	". 
	., 
	TABLE C-4 20 ZONE FACP PRINTOUT OF DATA FOR PANEL 4 MATERIAL AT 4.41 BTU/FTSEC 
	2 

	lIME 
	lIME 
	lIME 
	~f~.5 
	SEC 
	MOUT 
	= 
	22q.516 
	TMATL 
	= 
	991.577 
	QOOTMATl 
	= 
	233.642 
	WTMATL 
	= 
	229.516 

	lONE 
	lONE 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	CHI 
	CHI 
	0.154 
	11.092 
	7.686 
	1.693 
	3.113 
	2.732 
	2.401 
	1.263 
	3.166 
	3.415 

	Tta 
	Tta 
	PKESS 
	19.492 
	16.716 
	15.641 
	15.583 
	15.479 
	15.505 
	15.508 
	15.439 
	15.385 
	15.31& 

	fLOW 
	fLOW 
	0.641 
	0.745· 0.234 
	0.764 
	0.038 
	0.261 
	C.O 
	0.610 
	0.453 
	0.167 

	W~LL 
	W~LL 
	lEMP 
	540.000 
	540.000 
	530.137 
	530.763 
	530.132 
	530.131 
	530.751 
	530.730 
	530.129 
	'530.713 

	AIK 
	AIK 
	TEMP 
	C.b01U+03 
	U.641U+03 
	0.6190+03 
	0.6140+03 
	0.6000+03 0.5950+03 
	0.5930+03 
	0.5890+03 
	0.5780+03 
	0.5780+03 

	UTAIUT 
	UTAIUT 
	0.8040+01 
	0.1290+02 0.1050+03-0.1230+03 
	0.1120+03-0.4350+02 
	0.1570+03-0.1800+03-0.9390+02 
	0.2100+03 

	AIR FO 
	AIR FO 
	O.114U+~O· 
	0.1200+00 0.1110+00 
	O.I~90+00 0.1050+00 0.1030+00 
	0.1030+00 
	0.1010+00 
	0.9710-01 0.9790-01 

	TRA~~S 
	TRA~~S 
	(\.100D+01 
	0.4950-02 0.1860-05 
	0.1170-04 0.1430-01 0.3960-01 
	0.6720-01 
	0.3640-01 
	0.1640-01 0.1200-01 

	SM~~E 
	SM~~E 
	FD 
	0.4000-01 
	0.4000+00 0.4000+00 
	0.4000+00 
	0.4000+00 0.4000+00 
	0.4000+00 0.4000+00 0.4000+00 
	0.4000+00 

	Q 
	Q 
	Rt() 
	0.0 
	0.0 
	(\.(l 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	U2 
	U2 
	P 
	0.2100+06 
	0.1510+06 0.1510+06 
	0.1510+06 
	O.~830+06 0.1870+06 
	0.1890+06 0.2010+06 
	0.1830+06 0.1810+06 

	I 
	I 
	1~2 
	P 
	0.79(;0+0& 
	o. 1360+06 0.7920+06 
	0.1920+06 
	0.1940+06 0.7940+06 
	0.1940+06 0.7920+06 0.1940+06 
	0.7940+06 

	N a 
	N a 
	CUi 
	p 
	0.1200-05 
	0.271D"'05 O.203l)+05 
	0.2090+05 
	0.8110+04 0.6650+04 
	0.6010+04 0.2160+04 
	0.8030+04 0.8930+04 

	~ 
	~ 

	TR
	C02 FO 
	1).2310-11 
	0.6"130-02 0.3100-02 
	0.3720-02 0.1010-02 0.8200-03 
	0.7240-03 0.2.150-03 
	0.1010-02 0.1170-02 

	TR
	CU 
	P 
	0.1800-06 
	0.113U+05 O.R420+04 
	0.8450+04 0.3020+04 0.2450+04 
	0.2220+04 0.1320+03 
	0.2990+04 0.3370+04 

	TR
	CO 
	FD 
	0.1110-10 
	0.7020-01 0.4080-01 
	0.4100-01 
	0.1030-01 
	0.8280-02 
	0.7380-02 
	~.200D-02 
	0.1030-01 
	0.1200-01 

