ATION OF POLLUTANT EMISSIONS
CTERISTICS OF GENERAL ELECTRIC
Lihet AND CF6-50 MODEL ENGINES

TECHNICAT. CONTRIBUTORS

T.F. Lyon
W.J. Dodds T
D.W. Bahr

SEMERAL ELECTRIC COMPANY
AIRCRAFT ENGINE GROUP
CINCINNATI, OHIO 45215

AD Aog892y

March 1980 -

SIMAL REPORT

Decowent s available to the U,S. public through the
Narional Technical Information Service
Soringfield, Virginia 22162

Prapared for

TRIEMT OF TRANSPORTATION

AL AVIATION ADMIBMISTRATION

“2 OF ENVIBONSAENT AND ENERGY
WASHINGTOM, D.C. 2059 o

P
4 *
Qo/ >4

e
o
e,
e’
e

\‘\




document is disseminated under the sponsorship of
Department of Transportaticn in the interest of
wution exchange. The United States Government
: nn liability for the contents or use thercof,




Technical Report Documentation Page

2, Government Accession No. 3. Raecipient's Catalog No.

~ AD-Hogs 27
ond Subtitle e . . .

G; Determination of Pollutant Emissions
Characteristics of General Electric
CF6-6 and CF6-50 Model Engines: _

— . 8. Performing Organization Re ‘
3 ”7"’ g/ | ,,-"@L_ B Z gg'
! T.F. JLyon/ W.J. odds,”D.W. Bahr / 80AEG420’)

[ | 9.~ Perfermphg Organization NUma and Address 7 \.7-—-,-”—':%9‘( S UniT N0, [TRAIS)

General Electric Compigy

Aircraft Engine Group T —
Cincinnati, Ohio 45215 ¢4 ! DOT-EA7GiA~4207 few
. r d
\
12. Sponsoring Agency Name and Address : /, Final}’e{;t .

U.S. Department of Transportation, Federal October 1978-December P7

Aviation Administration, Office of Enviromment D s asn i natuinbtiiiios 3
and Energy 4. Sponsoring Agency Code T

Washington, D.C. 20591

15. Supplementary Notes

-

16. ‘*uruﬂ

The average levels and the variability of emissions were determined for newly
manufactured General Electric CF6-6 and CF6-50 model engines. Emissions of
carbon monoxide, hydrocarbons, oxides of nitrogen, and smoke were measured

on a total of twenty-five engines. Emissions were measured from two

seperate sampling systems, one sampling in the FAA diamond pattern, and

the other in the EPA cruciform pattern. Only small diferences in emisgsions
were found between the two sampling patterns.

Typical variability in CF6é production engine emissions was found to be
somevhat less than had been previously reported for other types of large,
turbofan engines. The effect of differences in fuel types, and in idle
conditions (hot or cold) on emission levels were also determined.

© ez - ..

17. Key Words 18. Distribution Statement
Exhaust Emissions This document is available to the
CF6 Gas Turbine Engine Emissions public through the National Technical
Gas Turbine Combustion Information Service, Springfield,
Production Engine Emissions Virginia 22161
Exhaust Emissions Variability
19. Security Classif. (of this report) 20, Security Classif. (of this page) 21. No. of Pages | 22. Price
Unclassified Unclassified 1n6 -
7/
Form DOT F 1700.7 (8-72) Reproduction of completed page authorized / ,1

# LK S -

e i B i o 2 bt o Eams kA e e




TABLE OF CONTENTS

Section Page
1.0 INTRODUCTION 1
' 2.0 SUMMARY 2
3.0 ENGINE EMISSIONS TEST SETUP 3
3.1 CF6 Engine Description 3
: % 3.2 Production Engine Test Facility 6
: 3.3 Engine Emissions Sampling System 6
3.4 Emissions Analysis System 13
4.0 CF6 PRODUCTION ENGINE EMISSIONS TESTS 17
4.1 Engine Emissions Test Procedure 17
4.2 Data Correction Factors 18
4.3 Data Acquisition and Reduction 20
4.4 Emissions Test Data 22
5.0 ENGINE EMISSIONS TEST VARIABILITY 44
6.0 CONCLUSIONS 47
REFERENCES 48
APPENDIX A - EMISSIONS TEST SUMMARY SHEETS FOR CF6-50C2 ENGINES 49
WITH JP-4 FUEL
] APPENDIX B - EMISSIONS TEST SUMMARY SHEETS FOR CF6-50C2 ENGINES 75
4 WITH JET A FUEL
APPENDIX C - EMISSIONS TEST SUMMARY SHEETS FOR CF6-6D ENGINES 88
WITH JET A FUEL
Atcesgion For
NT16 GHAKI
DDC TAB v
Unamnounced !
Justificotion -
By ,
Distrivution/ :
| Availinbilitt Cogel
Availend/on
Diat special
- LA




Figure

10.
11.
12.
13.
14.
15.

16.

17.
18.

19.

LIST OF ILLUSTRATIONS

General Electric CF6-50 High Bypass Turbofan Engine.
Production Engine Test Cell Cross Section.

CF6-50/CF6~-6 Conical Nozzle Comparison, Acceptance Test
Configuration.

Rake Arm Showing Sampling Orifice Locationms.
Emissions Sampling Rake Head.

Emissions Sampling Rake Installed in Cell M35 Behind
CF6-50C2 Engine.

Schematic of Sampling and Analysis System.
Emissions Analysis System.

Measured CO Emission Index Vs. Ty for a CF6-~50C2 Engine
on Jet A Fuel

Measured HC Emission Index Vs. T3 for a CF6-50G2-Engine
on Jet A Fuel.

Measured NOy Emission Index Vs. T3 for a CF6-50C2 Engine
on Jet A Fuel.

Measured CO Emission Index Vs. T4 for a CF6-6D Engine on
Jet A Fuel.

Measured HC Emission Index Vs. T3 for a CF6-6D Engine on
Jet A Fuel.

Measured NO, Emission Index Vs. Tq for a CF6-6D Engine on
Jet A Fuel.

Measured CO and HC Emission Index Vs. T3 from Rake A for 18
CF6-50C2 Engines on JP-4 and Jet A Fuels.

Measured NO, Emigsion Index Vs. T, from Rake A for 18
CF6-50C2 Engines on JP-4 and Jet A Fuels at Takeoff and
85X Power Level.

Average Corrected CO and HC Emission Indices at Idle Power
for Three Emission Test Series.

Average Corrected NOx Emission Index at Takeoff, 85Z, and
302 Power Levels for Three Emission Test Series.

Ratio of Fuel-Air Ratio from Gas Analysis to Fuel-Air
Calculated from Engine Paramaters Plotted Against FAR8 for
Seven CF6-6D Engines on Jet A Fuel.

iv

10
11
12

14
15
24

25

26

27

28

29

30

31

34

35

36




LIST OF ILLUSTRATIONS (Concluded)

Figure Page
20. Ratio of Fuel-Air Ratio from Gas Analysis to Fuel-Air 38

Ratio Calculated from Engine Parameters Plotted Against
FAR8 for 12 CF6-50C2 Engines.

] 2], Average Smoke Number at each Thrust Level for Three Engine 39
Test Series.

22, Effect of Emissions Sampling Rake on Corrected Thrust. 43




1.0 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) has promulgated
standards regulating exhaust emissions from aircraft gas turbine engines
(Title 40, Code of Federal Regulations, Part 87). The EPA has also stated
that the standards are to be considered upper limits with respect to com-
pliance testing. This stipulation implies that the worst engine must meet the
standard; thus, the average engine must be below the standard by an amount

F.’ depending on the overall measurement variability.

Therefore, there are two approaches for compliance testing: either every
engine would be tested and shown to be in compliance with the standard, or a

sampling of engines would be tested and the test data would be used to demon-
strate statistically, and with a high degree of certainty, that "all" of the

PR T

engines of that particular model will meet the standards. Since testing
every engine for compliance with emissions standards-would be extremely
costly and time consuming, it is obviously more desirable to demonstrate
compliance based on tests of a statistically significant sampling of

engines of a particular model. The magnitude of emissions variability would
thus be a key factor in the formulation of an aircraft engine emissions

standards compliance procedure.

The purpose of this program is to determine the average levels and the
variability of emissions from newly manufactured General Electric CF6-6 and
CF6-50 model engines. To accomplish this, the emissions characteristics of
seven CF6-6 and eighteen CF6-50 production engines were measured in a series

of carefully controlled tests.

This program is part of an ongoing effort by the FAA to establish a

broad data base from which regulations can be established to assure com-

pliance with EPA aircraft emissions standards. 5




2.0 SUMMARY

Emissions of carbon monoxide (CO), hydrocarbons (HC), oxides of nitro-
gen (NOx). and smoke were measured on a total of twenty-five newly manufac-
tured CF6 aircraft turbine engines. The emissions tests were conducted in
the production engine test cells at the General Electric Evendale Plant
following the normal factory acceptance tests. The tests were divided
into three series. In the first, twelve CF6~50C2 model engines were tested
using JP-4 fuel. The second series consisted of tests of six CF6-50C2
engines with Jet A fuel, and the third was a series of seven CF6-6D engines
using Jet A fuel.

The emissions tests were conducted according to test procedures speci-
fied by the EPA for measurement of emissions from aircraft gas turbine
engines. The emissions are calculated from measurements made during a
simulated landing-takeoff cycle consisting of the following five power
settings in the specified order: taxi/idle (out), takeoff, climbout
(85 percent), approach (30 percent), and taxi/idle (in).

Emissions samples were taken from the exhaust stream using a manifolded
rake system specifically designed and constructed by General Electric for
this program. The major feature of this rake system was the capability for
rapid installation and removal from the test cell. The rake system con-
tained two sampling systems, one sampling in the FAA diamond pattern, and
the other in the EPA cruciform pattern. Only small differences were found

in emissions from the two sampling patterns.

The emissions test data include both engine performance parameters and
emigssions data. These data are tabulated on emissions summary sheets, two
pages for each engine tested. The complete test summary tabulations are
given in appendices to this report.

The emissions variability information was summarized for each engine
test series. Typical variability for CF6 production engines was found to
be somewhat less than had been previously reported for other types of large,
turbofan engines. The effects of differences in fuel types, and in idle

conditions (hot or cold) on emissions levels were determined as a part of

these evaluations.




3.0 ENGINE EMISSIONS TEST SETUP

The CF6 engine emissions tests were conducted in production test cells
M34 and M35 in Building B at the General Electric Evendale, Ohio plant.

The emissions tests of each engine followed the normal factory acceptance

test. The emissions analysis instrumentation and procedures were those
generally utilized by General Electric for engine emissions testing. A
new emissions sampling rake was, however, procured and utilized for these
tests. This rake was specifically designed to permit rapid installation
and removal from the test cell so as not to seriously delay the production

test schedule.
This seciion of the repcrt describes the CF6 engine models and the
engine test facility, along with the exhaust sampling rake and the

emissions analysis system.

3.1 CF6 ENGINE DESCRIPTION

The CF6 engine family consists of twin-spool, high bypass turbofan
engines used principally to power large, wide-body commercial tramsports.
The CF6 combines high bypass ratio with high component efficiency and in-
creased turbine operating temperatures to produce low operating costs, low
sound levels, low smoke, and high performance. A typical CF6-50 installa-

tion is shown in Figure 1.

The first version of the CF6 developed was the CF6-6, which was based
on the core engine of the military TF39 with a new low pressure system.
The CF6-6 has dual rotors and variable compressor stators. Its single-
stage fan and single-stage low pressure compressor are driven by a five-
stage low pressure turbine through a shaft concentric with the core engine.
The fan provides about 85 percent of the thrust at takeoff power. The
core engine congists of a 16-stage axial flow compressor with variable

stators, an annular combustor, and a two-stage air cooled turbine.

The CF6-6 engine powers the McDonnell Douglas DC-10 Series 10 tri-jet
aircraft. The most current production engine is the CF6-6D model rated at
39,300 pounds takeoff thrust. In the present program, seven CF6-6D engines

were tested.
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The CF6-50 engine series is the higher thrust version of the CF6. The
major component differences between the CF6-50 and the CF6-6 are that the
CF6-50 has additional low pressure compressor stages (three versus one),
fewer high pressure compressor stages (14 versus 16), and fewer low
pressure turbine stages (four versus five). The major increase in thrust
of the CF6-50 over the CF6-6 within basically the same engine envelope is

a consequence of its higher airflow, fuel flow, and pressure ratio.

The CF6-50 engine series (50,000 pound thrust class) has a wide range
of applications, which include the three-engine McDonnell Douglas DC-10
Series 30 long range tri~jet, the two-engine Airbus A300B, and the four-
engine Boeing 747. The military version of the CF6-50, designated the
F103, is being produced for the Boeing E~4A command post version of the
747 aircraft and has been flown in the Boeing YC-14 short takeoff and land-
ing vehicle,

Because éf'tﬁe wide range of applications of the CF6-50 engine, the
current production includes several models. In the present program, a
total of eighteen CF6-50C2 engines were tested. This particular model was
chosen because it is the highest rated thrust (51,800 pounds) versiom cur-
rently in production, and is equipped with improved fan blades which have

been recently introduced.

The CF6 engine combustion system consists of 30 pressure atomizing,
duplex-type fuel nozzles in an annular combustor. Axial swirlers in the
combustor dome provide the intense mixing of fuel and air required for good
combustion stability and low smoke emigsions. While generally similar, the
CF6~50 combustor and fuel nozzles are sized to accommodate air and fuel
flows considerably higher than the CF6-6. The CF6-50 combustor is nearly
three inches shorter than the CF6-6.

Except for the low smoke features, the current production CF6 com-
bustion system is not equipped with emission abatement features and does not
meet the presently proposed EPA standards (Reference 1) for gaseous

emissions.




3.2 PRODUCTION ENGINE TEST FACILITY

The Evendale Plant production engine test facility for large turbofan
engines consists of two test cells separated by a common access area on the
lower level and by a control room on the second level. Engine access is
through a large vacuum-sealed door on the side wall of each test cell.

Each test cell has a horizontal, sound-treated, air inlet system and a

vertical sound-treated exhaust system.

A cross section of the test cells is shown in Figure 2, along with
the principal facility dimensions. The large access door and adequate room
between the engine exhaust nozzle and the augmentor permitted ready instal-
lation and removal of the emissions rake system. Modifications to these
cells required for the emissions tests included installation of a feed-
through in the cell wall for the sample line, and installation of anchors
in the floor to fix the rake system in position.

The test cell data acquisition and processing system provides an
automatic means of determining engine performance. Test data is fed to the
digital data acquisition system and then transmitted to the Honeywell 600
computer via a telephone data link. The H6000 converts the data to
engineering units and calculates the engine performance. The test data and
performance parameters are then printed out on the test cell teletype
terminal.

3.3 ENGINE EMISSIONS SAMPLING SYSTEM

Emissions samples were withdrawn from the exhaust stream with a mani-
folded rake system specifically designed and constructed by General Electric
for this program. The major design consideration for this system was the
capability of rapid installation and removal from the test cell so as to
avoid as far as possible any interference with the normal production test
schedule. This was achieved by mounting the sampling rake head on a single
pylon which was supported on a large base, which, in turn, was anchored to
the test cell floor. The rake was positioned behind the engine prior to

each emissions test.
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Samples were withdrawn from the exhaust stream using two different
sample patterns, each consisting of twelve separate orifices manifolded
together. In the first sampling pattern, known as the FAA diamond
pattern, the orifices are on an arc which is located at 63 percent of the

exhaust nozzle radius. The orifices are divided into four groups of three
each, with each group located in a separate quadrant. In each group the
orifice separation is four percent of the exhaust nozzle diameter. 1In

the second sampling pattern, known as the EPA cruciform pattern, the three
orifices in each quadrant are radially spaced on centers of equal area.

It might be noted that the FAA developed diamond pattern does not quite
conform to the EPA specified (Reference 1) minimum orifice separation,

which is 0.1 times the nozzle radius (5 percent of nozzle diameter).

In order to avoid fabrication of two separate probe heads, and to
avoild the time and expense involved in changing probe heads each time a
different model engine was tested, the same sampling head was used for
sampling both the CF6-6 and CF6-50 engines, even though the nozzle
dimensions are somewhat different for the two engine models. A comparison
of the nozzle dimensions for the CF6-6 and CF6-50 engines is shown in
Figure 3. As shown in this sketch, the CF6~50 has a somewhat larger
exhaust area than does the CF6~6 (35.96 inches diameter versus 32.48 inches
diameter), and the CF6~50 exhaust plane is located 6.1 inches forward of
the CF6-6 exhaust plane.

Some compromise was thus necessary in locating the orifices for the
two sampling patterns. For the diamond pattern, the orifice locations were
calculated using the average nozzle diameter of the two engines. For the
cruciform pattern, the orifices were radially spaced based on the CF6-6
nozzle diameter. Figure 4 shows details of the orifice locations in one
of the four rake arms. All orifices are 0.031 inch in diameter. This value
was chosen so as to give adequate pressure drop across the orifices at the
required total sample flow rate of about one standard cubic ft per min.

Figure 5 is a photograph of the emissions sampling rake head.

Figure 6 shows the emissions rake installed in the exhaust stream of a
CF6-50C2 engine. The rake is fixed to the floor with eight bolts, Slotted
bolt holes in the base permit sideways alignment of the rake behind the

B NI




‘uoryeandryuo) 3say aouwvldaodoy ‘uosyiedwo) ayzzoy 1895 FuU0) 9-940/06-940 "¢ 2iIn8tyg

L719¢ 0°1s¢E
_ 9°86e o°vse 6°LvE 6°vge uotrjels
- — — n — - —_—
| A T T !

sany 3uen

sueyg 4 v2°9t Apoqaajua) 9-

Auyidueg |.|||I||\l1
|

4&poqiajuad gg-

¥ 86°L1

a122ZO0N 9-

8{22Zo0N 06-

— .

Buraited 1tejleog

2IN30nJ3S UOTAd

SN

A




14,90

11.74

+ Cruciform Orifice
Location
Location

All Orifices
0.031-in. Diameter

o aikibddsians

/////////////////[////////////

4
%
/
’
/1
/
/
/
/]
4
/
/1
; A Diamond Orifice
|
/
/
4
1
/
Y/
Y/
/
A
1
5
1
4
4

6.9 in. from
Engine Centerline

JUSNN

Pigure 4. Rake Arm (One of Four) Showing Sampling Orifice Locations.

10




<

. i b o} -y 28,

gr

R

*peaH ojey 3Juyirdueg suorssiwyg

‘g 2an31yg

s U w1 P, S e B

11

Y




‘autdug gD0g-940 Puryag GEW 1190 ul parleisuy ayey Buiidueg suorssiug 9 2aAndrg




engine. Before an engine test, the rake was carefully positioned behind the
engine and bolted to the test cell floor. Between engine tests the rake was
stored in the test cell with sample lines attached. The two sample lines
made of electrically heated teflon were passed down from the rake head
inside the rake pylon, across the floor, and out through the cell wall to the

analysis instrumentation located just outside the cell wall.

3.4 EMISSIONS ANALYSIS SYSTEM

Samples from the emissions sampling rake passed to the sample handling
system as shown in Figure 7. The sampling system was arranged so that one
sample was analyzed for gaseous emissions while smoke was measured on the
other. The rake was backpurged with air to prevent rake contamination by
fuel during engine startup and shutdown. The dump flow was used to increase
the sample flow rate and reduce the residence time. All sample lines were
electrically heated and maintained at a temperature of about 300°F up to

the hydrocarbon analyzer.

The emissions analysis system is shown in Figure 8. The gaseous
emissions portion of the system was specifically designed and packaged by
General Electric for compactness and portability. The four gas analyzers
are manufactured by Beckman Instruments, Inc. The CO (Model 865) and CO2
(Model 864) analyzers are nondispersive infrared instruments. The NO/NOx
analyzer is a Model 951 heated chemiluminescence analyzer with thermal

converter, and the HC analyzer is a Model 402 flame ionization instrument.

The two standard relay racks house the four Eﬁs analyzers along with
the readout devices, flowmeters, flow control valves, and solenoid operated
calibration gas valves. Two double-pen recorders provide a permanent and
continuous record of the instrument outputs, while the actual test values
are more quickly and conveniently read from a digital millivoltmeter which

is switched from one analyzer output to the other.

The smoke measurement console (shown on the left in Figure 8) is a
General Electric-designed system and conforms to all requirements of both
the EPA and the SAE procedures. A major automated feature of this system
is that after selection of a sample volume (in 0.05 cubic foot increments),

13
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the sampling cycle is started and stopped automatically with the push of

a single button.

