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INTRODUCTION

PURPOSE.

The objectives of this investigation
were (1) to quantify exhaust emission
levels of aircraft turbine engines which
had undergone extensive maintenance and
(2) to determine the variability of
these emission levels and the extent
they were affected by various types of
maintenance,

BACKGROUND.

In accordance with the Clean Air Act and

the Clean Air Amendments of 1970
(reference 1), the Environmental
Protection Agency (EPA) established

aircraft turbine engine emission
standards, The Department of
Transportation (DOT) and, specifically,
the Federal Aviation Administration
(FAA) was charged with promulgating
regulations enforcing these standards.
Changes to these standards (40 CFR, part
87, reference 2) have been drafted and
are being evaluated, but there remains a
requirement to quantify the emission
levels of turbine engines throughout
their operational life. To meet this
requirement the emission levels of newly
manufactured engines have been and still
are being investigated. Present data on
the effects of heavy maintenance and
"on-condition'" maintenance on turbine
engine emissgion levels are limited. In
order to formulate regulations for
control of aircraft exhaust emissions
and to establish the requirements for
redemonstration of compliance with EPA
standards after initial certification,
the FAA mnust determine the effects of
such maintenance on turbine engine
emission levels. This report provides
emission data from General Electric
(G.E.) Company CF6-50 turbofan engines
which were tested at the G.E. Aircraft
Service Operation (ASO) maintenance and
repair facility located at Ontario
International Airport, Ontario,
California.

DISCUSSION

METHODOLOGY .

The turbine engine exhaust constituents
which were measured included carbon
monoxide (CO), carbon dioxide (CO,),
total hydrocarbons (THC), oxides of
nitrogen (NOy), and oxygen (07). It was
determined that three engine types
would be tested: the Pratt and Whitney .
JT8D-7A, JT9D-7A, and the G.E. CF6-50.
These engines were selected on the basis
of their high in-use rate, expected long
term service, and availability of new
engine emission data. This document
reports the CF6-50 test results.
Separate documents report the results of
testing of the other two engines.

A contractual effort with G.E. Company
was initiated wherein they supplied the
engine, test cell facilities, support
personnel, and necessary engine
documentation. The FAA provided the
emission measuring equipment and support
personnel for its operation and
maintenance. Five of the ten scheduled
engine emission tests were conducted at
the ASO Ontario facility. The lack of
engine availability and closing of the
test cell for major facility upgrading
during the scheduled test period
necesgitated early termination.

DESCRIPTION OF ENGINE.

The CF6-50 1is a high bypass ratio
engine. The high fan air bypass ratio
of 4.4 yields a rating of 50,000 pounds
thrust (Fg); 77 percent of this thrust
rating 1is generated by the mass flow
through the fan stage. The core engine
is an axial flow design. A four-stage

low-pressure compressor (Nj) (the fan
being the first stage) is driven by a
four—-stage low pressure turbine. The

inlet guide vanes and first six stages
of the 14 stage high pressure compressor
(Np) have variable geometry vanes.
Two turbine stages drive Nyp. The



overall pressure ratio is approximately
30. The combustor is an annular
design. Both the main and angle gear
boxes and engine accessories are mounted
at the bottom of the fan case (reference
3), figures 1 and 2. Table 1 lists
average corrected engine parameters
encountered during testing.

DESCRIPTION OF TEST PROCEDURE.

Engine performance/acceptance testing
and emission sample testing were
conducted separately. After repair,
each engine was installed in the test
cell and the normal performance/
acceptance test runs were conducted,
These procedures included fluid leak
checks, main engine control trimming,
dynamic balancing of the fan stage, and
a complete set of engine runs to check
performance. After the satisfactory
completioun of these checks, the emission
sampling probe was attached to the
dedicated exhaust nozzle which had been
previously modified for this purpose.
The engine was then run at the power
conditions listed in table 2. At the
completion of the stabilization time at
each power condition, a complete set of
engine performance and emigssion data was
reccrded simultaneously. The stabili-
zation times listed in table 2 were
required for the engine emissions to
achieve equilibrium, To more clearly
define the emission levels, mode 2 (idle
+ 500 RPM-N]) was included into
the standard EPA landing/take-off (LTO)
cycle. Mode 2 was not used in the final
emission EPA parameter (EPAP)
calculations,

DESCRIPTION OF MAINTENANCE PROCEDURES.

The ASO Ontario operation 1s the wmain
facility for the repair of G.E. engines.
Located here is all the necessary
equipment and personnel for the complete
inspection, service, repair, modifi-
cation, and overhaul of CF6 engines.
The CF6~50 is a modular engine. Much of
the maintenance, such as turbine and
compressor replacements can be

accomplished in the field; therefore,
most engines coming into this facility
would be in need of a major overhaul.
This was not the case in three of the
five engines tested under this program.
The ASO Ontario facility is basically a

"job shop." Engines are sent to this
facility by various airlines on an "as
needed" basis, Consequently, the

facility cannot schedule when the
engines come into the shop. During the
neriod of testing, two of the five
engines tested received complete
overhauls, two engines had accrued
minimal time-since-new (TSN), and one
engine received no maintenance (table
3). This last engine was a G.E.owned
lease~-pool engine which came into the
shop for turbine development work. An
incoming baseline performance and
emission test was accomplished on this
engine. Unfortunately, a post turbine
refurbishment emission test to determine
the effects of turbine maintenance on
exhaust emissions could not be
accomplished on this engine as planned,
due to the termination of the project.

DESCRIPTION OF TEST CELL.

The CF6 test cell at ASO Ontario was
used for all performance and exhaust
emission testing {(figure 3). This is a
sea level test cell incorporating inlet
and exhaust sound suppression. A 3-inch
diameter hole was drilled into the test
cell wall through which the emission
sample line was routed. The engines
were mounted to a "clam shell" cype
thrust measuring stand, peculiar to the
CF6 family of engines (figure &4). The
"clam shell" incorporates the fan thrust
reverser mechanism. Engine instrumen-—
tation was typical of that required for
production engine performance testing.
All engine data were manually recorded
and concurrently fed into a data acqui-
sition system which processed the data
onto punched tape, The tape was subse-
quently fed into the main G.E. computer
located in Evandale, Ohio via dedicated
lines. Processed engine data are
returned to ASO Ontario wusually on the
same day.



Idle
T. 0.
85 %
30 %
Idle
Idle +

Thrust

TABLE 1.

(1bsg)

1787.
48061.
41284,
14119.

1783.

4531.

AVERAGE CORRECTED ENGINE PARAMETERS FOR FIVE ENGINES

Thrust
Specific
Fuel Core Exhaust Gas
Fuel Flow Consumption Air Flow Temperature
(1bs/hr) (1bs/hr/1b) (1bs/sec) (°R)
1357.0 0.7597 37.8 1189.0
18878.3 0.3928 280.6 1967.7
15784 .6 0.3824 254.2 1863.6
5123.4 0.3629 130.2 1366.8
1321.5 0.7414 37.9 1172.2
2176.0 0.4805 63.8 1175.9

N; No
(rpm) (rpm)
853.4 6316.2
3744.9 10102.7
3523.3 9836.9
2306.3 8594 .8
851.9 6309 .4
1354 .5 7515.2



TABLE 2. CF6-50 TEST CYCLE
Power Stabilization
Mode No. Test Mode Ny (rpm) (% Rated) Time (minutes)
I Idle Out 853.4 3.5 20
2 Idle + 500 rpm Nj 1354.5 9.5 5
3 Takeoff 3744 .9 100.0 5
4 Cruise 3523.3 85.0 5
5 Approach 2306.3 30.0 5
6 Idle In 851.9 3.5 10
TABLE 3. MAINTENANCE SUMMARY OF CF6-50 ENGINES
Time Time Since
Engine Since New  Overhaul
Test Serial No. Plotting (TSN) (Ts0) Type Of
Number (ESN) Symbol Date (hr) (hr) Maintenance
1 455-490 d 7/19/79 100 N/A 0il line replace-
ment in turbine
mid-frame
2 517-111 @) 8/04/79 11548 0 Complete overhaul
3 517-113 2 8/09/79 11:36 0 Complete overhaul
4 455-254 8/14/79 6260 3000 None, incoming
check
5 455-436 X 9/30/79 5 N/A P and D valve

replacement, main
engine control
replacement



TABLE. 4.

AMBIENT TEST CONDITIONS

Compressor Compressor
Inlet Inlet
Temperature Pressure
(cIT) (c1p) Humidity
(Tyg °F) (Peg in/Hg) (grains Hy0/1b dry air)
Minimum T4 .4 28.901 70
Maximum 88.9 29.037 80

TEST CONDITIONS.

All CF6-50 turbine engine exhaust
emigsion tests were conducted between
July 19, 1979, and September 30, 1979.
Table 4 lists the minimum and maximum
ambient conditions encountered during
tests.

EMISSION SAMPLING SYSTEM

DESCRIPTION OF SAMPLING PROBE.

The emission sampling probe utilized for
CF6-50 testing 1s an FAA developed
design (reference 4). The probe
consists of a tube section in the shape
of a diamond (figures 5 and 6). Each
leg of the diamond contains three evenly
spaced sampling holes of equal diameter.
The sampling tube is secured to a backup
structure and positioned on the exhaust
nozzle rim with four equispaced clevis
mounting pads (figure 7). The entire
probe mechanism is secured to the engine
using six equispaced tensioning rods.
One end of these rods is attached to a
torsional support ring on the probe
clevis pieces; the other end of the rods
is secured to six mounting pads which
are tack-welded to the CF6-50 exhaust

nozzle. Thermal expansion of the
exhaust nozzle 1is taken up by com-
pression springs incorporated 1into

the tensioning rods. Rapid mounting
(usually less than 20 minutes) of the
probe to the engine was possible by
utilizing this mechanism.

The probe was located 10 inches axially
downstream of the exit plane of the
exhaust nozzle. Based on prior develop-
ment work (reference 4) this location
provides a representative sample of all
emission species while providing a
minimal thrust loss, due to its location
in the exhaust plume.

The measured thrust loss, due to the
probe installation at the takeoff power
condition, averaged 1,715 pounds for
the five engines tested. Actual
developed thrust, however, should not
have been significantly affected by the
probe. For the purposes of this
program, 100 percent power was con-
sidered to be that thrust which was
generated by the engine with the
probe attached to the exhaust nozzle.
The 30 and 85 percent power counditions
of the LTO cycle are then calculated
accordingly.

DESCRIPTION OF MOBILE EMISSION RESEARCH

FACILITY (MERF).

The MERF, a
attenuated,

self-contained, sound-
and environmentally
controlled mobile emission measurement
laboratory was used for all CF6-50
turbine engine exhaust emission testing
(figures 8 and 9). Commercially
available power was used in lieu of the
on-board generators. Calibration and
operating gas cylinders are carried .
on-board (table 5, figure 10). A heated
external sample line transports the
emission sample 1is routed to the



TABLE 5.

co €09
Calibration Mode (ppm) (Z)
Span 1 100 1
Span 2 400 3
Span 3 1000 5 500
Zero

through heated lines
(figure 11). The C0/CO5 sample is
routed through a gas dryer. The COjp
analyzer is a Beckman model 864 non-
dispersive infrared (NDIR) unit
calibrated on three ranges at 0-5,
0-3, and 0-1 percent full scale (figure
12). The CO analyzer is a Beckman model
865 NDIR unit calibrated on three ranges
at 0-1,000, 0-400, and 0-100 parts per
million (ppm) volume full scale. The
THC analyzer is a Beckman model 402
flame 1ionization detector unit
calibrated on four ranges at 0-10, 0-50,
0-100, and 0-500 parts per million
propane (C3Hg). This analyzer has been
modified to improve its operation,
These modifications are described in
detail in reference 5. The NO,
analyzer is a Beckman model 951H,
atmospheric pressure, heated, chemi-
luminescent analyzer calibrated on five
ranges at 0-10, 0-25, 0-100, 0-250, and
0-1,000 ppm full scale. The 09
analyzer 1s a Beckman model 0M-11
medical unit with a polarographic
sensor. The advanced sensor and
amplification system combine to make
this analyzer an extremely fast,
responding, and highly accurate
instrument. It is calibrated up to 20.9
percent oxygen.

the analyzers

The MERF data acquisition system, based
on a Hewlett-Packard 9830B calcula-
tor, receives the analyzer output and
converts this information to actual
emission concentrations which are
printed out after each data point
(figure 13). Communications between the

C3Hg
(ppm)

MERF CALIBRATION GASES

NO 09
(ppm) (%Z)  BALANCE GAS
25 —— N9

100 - Ny
250 20.9 No

Nitrogen Gas To All Analyzers

MERF operator and the engine operator's
station is provided by a David Clark
Company model U3400 utility intercom
system.

A more detailed description of the MERF
systems may be found in reference 6.

MERF OPERATION,

A wmultipoint calibration on each range
of the MERF instrumentation 1is
accomplished at least 30 days before
testing and each time major modifi-
cations or repairs are performed on the
instruments (appendix A).

calibration, and
checklist for the
in this report

A detailed startup,
cperation procedure

MERF 1is included
(appendix B).

The MERF carries a full complement of
working gases (table 5) including:

Zero gas—99.999 percent pure
nitrogen

FID fuel—40 percent hydrogen,
60 percent helium (less than 1 ppm THC)

FID air—-hydrocarbon free (less

than 0.1 ppm THC)

100 percent
ozonlizer

oxygen—~for 951Hy

All calibration gases are carried 1im
treated aluminum cylinders. C€O0/C0,/
C3lg/09-Nyp are carried as multi=-
component mixtures in a single cylinder.



