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SECTTON 1,0

SUMMARY

The Alternate Fuels Addendum to the Phase TI Fxperimental Clean Com-
bustor Program was conducted to investipate the performance, durability,
and pollutant emissions characteristics of current and advanced low-emissions
combustors when operated with special test fuels that simulate broader
ranges of combustion properties of petroleum or coal derived fuels. Tive
fuels were evaluated; conventional JP-5, conventional No. 2 Diesel, two
different blends of Jet A and commercial aromatic mixtures - '‘xylene bottoms"
and "naphthalene charge stock", and a fuel derived from shale oil crude which
was refined to Jet A specifications. . The evaluations were conducted con-
current with the Phase II Program in CF6-50 engine size combustor test rigs.
The standard production CF6~50 combustor, a Radial/Axial Stages Combustor,
and two Double Annular Combustor Configurations were evaluated for pollutant
emissions, performance, altitude relight, and carboning/flashback character-
istics.

Fuel effects were generally quite moderate but well defined and in the
directions anticipated. Decreased hydrogen content {(increased aromatic
content) caused increases in CO, HC, NOy, smoke emissions ievels and peak
liner metal temperatures. Increased final boiling point (reduced volatility)
caused further increases in CO, HC and smoke emissions levels, The shale
Jet A fuel had properties very similar to that of the JP-5 fuel except that
it had a high nitrogen content which increased the NO, emissions levels.




SECTTON 2,0

INTRODUCTION

In order to cope with diminishing domestic petroleum resources and to
avold excessive dependence on foreign supplies, it is essential and inevi~
table that substitute fuels be developed, based on petroleum, shale oil,
coal, or other domestically available resources. Aviation turbine fuels
represent a significant fraction of total petroleum consumption and 1t is
likely that in the future such fuels will be produced increasingly from
nonpetroleum sources. The future avallability of aviation turbine fuels
could be increased if fuel specifications, such as aromatic content and
final boiling point, were relaxed, However, this might result in penalties
to engine performance, exhaust emissions characteristics and durability,
thus, requiring changes in component designs or materials, ——

While large-scale production of aviation turbine fuels from shale or
coal may be as much as 10 years avay, the magnitude of the modifications
required to aircraft turbine engine components and materials might be such
tha. a similar time is required to implement the technology into commercial
aircraft, Therefore, in 1974, NASA initiated a series of programs to define
problems and evolve solutions to permit the use of synthetic fuels as they
become available and to guide the industry in establishing practical fuels
specifications. One of these programs was an addendum to the NASA/General

Electric-~Phase II Experimental Clean Combustor Program, which is the subject
of this report,

The overall purpose of the multiphase Experimental Clean Combustor
Program is to develop and demonstrate technology for the design of advanced
combustors with significantly lower pollutant exhaust emissions levels than
those of current technology combustors, for use in advanced CTOL commercial
alrcraft engines, The NASA/General Electric propram is specifically directed
towards providing advanced combustors for use in the General Electric CF6-50
engine., The Phase I Program was specifically directed towards screening and
evaluating a large number and variety of combustor desipn approaches for
obtaining low CO, HC, NO4 and smoke emissions levels. Descriptions and
results of these investigations are presented in Reference 1. The Phase 11
Program was specifically directed towards further developing the two most
promiging combustor design approaches from the Phase 1 Program to define and
provide a combustor design for engine demonstration testing in the Phase 7111

Program, Descriptions and results of these investigations are presented in
Reference 2,

The Alternate Fuels Addendum to the Phase 1T Program was specifically
designed to investigate the performance, durability, and exhaust emlssions
characteristics of advanced low-emissions combustors when operated with special
test fuels that simulate the broadened range of combustion properties of




synthetie or petroleum fuels with relaxed speclfications, ‘e special test
fuels were salected to investlpate the possible effect of relaxing the current
Jet A fuel specification to permit:

a) an increase in the final boiling point, and/or;

b) an increase in the aromatic concentration (reduction_in hydrogen
concentration),

The effort was conducted concurrent with the basic Phase IT Program and
included both performance and exhaust emissions tests of the current pro-
duction CF6-50 combustor and two low-emissions combustor desipgn approaches
(Doulble Annular Combustor and Radial/Axial Staged Combustor).