The gaseous emissions analyzers were calibrated with certified mix-
tures of propane in air, CO and CO2 in nitrogen, and NO in nitrogen. Each
analyzer was calibrated with four separate mixtures in concentrations such
as to cover the range of concentrations of gas samples from the engines.
Each calibration gas was certified by the vendor to an accuracy of
2 percent of the concentration. In addition, the calibration gases were
compared at General Electric to Standard Reference Material (SRM) mixtures
which are obtained from the National Bureau of Standards and are certified
accurate within 1 percent. A complete calibration was performed both

before and after each engine test.

16
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4.0 CF6 PRODUCTION ENGINE EMISSIONS TESTS

The original plan for this program was to run emissions tests on both
CF6~50 and CF6-6 model engines using JP~4 fuel, which was the only fuel
available in the production engine test cells when this program was
initiated. Due to a combination of circumstances, the fuel used in produc-
tion engine tests was changed from JP-4 to Jet A after the initial tests of
the CF6-50,but before the CF6~6 tests. After Jet A became available, an
additional series of CF6-50 engines was tested on Jet A fuel, in lieu of
the previously planned single test comparing emissions on JP-4 with Jet A.
As a result, the engine tests were divided into 3 separate groups, as

follows:

1. Tests of twelve CF6-50C2 model engines on JP-4 fuel.
2. Tests of six CF6-50C2 model engines on Jet A fuel.
3. Tests of seven CF6-6D model engines on Jet A fuel.

Each test consisted of emissions measurements at the EPA specified
power settings. The emissions tests were run following the normal factory
acceptance test and thus the engine was in the acceptance test configura-
tion.

This section of the report describes the emissions test and data

reduction procedures and presents the engine test results.

4.1 ENGINE EMISSIONS TEST PROCEDURE

An engine emissions test on this program consisted of emissions measure-
ments at the five EPA specified (Reference 1) power settings of ground idle,
takeoff, 85 percent, 30 percent, and ground idle. As specified in the EPA
procedure, the test points were run ia the sequence shown. For the purpose
of these tests, takeoff power is defined as the FAA certificated takeoff
thrust level at sea level static, standard day conditions, and corresponds
to the engine nameplate rating. For engine cycle calculations, this is the
uninstalled thrust level of an engine with acceptance test cowling. The
nameplate thrust of the CF6-50C2 is 51,800 pounds and for the CF6-6D is
39,300 pounds. This rated thrust level is also used to calculate the :

gaseous emissions levels in terms of the prescribed EPA Parameter.

17




The normal acceptance test throttle setting was used to set the ground

idle test points. This corresponded to a corrected core engine speed of
approximately 6300 rpm for the CF6-50C2 engines, and approximately 5600 rpm
for the CF6-6D. For the other test points (takeoff, 85 percent, and

30 percent), corrected fan speeds were set which corresponded to the speci-
fied thrust settings, as determined by the most recent engine cycle based
on production engine performance. These high power corrected fan speed
settings were 3804, 3477, and 2309 rpm, respectively, for the CF6-50C2
engines, and 3400, 3200, and 2070 rpm for the CF6-6D engines. It might

be noted that the corrected fan speed corresponding to takeoff thrust

for these emissions tests is somewhat lower than for the normal factory
acceptance tests, since the thrust must exceed the rated level for the

acceptance test, while the emissions test is run at the rated thrust level.

The normal emissions test sequence involved pre-test operations such as
installation of the emissions rake, calibration of the emissions analysis
equipment and heat-up and checkout of the sampling system. These operations
consumed 2 to 3 hours. Actual engine operation for the emissions test took
about 1 hour. Post-test calibration and removal of the rake system consumed
another hour for a total test time of 4 to 5 hours. Further test related
activity included gaseous emissions data reduction, smoke data reduction,
fuel analyses, additional engine performance calculations and, finally,

compilation of the emissions test summary sheet.

4.2 DATA CORRECTION FACTORS

The EPA Parameter (EPAP) is defined (Reference 1) as the total mass
emitted of a particular gaseous pollutant per unit engine rated thrust, for
a particular EPA designated landing-takeoff cycle. The EPAP for each specie
(Co, HC, Nox) may be calculated from the equation

EPAP = I (EI*F*TIM)/RATED THRUST ¢9)

where the summation is over the five EPA specified power settings, EI is the
emission index, F is the fuel flow rate, and TIM is the "time-in-mode" for
each power setting. The EPAP is usually expressed in units of grams per

kilonewton thrust per cycle. In this report the EPAP is expressed in

18
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engineering units of pound per 1000 pound thrust per cycle in order to

maintain consistency in units.

In Equation 1, the engine rated thrust is taken as the nameplate value,
as discussed in the previous section. TIM is specified (Reference 1) for
each mode as 19.0, 0.7, 2.2, 4.0, and 7.0 minutes, respectively, for idle
(out), takeoff, 85 percent, 30 percent, and idle (in) power settings. The
remaining factors in Equation 1, EI and F for each mode, are obtained from
test data. Since ambient conditions of temperature, pressure, and humidity
are known to affect both the engine emissions and the engine performance
parameters (such as fuel flow), it is important to correct the test data
for these effects. This 1is especially true in a program such as that
reported here, where factors affecting engine to engine variability must

be controlled as much as possible.

There have been two different approaches used in correcting emissions
data for ambient effects. One approach is to select correction factors
based solely on the ambient conditions. The other method is to determine
correction factors based on the deviation of combustor inlet conditions
from some reference values, generally obtained from the engine status
cycle. This latter approach is now more commonly employed and has been
recommended in several receant studies (References 2, 3, 4) sponsored by
both the EPA and FAA,

The emissions correction factors used in the present program are based
on parametric studies previously made by General Electric on CF6-type com-
bustion systems. The correction factors involve combustor inlet conditions
of pressure (P3), temperature (T3), and humidity (HUM). The magnitude of
each factor depends on the deviatjion of the actual test value from the
reference level for each pollutant at each power setting. The general
equation for the emission index (EI) corrections along with the constants
employed in the equation is given in Table 1. Note that the signs of the
constants in the equation are such as to indicate the direction of change
of EI with the measured parameter. For example, EICO decreases with in-

creasing P53 so that the constant "a" ig negative for CO. However,

"n_n

EINOX incresazcs with increasing P3 so that "a" is positive for NO.

H
3
P
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The EPA standard document (Reference 1) does not address the question
of correction of the measured engine fuel flow, although it is clear, from
Equation 1, that the EPAP is proportional to the measured fuel flows.

Since fuel flow varies significantly with ambient conditions and since
measured EI's and thrust are corrected for ambient conditions, it seems
logical that the measured fuel flow should be likewise corrected, The fuel
flow correction factor is that normally used at General Electric for CF6
engine performance analysis and is given in Table 1. This fuel flow cor-
rection factor accounts for variation in ambient pressure, temperature, and
humidity, but is based on the actual power setting. The EI correction fac-
tors, however, adjust the measured EI's to reference day engine parameters
(T3 and P3). Thus the EI correction procedure effectively corrects for in-
exact engine power setting along with ambient effects, while the fuel flow

is corrected only for ambient conditions.

4.3 DATA ACQUISITION AND REDUCTION

The important test parameters were tabulated on the CF6 engine
emissions test summary sheets, which are the output of the CF6-SUMM com-
puter program. These summary sheets for the entire test program are given
in Appendix A (CF6-50C2 model engine with JP-4 fuel), Appendix B (CF6-50C2
model engine with Jet A fuel), and Appendix C (CF6-6D model engine with
Jet A fuel). There are two summary sheets for each engine tested, the
first giving emissions data from rake A (FAA diamond pattern), and the
second listing emissions data from rake B (EPA cruciform pattern). Also

included in Appendix A is a list of nomenclature for the test summary sheet.

Each summary sheet is divided into four sections. The first section
lists engine performance data for each of the power settings. These data
are the same for both the A and B sample patterns. The engine performance
data are obtained mainly from the test cell digital data reduction tabula-
tion, although some of the parameters are separately computed. The main

engine flow is computed from the high pressure turbine flow function. s
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Table 1. EMISSION INDEX AND FUEL FLOW CORRECTION FACTORS FOR CF6 MODEL ENGINES.

General Equation (applies to CO, HC, NO,):

a -
EIK = EI (1131;—1?) exp [(B-Rll3>+ c(HUMRF—HUM)]

b

Constants in General Equation

a b c

EICOK -0.5 =400 0

EIHCK 0 -140 0
EINOXK 0.37 490 -0.00269

Corrected Fuel Flow:

WFEK = WFE (1-0.0000691 HUM)/86" % 4
§ = P,/14.696

g = (T2+459.67)/518.67

Nomenclature:
Py psia - combustor inlet pressure
PJRF, psia - reference combustor inlet pressure
T4, © F - combustor inlet temperature
TaRF, ® F - reference combustor inlet temperature

HUM, gr/lb - ambient humidity

HUMRF, gr/lb - reference humidity
Py, psia - engine inlet total pressure

T2. O F - engine inlet total temperature

EPA Specified Reference Day Ambient Conditions:
P, = 14.696 psia
T2 = 59° F
HUMRF = 44 gr/lb

PRPTEL
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The second section of the summary contains emissions data which are
obtained from separate computer programs for smoke and gaseous emissious.
Calibration data for the CO, COy, HC, and NO, analyzers are input to the
CALIB program which fits the data to a preselected analytical function.
The calibration function is then used with the emissions test data to
obtain the gaseous concentrations through the CAROL program. The CAROL
program also calculates emission indices, fuel-air ratio, and combustion
efficiency from the gaseous concentrations. Equations used to calculate
emission indices and fuel-air ratio are taken from SAE Recommended
Practice (Reference 5). Smoke data is processed through a computer pro-
gram which reduces the data in accordance with the EPA specified

(Reference 1) procedures.

The third section of the summary tabulation contains the corrected
emissions data, based on reference values of T3, P3, and HUM which have
been obtained from the engine status cycle. The correction procedure is

outlined in Table 1.

The last section in the test summary contains EPAP values calculated
from Equation 1 using the corrected EI and fuel flow, obtained as indicated
in Table 1. The last item on the summary sheet is the maximum smoke
number. The maximum smoke number measured at any of the five power settings
is the parameter controlled by EPA regulations. The EPAP values are tabu-

lated both in engineering units and in metric units.

4.4 EMISSIONS TEST DATA

The three separate engine test series were conducted between April 10
and December 5, 1979. Overall, the data spanned a wide range of ambient
temperature and humidity, with T2 variation from 27 to 88° F, and humidity
variation from 19 to 105 grains per pound. In each test, five separate
engine test points were run and emissions were measured separately from
rake A (diamond pattern) and rake B (cruciform pattern). It might be noted
that the NOx emission index obtained in the test of ESN 517-539 is about
35 percent lower than the average. This was a test of the CF6~50C2 engine
on JP-4 fuel. Since this is well outside of normal statistical variation

in the data, the NOx data from this test is not included in any of the
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averages presented in this report. It is strongly suspected that, on this

particular test, zero gas was leaking into the NOx sample system, thus caus-

ing the low values,

Although emissions were normally measured at only five power settings,
some additional data points were obtained for one CF6-50C2 engine and for
one CF6-6D engine, both on Jet A fuel. Plots of EI versus combustor
inlet temperature (T3) for these two tests are given in Figures 9 through
14, These data were plotted against T3 since, in general, the EI is more
sensitive to T3 than to other engine parameters. The plots contain the
actual uncorrected EI for each of the test points for each of the sampling

patterns. These Figures show the general trends of emissions with T, and

3
the generally good agreement between samples from the two different sampling
rakes. Also indicated in these plots is that EPAPCO and EPAPHC values are
mainly determined by the idle emissions levels, while EPAPNOX is mostly

determined by the high power (takeoff and 85 percent) test points.

Figure 15 is a plot of measured CO and HC emissions at idle power for
the CF6-50C2 engines on JP-4 and Jet A fuels for the Rake A (diamond
pattern) only. Note that the cold idle (initial test point) is distin-~
guished from the hot idle (final test point). These plots indicate the
total range of measured CO and HC and show the trend of idle emissions
with T3. These data also show idle emissions for Jet A fuel to be somewhat
higher than for JP~4 fuel, and that emissions of both CO and HC tend to be
slightly higher for the hot idle condition than for the cold idle condition.
This latter effect is thought to be due to the fact that combustor fuel-air
ratio is lower for the hot idle condition, which would cause an increase in

both CO and HC emissions. {

Figure 16 shows measured NOX emission index versus T3 at takeoff and
85 percent power for the CF6~50C2 engines on JP-4 and Jet A fuels for the
rake A (diamond pattern) only. The spread in these data is mainly due to

differences in humidity from test to test. The humidity is indicated on
the Figure for each of the engines. The higher humidity causes reduced

NOx emissions.
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Figure 15, Measured CO and HC Emission Index Vs, T, from Rake A (Diamond
Pattern) for 18 CFP6-50C2 Engines on JP-4 and Jet A Fuels. Both
Cold (Initial) and Hot (Final) Idle Readings are Shown.

30

P R L o Ty v o




‘S18A9] 13m0g %G8 Pue Jjoayel 3® syeng y 19r pu® p-dr uo sauidug 2o0S-940

81 40J (ursjied puoweyq) v o8y wory €] °sp xapul uoyssymyg XoN paunseoan ‘91 aandyg
i, ‘&
0ot1 osol 0001 0s6 006 oss
A3tpyang ( )
vaie @
y-at O

ot

02

oS

teng q1 ooot/ar ‘“onia

31




The data plotted in Figures 9 through 16 are measured (uncorrected)
El's, which show fairly strong trends with T3 and, for EINOX, with humidity.
A summary of average corrected EI's for the three test series for each of
the sample rakes, and for each of the power settings is presented in
Table 2, Also given in Table 2 is the standard deviation and coefficient
of variation for each of the values. The coefficient of variation is the
standard deviation divided by the average, expressed in percent. As indi-
cated by the relatively small standard deviations in Table 2, the correc-
tion factors effectively reduce data variability to rather low levels as

compared to the uncorrected data.

The average corrected EI's for CO and HC (from Table 2), are compared
in Figure 17 for data from the three test series. The tendency for the
diamond rake to yield higher EI's at idle than the cruciform rake, and
the tendency for the hot idle condition to give higher EI's than the cold
idle condition is graphically illustrated on this bargraph. The higher
EI's for Jet A fuel as compared to JP-4, and the higher values for the
CF6-50C2 engine compared to the CF6-6D can also be noted in this graph.
The data variability (£ one standard deviation spread) is marked on each
bar in Figure 17.

The average corrected EINOX values for each test series are compared
in Figure 18 for each of the three highest power levels. For NOx, the
effect of sampling pattern on the corrected levels is negligible, and the
fuel effect is quite small, compared to the corresponding effects on
CO and HC.

As noted above, there is generally little difference between average
emission indices obtained with the diamond rake and the cruciform rake,
although for CO and HC, the level tends to be slightly higher with the
diamond rake. The physical difference in the two patterns is that the
diamond rake samples at but one radial location (at 63 percent of the
nozzle radius) while the cruciform rake samples at three radial locations,
spaced roughly on centers of equal areas, In Figures 19 and 20, the ratio
of fuel-air ratio calculated from gas analysis (FARGAS) to the fuel-air
ratio calculated from engine parameters (FAR8) is plotted against FARS
for both the diamond rake and the cruciform rake. Figure 19, for the
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i Table 2. AVERAGE CORRECTED EMISSION INDICES FOR THREE TEST SERIES.

(6) CF6-50C2 (12) cF6-50C2 (7) CF6-6D
Jet A Fuel JP-4 Fuel Jet A Fuel
Std. Std. std.

Index Power Rake Avg. Dev. CVZ Avg. Dev. CVZ  Avg. Dev. CV%

EICOK Cold Idle A 83.23 0.93 1.1 70.26 3.13 4.5 73.88 5.93 8.0

Cold Idle B 80.83 1.97 2.4 69.46 3.07 4.4 74.10 5.58 7.5

Hot Idle A 84.56 4.02 4.8 74,28 3.54 4.8 76.55 6.79 8.9

Hot Idle B 82.73 2.98 3.6 72.22 3,28 4.5 75.49 5.40 7.2

T/0 A 0.53 0.15 28.1 0.18 0.12 68.7 0.51 0.12 22.8

T/0 B 0.49 0.15 30.4 0.17 0.11 64.7 0.51 0.12 22.8

85% A 0.52 0.16 30.9 0.16 0.12 78.9 0.51 0.11 22.0

85% B 0.52 0.12 24.0 0.14 0.11 75.3 0.51 0.11 22.0

30% A 5.81 2.38 41.0 3.26 1.03 31.5 6.78 1.92 28.3

30% B 5.66 2.23 39.3 3.14 0.98 31.2 6.53 1.92 29.5

EIHCK Cold Idle A 50.58 2.26 4.5 32.77 3.58 10.9 39.07 4.56 11.7

Cold Idle B 48.84 2.57 5.3 32.85 3.63 11.1 39.44 3.95 10.0

Hot Idle A 53.04 7.76 14.6 37.83 5.43 14.4 41.26 5.86 14.2

Hot Idle B 50.55 6.61 13.1 35.84 4.73 13.2 40.54 3.87 9.6

T/0 A 0.65 0.22 33.8 0.28 0.22 80.3 0.27 0.23 85.7

T/O B 0.64 0.23 36.4 0.30 0.25 83.5 0.25 0.25 97.3

85% A 0.68 0.27 40.3 0.33 0.31 94.8 0.20 0.29146.9

; 852 B 0.66 0.26 40.1 0.32 0.32 102.3 0.27 0.28103.5

i 302 A 1.02 0.42 41.6 0.60 0.66 111.1 0.65 0.51 78.5

5 30% B 0.97 0.44 45.7 0.60 0.67 111.6 0.68 0.46 68.4
{

H EINOXK Cold Idle A 2.37 0.07 2.8 2.44 0.19 7.8 2.74 0.18 6.5

Cold Idle B 2.42 0.14 5.9 2.47 0.18 7.4 2.76 0.18 6.3

Hot Idle A 2.43 0.12 4.8 2.42 0.18 7.5 2.81 0.23 8.3

Hot Idle B 2.48 0.11 4.4 2.46 0.17 6.8 2.84 0.22 7.7

T/0 A 36.39 0.61 1.7 35.71 1.50 4.2 40.14 1.95 4.9

T/0 B 36.51 0.55 1.5 35.69 1.46 4.1 39.97 1.72 4.3

852 A 29.28 0.40 1.4 28.43 1.61 5.7 32,51 1.06 3.3

85% B 29.63 0,77 2.6 28.39 1.76 6.2 32.64 0.83 2.5

302 A 9.67 0.62 6.5 10.35 0.51 4.9 11.37 0.48 4.2

30% B 9.65 0.67 6.9 10.42 0.50 4.8 11.44 0.46 4.0

CVX = 100 x Std. Dev./Avg.
Rake A - Diamond Pattern

Rake B - Cruciform Pattern
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Figure 17. Average Corrected CO and HC Emission Indices at Idle Power

for Three Emission Test Series.




42 ‘D Diamond Rake '1
m Cruciform Rake ]
r; 40| I + One Std Deviation
'S
= Takeoff Power
o 1
8 38 B \
2 \
2 \
¥ 36l | | \
g | ' N
= \
34 \
N\
34 F
85% Power '[ 'l’
3
Pl R
2 \
g §
S
S sl \
5 It \
g N N
2 28| \ \
& \ %
26 N , \\
-t
E 12 F 30% Power T
5 1
o N
g 110} 1 \
-4
N
8 \
: N N
(6) CF6-50C2 (12) CF6-50C2 (7) CF6-6D
Jet A Fuel JP-4 Fuel Jet A Fuel

Pigure 18, Average Corrected NOy Emission Index at Takeof{f, 85%, and 30%
Power Levels for Three Emission Test Series.