TABLE 6. EPAP

ESN THC
455-490 5.755
517-111 5.678
517-113 7.556
455-254 4.392
455-436 3.710
Mean (i) 5.418
Standard Deviation (O) 1.476
Standard Deviation (%) 27.3
X = Federal Standard 6.77

* 1bs pollutant/1,000 lbs thrust

All calibration gases have a blend
tolerance of +0/-5 percent, and an
analytical accuracy of tl1 percent of
true value for concentrations greater
than 100 ppm and +2 percent of true
value for concentrations less than 100
ppm. Before a new calibration gas is
placed into operation it 1s compared to
existing calibration curves and Natiomal
Bureau of Standards (NBS), Standard
Reference Material (SRM) gases, All NBS
SRM cylinders are less than 1 year old.

The MERF instrumentation was calibrated
prior to engine start and again at the
conclusion of the test. During all
engine starts and shut—-downs the sample
line was reverse flushed with nitrogen
gas to preclude any fuel from entering
the sample trzin and contaminating the
system.

ANALYSTS

The mean (x) emission levels and their
variability (one standard deviation o)
expressed in terms of EPAP's for the
CF6-50 engines tested are listed 1In

*

EMISSION LEVELS

co NOy
11.239 8.756
10.835 8.591
11.220 8.536
10.979 8.114
10.260 8.428
10.907 8.485
0.399 0.239
3.66 2.81

2.54 2.83

table 6 and represented in bar graph
form in figures 14, 15, and 16. The
emission levels are further represented
in terms of Emission Index (pounds of
pollutant per 1,000 pounds of fuel) in
figures 20, 21, and 22. It should be
noted that both the engine parameters
and emission data are plotted against
Ny. Since 77 percent of the thrust Iis
generated by the fan, N| rotor speed is
the power determining parameter.

The low variability of the CO and NO,
species, 3.66 percent and 2.67 percent,
respectively, figures 14, 16, and 20
indicate good engine-~to-engine agreement
of the emission data. This trend 1is
reinforced by the low variability of the
engine performance and operating data
(appendix D) and is graphically repre-
sented in figures 17, 18, and 19. These
data indicate that maintained CF6-50
engines tested at the same power condi-
tions will exhibit very similar emission
characteristics.

This assumption does not apply to the
THC emission levels which exhibit a
large variability, 27.3 percent. This



large variability may be attributed to
the fact that the engines which were
tested represented a broad spectrum in
the operational life of these engines
from almost new (5 hours TSN) to high
time (3,000 hours time-since-overhaul,
TSO) to completely overhauled (0 hours
TSO, 11,000 hours TSN). This engine-to-
engine variability of the THC species
does not appear to follow any specific
trend. The high time (engine serial
number (ESN) 455-254) and the almost
new (ESN 455-436) engines produced
relatively low THC emissioun levels. One
overhauled (ESN 517-111) and one
relatively new engine (ESN 455-490)
produced average THC emission levels.
The second overhauled engine (ESN
517-113) produced the highest THC
emission levels.

The variability of the THC species
produced by these engines cannot be
attributed to different engine operating
parameters or emission instrumentatiom,

Emission data on newly manufactured
CF6-50 engines has been supplied to the
FAA by the manufacturer under contract
number DOT-FA78WA-4207. A comparison of
the new engine mean emission levels and
the mean emission levels of this report
shows that the data are very similar for
all emissicn species,. The primary
difference between the two sets of data
is the aforementioned large THC
variability, a characteristic not shared
by the new engine data.

Two groups of new engines were tested
for emissions by the manufacturer. One
group of 12 engines was run on JP-4
grade turbine fuel, six other engines
were run using Jet—A grade turbine fuel.
The manufacturer reported an increase in
THC-EPAP emission levels of 59 percent,
CO-EPAP 22 percent, and NO-EPAP 5
percent when using Jet—A rather than
JP-4., A comparison of the EPAP emission
levels of this report using JP-4 fuel
with the aforementioned manufacturers
data using Jet-A fuel shows an increase
of 50, 30, and zero percent,
respectively. The close agreement of

the EPAP emission levels (59 percent
versus 50 percent, 22 percent versus 30

percent, 5 percent versus 0 percent)
between the manufacturer's effort and
this effort indicate that, had this

emission testing been conducted
atilizing Jet-A fuel, the emission
levels reported herein would neces-
sarily be higher by a corresponding
amount .

An examination of figures 20 and 21
shows that the idle mode is the largest
contributor to the gross CO and THC
pollutant levels, Well over 90 percent
of the emissions, on a mass pollutant
basis calculated over the LTO cycle, are
produced at the idle mode. This
condition 1is understandable since a
*ypical turbine engine does not operate
very efficiently at this power
condition. Engine efficiency increases
rapidly and emission levels decrease
rapidly as the engine 1is accelerated
from idle up to power. Due to the
extremely steep gradient of the CO and
THC emission levels at the idle power
condition, a more precise definition of
the idle mode is necessary to insure
that all future emission testing 1is
conducted in a uniform manner.

GENERAL COMMENTS.

1. G.E. CF6~50 turbine engine exhaust
emission testing was performed at the
G.E. turbine engine repair and service
facility located at Ontario, California.

2. Using the LTO test cycle, EPAP
emission levels and their variability
for five CF6~50 engines have been
determined.

3. Two engines tested received major
overhauls; two received relatively minor
maintenance; one engine received no
maintenance.

4. All engine tests were conducted using
JP~4 turbine fuel. This is the fuel
normally used at the Ontario facility.
Appendix C contains the analysis of fuel

used during testing.



5. All emission data were corrected for
temperature and humidity effects
according to reference 7.

OBSERVATIONS.

Although not specifically a part of the
stated objectives, these observations
are, 1in the author's opinion, of sig-
nifi cant importance to warrant
presentation,

1. The five CF6-50 engines tested
did not meet the Environmental
Protection Agency (EPA) turbine engine
exhaust emission standards as published
in the Federal Register (CFR) of July
17, 1973, which are the standards in
effect at this writing. Nor do they
meet the standards as proposed in the
CFR of March 24, 1978. Both standards
are exceeded by large margins (see
table 6).

2. Based on the availability of
turbine engine exhaust emission data
from newly manufactured CF6-50 engines
the following is presented:

a. Emission levels of newly
manufactured engines and maintained
englnes are very similar. A comparison
of the EPAP calculations verifies this
fact.

b, The grade of turbine fuel
used for emission testing will have a
significant effect on the emission
levels. There 1s a considerable
increase of emission levels when Jet-A
grade fuel 1is used instead of JP-4.
If broader specification jet fuels are
used, an increase in the emission levels
should be expected.

CONCLUSIONS

A restatement of the objectives 1is 1in
order. In regard to maintained CF6-50
engines, the objectives of this effort
were to quantify and determine the

variability of exhaust emission levels
and also determine to what extent these
emission levels are affected by
different types of maintenance. Due to
the fact that only two of the five
engines tested for exhaust emissions
actually received any wmajor maintenance,
these objectives could not be totally
achieved. With this 1in mind the
following conclusions are presented:

1. No correlation of exhaust
emigssion levels and type of mainterance
performed on the engine was possible due
to the limited number of maintained
engines which were tested. Of the two
overhauled engines, engine serial number
(ESN) 517-111 produced "average'
emission levels for all three species
while the other overhauled engine ESN
517-113 produced the highest total
hydrocarbon (THC) levels of the five
engines tested,

2. The exhaust emission levels of
maintained CF6-50 engines could not be
totally quantified for the THC species.
Carbon monoxide (CO) and oxides of
nitrogen (NOy) species have been
quantified.

3. The Environmental Protection
Agency Parameter (EPAP) variability of
the exhaust emission levels for these
engines is low (less than 5 percent) for
the CO and NO, species, and high for the
THC species (almost 30 percent).
These percentages are based on an
analysis which considers all five
engines, This 18 a valid procedure
based on the excellent agreement (low
variability) of the CO and NO,
species,

RECOMMENDATION

The idle mode for turbine engines should
be more clearly defined by the engine
manufacturer. This mode 1s the single
largest contributor of CO and THC
species 1in the EPAP calculations.
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FICURE 2. CF6-50 TURBOFAN ENGINE (LEFT REAR)
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FIGURE 10. MERF CALIBRATION GAS CYLINDER STORAGE AREA
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FIGURE 13. HEWLETT-PACKARD 9830 CALCULATOR (PART OF DATA ACQUISITION SYSTEM
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APPENDIX A
AIRCRAFT ENGINE EMISSIONS

MEASUREMENT SYSTEM
CALIBRATION PROCEDURE

INTRODUCTION.

The information and procedures described
in this section are discussed in detail
in reference 8.

The purpose of this procedure is to
describe in detail the proper
calibration techniques of carbon
monoxide (CO), carbon dioxide (CO,),

total hydrocarbons (THC) oxides of
nitrogen, (NO/NOy), and oxygen (0;)
analysis,

1. Gases.

The calibration gases should consist of
the following:

a. Ranges:

10 ppm to 20 percent carbon
monoxide in nitrogen

1 to 20 percent carbon dioxide
in nitrogen
5 to 2,500 ppm propane in air

1,000 to 30,000 ppm propane in
nitrogen (only used for piston work)

10 to 2,500 ppm nitric oxide in
nitrogen

0.0l to 20 percent oxygen in
nitrogen

b. Tolerances:

All gases shall have a +0/-5
percent blend tolerance and analysis
accuracy of +1 percent of true value for
concentrations greater than 100 ppm and
+2 percent of true value for concen-
trations less than 100 ppm.

c. Selection:

(1) Select a zero gas for each
analyzer. This gas should produce a
zero percent full-scale reading on the
analyzer. Nitrogen should be used for
C0, COy, and THC analyzers; air should
be used for NO/NOy analyzer.

(2) Select span gases for each
analyzer. The concentration of these
gases will depend on which range 1is
being calibrated. (See tables A-l
through A-5.) Enough gases should be
chosen to properly define a calibration
curve for the indicated analyzer and
range. This will also depend on the
linearity of the instrument.

(a) One span gas should
100 percent full-scale
deflection (high span). Two of the span
gases should produce approximately 60
and 30 percent full-scale deflection
(mid and low spans, respectively).
These  three gases (high, mid, and low
spans) along with the zero gases are
minimum requirements for routine
calibratiouns.

produce a

2. Emission Instruments (reference ARP

number 1534, section 3.1)

3. Carbon Mconoxide and Carbon Dioxide

Analyzer Calibration

a. Reference ARP number 1534,
section 3.1.1(a):

Any lines, valves, or boxes
whose heating 1s essential for testing
should be up to temperature.

b, Calibration Curve:

(1) Set the analyzer on the
most sensitive range and select the zero
gas to each analyzer. Set the flows and

let the instrument stabilize C(about 1
minute should be sufficient). I1f the
instrument is not indicating zero per-

cent fullscale, set the zero pot where
the analyzer reads approximately zero (a



digital voltmeter (VM) is advisable for
a more accurate reading).

(2) Change the range and
select the high-span gas to each
analyzer. Set the flows and let the
ingtrumente stabilize. If the
instrument does not indicate 100 percent
full-scale, adjust the gain pot for 100
percent (approximately) full-scale
reading.

(3) Repeat procedures (1) and
(2) until both the zero and high-span
readings are reproducible to within +0.5
percent full-scale.

(4) Set the proper range and
select the mid-span gases to each
analyzer. Set the flows and let the
instruments stabilize. After stabili-
zation, record the gas concentration
along with the percent full-scale
regponse,

NOTE: Do not adjust the zero
or gain pot settings when analyzing
midrange gases. However, these settings
should be checked against the zero and
high-span gas periodically during
midspan calibration (this is done for
the purpose of checking analyzer
performance).

(5) After all the gases have
been analyzed, a final zero and high-
span check is advisable to insure an
accurate calibration,

NOTE: The pots should not
have to be adjusted at this time. If
the gases are not reproducible to within

+0.5 percent, repeat steps (1) and (2)
of this procedure,

(6) Repeat steps 1 through 5
at least two more times or until the
calibrator is satisfied with the
results.

(7) Tabulate the gas
concentrations along with average
percent full-scale responses.

(8) Perform a
polynomial regression on the

third degree
data.

(9) Plot the results from (8)
and record the coefficients. This
information will indicate the accuracy
of the analyzers and the gases. If the
information indicates a malfunction 1in
the analyzer, consult the manual. If s
gas does not meet tolerances, check the
bottle or consult the manufacturer (see
gas tolerances 1lb),

(10) If the results from (9)
are not reproducible to within +0.5
percent, an analyzer or gas problem 1is
indicated; repeat the entire procedure
and troubleshoot system.

4, Linear Analyzer Calibrations.

a. Hydrocarbon Analyzer (reference
ARP number 1534, sectiom 3.1.3)

b. Oxides of Nitrogen Analyzer
(reference ARP number 1534,
section 3.1.4)

c. Oxygen Analyzer (referemnce ARP
number 1534, section 3.1.2)




TABLE A-1.

