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ABSTRACT

This report covers the utillzatlon of a gas-analyzing
instrument for evaluating alrcecraft flre-extlingulshing
systems. Thls 1instrument records the extinguishlng-agent
alr concentratlons resulting when the extingulshlng system
1s discharged, and thereby provides a means of evaluating
the alrcraft extinguishling system under actual flight
condlitions.

This report 1s lntended to serve as an instruction
manual for installatlon and operation of the instrument.
Calibration data based on available information to aid in
the reduction and lnterpretation of the test data obtained
also are included. The instrument and the principles of
cperation are described briefly.



PURPOSE

To develop an instrument capable of recordlng
continuously the amount and duration of agent concentration
produced by discharge of the system 1in flight.

SUMMARY

A difficult problem associated with fire protection is
the proper evaluation of powerplant fire-extinguishing sys-
tems. In most instances, a fire testing program is not
possible, and extingulshing systems have been evaluated on
the basis of a review of deslgn calculations, agent distri-
bution measurements, and observations of agent discharge.
Such evaluatlion did not provide an indication of the abillty
of the system to extingulsh fire under various flight con-
ditlons. However, the agent concentratlion recorder provides
a practical means for evaluating fire-extinguishing systems
and may be used as a tocol for such evaluation by
manufacturers, operators, or safety lnspectors.



INTRODUCTION

The Model GA-24 concentration recorder 1s based on a
development described in Air Force Exhibit TSEPE-8E-4-4,
dated January 31, 1947. The instrument was bullt under
contract with Statham Laboratories, Inc., 12401 West Olympic
Boulevard, Los Angeles 64, Calif., and was designed as alr-
borne equipment for the evaluatlion of aireraft fire-
extingulshing systems. The original work done on the
practical appllcation of this instrument as a means for
evaluating alrcraft fire-extinguishing systems 1s covered
in an earlier report.l

The instrument was callibrated by conducting numerous
tests of alreraft flre-extinguishing systems in which the
agent concentrations required for extinguishing full-scale
powerplant fires were determined. From these tests, the
minimum safe concentrations necessary to insure extin-
gulshment, as measured by the lnstrument, were established
tentatively for the varlous extinguishing agents.

With the experience gained from this work, a number of
in-flight evaluations of the extingulshing systems of such
alrplanes as the Convailr B-36, Lockheed Th9, 1049G, and
1649 Constellations, Lockheed C-130, and Cessna 620 were
made., The data obtained during these evaluatlons have in-
dicated that the fire-extinguishing systems were adequate.
Further calibratlon work conducted on the 1lnstrument has
resulted 1n the development of curves whereby the agent
concentration data can be reduced to volumetric or
gravimetric percentages.

DESCRIPTION OF INSTRUMENT

The instrument and 1ts accessories provide a hlgh-
speed system capable of recording remotely the concen-
trations of extingulshing agent in air mixtures, and the
duration of these concentrations at 12 different locations
simultaneously In an aircraft powerplant nacelle while the
alrplane 1s in flight.

ljames D. New and Charles M Middlesworth, "Alrcraft
Fire Extinguishment, Part IIT, An Instrument for Evaluating
Extinguishing Systems,” Technical Development Report No,
206, June 1953,



The Model GA-2A agent concentratlon recorder and its
accessories, shown in Figa. 1 to 5, consist of the following
components: analyzer unlts, control unlt, oscillograph
recorder, vacuum pump, and heater-type sampling tubes.

PRINCIPLES OF OPERATION

The operation of the Instrument 1s based on the
difference in pressure drop across a porous metal plug for
different gases or gas mixtures when the gample 1s passed
through the plug at constant volumetrie flow. In passing
through a first porous plug, thermal equllibrium is
achieved. 1In passing through a second porous plug, a dif-
ferential pressure results across the plug which varles
with the constituent gases of the sample A critiecal ori-
fice regulates the pressure from the vacuum line. The
pressure differential across the second porous plug oper-
ates a pressure transducer, the output of which 1s recorded
by a remotely connected oscillograph.

The theory and principles of operation of the agent
concentaation recorder are described fully in another
report.

INSTALLATION OF EQUIPMENT FOR IN-FLIGHT TESTS

The Model GA-2A agent concentration recorder is
designed for operation at a nominal voltage of 26 volts
d-c at 25 amperes, and 115 volts, 400 cps at 3 amperes,
When heated sampling tubes are used, the a-c load require-
ment 18 1lncreased to 25 amperes. The instrument willl oper-
ate properly over a voltage range of 24 to 28 volts d-c,
and 110 to 120 volts, 400 cps plus or minus 20 cps

If the portion of the extingulishing system in any one
nacelle i1s identlcal to that 1n the other nacelle or na-
celles of the airplane, only one nacelle need be instru-
mented for the test. The nacelle most remote from the
agent contalners usually 1s selected for test because it
has the longest length of tubing between the supply and the
discharge nozzles, since this affects agent concentration
adversely. However, other factors also may affect agent
concentration and should be considered; for example, a
four-engine aircraft in which volume or ventilation
dlfferences exlst between inboard and outboard nacelles,

2New and Middlesworth, op. cit.
i



Before mounting any of the components 1n the alreraft, the
12 sampling locations should be determlined. The criteria
to be considered when selecting these sampling locations
are glven below. Installation of the components may follow
in the order described herein. A typical installation
diagram 1s shown in Fig. 6.

a. Analyzer Units: Each of the analyzer units shown
in Flgs. 1 and 2 contalins four analyzer cells with theair
assoclated vacuum and electrical connectlons. The analyzer
unlts may be mounted in any position but must be shock-
mounted to eliminate excessive vibration. Each unit should
be mounted in the center of the region where samples from
four of the locatlions selected can be drawn cchvenlently.