35 ]




BSWEREY I

*(ux9338d WIOFIONID) g Sy8Y pue (uIs}ed puoweiqg) V aNey jo uosyreduwod

‘1eng V Yap

uo sauiduyg 9-9J0) uUaAag I0J SYVA 15uredy pa3lold (S8YVd) sSIojsusiesq durdug woxy

) pajeInNoI8) OF38Y ITY-19ngd 03 (SVOUVA) STSATBUY SBD WOIJ OT3eY ITy-1and JO Of3sy ‘61 3In31J
! suvd
220°0 020°'0 810°0 910°0 P 210'0 010°0 800°0
C .
) J Aw 8°0
’ 0%
o 60
o0 O g
O o
AV
OLﬁ.ﬂm Q@_ \V} v © 0’1
v
Q Q
11
WXoyyonay - g oxuvy
| 21
8yvVd
220°0 020°0 810°0 910°0 (¢ E10°0 010°0 800°0
T ) 8°0
%0e O
s3oayel 91PI 30H O
a1PI P10 o0 O
%58 ®) g 6°0
°s
QOuDIII o'l
v,V Aw O
SIS S Tog ¥ v va 4
a:ﬂ.._ \V/ v 1°'1
O
puoweTq -~ v oney
_ z'1

d

8
985 Yvd

8YvVd
§8D) HVd

36




CF6-6D engines, shows good agreement in fuel-air ratios (ratio near 1) at

high power levels for the cruciform rake, while the diamond rake gives
higher fuel air ratios at the high power levels. At idle power, gas samples
from both rakes give lower fuel-air ratios than the value calculated from
engine parameters. Fuel-air ratios from the diamond rake tend to be higher
than from the cruciform rake since it samples near the center of the
slightly peaked radial fuel-air profiles. Figure 20 is a similar plot

for the CF6-50C2 engines on JP-4 fuel. For these engines, somewhat better
agreement between measured and calculated fuel-air ratios is obtained, and

also better agreement between samples from the two rakes.

Smoke levels were extremely low in all three test series. These
levels were typically between 2 and 6 smoke numbers. Due to the insensi-
tivity of the smoke measurement method, any trends in the data would be
extremely difficult to detect at these low levels. Average smoke number
at each thrust level for the three test series is shown in Figure 21,
with the standard deviation indicated on each data point. As may be
noted in this plot, the only appreciable trend appears to be the slightly
lower smoke level with JP-4 fuel.

Analysis of a fuel sample was made for each of the engines tested.
Table 3 lists results of the JP-4 analyses and Taible 4 lists results of
the Jet A analyses. All analyses were performed in the Evendale Plant
fuels lab by standard analytical methods. Specific gravity was measured by
the hydrometer method (ASTM D 1298), net heat of combustion by precision
bomb (ASTM D 2382), hydrogen by the lamp method (ASTM D 1018), sulfur by
the lamp method (ASTM D 1266), and aromatics and olefins by fluorescent
indicator absorption (ASTM D 1319). As can be seen in Tables 3 and 4,
there is very little variation in fuel properties of a particular fuel over
the time period of these tests, and the effect on emissions variation is

insignificant.

As noted previously, the corrected El's for CF6-50C2 engines with Jet A
fuel were significantly higher than with JP-4. CO and HC El's were about
15 percent and 45 percent higher, respectively, with Jet A. The NOx El's
were about 3 percent higher with Jet A at the higher power levels. These
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trends are consistent with the general effects of fuel properties on
emission levels. As explained in a recent report (Reference 6), the
higher NOx level with Jet A is due to the lower hydrogen content and
corresponding higher flame temperature. The higher CO and HC emissions are
attributed to the poorer atomizing characteristics of Jet A, resulting from

higher viscosity and surface tension than JP-4.

The emissions tests were run following the normal factory acceptance
test of each engine. The calculated thrust data, from the test series with
and without the emissions sampling rake installed, were examined to deter-
mine if the presence of the emissions rake actually affected engine opera-
tion. For a total of fourteen of the CF6-50C2 engines for which data was
compared, the engine thrust with the emissions rake installed was found to
be consistently greater than without the rake by an average of + 1.22 percent
with extreme values of + 0.35 percent and + 1.80 percent. These differences
were determined from corrected thrust versus engine pressure ratio plots,
an example of which is shown in Figure 22, The basic cause for this thrust
increase with the rake installed is not apparent. It could be due either
to a change in actual engine operation by affecting nozzle performance, or
by modification of the cell factor as a result of changing cell air flow.
The existence of this effect requires that particular care be exercised in
the interpretation of engine thrust data obtained with an emissions sampling
rake installed. Since in the present emissions test series, the engine
power was set by corrected fan speed rather than by corrected thrust, it is
believed that this effect on thrust had little if any effect on the emissions

measurements.
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O Emissions Test - With Rake
O Acceptance Test - Without -
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CF6-50C2 ESN 517-537
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Engine Pressure Ratio

Pigure 22, Effect of Emissions Sampling Rake on Corrected Thrust.
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5.0 ENGINE EMISSIONS TEST VARIABILITY

A summary of the engine emissions test variability is given in Table 5
where the average EPAP values for each gaseous pollutant is listed along
with the standard deviation and coefficient of variation for each of the
three engine test series. Also tabulated in Table 5 are corresponding
values for the maximum smoke number for each test series. As was noted
previously for the emission index, there is a slight tendency for EPAPCO
and EPAPHC to be higher for samples taken with the diamond rake. The
generally good agreement between data obtained with the two sampling
patterns indicates that the exhaust composition of the CF6 engine is radi-
ally quite uniform at the sampling plane.

The overall emissions variability found here for these three series of
. emissions tests on CF6 production engines is somewhat less than has been re-

ported for other engine models (Reference 7). The gaseous emissions data for

the CF6-50C2 test series on Jet A fuel is particularly low, although there is
no apparent reason for this unusually ordered set of data. It is considered
that the variability data from the other two test series are more typical of
the data obtained in a random test series om CFé production engines. For pur-
poses of discussion here, typical values for coefficient of variation for the
CF6 are considered to be 6 percent for EPAPCO, 12 percent for EPAPHC, and

4 percent for EPAPNOX.

It should be noted that the variability data obtained in the present study
apply to current production CF6 engines which do not meet the proposed gaseous
emissions standards. In order to just meet the proposed standards, the average
EPAPCO must be reduced to about 40 percent of its present value, EPAPHC to about

12 percent of its present value, and EPAPNOX to about 55 percent of its present

value, It has not been demonstrated that the coefficient of variation values
measnred at the higher EPAP levels of current engines will also apply to engines i
having emissions reduction features sufficient to meet the proposed standards.

It might reasonably be expected that the relative standard deviation (coeffic-

ient of variation) would be significantly higher at EPAP levels low enough to

comply with the proposed standards,
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The variability of the data obtained in production engine tests, such
as reported here, is due to three factors. First, engine~to-engine varia-
bility arises from actual differences in operation of nominally identical
engines. Second, variability also results from the emissions sampling and
measurement system. Third, uncertainty is introduced by the relatively
large ambient condition correction factors. Although no actual data is
presented as to the relative contributions of each of these variability
sources, it is believed that, in the present test series, significant

variability was introduced by each of the three factors.

45




Table 5. SUMMARY OF EPA PARAMETERS AND VARIABILITY FOR THREE CF6 ENGINE
TEST SERIES.

(12) cré6-50cC2 (6) CF6-50C2 (7) CF6-6D
JP~4 Fuel Jet A Fuel Jet A Fuel
Std. Std. Std.
Avg. Dev. CVZ Avg. Dev. CVZ Avg. Dev. CVZ

EPAPCO, 1bm/1000 1bf
Diamond Rake 0.796 .044 5.5 0.980 .027 2.8 0.85 .073 8.5
Cruciform Rake  0.782 .044 5.6 0.954 .045 4.7 0.851 .067 7.8

EPAPHC, 1bm/1000 1bf
Diamond Rake 0.378 .049 12. 0.588 .030 5.1 0.434 .054 12.4
Cruciform Rake 0.373 .049 13.2 0.567 .037 6.6 0.436 .046 10.5

O

EPAPNOX, 1bm/1000 lbf
Diamond Rake 0.556 .027 4.9 0.567 .009 1.5 0.613 .024 4.0
Cruciform Rake 0.556 .028 5.0 0.572 .005 0.9 0.614 .021

Max. Smoke Number
Diamond Rake 4.0

w

13.4 5.7 1.7 30.0 5.8 1.9 33.
17.4 6.5 1.5 23.0 5.1 2.2 43.0

~
(=]

Cruciform Rake 4.0

CVZ = 100 x Std. Dev./Avg. J




6.0 CONCLUSIONS

The following are significant conclusions resulting from current CF6

production engine emissions tests conducted on this program:

1.

4.

Typical variability (coefficient of variation) in EPA
parameters for CF6 engines is 6 percent for CO, 12 percent
for HC, 4 percent for NOx and 2 smoke numbers for smoke.
These values are generally less than values previously
reported for other engines. The variability data apply to
current production engines but do not necessarily apply to
future engines with gaseous emissions low enough to meet the
proposed EPA standards.

For the CF6 engines tested on this program, there are but
minor differences in emissions obtained with the FAA diamond
sampling patterns as compared to the EPA cruciform pattern.
Higher emissions of CO, HC, NOx and smoke are obtained with
Jet A fuel, as compared to JP-4 fuel. These fuel effects are
consistent with data recently obtained at General Electric on
other programs.

There can be small but measurable differences in idle
emissions levels obtained on a cold engine and on a hot engine
(EPA specified idle out and idle in conditions). The hot
idle tends to give higher and more variable emissions levels.
The presence of the emissions sampling rake behind the engine
in these tests caused an apparent increase in thrust of about

1.2 percent at high power levels. The cause of this apparent

thrust increase has not as yet been determined.
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APPENDIX A

EMISSIONS TEST SUMMARY SHEETS FOR CF6-50C2 ENGINES WITH JP-4 FUEL 1
This appendix contains emissions test summary sheets from tests of 1

twelve CF6-50C2 engines on JP-4 fuel. There are two summary sheets for

each engine tested, the first giving emissions data from rake A (FAA

diamond pattern), and the second listing emissions data from rake B

(EPA cruciform pattern). Also included is a list of nomenclature for the

test summary sheet.

Data from tests of the following engines are included:

April 10, 1979 ESN 517-497
April 12, 1979 ESN 517-503
April 18, 1979 ESN 517-502
April 20, 1979 ESN 517-504
May 15, 1979 ESN 517-523
May 18, 1979 ESN 517-524
June 5, 1979 ESN 517-533
June 6, 1979 ESN 517-534
June 11, 1979 ESN 517-535
June 12, 1979 ESN 517-537
June 14, 1979 ESN 517-539
June 15, 1979 ESN 517-538

TR

T TR T TS T YT W v v
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RAXE

RDG
FNK,LB
T2, F
HUM, GR/LB
BARO, PSIA
P2, PSIA
W2, PPS
T3, F
P3, PSIA
w36, PPS
WFE, PPH
FAR4
FARS
XNL, RPM
XNH, RPM
CO, PPM
coz, PCT
HC, PPM
NO, PPM
NOx, PPM
EICO
EIKC
EINO
EINOX
SMOKE
FARGAS
CEFF
T3RF, F

P3RF, PSIA

HUMRF
WFEK
EICOK
EXHCK
EINOXK
EPAPCO
EPAPHC
EPAPNOX
MAX SMOKE

LIST OF NOMENCLATURE FOR
EMISSIONS TEST SUMMARY SHEET

"A" is diamond, "B" is cruciform

Test Data reading number for individual engine
Corrected thrust, uninstalled

Engine inlet (screen) temperature

Absolute Humidity

Barometric (outside ambient) pressure
Engine inlet (bellmouth) total pressure
Total engine (bellmouth) airflow rate
Compressor discharge total temperature
Compressor discharge total pressure
Combustor airflow rate

Actual engine fuel flow rate

Combustor discharge fuel-air ratio

Core engine (primary nozzle) fuel-air ratio
Fan speed (physical)

Core engine speed (physical)

CO concentration (semi~-dry)

CO, concentration (semi-dry)

HC concentration (wet)

NO concentration (wet)

Nitrogen oxides concentration (wet)

CO emission index 1b/1000 1b fuel

HC cmission index 1b/1000 1b fuel

NO emission index 1b/1000 1b fuel

NOy emission jndex 1b/1000 1b fuel

Smoke number

Fuel-air ratio calculated from gas analysis
Combustion efficiency calculated from gas analysis
Reference T3 value for correction of emission indices to reference
day conditions

Reference P3 value

Reference humidity value (44 grains/lb)

Corrected engine fuel flow rate

CO emission jpndex corrected to reference day conditions
HC emission index corrected to reference day conditions
NOx emission index corrected to reference day conditions
CO EPA parameter

HC EPA parameter

NOx EPA parameter

Maximum (of 5 power settings) smoke number



CFé EMGINME EMIZIIONS TEZT SUMMRRY

TEST DATE 4-10-79 CF&-5S0C2 ESN S17-497 JP-4
SAMPLING MODE FAA DIAMOMD RRKE

EMSINE TEET DRATH

FDWER SETTING 5IDL T-0 c-0 APP GIDL
RRAKE A fA fA A A
RDS 14, 15. 16, 17. 18,
FMKs LE 1805, S1820. 4390, 1S7TE0 1790.
T2y F S1.1 S0.7 51.9 sa. 51,58
Hirts GRALE 19, 19, 12. 19. 19.
BERARO: FZIA 14,4496 14,447 14.450 14,449 14,449
P2 FIIR 14.439 14,290 14,204 14,354 14.440
- was FPS 283. 1497, 1373, 240, za1.
- 4 T2s F 306. a7, SEE. 552, 206,
P3s FSIA 41.7 437, 64,5 169.6 41.8
W35, FFES 223.3 2E7.5 195, 2 105, = 29.7
WFEs FFH 1224, 423, 124 125¢.
FARY 0.012E2 (2 052 23 LO01179
FARS 0.01010 74 010 n noost
XMLs RFM 813, SZ2. 2o, 212,
XNHs FFH 6200, S5, 2509, G293,
EMISSI0OM DATA
c0s FFH 200,92 3.8 2.2 £3.2 £221.%
c02s FPCT 2.000 2.920 2.650 Z2.3320 1.580
HZs FPM A79.5 2.9 41,9 2%.0 £04, 6
MOs FFI 4.5 ATALE 27e. 7 Sk, 2 4.6
MOXs FFM 16.3 97,2 235.4 0.7 15.9
EICO T4.50 0.20 D.20 .40 S0.40
EIHC 26,90 1. 00 1.30 1.410 45,20
ENO 0.70 a2.20 2%, 30 S.10 0.20
EINCY 2.54 e - L E7. 36 10,13 2.5%
SHDKE 1.7 1.2 2.7 z.8 2.0
FARGAT 0.01030 0. 01395 0.01745 n.01121 0. 0031
CEFF 95, (4 Q3,91 23,28 Q4. 7S 94.12
CORRECTED DRTA
TIRFs F 312, 1029, aSE, (XN 3
F3RFy F3IA 42.3 438, 5 82,0 167.9 4
HUMRFs GRCLE 44.0 44,0 44,0 44.0 4
WFEKs FPH 1315, 12047 14922, S17E. 1&
EICDK 72.87 0. 1% .13 5,87 s
: EIHCK 45,39 .30 1.05 1.288 43
o EIMO-K 2.42 23,92 27.29 Q.67 2
EPA FARFAMETER (ENGLITH AMD METRIC UNMITD
LE-1000 LE THFU_T GokH THRUOST
EFAFCO u.u- SE,.9
EFAFHC LA IS 44, 4
EFRFHOX u.see 53,6

MR SHMOKE = 3.7




CFé ENGIHE EMISSIDONS TEST SUMMARY

TEST DATE 4-10-79 CFe-50C2
SAMPLING MODE EFA CRUCIFORM ERKE

EMGINE TEST DATH

POWER SETTING GIDL T-0 c-0 AFPP
RAKE B E B B
RIG 14, 15. 16, 17.
FMis LE 1205, S1230, 43290, 15720,
T2s F S1.1 50.7 51.5 S50.6
Hits GRALE 19. 19, 19, 19,
ERRDs FEIA 14,445 14,447 14,450 14,449
F&s FIIR 14,439 14,290 14.204 14,384
Was PRI o83, 1497, 1378, 840,
T2 F 305, Q97. aze, 652,
F3s FIIA 41.7 457 .3 Sed4.9 169.6
Waks PRI 29,3 c2v. 2 195.3 105.2
WFEs FFH 1284, lFﬁC4. 144273, S0z4,
FRAR4 0.Q01222 0.0z 0. o0z20ee 0. 01323
FARS 0.01010 0. HIEJU 0. 01574 0, 01039
XMLs RPM 313, 2797, 2452, ccoe,
AHHs RFPM &200. 1o241. QgIR. 8509,

EMISSION DRTHA
cds FFM v91.¢& 2.7 2.5 52.2
ches FCT 1.950 3.820 3.580 2.2%80
HCs FFM 55,3 B9 2.2 25.1
HOs FFPM 4.6 35E.7 cE9, 3 56.7
MOxs PPM 16.1 35%.9 &£92. 0 ‘1.0
EICO 74.90 0.10 0.20 5.20
EIHC 41.70 1.20 1.320 1.3
EINO 0.70 21l.40 2%.60 2.30
EIHOX 2.5%5 22,74 &r.76 10,38
SMOKE . 1.2 4.7 2.9
FRREGAS 0. 01014 0. 01252 g.C17v00 0.0103232
CEFF 94,62 W, 89 99,88 9. 77
CORFECTED DATH

T3FFs F 21e. 1029, A%k, écd,
FPaRFs PEIA 42.3 4386 2ES.0 167.9
HUMEFs GR-LE 44.0 44,0 44,0 44.0
WFEKs FFH 1316, 19047, 14353, =3 e
EICOK 73,26 .09 0.13 9. 47
ETHCK 39.95 0,35 1.0%5 1.19
EINORK P X 33.71 27 BT Q.91

EFA FPARAMETER CEMGLISH AND METRIC UNITS

LEA-1000 LE THRUIZT KN THRUST

EFRFCO 0, 2345 S6.8

EFPHFPRC 0, 464 47.3

EFPRFNOX 0,521 54,2

MAX SMOKE = 4.7

JP-4

GIDL

B
18.
1790.
51.3
19.
14, 449
14,440
281,
305,
41.8
29.7v
1255,
0.0117%9
0. 00921
812.
629732,

204.7
1.210
751.2
5.0
16. 2
77.60
42.90
.20
2.6l
3.8
0. 00335
94.45




CFé ENGINE EMISEIOMS TEST SUMMARY

TEST DRTE 4-12-79

CFe-50C2

SAMPLING MODE FAA DIAMOND RRAKE

ENGIME TEST DATH

POWER ZETTING GIDL T-0
RRKE 2] 2]
rRIDG 11, 1.
FNKs LE 1740, 512320,

2y F F0.2 0.3
HUM. GR-LB 5a. 52,
BRROs PSIA 14,367 14,3264
P2y PEIA 14.358 14.199
Wwes PPE 280, 1458,
T3s F 330. 1043,
P2s PEIR 41.4 429.9
WFEs PPH 1292. 18777,
FRR4 0.01257 0. 02395
FRARZ 0,01043 0.01932
#MLs RPM B27. 2853,
¥HH: RPM B282. 10284,

EMISZION DATA
cOs PPM - 3.8
coes PCY 2.120 4.110
HC» PPM S65.7 11.0
MOs PPM 5.8 4.4
NOXs PPM 16.4 391.4
EICO 67.60 0.20
EIHC 29.50 0.30
EINO 0.90 30.50
EINOX 2.45 22.31
EMOKE 2.5 4.4
FARGAHS n.0107°4 N.01933
CEFF 95,85 99.97
CORRECTED DRTR
T3RFs F 212. 1029,
P2RFs PSIR 42.73 425.6
HUMRF. GR-LE 44. 0 44. 0
WFEKs PPH 1301, 12127,
EICDK 59,9 0.2t
EIHCK 33.5%5 0.32
EINO%K 2.30 23.72

ESN S17~-503
c-0 AFP
A A

14, 15.
43220, 15580,
7e. 8 73.0
62. BZ.
14,264 14,365
14,223 14.2M
1376. 334.
973, 621,
260.3 187. 82
120.0 102.¢
148322, 5079,
a.0e138 0.01387
0.01777 0.01150
2516, &34e.
10043, zFa4.
3.1 44.0
3.790 2.4320
13.9 13.1
265.1 59.4
287.6 7.4
0.20 2.60
0.50 0.20
24. 00 2.3
26. 05 9,82
5.3 4.7
0.01786 0.01154
Q9. 9¢ o9, 24
56, aEd,
68,0 167.9
44.0 44,0
15045, =) F=3C
0.21 3.84
0.57 1.09
26.951 .77

EPR PARAMETER C(ENGLISH AND METRIC UNITS)

LB-1000 LB THRUST

G-KN THRUST

EPAPCO 0,797
EPAPHC 0.397
EPAPNOX 0.519

MAX SMOKE = 5

.32

21.2
40.5
52.9

JP-4

SIDL
A

16.
1790.
v4.0
52.
14.369
14.351
280.
324.
41.6

2d9.a

1e252.
0.01201
0.01001
333,
£395.