Five test fuels were utilized in these evaluations:

1.

SECEION 1.0

TESL FUELS

HI-T-5624 Grade JP=5 Fuel (which meers the ASTM Jet A fucl
speclfication) was used in these and all other Phase 1T Program
evaluations,

ASTM Grade No, 2-D Diesel Fucl was used in those evaluations to
investigate the effects of increased final boiling point and in-
creased aromatic content.

Special Blend A Fuel (a blend of conventional Jet A fuel and mixed
xylene compounds) was used to investipate the effect of increased
aromatic content. "Xylene bottoms" is a commercial, polycyelic
aromatic obtained from the Ashland Qil Company .

Special Blend B TFuel (a blend of conventional Jet A fuel and
"naphthalene charge stock") was used to investipate the effect of
increased aromatic content. Naphthalene charge stock is a commercial

high boiling point aromatic mixture obtained from the Ashland 011
Company,

Shale Jet A Fuel. A fuel actually derived from shale oil crude and
refined to Jet A fuel specifications was obtained for limited eval-
uations from the pilot project described in Reference 3.

The physical and chemical properties of these fuels are sumarjzd in Table 1,
The properties most influential on combustion characteristics are;

n
¥ 1.

2.

Hydrogen content which ranges from 12,2 to 13.7 percent by weight
and varies inversely with aromatic content,

Final boiling point which ranpes from 529 to 607° K.
Nitropgen content, which ranpes from nearly zecro for conventional
aviation fuels to 813 ppm by weight for the shale Jot A fuel.
Generally, a large fraction of fuel hound nitrogen is converted

to NOy in a combustion process. 1f fully converted, 813 ppm of
fuel bound nitrogen would produce a NOx emission index of 2.67 p/ky
fuel,
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BECTION 4,0

PROGRAMN PILAN

I The Tuels ovaluations, three types of combusiion tests were comnlueted:

1. betalled exhaust emlssions and performance evaluations fo full-
annular combustor confipurations.

2. Altitude relipht evaluations of 60° sector combustor confipurations,

3. Carboning and flashback evaluations of 12° scctor configurations.
Four combustor conflgurations were evaluated:

1, Standard production CF6-30 combustor.

2. Radial/Axlal Staged Combustor Confipuration R7,
1. Double Annular Combustor Confipuration D7,

4, Double Annular Combustor Configuration D12/13,

A listing of combustor tests, confipurations, and fuels used is containced

in fable §1.

This series of tests was conducted with the saune apparatus and pro-
cedures utilized in the basic Phase 11 Program and are hriefly described

in the following sections, Detailed descriptions are presented in Reference
Tnd 2,
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SHCLION 5.0

APTARATIS_AND PROCEDURES

bl TEST FAGILITLES
The exhaust emissions and performance tests were conducted in a full
anmutbar combustor test rig which exactly duplicates the acrodynamic flowpath
and envelope dimensions of the CF0~50 engine., The rip was installed in a
test cell equipped with an indirect-fired air heater and exhaust ducting
svstoms for high pressure operation., Engine idle operating conditions were
exactly duplicated, but for CF6-50 engine takeoff simulation, combustor inlet
pressures were limited to about 10 atm.  Included as part of this rig was
am exlt plane rotating rake assembly for obtaining outlet temperatures and
pressures and for extracting gas samples. A cross-sectional drawing of the
rig with a standard CF6-50 combustor installed is shown in Figure 1. A
photograph of the exit rake traverie assembly is shown in Figure 2. The
gas sampling rake locations and manifolding are shown in Fipure 3, Tifteen
of the probe clements were manifolded topether for pascous analyses. Ten
probes woere manifolded together for smoke analyses., Gas samples were
obtained with the on-line system shown in Figure 4 and smoke samples were
obtained with a standard filter paper method. Further details of the
pollutant emissiong measurement svstems are presented in Reference 1,