Analyzer Serial Number 0100362

CARBON MONOXIDE GASES™

Range 1 Range 2 Range 3
(0-2,500 ppm) (0-1,000 ppm) (0~100 ppm)
1 Zero gas Zero gas Zero gas
2 19 19 19
3 48 99.1 24
4 99.1 142 48
5 142 403 99.1
6 254 980
7 403
8 509
9 980
10 1,930
11 2,450
Analyzer Serial Number 0100530
Range 1 Range 2 Range 3
(0-2,500 ppm) (0-1,000 ppm) (0-100 ppm)
1 Zero gas Zero gas Zero gas
2 24 24 24
3 73 73 48
4 98.7 98.7 73
5 254 254 98.7
6 368 368
7 509 509
8 967 967
9 1,360
10 1,930
11 2,450
C. Analyzer Serial Number 0100543
Range 1 Range 2 Range 3
(0-2,500 ppm) (0-1,000 ppm) (0-100 ppm)
1 Zero gas Zero gas Zero gas
2 98.7 24 24
3 125 73 48
4 254 98.7 73
5 368 125 94
6 509 254
7 1,000 368
8 1,360 509
9 1,930 1,000
10 2,450

See Section lb for Blend Tolerances,
NOTE: Five gases and a zero are sufficient for ranges 2 and 3.



TABLE A-2.

CARBON DIOXIDE GASES

A. Analyzer Serial Number 0100030

Number

e NI N, BRI I

Range 1
(0-5%)

Zero gas
.50

0

1.00

WS NN

.49
.00
.96
.91
.00

B. Analyzer Serial Number 0101150

Number

~N o LN

Range 1
(0-52)

Zero gas
0.
1.
1.
1.
2.
4,

50
00
49
926
90
91

C. Analyzer Serial Number 0101157

Number

O PN

Range 1
(0-5%)

Zero gas
.25

0

0.49

Wi &~ NN -

.49
.03
.95
.03
.27

Range 2

(0-3%)

Zero gas

.00
.49
.00
.96
.99

N RN -~

Range 2

(0-3%)

Zero gas
0.50
1.00
1.49
1.96
2.90

Range 2

(0-3%)

Zero gas
0.25
0.49
1.49
2.03
2.95

Range 3

(0-2%)

Zero gas
0.50
1.00
1.49
2.00

Range 3

(0-2%)

Zero gas
0.50
1.00
1.49
1.96

Range 3

(0-2%)

Zero gas
0.25
0.49
1.49
2.03



TABLE A-3. HYDROCARBON GASES (PROPANE)

A. Analyzer Serial Number 0100078

(ppm)

Zero gas
24.8
49.7
97.9

101
494
981

NNV PN e

B. Analyzer Serial Number 0100257

(ppm)

Zero gas
38
98.1
501
984

[ N R

C. Analyzer Serial Number 0100256

(ppm)
Zero gas
26
38
51
74
100
248
1,000

QO ~ O W N



TABLE A-4. OXIDES OF NITROGEN GASES

A. Analyzer Serial Number 0100000

(ppm)

Zero gas
50.9
93.5

403

W N =

B. Analyzer Serial Number 0100007

(ppm)

Zero gas
100
247
975

£ LN -

C. Analyzer Serial Number 0100010

(ppm)

Zero gas
88
118
247
490

Ui B W N

TABLE A-5. OXYGEN GASES

A. Analyzer Serial Number 1,284-704

(0)
6.1
0.50
10.00
Blended air

£ N -

B. Analyzer Serial Number 1,145-608

W
0.10
5.00
10.00
Blended air

S w N

C. Analyzer Serial Number 1,277-704

(

8

)

1 0.10
2 5.00
3 10.00
4 Blended air

A-6



APPENDIX B
MOBILE EMISSION RESEARCH
FACILITY (MERF)

START UP, CALIBRATION, AND
OPERATION CHECK LIST

1. Connect sample line
2, Change FID filter
circuit

3. Turn on heater control

breaker

4., Turn on FID heat controller
5. Turn on data acquisition system
power (calculator, printer, cassette,
expander, scanner, DVM)

6. Turn on all gas bottles

7. Turn on cylinder room fan

8. Log bottle pressure (at end of

test)

Note: Change gas bottles at 200
pounds per square inch (psi), enter
change on "MERF calibration data"
tape.

9. Verify heater controllers set

properly
Hi temp lines - 300° F
Hi temp box -~ 300" F
Sample line - 320° F
Lo temp lines ~ 160° F
Lo temp box -~ 150° F

indicator
pressure

10. Set sensotec pressure
balance and span (set
selector to CAL)

selector to FID

11. Set pressure

12. Switch panel:
A, Turn on dryer
B. Select wet or dry
C. Open drain for 3 seconds
D. Turn oun ozone
E. Select probe purge/room air
13. Data acquisition

system start-up

A. Insert "MERF Operations
Programs'" into primary tape drive

B. Insert MERF Calibration Data"
into number 3 tape drive

then

C. Key in 'Load 2 Execute',
""Run Execute"
D. Follow instructions. te 'Input

Rdg, I.D."
14, Switch panel:
A. Turn on fuel and air to FID
15. 951H, Analyzer: (NO-NO,)
A. Turn on ozonizer
B. Select span
16. 402 analyzer: (FID)

A. Select "overide"

B. Set fuel and air pressure to
"start"

C. Depress ignitor; hold until

flame—out indicator goes off
D. Select "normal"

E. Do not increase air pressure at
this time

17. 864 Analyzer: (C0j)

B~1



A. Select "tune"

B. Verify correct oscillator
tuning of 40

18. 865 analyzer: (CO)
A. Select "tune"

B. Verify correct analyzer tuning
of 40

19. Turn on chopper motor switch
20. 402 analyzer: (FID)

Increase fuel and air pressure to
normal settings

21. OM-11 analyzer: (05)

Depress '"operste"
22. Perform leak check

(Block sample inlet, turn on pumps,
should reach approximately 22-inch Hg
vacuum)
23. Shut off pumps
24. Analyzer standardization:

A. Determine next calibration
number by checking previous day's data
in log book or "TLIST" zero/span check

tape

B. Key in calibration identifi-
cation number

C. Select zero gas to all
analyzers

D. Select most sensitive ranges
used

E. Adjust flows and pressures

F. Use calculator keys to set
zZero

G. Select least sensitive ranges

used

program)

M.

N.

0.

BB.

CccC.

DD.

EE.

FF.

GG.

Select HI span to all analyzers
Adjust flows and pressures
Use calculator keys to set span
Select zero gas

Select most sgensitive ranges

Recheck zero settings

Record zero data (continue

Select least sensitive range
Record data

Select HI span

Stabilize

Record data

Select MID span

Stabilize

Record data

Select MID range

Stabilize

Record Data

Select LO span

Stabilize

Record data

Select LO range

Stabilize

Record data

Select probe purge/room air

Adjust OM-11 flow to "5"



HH. Adjust OM-11 for proper 03
reading

II. Stabilize
JJ. Record data
25. Prior to engine start:
A. Pumps off
B. Select

probe purge/room air

C. Turn on nitrogen gas purge and
adjust to 5 psi

26. After engine start:

A. Turn off purge

B. Pump on

C. Select proper range for engine
power (response greater than 40 percent
full scale on all analyzers, if
possible)

D. Select sample
and

E. Verify flows

pressures

correct

F. Verify proper system operation
G. Check temperatures
H. Select room air

27. Sampling:

A. Select sample one minute before
end of engine stabilization period

B. Select proper ranges for engine
power

C. Key in proper '"reading I.D."
D. Verify correct analyzer flow

E. Verify correct 402 analyzer
auxilliary range setting
correct

F. Verify 951Hy analyzer

mode

G. Verify data acquisition system
is flashing ''STAND BY"

H. At test engineer's signal,
select sample on data acquisition system
for one minute

I. Switch off data acquisition

J. Allow time for data to store on
tapes

K. Select room air
28. Analyzer restandardization:

(at least once per test sequence or
every 30 minutes, whichever is sooner,

all analyzers must be restandardized)
A. Key 1in calibration I.D. number
B. Select zero gas to all
analyzers
C. Select most sensitive range

used

D. Adjust flows and pressures

E. Record data

F. If any data is greater than 2
percent off of target, use keys to reset
zZero

G. Key in calibration I.D. number

H. Record adjusted data.

I. Select least sensitive range

J. Select HI span gas

K. Adjust flows and pressures

L. Record data

M. If any data are greater than 2
percent off of target, use keys to reset

span

N. Key in calibration I.D. number

B-3



0. Record adjusted data P. Set up for sampling (see
step 27)



APPENDIX C

FUEL ANALYSIS FIA ANALYSIS

SAMPLE NITROGEN HYDROGEN AROMATICS OLEFINS H/C RATIO
(mg/1) (wt %) (vol %) (vol %) (wt/wt) (mol/mol)

Fuel sample 0.5 13.8 18.0 0.0 0.160 1.92

9/30/79
ESN 517-437

Fuel sample 1.3 14.0 175 0.0 - -
7/19/79
ESN 517-490

Fuel Sample 0.8 13.9 16.5 0.0 - ==
8/4/79
ESN S517-111

Fuel Sample 0.5 1L3.8 18.0 0.0 - -
8/9/79

ESN 517-113

Fuel Sample 0.9 13.8 19.5 0.0 - -

8/14/79
ESN 455-254

~- Not Analyzed

c-1






APPENDIX D

UNCORRECTED EMISSION AND ENGINE DATA






TEST DATE 7/19/79

ESN 455-490

MODE 1 2 3 4 5 6
POWER IDLE OUT IDLE + T.0. 852 30% IDLE IN
co (dry)lppm 704,37 420.72 11.60 10.56 44.17 685.45
€09 (dry) 2 1.99 1.96 4,08 3.76 2.40 1.91
THC (wet) ppm C 519.84 363.84 6.43 . 5.60 6.05 536,32
NO, (WET) ppm 19.20 26.81 430.129 352.11 72.63 18.53
07 (DRY) 2 - 17.75 17.79 14,64 14.99 16.99 17.63
Ambient Preassure

Pamb (in/Hg) 28.091 28,901 28.901 28.901 28.901 28.901
HUMIDITY (grains) 82 82 82 82 82 82

Ny (rpm) 866.1 1364.4 3833.4 3641,1 2400.8 873.1
Ny (rpam) 6506.2 7726.1 10380,3 10136.9 8906.1 6551.6
Fuel Flow

We (1bs/hr) 1349.2 2155.1 18502.7 15810.6 5068.2 1306.6
Air Flow

W, (lbs/aec) 37.485 63.391 261,654 238.439 124,173 38.013
Turbine Discharge

Pressure

TDP (in/Hg) 33.374 41.434 177.181 157.666 71.993 33.394
Exhaust Gas

Temperature

EGT (°R) 1247.2 1245.1 2055.2 1960.1 1460.6 1254.7
Compressor Inlet

Pressure

ciP (in/Hg) 28.891 28.893 28.699 28,685 28.793 28.879
Compressor Inlet

Temperature

CIT (°F) 88,931 90.750 91.828 91.491 92,513 93,123
Compressor

Discharga

Temperature

CDT (°R) 777.51 910.79 1440.04 1397.40 1115.01 779.84
F, Thrust (lbsg) 1705.2 4167.68 45288.1 39516.4 13535.0 1706.7
FUEL/AIR Ratio 0.010134 0.009779 0.019372 0.017881 0.011509 0.009753

(from emiasioa data)

FUEL/AIR Ratio 0.009998 0.009444 0.019643 0.018419 0.011338 0.009548
(from engine data)

D-1



ESN 517-111

MODE
POWER

Co (dry)ppm

cog (dry) %

THC (wet) ppa C
NO, (WET) ppu
07 (DRY) %

Ambient Presaure
Pamb (in/Hg)

HUMIDITY {(grains)
Np (rpm)
Ny (rpm)

Fuel Flow
We (lba/hr)

Air Flow
W,y {lba/aec)

Turbine Discharge
Pressure
TDP (in/Hg)

Exhsuat Gas
Temperature
EGT (°R)

Comprassor Inlet
Pressure
CIP {(in/Hg)

Compreasor Inlect
Temperature
CIT (°F)

Compressor
Discharge
Temperature
cpT (°R)

Fn Thrust {lbsg)

FUEL/AIR Ratio
(from emission data)

FUEL/AIR Ratio
(from engine data)

TEST DATE 8/04/79
1 2 3

IDLE OUT IDLE + T.0
703.89 389.02 i1.96
2,04 - 2.01 4,23
541,27 232.01 0.28
19.91 28.11 428,59
17.54 17.5& 14.51
28.956 28.946 28.946
76 76 76

867.1 1380.5 3844, 1
6458.4 7714.4 10313.9
1336.5 2159.71 18715.8
31.217 38.816 261.000
N/A N/A N/A
1239.6 1241.97 2090.0
28.936 28.919 28.695
85.009 86.566 85,948
778.99 915.89 1448.22
1745.0 4391.9 46099.9
0.010382 0.009937 0.020066
0.011893 0.015455 0.019919

D-2

0.00
339.27

14.91

28.946
76
3630.4

10053.4

15712.4

236.953

N/a

1961.3

28.718

85.004

1400.82
39499.3

0.018438

0.0184619

31.68

2.49

83.68

16.97

28,946
76
2389.4

8815.3

5244.7

121.305

N/A

1461.0

28,866

86,298

1119.81
13776.8

0.011925

0.012010

6

IDLE IN

705.18
1.91
591.39
20.57

17.57

28.946
76
873.1

6§490.5

1322.7

31.394

N/A

1237.1

28.936

88.605

780.01
1751.5

0.009790

0.0i1703



ESN 517-113
MODE

PowER
O (dry)ppm

Coy (dry) 2
THC (wet)} ppm C
NO, (WET) ppm
07 (DRY) Z

Ambient Pressure
Pamb (in/Hg)