Figure 7 shows an analyzer unit mounted in the
accessory section of a DC-3 ailirplane. The individual cells
of the analyzer units are arranged consecutively 1n as-
cending order from right to left as viewed from the name
plate. The cell number and corresponding sampling location
should be noted for each of the four cells of the analyzer
units as they are installed.

When mounted in the aircraft, the units must be
protected from moisture, such as may be encountered when
the alrcraft is parked out-of-doors The analyzer units
should not be mounted in regions where temperatures above
2500 F. wlll be encountered.

After the analyzer unlts are mounted, the vacuum
manifold fitting whilich is a part of the equipment may be
located so that the 1/%-inch-diameter vacuum lines from the
manifold to the analyzer units are as short as possible.
These lines may be of seamless copper tubing or AN-6271-1
vacuum-type hose.

b. Sampling Tubes: The Model GA-2A gas analyzer is
desligned to analyze samples in the gasecus stafte or in a
finely divided suspension. For use 1in applications where
the bolling point of the extinguishing agent 1s higher than
the ambient alr temperature, a speeclal set of sampling tubes
complete with heater and insulating jacket is furnished.
These sampling tubes can be supplied in either 3- or 6-foot
lengths. A 6-foot sampling tube of this type 1s shown in
Fig. 5. Bromochloromethane, which boils at 152.6° F., is
an example of an agent requiring heated sampling tubes.

For applications where the boiling point of the
extinguishing agent 1s lower than the ambient temperature,
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the sampling tubes may be fabricated of 1/4-lnch-diameter,
soft, seamless copper tubing or of a standard AN-6271-4
hose assembly of cotton-reinforced synthetle rubber hose.
These tubes are not furnlshed wlth the equipment, since the
exact length of the sampling tubes will be determined by
the location of the analyzer unlts with reference to the
sampling locatlons.

In order to prevent the analyzer cells from becoming
clogged with any fine suspensions that may be carried by
the gas, each sampling tube is terminated at the analyzer
In a fllter consisting of a porous disc contained withln a
melamine plastic coupling piece.

The locatlon of the points from which concentration
gsamples are drawn is a very important part of every evalu-
ation. Since the number of points which can be checked
durlng any one test 1s limited, careful conslderation
should be given to each point chosen. The value of the data
collected 13 dependent on the location of the sampling points,
therefore, a drawing showing the locations should be
presented with test data.

The open ends of the sampling tubes should be located
in recessed spaces where leaking fuel may collect and at
places where the least concentration due to airflow or re-
moteness from an agent discharge nozzle is expected. The
open ends of the sampling tubes should be installed normal
to the local alrstream, When heated samplling tubes are
used, care should be exerclsed in the orientation of the
mouth of the sampling tubes so that a stream of liquid from
the agent discharge nozzle wlll not enter the tubes. The
sampling tubes to each unit should be of equal length, if
possible, although small variations in length are permis-
sible. After cutting the tubes to length, the ecut ends
should be reamed to insure that both ends of each tube are
free of burrs and open to the full inside diameter.

In coupling the sampling tubes to the analyzer units,
a small amount of hiligh-vacuum grease should be used on the
threads to insure a good seal Care should be taken to
prevent grease from enterlng the coupling with the possi-
bility of closing the porous plugs. Care also should be
used when applying a wrench to make the connections since
the melamine couplings, to which the sampling tubes are
attached, are easily broken.



¢. Vacuum Pump: The vacuum pump shown in Figs. 1 and
2 operates on 24 volts d-c and provides the means by which
the gas samples are drawn through the 12 analyzer cells
The minimum requirement for the vacuum pump is 100 liters
per minute or 3.5 c¢fm free air capacity and O 005 mm Hg
vacuum. The pump may be operated from a remote position,
and therefore can be mounted in any existing space adjacent
to the powerplant nacelle belng tested, but should be
mounted as close to the manifold as possible. It 1s not
necessary to shock-mount the pump A 3/8-inch-diameter line
1s required to connect the vacuum pump to the manifold
This line may be of seamless copper tubing or AN-6271-6
vacuum~type hose

When the ambient temperature of the reglon in which
the pump 1s installed falls below 40° F., a means of heatlng
the pump must be provided. This has been accomplished by
means of a simple heater-blower system. If desired, the
presaure side of the pump may be vented overboard by at-
taching a sultable line to the exhaust port of the pump and
extending the line to an overboard vent.

d. Osclllograph Recorder and Control Unit: The
control unlt shown In Figs. 3 and 1 contalns the regulated
power supply and control circults for the analyzer units and
also for the heater-type sampling tubes.

The input voltage to the Statham transducers 1ln each
analyzer unlt is malntained constant despite fluctuations
of the line voltage by means of three Type 0C3 regulator
tubes. Three Type OA3 tubes act as a ballast to prevent
overloading of the regulator tubes in the event the power
supply 18 turned on before the analyzer units are connected
to the circuit.

