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A Trade-off Analysis between Combustion and Cooling
Performance of a Liquid Rocket Combustor with Fuel Film
Cooling Scheme

Miok Joh*' - Seong-Ku Kim* - Hwan-Seok Choi*

ABSTRACT

Performance of a liquid rocket thrust chamber with regenerative cooling scheme has been
numerically analyzed using in-house CFD code which can predict combustion/cooling
performance and provide nozzle design parameters. This paper investigates trade-offs between
combustion and cooling performance with varying amount of fuel directly injected into the
chamber wall to form cooling films. Also is analyzed the effect of varying mixture ratios for the
peripheral injectors on combustion performance enhancement. Further efforts to verify/improve
the simulation methodology including comparison with the firing test results are planned to make

it a reliable tool to optimize the film cooling and other major design parameters.
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Table 1. Physical Surrogate Mixture for Kerosene[5]

33t et | AHES
n-dodecane C12H26 0.31
n-tetradecane C14H30 0.38
1,2,4-trimethylbenzene | C9H12 0.31
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Table 2. Chemical Surrogate Mixture for Kerosene[7]

3% 514 | Bvd
n-decane C10H22 0.74

C9H12 0.15
C9H18 0.11

n-propylbenzene
n-propylcyclohexane
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Fig. 1 Schematic of Model Combustor and Temperature
Distribution  with/without Film  Cooling Scheme
(FC_12 & FC_00)



Table 3. Design Specification for Model Combustor

A44E [bar] 60

A7 /AL3HA] Kerosene/LOX
el 2.44

FA 7% [kg/s] | 88.8

A5 7% [kg/s] 25.82
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Table 4. Analysis Cases for Film Cooling (FC)
Amount (% of Total Fuel) Variation

case 1=+ 22t by z} AMH
D gz | Gz | SR | £
FC_12 3.6% 8.4% 12.0% 2.77
FC_10 3.0% 7.0% 10.0% 2.71
FC_08 2.4% 5.6% 8.0% 2.65
FC_06 1.8% 4.2% 6.0% 2.60
FC_04 1.2% 2.8% 4.0% 2.54
FC_02 0.6% 1.4% 2.0% 2.49
FC_00 0.0% 0.0% 0.0% 2.44
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Fig. 2 Predicted ¢" and ls, v With Varying FC Amount
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Fig. 3 Predicted Total Heat Flux with Varying FC
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Fig. 4 Predicted Kerosene Temperature with Varying
FC Amount
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Fig. 5 Predicted Coolant Side Wall Temperature with
Varying FC Amount
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Table 5. Analysis Cases for Mixture Ratio Variation
at the Peripheral Injectors

qF | 9% | BAd | gag
By | Eg | B | a9
MR_277 2.77 2.77 2.77 | 12.0%
MR_310 2.69 3.10 277 | 12.0%
MR_330 2.64 3.30 277 | 12.0%
MR_350 2.59 3.50 277 | 12.0%
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Fig. 7 Predicted ¢ and lypy With Varying Mixture
Ratios for Peripheral Injectors
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Fig. 8 Predicted Total Heat Flux with Varying Mixture
Ratios for Peripheral Injectors
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Fig. 9 Predicted Coolant Side Wall Temperature with
Varying Mixture Ratios for Peripheral Injectors
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