HUMIDITY {grains)
Ny (rpm)
Ny (rpm)

Fuel Flow
We (1da/hr)

Air Flow
Wy (1ba/sec)

Turbine Discharge
Pressure
T0P (in/Hg)

Exhaust Gas
Temperature
EGT (°Rm)

Compressor Inlet
Pressure
c1P (in/Hg)

Compressor Inlet
Temperature
CIT (°F)

Compreasor
Discharge
Temperature

CDT (°R)

?, Thrust (lbag)

FUEL/AIR Ratio

(from emission data)

FUEL/AIR Ratio
(from engine data)

TEST DATE 8/09/79

1 2 3
IDLE OUT IDLE + T.C
700.60 455.98 10.96
1.98 1.92 4.25
114,19 538.82 4.06
20.26 29.98 441.06
17.60 17.65 14.16
20.020 29.019 29.019
70 70 70
377.06 1390.0 3855.3
6463.0 7718.2 10394.2
1390.0 2191.9 19107.1
31.975 66,237 264,323
N/A 42.310 180.039
N/A 1224.42 2067.0
29.011 28.997 28.754
81.00 82,963 82,488
N/A 918.87 1467.18
1706.5 4469.9 47473.1
0.010180 0.009692 0.020161
0.012075 0.009192 0.020080

D-3

335.50

14.62

29.019

70

3606.0

10086.5

15525.4

238.686

156.585

1943.6

28.801

83.668

1398.18
39843.9

0.018253

0.018068

74.80

16.75

29.019

70

2365.3

8843.8

5027.0

121.640

60.983

1417.3

28.944

85.280

1115.76
13428.6

0.011175

0.011480

IDLE TN

686.76

744,16
20.22

17.29

29.019
70
874.8

6454.8

1311.9

31.853

29.015

1200.3

29.011

84.782

782.4
1761 .1

0.009808

0.011441



TEST DATE 8/14/79

ESN 455-254

MODE 1 2 3 4 5 6
POWER IDLE OUT IDLE + T.0 85% 30Z IDLE IN
co (dry)ppm 757.29 367.07 12.73 11.87 47.07 786.08
Cop (dry) % 2.22 2.05 4.40 4.05 2.49 2.14
THC (wet) ppm C 469.62 169.54 1.28 0.55 1.04 507.00
NOy (WET) ppm 21.15 27.88 415.38 326,03 88.54 20.44
0, (DRY) % 17.23 17.46 14,18 14.52 16.59 17.04
Ambient Pressure

Pamb (in/Hg) 29.011 20.011 29.011 29.011 29.011 29.011
HUMIDITY {(grains) 70 70 70 70 70 70

Ny (rpm) 308.6 1416.6 3826.3 3595.2 2373.4 398.9
Np (rpm) 6430.8 7611.0 10257,1 9965.9 8735.3 6402.0
Fuel Flow

Wg (lba/hr) 1351.0 2142,1 18501.4 15313.,6 5101.3 1324.5
Air Flow

W, (lba/sec) 40.992 67.955 260.185 237.841 124 .539 40.368
Turbine Discharge

Pressure

TDP (in/Hg)} 33.963 42.239 176.116 155.117 71.759 33.653
Exhaust Gas

Temparature

EGT (°R) 1223.6 1218.75 2063.3 1949.2 1426.8 1217.6
Compressor Inlet

Pressure

CIP (in/Hg) 28.999 28.980C 28.789 28.809 28.930 28.999
Compreasor Inlet

Temperature

CcIT (°F) 79.359 80.352 79.278 70,03 81.014 80.875
Compresscr

Discharge

Temperature

cDT (°R) 778.15 210.13 1444,03 1390.84 1108.48 774,11
Fn Thrust (lbsg) 1829.5 t4h5.9 45613.6 38999.0 13659.6 1766.7
FUEL/AIR Ratio 0.011226 0.010086 0.020856 0.019230 0.011934 0.010879
(from emission data)

FUEL/AIR Ratio 0.009155 0.008756 0.019752 0.017885 0.011378 0.009114

(from engine data)

D-4



TEST DATE 9/30/79

ESN 455-436

MODE L 2 3 4 S 6
POWER IDLE OUT IDLE + T.0 852 30% IDLE IN
Co {dry)ppm 707.07 386,08 9.04 4,49 60.43 694.21
€0, (dry) I 2,10 1.96 4,00 3,75 2,39 2.03
THC (wet) ppm C 403.20 297.42 5.65 4.51 6,13 417.26
NOy (WET) ppm 20.96 28.48 385.79 315.00 69.173 20.32
09 (DRY) Z ' 17.13 17.14 14.60 14,74 17.03 17,73
Ambient Pressure

Pamb {in/Hg) 29.037 29.037 29.037 29.037 29.037 29.037
HUMIDITY (grains) 80 80 80 80 80 80

Ny (rpm) 839.9 1377.9 3785.7 3548.3 - 2281.3 845,1
Ny (crpm) 6407.5 7679.8 10302.13 10069.2 8711.3 6429.5
Fuel Flow

Wg (lba/hr) 1286.3 2126.6 - 17893.4 15251.0 4909.0 1290.6
Air Flow

W, (lbs/sec) 37.300 65.4648 270,953 242.727 122.714 37.417
Turbine Diacharge

Pressure

TDP (in/Hg) 33,193 41.569 178.854 157.110 70.063 33.195
Exhaust Gaa

Temperature

EGT (9R) - e 1254.8 1226.1115 2010.1 1916.1 1402.4 1245.0
Compressor Inlet

Pregsure

Cc1p (in/Hg) 29.036 29.007 28,781 28.803 28.023 29.036
Compressor ILalet

Temperature

CIT (OF) 74 426 76.452 76.436 76.153 76.627 77.651
Compressor

Discharge

Temperature

CDT (9R) 778.08 919.47 1462,38 1403.66 1112.65 778.32
Fn Thrust (ibag) 1668.8 4454 .0 46385,7 40631.4 13816.6 1647 .4
FUEL/AIR Ratio 0.010798 0.009730 0.018998 0.017830 0.011469 0.010269

(from emission data)

FUEL/AIR Ratio 0.009579 0.009026 0.018344 0.017453 0.011112 0.009581
(from engine data)
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	INTRODUCTION 
	INTRODUCTION 
	PURPOSE. 
	The objectives of this investigation were (1) to Quant ify exhaust emiss ion levels of aircraft turbine engines which had undergone extens ive maintenance and 
	(2) to determine the variability of these emission levels and the extent they were affected by various types of maintenance. 
	BACKGROUND. 
	In accordance with the Clean Air Act and the Clean Air Amendments of 1970 (reference 1), the Environmental Protection Agency (EPA) established aircraft turbine engine emission standards. The Department of Transportat ion (DOT) and, speci fically, the Federal Aviation Administration (FAA) was charged with promulgat ing regulat ions enforc ing these standards. Changes to these standards (40 CFR, part 87, reference Z) have been drafted and are being evaluated, but there remains a requirement to quantify the em
	(G. E.) Company CF6-50 turbofan engines wh ich were tested at the G. E. Aircraft Service Operation (ASO) maintenance and repair facility located at Ontario International Airport, Ontario, California. 
	DISCUSSION 
	METHODOLOGY. 

	The turbine engine exhaust constituents which were measured included carbon monoxide (CO), carbon d iox ide (C02), total hydrocarbons (THC), oxides of nitrogen (NO) , and oxygen (OZ)' It was determined that three engine types would be tested: the Pratt and Whitney JT8D-7A, JT9D-7A, and the G.E. CF6-S0. These engines were selected on the basis of their high in-use rate, expected long term service, and availability of new engine emission data. This document reports the CF6-50 test results. Separate documents 
	x 

	A contractual effort with G. E. Company was initiated wherein they supplied the engine, test cell facilities, support personnel, and necessary engine documentation. The FAA provided the emission measuring equipment and support personnel for its operation and maintenance. Five of the ten scheduled engine emission tests were conducted at the ASO Ontar io fae ility. The lack of engine availabil ity and clos ing of the test cell for major facility upgrading during the scheduled test period necessitated early te
	DESCRIPTION OF ENGINE. 
	DESCRIPTION OF ENGINE. 

	The CF6-S0 is a high bypass ratio engine. The high fan air bypass rat io of 4.4 yields a rat ing a f 50 ,000 pounds thrust (F); 77 percent of this thrust rating is generated by the mass flow through the fan stage. The core engine is an axial flow design. A four-stage low-pressure compressor (NI) (the fan being the first stage) is driven by a four-stage low pressure turbine. The inlet guide vanes and first six stages of the 14 stage high pressure compressor (NZ) have variable geometry vanes. Two turbine stag
	g

	1 
	overall pressure rat io ~B approximate ly 
	30. The combustor is an annular design. Both the main and angle gear boxes and engine accessories are mounted at the bottom of the fan case (reference 3), figures 1 and 2. Table 1 lists average corrected engine parameters encountered during testing. 
	DESCRIPTION OF TEST PROCEDURE. 
	Engine performance/acceptance testing and emission sample testing were conducted separately. After repair, each engine was installed in the test cell and the normal performance/ acceptance test runs were conducted. These procedures included fluid leak checks, main engine control trimming, dynamic balancing of the fan stage, and a complete set of engine runs to check performance. After the satisfactory completion of these checks» the emission sampl ing probe was attached to the dedicated exhaust nozzle which
	+ 500 RPM-Nl) was included into the standard EPA landing/take-off (LTO) cycle. Mode 2 was not used in the final emission EPA parameter (EPAP) calculations. 
	DESCRIPTION OF MAINTENANCE PROCEDURES. 
	The ASO Ontario operat ion is the main facility for the repair of G.E. engines. Located here is all the necessary equipment and personnel for the complete inspection, service, repair, modifi­cation, and overhaul of CF6 engines. The CF6-50 is a modular engine. Much of 
	the maintenance, such as turbine and compressor replacements can be 
	accomplished in the field; therefore, most engines coming into this facility would be in need of a major overhaul. This was not the case in three of the five engines tested under this program. The ASO Ontario facility is basically a "job shop." Engines are sent to this ff as needed" basis. Consequently, the facility cannot schedule when the engines come into the shop. During the :;>eriod of testing, two of the five engines tested received compLete overhauls, two engines had accrued minimal time-since-new (T
	accomplished in the field; therefore, most engines coming into this facility would be in need of a major overhaul. This was not the case in three of the five engines tested under this program. The ASO Ontario facility is basically a "job shop." Engines are sent to this ff as needed" basis. Consequently, the facility cannot schedule when the engines come into the shop. During the :;>eriod of testing, two of the five engines tested received compLete overhauls, two engines had accrued minimal time-since-new (T
	fac il ity by var ious airl ines on an 

	DESCRIPTION OF TEST CELL. 
	c~lL at ASO Ont 0 was used for all performance and exhaust emission test ing (figure 3). This is a sea leve 1 tes t ce 11 incorporat ing inlet and exhaust sound suppression. A 3-inch diameter hole was drilled into the test cell wall through which the emission sample line was routed. The engines were mounted to a "clam shell" type thrust measuring stand, peculiar to the CF6 family of engines (figure 4). The incorporates the fan thrust reverser mechanism. Engine instrumen­tation was typical of that required f
	The CF6 test 
	"clam shell
	ff 


	2. 
	w Idle 
	w Idle 
	T. o. 85 % 30 % Id Ie Idle + 
	TABLE 
	Thrust (lbSf) 
	1787.4 48061.6 41284.0 14119.2 1783.2 4531.2 

	1. AVERAGE CORRECTED 
	Thrust Specific 
	Thrust Specific 

	Fuel Fuel Flow Consumption (lbs/hr) Obs/hr/lb) 
	1357.0 0.7597 18878.3 0.3928 15784.6 0.3824 5123.4 0.3629 1321.5 0.7414 2176.0 0.4805 
	ENGINE PARAMETERS FOR FIVE. 
	Core 
	Core 
	Core 
	Exhaust Gas 

	Air Flow 
	Air Flow 
	Temperature 

	Obs/sec) 
	Obs/sec) 
	(. R) 

	37.8 
	37.8 
	1189.0 

	280.6 
	280.6 
	1967.7 

	254.2 
	254.2 
	1863.6 

	130.2 
	130.2 
	1366.8 

	37.9 
	37.9 
	1172.2 

	63.8 
	63.8 
	1175.9 


	ENGINES 
	Nl (rpm) 
	853.4 3744.9 3523.3 2306.3 
	851.9 1354.5 
	N2 (rpm) 
	6316.2 10102.7 9836.9 
	8594.8 
	6309.4 
	7515.2 
	TABLE 2. CF6-50 TEST CYCLE 
	Power Stabilization Mode No. Test Mode N] (rpm) (% Rated) Time (minutes) 
	1 Idle Out 853.4 3.5 20. 2 Idle + sao rpm Nl 1354.5 9.5 5. 3 Takeoff 3744.9 100.0 5. 
	4 Cruise 5 Approach 6 Idle In 
	4 Cruise 5 Approach 6 Idle In 
	TABLE 3. 
	Engine 
	Engine 
	3523.3 85.0 5 2306.3 30.0 5 


	851.9 3.5 10 
	MAINTENANCE SUMMARY OF CF6-S0 ENGINES 
	Time Time Since Since New Overhaul 
	Test 
	Test 
	Test 
	Serial No. 
	Plotting 
	(TSN) 
	(TSO) 

	Number 
	Number 
	(ESN) 
	Symbol 
	Date 
	(hr) 
	(hr) 

	1 
	1 
	455-490 
	0 
	7/19/79 
	100 
	N/A 

	2 3 4 
	2 3 4 
	517-111 517-113 455-254 
	0 2 
	8/04/79 8/09/79 8/14/79 
	11548 11 :.36 6260 
	0 a 3000 

	5 
	5 
	455-436 
	X 
	9/30/79 
	5 
	N/A 


	Type Of Maintenance 
	Type Of Maintenance 
	Oil line replace­ment in turbine mid-frame Complete overhaul Complete overhaul None, incoming check P and D valve replacement, main engine control replacement 
	4. 