Three neon lamps are connected dlrectly across the
heaters 1ln the analyzer units tc 1ndicate when the heaters
are being energized. After the analyzer units have attained
operating temperature, the lights go on and off intermit-
tently as the thermostats control temperature. The sampling
tube heaters are controlled by means of a sampling tube
heater swiliteh. This switch must always be in the off posi-
tion until the analyzer units are brought up to operating
temperature., A switch-type circult breaker for the vacuum
pump also is on the contrecl unlt panel

The Model CGA-2A gas analyzer 1is designed to be used

wlth an oscillograph using Heiland Type 100-350B
galvanometers or equivalent. The oscillograph and control
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unlt shown in Figs. 3 and 4 preferably are located in the
cabin or other avallable area where they are accessible to
the operator at all times during a test. These two units
have thelr own sheck mounts and may be mounted directly. A
typical 1nstallation 1n the fuselage of a DC-3 alrplane is
shown 1n Fig. 8. The oscillograph and control unit outlet
connections are shown 1ln Fig. 4. The cable for connecting
the osclllograph to the control unit can be furnished with
the instrument. This cable is approximately 5 feet in
length. The remaining cables are fabricated during instal-
lation. The wiring diagram for making up the power and
outlet cables which connect the control unit wlth the ana-
lyzer units 1s shown 1n Fig. 9. The connectors shown in
Fig. 9 also are listed in Table I. These are reguired for
making up the cables. Table I also lists power supply cable
connectors, The positive lead from the d-c¢ power supply
(Fig. 6) 1s connected to pin B as marked in the connector,
and the negative lead 1s connected to pin A. Proper ob-
servance of three indexing positions on the AN connhectors
make 1t impossible to c¢risscross the analyzer unit
connections.

An event timer 1s connected through a relay to the
osclllograph and the aircraft fire-extingulshing discharge
button to indicate the time when the agent i1s discharged.
The event timer 15 powered through pins C and D in the
power plug from a 4.5-volt d-c battery.

OPERATING PROCEDURE

After the various components of the agent conecentration
recorder have been installed in the aircraft, a thorough
ground check of the operation of the equipment should be
made. To bring the equipment up to operating temperature,
the a-c¢ power supply circuit breaker switch 18 turned on and
the heat-range swlteh 1s turned to the HIGH position, All
three heater neon lamps should fire. After an interval of
30 to 60 minutes, depending upon the ambient temperature,
all three lamps should start to cycle on and off, indicatling
that the analyzer units are up to operating temperature.
When thils occurs, the heat-range switch is turned to the
LOW heat position. Best temperature control is maintained
in this position except at very low ambient temperatures.
Under such conditions, it may be necessary to leave the
heat-range swltch 1n the HIGH heat position.

If the preheated sampling tubes are to be used, the
sampling tube heater switch should not be turned on until

8



TABLE I

LIST OF CONNECTORS FOR
GA-2A FLIGHT MODEL GAS ANALYZER

Connector To Be Used On For
AN 3106A-18-1S 1-% Analyzer Unit Qutput
AN 3106A-18-13W 5-8 Analyzer Unit Qutput
AN 3106A-18-182Z 9-12 Analyzer Unit Output
AN 3106A-18-128 1-4 Analyzer Unit Power
AN 3105A-18-12SW 5-8 Analyzer Unilt Power
AN 3106A-18-128Z 9-12 Analyzer Unit Power
AN 3106A-18-1P Control Unilt 1-4 Output
AN 3106A-18-1PW Control Unit 5-8 Output
AN 3106A-18-1PZ Control Unit 9-12 Output
AN 31064-18-12P Control Unit 1-4 Power
AN 3106A-18-12PW Control Unit 5-8 Power
AN 3106A-18-12P2Z Control Unit 9-12 Power

AN 3106A-20-233 Control Unit, 115 Volts, 400 Cycles
AN 3106A-16-118 Control Unit, 28 Volts d-c

AN 3106A-16-11P Control Unit, Vacuum Pump

AN 3106A-18-10S Power Plug on Oscillograph

Other Materials Required

No 20 AWG 2-conductor shielded waire.
No 12 AWG 8ingle-conductor shielded wire.
(Above amounts to be determined by each installation.)

1 - 4.5-Volt d-c battery.

1l - Normally open relay, to be used i1in the fire-
extinguishing c¢ircult in conjunction with the
event timer on the oscilllograph.

Sufficient quantity of 1/B-inch seamless copper tublng
for fabrication of sampling tubes and for connecting the
analyzer units to the vacuum manifold

Sufficlent quantity of 3/8-inch-diameter seamless tubing or
vacuum-type hose for connecting the vacuum pump to the
vacuum manifold

Also, any materials needed for constructing mounting
brackets for any parts of the GA-2A analyzer requiring
mounting.



the neon lamps indlcated that operating temperature has been
attalned in all three analyzer unlts. Because of their
small thermal mass, the sampling tubes should come up to
operating temperature 1in a few minutes. After the 1nstru-
ment has been brought up to operating temperature as indi-
cated by the neon lights, the galvanometers are zeroed by
aligning all 12 galvanometer traces manually so that they
are spaced equally. This should be done in accordance with
the procedure outlined 1n the cperations manuazl whilich ac-
companles the osclllograph. The vacuum pump then 1s turned
on. While it 1s in operatlion, the traces again are examined
and readjusted as necessary for correct spacing and to in-
sure that none falls outside the chart range. The procedure
should be repeated several tlmes §to insure that all galva-
nometer traces are aligned and identifled properly. With
the vacuum pump in operation, a check 1s made of each gal-
vanometer 1in regard to the locatlion of each sampling pickup
in 1¢ts ecircult. Thlis may be done by directing a small jet
of carbon dloxilde (002) from a small hand fire extlngulsher
at the open end of the sampling tube and noting the corre-
sponding galvanometer deflection. Care should be taken to
avold floodlng the entlre area and thus affecting other
plckups in addition to the one beilng checked.

