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Flow Analyses for the Uniform Distribution of Propellants at

Manifolds of a Full-scale Gas Generator
Hong Jip Kim* and Hwan-Seok Choi*

ABSTRACT

Flow analyses have been performed to investigate the uniformity of propellant flow
through the fuel and oxidizer manifolds of a full-scaled gas generator for a pump-fed
liquid rocket engines. Injectors were simulated as porous medium layers having
equivalent pressure drops. The uniformity of propellants has been analyzed for 3 fuel
rings and 3 injector head configurations. The mixture ratio distribution at the exit of
injectors has been estimated from the mass flow rates of fuel and oxidizer. The best
configuration of fuel ring and injection head was selected through these flow analyses.
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Fig. 1. Configuration of Fuel Rings
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(a) Fuel Ring and Cooling Channels

symmetry

- B.C. imposed
from calculation with
fuel ring and cooling channels

(b) Fuel Manifold

Fig. 3. Computational Configuration of
Fuel manifold in the Present Gas
Generator
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Pressure and Velocity Distributions for
Various Fuel Ring Configurations

Fig. 5.
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Standard Deviation of Mass Flow
Rate at Cooling Channel Exits and
Pressure Drop for Various Fuel Ring
Configurations
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Fig. 6. Tangential Distribution of Fuel Mass
Flow Rate at Cooling Channel Exits
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Table 2. Standard Deviation of Fuel Mass
Flow Rate for Various Configurations
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Fig. 7. Pressure Contour at Fuel Manifold of
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Table 3. Sensitivity of Fuel Mass Flow Rate
for Various Heads

Injector H1 H2 H3
center -0.87 -2.30 -3.39
191 0.34 -143 1.47
192 -1.99 -2.70 -5.62
2" 0.62 3.96 357
oMo -3.90 -4.88 -5.19
2"-3 -0.35 0.49 276
2"-4 -2.60 -4.24 -7.43
371 2.30 2.40 4.01
392 0.23 0.99 202
39-3 1.78 1.83 -
394 2.99 2.92 3.16

Sensitivity

Fig. 9. Sensitivity of Injectors for fuel flow
variation of H1 Head
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Table 4. Standard Deviation of LOx Mass
Flow Rate for Various Heads

Mk Fak Zzk 72k iy
Head - -
EZ=HX [g/s] EZ=HEHX [%]
H1 0.551 0.632
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Fig. 11. Radial Distribution of Mean Mass
Flow Rate of LOx
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Table 5. Standard Deviation of Mixture Ratios
for Various Configurations

_ Ay Eatul |

Head Fuel Ring EEHEA [%]
case 1 0.486

H1 case 2 0.485
case 3 0.490
case 1 0.665

H2 case 2 0.667
case 3 0.663
case 1 0.779

H3 case 2 0.765
case 3 0.804
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