	TABLE. 4. AMBIENT TEST CONDITIONS. 
	Compressor Compressor Inlet Inlet Temperature Pressure (CIT) (CIP) Humidity (T2 F) (ptZ in/Hg) (grains H20/lb dry air)
	t 

	D 
	D 

	Minimum 74.4 28.901 70. Maximum 88.9 29.037 80. 
	TEST CONDITIONS.. The probe was located 10 inches axially 
	0 f the exit pI ane 0 f the All CF6-50 turbine engine exhaust exhaust nozzle. Based on prior develop­em~SSlon tests were conducted between ment work (reference 4) this location t 1979, and September 30, 1979. provides a representative sample of all Table 4 I ists the minimum and maximum emission species while providing a ambient conditions encountered during minimal thrust loss, due to its location tests. in the exhaust plume. 
	downst ream 
	July 19 

	EMISSION SAMPLING SYSTEM. The measured thrust loss, due to the probe installation at the takeoff powe~ condition, averaged 1,715 pounds for 
	DESCRIPTION OF SAMPLING PROBE.. the five engines tested. Actual 
	developed thrust, however, should not The emission sampling probe utilized for have been significantly affected by the CF6-50 testing is an FAA developed probe. For the purposes of this powe~ was con­consists of a tube section in the shape sidered to be that thrust which was of a diamond (figures 5 and 6). Each generated by the engine with the leg of the diamond contains three evenly probe attached to the exhaust nozzle. spaced sampling holes of equal diameter. The 30 and 85 percent power condit ions The sa
	des ign (re ference 4). The probe program, 100 percent 

	5. 
	TABLE 5. MERF CALIBRATION GASES 
	CO CO2 C3H8 NO Calibration Mode (ppm) (X) (ppm) (ppm) (7. ) BALANCE GAS 
	°2 

	Span1 100 1 10 25 N2 Span2 400 3 50 100 NSpan 3 1000 5 SOD 250 20.9 N2 Zero Nitrogen Gas To All Analyzers 
	Z 

	the analyzers through heated 1ines MERF operator and the engine operator's (figure 11). The CO/C02 sample is station is provided by a David Clark routed through a .gas dryer. The C02 Company model U340Q utility intercom 8. Beckman model 864 non­system. dispersive infrared (NDIR) unit calibrated on three ranges at 0-5, A more detailed description of the MERF 0-3, and 0-1 percent full scale (figure systems may be found in reference 6. 12). The CO analyzer is a Beckman model 865 NDIR unit calibrated on three r
	analyzer is 
	x 
	x 

	than 0.1 ppm THC) The !1ERF data acquis it ion system, based on a Hewlett-Packard 9830B calcula­100 percent oxygen--for 951H tor, receives the analyzer output and ozonizer converts th{s information to actual emission concentrations which are All calibration gases are carried in printed out after each data point treated aluminum cylinders. CO/C02/ (figure 13). Communications between the C3IlS/02-NZ are carried as multi­
	x 

	component mixtures in a single cylinder. 
	TABLE 6. EPAP 
	TABLE 6. EPAP 
	ESN THe 
	455-490 5.755 517-111 5.678 517-113 7.556 455-254 4.392 455-436 3.710 
	Mean (X) 5.418 
	Standard Deviation (0) 1.476 Standard Deviation CO 27.3 
	~ Federal Standard 6.77
	X 
	* lbs pollutant/l,OOO lbs thrust 

	All cal ibrat ion gases have a blend tolerance of +0/-5 percent, and an analytical accuracy of ±l percent of true value for concentrations greater than 100 ppm and ±2 percent of true value for concentrat ions less than 100 ppm. Before a new calibration gas is placed into operation it is compared to existing calibration curves and National Bureau of Standards (NBS), Standard Reference Material (SRM) gases. All NBS SRM cylinders are less than 1 year old. 
	The MERF instrumentation was calibrated prior to engine start and again at the conclusion of the test. During all engine starts and shut-downs the sample line was reverse flushed with nitrogen gas to prec lude any fue 1 from enter ing the sample trein and contaminating the system. 
	ANALYSIS 
	ANALYSIS 

	The mean (;) emL8SIon levels and their variab i1 ity (one standard deviat ion a) expressed in terms of EPAP's for the CF6-50 engines tested are listed 1n 
	* EMISSION LEVELS 
	CO NO
	CO NO
	x 

	11.239 8.756 
	10.835 
	10.835 
	10.835 
	8.591 

	11.220 
	11.220 
	8.536 


	10.979 8.114 
	10.260 8.428 
	10.907 8.485 
	0.399 0.239 
	3.66 2.81 
	2.54 2.83 
	table 6 and represented 1n bar graph form in figures 14, 15, and 16. The emISSIon levels are further represented in terms of Emis s ion Index (pounds of pollutant per 1,000 pounds of fuel) In figures 20, 21, and 22. It should be noted that both the engine parame ters and emission data are plotted against N1' Since 77 percent of the thrust 1S generated by the fan, Nl rotor speed 15 the power determining parameter. 
	The low variability of the CO and NO 
	x 
	spec ies, 3.66 percent and 2.67 percent, respectively, figures 14, 16, and 20 indicate good engine-to-engine agreement of the emission data. This trend is reinforced by the low variability of the engine performance and operating data (appendix D) and is graphically repre­sented in figures 17, 18, and 19. These data indicate that maintained CF6-50 engines tested at the same power condi­tions will exhibit very similar emission characteristics. 
	This assumpt ion does not apply to the 
	THC emission levels which exhibit a 
	large variability, 27.3 percent. This 

	7. 
	large variability may be attributed to the fact that the engines which were tested represented a broad spectrum in the operat ional 1iie of these engines from almost new (5 hours TSN) to high time (3,000 hours time-since-overhaul, TSO) to completely overhauled (0 hours TSO, 11,000 hours TSN). This engine-to­engine variabil ity of the THe species does not appear to follow any spec ific trend. The high time (engine serial number (ESN) 455-254) and the almost new (ESN 455-436) engines produced relatively low T
	The variability of the THC species produced by these engines cannot be attributed to different engine operating parameters or emiss ion instrumentat ion. 
	Emis sian dat a on newly manu fac tured CF6-50 engines has been supplied to the FAA by the manufacturer under contract number DOT-FA78WA-4207. A comparison of the new engine mean emission levels and the mean emission levels of this report shows that the data are very similar for all emission species. The primary difference between the two sets of data is the aforementioned large THC variability, a characteristic not shared by the new engine data. 
	Two groups of new engines were tested for emissions by the manufacturer. One group of 12 engines was run on JP-4 grade turbine fuel, six other engines were run using Jet-A grade turbine fuel. The manufacturer reported an increase in THC-EPAP em,iss ion levels of 59 percent, CO-EPAP 22 percent, and NO-EPAP 5 percent when using Jet-A rather than JP-4. A comparison of the EPAP emission levels of this r port using JP-4 fuel with the aforementioned manufacturers data using Jet-A fuel shows an increase of 50, 30 
	the EPAP em1SS10n levels (59 percent versus 50 percent, 22 percent versus 30 percent, 5 percent versus 0 percent) between the manufacturer's effort and this effort indicate that, had this em18S1on testing been conducted ..ltilizing Jet-A fuel, the emission levels reported herein would neces­sarily be higher by a corresponding amount. 
	the EPAP em1SS10n levels (59 percent versus 50 percent, 22 percent versus 30 percent, 5 percent versus 0 percent) between the manufacturer's effort and this effort indicate that, had this em18S1on testing been conducted ..ltilizing Jet-A fuel, the emission levels reported herein would neces­sarily be higher by a corresponding amount. 
	An examinat ion of figures 20 and 21 shows that the idle mode is the largest contributor to the gross CO and THC pollutant levelS. Well over 90 percent of the emissions, on a mass pollutant oasis calculated over the LTO cycle, are produced at the i.dle mode. This condition is understandable since a ~ypical turbine engine does not operate very efficiently at this power condition. Engine efficiency increases rapidly and emission levels decrease rapidly as the engine is accelerated from idle up to power. Due t
	GENERAL COMMENTS. 
	1. G.E. CF6-50 turbine engine exhaust emiss ion test ing was performed at the 
	G. E. turbine engine repair and service facility located at Ontario, California. 
	2. 
	2. 
	2. 
	Using the LTO test cycle, EPAP emission levels and their variability for five CF6-50 engines have been determined. 

	3. 
	3. 
	Two engines tested received major overhauls; two received relatively minor maintenance; one engine received no maintenance. 

	4. 
	4. 
	All engine tests were conducted uS1ng JP-4 turbine fuel. This is the fuel normally used at the Ontario fac il ity. Appendix C contains the analysis of fuel used during testing. 



	5. All emission data were corrected for temperature and humidity effects according to reference 7. 
	OBSERVATIONS. 
	OBSERVATIONS. 

	Although not specifically a part of the stated objectives, these observations are, in the author's opinion, of sig­nifi cant importance to warrant presentation. 
	1. 
	1. 
	1. 
	The five CF6-50 engines tested did not meet the Environmental Protection Agency (EPA) turbine engine exhaust emiss ion standards as pub I ished in the Federal Register (CFR) of July 17, 1973, which are the standards in effect at this writing. Nor do they meet the standards as proposed in the eFR of March 24, 1978. Both standards are exceeded by large margins (see table 6). 

	2. 
	2. 
	Based on the availability of turbine engine exhaust emission data from newly manufactured CF6-50 engines the following is presented: 


	a. 
	a. 
	a. 
	Emiss ion leve Is of newly manufactured engines and maintained eng1.nes are very simi lar. A comparison of the EPAP calculations verifies this fact. 

	b. 
	b. 
	The grade of turbine fue 1 used for emission testing will have a significant effect on the emission levels. There is a considerable increase of emission levels when Jet-A grade fue 1 is used instead of JP-4. If broader specification jet fuels are used, an increase in the emission levels should be expected. 


	CONCLUSIONS 
	CONCLUSIONS 

	A restatement of the objectives 18 1n order. In regard to maintained CF6-S0 engines, the objectives of this effort were to quantify and determine the 
	variability of exhaust emission levels and also determine to what extent these emission levels are affected by different types of maintenance. Due to the fact that only two of the five engines tested for exhaust emissions actually received any major maintenance, these objectives could not be totally achieved. With this in mind the following conclusions are presented: 
	variability of exhaust emission levels and also determine to what extent these emission levels are affected by different types of maintenance. Due to the fact that only two of the five engines tested for exhaust emissions actually received any major maintenance, these objectives could not be totally achieved. With this in mind the following conclusions are presented: 
	1. 
	1. 
	1. 
	No correlation of exhaust emission levels and type of maintenance performed on the engine was possible due to the limited number of maintained engines which were tested. Of the two overhauled engines, engine serial number (ESN) 517-111 produced "average" emission levels for all three speCies while the other overhauled engine ESN 517-113 produced the highest total hydrocarbon (THe) levels of the five engines tested. 

	2. 
	2. 
	The exhaust emission levels of maintained CF6-50 engines could not be totally quantified for the THC species. Carbon monoxide (CO) and oxides of nitrogen (NO ) pecies have been quant ified. 
	x 


	3. 
	3. 
	The Environmental Protection Agency Parameter (EPAP) variability of the exhaust emiss ion leve Is for these engines is low (less than 5 percent) for the CO and NOspecies, and high for the THe species (almost 30 percent). These percentages are based on an analysis which considers all five P. s . This is a valid procedure 
	x 
	eng in



	based 
	based 
	based 
	on 
	the 
	excellent 
	agreement 
	(low 

	variability) 
	variability) 
	of 
	the 
	CO 
	and 
	NO x 

	species. 
	species. 


	RECOMMENDATION 
	The idle mode for turbine engines should be more clearly defined by the engine manufacturer. This mode is the single largest contributor of CO and THC species 1.n the EPAP calculations. 

	9 
	REFERENCES. 
	REFERENCES. 

	1. 
	1. 
	1. 
	Clean Air Amendments of 1970, Public Law 91-604, 91st Congress, H.R. 17255. December 31, 1970. 

	2. 
	2. 
	Control of Air Pollution from Aircraft and Aircraft Engines, Federal Register, Volume 38, Number 136, Part 


	II. July 17, 1973. 
	3. 
	3. 
	3. 
	CF6 High Bypas Turbofan, Customer Handbook. General Electric, Aircraft Engine Group, 1970. Revised 1972. 

	4. 
	4. 
	Slusher, G. R., Emission Sample Probe Invesrigation of a Mixed Flow JT8D-l1 Turbofan Engine, FAA Technical Report FAA-RD-77-175, July 1978. 