The event timer also should be checked before an actual
test is conducted. Thlis 1s done by disconnecting the agent
contalner discharge valve from the discharge button. The
discharge button then 1s depressed and simultaneously, an
interrupted light beam is observed 1n the oscillograph. The
Interruption of the light beam, when the discharge button
1s depressed, 1s indicated by a broken line on the record
chart to record the interval during which the contalner was
discharged. When conducting a test, the recorder chart
speed should be adjJusted to approximately 1.50 inches per
second.

The flight condltions under which the test is
conducted are determlned by the test requirements. Tests
usuvally are conducted during takeoff and normal crulse con-
ditions. Also, tests occasionally are conducted to deter-
mine 1f the extlnguishing system 1ls effective against filres
occcurring on the ground, particularly if wheel-well spaces
are protected., Before the equipment 1s airborne 1t should
be warmed up on the ground; otherwise, 1t will be necessary
to extend the flight time to allow for heating the equap-
ment. After the desired altitude is reached, a final
check 1s made on the alignment of the galvanometer traces.
Thls should be done with the oscillograph on and the vacuum
pump operating intermittently.
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In conducting the test, the emergency filire shutdown
procedure specified for the alrcraft 1s followed., At least
20 seconds before the agent discharge button l1s depressed,
the osclllograph 1s turned on and the chart is started.
Approximately 10 seconds before the agent is discharged, the
vacuum pump 1s turned on. The equipment should remain in
operation approximately 30 seconds after the agent is dis-
charged. At the time of the test, the ambient pressure,
temperature, and humidity should be recorded. By following
the above sequence of operation, the concentration recorder
1s calibrated for 100 per cent air sample before each test
run is made. A typical osclllogram is shown in Fig. 10.

DATA REDUCTION

The osecillogram of the test shows the agent
concentratlon bulldup and decline at each of the 12 sampling
locations on a time basls from the time of discharge until
the agent ls dissipated from the protected zone. Since the
galvanometer deflection for a given channel is proportional
to the pressure drop across the second porous plug, a defin-
1te deflectlon wlll result for each pure gas. Dry alr in
this case may be considered as a pure gas. Any mixture of
two gases, such as air and an extinguishing agent, will pro-
duce a deflection somewhere between the respective values
for the pure constituents. Subsequently, the relative con-
centration of an extinguishing agent in any mlxture of the
agent and alr may be determined by the formula

per cent relative concentration = AD-MD x 100 (1)
AD-CD
where

AD

MD
CD

displacement for ailr, in inches
displacement for mixture, in inches
displacement for pure agent, in inches.

o

It 1s not necessary, and would be very difficult, to
calibrate the instrument for 100 per cent concentration of
the agent each time a test is conducted. By calibrating
the instrument experimentally, the ratlos for galvanometer
deflectlon Tor 100 per cent agent to galvanometer deflection
for 100 per cent alr were determined for various agents.
These ratlios, determined as an average for all of the in-
dividual channels in operation within standard deviation
limits, are glven in Table II.
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TABLE II

CALIBRATION RATIO

Agent Ratio
Carbon Dioxide 2002) 0.717
Methyl Bromide CH3BI') 0.466
Bromochloromethane~ (CHoBrCl) 0.395
Dibromodifluoromethane (CBroFso) 0.319
Bromotrifluoromethane (CBrF3) 0.401

The ratios are based upon the pressure drop obtalned
with dry air. If there is an appreclable amount of molsture
1n the air, a slight error will result from the use of these
ratios Figure 11 gives the correction factor by which the
ratios must be multiplied to correct for the specific humid-
ity and ambient temperature conditions exlsting at the time
the test 1s conducted.

The followlng i1llustrates how the relative
concentration may be determined for any channel, for a spe-
¢cific time interval, after the agent has been dlscharged.
Figure 10 shows that on channel I the deflectlon for air is
3.08 inches. From Table II, the ratio for CO, agent 1s
0.717. The deflectlion corresponding to 100 per cent con-
centration of the agent then 18 determlned as 3.08 x 0.717
= 2.21 inches. However, it usually is more convenient to
make the alr deflection line zero, or reference level To
compufe the deflection from the alr line corresponding to
100 per cent of the agent, subtract the deflection due to
the agent from that due to air. For channel I, Fig. 10,
this 1s given by (3.08 - 2.21) = 0.87. To determine the
COp concentration for channel I at 1 1/2 seconds after dis-
charge, extend the air deflection line to the right and be-
yond the vertlcal time interval line, which indicates a
time lapse of 1 1/2 seconds from discharge. Determine by
measurement the deflection for chamnel I from the air line
at this point. This was found to be 0.46 1nch. The ratio
of this deflection to the deflection from the reference line
for 100 per cent concentration of the agent, expressed as a
percentage, will give the concentration of the mixture. In
this example, the COp» concentration equals

(%;%%_x 109) = 52.9 per cent.

12



The concentration may be determincd From the tormnla

r

per cent relatlve concentration = MD x 100 ()
D - ((AD)(CR))

where

AD
MD

displacement for alr, in inches
displacement for mlxture in inches from air
displacement reference

calibration ratio for the specific agent
from Table IT.

0

CR

The percentage of relative concentration determined :s
based on the ratlo of dlsplacements, but does not indlcate
the concentration percentage on a volumetric or weight
basis. To convert to a volumetraic percentage or weight per-
centage basls, the curves shown in Figs. 12, 13, L}, 15, and
16 may be used.