The altitude relight tests were conducted in a 60° sector combustor
test rip which also exactly duplicates the aerodynamic flowpath and envelope
dimensions of the CF6-50 engine. This rig was installed in a test cell
equipped with exhaust ducting systems and capabilities for simulating high
altitude engine windmilling conditions, All of these tests were conducted
with ambient inlet air and fuel temperature, A cross-sectional diagram and
photograph of this rig is shown in Figure 5.

The carboning and flashback tests were conducted in 12° sector rigs
installed in a Lest cell equipped with an indirect-fired air heater and
exhaust ducting svstems for high pressure cperation, Engine takeoff con-
ditions were simulated with combustor inlet pressures up to 18 atmospheres,
Carboning tests evaluating the sectors of either the pilot or main stages
of the Double Annular Combustor on the pilot stage of the Radial/Axial
Staged Combustor were conducted with the on-~cup sector rig shown in
Fipure 6, Tlashback tests for the Radial/Axial Staped Combustor werc
conducted with a1 12° sector rig shown in Figure 7.

5.7 TEST COMBUSTORS

The first serfes of tests were conducted with a standard production
ClG6=-50 combustor (Model G16, S/N 00039%) for which extensive emissions and
performance with JIP-5 fuel had been determined in a previous program. A
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Fipure 2. CFG-H0 Combuslor Exil Rake Traversce Avsemb!
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photograph of the combustor asgembly Ls shown in Fipure 8, This combustor
war desipned for excellent performance and low smoke emissfons character
istles, but not for low gascous pollutant emisslons characteriscties,  The
combustor has 30 air swirlers and fuel nozzles, 'The odd numbered swirlers
are equipped with dual-orifice fuel nozzles which are always fueled,  The
oven numbered swirlers (except No. 14 which fis midway between Ipniters) are
equipped with single-orifice fuel nozzles which are only fueled above idle
power level and are matched so that all fuel nozzles flow the same at takeoff
power level, Swirler No, 14 1is alwvays fueled with a speelal dual-orifice
fuel nozzle. In the test rigs, the fuel nozzles wore connected to two
independently metered and controlled fuel supply systems, so that the engine
characteristics could be duplicated. TFurther details of the standard
production CF6-50 combustor are presented in Reference 1,

The second series of tests were conducted with the final Phase TI Program
modifications to the Radial/Axial Staged Combustor which wns designated
Configuration R7, A photograph of the combustor assembly is shown in Figure
9, Configuration details are shown in Figure 10. The low emissions Radial/
Axial Staged Combustor design approach features a pilot stage sized specifi-
cally for idle power operation with all of the fuel supplied to it, thereby
reducing CO and HC emissions levels. At the higher engine power operating
conditions, the second or main stage is also fueled. This latter stage,
which handles a high percentage of the airflow, is displaced both axially
and radially from the pilot stage. The main stage fuel is premixed, to some
degree, with its airflow., The fuel-air mixtures are lean and relatively
uniform resulting in reduced NO, emissions levels. The burning of these
lean mixtures is stabilized by the pilot stape of the comhustor.