	5. 
	5. 
	Aircraft Piston Engine Exhaust Emission Symposium: National Aeronautics 


	and Space Administration Publication NASA CP-200S. September 1976. 
	and Space Administration Publication NASA CP-200S. September 1976. 
	6. Becker, E. E., Frings, G., Cavage, 
	W. C.• Exhaust Emission Characteristics and Variability for Pratt and Whitney JT8D-7A Gas Turbine Engines Subjected to Major Overhaul and Repair, FAA Technical Report FAA-NA-79-S3, September 1980. 
	7. 
	7. 
	7. 
	Allen, L., Slusher, G. R., Ambient Temperature and Humidity Correction Factors for Exhaust Emissions from Two Classes of Aircraft Turbine Engines, FAA Technical Report FAA-NA-76-16, October 1976. 

	8. 
	8. 
	Tyrrell, James, Aircraft Engine Emissions Measurement System, Cali­brat ion Procedure, FAA NAFEC Let ter Report, August 1978. 



	(.Ll 
	Z 
	H 
	c.;) Z 
	L.r.J 
	--' 
	--' 
	N 
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	FIGURE 10. MERF CALIBRATIO~ GAS CYLINDER STORAGE AREA 
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	FIGURE 14. CARBON MONOXIDE EMISSION LEVELS 
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	FIGURE 15. HYDROCARBON EMISSION LEVELS 
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	FIGURE 16. OXIDES OF NITROGEN EMISSION LEVELS 
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	FIGURE 17. FAN SPEED VERSUS THRUST 
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	FIGURE 18. FAN SPEED VERSUS FUEL FLOW 
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	FIGURE 19. FAN SPEED VERSUS CORE SPEED. 
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	FIGURE 20. FAN SPEED VERSUS EI CO. 
	FIGURE 20. FAN SPEED VERSUS EI CO. 
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	FIGURE 21. .FAN SPEED VERSUS EI THe 
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	APPENDIX A. 
	AIRCRAFT ENGINE EMISSIONS. MEASUREMENT SYSTEM. CALIBRATION PROCEDURE. 

	INTRODUCTION. 
	The information and procedures described in this section are discussed in detail in reference 8. 
	The purpose of this procedure is to describe in detail the proper calibration techniques of carbon monox ide (CO), carbon d iox ide (C02), 
	total 
	total 
	total 
	hydrocarbons 
	(THe) 
	oxides 
	of 

	nitrogen, 
	nitrogen, 
	(NO/NOx 
	)' 
	and oxygen (02) 

	analysis. 
	analysis. 

	1. 
	1. 
	Gases. 


	The calibration gases should consist of the following: 
	a. Ranges: 
	a. Ranges: 

	10 ppm to 20 percent carbon monoxide in nitrogen 
	1 to 20 percent carbon dioxide In nitrogen 
	5 to 2,500 ppm propane in air 
	5 to 2,500 ppm propane in air 

	1, 000 to 30, 000 ppm propane in nitrogen (only used for piston work) 
	10 to 2,500 ppm nitric oxide In nitrogen 
	0.01 to 20 percent oxygen In nitrogen 
	b. Tolerances: 
	b. Tolerances: 

	All gases shall have a +0/-5 percent blend tolerance and analysis accuracy of +1 percent of true value for concent rat iO~8 greater than 100 ppm and +2 percent of true value for concen­
	trations less than 100 ppm. 
	c. Selection: 
	c. Selection: 

	(1) 
	(1) 
	(1) 
	(1) 
	Select a zero gas for each analyzer. This gas .should produce a zero percent full-.scale read ing on the analyzer. Nitrogen should be used for CO, C02. and THC analyzers; air should be used for NO/NOanalyzer. 
	x 


	(2) 
	(2) 
	Select span gases for each analyzer. The concentrat ion of these gases will depend on which range IS being calibrated. (See tables A-I through A-5.) Enough gases should be chosen to properly define a calib~ation curve for the indicated analyzer and range. This will also depend on the linearity of the instrument. 


	(a) 
	(a) 
	One span gas should produce a 100 percent full-scale deflection (high span). Two of the span gases should produce approximately 60 and 30 percent full-scale deflection (mid and low spans, respectively). These. three gases (high, mid, and low spans) along with the zero gases are m"n"mum r·equ, m nts for routine calibrations. 


	2. 
	2. 
	2. 
	Emission Instruments (reference ARP number 1534, section 3.1) 

	3. 
	3. 
	Carbon Monoxide and Carbon Dioxide Analyzer Calibration 


	a. Reference ARP number 1534, ; 
	section 3.1.1(a)

	Any lines, valves, or boxes whose heating is essential for testing should be up to temperature. 
	b. Calibration Curve: 
	b. Calibration Curve: 

	(1) Set the analyzer on the most sensitive range and select the zero gas to each analyzer. Set the flows and let the instrument stabilize (about 1 minute should be suff ic ient) " I f the 
	nstrument is not ind icat ing zero per­cent fullscale, set the zet:o pot where the analyzer reads approximately zero (a 
	A-I 
	digital voltmeter (VM) is advisable for a more accurate reading). 
	(2) 
	(2) 
	(2) 
	(2) 
	Change the range and se leet the high-span gas to each analyzer. Set the flows and let the instruments stabilize. If the instrument does not indicate 100 percent full-scale, adjust the gain pot for 100 percent (approximately) full-scale read ing. 

	(3) Repeat procedures (I) and 
	(3) Repeat procedures (I) and 


	(2) 
	(2) 
	unt il both the zero and high-span readings are reproducible to within +0.5 percent full-scale. 

	(4) 
	(4) 
	Set the proper range and select the mid-epan gases to each analyzer. Set the flows and let the instruments stabilize. After stabili­zation, record the gas concentration along with the percent full-scale response. 


	NOTE: Do not adjust the zero or gain pot sett ings when analyzing midrange gases. However. these settings should be checked against the zero and high-span gas periodically during midspan cal ibration (this is done for the purpose of checking analyzer performance) . 
	(5) After all the gases have 
	(5) After all the gases have 

	been 
	been 
	been 
	ana1yzed , 
	a 
	f ina1 
	zero 
	and 
	h igh­

	span 
	span 
	check 
	is 
	advisable 
	to 
	insure 
	an 

	accurate 
	accurate 
	calibration. 


	NOTE: The pots should not have to be adjusted at this time. If the gases are not reproducible to within 
	+0.5 percent, repeat steps (1) and (2) of this procedure. 
	+0.5 percent, repeat steps (1) and (2) of this procedure. 
	(6) 
	(6) 
	(6) 
	Repeat steps 1 .through at 1east two more times or until the calibrator is satisfied with the results. 

	(7) 
	(7) 
	Tabulate the gas concentrations along with average percent full-scale responses. 


	(8 ) Per form a third degree polynomial regression on the data. 
	(9) 
	(9) 
	(9) 
	Plot the results from (8) and re cord the coe f fie ient s . This informat ion will ind icate the accuracy of the analyzers and the gases. I f the information indicates a malfunction 1.n the analyzer, consult the manual. If 8­gas does not meet tolerances, check the bottle or consult the manufacturer (see gas tolerances lb). 

	(10) 
	(10) 
	If the results from (9) are not reproducible to within +0.5 percent. an analyzer or gas prob lern is ind icated; repeat the ent ire procedure and troubleshoot system. 


	4. Linear Analyzer Calibrations. 
	a. 
	a. 
	a. 
	Hydrocarbon Analyzer (reference ARP number 1534, section 3.1.3) 

	b. 
	b. 
	Oxides of Nitrogen Analyzer (reference ARP number 1534, section 3.1.4) 


	c . Oxygen Ana1yze r (ref e rence ARP number 1534, section 3.1.2) 

	TABLE A-I. CARBON MONOXIDE GASES*. 
	A. Analyzer Serial Number 0100362 
	A. Analyzer Serial Number 0100362 

	Range 1 Range 2 Range 3 Number (0-2,500 ppm) (0-1,000 ppm) 
	(0-100 ppm) 

	1 Zero gas Zero gas Zero gas 2 19 1919 3 48 99.1 24 
	4 99.1 142 48 5 142 403 99.1 6 254 980 7 403 8 509 9 980 10 1,930 11 2,450 
	B. Analyzer Serial Number 0100530 
	B. Analyzer Serial Number 0100530 

	Range 1 Range 2 Range 3 Number ppm) (0-1,000 ppm) 
	(0-2,500 
	(0-100 ppm) 

	1 Zero gas Zero gas Zero gas 2 24 24 24 3 73 73 48 
	4 98.7 98.7 73 5 254 254 98.7 6 368 368 7 509 509 8 967 967 9 l,360 10 1,930 11 2,450 
	c. Analyzer Serial Number 0100543 
	c. Analyzer Serial Number 0100543 

	Range 1 Range 2 Range 3 Number (0-2,500 ppm) (0-1,000 ppm) (0-100 ppm) 
	1 Zero gas Zero gas Zero gas 
	2 98.7 24 24 3 125 73 48 4 254 98.7 73 5 368 125 94 6 509 254 7 1,000 368 8 1,360 509 9 1,930 1,000 10 2,450 
	* See Section Ib for Blend Tolerances.. NOTE: Five gases and a zero are sufficient for ranges 2 and 3.. 
	A-3 
	TABLE A-2. CARBON DIOXIDE GASES. 
	TABLE A-2. CARBON DIOXIDE GASES. 
	TABLE A-2. CARBON DIOXIDE GASES. 

	A. 
	A. 
	Analyzer 
	Serial Number 
	0100030 

	Number 
	Number 
	Range 1 (0-5%) 
	Range 2 (0-3%) 
	Range 3 <0-2%) 

	1 2 3 4 5 6 7 8 
	1 2 3 4 5 6 7 8 
	Zero gas 0.50 1.00 1.49 2.00 2.96 4.91 5.00 
	Zero gas 0.50 1.00 1.49 2.00 2.96 2.99 
	Zero gas 0.50 1.00 1.49 2.00 

	B. Analyzer 
	B. Analyzer 
	Serial Number 
	0101150 

	Number 
	Number 
	Range 1 (0-5%) 
	Range 2 (0-3%) 
	Range 3 (0-2%) 

	1 2 3 4 5 6 7 
	1 2 3 4 5 6 7 
	Zero gas 0.50 1.00 1.49 1.96 2.90 4.91 
	Zero gas 0.50 1.00 1.49 1.96 2.90 
	Zero gas 0.50 1.00 1.49 1.96 

	C. Analyzer Serial Number 
	C. Analyzer Serial Number 
	0101157 

	Numbp.r 
	Numbp.r 
	Range 1 (0-5%) 
	Range 2 (0-3%) 
	Range 3 (0-2%) 

	1 2 3 4 5 6 7 8 
	1 2 3 4 5 6 7 8 
	Zero gas 0.25 0.49 1.49 2.03 2.95 4.03 5.27 
	Zero gas 0.25 0.49 1.49 2.03 2.95 
	Zero gas 0.25 0.49 1.49 2.03 


	A-4. 
	TABLE 
	TABLE 
	TABLE 
	A-3. 
	HYDROCARBON 
	GASES 
	(PROPANE) 

	A. 
	A. 
	Analyzer Serial Number 
	0100078 

	TR
	1 2 3 4 5 6 7 
	(ppm) Zero gas 24.8 49.7 97.9 101 494 981 

	B. 
	B. 
	Analyzer Serial 
	Number 0100257 

	TR
	1 2 3 4 5 
	( ppm) Zero gas 38 98.1 501 984 

	C. 
	C. 
	Analyzer 
	Serial 
	Number 
	0100256 

	TR
	1 2 3 4 5 6 7 8 
	(ppm) Zero gas 26 38 51 74 100 248 1,000 
	\ \ 


	A-5 
	TABLE A-4. OXIDES OF NITROGEN GASES. 
	A. Analyzer Serial Number 0100000 
	(ppm) 
	1 
	Zero gas 

	2 50.9 
	2 50.9 
	2 50.9 

	3 93.5 4 403 
	3 93.5 4 403 


	B. Analyzer Serial Number 
	( ppm) 
	1 2 100 3 247 4 975 
	Zero gas 

	C. Analyzer Serial Number 
	(ppm) 
	1 2 88 3 118 4 247 5 490 
	Zero gas 

	TABLE A-5. OXYGEN 
	A. Analyzer Serial Number 
	(% ) 
	(% ) 

	1 0.10 
	1 0.10 
	1 0.10 

	2 0.50 
	2 0.50 

	3 10.00 4 Blended 
	3 10.00 4 Blended 


	B. Analyzer Serial Number 
	(%) 1 0-:10 
	2 5.00 
	2 5.00 
	2 5.00 

	3 10 .00 4 Blended 
	3 10 .00 4 Blended 


	C. Analyzer Serial Number 
	(% ) 1 o-:TO 
	2 5.00 
	2 5.00 
	2 5.00 

	3 10.00 4 Blended 
	3 10.00 4 Blended 


	A-6 
	A-6 
	0100007 

	o 00010 
	o 00010 
	GASES 
	1,284-704 
	air 1,145-608 
	air 1,277-704 
	air 
	APPENDIX B 
	MOBILE EMISSION RESEARCH FACILITY (MERF) START UP, CALIBRATION, AND OPERATION CHECK LIST 

	1. 
	1. 
	1. 
	1. 
	Connect sample line 

	2. 
	2. 
	Change FlD filter 


	3. 
	3. 
	Turn on heater control circuit breaker 

	4. 
	4. 
	4. 
	Turn on FlO heat controller 


	5. 
	5. 
	Turn on data acquisition system power (calculator t printer t cassette, expander scanner DVM) 
	t 
	t 


	6. 
	6. 
	6. 
	Turn on all gas bottles 

	7. 
	7. 
	Turn on cylinder room fan 


	8. 
	8. 
	Log bottle pressure (at end of test) 


	Note: Change gas bottles at 200 pounds per equare inch (pl'l i) tenter change on "MERF calibration data" tape. 
	9. Verify heater controllers set properly Hite.mp es -300 F Hi temp box -300· F Sample line -320 F 
	0 
	0

	Lo temp lines -160· F. Lo temp box: -150· F. 
	Lo temp lines -160· F. Lo temp box: -150· F. 