	TR
	U20 p 
	0.7710-02 
	O.147U+04 0.181D+04 
	0.1910+04 0.1510+04 0.1460+04 
	0.1290+04 0.8120+03 0.1590+04 0.1570+04 

	TR
	HeN 
	PARTPREJ~ 
	0.1480-09 
	0.1220+02 0.5900+01 
	0.5940+01 
	0.1280+01 
	0.9990+00 
	0.9120+00 
	0.2190+00 
	0.1260+01 
	0.1490+01 

	TR
	lieN 
	FD 
	t) .451D-11 
	O.191U-02 0.1610-03 
	0.7660-03 
	0.1510-03 0.1210-03 
	0.1080-03 0.2820-04 0.1520-03 O.178()-03 

	TR
	NO 
	PARJPR~~S 
	0.147D-06 
	0.0980+03 0.6210+03 
	0.6230+03 
	0.2980+03 0.2510+03 
	0.2250+03 
	0.9440+02 
	0.2960+03 0.3200+03 

	TR
	r~(j 
	FD 
	0.901U-10 
	O.J16U-01 
	0.4730-01 
	0.4750-01 
	0.1460-01 0.1200-01 
	0.105D-01 
	0.3500-02 
	0.1480-01 
	0.1670-01 

	TR
	hLL 
	PAR1~R[~S 
	O.3~70-04 
	O.5~2U"04 
	0.5520+04 
	0.5520+04 
	0.3460+04 0.3040+04 
	0.2710+04 0.1410+04 0.3460+04 0.3590+04 

	TR
	tiLL 
	FU 
	-­O.194D-Cb 
	0.9450.01 
	0.6440+01 
	0.6450+01 
	0.2350+01 
	0.2010+01 
	0.1710+01 
	O.6SQO+OO 
	0.2410+01 
	0.2630+01 

	TR
	FCJRMALOE ttYDL PRE S5 
	O.lb30-06 
	0.3420+02 0.3370+02 
	0.3370+02 
	0.1980+02 0.1730+02 
	0.1540+0.2 
	0.7810+01 
	0.1980+02 
	0.2070+02 

	TR
	FUKMALOEHYUL 
	Fu 
	O.4QbD-09 
	0.2690-01 
	O.lROO-01 
	0.1800-01 
	0.6440-02 0.5490-02 
	0.4680-02 C.1A6D-02 
	0.6580-02 0.7210-02 

	TR
	TOl 
	HVDRUC!3r~P!~E ~ 
	0.4200-06 
	0.1420+05 0.1010+05 
	0.1010+05 0.3940+04 0.3200+04 
	0.2900+04 
	O.97~0+03 0.3890+04 0.4370+04 

	TR
	TUT 
	HY[jR UCBN 
	FlJ 
	0.0 
	u.u 
	0.0 
	0.0 
	0.0 
	0.0 
	o.c 
	0.0 
	o~o 
	0.0 


	HF PAJ{ lPI~E ~S 0.1520-04 0.3150+04 O.325~+04 O.3?~D+04 0.1980+04 0.1730+04 0.1540+04 O.7BRO~03 0.1980+04 0.2060+04 n~ fl' \. 0.1560-01 O.~290+00 0.6210+00 O.b~+OO 0.2260+00 O.IQ2D+OO 0.1640+00 O.652~1 0.2310+00 0.2530+00 
	TABLE C-4 (Cont'd) 
	TABLE C-4 (Cont'd) 
	TABLE C-4 (Cont'd) 

	28.5 SEC 
	28.5 SEC 
	ZONE 
	11 
	12 
	1'3 
	14 
	15 
	16 
	11 
	18 
	19 
	20 

	(Cant I d) 
	(Cant I d) 
	Gil 
	1.395 
	1.021 
	1.002 
	0.715 
	1.002 
	1.171 
	0.426 
	0.288 
	0.293 
	0.259 

	TdT 
	TdT 
	PRE 55 
	15.333 
	15.402 
	15.350 
	15.405 
	15.225 
	14.661 
	15.220 
	15.269 
	15.251 
	15..218 