The third and fourth series of tests were conducted with the Double
Annular Combustor which were designated Configurations D7, D12A, and D13,
A photograph of the combustor assembly is shown in Figure 11, Ceniipuration
details are shown in Figure 12, The low emissions Double Annular Combuster
design concept also features the use of a pilot stage desipned specifically
for idle power operation with all of the fuel supplied to it. A high per-
centage of the combustion airflow is supplied to the main stape. However,
in this design approach, the main stage is more conventional in that it is
self piloting and utilizes direct fuel injection. Confipuration D7 represents
an interim modification to thls combustor in the Phas: Il Propram; after-—
which the Double Annular Combustor desipn approach was selected for Phase 111
Program engine demonstration. Configuration DI12A closely simulates the
engine combustor design including the use of prototype fuel injectors and
air swirlers in the pilot stage. Configuration D13 combined D12A pilot
stage features with a main stage dilution air scheme modified to provide a
further reduction in high power NOy emissions levels.

5.3 TEST CONDITIONS AND PROCEDURES

The test conditions employed in each type of test are shown in Table 117,

Full annular rig tests were desipned to measure the cffects of fuel
type on pollutant emissions, combustion efficlency, pressure loss, outlet
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Staudard Production CF6-50 Combustor Assembiv,

Figure 3.




Radial/Axial Staged Combustor Assembly.

Figure 9.
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Figure 10, Radial/Axinl Staged Combustor Configuration Details,
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Figure 11,

Double Annular Combustor Assembly,
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Figure 12, Double Annular Combusior Configurafion Details,
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temperature distribation, aud combustor metal temperatures,  The combustors
wore instrumented with up to 35 metal thermocouples loeated ns showm In
Fipure 13, "Yhese tests were conducted at aimelated englne 1dle and takeol !
cond L Lons with variations in fuel-air ratio. A total of elght data polnts
were obbained with cach test fuel. 7The test fuels were stored In tanks
adjacent to the test cell and commected so that fual type could bhe changed
during the tests without shutting down the combustor, 'The test sequence
wis ag follows:

1. Lightoff the combustor with JIP-5 fuel and set idle conditions.
2. Run the four JP-5 fuel idle test points.

3. Holding idle inlet conditions, change fuel type and run four
fuel=air ratio test points.

b, Repeat step 3 for each of the special test fuels.
5. Change to JP-5 fuel and set takeoff conditions.
0. Run the four JP-5 fuel takeoff test points,

7. Holding takecoff inlet conditions, change fuel type and run four
fuel-air ratio points.

8. Repeat step 7 for each of the special test fuels.

9, Change back to JP-5 fuel, run some check points at takcoff and
idle, then shut down.

This sequence was selected to minimize the quantities of special test
fuels required and also to provide back-to-back evaluations of fuel effeects.
In each fuel change, sufficient time was allowed to completely purge the
provious fuel from the contrel and metering systems,

Altitude relipht tests consisted of determining combustor ignition and
Llowout limits over a range of operating conditions selected from the CF6-50
enpine altitude windmilling map with air and fuel flow rates scaled down
for the 60° sector rip. lgnition attempts were usually made at a gimulated
ongine minimum fuel flow rate of 249 kg/hr., When the ipnition attempts were
success ful, pressure blowout and lean blowout limits were determined, The
procedure wes then repeated at progressively more severe conditions until the
relight limits were mapped. Fuel type was then changed and the procedure
repeated,

Carboning tests in the 12° sector rig were conducted after each con-
{iguration had undergone a standard test cycle and posttest inspection as
part of the Phasec Il Program, The configurations were reinstalled, operated
at simulated takeoff conditions for one hour with JP-5 fuel and an additional
hour with the Blend B fuel, during which smoke emissions data were obtained.
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Figurc 13, cCombustor Metal Temperature Instrumentation Locations,
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Flashback tests of the Radial/Axial Staged Combustor in the 12° sector
rig, were designed to determine where and if upstream burning in the main
siape premixing passape occurs, The sector was instrumented to measure
prossurc loss, flameholder metal temperatures and gas temperatures in the
premixing passage, DProgressively more severe operating conditions were
set until either the facility limits were reached or upstream burning
occurred, Flashback testing was conducted with both JP~5 and Blend B fuel,

i




BLCTION 6,0

RESULTS AND DISCUSSION

Detailed results for each test are tabulated in Appendix A. Key
results are summarized in Table 1V.

