FUEL CHARACTER EFFECTS ON THE J79 AND F101 ENGINE COMBUSTION SYSTEMS
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Between 1977 and 1978 time period four contractual efforts were initia-
ted to evaluate the effects of select fuel property variations on several
major engine classifications. The engines that would be most widely used by
the Air Force through the next decade were divided into three categories:
low pressure ratio, cannular combustion system; high pressure ratio, annular
combustion system; and high pressure ratio, cannular system. The fourth
program involved an advanced combustion system.

The first two categories were represented by the J79 and the F101l gas
turbine engines, respectively. The third category was represented by the
TF4l engine. This system will, however, not be discussed as the evaluation
is not finished. The contracts to evaluate fuel effects in the J79 and F101
systems were awarded at about the same time to the same company, General
Electric. Both programs were cofunded by the Aero Propulsion Laboratory and
the Air Force Engineering Services Center. The efforts were timed to run
concurrently. Thus, test fuels used on the program were identical.

All testing within both efforts was conducted on component rigs. The
test rigs and the test points were established to evaluate the effects of
fuel properties on the static performance, the ignition and stability limi-
tations, the carboning and fuel nozzle fouling tendencies, and the durabil-
ity of each combustion system. Static performance was measured at four op-
erating conditions: idle, cruise, takeoff, and dash. Partial scaling of
inlet air pressure and mass flow was necessary for the J79 dash condition
and the F101 takeoff and dash conditions. Ignition properties were evalua-
ted at standard and cold day ground conditions as well as at several points
of the altitude windmilling/relight requirement map. Stability was evalua-
ted by determining the fuel lean blowout point and the pressure blowout
point at several operating points. Carboning and fuel nozzle fouling tests
were conducted in special rigs, operated at special conditions, selected to
accelerate these phenomena. In addition, hardware life predictions were
made of the combustor liner (based on metal temperature measurements) and of
the turbine (based on radial temperature profile and pattern factor measure-
ments) .

Thirteen refined and blended fuels were used in these programs. These
fuels exhibited significant variations in hydrogen content (12.0 to 14.5
weight percent), aromatic type (monocyclic or bicyclic), initial boiling
point (285 to 393 K by gas chromatograph), final boiling point (532 to 679 K
also by gas chromatograph), and viscosity (0.83 to 3.25 mm?/s at 300 K).
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The results varied between the two programs. Trends were very similar
but the degree of fuel sensitivity was not constant. For both systems the
dominant fuel property during high pressure operation was found to be fuel
hydrogen content. For the J79 this fuel property strongly affected smoke,
carbon deposition, liner temperature (and, therefore, liner life), and flame
radiation and moderately affected NO, emissions. For the F10l system hy-
drogen content strongly affected smoke emissions, liner temperature (and
life), and NOy emissions.

For operation at low pressure test points the fuel volatility and vis-—
cosity became the dominant fuel properties for both systems. The cold day
ground starting and altitude relight capabilities of the systems were de-
graded with reduced volatility and increased viscosity. Typically, the 10%
recovery temperatures of the fuels' distillation behavior were used as a
measure of fuel volatility. Viscosity was introduced into the correlations
through the relative Sauter Mean Diameter (SMD), a parameter characterizing
the fuel spray. These values were calculated for each test fuel at each
condition of interest and referenced to the SMD of JP-4. The F101 was more
sensitive than the J79 to variations in. these parameters.

The F101 fuel divider valve indicated a semsitivity to the fuel thermal
stability in an accelerated cycle test involving two fuels of widely differ-
ent thermal stability properties. The tests were not conclusive but did
indicate a correlation of laboratory measured fuel thermal stability and the
cycles to a discrete degradation in the operation of the F101 fuel divider
valve, arbitrarily chosen to be a 10% increase in flow hysteresis at a fuel
pressure drop of 1.24 MPa. Related testing of the J79 fuel nozzle indicated
no apparent fuel sensitivity over the range tested. This was expected since
the J79 fuel nozzle passages are not as critically dimensioned as those of
the F101,

Aromatic type and final boiling point do not significantly affect com—
bustion data.

Correlations of other fuel properties with these and other performance
parameters were examined. The above relationships, however, were the most
dominant. Details of the J79 and F101 fuel effects programs can be found in
AFAPL-TR~79-2015 and AFAPL-TR-79-2018, respectively,
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Minimum Ambient Température, K
for Normal Ground Start
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Figure 1 . Effect of Fuel Atomization and Volatility on Cold Day Ground
Starting Capability.
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Altitude Relight Limit, km
(Open Exhaust Nozzle Windmilling Conditions)

15

10

15

10

15

10

15

10

|
Flight Mach No, = 1.25
o Jay
)
O EB ()1iggiff? (] 0
y = 7,62 + 1,46 (x - 1)
(r = 40,14)
| L | !
|
Flight Mach No. = 1.00
y = 6.78 - 1,92 (x - 1)
(r = -0.22)
02 o I ZC{D A
O Jp-4 Fuels (@) O 0O 0 0 ]
(O JP-8 Fuels
[\ No. 2 Diesel Fuel |
| 1
T
Flight Mach No. = 0,75
y = 8,81 - 11,38 (x ~ 1)
=0 / (r = -0.70)
-0 —-0.£1m_ ]
o
O
] ] ]
1
Flight Mach No. = 0.50
y = 4,51 - 10,23 (x - 1)
(r = -0,79)
' :
fr—— '\O
~O'Os l
o O—OLH g 0
1
| ] @) ] A\
0.9 1,1 1.3
SMD/ , Relative Spray Droplet Size
SMD
JP-4
Figure 2 . Effect of Fuel Atomization on Altitude Relight Limits (Open

Exhaust Nozzle Windmilling Conditions).
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CO Emission Index at Idle, g/kg
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Figure 3 . Effect of Fuel Atomization and Volatility on Idle CO

Emission Levels.
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SNS’ Engine Exit Smoke Number
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Figure 4 . Effect of Fuel Hydrogen Content on Smoke Emission Levels.
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Cyclic Test Hours to Fuel Nozzle Fallure
(10% Increase in Flow Hysteresis at APf = 1,24 MPa)
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