756.0
1.970
£g24.6
7.3
15.6
71.40
24.80
1.20
2,49
2.9
0.01005
95.30

312.
42,3
44,0
1256.
74.81
40,72
2.51

Cansminadi -




TEST DRTE 4-12-79
ZAMPLING MODE EPA CRUCIFORM RAKE

ENGINE TEST DATH
POWER SETTING

RAKE
rRIDG
FNKs LE
T2 F
HLM,
BRRO.
P2s PIIR
Wae PPS
T3 F
P2:s PSIA
W3ty PPS
WFEs PPH
FAR4
FRARZ
ML
¥NH«

GR-LE
FSIR

RPM
RrREM

EMISSION DATA

cas PPM
cazs PCT
HCs PPIM
NOs FPM
MOXs PPM
EICO
EIMC
EIND
EINOX
SMOKE
FRRGAS
CEFF

CORRECTED DRTA

T3REFs F
P2RFs PSIA
HUMRF »
WFEK s
ElCOK
EIHCEK
EIMNO¥K

PPH

GR-LB

CF6 ENGIMNE EMISSIONS TEST ZUMMARY

GIDL

B
11.
1740.
70.8
68.
14,367
14,358
880.
230,
41.4
ESIB
1292,
., 01257
0. 01042
s27.
£322.

34,12
2.52

CFB~o00C2

T-0

-]

0. 023935
0.01933

2853,
10334,

2.3
4. 040
12.3
357.8
283.9
0.20
0.30
20.40
22.63
2.9
0. 01904
99,96

1029,
438.6
44,0
i91gv.
.21
0,33
33.52

ESN S517-50%2

co0
E
14,
42220,
7e.3
6.
14,354
14,223
1376,
av7a.
360.3
120.0
143832.
0.02188
0.01777
3516,
10043,

4.2
0.01755
IR, 98

256,
368. 0
44.0
15049,
0,10
0.57
26.66

APP
B
15.
15580,
73.0
62.
14,365
14,301
234,
£91.
167.2
102.6
5079.
0. 01287
0.01150
2342,
3724.

39,7
2.390
15,5
57.9
53.5
2.3
0.30
3.20
.88
3.1
n.01138
99,36

564,
167.9
44,0
5123.
2.52
0.9v
=

EPA PARAMETER (ENGLISH AND METRIC UMITS
BsKN THRUET

LE-1000 LB THRUST

EPAPCO 0,724
EPAPHLC 0,392
EPRPNOX a, 520
MAX SMOKE = 4.3

80'
40,
s3

0

)

0

JP-4

6IDL
B

16.
1730.
74.0
62.
14.36%9
14.361
280,
334,
41.6
29.2
ie5e.
n.01201
0.01001
83".
6395.

Te4.9
1.960
606.5
7.2
15.6
69.20
34.10
1.20
2.3
3.1
0.00994
95.41

318,
42.3
44,0
1256.
re. 51
39.920
.54
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CFé EMGINE EMISSIONS TEST SUMMARY

TEST DATE 4-13-79
SAMFLING MOLE FAAR DIARMOND RAKE

ENGINE TEST DATA
POWER SETTING c1DL

RAKE A
rRDG 11.
FHKs LE 1800,
T2s F 6£2.6
HUMs GRALE 28,
EARDOs FSIA 14,5462
P2s PEIA 14,557
Wa2s PPX z50.
T3s F 317,
P3s PSIRA 41.9
W3es FPX 23.0
WFEs FPH 1224.
FAR4 0.01233
FARS 0.01015
XMLy RPHM 219.
XNHs RPM 6325.

EMISSION DRATAH
COs FFM 773.8
co2s FLCT 1,920
HC» FFM 635.1
HO» PPM 6.3
HDOXs FPM 16.1
EICD 72.80
EIHC 34.920
EIND 1.00
EINOX 2.93
SMOKE 3.5
FARGHS 0.01017
CEFF 95. 86

CORRECTED DARTAH
T3RFs F 312.
P3FRFs FSIA 42.3
HUMRFs GR-LE 44.0
WFEK», FPH 1259.
EICOK 73.37
EIHCK 36.17
EINDXK 2.41

CFe-50C2

[
= 00 M) L
$ 02

[ 0 1)

-
[
S DIfie

g fa e

G. 0

[}
o

T =] e 13 0 01 0)
& 0

—
(=20

L0 W
=ffu=]fre o = e
b Nlooco®dbod

fra Ao oe s
. U:'l:.-.'l' . e s |'_|:|-_£|.....D\l

[DAD]

[
.

g~
of1 -
ofirfie

1029,
433.6
44.0
18572,
0.39
(.64
3%.29

ESN S17-502

c-0

A
14-
432040,
54,1
28.
14,565
14,402
1337.
250,
371.9
195.9%5
14230,
n.o02124
0. 31702
=498,
2352,

0. 01745
29,92

955,
368, 0
44. 0
15078,
0.41
0.82
£8.62

AFP
R

15,
15":‘1 0-
62.5
22.
14.553
14,496
8313,
Y
irQ. 2
104.5
5025,
0.01242
0.01022
€316,
gez0,

1.7
2.310
43.7
632.9
74.¢2
4. 40
2.20
9.20
10.73
0.6

0. 01111
992,70

€64,
167.9
44,0
S086.
4,51
2.31
10.08

EPA PARAMETER <(ENGLITH AND METRIC UNITS)
G/KN THRUST

LB-1000 LE THRUIT
0.834
0. 447
0.54%

EPARPCO
EFAPHC
EPAPNOX

MAX SHMOKE = 3

]

55

85.0
45. &
55.%

L TR MDA AR W R T S e, Atia. £ L g

JP-a

GIDL
A

16.
2820,
£1.3
c8.
14,568
14,554
£79.
315,
41.3
£9.3
1247,
0.01135
0.00320
S16.
6309,

793.8
1.2390
ggd.5
7.1
15.4

31,
2.3
44.0
1252,
78.01
47.%¢2
2.40
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TEST DARTE 4-18-79

CF5 ENGINE EMISTIONS TEST SUMMARY

CFe-S0C2 ESN S517-502

SAMPLING MODE EFA CRUCIFORM RRAKE

EMSIME TEST DATH

FOWER SETTING GIDL T-0 c-0 AFP
RAKE E B B B
Iz 11. 1e. 14, 15.
FHKs LE 1800. 51010, 43640, 15510,
T2 F B, & E1.6 54,1 52.5
HUMs GRALE 23, £3. 28. ce.
ERAFROs PSIA 14,562 14,5695 14,545 14.563
Fes FXIA 14,557 14.404 14.402 14.49¢
W2s PPE c8o. 1431, 1387, 838,
T3s F 317. 1015, 250. 671,
P3s PEIR 41.9 434.32 371.9 170.2
W& PFPE 2%9.0 ceg. ¢ 195.5 104.5
LFEs FPH 1254, 12883, 14290, S0Ee5,
FAR4 0.01833 0. neesd g.02124 0. 013242
FAR2 0.01015 0. 01329 0. 01702 0.0109%
XMNLs FFM 819, 3va4., 34938, 2316,

. ¥NHs RFM 6325. 10240, 995e. 8ez0.

EMISSIDN DATA
cOs FFH 753.3 5.0 6.3 S0.5
coes PCT 1,970 3.870 3.500 2.290
HC» FPM 611.8 21.7 23.6 44.0
NOs FFM 7.0 ave.l 295.9 £3.5
MHOXs FPHM 16.1 411.%8 2185 v4.1
EICO f1.40 0.30 ¢.30 4.40
EIHC 34.00 0.70 0.30 2.320
EINO 1.10 33.20 2v.90 9.30
EINDO> 2.55 35.87 230.16 10.80
SMOKE 3.1 1.9 P | 3.5
FARGAS 6. 01010 0. 01228 0.01713 g.01102
CEFF 95, 32 99.93 99, 92 99.70
CORRECTED DATA
T3RFs F z1e. 1029. 95k, &64,
PZRFs FSIA 42.3 432.6 8.0 1&7.9
HUMEFs GR-LE 44.0 44. 0 44.0 44.0
WFEKs FFH 1289, 1&857ve. 15078, 5066,
EICOK 71.95 a.eg9 0.30 4.51
EIHCK 35.¢e4 0.84 0.82 2.42
EINDKK 2.43 35.381 25.54 10.15

EPA PARAMETER (EMGLITH ANHD METRIC UMITS
5-KN THRUZT

LB-1000 LE THRUST

EPARFCO
EFAFPHL
EFPAPHDX

0.816
0.4z
0.547

MAX SMOKE = 3.3

83.2
43.1
55.5

JP-4
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CFé ENGIME EMISIIONS TEST SUMMARY

TEST DATE 4-20-79 CFe-50C2 ESH S517-504

SAMPLING MODE FAR DIAMOMND RAKE
ENGIME TEZT DATAH

FOWER SETTING GIDL T-0 c-0 APP
RAKE H A A A
RD5 10. 11. 1 13.
FHKs LE 1730. S2073. 4351 1550,
T2s F 67.4 57.0 A7, 3 67.8
HUM, GR/LE 2. ca. 22. 22.
BAROs F3IA 14.519 14.513 14.%12 14.518
P2y FIIA 14.510 14,3598 14,308 14.451
Wes PFS 250. 1501. 1352, 837.
T3s F 331. 1043, 957, 6835,
P2s PIIA 42.2 422 262.2 171.9
W3%s FFX 28.7 e 122.5 104,32
WFEs FPH 1335, 1333 149432, S110,
FAR4 0. 01227 0, 0238 0. 02164 0.01359
FRARS 0. 0100 0.019204 0.01v39 . 61124
*HLs RPH 530. 3541, 3507, £240,
XNHs RPM &423, 10339, 10007, gveo.

EMISSION DARTAH
COs FPM 776.9 4.1 2.6 42.7
cozs PCT 2.100 4. 020 3.670 2.370
HC» FPH 514.0 8.7 8.1 10.0
HOs PFPM 7.3 439,95 el.2 55.5
MOXs PPM 17.3 4582.8 350.9 8.5
EICO 69,31 0.20 0.10 3.50
EIHC 3. 00 0.2 a.20 0.50
EINO 1.10 37.ea 29.&80 S.30
EINOX 2.59 41.40 22.52 11.11
SHOKE 3.c 3.7 2.2 3.5
FARGAS 0.01074 0. 01912 0.01745 0. 01136
CEFF 95.99 23,597 99,97 299,87
CORRECTED DATH
T3RFs F 31e. 1029, I56. aid.
P2RFs FIIA 42.3 4326 358, 0 167.9
HUMRFs GR-LE 44.0 44.0 44,0 44.0
WFEKs FFH 1338, 19138, 151328, Sla2.
EICOK ve2.59 .21 0.10 3.34
EIHCK 36.65 0.22 .22 0.58
EINOXK 2.35 37.94 £9.97 9.95

EPA PRRAMETER C(ENGLISH AND METRIC UNITS)
LE/1000 LB THRUST S7KN THRUST

EFRPCOD 0.535 a%.e
EPRFHL 0.419 42.7
EFRFNOXA 0.577 5e.8

MAX SMOKE = 2.7

57

GIDL
A

14.
1770.
&67.9
z2e.
14.512
14,502
eve.
ses.
42.0
29.¢
125%.
0. Q11392
0, 00927
825,
6375,

T62.7
1.950
534.1
6.1
16.4
7. 80
35.3
1.00
2.62
1.8
0.01005
95. e




CFé ENGINE EMISSIONS

TEST DATE 4-20/79
SAMPLIMNG MODE EPAR CRUCIFORM RAKE

EMGINE TEST DATH
POWER SETTIMG

REAKE
RIDG
FHK

T2s F

HILIM
ERRDs
P2,
Wes

P3s

W36,
WFE»,
FRAR4
FARSZ
=ML »
XHH»

EMISSION
CcOs
co2,
HC»
MO
NOX
EICOD
EIHC
EINO

EINOX

SHOKE

LE

GR-LE
FSIR

FSIA
FPS
T3s F

PSIA

PFS
PFH

RFM
RFM

DATH

FPM
PCT

PPM

PPM
PPM

FRARGAS

CEFF

CORRECTED
T3RF »
P3RF»
HUMRF
WFEK»
EICcOK
EIMCK

DATA
F
PSIA

s GR/LE
PPH

EINDXK

GIDL
B

10-
1730.
67.4
22.
14.519
14.510
€80.
331,
4z.2
e3.7
1335.
0.01297
0.01050
830.
6423,

755.8
2. 040
587.3
7.6
17.5
69.3
31.50
1.20
2.69
3.4
0.01045
95.64

31ie.
42.3
44,0
1338,
72.59
36. 02
2.44

CFe-50CE

T-0

B
11.
52078,
6?. 0
ee.
14,513
14,353
1501.
1043,
433. 0
2el1.5
12380.
0. 02383
0. 01904
841,
10339,

1912¢€,
0.c1
0.ce

37.12

TEST SUMMARY

ESN 517-504

c-0 RFPP

B B
1e. 13.
43510, 15550,
67.3 67.8
2. eec.
14.51e 14.512
14, 365 14.451
138¢&. 237,
967, £895.
368. 2 171.9
192.5 104.8
14945, S110.
0. 02164 0.013%59
0.01739 0.01124
23507, 2340.
10007, 87a0.
2.6 8.3
3.640 2.350
7.8 2.4
3te.2 £5.5
346.4 Fe.2
0.10 3.30
0.20 0.50
£9.50 @.30
32.326 11.16
3.1 1.7
0.01731 0.01127
99,97 99,88
956, 564,
368. 0 167.9
44.0 44.0
15133, S5142.
0.10 2.52
0.z22 0.58
29.82 3.99

EPA PARAMETER CENGLISH AND METRIC UNITS)
G-KN THRUST

EPRFCO
EPAPHLC
EPAPNOX

LBE-1000 LE THRUZT

MAX SMOXE = 4

0.830
0.411
0.57e

.3

58

84.6
41.9
58.4

29.2
1256,
0.01135
0. 00927
8&5.
6375,

751.9
1.960
é14.0
6.3
16.5
71.60
34.20
1.00
2.63
4,3
0.010058

95.3%5

312.
42.3
44.0
1259,
74.28
38.34
c.41




TEST DATE S-15-79
SHMFLINMS MODE FRA DIAMOMD RRKE

ENGIHE TEEZT DATA

EMISEION DATA

CORRECTED

CFé6 EMGIME EMISIIONT

BIDL

R
14,
1777,
6a, 9
2.
14,5072
14,423
Zaqd.
329,
4z.¢
29. 0
1300,
0. 01251
0.0103%
827,
&338,

Teh. &
2. 000
520.7
S.4
16. 32
ea.cn
2.7l
0.920
2.59%
0.2
a7

1

31z.
42.3
34, 0
1301.
?1 o=
\.'L-a 41
2.44

EPA PARAMETER <EMGLITH AMD METRIC UMIT:D ?
LE~1000 EE THRUET

% SMOKE = 4.0

CF&-SDCE

1
4

0
a
0
0
5

f
T e

Ny

4
1

=
L

L

c
c
£
S

LN e

[

TEST SUMMARY

ESN S17-S23 JF-4

e
1]
-
I
=

15, 17. 12,
42241, 15377, 1212,
&7. 5 67. 5 E7.2
44, 44 42.

3

14.511 14,512 14.51

14,329 14.4:0 14,505
1231, 821, =t
vz, 632,
2ED. 3 169.5
192.5 103.3
15131, S030. 1
0. 02137 0.01372 0.011
0. 01783 g. 011321 0. 00
3512, 2329, =
10007, 2885, &3

1.8 41.7 744.1
2,720 c.380 1.570
2.4 9.4 595.6
203.7 &, 3 4.%
IeB.7 5.2 15.1
0.10 .50 4,10
n.20 0.50 34,20
2730 2,20 .20
30.19 10,51 2.5
S.4 2.5 2.3
0.01v&1 0.0113=9 0. 00257
.97 Q9,2 95.24
5L, 6Ed4, s,
IRS.0 167.9 42.3
44,0 44.0 4.0
15292, S11a. 181,
0.10 I ) TE, B2
g.oe 0,57 32,48
29.1% 10.19 2.43

h/kN THRUET

225

I~

S7.°7




CF6 ENMGIME EMISZION:

TEST DATE S-15/79
SAMPLING MODE EPA CRUCIFDORM RERKE

ENSIME TEST DATR
FPOWER ZETTING IDL

RRKE 3
RDG 14,
FNEs LE 1777,
HUMs GR~LE 36,
ERFOs FPIIA 14,509
P2y FTIA 14.492
Was FFS e2eo0.
T3s F 323,
P3s FSIA 42.
W2Es PP 29.0
WFEs FFH 1200,
FRFR4 0.01251
FARES 0. 01035
XHLs RFPM 227.
wHHs RFM 62353,

EMISSION DATH
CO0s FPM 03,0
02 PCT 1.270
HCs FPFM S20.7
HOs FFM S.0
HOXs PPN 1.2
EICO 67,60
EIHC 29,80
EINO 1.30
EINOxX 2.60
SMOKE 2.2
FARGAS 0. 00393
CEFF 95,82

COREECTED DATR
TZRFs F 312.
P2FEFs FZIRA 42.32
HUMEFs GRALE 44,0
WFEKs FFH 1201,
EICOK 0,45
EIHCK 3e.97
EINDOXK 2. 46

CFe-50C2

n
n -
o N
o

T (0

T

DO

a4,
14.502
14,347
1504,
1050.
441.0
22,0
19285,
Q. 2422

s f b
-

1029,
433.6
44,0
19512,
.2
0.23
36-04

TEST ZUMMARY

c-s0

-/

k]

-
‘J

35841

~ -

0’
i I N
;;.
Tve

14.411

[
H
.

oL

[

MRNEI IR
AGrs w

=
* pa
Do Y]
(DR MY Y]
Sl
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0. 017
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254,
62,0
44,0
15392.
0.

U.Lh

&9.1%

—
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14,512
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EFA FARAMETER C(EMGLISH AND METRIC LNMITD)

1-1

[ 5%

)
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)
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D3 e
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()]

LE~1000 LP THREDZT B-KN THRUST

EPAPCO 21,3
EFAFHE 39, 0
EFRAFNOX S7.9

MAX SMDKE = 73,3
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TEST DATE S-/18/79 CFE-SaCE ESN 517-524 JP—4
SAMFLING MODE FAA DIAMOND RAKE
ENGINE TEST DATA
POMER SETTING 51DL T/ C/D AFP G1DL
RAKE A A A A A
RIG 11. 12. 13. 14. 15.
FHKs LE 1757. 52327, 3740, 15330, 1751.
Tes F €5. 6 65.7 67.7 63.4 £9.%9
HUMs GR/LE 45, 29, 39, 37. a7,
ERROs FSIA 14,529 14,525 14,521 14.521 14,519
P2, P3IA 14.521 14,373 14. 25 14.450 14.510
W2s PPS 284. 1496, 1379, 529, 235,
T3 F 35, 1039, S70. €32. 330,
3y PSIA 42,9 435, 2 65,5 165, 4 az.2
W3Gs PPS 29.7 219.7 10,2 102. 4 203
WFEs PPH 1307. 15995, 15076, S096., 1257,
FAR4 0.0122% 0.02415 0.02214 0.01350  0.01154
FARS 0.01020 ©.01941  0.01773  0.01142 0, 00958
KNLs RPM 834. 3820, 3500. 2324, 240,
XNHs RPM £359. 102473, 9931, 865S, 6364,
EMISSION DATA
Cls FPM 664.6 1.8 1.6 39.8 659, 4
£02s PCT 1.840 4.140 3.720 2.420 1,870
HCs PPM 505.5 5.2 4.5 4.9 542.5
NOs FPM 5.1 401.1 260.7 €8.8 4.1
NOXs FPM 14.6 437.1 287.6 21.5 14.6
EICD 67.60 0.10 0.10 3.30 68, 90
EIHC 30,10 0.10 0.10 0.20 31,80
EIND 0. 90 3.20 23.90 9.60 0,70
EINOX 2.49 36. 16 26. 41 11.23 z.45 ,
SMOKE 2.5 1.1 2.3 3.4 0.9 :
FARGAS 0.009%%  0.01952  0.01762  0.01157  0.00955 ;
CEFF 95, 80 99, 95 99,99 99,90 563 :
CORRECTED DATA i
TIRFs F 312, 1029, 956, 664, 31z,
P2RFs FZIA 4z.3 433. 5 362, 0 167.9 4z. 3
HUMREs GR-LE 44.0 44,0 44,0 44,0 44,0
WFEKs PFH 1310, 19237, 15227, 511¢. 1252,
EICOK 70.33 0.10 0.10 3. 46 PE. 83
EIHCK 33,03 0.11 0. 11 0.2%2 36. 16
EINOXK 2.42 2%, 06 25.39 10.71 2.30
EPA PARAMETER (ENSLISH AND METRIC LUNITE
LE-1000 LE THRUST G/KN THRUST
EPAFCD 0.757% 20,9
EFAFHC 0,370 27.7
EFAPMOX 0,522 53.2
MAX SMOKE = 2.