Effects of fuel type on exhaust emissions and combustor peak metal
temperature levels for each combustor configuration are illustrated in
Figures 14 through 21, The effects of fuel hydrogen content (Wy) and final
boiling point (Tp) were assessed by curve-fitting these results with a fuel
property correction factor of the form:

W a T, b
. Wn,i B4
F H,JP-5 Tg, 3p-5

Results of this analysis are summarized in Table V and illustrated in Figures
22 through 28,

6,1 CO AND HC EMISSIONS

€0 and HC emissions levels at idle operating conditions were highly con-
figuration and fuel-air ratio dependent as iilustrated in Figures 14, 16, 18,

and 20. The standard production combustor produced the hiphest emissions levels

and the Double Annular Combustor produced the lowest emissions levels. The
trends with fuel type were, however, the same for all four configurations.
The emissions levels were highest with No, 2 Diesel fuel, intermediate with
the blends, and lowest with normal JP-5 fuel. The shale Jet A fuel was
hardly discernable from normal JP-5 fuel with respect to HC emissions levels,

but the CO emissions levels were slightly higher. These results indicate that

idle CO and HC emissions levels are influenced by both fuel hydrogen content
(W) and fuel volitility as indicated by final boiling point (Tp). As in-
dicated in Figure 22, the CO emissions levels correlate quite well when
corrected by the factor:

W 0-7 T -l|0
K, - wH,i B4
¢ H,JP-5 Ty, gp-5

As indicated in Figure 23, the HC emissions levels correlate quite well when
corrected by the factor:

I‘J 108 T -1;0
K - ( 1,1 ) ( B,1 )

Wy, ap-5 Ty, 1p-5

L ——
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HC emissions levels were thus more dependent upon fuel hydrogen content than
were CO emissions levels, but the effect of final bolling point was about
the same for both 1C and CO emissions levels.

6.2 NOx EMISSIONS

NOy emissions levels were also highly configuration dependent. As
t1lustrated in Figures 15, 17, and 19, the NOy emissions levels at simulated
takeoff conditions were highest with the standard production combustor an
lowest with the Radial/Axial Staged Combustor, but with reduced combus tion
efficiency levels, The trends with fuel type were, however, the same for all
four configurations, The NOy emlssions levels were highest with the aromatic
blends and lowest with normal JP-5 fuel, As indicated in Figure 24, the NOy
emissions levels correlate quite well when corrected by the factor:

W 1.1
1% = _I;I-L:—i'-—o—-—-
Ox W

H,JP-5

Final boiling point had no discernable effect on NOy emissions levels, but
fuel-bound nitrogen content did produce a measurable effect,

The NOy emissions levels with normal JP-5 fuel and the shale Jet A fuel
are compared in Figure 25, The inlet air humidity varied considerably during
these tests (4 to 14 gH0/kg air), so the emissions levels have been corrected
to standard humidity (6.29 g/kg). The shale Jet A fuel NOy emisslons levels are
sirnificantly higher than those with JP-5 fuel., This is attributed to partial
conversion of the fuel-bound nitropen to M0, Conversion efficienciles from
about 20 to 80 percent are indicated which are in general agreement with
References 4 and 5.

6.3 SMOKE EMISSIONS

¢moke emission levels were penerally very low with all four test confipura-
tiona. As shown in Figure 26, the hiphest levels were produced bv the standard
production combustor at idle operating conditions with MNo. 2 Diesel fuel.
Results indicate approximately the relatiomship:

Yit,1p-5 Ty, 4
SN o 9 T
H,i 'y, Ip=5

In all of the other tests, smoke levels werc virtually zero with any fuel,
Older combustor desipgns utilized in References 4 and 5 had hipher smoke levels
and stronper effects of fuel hydropen content were ohserved. Thus, advanced
low smolke combustors appear to be relatively more tolerant to fuel properties,