	TR
	FLOW 
	0.605 
	O.01t. 
	0.720 
	0.0 
	0.143 
	1.561 
	0.139 
	0.209 
	0.148 
	0.459 

	WhlL 
	WhlL 
	fEMP 
	510.064 
	530.004 
	530.157 
	530.063 
	530.054 
	530.111 
	530.054 
	530.053 
	530.111 
	530.053 

	AIR TEMP 
	AIR TEMP 
	0.5760+03 
	0.5150+03 
	0.5140+03 
	0.5740+03 
	0.5650+03 0.5640+03 
	0.5650+03 
	0.5640+03 
	0.5640+03 
	O.5640+~3 

	0' AID T 
	0' AID T 
	-0.1680+03 
	0.116U+03-0.22bO+03 
	0.3260+03 0.6830+02-0.6310+03 
	0.7430+02-0.3510+02 
	0.9580+02-0.1260+03 

	AIR FD 
	AIR FD 
	O.9blU-C1 
	0.9680-01 O.95AO-o1 
	O.Q730-o1 
	0.9140-01 
	0.8900-01 
	0.9140-01 
	O.Q140-o1 
	0.9200-01 
	0.9130-01 

	TRANS 
	TRANS 
	0.2400-01 
	0.5010+00 O.499[)+OO 
	0.3930+00 
	0.4880+00 0.3740+00 
	0.5780+00 
	0.9230+00 0.9120+00 
	0.8350+00 

	SMU~E 
	SMU~E 
	Fo 
	0.4000+00 
	0.199U+00 
	0.2010+00 
	O.278D+~O 
	0.2080+00 
	0.3000+00 
	0.1560+00 
	0.5140-01 
	0.5310-01 
	0.6810-01 

	~J 
	~J 
	RAD 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	U2 
	U2 
	P 
	O.20C1~Ob 
	0.2810+00 0.2020+06 
	0.206D+06 
	0.2010+06 0.2010+06 
	0.2070+06 
	O.20~O+06 
	0.2080+06 
	0.2090+06 

	N2 
	N2 
	P 
	0.7930+06 
	0.7920+06 
	0.1920+06 
	0.7910+06 0.7920+06 0.7920+06 
	0.1910+06 
	0.7910+06 
	0.7910+06 
	0.7900+06 

	I 
	I 
	C02 P 
	O.24jO+04 
	O.2C2D+04 0.1950+04 
	0.8030+03 
	0.2010+04 0.2370+04 
	0.4690+03 
	0.3760+03 0.3700+03 
	0.2140+03 

	N 0 
	N 0 
	C02 FD 
	O.254J-03 
	O.1~90-03 0.1990-03 
	0.7370-04 0.1990-03 0.2530-03 
	0.3890-04 0.3000-04 0.3100-04 0.1690-04 

	N I 
	N I 
	CO 
	p 
	0.8230+03 
	O.b780+03 
	0.660D+03 
	~.Z51D+03 
	0.6830+03 0.8410+03 
	0.1450+03 
	0.1140+03 
	0.1130+03 0.6030+02 

	TR
	CD 
	FO 
	0.231D-02 
	0.1840-02 0.185D-02 
	0.6290-03 
	0.1860-02 0.2460-02 
	0.3320-03 0.2530-03 
	0.2620-03 
	0.132D-03 

	TR
	H2U P 
	O.8~lD+03 
	0.8130+03 
	0.7430+03 
	0.4730+03 0.7470+03 0.6860+03 
	0.2940+03 
	0.2570+03 0.2440+03 
	0.1970+03 

	TR
	hCN 
	f'ARTPR!:.SS 
	O.25CO+OO 
	0.2000+00 
	O.1~80+00 
	0.6650-01 
	0.2070+00 
	0.2850+00 
	0.3910-01 
	0.3120-01 
	0.308D-Ol 
	O.11bO-01 