	10. 
	10. 
	10. 
	Set sensotec pressure indicator balance and span (set pressure selector to CAL) 

	11. 
	11. 
	Set pressure selector to FlO 


	12. Switch pane 1: 
	12. Switch pane 1: 
	A. Turn on dryer 
	B. Select wet or dry 
	C. Open drain for 3 seconds 
	D. Turn on ozone 
	E. Select probe purge/room al.r 
	13. Data acquisition system start-up 
	A. Insert "MERF Operations Programs" into primary tape drive 
	B. Insert MERF Calibrat ion Oat a" into number 3 tape drive 
	C. Key 1n "Load 2 Execute", then "Run Execute" 
	D. Follow instructions, to "Input Rdg t 1.0." 
	14. Switch panel: 
	A. Turn on fuel and a1r to FlO 
	15. 951HAnalyzer: (NO-NO)
	x

	x 
	A. Turn on ozonizer 
	B. Select span 
	16. 402 analyzer: (FlO) 
	A. Select "overide" 
	B. Set fuel and air pressure to "start" 
	C. Depress ignitor; hold until flame-out indicator goes off 
	D. Select "normal" 
	E. Do not increase a1r pressure at this time 
	17. 864 Analyzer: (C02) 

	B-1 
	A.. Select " tune" 
	A.. Select " tune" 

	B. Verify correct oscillator tuning of 40 
	18.. 865 analyzer: (CO) 
	A.. Select "tune" 
	A.. Select "tune" 

	B. Verify correct analyzer tuning of 40 
	19.. 
	19.. 
	19.. 
	Turn on chopper motor switch 

	20.. 
	20.. 
	402 analyzer: (FIn) 


	Increase fuel and air pressure to normal settings 
	21.. 
	21.. 
	21.. 
	OM-II analyzer: (02) Depress "operate" 

	22.. 
	22.. 
	Perform leak check 


	(Block sample inlet, turn on pumps, should reach appr~ximately 22-inch Hg vacuum) 
	23.. 
	23.. 
	23.. 
	Shut off pumps 

	24.. 
	24.. 
	Analyzer standardization: 


	A. Oetermin~ next calibration number by checking previous day's data in log book or "T1.IST" zero/span check tape 
	B. Key in calibration identifi­cation number 
	e. 
	e. 
	e. 
	Select zero gas to all analyzers 

	D. 
	D. 
	D. 
	Select most sensitive ranges used 

	E. Adjust flows and pressures 
	E. Adjust flows and pressures 


	F. 
	F. 
	Use calculator keys to set zero 


	G.. Select least sensitive ranges 
	G.. Select least sensitive ranges 
	H. 
	1. 
	J. 
	K. 
	L. 
	used 
	M. 
	N. program) 
	O. 
	P. 
	Q. 
	R. 
	S. 
	T. 
	U. 
	V. 
	W. 
	X. 
	Y. 
	Z. AA. BB. ee. 
	DO. EE. FF. GG. 

	B-2 
	Select HI span to all analyzers 
	Select HI span to all analyzers 
	Adjust flows and pressures 
	Use. calculator keys to set span 
	Select zero gas Select most sensitive ranges 
	R.check zero settings Record zero data (continue 
	Select least sensitive range Record data Select HI span Stahil ize Record data Select MID span Stabilize Record data Select MID range Stab ilize Record Data Select La span Stabilize Record data Select La range Stabi! ize Record data Select probe purge/room a~r Adjust OM-II flow to "5" 

	HH. AdjustOM-11 for· proper 02 reading 
	II. Stabilize. JJ. Record data. 
	II. Stabilize. JJ. Record data. 

	25. Prior to engine start: 
	A. Pumps off 
	A. Pumps off 
	B. Select probe purge/room alr 

	C. Turn on nitrogen gas purge and adjust to 5 psi 
	26. After engine start: 
	A. Turn off purge 
	A. Turn off purge 
	B. Pump on 

	C. Select proper range for engine power (response greater than 40 percent full scale on all analyzers, if possible) 
	D. Select sample 
	D. Select sample 

	E. Verify correct flows and pressures 
	F. Verify proper system operat ion 
	F. Verify proper system operat ion 
	G. Check temperatures 
	H. Select room alr 

	27. Sampling: 
	A. Select sample one minute before end of engine stabilization period 
	B. Select proper ranges for engine power 
	C. Key ln proper "reading 1.D. 
	C. Key ln proper "reading 1.D. 
	II 

	D. Verify correct analyzer flow 

	E. Verify correct 402 analyzer auxilliary range setting 
	F. Verify correct 95lHanalyzer mode 
	x 

	G. Verify data acquis it ion system lS flash ing IISTAND BY" 
	G. Verify data acquis it ion system lS flash ing IISTAND BY" 
	H. At test engineer's signal, select sample on data acquisition system for one minute 
	1. Switch off data acquisition 
	J. Allow time for data to store on tapes 
	K. Select room alr 
	28. Analyzer restandardization: 
	(at least once per test sequence or every 30 minutes, wh ichever is sooner, all analyzers must be restandardized) 
	A. Key in calibration 1.D. number 
	B. Select zero gas to all analyzers 
	C. Select most sensitive range used 
	D. Adjust flows and pressures 
	E. Record data 
	F. I f any data is greater than 2 percent off of target, use keys to reset z;ero 
	G. Key ln calibration I.D. number 
	H. Record adjusted data. 
	I. Select least sensitive range 
	J. Select HI span gas 
	K. Adjust flows and pressures 
	L. Record data 
	M. If any data are greater than 2 percent off of target, use keys to reset span 
	N. Key ln calibration 1.0. number 

	o. Record adju3ted data P. Set up for sampling (see 
	step 27) 
	B-4. 
	B-4. 

	APPENDIX C. FUEL ANALYSIS FIA ANALYSIS. 
	SAMPLE NITROGEN HYDROGEN AROMATICS OLEFINS H/c RATIO 
	(mg/l) 
	(mg/l) 
	(mg/l) 
	(wt %) 
	(va1 %) 
	(vol %) 
	(wt/wt) 
	(mol/mol) 

	Fuel sample 9/30/79 ESN 517-437 
	Fuel sample 9/30/79 ESN 517-437 
	0.5 
	13 .8 
	18.0 
	0.0 
	0.160 
	1.92 

	Fue 1 sample 7/19/79 ESN 517-490 
	Fue 1 sample 7/19/79 ESN 517-490 
	1.3 
	14.0 
	17.5 
	0.0 

	Fue 1 Sample 8/4/79 ESN 517-111 
	Fue 1 Sample 8/4/79 ESN 517-111 
	0.8 
	13 .9 
	16.5 
	0.0 

	Fuel Sample 8/9/79 ESN 517-113 
	Fuel Sample 8/9/79 ESN 517-113 
	0.5 
	13.8 
	18.0 
	0.0 

	Fuel Sample 8/14/79 ESN 455-254 
	Fuel Sample 8/14/79 ESN 455-254 
	0.9 
	13.8 
	19.5 
	0.0 

	-­Not Analyzed 
	-­Not Analyzed 


	APPENDIX D UNCORRECTED EMISSION AND ENGINE DATA 
	Figure
	TEST DATE 7/19/79. 
	ESN 455-490 
	ESN 455-490 
	ESN 455-490 

	MODE POWER 
	MODE POWER 
	1 IDLE OUT 
	2 IOU 
	.. 
	3 T.O. 
	4 85% 
	5 30% 
	6 IDLE 
	IN 

	co 
	co 
	(dry)ppm 
	704.37 
	420.72 
	11.60 
	10.56 
	44.17 
	685.45 

	CO2 
	CO2 
	(dry) 
	% 
	1. 99 
	1. 96 
	4.08 
	3.76 
	2.40 
	1. 91 

	THe 
	THe 
	(wet) ppll! C 
	519.84 
	363.84 
	6.43 
	. 
	5.60 
	6.05 
	536.32 

	NOx 
	NOx 
	(WET) 
	ppm 
	19.20 
	26.81 
	430.29 
	352.11 
	72 .63 
	18.53 

	02 
	02 
	(DRY) 
	:t 
	17.75 
	17.79 
	14.64 
	14.99 
	16.99 
	17.63 

	Amhlent Pressure Pamb (in/Hg) 
	Amhlent Pressure Pamb (in/Hg) 
	28.091 
	28.901 
	28.901 
	28.901 
	28.901 
	28.901 

	HUMIDITY 
	HUMIDITY 
	(grains) 
	82 
	82 
	82 
	82 
	82 
	82 

	Nl 
	Nl 
	(rpm) 
	866.1 
	1364.4 
	3833.4 
	3641.1 
	2400.8 
	873 .1 

	H2 
	H2 
	(rpm) 
	6506.2 
	7726.1 
	10380.3 
	10136.9 
	8906.1 
	6551.6 

	Fuel Flow Wf (lbs/hr) 
	Fuel Flow Wf (lbs/hr) 
	1349.2 
	2155.1 
	18502.7 
	158lO.6 
	5068.2 
	1306.6 

	AlT Flow Wa (lba/seC> 
	AlT Flow Wa (lba/seC> 
	37.485 
	63.391 
	261. 654 
	238.439 
	124.173 
	38.013 

	Turbine Discharge Pressure TOP (in/Hg) 
	Turbine Discharge Pressure TOP (in/Hg) 
	33.374 
	41.434 
	177.181 
	157.666 
	71 .993 
	33.394 

	Elth aua t Gas Temperature EGT (OR) 
	Elth aua t Gas Temperature EGT (OR) 
	1247.2 
	1245.1 
	2055.2 
	1960.1 
	1460.6 
	1254.7 

	Compressor Inlet Pressure CIP (in/Hg) 
	Compressor Inlet Pressure CIP (in/Hg) 
	28.891 
	28.893 
	28.699 
	28.685 
	28.793 
	28.879 

	Compressor Inlet Temperature CIT (OF) 
	Compressor Inlet Temperature CIT (OF) 
	88.931 
	90.750 
	91.828 
	91.491 
	92.513 
	93.123 

	COtIlpressor niacharg<! Temperature CUT (OR) 
	COtIlpressor niacharg<! Temperature CUT (OR) 
	777.51 
	910.79 
	1440.04 
	1397.40 
	1115.01 
	779.84 

	Pn 
	Pn 
	ThruH 
	Obaf) 
	1705.2 
	4167.68 
	45288.1 
	39516.4 
	13535.0 
	1706.7 

	FUEL/AIR Ratio (from emiss ion data) 
	FUEL/AIR Ratio (from emiss ion data) 
	0.010134 
	0.009779 
	0.019372 
	0.017881 
	0.011509 
	0.009753 

	FUEL! AIR Rat io (from engine data) 
	FUEL! AIR Rat io (from engine data) 
	0.009998 
	0.009444 
	0.019643 
	0.018419 
	0.011338 
	0.009548 


	D-1. 
	D-1. 

	TEST DATE 8/04/79. 
	ES N 517 -Ill 
	ES N 517 -Ill 
	ES N 517 -Ill 

	MODE 
	MODE 
	1 
	1 
	J 
	4 
	5 
	6 

	POWER 
	POWER 
	IDLE OUT 
	IDLE + 
	T.O 
	85% 
	)0% 
	IDLE IN 

	CO (dry) PpIII 
	CO (dry) PpIII 
	703.89 
	389.02 
	U.96 
	11.60 
	31. 68 
	705.18 

	CO2 (dry) % 
	CO2 (dry) % 
	2.04 
	2.01 
	4.23 
	3.88 
	2.49 
	1. 91 

	THC (vet) PP" C 
	THC (vet) PP" C 
	541. 27 
	232.01 
	0.28 
	0.00 
	0.14 
	591.39 

	HOx (WllT) PP'4 
	HOx (WllT) PP'4 
	19.91 
	26.11 
	428.59 
	339.27 
	83.68 
	20.57 

	01 (DRY) % 
	01 (DRY) % 
	17.54 
	17.56 
	14.51 
	14.91 
	16.97 
	17.57 

	Ambient PT.s~ur. 
	Ambient PT.s~ur. 

	P4Il1b (in/Hi) 
	P4Il1b (in/Hi) 
	28.956 
	28.946 
	28.946 
	28.946 
	18.946 
	28.946 

	HUMIDITY (guina) 
	HUMIDITY (guina) 
	76 
	76 
	76 
	76 
	76 
	76 

	Ifl (rpm) 
	Ifl (rpm) 
	867.1 
	1380.5 
	3844.1 
	3630.4 
	2389.4 
	873 .1 

	H2 (rpm) 
	H2 (rpm) 
	6458.4 
	7714.4 
	10313 .9 
	10053.4 
	8815.3 
	6490.5 

	Fuel Flo.... 
	Fuel Flo.... 

	Wf (lbs/hr) 
	Wf (lbs/hr) 
	1336.5 
	2159.71 
	18715.8 
	15712.4 
	5244.7 
	1311.7 

	Air Flow 
	Air Flow 

	W. (lb./sec) 
	W. (lb./sec) 
	31.217 
	38.816 
	261.000 
	236.953 
	111.305 
	31. 394 

	Turbine Discharge 
	Turbine Discharge 

	Pre.sure 
	Pre.sure 

	TOP (in/ag) 
	TOP (in/ag) 
	N/A 
	If/A 
	If/A 
	N!A 
	If/A 
	If/A 

	Kxh.ust Ga. 
	Kxh.ust Ga. 