INTFRPRETATION OF DATA

The minimum relative concentration required for
extinguishment as determlned by the concentration recorder
has been established on the basis of available information.
This was obtained from numerous filre-extinguishing tests
conducted on full-scale powerplant installations at the
Technical Development Center. These requirements were
based on the concentration determination for minimum guan-
tities of agent required for extinguishing all test fires
in the protected zones. In order that the system be con-
sldered adequate, the minlmum relative concentrations for
the various extinguishing agents shown 1n Table III should
be maintained not less than 1/2-second for all sampling
locatlions during the same period.

Since the relatlve concentration as determined by the
concentration recorder 13 based on the ratio of displace-
ments without reference to volumetric proportlons, it was
necessary to calibrate the Instrument experimentally in
order to convert the recorder data to a percentage by vol-
ume. This work was done through the cooperation and as-
slstance of E I. Du Pont de Nemours and Co., Inc., Freon
Products Laboratory, Wilmington, Del. Numerous tests were
conducted in which the percentage of agent concentration by
volume 1in alr was determined by gas chromatograph for cor-
responding recorder concentrations. Figures 12, 13, 1M,
15, and 16 show the calibration curves for the various
agents as determined from these tests. By calculation, the
volumetrlc percentages were converted to weight percentages

13



TABLE IIT

EXTINGUISHING AGENT RELATIVE
CONCENTRATION REQUIREMENTS

Required Minimum Relative
Concentration at All Locatlons

Agent for 1/2-Second Period
(per cent)
Carbon Dloxide (COp) 40
Bromochloromethane (CHgBrCl) 25
Methyl Bromide 15
Dibromodifluorometgane (CBroFo) 15
Bromotrifluoromethane (CBrF3) 15

as shown by the lower curve in each of the above figures.
These curves provide a means cf comparing the lnstrument
data wilth similar data obtained by other methods of analysis.

14



'‘CONCLUSIONS

The descriptlon of the FAA agent concentration
recorder and the 1nstructions for installation, operation of
the instrument, and data 1interpretation contained herein
represent a practical and reliable means of evaluating
alreraft fire-extingulshing systems.

RECOMMENDATIONS

Use of the above described instrument and method for
evaluating aircraft fire-extinguishing systems 1s recom-
mended as superior to other evaluation methods.

15



&
g«g& ‘gﬁ'ﬁ?&??ﬁ‘?%ﬁw
s3 B W ¥ e *@ﬁwﬁﬁﬁ#%‘&@ﬁﬁﬁ?#w*%
w&'ﬁﬁ?ﬁi&@g’ﬁéﬁ&ﬁ’@?%&@ﬂ T S amg e TEYT y
o g A &yww%g@ﬁég&fﬁ»# Tae e AR R RS P L o g B A
s g HF 9 e e v B ﬁ‘@é&’?“@*ﬁ'iﬁf*@‘-s&#w&%ﬂ@t%ﬁkﬁ%%*ﬁ'vfm#ﬁéfﬂw?sm S hE ek W ERE
7*’&%%‘@u*’?ﬁﬁﬁ’&*@?@ﬁ*d‘&wﬁwﬁr%w'""@%ié;%b.‘ﬁs‘aé"‘fﬁ*&fwﬁémSIKE- @ﬁﬁ?%‘Ws&s&ﬁ'&"*ﬂw‘* <-§»v§;@#@”""*&=
z%ﬂrﬁr%w%s&aﬁgg¢4¢t§%ﬁamﬁu§ﬁ&w@mmaw.@m+&*xaﬂa&*w*&a«wma&aﬁfm»waéwwm&@@ P xrEpe *T o
rw‘»@ﬁﬂw%iﬁ*é‘?*w%#é@%ﬁa‘%*‘$ﬁo&s&éﬁﬁ*?&wﬁﬁ-%avﬁyﬁe&gwﬁ 4&«%&5@@%?4»&9{?”&‘&@@&”_&*a»vf(e-ﬁ R R al
5 w&s;ys&@ge@ye@fw«aawﬁzwsxw E%gﬁdﬁrgx&y%ﬁ#‘~*ﬁw.§k e e e ﬁ*&ﬂz?%ﬁ;ﬂg&gf%‘awé;‘»w*-g'%ﬁw - e P BB
3@“‘"@‘#*%"’&5’5?%"#4?«’%* ‘Y“F&ﬁﬁ%‘s{‘.ﬁ%@i‘%‘ﬂé‘fﬁwﬁﬁ'ﬂﬁx{rk--v{sﬁg’é&%‘g&@?&&fﬁ&wg&wm e e e e HE 4 oew T o € s o o [ e - ®
&%m»ﬁfa&v-&**ﬁ;ﬂé?ww-@# o o F F oo s B B T )-ﬁs%@%‘ﬁ-}%%ﬁg&xﬁ%d&@i&&“:@‘mﬁtr-a;'w e - g o om w R £ oo e ¥
ﬁ%g*aﬁﬁ'#@i&i@#&%éﬁ%#%w&% E wﬁ*{é}é?qﬁﬁ?ﬂu%%?&»ﬁ&%ﬂ@%%ﬁ%w}*!; PR w B A - <
e m aw om T = = : : (o v o~ e mmEaw ET
ER SR AR A e ot . [ -
é"?ﬁﬁ%%’gﬁ#-&?‘ Py # RN
*?’éﬁu@#?"#’@w%*@#’ e - e ke
g W o E F I 5
[ i A v .
v—,&#%ﬁsﬁs&y »
@y&#:&as} B -
gl 2 . -
Beom oaw e d RO = T - o I o
o B B om F £ - B o R 5w e B 3 e - EETE A P e - e Fuow BT
e e g EH R g T R B iR P = T Er :i*»_«-kiabvaw & g @ S F -y B Y
TEEE S mswmawss e’ g R e e % A R
i ‘4"“"*"""‘”*“““*9?3@'3"?‘% . e w2 P B - a w o = P
“'s:m%é&«@-éaﬁ%*ﬂw#;s}.«km P . kﬁidméi*_kg.;_ﬁ..tm-kx - = = i ow ¥ F o wm E - I
¥ g W @e%@ﬁaﬁkﬁf%_g—}r%gy &:-ﬁ{;&'-*f,pfﬂ-i i ?*iwﬂﬁ&y = e - - N o -
iﬂ%&%&‘%ﬂ@-fﬁ%m”;&mw P - e s W - - - - & v =
=m$@a§:a@_x«m»;«¢ . 7o P I A A B P - . s R PR
*ﬁ'ﬁ*.ﬂ&wﬁo?ﬁxwxw,gx P in nnﬂmﬁ.wgw_a‘sq y.x:xmg«a#,@.m-@@_},-n & P ¢ —g 3 I
¢v@=*amw*‘(~*iﬁ,,;xw . - o R gcﬁ;;%wr.;‘ﬁ o w2 [ .k S = s o Few ¥ e
*“—??%#*“”M'ﬂ’“** o - R - T = e e W e 9 - e [ A ] e
& W P FIE B - &; & i ERE E ¢ »3 o % ERE TF
- A = P - L - w e mF R
£ om mw W S = # =
s = " »
e -
. x um x
o om w B