CF6 ENGINME EMIZSIONS TEST SUMMARY

e
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CFe ENGIHE EMISSIONMS TEST SUMMARY

TEST DATE S-12.79 CFe-50C2
SAMFLINS MODE EFA CRUCIFORM RAKE

EMGIME TEST TIHTH

POWER ZETTING CR Q1] T-0
FREE E E
RIDG 11. 12.
FMKs LE 17°57. SEn2v.
Tes F 685,45 B, 7
HLIMs SR-LE 45, 39,
EARDO., PZINR 14,529 14,525
F2s PIIA 14.%¢21 14,372
Wes PPS c24. 1435,
T3s F 385, 1029,
FZs PSIA 4z2.9 425, 2
W35 FPS 29.7 219.7
WFEs FPH 1207, 12339%,
FRR4 0.0122% 0. 02415
FARS 0.01020 0.01241
HHLs RFM 234, I320.
XMHs RFPM &259, 10243,

EMISZIOHM DRTA
C0s PPM 653,32 1.5
cO2s PCT 1.200 4.0%0
HZ» FPM 504.1 4.9
HOs PPM 5.6 291.0
NOxs PPM i4.¢ 422.5
EICO &9, 00 0.10
EIHC 30.50 g.10
EINO 1.00 33.00
EIHO .48 35.67
SHMOKE .3 1.4
FARGAZL 0.00319 0.01%12
CEFF 95. 72 9,99
CORRECTED TATR
TZRFs F 312, 1029,
PZRFs PSIA 42 .2 433, 5
HUMFEFs GR-LE 44.0 44,0
WFEKs FFH 1310, 19237,
EICOK 7v1.78 0.10
ETHCK 32.52 c.11
EIHOXK c.41 24,58

EPA PARAMETER
LE<1000 LE THRUST

EFAFCO 0,503
EPAFHI L3Te
EFRFHDY 0.50%
MAX SMOKE = 2.5

ESN S17-S524

c-0o
B
13,
42740,

(=R O (R o)

.

OO oW

W

o nny
oo~ -
T M farspses o 8

® lpba s 8 » DI O SN N
O e il g3

)
Do
LL) s

X

N
LI 4

03

b
n
SdoomeadD
oo

e e M

n .
[ R I
F oW

Pt W W OB 2

W e

el
-

LD = L3P YD

o
Do -
T30
e favfrihe o

LT

na

AN I O N )
DoOooNWNa Y

L TiNiras o o

— SN

[l (=TT T x s 7 )

ru-.-n

—

0.0114

654,
167,93
44. 0
S116,
3,85
0.23

10,25
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CF6 ENGIME EMISSIONS TEST SUMMARY

TEST DRTE 6-5-79 CFE-SOC2 ESN S517-5232 JP-4
SAMPLING MODE FAA DIAMOMD FRAKE
ENGIME TEST DRTA .
POWER ZETTING GIDL T/0 /0 RFP GIDL 1
FRKE A A A A Al ;
RDG 10, 11. 12. 12, 14, .
FHK, LE 1732, SZ126. 44011, 15208, 1511, g
T2s F 24,5 33,8 53,0 54,5 83,7 .
HUMs GRALE 6. 62, 2. -3 E2. 4
BRROs PSIA 14,315 14,313 14,315 14.315 14,216 3
Fes FSIA 14.304 14.185 14,172 14,251 14,305
Was FPS 265, 1499, 1358, 240, 277,
T3s F 341, 1020, 1001, 711. 342,
P3s PSIA 40.4 qza. e 266, 0 165, 1 40.% e
W25s PFS 27.4 213, 0 122, 9 101. 0 Ze. 1 ;
WFEs FFH 1297, 19157, 15228, S1:20, 1242, ]
FARY 0.01332  0.02520 0. 0Z25% 0. 01432 G, 01238
FARS 0.0109% Q. 02037 0. D246 0.01199 0. 01023
®MLs RFM ge4. cT=L0c) SES. 2371, SEE.
XMNHs RFM 6452, 10157, 2579, 6455,
EMISSION DRTA
CcO» FPM 741.7 2.2 2.7 23.1 729.3
co2s PCT 2.130 4.350 2.920 2.490 2,010
HC»s FFM 509, 3 5.2 7.4 5.2 455, 4
HOs FPM 10.5 439,82 228,32 7S.2 2.7
MOXs FFM 15.1 476. € 358, 6 a87.2 17.1
EIco 65,50 0.10 0.10 1.20 €5.50
EIHC 25.50 0.10 0.20 g.20 25,40
EIND 1.60 24,60 22.70 10,20 1.40
ETHO 2.71 27,52 .16 11.586 z.72
SMOKE 2.1 2.2 1.1 2.5 3.7
FARGRS 0.01074  0.02050  Q.0125% a.0112% 0.01010
CEFF 96. 16 99, 95 99, 9 99, 94 95,19
CORRECTED DRATA
TZFFs F 312, 1029, 95g., £Ed, 312,
PERFs PSIA 42.3 433,65 263, 0 167.9 42,3 2
HUMEFs GRALE 44.0 44,0 44. 0 44. 0 44,0 4
WFEKs FFH 1293, 19297, 15337, 5132, 1239, 1
EICOK 65,53 0.11 D.11 2. 0% 72.51 3
EIHCK 32.60 0.14 Q.2e u.es 31.47 :
EIND®K 2.73 25,21 29,90 11.3 e.7e y

EPA PARAMETER (EMGLISH AND METRIC UHITS
LB/10O0O0 LE THRUST GEN THRUST

EFRPCOD 0.7&2 °C.T
EFPRFHC 0.351 35.5
EPAPHDOX 0. 585 59,5

MAX SMOKE = 2.7




CF6 ENGINE EMISZIONS TEST SUMMARY

TEST DATE &-5-79
SAMFLING MODE EFPR CRUCIFORM RAKE

EMGINE TEST DATA
POWER SETTING

RAKE
RD

FMK
TSy F
HLIM

ERRD,
Fey
We»
T3s F
P2

W26,
WFE>
FRRS
FARS
XNL s
KNH»,

LE

GR-/LB
PSIA

PSIR

FPS

PSIA
FPS
PFPH

RFM
RFHM

EMISSION DATA

cO»
cOzs
HI
MO,
MO
EICO
EIHC
EINO
EINDX
SMOKE
FARGRS
CEFF

PPM
PCT

FPM

FPM
FFM

CORRECTED DATA

T3RF
PIRF,
HLUMRF »
WFEK,
EICOK
EIHCK
EINDXK

PSIR
oR/LE
FPH

GIDL

B
10-
1752,
84.6
&2.
14,3215
14,304
266,
341.
40.4
27. 4
1297,
0.013258
0. 01099
824.
5452,

vi2.0
2.130
475.4
11.4
18.7
63.10
24.20
1.70
2.80
2.6
0.01071
95.36

312.
42.3
44,0
1293,
66.30
30.51
2.82

CF&-50C2

19157,
0. 02520
0. 02037

3893,

10453,

3.5
4.260
6.5
434.7
473.¢2
g.z20
0.20
35.20
38.27
1.6
0. 02005
99,98

on

a
[
.

Do

1

4
4
19297,
0.22
0.89
356.52

6
0

ESN 517-533

c/0

E
12.
44011.
82.0
&2,
14,3215
14.178
1382,
1001,
266, 0
182.9
15222,
a0, g2259
0. 01245
3568,
10127,

2.4
3.890
6.8
224.9
353.¢2
0.10
0.20
e8.70
31.21
1.3
0.01831
99,98

9DE.
368.0
44,0
15337.
0.11
0.28
29.94

AFP
B
13.
15808,
84.6
63.
14,215
14,251
840,
711,
162.1
101.0
S180,
0.01438
0.01159
2371.
8879.

3.0
0.0114
99.93

664,
167.9
44.0
Sige.

2. 03

0.4
11.a7

EPR PARAMETER (EMGLISH AND METRIC UNITS
57KN THRUST

EPAPCO
EFPRFPHLC
EPAFNOX

MAX

LE-1000 LE THRUST

SMOKE = 3

0.735
0,329
0.589

.0

64

¢a.0

QR
atte

a0.1

JP-4

GIDL
B
14.
1211.
3.7
62.
14,2156
14,303
err.
342‘
40.8
8.1
124¢.
0,01232
0.01033
ace.
6456,

&M=
QN o0
[ |'_.'|-

i
O )T s e fie o
Drae s ¢ s )

oD
(=]
—n
= ONNOOOLMBDOoWB

Hree o) T b

0
g

o

31e.
42.3
44.0
1229,
69,97
28,99

€.7¢3




CFé6 ENGINE EMISSIONS TEST SUMMARY

TEST DRTE £/6-79 CFe-500C2 ESN S517-534 JP-4
SAMPLINHG MODE FAR DIAMOND RAKE

ENGINE TEST DRTA

POMER SETTING GIDL T/D c/0 AFP GIDL
RAKE A A A A A
RDG 11. 12. 13. 14. 15.
FHEs LE 1726. S1539. 44022, 157749, 1775,
2y F 88,3 87,7 86,5 26,9 87.%
HiJMs GR/LE 94, a9, 8, 5. 8%,
EARDs FZIA 14,227 14,227 14,228 14,328 14,325
Fes FSIA 14,315 14,1732 14,158 14.276 14,319
W&y FPS 267. 1497, 1290, 241, 276
T3s F 35z, 1055, 1020, 7el. 345,
2, PSIA 29,6 425, 0 266, 1 1658, 3 a0.7
- Wits PPS ZE.S 212.8 187.7 100.6 27,
WFEs FFH 1207. CICER 144, S23S. 1245,
FRARY 0.01388 0. 02540 2314 0.01463  0.012S7
FARS 0.01115 0, 02043 7 0.01212 0, 01041
XMLy RFM 826. 2897, . 2375, S2E.
XNHs RPM 6455, 10542, 7. 2303, 64cz.
EMISSION DATA
COs FPM 6331 2.6 2.1 1.3 £91.1
CO2s FCT 2. 030 4.460 4,020 2.590 2. UED
HCs FPM 363.5 3.9 1.9 2.6 447.2
HO: FPM 6.5 41%.9 22499 71.7 .5
HOXs FFM 12.6 450. 0 33%.9 23,1 14.5
E1COD 57.50 .10 0.10 1.60 6%, 40
EIHC 19.70 0.10 6.10 a.10 24,40
EINO 1.00 22,30 24,560 S. 40 1,00
E IHOY 2.1z 35, 02 26, 25 10.94 2.27
SHOKE 3.7 1.0 2.5 3.9 3.6
FARGAS 0.0103%  0.02081  0.0190%  0.01222  0.01029
CEFF 96,94 a3, a9 99,99 29, 95 SE, 4D
CORRECTED TRTA
TIRFs F 312. 1029. ass. £64. 312.
ARFs FSIA az. 3 438, 6 263, 0 167.9 a2. 3
- | HUMRFs GR/LE 44. 0 44.0 a4, ( 44.0 44. 0
{ WFEKs FFM 1293, 19183, 15451, Sz07. 237,
EICOK 61.81 0.11 0.12 1.8 &3, 0
: ETHCK 26.22 0.1S 0.16 0.15 21,55
1 E1MD¥K 2.32 36,32 28. 06 10,95 2.41
' EPA PARAMETER (ENGLISH AND METRIC UMITS)
1 LE/1000 LE THRUST S/KN THRUST
‘ EFRFPCO 0. 692 70.6
EFRPHC 0. 299 30. 4
EPAPHOX 0,563 57. 4

MAX SMDKE = 2,9

Aot ke m L A e b A e e e tn e




CFe ENSIME EMISSIOME TEST SUMMARY

TEST DATE 6779

CFe-50C2

SAMPLING MODE EPR CRUCIFDOEM ERKE

EMSIME TETT DATA
FOMER ZETTING
FAKE
RIN
FHKs LE
TSs F
HUMs GR-LE
BAFO: FSIA
F2sy PSIR
Wey FPS
Ze F
"2y PSIA
Wass PPI
WFEs FFH
FRRY
FARZ
XML »
*MH,

RFM
RFM

IFATA
FFM

PCT
PPM
FPM

FFM

EMISSION
CO»
cOzs
HC
HO»
HOH
EICD
EIHC
EIND
EINDS
SHMOKE
FRREGRT
CEFF

CORRECTED LRTH
TERF. F
PIRFs PRIRA
HUMEFs GR-ZLE
WFEKs FFH
EICODK
EIHCK
EIHOKK

5ID
b

oo
Lo s I g
oD e IR
[LEDER AR
LI AR R R
LS ]

o

629, 4
2. 05D
Ire. 4
'5.?
14,3
S58.3
20.50
1.10
e.85
SOE:
0.01012
96, 85

212,
42.3
44.0
1293,
62.34
av.ea
2.4%

1457,

1

B »

20
W oo b
LA RN )]

\,D.‘;i {_,_)-.J...,.a.. . e "J'

.:.-o- [ ]
WwRhaooll|how

o
1 R

10249,
38.6
44,0

19128,
a.11
0. 15

36.60

ESH S17-534

EPA PARAMETEFR (EMGLIZH RAMD METRIC UMITS)

EFPAFCD
EFAPHC

EFAPNOX

LB-1000 LE THRUST

.90
¢.z01
0.571

MAX SMOKE = 3.8

66

AFP
E
14.
15779,
6.2
5.
14,382
= 14,278
L o411,
' rel.
TRAL1L 158,732
187.7 1006.6
15444, 5&258,
0. 028214 0, 01463
a, 012e? 0.01213
5eR, cETS.
10237, 8903.
2.2 21.0
4. 040 2.570
1.6 2.6
208,53 1.0
35351 23.5
0.10 1.60
a. 0.10
e5.%0 .40
8. 80 11. 03
2.9 2.7
0. 01894 g.01z212
99,99 93, 95
956, a54,
362.0 167.9
44, @ 44,0
15451, S207.
0,12 1.85
0. 0.1S
£28.50 11.09
G/7KN THRUST
0.4
30.7
2.2

cIDL

i
0~
)~y -
LONLAE A |
02 e

b

-
A Gl =

[E L RN TR Y s a2 X

O BN

e o Qe QN
L )

-t
n
£

0. 01257
0, 01041
226,

B4ce.

H 00D
e o,

i

LIre 3 i01e o & jJi»

XA e e 2o &-.JAJ,-_-.-\]

RO

il ooooob

DA T () F 7Y RN

<
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30,13

&.45



TEST DRTE ©-11-/79

ENGIHE TEST DATAH
POWER SETTIMG
RAKE
RIG
FHKs LB

T2s F

HMs GR-ZLE
BARO. PSIA
P2s PSIA
W2s PPS
T3s F

3. PSIA
W3&s FPS
WFEs PPH
FAR4

FRARS

XHLs RPM
¥NHs RPM

EMISSION DRATAH
cOs PPM
coes PCT
HZy» PPM
HOs FPM
NOXs> FPPM
El1cO
EIHC
EIHO
EINOX
SMOKE
FARGAS
CEFF

CORRECTED DATH
T3RFs F
F3RFs PSIA
HUMRT, GR/LE
WFEKs PPH
EICOK
EIHCK
ETNOXK

CFé-50Ce

GIDL
A

10.
1?66,
62.8
55.
14,4324
14.473
27?5.
3ee.
42.0
29.0
1306,
0.01261
0.01019
840,
6388.

727.0
1.910
Ses.e
3.1
12.1
71.30
30.50
0.40
2.01
4.4
0. 005970
95.68

31e.
42.3
44,0
1316,
72.8%9
32.76
2.03

SAMFLING MODE FAR DIAMONMD RAKE

14,3731
1501,
1033,
429,28
c23.6
15991,
0. 02377
0, 01923
3233,

10373,

0-5
4.220
2.9
2731
414.9
0.
0.10
30.40
33.83
2.5
0.01928
99,99

1029.
432.6
44,0
19306,
0.
.11
34.18

EPAPCO 0.815
EPAFPHC 0. 367
EFRFNHOX 0.537
MAX SMOKE = 4.4

67

CF6 ENGINE EMISSIONS TEST SUMMARY

ESN S17-535

c-0

A
12,
43725,
65.2
S,
14,482
14,341
1388,
954,
371.8
195.6
15032,
0. 02152
0.0175%
3501.
10027,

0.8
3.870
2.3
280.4
307.5
0.
0.10
24,90
27.26
Els
0.01825
99.99

956.
358.0
44.0
15246,
0.
0.11
ev.59

APP
A

13.
15774.
€4.5
s7.
14.482
14.428
£41.
£31.
171.4
104.8
S152.
0.01377
0.01150
2329,

8716,

30.1
2.400
2.6
60.7
73,3
2.50
0.10
2.60
10,324
2.4
0.01140
99,93

664,
167.9
44,0
5197,
2.64
0.11
10.26

EPA PARAMETER (ENGLISH AND METRIC UNITS)
LB-1000 LE THRLST

537KN THRUST

83.1
37.4
54.8

JP-4

GIDL
A

14.
1770.
€4.6
57.
14,432
14.472
257,
3z2.
41-9
233.3
123E‘l
0.01174
0.009%6
827,
6340.

725.8
1.830
$61.0
1.9
11.5
v3.90
33.50
0.30
1.97
2.8
0. 00935
95.35

312,
42.3
44,0
1243,
79.41
35.98
2. 01
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CF6 ENSINE EMISSIONS TEST SUMMARY

TEST IRTE 6-11/79
SAMPLING MODE EFR CRUCIFORM RAKE

ENGIMNE TEST DATA
POWER SETTING

RAKE
RIS

FHK s

T2s F
HLIM,

BARDO,
P2
W2y
T3s F
P3y

W36
WFEs
FAR4
FARS
RHL»
XMNH

EMISSION
COs
cOz,
HC,
NO»
MO
EICD
EIHC
EIND
EINOX
SHMOKE
FARGAHS
CEFF

LE

GFR-LE
PEIA

FSIA

FPZ

RPM
RFM

IATA
PPM
FCT
PPM
PPM
FPM

FSIA
PPS
FFH

CORRECTED DATA

T2RF
P3RF s
HUMEF «
WFEK s
EICDK
EIHCK
EINOXK

FSIA
GR/LE
FPH

GIDL
B
10.
1786,
e2.2
S5,
14.424
14.473
&vs.
3ee.
42.0
29.0
306,
0.012%1
0.0101%
240,
6323,

704.0
1.920
502.7
2.6
12.5
62,80
28.90
0.40
2. 06
4.4
0.00273
95.88

312.
42. 3
44. 0
1316,
70.29
31.04
2.08

CFe-50C2

T-0
B
11.
See31.
63.7
o3,
14.433
14,321
1501,
1022,
439.8
ced. 6
18991.
‘:'- [lbj
U.Ul?ds
38373,
10373,

193206,
0.
0. 11

34.24

ESN 517-525

c-0

B
12.
3725,
65.2
56'
14.4a¢2
14,341
1386,
964,
371.8
195.6
15032,
0. 02152
0.017582
3501,
10027,

0.
3.770
2.3
2?5.9
204
a.
0.10
25.10
27.65
2.5
0. 01779
29,99

956.
358.0
44,0
15246.
0-
0.11
2v.99

APP

B
13.
15774,
£4.5
s7.
14.482
14,428
241,
621,
171.4
104.8
S152.
0. 01377
0.01150
2329,
£716.

30.3
2.350
2.9
99.3
2.6
2.60
0.10
8.50
10.42
Eul
0.01119
99.93

664 .
167.9
44,0
5197.
c.74
0.11
10.349

EPA PRARAMETER (ENGLISH AND METRIC UNITS)
57KN THRUST

LE-1000 LB THRUST

EPAPCO 0,791
EFAFHC . 352
EPARFHNOX 0.543
MAX SMOKE = 4.4

68

80.?
3%.9
55.3

GIDL

B
14,
1770.
64.6
57,
14.432
14.472
257.
s22.
41.9

33.
1&36.
0.01174
0. 00955
837,
£340.