	TR
	HCti 
	FO 
	0.334D-04 
	().21,2D-04 
	0.2610-04 
	0.1000-04 0.2630-04 0.3410-04 
	0.5310-05 
	0.4190-05 
	0.4300-05 0.2620-05 

	TR
	NU 
	PARTPR ESS 
	0.106D+03 
	O.B980+02 
	0.8540+02 
	0.3970+02 0.8750+02 0.9630+02 
	0.2350+02 0.1920+02 
	0.1810+02 
	0.1180+02 

	TR
	NlJ 
	FU 
	0.4140-02 
	0.3270-02 0.3240-02 
	0.1310-02 
	0.3240-02 0.392D-02 
	0.6910-03 0.5390-03 
	0.5530-03 0.3240-03 

	TR
	HCL 
	PAR1PRESS 
	O.15bD+04 
	0.1380+04 0.1280+04 
	0.7190+03 0.1300+04 0.1300+04 
	0.4370+03 
	0.3720+03 
	0.3570+03 0.2650.03 

	TR
	HCL 
	FU 
	0.8130+00 
	0.b560+00 0.6360+00 
	0.3080+00 
	0.635D+00 
	0.7070+00 
	0.1630+00 
	0.1310+00 
	0.1340+00 0.9050-01 

	TR
	fORMALUE t-IYIJ~PR E::;S 
	0.8640+01 
	0.162U+01 
	0.7100+01 
	0.3910+01 
	0.7210+01 
	0.7270+01 
	0.2310+01 
	0.2010+01 
	0.1930+01 
	0.1420+01 

	TR
	FORMt~LDE"tYD!~ 
	FO 
	0.2190-02 
	0.1110-02 0.1720-02 
	0.0220-03 
	0.1710-02 0.1920-02 
	0.4350-03 
	0.3500-03 
	0.3510-03 0.2400-03 

	TR
	TOT 
	hYDRUCB~PRESS 
	O.111v+04 
	O.9~i90+03 
	0.8830+03 
	0.3430+03 
	0.9120+03 0.111D+04 
	0.1990+03 
	0.1580+03 
	0.1560+03 0.8510+02 

	TR
	TOT 
	HY[lRCCtN 
	Fo 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	' 
	·0.0 
	0.0 

	TR
	HF 
	PAR TVRE~ 
	0.8120+03 
	0.1690.03 
	O.716D+~3 
	O.3Q~D+03 
	0.1210+03 0.7310+03 
	0.2400+03 
	0.2030*03 
	0.1950+03 0.1430+03 

	TR
	HF 
	FO 
	~ 
	0.7690-01 
	0.020D-01 
	0.6030-01 
	(\.2~-01 0.6010-01 
	0.6730-01 
	0.1520-01 
	O.122e·~1 
	0.1250-01 0.8360-02 


	... 
	~ ..,
	• 
	TABLE C-5 SINGLE ZONE FACP PRINTOUT FOR PANEL 4 MATERIAL AT 4.41 BTU/FTSEC 
	2 

	(HCN) (NO) (HC1) (HF) (ReHO) 
	I It.,...: , ~. L·:. 1-' .~ N,~ ~U~ ~o H2lJ GAS6 GA S1 GAS8, GAS4 GAS11 CHI lot PRESS 
	(I•. ) './1""+ ):) :)./9'J~)....Ut.J il.0 0.1) 0.0 o.u 0.0 O.v o.u 0.0 0.0 0.1470+02 RT .J~ :.. ~~ (I. J (;.j 'J. \J ~.o J.O 0.0 0.0 J.O 0.0 0.0 DENSIT'f MOLMT fD I";. c· ..; •.J 0.0 0.0 0.0 0.0 0.0 0.lb50-01 0.2880+02 FL,.Jw ·.IUI f L~·.~ I t-~ --<.T loJr l.J~~ H..:~T RATl fe."..J ,·1~TL. '~T MArL GA~ CONST AIR T~MP OrA/Of fEMP FLJ SMOKE SMOKE FD ~RAOP 
	O.J ).J J.W ~.,) \). 'j 0.5300+U3 ~.53JO+Ol O.100U+02 O.J o.v 0.1000+01 0.0 0.0 
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