0.5




6.4 COMBUSTOR PERFORMANCY

Generally, the effects of fuel type on combustor performance wore vory
small,  Ho discernable effeet on pressure loss or oxit temperature distri-
bhutdlons were obsoerved,

Combusition efficlency levels at simulated takeoff conditions are shown
in Figure 27, All  levels were virtually 100 percent except with the Radial/
Axinl Staged Combustor. Combustion efficiency levels far the Radial/Axial
Staged Combustor were somewhat lower with the aromatic blends than with JP-5
or No, 2 Dicsel fuels,

Combustor peak metal temperature levels and locatlons were dependent
upon both confipuration and test condition. As illustrated in Fipure 28,
the hiphest levels at simulatod takeoff condition were found on the fourth
panel of the outer liner of the standard production combustor, The results

indicate approximately the relationship

W 0.5 —_—

H,JP-5

T , - ) u
( Liner,max "3 wH,i

which is a much weaker effect than reported in References 4 and 5. TFor the
low emissions configurations, the temperature levels were lower and virtually
independent of fuel type. Thus, low smoke and low gaseous emissions com-
bustor desipns appear to be relatively insensitive to fuel hydrogen content.

6.5 ALTITUDE RELIGHT

Altitude relipht limits were approximately the same for all four test
confipurations and all four test fuels, However, these tests were conducted
with ambient temperature air and fuel, Because of the hipher flashpoint and
viscosity of No. 2 Diesel fuel, greater differences could be expected with
cold fuel and air,

6.6 CARBONING AND FLASHBACK

Mo discernable carbon buildup on either the fuel nozzle or primary air
swirler venturi was obgerved in either of the tests conducted with JP=5 and
Blend 11 fuels, This result was expected, since the confipurations had been
previously developed in Phase 11 Program tests using a heavy distillate fuel,
With less developed configurations, some differences between JP=5 and
Blend b fuels might be expected,

In the flahsback test of the Radial/Axial Staped Comhustor, a flamecholder
burnout, oceurred while operating with the Blend B fuel at simulated takeoff
conditlons, The resulting burnout can be seen in Fipure 7, The Blend B
fuelt had a low flashpoint compared to normal JP=5 fuel (314 vs 330° K) which
may have caused flashback and subsequent burnout, Thus, a potential problem
with premix systems is indicated, particularly with a fuel having a low
flashpoint,
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SECTION 7,0

SUMMARY OF RESULTS

This series of tests provides a preliminary assessment of the possihle
impacts of using hydrocarbon fucls with physical and chemical Propertios
significantly different from those of normal aviation kerosene on aircraft
turbine engine combustor performance and cxhaust emisslons characteristics,
Tests were conducted with the standard production CF6-50 combustor and two
CF6-50 size low-emissions design approach combustors which evolved in the
NASA/GE Experimental Clean Combustor Program. For the five fuels tested,
the important fuel properties were found to be hydrogen content, which
ranged from 12,2 to 13,7 percent by weight; final boiling point, which

ranged from 529 to 607° K, and fuel nitrogen content, which ranged from
near zero to 813 ppm.

Fuel effects were fenerally quite moderate, but well defined and
in the directions anticipated, with respect to pollutant emissions
characteristics (CO, HC, NOx, and smoke) and peak liner temperatures,
Decreased hydrogen content caused an lncrease in CO, HC, NOx, and smoke
emissions levels and in peak liner temperature, Increased final boiling
point caused an increase in CO, HC and smoke emissions levels, but had no
discernible effect on HOx emissions levels or peak metal temperatures,
Limited testing indicated fuel bound nitrogen conversion efficiencies from
about 20 to 80 percent depending upon operating conditions,
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SECTTION 8,0

CONCLUDING REMARKS

In advanced low smoke combustors, like the CF6~50 combuster, fuel
hydrogen content effects on smole and liner temperatures appear to be
relatively small. Some increases in gaseous emissions levels were noted as
hydrogen content and/or final boiling was increased. Overall, however,
these results suggest that these advanced turbofan engines can probably
accommodate a wider range of fuel properties and, thus, be satisfactorily
operated with a broader range of petroleum fuels and fuels derived from
shale or coal sources..