713.7
1.240
953.6
c.1

72,30
33.10
0.40

2. 04
3.7

0. 00237
95.43

31e.
42.3
44,0
12473,
732,98
35,55

2. 05




CF& ENHGIHE EMISZIONS TEST SUMMARY

EPA PARAMETER

EPARFCO
EPAPHC
EPAPNOX

MAX SMOKE = 2.

),

TEST DATE &-18/79 CFe-50C2
SAMPLINMG: MODE FARA DIAMONMD RRAKE
ENGIME TEST DATH
POLER SETTING GIDL T-0
RRKE R A
RIG 10, 11.
FMKs LB 1703, S2129,
T&s F 75,0 vE.1
HUMs GRALE 39, 35,
BARDO, PSIA 14,421 14,473
F2s PSIA 14.471 14,320
W2s PPZ a7, 1507,
T3s F 335, 1055,
P33y PSIA 40.9 439,323
W3ss PPS 27.8 c17.9
WFEs FFH 202, 19175,
FAR4 0.01314 0. 02452
FARS 0.01025 0. Q192
¥HLs RFM 2815. Isra.
XNHs EPM 640z, 104846,
EMISSION DATA
CO, FPM 695,32 0.2
c02s PCT 2.010 4.150
HCs FPM 396.7 2.9
NOs FPM 5.5 457.5
HOXs PPM 128.1 429,.2
EICO €5.40 0.
EIHC 21.20 0.10
EINO 1.00 37.20
EINOR .26 40.39
SHOKE 3.4 1.5
FARGAS 0.01014 0. 0192
CEFF 9%, 57 99,99
CORRECTED DATA
T2FRFs F 212, 1029,
P2RFs PSIA 42.3 432,68
HUMRFs GR-/LE 44. 0 44.0
WFEKs FPH 1302, 192837,
EICOK 68.11 Q.
EIHCK €5.69 0.132
EIMNOXK .72 35.986

0.74%
0.289
0.588

c-no

12.
440173,
76.1
39'
14.472
14,327
1295,
a1,
269,49
191.4
137 "l_n
0 ﬂ’bn‘-.-
a.013201
3945,
101329,

w
e v PDLWNNS

G -

-.\jn

W
a
WP NEDo

Y )

o
(]

o
N Mool

AFF
A

13.
15792,
75.3
40'
14.473
14.4¢c2
547,
Foz.
170.1
102.5
S216,
0.01422
0. 01167
2355,

2314,

na
*

s s WL

DT e ] s bt pr ¢

L

o
i e )

e =oomdd-

L] ..a.‘.O- L]
LdPARocoo=NMon

[15T0 )
i
E N

[
=~
0

44.0
5213,
2.32
0.12
10.71

CENGLIEH AND METRIC UMITD
LB-1000 LE THRUST

67KN THRUST

76.3
£9.4
59.8

JP-4

GIDL

14,
1792,
?5.6
40-
14.47%
14.470
257.
235.
41.5
28.7
1d 'Jo
0. 01223
0. 010132
se1.
54032,

n $o

e
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& pdw
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1251.
67. 48
28.8v
2.67




CF6 ENGINE EMISSIONS TEST SUMMARY

TEST DARTE &-12/79

CFe-50C2

SAMPLING MODE EPA CRUCIFORM RAKE

EMSINE TEST DRTH
POMWER SETTIMG
EREKE
RDG
FHKs LE

2y F
' HUMs GR-LE
: ERROs PZIA
' F2s PSIA
W2se FPZ
T3s F
P3s PSIA
W35, FPT
WFEs FFH
FAR4
FARS
it 3 |
XNHs

kM
RFM

EMISSION DATA
cOs FFM
cO2s PCT
HCs FPHM
HNOs FFM
HOXs FFM
EICO
EIHC
EIND
EINDX
SHMOKE
FARGAS
CEFF

CORRECTED DARTA
T3RFs F
P2RF, PXIR
HUMRFs BR-LEB
WFEKs FFH
EICOK
ETHCK
EINDXK

cID

B
10.
1709,
76, 0
39.
14,451
14,471
2ev.
335.
40‘9
27.8
1303.
0. 01314
0. 01035
815,
5405,

£ oM
~J oD

2
1

1

~NJyoon

17.8
64.70
£23.10

1.20

2.8

4.0
0.0101%
96.47

31e.
42.3
44.0
1302,
67,39
27.22
2.69

T-0

B
11.
5e189.
TR
28.
14.479
14,320
1507,
1066,
435,32
217.9
19176,
Q. 0245z
0.01%&2
3eve.
10486,

0.4
4. 020
2.9
440.5
476.7
0.
0.10
236.90
39,94
2.3

0.01934

99.99

1029,
BB
44.0

19287.
0.
0.13

36.54

ESN 517-537

c-0

B
12.
44013.
‘6.1
39.
14.475
14,227
1395,
991.
369.9
191.4
153220.
0. 02236
0.01501
39545,
10139,

3.6
0.01760
99,99

955,
3628.0
44,0
15400,
0.
0.12
29.51

APP

B
13.
15793,
9.3
40.
14.472
14,422
847,
vo2.
170.1
102.5
5216,
0. 01422
0.01167
£2355.
£814.

22.4
c.400
2.6
2.7
£4.1
1.30
0.10
10.20
11.81
1.4
¢.01144
99,95

t6d.
167.9
44.0
5213,
2.10
0.13
10.76&

EPA FPARAMETER <ENGLITH AND METRIC UMITS)

JP-4

GIDL

B
14,
1792,
725.6
40.
14,478
14.470
257.
339.
41.5
28.7
1256.
0. 01223
0.010173
g21.
5403,

66E.4
1.960
415.2
7.0
17.8
63,80
23.40
1.10
2.78
3.1
0.00921
96.47

31e2.
42.3
44.0
1251.
66,93
27.538
2.64

LE-1000 LE THRUST G/KN THRUST

EPAPCO 0.7739 7S5.4
EFRFHC 0.297 30.2
EFAPNOX 0.981 59.3
MAX SMOKE = 4.0

70
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CFe ENSINE EMISZIONS

TEST DATE &€-14/79
SAMPLIMNG MOLE FAA DIAMOMND RAKE

EHGINE TEST DATA

POMER ZETTING SIDL T-0
RRAKE H A
DG 10. 11.
FMKs LE 1694, S2E3E.
T2s F 85.0 4.5
HUMs GRE-LE 3. 3,
BAFRO. FEIA 14.912 14,512
Pzs FSIA 14.504 14,3295
Wes FFPS 27c. 1510,
T3s F 351. 1093
P3s PIIA 40,6 441.2
W35s PFX &v.2 ze0.z
WFEs PFH 1327, 12471,
FRAFR4 Q. 01270 0, 0z4=0
FARSZ c.n11320 ¢.oz000
XMNLs RFM 215, 2315,
¥HHs RFM 5515, 10591,

EMISSION DATH
cOs FFHM 13,0 6.0
cozs FCT 2. 070 4,200
HCs PFM 453,32 4.9

# MO, PPH 2 % ISRy

* HOXs PFM s 22t t
EICO 65.20 0,20
ETHC 24.50 a.10

# EINO BS54 e A el

% EINOX 1.4 2584
SMOKE 1.9 4.7
FRRGAS 0.01032% 0. 02015
CEFF Q. 34 3,92

CORRECTED DRATH
T3RFs F 31e. 1029,
P3RFs FEIA 42.3 4326
HUMRFs GRALE 44.0 44,0
WFEKs FFPH 13073, 193223,
EICOK v0.42 0,39
EIHCK 22,37 0.16
% EINDRK t. 52 24, S
EPA PARAMETER <(EMGLISH AND
LE-10G00 LE THRUZT
EFARPCO 0,793
EFRFHL .37
EFPAPNOX 0. 258
MAX SMOKE = 4.4
* NOTE:

CFE-S0C2

TEST SUMMARY

ESN S17-522

cs0 AFP

A A
12. 13.
43794, 15534,
24.1 23.9
9. rara
14.51¢2 14,511
14, 2&7 14.4%0
1389, S3h,
1009, T13.
269,32 170.32
19d.4 102,72
19321, Se0v.
0, 0zess 0.01432
g.a1=229 . a1e?
25e8., 2374,
10222, aoz1.,
5.3 21.0
3,820 2.510
3.2 2.2
con. 2 48,08
2te o 4.1
0.320 2.50
0.10 0.10
172.94 S.40
12:. 4% oo
2.9 4.4
0, 01221 0. 0112
Q9,32 99,972
A%, 54,
E2,. 0 167.9
44,0 44. 0
15192, 5126,
Q.24 2.29
0.15 0.1%
o % 5.

METRIC UMITSD
GAEN THRUTT

=

-J L1 -
LR R

[DRIRX

JP-4

GIDL

A
14.
1725,
g5.¢e

7.

14,509
14.501

=
LI ]

cl.

All NO and NO, data on this page is in error (too low) and is

excluded from averages quoted in this report.
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CF6 ENGINE EMISSIONS TEST SUMMARY

TEST DATE £-14-79 CFe-5002 ESN S17-529 JP-4
SAMFLING MODE EFR CRUCIFORM RRKE

EHGINE TEET DRATH

FOWER SETTIHS SIDL T-0 c-0 APP GIDL
FAKE B B B B B
RDG 10. 11, 12. 13 14,
FHKs LE 1694, S2633. 423795, 155724, 1735,
T2y F 2%5.0 24.95 S24.1 53.9 5.2
HUMs BRE-LE 9. 7a. 73, 7. 7.
BARDOs FIIR 14.512 14.512 14.51¢ 14.511 14,505
F&s FEIA 14.504 14,355 14, 367 14.450 14,501
W2s FPE 27e. 1510, 1329, 236, 274.
T3s F 351. 1093, 1009, 719, 350,
F3s PZIA 40.% 441.3 9.3 170.3 41.0
W2Re FPPX 27v.2 220.3 190.4 102.3 27.2
WFEs FFH 1327. 19471, 15221, S207. 1224,
FAR4 0.01370 0. 02420 0. 0zz2ss 0.014372 o, 01224
FRARS 0.011320 0, 02000 0.013229 0.011%27 0.010e8
¥MHLs FEFM 815, n91%, 2568, cav4., 24,
¥NHs EFM £515. 10591, 10228, 2321, 6503,

EMISSION DATH
cOs FFM 697.3 6.2 5.3 £92.5 7195.7
chzs FCT 2. 020 4,250 3.860 2.4560 g. 020
HCs PPM 445. 0 4,9 2.9 2.9 494.5

»MOs FPPM 4.5 87T 201 . % 28.49 4.5

¥NO%s FFM S 9 211,46 £ie.5 5 5 2.4
elco 63,30 0.30 .30 .40 66,510
EIHC 23.90 0.10 06.10 6.10 27.20

»* ETHO & 70 3. 36 18, 60 5.440 g. 7L

# EINHOx 1.5 a5 a2v¢ 19,41 541 1.4%
SMOKE 3.2 e.7 0.9 1.2 4.3 {
FRRGAS 0. 01043 0. 01395 0. 01811 D.01155 0.01017
CEFF 9. 44 99,93 99,92 99,933 as, 07

CORRECTED DATH
TZRFs F 31e. 1022, 955, aad, 312,
SRFs PRIRA 42.3 43,6 SRS, 0 167.9 42. 3
HUMRF s oFALE 44,0 44.0 44,0 44.0 44.0
WFEKs FFH 1203, 19322, 15198, 51326, 1262,
EICOK 68,37 0.35 0.34 2.77 fe.10
EIHCK 31.92 0.16 0.195 0.15 25,68
x EINOXK .55 o4 19,410 .23 {.44
EPA PARAMETER <ENGLIZH AMD METRIC UMNITED
LE-1000 LE THRUST 6-KH THRUST
EPRPCO 0.773 8.3
EFAFHC 0, 354 36.3
EPAFHOX 0,338 37.5
MAX SMOKE = 4.3
* NOTE: All NO and NOx data on this page is in error (too low) and is

excluded from averages quoted in this report.
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CFE ENGINE EMISSIONS TEST SUMMARY

TEST DATE £-15,79 CFe-S0C2 ESN S17-53%2 JP-4
SAMFLING MODE FAR DIAMOND RAKE
y ENGINE TEST DATA
\ POWER SETTING GIDL T-0 cs0 AFP GIDL
RAKE A A fA A A
RD5 11. 12. 13, 14. 15.
FNKs LE 1760. S2s523. 43911, 15719. 1790,
T2y F 82.7 21.4 21.3 £1.3 80.5
HUM, GR-LE 78. 75, 21. g2. az.
BARO. PSIA 14,474 14,474 14,472 14,472 14,471
F2, PIIA 14,467 14,217 14,227 14,409 14,4573
W2s PPS 280. 1507. 1392. 244, 2s0.
T3s F 349. 1021, 1002, 710, 3473,
2> PSIA 41.5 441,73 271.32 170.1 41.7
W2Es PPS gv.9 220.5 192.0 10z.4 28.7
WFEs FPPH 1340, 19422, 15378, 5199, 1270,
FARY 0.01347  0.02421  0.022%1  0.01426  0.01242
FARS 0.01097  0.02008  0.01222  0.0118%  0.0101%
XNLs RPM 930. 3908, ISES, 2260, az0,
®KNHs RFM €495, 10574, 10203, 2248, 6445,
@ EMISSION DATA
1 COs PPM 718.4 4.7 4.2 1.1 7S6.6
: co2s PCT 2.070 4.390 4,030 2.450 2,000
HCs FPM 521.9 6.5 4.2 4.8 S69, 3
NOs FFM 4.8 455, 0 3263 £4.0 7.9
NOXs PFM 15.5 490. 0 353, 4 ¥3.8 14,2
EICO 65.20 0.20 0.20 2.50 70.20
EIHC 28. 00 0.20 0.10 0.20 31.50
EIND 0.70 25.90 28. 00 2.20 1.20
EINOX 2.40 38,69 30,30 10.17 2.25%
SMOKE 4.3 2.6 2.2 2.5 3.5
FARGAS 0.01042  0.02054  0.01229%  0.01156  0,01011
CEFF 96, 02 99,93 99,95 93,92 95, &0
CORRECTED DARTA
T3RFs F 312. 1029. 9SE., £64. 312. 1
P2RFs PSIA 42,73 423, 5 368, 0 167.9 42,3
HUMRFs GR-LE 44.0 44,0 44,0 .0 44,0
WFEK, FPH aza. 19441, 15333, 5154, 1255,
EICOK 70.84 0.23 0.23 .82 75. 94
EIHLY 36.47 0.29 0.14 0.28 39.473
EINO®K 2.45 28. 04 30,37 10.21 2.35

EPA PARAMETER C(ENGLISH AND METRIC UNITS)
LE-1000 LE THRUZT BsKH THRUST

EPAPCO 0,503 82.5
EPRFHL 0.411 41.9 .
EPAPNDOX 0.590 60.2 :

MAX SMOKE = 4,3

LIRS

S Tt Gt




TEST DATE &~15/79 CFEe-SOCE

SAMFPLINEZ MODE EFAR CRUCIFDRM FAKE
ENGINE TEXT DATH

FOWER SETTIHG GIDL T
: RAKE E B
» RIG 11.
| FMEs LE 17&0. G252
{ T2y F s2.7 -]
L HiMs SR-LE 7S,
| EAROs FEIA 14.474 14.4?4
2s FIIA 14.457 14,3217
Wes FPPE zZaa., 1507.
T=s F 3449, 1031,
P2« PSIA 41.5 441,33
W2ss FPS 27.9 S
WFEs FPPH 1340, 13422,
FAR4 0. 01247 0. 02421
FRRE 0. 01097 0. 02008
XNLs FFM 2350, 03,
®KMNHs EFM 6495, 10574,
EMISSION TIRTRA
CO» FFM 690.3 4.
cOzs FCT 2. 050 4,31
HZs PPM 423, 0 £,
MOs FFPM 5.5 444, 2
MO FFM 15.7 4
EICO &2, 60
EIHC TE. B0
EIND 0.590 b
EINOX 2.4% 3255
SMOKE 3.7 :
FRARGAS 0. 01027 0.0z
CEFF 9h. 2 23

CORRECTED DRATH

EFARFPCO 0, ¢ae
EFRFH -y
EFAFNDX 0,590

MAX SMOKE = 4.7

CFé& ENGIME EMIZEIIONS TEST

(m]

F oS I ]

o Ly

=] = 0 -

g.01

TZRFs F z1e.
PakFs FSIA 42. 3 43
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APPENDIX B ’

EMISSIONS TEST SUMMARY SHEETS FOR CF6-50C2 ENGINES WITH JET A FUEL.

This appendix contains emissions test summary sheets from tests of
six CF6-50C2 model engines on Jet A fuel. Data from tests of the following

engines are included:

October 12, 1979 ESN 517-597
October 19, 1979 ESN 517-602
October 26, 1979 ESN 517-608
November 26, 1979 ESN 517-628
November 29, 1979 ESN 517-629
December 5, 1979 ESN 517-635
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CF& EMBRINE EMIZZIONT

-

TEIT LHTE 1012779
TrikEl THB MODE

ENGING TEST DATA
FUMFRF ZETTING
e E
F s
Fiit's LE

T&s F

HUM. GR-LE
¥R FTIA
oy PEIA
Wy FFZ
TZs F

Fas PIIA
Lizes PRPT
WFEs PFH
FArRY4
FHES
wHL s
“HHs

FFM
RFM

EMIZIION TATH
s FPFM
C0ce PCT
HZy FFM
HOs FFPM
MO« PPM
EICO
EIHC
IO
EINO:x
THMOKE
FHRGAS
CEFF

CORFCCTED DATH
TZREFs F
F2REFs F2IA
HUMEFs GRSLE
WFEE s FPH
EIChK
EIHCK
EINOK

EFA PARAMETER

EFRFCO
EFRFHC
EFRFNDX

CFe-SnCe

FAF DIAMDHD RAKE

0]
-

I
-
-

ER 10.
1720, al = R= I
S 20,7
D4, 44,
14.251 14, 265

1
DO i)

PN
s fae o 1

=1

3 1:!;' o J.

a. ulh“a 0
0. 01053 i\
qLa aEd
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[ e g

v ifle s e o (N=JMauD 0D

Neas Qi (N T o @

sl o oo B Mm
o]
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o
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—

51 . -:-?
e 2 .55

CEMGLITH AND
LE-1000 LE THRUZT

0 e 6
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R ) 4.3
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29, 24 A2 . 54

255 EEd, =12,
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TE T DATE 10/12-73
ARMFLING MODE EFA

EMGIME TEET DRTH

CFe EHRIHE EMIZIIONE

CFe-S0C2

CRUCIFORM FREE

FOMER
FREE
ED
FiE s
TS s
Hiit s
EARD
Fcs
WiZ s
Tz
Fzs
W3E
WFE s
FRFE4
FHRE
H“HL .
“HH

EMIZZION
20«
cOzs
H s
HO s
RIS
EICO
EIHLC
EINO

EINO=

SHak
FARRG
CEFF

CORRECTE
TERF
FERF
HLIR:
WFEF,
EICD

EIHCE 42,25
=K 2,58

EIND:

ZETTING

SIDL

E

B

LE 17en.

F &l.6
GR<LE 54,

s FEIA 14,21
FZIR 14,252
FFX eve.

F 313,
FZIR
FFRE cr.?

FFH

Q. Dl;??

RFM
RFM

TAHTH

FEM £95.5
PCT 1,960
FEHM 2298
FFM 7.7
FFH 15.7

]

E v
A= [IBID RS

i
T

It TATH
s F

+ FZIA
s GE-LE 44. 0
+ FFH 1305,
K 2&, 30

o1e.

42. 3

EFA FRHrHMETER
LE-100

EFRFCO
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EFAFNMOX

TMOKE =

-
)

MA:

7l

Lﬁbhagag- -] =

e s 3T ULl s (fThe =) -

d‘ -
12e22
0. 0240
0. 0192
2821
10295

11.5
4.110
12.3
2RE,.3
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.60
0.50
23.10
25,47
.6
0. 01333
99, 94

17 E
4335
44.
0,53
0.53
-.'R:' 1|_|
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0 LE THRU=T
U.9432

0.S7eE
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CFe EMGIME EMIZZIONE

TEST DATE 10-1%3-73 CRe-Soce
SAMFLING MOLE FAA DIAMOND RAKE

ENHGINE TE=T DRTH
FOUEF ZETTINHG =IDL
FAKE A
=8 (12 E

FHEs LE 1674.
TZs F TE.3
HUM, GR-LE 7E.
EAFD. FEIA 14.411
F&s PSIA 14,4904
WZs FPE 27E.
T F 230,

FZs PZIR 40.5
W2y FRE c7r.5 o R
WFEs FFH 329,
FARR4 0. 21251
FRRZ 01114
“HLs EFM

S13.