b e = ]
T
»a.g;x\}x“aw
P
o ok # ER
R
e oy RoWER
e W Ee 2o B a
@;\F%*&}#*w B % 4 om A - =
‘:ﬁ*&ﬂ&‘é;ﬁ\«ﬁsgx&ﬁﬁ@ & g“‘i’#’)”‘l‘&t?(»’z_\,..;al ¥
&&a@zﬁmw«vuuﬁw;g s pewm S Awg.wﬁ&m&-?**% ’;\;H*’L}*"W%sﬁ{iﬁ-wﬁ&‘i‘%
##@%M@N%aaﬁ» ;,s.’?;'ﬁ-éi}a& &:aig.-#gh*#&da'&*?,s#ﬁqaJ&w@ﬁgﬁgﬁ(%‘?x"k&ﬁ - R
F [ i A w‘g—-@’d}vﬁ“*ﬁs&;“ékzt A,?tﬂ‘«f,.wﬂf*“*#!g.ﬁé&'a!ra@é =g v
T x4 ﬁw{‘@ﬁ%*m&ﬂ:k@‘ﬁ?«w@ o f‘*"v}-—s{,{--‘“g&q*}w.@ PRI
A B x_}ggM!MM%,,’@-'&#?»ﬁk*@x&éx*n&wﬁ)ﬂuy‘f&ééa«.d.“ha/,. g o TR
?'WE?@&%%@ - - «»wd%tgé‘rk&mw.ﬂ@awqx&f@ﬁw@if . e mw e AT EE _— L e
"&WN—BE@'Q‘K%##R—}"&‘&‘Z,&‘Q":‘M"&*éi"“x“«y . 3. v w AW DNV TRER Pg»iﬁgﬁﬁ%”’”v -
f-‘!ﬁ“ﬁf‘*#'?ﬁﬁé’&’z & E&X"w—»&’?’gﬁig”ﬁ&“’fﬁi"’?%f“z‘ oo o ow w e * o e s tEa s
3;«’§lg$&a?'@ﬁ%<‘a'&&«ww§aw’éﬂ&%dﬁg‘v" - e A HmaFT e PR R rn = w\a--u»._é&.r;s
.amﬂ)ﬁfﬁﬁﬁﬁ,s&xvﬁgﬁwﬁly%a&ﬁw"g\w‘xé{)’ o om e PR I S yégvﬁuw%“-ﬁ,ﬁaﬁs O
@W%wﬁﬁ‘gw;’kw%é"—w%“*ﬁﬁzkW‘?\W‘sh.z’iw'g__ayv« ,4"“*\_"-.«;“,,@ & BT PR
. g moama = BEF A g e e

i
FRONT. VIEW AT IE S L B
oo R & paes Qfm,m " 5w ¥ o e
PR "”Q@&QE‘%%&EK&#*# - mw;\m YA
- I e W
X'ﬁéﬁr-ﬁ‘w#ﬁ;‘ﬁzﬁu ERE



0 DIA
TG ?{01_55

o

-
R
e T T
g #

7

sy

il #
mmaw%ﬁ&iﬁay&ﬂwh
e m%*a@m&*&m&kw
w o *ﬁ”%%éw.mw@
{-PUMP =<5 *=
=

IR
.

EE
- *

By 3715l :

o ey 4-PU T

%&-&nm s “W""Www,w

iy - OF-ANALYZER: Lt ggw%”
WW* el «w.gua»;mq&a

R B i g an

REAR

kT
.

