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Influences of vitiation air from ethanol-fueled heating on

kerosene-fueled supersonic combustion
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Abstract: Theinfluences of vitiation air generated by ethanol-fueled combustion heating
on the performances of /kerosene-fueled supersonic combustion were studied numerically
when the inflow Mach number at the inlet of combustor is 2. 5. Premixed burner-stabilized
flame model and ethanol-air reaction mechanism with 61 species and 388 steps were used to
simulate the combustion in the heater, helping to obtain the components of high-enthalpy air
fluid. The reduced reaction mechanism with 17 species and 30 steps were used to simulate
the kerosene-fueled supersonic combustion. The contributions of seven main vitiated species
such as H,O, CO,, O, OH, H, CO, H; to the performance of the supersonic combustion
were analyzed. Comparing with the cases of electric-heating on the ground and high altitude
at the height of 25km, vitiation air causes the increase of combustion efficiency and internal
thrust because of the free-radical’s function, decrease of averaged molecular mass and in-

crease of averaged specific heat at constant pressure.
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Table 1 Main composition and mole fraction
at the outlet of ethanol-combustion heater

(i.-e.the inlet of supersonic combustor)

Secondary Mole Main Mole

species fraction species fraction
CH; 9.19x10/" H. 0.0001618
CH; 7.22>10° " H 0.0002003
CH. O 8.68X10 " CO 0.0050302
HCN 8.93x10 " OH 0.0061212
N 1.06X10 " O 0.0072593
HCO 7.47X107° CO; 0.0712053
NO, 5.16X107¢ H,O 0.1120000
NO 8.39X10°7 (0D 0.210009
HO; 3.21X10°° N, 0. 588009
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Table 2 Case of electric heated air on the ground (case 1)

Outlet condition Species of air Mole fraction

H,O 0.011
Back pressure: 8
101325Pa (€5 0.21
Total temperature, N, 0. 779
0K
30 0

R3 MW ZERBEMAT SRR IR(TR 2)

Table 3 ~Case of ethanol combustion heated air (case 2)

Outlet condition Species. of air

Mole fraction

Species of air Mole fraction

CH,
CHs
C€H, O

HCN
Back pressure:101325Pa

Total temperature:300 K
HCO

NO.
NO
HO.

9.19X10" H. 0.00016177
7.22X10°" H 0.00020033
8.68X10 " CcO 0.00503023
8.93x10 U OH 0.00612119
1.06X10 1 O 0.00725926
7.47X107° CO, 0.07120529
5.16X10°8 H.O 0.11200000
8.39X10 7 O, 0.21000585
3.21X10°°¢ N, 0. 58600000

F4 25kmBEXRSRAIR(IR3)
Table 4 Case of real air for the height of 25km (case 3)

Outlet condition Species of air Mole fraction

H,O 0. 001
Back pressure: )
1500 Pa 0. 0.21
Total temperature: N, 0. 789
245K
0
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