	Temperature 
	Temperature 

	!GT (OR) 
	!GT (OR) 
	1239.6 
	1241. 97 
	2090.0 
	19/11. ) 
	1461. 0 
	1237.1 

	Compressor Inlet 
	Compressor Inlet 

	Pressure 
	Pressure 

	eI P <in/Hg) 
	eI P <in/Hg) 
	18.936 
	28.919 
	28.695 
	28.718 
	28.866 
	28.936 

	COlllpressor Inlet 
	COlllpressor Inlet 

	Tempe:-ature 
	Tempe:-ature 

	CIT (OF) 
	CIT (OF) 
	85.009 
	86.566 
	85.948 
	85.004 
	86.298 
	88.605 

	C01lIpresaor 
	C01lIpresaor 

	Discharge 
	Discharge 

	TeIIlperature 
	TeIIlperature 

	COT (OIl) 
	COT (OIl) 
	778.99 
	915.89 
	1448.22 
	1400.82 
	1119.81 
	780.01 

	Fn Thrust (lbaf) 
	Fn Thrust (lbaf) 
	i745.0 
	4391.9 
	46099.9 
	39499.3 
	13776.8 
	1751.5 

	FUEL!AIR Rat io 
	FUEL!AIR Rat io 
	0.010382 
	0.009937 
	0.020066 
	0.018438 
	0.011925 
	0.009790 

	(frOlll elai as ion data) 
	(frOlll elai as ion data) 

	FtJE:L/ AI R R.tt io 
	FtJE:L/ AI R R.tt io 
	0.011893 
	0.015455 
	0.019919 
	0.018419 
	0.012010 
	0.01170] 

	(from enginll data) 
	(from enginll data) 

	TR
	D-2 


	TEST DATE 
	TEST DATE 
	TEST DATE 
	8/09/79 

	gSN 517-113 
	gSN 517-113 

	MOD! POWER. 
	MOD! POWER. 
	1 IDLE OU1' 
	2 IDLE 
	+ 
	3 T.O 
	4 85% 
	5 30% 
	6 IDLE 
	IN 

	CO 
	CO 
	(dry)ppm 
	700.60 
	455.98 
	la.96 
	10.86 
	40.4 
	686.76 

	CO2 
	CO2 
	(dry) 
	% 
	1. 98 
	1.92 
	4.25 
	3.84 
	2.33 
	1. 90 

	THC 
	THC 
	{wed 
	ppm 
	C 
	714.19 
	5J8.82 
	4.06 
	3.47 
	4.74 
	744.16 

	NOx 
	NOx 
	(WET) 
	ppm 
	20.26 
	29.98 
	441. 06 
	335.50 
	74.80 
	20.22 

	02 
	02 
	(DRY) 
	% 
	17.60 
	17.65 
	14.16 
	14.62 
	16.75 
	17.29 

	Ambient Pressure Pamb (in/Hg) 
	Ambient Pressure Pamb (in/Hg) 
	20.020 
	29.019 
	29.019 
	29.019 
	29.019 
	29.019 

	flUMIDITY 
	flUMIDITY 
	(grsins) 
	70 
	70 
	70 
	70 
	70 
	70 

	Nl 
	Nl 
	(rpm) 
	877 .0 
	1390.0 
	3855.3 
	3606.0 
	2365.3 
	874.8 

	N2 
	N2 
	(rpm) 
	6463.0 
	7718.2 
	10394.2 
	10086.5 
	8843.8 
	6454.8 

	Fuel Flow Wf (lh/hrl 
	Fuel Flow Wf (lh/hrl 
	1390.0 
	2191.9 
	19107.1 
	15525.4 
	5027.0 
	1311.9 

	Air Flo'W Wa (lbs/lec) 
	Air Flo'W Wa (lbs/lec) 
	31.975 
	66.237 
	264.323 
	238.686 
	121. 640 
	31. 8S3 

	Turbine Discharge Pressure TOP (in/Rg) 
	Turbine Discharge Pressure TOP (in/Rg) 
	N/A 
	42.310 
	180.039 
	156.585 
	60.983 
	29.015 

	Exhaust Gas Temperature EGT (OR) 
	Exhaust Gas Temperature EGT (OR) 
	N/A 
	1224.42 
	2061,0 
	1943.6 
	1417.3 
	1200.3 

	Compressor Inlet Pres.ure eIP (in/ltg) 
	Compressor Inlet Pres.ure eIP (in/ltg) 
	29.011 
	28.997 
	28.754 
	28.801 
	28.944 
	29.011 

	Compressor Inlet Tempenlture CIT (OF) 
	Compressor Inlet Tempenlture CIT (OF) 
	81.00 
	82.963 
	82.488 
	83.668 
	85.280 
	84.782 

	Compressor Discharge Ielllperature COT (OR) 
	Compressor Discharge Ielllperature COT (OR) 
	N/A 
	918.87 
	1467.18 
	1398.18 
	1115.76 
	782.4 

	Fa Thrust 
	Fa Thrust 
	(lbsf) 
	1706.5 
	4469.9 
	47473.1 
	39843.9 
	13428.6 
	1761.1 

	FUEL/AIR Ratio (from emiu ion data) 
	FUEL/AIR Ratio (from emiu ion data) 
	0.010180 
	0.009692 
	0.020161 
	0.018253 
	0.011175 
	0.009808 

	FUEL/AIR Ratio (from engine data) 
	FUEL/AIR Ratio (from engine data) 
	0.012075 
	0.009192 
	0.020080 
	0.018068 
	0.011480 
	0.011441 


	D-3. 
	TEST DATE 
	TEST DATE 
	TEST DATE 
	8/14/79 

	ESN 455-250/, 
	ESN 455-250/, 

	MOOIt POWER 
	MOOIt POWER 
	1 IOU OUT 
	2 IDt.E 
	+ 
	3 T.O 
	4 85% 
	5 30% 
	6 IOU 
	IN 

	CO 
	CO 
	(dry)pp'. 
	757.29 
	367.07 
	12. 73 
	11.87 
	47.07 
	786.08 

	CO2 
	CO2 
	(dry) 
	% 
	2.22 
	2.05 
	4.40 
	4.05 
	2.49 
	2.14 

	THe 
	THe 
	(wee) 
	ppe c 
	469.62 
	169.54 
	1. 28 
	0.55 
	2.04 
	507.00 

	NOx 
	NOx 
	(W!T) 
	PJlflI 
	21. 75 
	27.88 
	415.38 
	326.03 
	88.54 
	20.44 

	02 
	02 
	(DRY) 
	% 
	17.23 
	17.46 
	14.18 
	14.52 
	16.59 
	17.04 

	Ambient Pre8sure P8Jllb (in/Hg) 
	Ambient Pre8sure P8Jllb (in/Hg) 
	29.011 
	20.011 
	29.011 
	29.011 
	29.011 
	29.011 

	HUMIDITY 
	HUMIDITY 
	(guina) 
	70 
	70 
	70 
	70 
	70 
	70 

	Nl 
	Nl 
	(rpm) 
	908.6 
	1416.6 
	3826.3 
	3595.2 
	2373.4 
	898.9 

	NZ 
	NZ 
	(rpm) 
	6430.8 
	7611. 0 
	10257.1 
	9965.9 
	8735.3 
	6402.0 

	Fue 1 Flo,", Wf (lbs/hr) 
	Fue 1 Flo,", Wf (lbs/hr) 
	1351. 0 
	2142.1 
	18501.4 
	15313.6 
	5101. 3 
	1324.5 

	Air Flov Wa (lbs/slle) 
	Air Flov Wa (lbs/slle) 
	40.992 
	67.955 
	260.185 
	237.841 
	124.539 
	40.368 

	Turbine D\scharge Pressure TOP (in/HI'!) 
	Turbine D\scharge Pressure TOP (in/HI'!) 
	33.963 
	42.239 
	176.116 
	155.117 
	71. 759 
	33.653 

	Exhaust Gas Temperature EGT (OR) 
	Exhaust Gas Temperature EGT (OR) 
	1223.6 
	1218.75 
	2063.3 
	1949.2 
	1426.B 
	1217.6 

	Compressor Inlet Pressure ClP (in/Hg) 
	Compressor Inlet Pressure ClP (in/Hg) 
	28.999 
	2B.980 
	2B.789 
	28.809 
	2B.930 
	28.999 

	Compressor Inlet Temperature CIT (OF) 
	Compressor Inlet Temperature CIT (OF) 
	79.359 
	BO.352 
	79.27B 
	70.03 
	Bl.014 
	BO.B75 

	Compres9cr Discharge Temperatl>re cor (OR) 
	Compres9cr Discharge Temperatl>re cor (OR) 
	778.15 
	910.13 
	1444.03 
	1390.84 
	1108.48 
	774. 11 

	Fn Thrust 
	Fn Thrust 
	(lbs f ) 
	lB29.5 
	£.-445.9 
	45613.6 
	38999.0 
	13659.6 
	1766.7 

	FUEL/ AI R Rat io (from emission data) 
	FUEL/ AI R Rat io (from emission data) 
	0.011226 
	0.010086 
	0.020856 
	0.019230 
	0.011934 
	0.010879 

	FUEL/AIR Ratio (frOlll en ine data) 
	FUEL/AIR Ratio (frOlll en ine data) 
	0.009155 
	0.008756 
	0.019752 
	0.017885 
	0.011378 
	0.009114 


	D-4. 
	TEST DATE 9/30/79. 
	ESN 455-436 
	ESN 455-436 
	ESN 455-436 

	MODE POWER 
	MODE POWER 
	1 IDLE OUT 
	2 IDLE 
	+ 
	3 T.O 
	4 85% 
	5 30% 
	6 IDLE 
	IN 

	CO 
	CO 
	(dry)ppm 
	707.07 
	386.08 
	9.04 
	4.49 
	60.43 
	694.21 

	CO2 
	CO2 
	(dry) 
	% 
	2.10 
	1. 96 
	4.00 
	3.75 
	2.39 
	2.03 

	THC 
	THC 
	(wet) 
	ppm 
	c 
	403.20 
	297.42 
	5.65 
	4.51 
	6.13 
	417.26 

	HOx 
	HOx 
	(WET) 
	ppm 
	20.96 
	28.48 
	385.79 
	315.00 
	69.73 
	20. :l2 

	°2 
	°2 
	(DRY) 
	% 
	17.13 
	17.14 
	14.60 
	14.74 
	17.03 
	17.73 

	Ambient Pressure Pamb ( in/Hg) 
	Ambient Pressure Pamb ( in/Hg) 
	29.037 
	29.037 
	29.037 
	29.037 
	29.037 
	29.037 

	HUMIDITY 
	HUMIDITY 
	(grains) 
	80 
	80 
	80 
	80 
	80 
	80 

	Nl 
	Nl 
	(rpm) 
	839.9 
	1377.9 
	3785.7 
	3548.3 
	2281.3 
	845.1 

	H2 
	H2 
	( rpm) 
	6407.5 
	7679.8 
	10302.3 
	10069.2 
	8711.3 
	6429.5 

	Fue 1 Flow Wf (lbs/hr) 
	Fue 1 Flow Wf (lbs/hr) 
	1286.3 
	2126.6 
	-
	17893.4 
	15251.0 
	4909.0 
	1290.6 

	Air Flow Wa Obs/sed 
	Air Flow Wa Obs/sed 
	37.300 
	65.448 
	270.953 
	242.727 
	122.714 
	37.417 

	Turbine Discharge Pressure TOP (in/Hg) 
	Turbine Discharge Pressure TOP (in/Hg) 
	33.193 
	41. 569 
	178.854 
	157.1l0 
	70.063 
	33 .195 

	Exhaus t G&8 Temperature EGT (OR) ---.-----:-­P,. -
	Exhaus t G&8 Temperature EGT (OR) ---.-----:-­P,. -
	1254.8 
	1226.1115 
	2010.1 
	1916.1 
	1402.4 
	1245.0 

	Compressor Inlet Pressure CIP (in/Hg) 
	Compressor Inlet Pressure CIP (in/Hg) 
	29.036 
	29.007 
	28.781 
	28.803 
	28.023 
	29.036 

	Compressor Inlet Temperature CIT (OF) 
	Compressor Inlet Temperature CIT (OF) 
	74.426 
	76.452 
	76.436 
	76.153 
	76.627 
	77.651 

	Compressor Discharge Temperature COT (OR) 
	Compressor Discharge Temperature COT (OR) 
	778.08 
	919.47 
	1462.38 
	1403.66 
	1112.65 
	778.32 

	~n 
	~n 
	Thrust 
	( 1bs f) 
	1668.8 
	4454.0 
	46385.7 
	40631.4 
	13816.6 
	1647.4 

	fUEL/ AIR Rat io (from emi sa ion data) 
	fUEL/ AIR Rat io (from emi sa ion data) 
	0.010798 
	0.009730 
	0.018998 
	0.017830 
	0.011469 
	0.010269 

	FUELI AIR Rat io (from engine data) 
	FUELI AIR Rat io (from engine data) 
	0.009579 
	0.009026 
	0.018344 
	0.017453 
	O.01l112 
	0.009581 


	D-5. 
	D-5. 

	Figure
	Figure









Accessibility Report





		Filename: 

		ct80-36.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 25



		Failed: 4







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Failed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top