The low emissions type combustors tested in this program appear to be
even less sensitive to fuel hydrogen content and/or final boiling point. Thus,
these combustors appear to offer additional promise for permitting the use of
a wide range of alternate fuels in future engines.

Additional testing is recommended to verify these trends as properties of
future fuels become better defined and/or as actual fuels become available
in sufficient quantities for more extensive testing. In particular, the
following types of tests are recommended:

1, Actual advanced turbofan engine operation, At high pressure,
effects of fuel properties could be greater than indicated
in these rig tests.

2, Relight tests with cold fuel and air. Effects of fuel properties
could be preater than indicated in these ambient temperature _
rip tests,

3. Tuel thermal stability related tests. In these short tests with
ambient temperature fuels, no fuel nozzle gumming or plugging
was indicated, but with hot, aromatic fuels, some problems might
develop.
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APPINNDTX A

DETATLED TEST RESULTS

This appendix contains summaries of the operating conditions, performance
and exhnust emissions data for each test conducted in the Fuels Addendum,

The full annular rip performance and emissions test results are summarlzed
in Tahles A-I through A-IV, In these data tables, only the measured combustor
airflows are shown for the sake of brevitv, In conducting the tests, however,
the total alrflow and turbine cooling bleed airflows were set and measured.
Nominally, the combustor alrflow was 84 percent of the total inlet airflow,
Reference velocity in these tables is based on total inlet airflow, total
inlet density, and combuster housing area at the dome exit which is 3729 cm .
The 1104 emissions indices are presented two ways: as measured at rip con-
ditions and corrected to true engine operating conditions and standard inlet
alr humidity (6.29 gH,0/kg air). Average exit pas temperature was calculated
from metered fuel-air ratilo and gas sample combustion efficlency. Exlt pas
profile and pattern factors are based on uncorrected thermocouple readings.

The 60° sector rig altitude relipght results are summarized in Tables
A-V through A-VIII. Simulated flipght conditions were interpolated from the
engine windmilling map (Figure A-1) using the measured airflow rate and inlet
pressure, Successful liphtoff 1s defined as full propagation as indicated by
temperature rige from primary zone thermocouples downstream of each fuel
nozzle. Blowout was visually determined.

The 12° sector rig results are summarized in Table A-IX,
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Tablo A-V. AltLitude Relight Test Resulls, standard
Producl lon CE6-50 Combusilor,

B , PAGE I8
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Table A-VI, Altitude Relight Test Results, Radial/
Axial Staged Combustor, Configuration R7,
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Table A-VII. Altitude Relipht TFest Resulls, Doubl e
Abnular Combustor, Conliguration D7
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Table A-VIIL.
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Figure A-1., CFG6-50 Engine Windmilling Combustor Condilions,
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APPEMDIX I

NOMENCIATURE

Carbon Monoxide Emissions

Hydrocarbons Emissions
(Assumed to have same composition as test fuel)

Oxides of Nitrogen Emissions
(Calculated as 1109)

Emissions Index

Flight Mach Mumber

Combustor Inlet Total Pressure
Combustor Inlet Total Temperature
Fuel Temperature

Fuel Final Roiling Point
Combustor Reference Velocity
Compressor Discharge Airflow Rate

Combustor Airflow Rate
(13) ~ (Turbine cooling airflow rate)

Fuel Tlow Rate
Fuel Hydrogen Content by Weight

Fuel~Alr Ratio

g pollutant/kp fuel

m/s
lg/s

kg/s

kyg/hr

gly
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