T e
g
LY

k-4

»
i T
e

R
o g s,



e
e
s
B
Py
.o
o ¥
P
- F
5 -
o
- "
B %

o=
e B s
bw@»f"iﬁy PR
B e 3 E? "
e T . BY . e e
ew T e T » e X -
%W‘kmw‘&bﬁ“ﬁfx e Y »&g&wv P
wwzww«q - % P e m F Wt P PR
I %ww»w»% e e ki ¥ “ = -
L . mE T - ew d A «rﬁx«m&»ﬁh = =
- W ® 'x«vv-w&?'x&'ag{.w T - Lo .
.o w o E . m T e A . # x -
. %7 g P wow P * . W [ =
. - T = 275 ¥ w v - ® e E "
wt G omm "
» S 00 U
T . wE T S m P - -, i
- L. N N e T - =
- # wow . — - & w - - »
. # s - . e BT P - -
q’ - R -
= . .

@
w B - -
& g
P s
o
@ S -
¥ s F
- -

o

«?x'-%m

wmxw

awwm

J*WM

E3

’ &i&?@

@'*&

- wﬂrﬁuﬁs&
* {2000
~t Q ;:Wit
22 : ﬁ
et T . 625
o - = -
« - B ; L
® P - .-
Tt e Por
" u’“*w"‘ ) | - o e * -
SR L B : s et o
Wwi“’;m . R O = . .
o mmwmxs = “
P B W%‘&Fm - - - . R
ﬁi“iii” w ?va%W% . wﬁ » B w; H = ”;{
w x}#w‘*#ﬁ( . wa % . ~ I . s i
LTI QFichTEQ& - R T
=2l e W@B . e T T
M EY * w"wd vﬁ.‘l ww wx%w.g . " -
w R”Eﬂ@gaﬁ
@QWER “
%m»

- B ,ﬁ«‘.,gw»kwm

-
&mm
P




" #

s

=t e

AR VIEW OF

B = T - "
o
Pt

##

E 3 - = e
w ¥ a

# Ee e
e o P L LR g
* N
- # #
e SEN A
¥ )

=
IE%
.

" P

3 A







\

pe—

28 VD|C

T IR T
e B T SRR

FIG 6 GA-2A AGENT CONCENTRATION RECORDER INSTALLATION DIAGRAM

~ ANALYZER ANALYZER  [i; |: ANALYZER
UNIT uNT  f UNIT
CELLS I-4 GELLS 5-8 f: CELLS 9-12 |
T G B R T T
144 INGH SEAMLESS
,/:rL: ] TUBING OR EQUNALENT )
VACUM MANIFOLD LINE  \ o )
3/8 INCH TUBING OR HOSE
SUITABLE FOR VACUUM USE
____ CONNECTING CABLES N
T =)
28VDC | vACUUM [
MOTOR PUMP -
B A A AR T \A\:
28 VOLT DG
CONTROL UNIT
ANALYZER CELL NOS HEILAND 0SC
1-4 5-8 9-12 o 28 VOLT DC
O - _
eAvleAc el mEn OF ) & 15 vouTs MODEL- 708
L 400 CYCLES



PICK P O

»

o e

. Flg,7 LOCATION OF ANALYZER UNIT FOR NOS, 1 TO 4 ®
oo 2 NOS. 2 AND 3 PICKUPS IN ACCESSORY SECTION oF

ICKUPS AND LOCATION OF
A DC-3 AIRPLANE




“
T

8
e R

- . o
e % R

#
B w & w" s e TR o F
2L CONTHEL UNTT B
R EEEE L am
.

PO

F @ w ks P

4 B - S

FIG. 8 LOCATIONS OF TEST EQUIPMENT IN FUSELAGE OF A DG-3 A(RPLANE



Y— WIRE NO. 14 AWG 6§ REQUIRED

A A

B| « B

C| - < | C

D| =+ < | D

E| =« E

F| « F

— POWER CABLE —
TO CONTROL UNIT (POWER) TO ANALYZER UNITS

CABLE NO, 2 AN3106A-18-12P AN 3106A-18-125 (1-4) 1 REQUIRED
CABLE NO, 4 AN3106A-18-12PW AN 3106A-18-125W (5-8) 1 REQUIRED
CABLE NO, 6 AN3106A-18-12P2 AN 3106A-18B-125Z (9-12) 1 REQURED

WIRE NO, 20 AWG 2 CONDUCTOR SHIELDED 5 REQUIRED

SN

LA

.
>
1 .3

~TQHETOD S
’

o
l L

#
s ko lolwlel: Lol

OUTLET CABLE

TO CONTROL UNIT (QUTPUT) TO ANALYZER UNITS

CABLE NO, 1 AN 3106A-18-1P AN 3106A-18-1S (1-4) 1 REQUIRED
CABLE NO. 3 AN 3106A-18-1PW AN 3106A-18-1SW (5-8) 1 REQUIRED
CABLE NO 5 AN 3106A-18-1P2Z AN 3106A-18-1SZ (9-12) 1 REQUIRED

NOTE CABLE WIRING TO BE CUT TO REQUIRED LENGTH FOR
EACH INSTALLATION

NOTE CABLE NUMBERS CORRESPOND TO QUTLET
NUMBERS ON FIG. 4

FIG. 9 ANALYZER CABLES - SCHEMATIC DIAGRAM



40

SECONDS AFTER DISCHARGE
POINT OF SYSTEM DISCHARGE o 5 |o 15 20 25 30 35
A
EVENT TIME uNEA o asaat Staer s
/ WYY POV PR P
SPEED |15 INCHES PER SECOND LNM\A\\M.,/ //_,.,wm
\ aaleet™ “\'\-u/ o~ - *ﬂ
M\\\ / — - .
) .
!
' \ JP,
"X f SABERRY
SN/ \
{BASE' LINE OF NOI PICKUP , - A W/_/_f""""‘i U ~ns o
N \\
J; / ﬂwj//m\m”'“— - i
:i -u-m-.u"/ W\Mm'* N —
/"/ S
VACUUM PUMP STARTED —» St -*:—-wJ b
100% AR DEFLECTION A | \ ]
(AD)= 308" /
e’ L‘VL—»‘\M{W R%WMMLWWM
’,/ N:\'\
{MD}=04 Baman™
g - mj-——ﬂ——.._______ Pt
~_ NOI_PICKUP