XHHs FHFM 5353,
EMIZZION DRTA

0y FFHM I,

cOz. PCT
HZs FFH
MO« FFM
MO« PFM
€1co
EIHC
EIND
EINO"
ZMOKE
FRE 7 0.
LEF.

W T D)

s

[ e Y ]
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Ja 70
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e s e e e TR0
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EIND:EK 2,

EFA FARAMETER CEHGLISH AN
LE-1000 LE THRUZT

EFRFCO 1,922

EFHFHL 0. 95

EFAFHDO: 0,578

[}
FN

MR SMOKE

78

m
—
I

4 00

L] =
D1 = = T T

L N o O N Y -.-u
I ey -,

N Gifine o

o

=

iy

OGN (X
OO SR =) Teoes e (03

v b fa D

DT e [, Lofe
SNENCas o ¢ (0.

L OO I I R Y T X

O ]

=
.
-

Ny,
L O O R R SO N L |

LY RTINS B N

L1 .
0
oo

Gfkﬁ fHRuif

JET-H

=

—

=]

Lo = s N
—

fiae D300
Tre sme

-
L

14,403

LT .

1274.
LH1ETE
U1H=4

= €
£, 07T
TSz,
= )
16,0
FE.T 0
g0, 00
1.50
.43
)

[ a)
X




T

o -

o Y.

P SR ORI

CF& EMSIHE EMISIION:T TEIT

TEST DATE 1071379 CFe-S0Ce M S179

SHMFLIMG MODE EFR CRUCIFORM EREE

EMGINE TE=T DRATH
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CFé ENMGINE EMIZZIONT

TETY DATE 10/26-73
TOMELIHG MODE FAA DIARMDOMD RAKE

EHSINE TEST DHTH
FOWER ZETTING
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CF& ENGINE EMIZZIONE

TEST DATE 10/28-79 CFRe-S0Ce
SHAMPLINSG MODE EFA CRUCIFORM RREE

ENSINE TEZT DATH

e bt o Mt A et ek Stis 715

™

TEST SUMHARY

EEN S17-503 JET~H
c-a HFP GIDL
B B E
13. 14, 145,
43323, 135522, 171¢e.
BT 35.1 V.4
19, 13, 19.
14.5e2 14,567 14, 562
14.421 14.50% 14,550
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CF6 ENGINE EMISSIONS

TEST DATE 11/256-79
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TEST DNTE

CF6 ENGINE EMISSIDMS TEST SUMMARY

11-230/79
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APPENDIX C

EMISSIONS TEST SUMMARY SHEETS FOR CF6-6D ENGINES WITH JET A FUEL.

This appendix contains emissions test summary sheets from tests of

seven CF6-6D model engines on Jet A fuel. Data from tests of the following
engines are included:

August 16, 1979 ESN 451-553

August 24, 1979 ESN 451-554

August 28, 1979 ESN 451-555

October 3, 1979 ESN 451-558

October 30, 1979 ESN 451-560

November 13, 1979 ESN 451-562

November 19, 1979 ESN 451-563
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CF6 EMGINE EMISTIIONS
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0.0
49,
14.587
14.580
245.
299.
.2
£2.3
978,
0.01200
0. 00330
7e3.
SeS6.

. 00872
25.20

299.
39.9
44.0
ov3.
70.84
35.80
2.88

T-0
R

13.
40163,
v0.3
S0,
14,578
14,453
1302.
951.
257.5
162.3
13938,
0.02410
0.01970
2457,
PE20,

Q.4
4,590
4.9
433.0
S524.5
0.40
0.10
36.90
29,57
5.5
0.02151
a9, 98

el Wy

346,
262.8
44,0
14010,
0.40
0.10
40, 02

TEST SUMMARY

EEN 451-553

2.4
4.170
2.6
357.3
383.3
.40
0.10
29.80
22.13
$.3
0.01257
99,33

290.
217.8
44.0
11427.
0.40
0.10
32.62

AFF
A

138.
12400,
71.0
S0.
14.571
14.523
v31.
539,
147.8
TS.9
3927,
0.01320
0.01130
2112,
5235,

54,5
2.550
4.9
¥3.5
89.0
5.10
0.
.30
11.84
2.&
0.01209
99,86

830,
142.6
44.0
3914,
5.20
D.
11.84

EPR PARAMETER (ENGLISH AND METRIC UNITS)

JET-A

GIDL

A
21.
1432,
7e.0
S50.
14.568
14.560
243,
303,
3.2
2e.9
956.
0.01170
0. 00950
7c4,
5659,

667,.9
1.730
S512.5
6.0
15.4
v2.40
32.50
1.10
2.30
5.0
0.00220
25.48

299,
39.9
44,0
250.
71.55
33.44
2.87

P I A S U

LE-1000 LB THRUST G/7KN THRUST

EPAPCO 0.793 31.3
EPAPHC 0.377 32.4 1
EPAPNDOX 0.624 63.6

MAX SMOKE = 6.2
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CFé& ENGINE EMISZIONS TEST ZUMMARY

TEST DATE 216,79
SAMPLING MODE EPA CRUCIFORM RAKE

ENGINE TEST DHRTR

2OLER
RAKE
RIG
FME s
TZs F
HUIM»
BARD»
F2»

T2s F
P3s

W3S
WFE >
FARR4
FRRS
HNL»
HMH.

EMISESION
=0
co2»
HC s
MO>»
MOx s
EICO
EIHC
EINO
EINOX
ZMOKE
FRREAS
CEFF

LE

FFM
RPM

SETTING

ER~LB
PSIR
FSIR
w2s PPS

PSIA
PPS
PPH

DATA
PPM

PCT
PPM
PPM

PPM

CORRECTED DRTR

TZRF »
PIRF
HUMRF »
WFEK s
EICOK
EIHCK
EINOXK

PSIA
GR-LE
PFH

EPR PARAMETER

EPRPCO
EPAPHC
EPRPMOX

MRAX SMOKE =

CFée-51

GIDL
B

[y
=4 0}
D 1)

TR

0
4-;
14,537
14,520
245,
299,
38.2
2.8
ava,
0.01200
0. 00920

-
IE"I
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) e 0

o Ad

--.’_l]u
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W
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W~y
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LB~1000
a.
0.
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S.6

0. 02410
0. 01370
2457,
26e0.

DO S
e

Ne B

o~o oo

£
® Difle ¢ s o

a.

Wifle s fue o o
DT pooaoa~Joon

WD
JO 1o

LB THRUZT
s24
296
£29

90

0. 0225
0.01830
2E243.
Q3244

L]
.

« s s Tue
[ WO

0 0]
M) $a N3 oD =}

o) b
5
Lo}

?2.35
5.2

0. 0i2e2
29,99

820.
317.8
44,0
11427.
n.40
0.10
22.84
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(EMGLISH AND METRIC UNITS

G-KN THRUST

g4.1
40,4
54,1

JET-R
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S0.
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303,
38.e
22.9
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TEST DATE 8-24-79

CFe-&D

SAMPLING MODE FRA DIAMOMD RAKE

ENGINE TEST DATA
FOWER SETTING
RAKE

RDG
FNK
Tes
HUM»

LE
F
GR-LEB

BAROs PSIA

P2s
Wes
T3
P2
W36
WFE»
FAR4
FRARS
¥NL»
“NH»

EMISSION
20>
cOes
HC s
MO
MO¥s
EICO
EIHC
EING

PSIA
PPS
F
PSIA
PPS
PPH

RPM
RPM

DATA

PPM

PCT
FPM

PPM

PPM

EINOX
SMOKE
FRARGAS

CEFF

CORRECTED DRATA

T3RF
P2RF

HUMRF o

WFEK

s F
s PSIR

s FPH

EICOK
EIHCK
EINDXK

GR-LB

=IDL
A

10.
1320,
v8.6
28,
14.383
14.372
244,
313,

7.0

2t &

-—a

974,
0.01270
0.01030

ven.

5735.

635.6
1.810
422.9
6.6
14.3
56.20
292.30
1.20
3'53
2.5
0.00907
95.87

299.
39.9
44.0
a71.
66.12
328.93
2.85

T-0

A
16.
29173,
TE.2
383.
14,338
14.259
1297.
2954,
351.5
i35.5
128182,
0. 02460
0.02000
2457.
94,

0.40
0.11
38.32

EEN

c-s0

A
17.
33071,
ro.e
a4,
14,3289
14,270
1197,
392.
307.0
i4G.5
11139,
0, 02240
0.01320
3250,
411,

TeB
4.270
1.9
306.7
329.4
0.40
0.
25. 00
27.64
3.2
0,01929
99,99

8910.
317.8
44.0
112ve.
0.40
OI
31.00

CFe ENGINE EMISSIOMS TEET TUMMARY

451-554

APP
A
13,
11940,
7.4
a2,
14.334
14,335
733,
550.
144.3
TTe3
aa21.
0.01390
0.011320
c110.
2312,

5.40
0.30
3.00
.92
1.7
0.01257
29,84

£30.
148.6
44, 0
3584.
5.61
0.35
10.82

EPA PARAMETER C(ENGLISH AND METRIC UNITS
G7KN THRUST

EPAPCO
EPAPHC
EPAPNOX

MAX SMOKE =

LB-1000 LB THRUST
0,757
0.366
0.582

3.2

V.2
av.2
59.4

JET~-A

GIDL

A
135.
1409,
7.2
23.
14,386
14.380
244,
309.
37.3
2201
244,
0.01200
0. 00980
7el.
5709,

663.9
1.760
S560.3
6.6
13.3
v1.10
3%5.20
1.20
2.40
3.1
0. 00329
95.28

299,
39.9
44.0
242,
70.48
37.81
2.71




CFé6 ENGINE EMISSIONS TEST SUMMARY

TEST DATE 3-24-79 CF6-6D ESEN 451-554

SAMPLING MODE EPA CRUCIFORM RAKE

ENGINE TEST DRATH

POWER SETTING GIDL T-0 c-0 AFPP

RAKE B B B B
RDG 10. 16. 17. 13.
FNKs LB 1380. 39173, 33071. 11940,
T2 F v8.86 76.2 75.2 7.4
HUMs GR-LB 88. 83. 88. 88.
BAROs PIIA 14.383 14,388 14,389 14,384
P2s PSIA 14.378 14.259 14,270 14,335
w2s PPS 244, 1297. 1197. 733.
T3y F 313. 9354, 898. 650.
P3s PSIRA 37.0 351.5 307.0 144.9
W36s PPS 21.% 155.6 140.5 7.3
WFEs PFH 974. 13612. 11189, 3821.
FRAR4 0.01270 0. 02460 0.02240 0. 01290
FARS 0. 01030 0.02000 0.01820 0.01130
XMLs RPM ve0. 3457. 2e50. 2110,
XNHs RPM 5755. 9694, 9411. 8312.

EMISSION DATA
cad, PPM 58e.3 3.4 7.4 63.6
ch2s PCT 1.700 4.530 4.040 2.410
HCs PPM 450. 5 2.3 1.6 6.5
NOs PPM 8.8 404.8 287.6 57.1
NOX» PPN 13.2 438.7 331.5 70.2
EICO 64.70 0.40 0.40 5.30
EIHC 29.60 0.10 0. 0.30
EINO 1.70 31.20 24.70 8.10
EINOX 2.48 32.79 28.51 9.94
SMOKE 4.3 2.5 1.8 3.1
FARGAS 0. 00852 0.02105 0.01882 0.01134
CEFF 95.92 99,99 99,99 99.8S5

CORRECTED DRTHA
T3RFs F 299. 946, 890, 630.
P3RFs PSIA 39.9 362.8 317.8 148.6
HUMRFs GR-/LE 44.0 44,0 44. 0 44.0
WFEKs PPH art. 13709, 112va. 38e4.
EICOK 64,52 0.40 0.40 5.50
ETHCK 3e2.71 0.11 0. 0.35
EINDXK 2.79 37.86 31.98 10.84

EPA PARAMETER (EMGLISH AND METRIC UNITS)
67KN THRUST

LB-1000 LB THRUST

EPAPCO
EPAPHC
EPAPNDX

MARX SMOKE = 4

0.741
0.361
0.590

o3

92

75.5
36.9
60.2

JET-A

GIDL
B
15.
1409.
v7.3
88,
14,386
14,380
244.
309.
37.3
2.1
944,
0,01200
0.00980
7el.
5709,

&602.9
1.620
499.7
5.8
12.5
70.00
34.20
1.30
2.46
3.3
0.00816
295.39

£99.
39.9
44.0
942.
69.39
36.73
2.78




CFé6 ENGINE EMISSIONS TEST SUMMARY

TEST DATE 8-28-79 CFé-6D ESN 451-5355

SAMPLING MODE FAA DIAMOND RAKE

ENGINE TEST DARTR

POWER SETTING GIDL T-0 c-0 APP

RAKE A A A A
RDG 11. 1e. 13. 14.
FNKs LB 1456, 39192. 333e4. 11949,
T2 F 81.2 81.7 80.7 20.6
HUMs GR-LB 104, 104, 104. 105.
BARO, PSIA 14.393 14,3932 14,392 14,389
Pes PEIA 14.387 14,268 14,276 14.345
We» PPS 254. 1290. 1195, 730,
T3s F 22e. 950, I12. 549,
P3s PSIA 29.3 351.1 210.0 145.6
W36s PPE 23.1 155.0 141.7 7.7
WFEs PPH 1009, 13746, 11405, 3261,
FAR4 0. 01230 0. 02300 0. 02270 0.01400
FRRS 0.01000 0. 02030 0.01850 0.01140
XNLs RPM 734, 2481. 3283. 21e8.
XNHs RPM 5808, a7 06. 4582, 28309,

EMISSIOM DARTA
ca> PPM 601.2 10.32 8.5 r0.6
co2s PCT 1.760 4.680 4,150 2.560
HCs PPM 477.9 2.9 1.6 7ol
NDs PPM 6.1 476.3 3e8.1 62.5
NOXs PPM 14.3 512.5 J60.9 3.0
EICO 64.70 0.40 0.40 5.50
EIHC 30.50 0.10 0. 0.30
EIND 1.10 35.60 27.60 2.40
EINOX 2.61 33,36 30.33 10,432
SMOKE 4.5 2.7 1.0 2.1
FARGARS 0. 00376 0. 02168 0.01926 o.01202
CEFF 295.84 Q9,92 99,99 99.24

CORRECTED DRTR
T3RFs F 299. 946, 89240. 630.
P3RFs PTIA 39.9 362.8 317.8 1428.6
HUMRF» GR/LB 44,0 44.0 44,0 44.0
WFEKs PPH 1001, 13758, 11408, 2846,
EICOK 63. 01 0.41 0.42 S.71
ETHCK 35.95 0.11 a. 0.34
EINOXK 2.94 44,34 34.39 11.91

EPA PARAMETER (ENGLISH AND METRIC UNITSD
G-KN THRUST

EPAPC
EPAPH
EPAPN

MAX =

LB-1000 LB THRUST

o
C
0X

MOKE = 4

0.803
p.414
0.6%57

o3

93

31.9
4z2.2
67.0

JET-R

GIDL

A
15.
1507.
73.9
107,
14.388
14.372
251,
320.
29.8
23.9
973.
0.01150
0. 00940
793,
5738.

61€.8
1.650
540.1
5.8
13.9
69.20
36.20
1.30
2.67
1.9
0.00832
5.2

299,
39.9
44,0
3.
73.58
42. 06

3. 03

satitas PRI

_ Y e




TEST DRTE 8-28-79

CFé ENGINE EMISSIONS

CFé6-6D

SAMPLING MODE EPA CRUCIFORM RAKE

ENGINE TEST DATR
POWER SETTING
RAKE
RDG
FNK»
T2 F
HUM: GR-LB
BAROs PSIA
P2, PSIA
wes PPS
T3y F
P3»
W36y
WFE»
FRR4
FARS
HKNL»
XNH»

EMISSION
CcO»
ch2»
HC»
NO»
NOXs
E1co
EIHC
EINO
EINDOX
SMOKE
FARGARS
CEFF

LB

PSIA
PPS
PPH

RPM
RPM

DATA
PPM
PCT
PPM
PPM
PPM

CORRECTED DRTAR
T3RFs F

P3RF,
HUMRF »
WFEK»
EICDK
EIHCK
E INOXK

PSIA
GR/LB
PPH

GIDL
B

11.
1456.
8l.z2
104,
14.393
14,387
234.
3ee.
39.3
23.1
1009,
0.01230
0.01000
784.
5808.

574.1
1.640
463.2
7.3
13.7
66.20
31.60
1.40
2.69
3.0
0.00818
95.71

299.
39.9
44.0
1001.
69.359
37.24
3.03

T-0
B

12.
3919e.
81.7
104.
14.393
14.262
1290.
960.
351.1
155.0
13v46.
0.02500
0.02030
3481.
9706,

8.9
4,380
1.9
432.2
469.5
0.40
0.
34.50
37.52
2.6
0.02028
99.91

946.
362.8
44.0
137352.
0.41
0.
43.37

TEST SUMMARY

ESN 451-555

c-0 APP

B B
13. 14,
333¢64. 11949,
80.7 80.6
104, 105.
14,392 14,389
14.276 14,345
1196. 730.
91e. 649,
310.0 145.6
141.7 77.7
114035. 3861.
0. 02270 0.01400
0.01850 0.01140
3e8s3. 212s.
94358. 8309.

7.7
3.940
1.9
313.4
342.8
0.40
0.10
27.70
30.31
2.5
0.01829
99.99

890.
317.8
44,0
11408.
0.42
0.12
34.37

61.2
2.370
6.5
58.4
’1.8
S.20
0.30
8.40
10.37
2.0
0.01113
99.85

630.
148.6
44,0
3846.
5.40
0,34
11.84

EPA PARAMETER <(ENGLISH AND METRIC UNITS)
6/KN THRUST
83.1
43.3

LB-1000 LB THRUST

EPAPCO 0.815
EPRAPHC 0,424
EPRPNDX 0.6353

MAX SMOKE =

3.0

66.6

JET-R

GIDL
B

13.
1507.
79.9
107,
14,388
14,378
251.
320.
39.8
23.9
973.
0.01150
0.00940
788.
5788,

578.40
1.540
501.3
7.4
13.1
70.30
36.10
1.50
2.70
1.2
0.0077S
95.2¢e

299.
39.9
44,0
968.
74.00
41.94
3. 07




CFé ENGINE EMISSIONS TEST SUMMARY

TEST DRTE 10-/3-79 CFé6-6D ESN 451-5358

SAMPLING MDDE FAA DIAMOND RAKE

ENGINE TEST DATR

POWER SETTING GIDL T-0 c-0 APP GIDL

RAKE A A A A A
RDG 10. 11. 1z2. 13, 14,
FNKs LB 1379, 39639. 33562. 12041, 1416.
T2s F 62.5 £2.3 61.6 €1.7 61.6
HUM! GR/LB 56- 56- 61- 61. 61.
BARDs PSIA 14,377 14,379 14,379 14,380 14,380
P2s PSIA 14,373 14,249 14,265 14,337 14,375
Wzs PPS 247. 1290. 1195. 726. 249.
T3s F 290, 934, 884. 622, £89.
P3s PSIA 38.1 353.3 312.2 145.86 38.4
WFEs PPH $88. i35i8. iigos. 377s. 236.
FAR4 0.01200 0.02410 0. 02250 0.01390 0.01170
FARS 0.00980 0.01970 0.01830 0.01130 0. 00950
®NLs RPM 746, 3419, 3223. 2083. 747,
®NHs» RPHM S5616. 9512. Sg64. 8146. 5587.