FIG IO OSCLLOGRAM OF A TEST RUN



CORRECTION FACTOR

1.08
1 07 HUMIDITY
100 PER CENT _|
1 06 /I
/ 80 PER CENT
1 05
J4
1 04 /760 PER CENT
/ [/
Vavivi
/ /| 40 PER CENT
102 //// /
/' f
N ,/
Lot ///’/’// 20 PER CENT
= =
= = e O
1.00
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80

AMBIENT TEMPERATURES (°C.)

FIG, 11 HUMIDITY CORRECTION FACTORS

90



RECORDER INDICATION
(PER CENT RELATIVE CONCENTRATION)

120

ot
(=]
o

80

60

40

20

FIG, 12 CURVE FOR CONVERTING RELATIVE CONCENTRATION TQ VOLUME

X
. I"
P
AV
Q AV
ry
VOLUME PERCEN1AGE iz
i g
J,'
!"
v WEIGHT PERCENTAGE
U4
A /
A1 L
Al 1]
// 4
ARV
A
A -
N
i
a3
20 40 60 80 100

CONCENTRATION (PERCENTAGE)

AND WEIGHT PERCENTAGES OF CARBON DIOXIDE IN AIR

120



RECORDER INDICATION
(PER CENT RELATIVE CONCENTRATION

120

100

80

60

40

20

FIG, 13 CURVE FOR CONVERTING RELATIVE CONCENTRATION TO VOLUME

i
[
1 !
‘I
L ’
VOLUME PERCENTAGE | /
/ 7
4 "
/] i
76 A
y F,
// ,"
/] ‘
4 7
v
)4 S
4 /| WEIGHT PERCENTAGE | |
A ]
/ . -
.a"
/] e
i .
il o
)4 47
] g A
il Ar'ﬁr
4 Z!{"
14
20 40 60 80 100

CONCENTRATION (PERCENTAGE)

AND WEIGHT PERCENTAGES OF METHYL BROMIDE IN AIR

120



RECORDER INDICATION
(PER CENT RELATIVE CONCENTRATION)

25

20

15

10

1 2
e
o VOLUME PERCENTAGE :
C & P
o) Al L7
J”
~#$— WEIGHT PERCENTAGE
\ g _\’4’
4”’
/ i
e A
/ Lt
5 10 15 20 25 30 35

CONCENTRATION (PERCENTAGE)

FIG. 14 CURVE FOR CONVERTING RELATIVE CONCENTRATION TO VOLUME
AND WEIGHT PERCENTAGES OF BROMOCHLOROMETHANE IN AIR

40



RECORDER INDICATION
(PER CENT RELATIVE CONCENTRATION)

120

100

80

60

40

20

FIG. 15 CURVE FOR CONVERTING RELATIVE CONCENTRATION TO VOLUME AND

|11 )J
T 57
'
VOLUME PERCENTAGE v i
7T 7
r
A /
fof A
r
[
‘I
/ A
v g
7 ]
7 "+ WEIGHT PERGENTAGE
f"
i r"
. A
& &
A-'K
-
20 40 60 a0 100 120

CONCENTRATION (PERCENTAGE)

WEIGHT PERCENTAGES OF DIBROMODIFLUOROMETHANE IN AIR



RECORDER INDICATION

120

100

z :
S 7
5 o
= VOLUME PERCENTAGE — .'.A.‘L
H 80 l/ "'
% ol N
Q 7
0 ,
E o) 1
o 60 - 7
3: P i
a N
(2 ’Q.-
; p"/ i{,
o 40 ’ e
= / - WEIGHT PERCENTAGE
E 79 F
ol T4
bl
2,0 / ﬁ‘,"‘
N
A
£l L
‘l
AN
0
20 40 60 80 100 120

CONCENTRATION {PERCENTAGE)

FIG 16 CURVE FOR CONVERTING RELATIVE CONCENTRATION TO VOLUME AND
WEIGHT PERCENTAGES OF BROMOTRIF LUOROMETHANE IN AIR



	ABSTRACT
	SUMMARY
	PURPOSE
	INTRODUCTION
	DESCRIPTION OF INSTRUMENT
	PRINCIPLES OF OPERATION
	INSTALLATION OF EQUIPMENT FOR IN-FLIGHT TESTS
	Analyzer Unltss
	Sampling Tubes
	Vacuum Pump
	Oscillograph Recorder and Control Unit

	OPERATING PROCEDURE
	DATA REDUCTION
	INTERPRETATION OF DATA
	CONCLUSIONS
	RECOMMENDATIONS
	Front View of Analyzer Units and Vacuum Pump
	Rear View of Analyzer Units and Vacuum Pump
	Recorder
	Recorder
	and Power Plug Weight 1.1 Pounds
	Diagram
	Airplane
	DC-3 Airplane
	Analyzer Cables Schematic Diagram
	Oscillogram of a Test Run
	Humidity Correction Factors
	inAlr
	BromideinAir
	Bromochloromethane in Alr
	Dibromodifluoromethane in Air