EMISSION DATA
cOs PPM 847.9 11.1 9.1 g82.4 867.0
coas PCT 1.840 4,480 4.060 2.4380 1.690
HC! PP" 813-? 206 1.3 9.0 890-4
NOs FPPM 5.6 442.6 326.3 59.95 6.6
NDOXs PPM 14,1 486.2 355.4 73.6 13.0
EICO 84.70 0.50 0.50 6,60 93.20
EIHC 47.70 0.10 0. 0.40 56.10
EINO 0.90 34.20 27.70 g.10 1.20
EINOX 2.38 37.57 30.21 10.05 2.386
SMOKE 8.5 5.5 4.8 1.8 6.9
FARGAS 0, 00952 0. 02098 0.01904 0.01178 0. 00886
CEFF 93.87 99.98 99,99 99,81 92.95

CORRECTED DATRA
T3RFs F 299. 946. 890. 830, 299.
P3RFs PSIA 39.9 362.8 317.8 148.6 39.9
HUMRFs GR-/LB 44,0 44.0 44.0 44.0 44.0
WFEKs FPH 1011. 138%56. 11558. 3876, a%59.
EICOK 80.93 0.48 0.49 6.40 89.17
EIHCK 44,73 0,09 0. 0.38 52.23
EINDXK 2.59 40,16 32.22 10.77 2.56

EPA PARAMETER <ENGLISH AND METRIC UNITS)
LB-1000 LB THRUST G-KN THRUST

EPRAPCO 0.963 98.2
EPRPHC 0.516 52.6
EPRPNOX D.612 62.4
MAX SMOKE = 8.3




TEST DRTE 10-3/79

ENGINE TEST DRATA

EPAPCO
EPAPHC
EPAPNOX

MAX SMOKE =

P S - e RN S

CFé-6éD

SAMPLING MODE EPAR CRUCIFORM RAKE

POWER SETTING GIDL T-0
RRAKE B B
RDG 10, 11.
FNKs> LB 1379, 39639,
Tes F 62.95 6e.3
HUMs GR-LB =1 o6,
BAROs PSIA 14,377 14,379
P2y PSIA 14.373 14.249
W2s PPS 247. 1290.
T3s F 290. 934.
P3s PSIA 38.1 353.3
W36s PPS 23.1 157.1
WFEs PPH 988. 13518.
FRR4 0.01200 0.02410
FARS 0.00980 0.01970
XNLs RPM 746, 3419,
XNHs RPM 5616, a512.

EMISSION DATA
COs PPM 738.0 10.7
c02, PCT 1.670 4.130
HC» PPM 723.7 2.3
NOs PPM 3.6 416.9
NOXs PPM 12.9 4350.4
EICO 83.50 0.50
EIHC 46.30 0.10
EIND 1.00 34.40
EINOX 2.40 37.22
SMOKE 7.9 9.4
FARGAS 0.0N265 0.01960
CEFF 293.99 99.98
CORRECTED DATA
T3RFs F 299. 946,
P3RFs PSIA 39.9 362.8
HUMRFs GR-LB 44.0 44.0
WFEKs PPH 1011. 13856,
EICOK 79.78 0.48
EIHCK 43.89 0.029
EINDOXK 2.57 39.78

0.935
0.491
0.609

9.4

CFé ENGINE EMISSIONS TEST SUMMARY

ESN 451-558

c-0 APP

B B
lal 13'
33562, 12041.
é1.6 61.7
é1. 61.
14,379 14.380
14.265 14,337
1195, 726,
884. éece.
31e.2 145.6
139.6 76.1
11209. 3774,
0.02250 0.01390
0.01830 0.01130
3ee3. 2083,
9264, 8146,
8.7 635.2
3.790 2.160
1.3 7.1
305.1 S5e.5
330.8 64.9
0.50 6. 00
0. 0.40
e7.70 8.20
30,02 10.14
3.3 2.1
0.01782 0.01027
99.99 99.83
890. 630.
317.8 148.6
44,0 44.0
113538, 3876,
0.49 S5.82
0. 0.38
3e2.02 10.87

EPA PARAMETER (ENGLISH AND METRIC UNITS)
LB-1000 LB THRUST

G7KN THRUST
95.3
50- 1
62.1

0.01170
0.00950

0.00810

JET-A

36,

747,
5587.

v45.2
1.560
717.0
6.1
18.4
87.70
49.40
1.20
2.45
5.7

93.66

299,
39.9
44.0
959 L]
83.91
435.99
2.6%5




TEST DATE 10-30-79
SAMPLING MODE FAR DIAMOND RAKE

ENGINE TEST DRATA
POWER SETTING
RAKE

RDG
FNK»
T2,
HUM,

BARD»

P2y
Was
T3
P3s
W36
WFE>s
FAR4
FARS
®MNL
¥NH»

EMISSION
cO»
coes
HC»
NOs
NOX»

EICO

EIHC
EINDO

LB
F
GR-LB
PSIA
PSIA
PPS
F
PSIA
PPS
PPH

RPM
RPM

DATA

PPM

PCT
PPM
PPM

PPM

EINDOX
SMOKE
FARGAS

CEFF

CORRECTED DATA

T3RF
P3RF

HUMRF »

WFEK

sy F
s PSIA

s PPH

EICOK
EIMCK
EINOXK

GR/LB

GIDL
A
10,
1331.
99.1
41.
14,496
14.4388
2s30.
291.
39.2
23l4
981,
0.01170
0.00950
7353,
5631.

743.7
1.840
713.4
5.3
16.6
v5.40
42.20
0.90
2.82
4.2
0.00944
94.57

299.
39.9
44,0
992.
73.26
39.86
2.86

CF6-6D

T-0

A
13.
39743.
61.8
43.
14.494
14.363
1297.
931.
356.7
160.5
13494,
0.02350
0. 01910
3410.
9525.

13.4
4.290
16.8
433.6
472.8
0.60
0.50
34.90
38.01
2.4
0.02016
99.94

94¢.
362.8
44,0
13682.
0.57
0.45
39.33

CF6 ENGINE EMISSIONS TEST SUMMARY

ESN 451-560

c-0 APP

A A
13. 18.
33622. 11970.
61.8 64.2
44. 43.
14,494 14.487
14,381 14,440
1197. 7a9.
87é. 62é.
311.9 146.8
145.9 79.3
11219, 3799.
0.02150 0.01340
0.01750 0.01090
3211, 2084.
283, 2186.
11.9 93.0
3.940 2.420
135.2 20.0
338.4 65.7
367.5 83.5
0.60 8.10
0.05 1.00
29.50 9.10
32. 06 11.61
2.4 1.9
0.01854 0.01155
99.95 99.73
890. €30.
317.8 143.6
44,0 44.0
11302. 3853.
0.57 7.97
0.05 0.97
33.22 11.79

EPA PARAMETER (ENGLISH AND METRIC UNITS)
G/KN THRUST

LB-1000 LB THRUST

EPRAPCO 0.855
EPAPHC 0.44%
EPAPNOX 0.619
MAX SMOKE = 4.2

gv.2
435.3
63.1

JET-A

GIDL
A
21.
1392.
66.8
45.
14.481
14.473
230,
299,
39.2
23.4
73,
0.01160




itimim. AF

CFé ENGINE EMISSIONS TEST SUMMARY

TEST DATE 10-,30/72
SAMPLING MODE EPA CRUCIFORM RAKE

ENGINE TEST DATA
POWER SETTING

RAKE
RDG

FNK» LB

T2 F

HUMs GR-LE
BARD> PSIA

P2s PS

IA

Ww2s PPS

T3y F
P3s PS

IR

W35, PPS

W

WFEs PPH

FAR4
FARS

¥NLs RPM
XNHs RPM

EMISSION DATA
cOs FPM

coz2, P

cT

HCs PPM
NOs PPM

NOXs P
E1CO
EIHC
EIND
EINDX
SMOKE
FARGAS
CEFF

PM

CORRECTED DATHR

-

T3RF
P3RF
HUMRF »
WFEK
EICOK
EINCK
E INDXK

F

PSIA
6R/LB

PPH

CF6~6D

GIDL

B
10.
1331,
$9.1
41.
14.496
14.488
250.
291.
29.2
23.4
981.
0.01170
0. 00950
753,
5631.

663.8
1.640
629.6
5.2
15.2
75.40
41.80
1.00
2.88
2.8
0. 00842
94.61

299.
39.9
44,0
992,
73.26
39. 48
2.92

T-0

B
13.
39743.
1.3
43-
14.494
14.363
1297.
231,
3%56.7
160.35
13494,
0. 02350
0.01910
3410.
525,

12.5
4.060
16.8
410.1
447.1
0.60
0.59
24.70
37.83
2.9
0.01913
99.94

946.
362.8
44.0
13682.
0.57
0.45
39.15

ESN 451-560

c-0 APP

B B
15. 18.
33622. 11970.
61.8 64.2
44. 45-
14,494 14.487
14.381 14.440
1197. 729.
876. 626.
311.9 146.8
145.9 79.3
11219. 3799.
0.02150  0.01340
0.01750 0.01090
3211. 2084.
9283. 8186.
10.8 04.4
3.690 2. 080
14.5 18.1
311.5 56.8
338.4 71.4
0.60 8.10
0.50 1.00
28.90 9.20
31.41 11.55
2.1 1.7
0.01741  0.00992
99.95 99,72
890. 630.
317.8 148.6
44.0 44.0
11302. 3853.
0.57 7.97
0.45 0.97
32.5% 11,73

EPA PARAMETER (ENGLISH AND METRIC UNITS)
LB-1000 LB THRUST

EPRPCO
EPAPHC
EPAPNDX

MAX SMO

KE =

0.8%51
0.443
0.612

2.9

98

G/KN THRUST

86.7
45.2
62.4

JET-A

GIDL
B

El'
1392.
66.83
43.
14.431
14.473
250.
299.
39.2
23.4
a73.
0.01160
0.00940
73%9.
5643.

606.8
1.600
576.0
8.1
16.1
71.00
39.40
1.60
3.16
2.5
0.00817
94,92

2%99.
39.9
44.0
9v8.
70.37
39.40
3.19



CFé ENGINE EMISSIONS

TEST DRATE 11-/13/79
SAMPLING MDDE FAA DIAMOND RAKE

ENGINE TEST DRTA
POWER SETTING

RAKE
RDG
FNK

LB

T2s F

HUM
BARD>
P2y
W2

GR/LB
PSIRA

PSIA
PPS

T3y F

P3s

W36y
WFE>
FRARY
FARS
®NL s
¥NHs

EMISSION
CcOs P
co2,
HC»s
NOs P
NOX»
EICO
EIHC
EINO
EINOX
SMOKE

PSIRA

PPS
PPH

RPM
RPM

DRTA
PM
PCT

PPM

PM
PPM

FARGAS

CEFF

CORRECTED DATA

T3RF»
P3RF»
HUMRF
WFEK»
EICOK
EIHCK

F
PSIA
s GR/LB
PPH

EINOXK

GIDL

A
e.
1346.
44.5
19.
14.504
14.496
243,
a7vo.
38.2
23.3
961,
0.01150
0. 00940
7ev.
5554.

847.0
1.830
827.3
S.2
15.3
85.10
48.40
0.90
2.57
7.1
0. 00956
93.81

299.
39.9
44.0
987.
77.44
39.34
2.959

CF&-6D

3.8
0.0194
99.94

946.
362.8
44.0
13634.
g0.61
0.34
39.74

TEST SUMMARY

ESN 451-562

c-0 APP

A f
11, 12.
33310. 11880.
45.2 44.5
19. 19.
14.303 14.5035
14,382 14.455
1191. 724.
839. 588.
313.0 146.0
148.8 80.9
10740. 3658.
0.02010 0.01260
0.01630 0.01030
3147. 2036,
o9129. go0a7.
12.5 133.9
3.660 2.250
23.9 36.5
304.1 S5e.0
331.0 73.5
0.70 11.90
0.80 1.90
28.30 7.70
30.81 10.91
3.5 2.2
0.01736 0.01082
99.92 99.56
890, 630.
317.8 148.6
44,0 44.0
11206. 3768.
0.61 10.62
¢.56 1.41
32.15 11.19

EPA PARAMETER (ENGLISH RAND METRIC UNITS)
G/KN THRUST
92.9

EPAPCD
EPAPHC
EPAPNDOX

LB/1000 LB THRUST

MAX SMOKE = 7

0.911
0.439
0.597

o1

99

NPTy SEREE S S

a4,

7

60.9

D e e ——

JET-A

GIDL
A

13‘
1372.
44.0
19.
14.506
14.498
243.
263.
38.4
23.7
9z20.
0.01080
0.00880
723.
53513.

817.9
1.730
820.5
4.9
1S5.6
86.50
50.50
0.390
2.76
4.9
0.00908
93.59

c99.
39.9
44,0
946.
77.35
39.05
2.82

;
L}
f
b
|
14
|
i



TEST DRTE 11-/13-/79
SAMPLING MODE EPA CRUCIFORM RAKE

ENGINE TEST DATA
POWER SETTING

RAKE
RDG
FHK»

T2y F

HUMs
BARD»
P2

W s

P32

W36
WFE>»
FRR4
FRRS
“HNL s
®MNH.

EMISSION
COs
: c02,
¢ HC s
NO»
MO e
EICO
EIHC
EINO

CEFF

CORRECTED

TZRF s

P3RFs

HUMRF

3 WFEK »
EICOK

EIHCK

EINDOX
EMOKE
FRRGAS

LB

GR-LB
PZIA

PSIA
PPS
T3s F

PSIA

PPS
PPH

RPM
RPM

DATA

PPM

PCT

PPM
PPM

PPM

DATA

F

PSIR

» BR/LB
PPH

EINDXK

GIDL
B

9.
124e,
44.5
19,
14,504
14,49
&43.
270.
33.&
23.3
261,
0.01150
0.00240
Ter.
5554.

vv3.0
l1.64
796.9
4.2
14.2
86.70
51.60
0.9%0
2.64
5.5
0. 00262
93.49

299.
39.9
44,0
987.
78.90
41.95
2.66

CF&-&D

T-0
B

14,
39751,
42,9
19,
14.507
14,377
1295.
894,
357.2
164.0
iziz7.
0.02220
0.01210
3254,
9326,

12.7
2.200
15.S
400.6
434.2
0.70
0.50
25.10
28. 06
4.1
0.0124¢
99,94

946.
362.8
44,0
13634,
0- 61
0.34
39.80

CFE ENGINE EMISSIDNE TEST SUMMARY

EEM 451-5€2

0.016320
3147,
a129.

11.8
3.470
£3.8
290. 6
318.7
0.70
0.30
28.50
21.25
3.7
0. 01647
99.91

290.
317.8
44.0
11206,
0.81
0.56
32.61

APP

B
12.
11320,
44.5
19,
14,505
14.45%5
T24.
533.
145.0
80.9
2658,
0. 01260
0.01020
2036,
2027,

115.0
2.010
31.3
43,5
66, 9
11.50
1.80
2.20
11.11
2.9
0. 00966
99,57

630,
148.6
44.0
37e8.
10,26
1.33
11.39

EPA PARAMETER (ENGLITH AND METRIC UNITE)
G/KN THRUST

EPAPCO
EPAPHC
EPAPNOX

LB-1000 LB THRUST

MAX SMOKE = S

0.922
0.465
0.604

.S

94.0
47.4
61.6

JET-A

GIDL

B
13.
137e.
44.0
19,
14,506
14.49:
243,
263,
33.4
23.7
Q240.
0.01080
0. 00280
23,
o513,

740.8
1.550
Tr6.6
5.7
14.2
g8v.20
53.10
1.10
2.78




CFé ENGINE EMITSIONE TEST SUMMARY

TEST DATE 11-/19/79
SAMPLING MODE FAR DIAMOND RAKE

ENGINE TEST DATR
POWER SETTING

RAKE
RDG

FNKs LB

T2 F
HUM,
BARDO,

GR-LE
PEIA

P2s» PSIRA

Was PPS

T3s F

P3s PSIA

W36,
WFE»
FRR4
FARS
HHL s
HMH

PPS
PPH

RPM
RPM

EMISSION DATA

cO, PPM
PCT
HC» PPM
NOs PPM
FPM

cogs

NOXs
EICO
EIHC
EINO
EINGX
SMOKE
FARGAS
CEFF

CORRECTED DARTA

T3RF»
P3RF
HUMRF »
WFEK s
EICOK
EIHCK
EINDXK

PEIA
GR/LE
PPH

5IDL

R
19,
1371,
65.4
44,
14.474
14.467
248.
298.
38.6
23.4
945.
0.01130
0. 00920
va9.
Se4e.

786.0
1.770
739.9
4.3
14.2
ga2.10
45.20
0.80
2.49
6.9
0.00915
94,16

299 .
39.9
44.0
2590,
80.35
44,88
2.53

CF5-6D

T-0
A

20.
39801,
&7.2
44,
14.477
14.336
1294.
Q4g.
256.3
160.1
13631.
0.02380
0.01940
3429.
9579,

15.1
4.470
g26.1
463.4
499.5
0.70
0.70
35.70
22.52
4.7
0.02102
29,92

46,
262.8
44.0
13300.
0.69
0'68
39.10

ESN 451-5&3

c-0 AFP

A A
21. 2.
23574, 12020,
£5.9 SE. 2
44, 44,
14.420 14.430
14,357 14.432
1193, veé.
824, 629.
212.4 146.5
145.4 79.3
11131, 37v4.
0.02150 0.01320
0.01750 0.01080
32a8s. 2086,
a328. 8215.
13.6 73.5
4.040 2.450
22.6 21.9
340.¢2 64.8
269.6 81.4
0.70 €.00
0.70 1.10
28.940a 8.20
31.41 11.20
4.5 4.2
0.01904 0.01167
99,93 93,77
894. 630,
2317.8 14€.6
44,0 44,0
11327. 3803,
0.68 S.94
0.67 1.09
3e.00 11.28

EPA PARAMETER (ENGLISH AND METRIC UNITS)
G/KN THRUST

EPAPCO
EPPPHC
EPAPNOX

LB-1000 LB THRUST

MAX SMOKE = 6

0.891
0.482
0.598

.9

101

0.9
49.2
60.9

JET-H

GIDL

23.
1369.
65.2
44,
14.482
14,474
243,
296,
.8
23.8
228.
0.01020
0. 00280
721,
Sede.

77D.6
1.710
709.6
5.0
13.7
83.30
44.20
0.20
2.48

0.00384
24. 16

299,
39.9
44.0
Q34.
81.53
43.85
2.352




CFe ENGINE EMISZIDONS TEST SUMMARY

TEST DRATE 11-19-79 CF&—eD EZM 451-5&3

EAMPLING MODE EPA CRUCIFORM RPAKE

ENGINE TEST DATA

POWER SETTING GI1DL T-0 (! AFP
RAKE B E B B
RDG 19, 20. 21. 2e.
FMKs LB 1371, 29201, 23S74. 12020,
T2, F 56,4 E7.2 65.9 £, 2
HUMs GR-LE a4, 44, 44, a4,
BAROs PSIA 14.474 14.477 14.430 14.420
P2» PSIA 14,457 14,335 14,357 14,438
W2s PPS 243, 1294, 1192 T8,

2y F 29s. 242, 224 £29.
P2, PSIA 38.6 356, 3 212, 4 145.5
W36s PPS 23.4 160.1 145.4 7a.3
WFEs PPH 245, 13631, 11121. 3TT4.
FRR4 0.011290 0.02280  0.02156 0.01330
FARS 0.00920 0.01940  0.017S0 0, 01080
“NLs RPM 729, 2429, z225. 2026,
“NHs RPM 5542, 9579, 29323, 2215,

EMISSION LATA

COs PPM 728.7 14.3 13.2 ET.2
cogs PCT 1.630 4,200 2.810 2,230
HCs PPM 679, 4 24.5 21.6 23.6
MOs PPM 5.4 431,7 319.8 60,2
NOXs PPM 12.8 471.3 350, 32 T4.7
EICD 79.90 0.7 0. 70 6. 00
EINC 43.50 0.70 0.70 1.20
EIND 1.00 25,40 28.20 2.10
EINOX 2.52 35,68 21.52 11.2s
SMOKE 5.1 4.4 4.9 3.3
FARGHS 0.00372  N.01977  0.01797 0.0108%2
CEFF 94,35 29,22 99,92 29, 75

CORRECTED DARTA
T2RF, F o999, S48, 890, B2,

P3RFs FSIR 9.9 362.8 3v.e 142.6
HUMRFs GR-LB 44.0 44,0 44.0 44. 0
WFEKs PPH /0. 13800. 11327, 3203,
EICOK 3,39 0.69 0.883 5.4
EIHCK 43.19 0.63 0.67 1.19
EINOXK 2.57 39.20 32.11 11.3%6

EPA PRARAMETER (ENGLISH AND METRIC UNITS)
LB-1000 LB THRUST G-KN THRUST

EPAPCO 0.a371 28,2
EPRAPHC 0.470 47.9
EFPAPNOX 0.600 01.2

MARX SMOKE = 5.1

JET-R

GIDL
B
23,
1269,
65.¢2

44,
14,432
14.474

242,
296.
28.8
23.&
az3.
0. 00220
731,

TE42,

T =

24,21

Q

9-"
2.9
4.0

34,
S0.16
43.75

205?

ra

3]

£ 0
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