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Design Parameter Optimization of Liquid Rocket Engine
Using Generic Algorithms

Sangbok Lee* - Youngho Kim* - Tae-Seoung Roh*

ABSTRACT

A genetic algorithm (GA) has been employed to optimize the major design variables of the
liquid rocket engine. Pressure of the main combustion chamber, nozzle expansion ratio and O/F
ratio have been selected as design variables. The target engine has the open gas generator cycle
using the LO2/RP-1 propellant. The gas properties of the combustion chamber have been
obtained from CEA2 and the mass has been estimated using reference data. The objective
function has been set as multi-objective function with the specific impulse and thrust to weight
ratio using the weight method. The result shows about 4% improvement of the specific impulse
and 23% increase of the thrust to weight ratio. The Pareto frontier line has been also obtained

for various thrust requirements.
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Table 1. Properties of Gas—generator

TIT. | Cp 5 R O/F
(K) | (KJ/KgK) (I/KgK)
900 | 2679 | 1.101 | 24487 | 0.324
950 | 2705 | 1111 | 261.54 | 0.354
1000 | 2723 | 1118 | 277.24 | 0387
1050 | 2739 | 1126 | 294.26 | 0418
1100 | 2754 | 1134 | 31424 | 0450
1150 | 2764 | 1141 | 32847 | 0482
1200 | 2772 | 1148 | 34439 | 0516
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Table 2. Pressure Losses of Supply Components

Oxidizer Parts Pr(c;s)sgl%ep(lﬁss
Injector 20.0
Torus Dome 15.0
Pipe Lines 25
Main Valve 35
Fuel Parts
Injector 20.0
Cooling Jacket 27.0
Pipe Lines 1.0
Main Valve 15
Calibration Orifice 11.0
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Table 3. Result of Code Verification Table 4. Comparison to F-1 Engine
Parameter Result | Ref. Diff. Parameter Result | Ref. Diff.
B 3,336| 3,336|kN 0.00 % e 6,670 | 6,670|kN 0.00 %
Isp 2753 | 2624|s +4.92 % Isp 2633 | 2630(s +0.01 %

T/W 9946| 100.0 -0.54 % T/W 109.6 9.1

11914 | 12555 |kg/s | -511 %

FOAMEREF 1 2508325773 | kg/s | -2.68 %
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Table 5. Result of Optimization for Max. Isp
Design Variables Result
GlAAl Ok 132.2 | bar
L= SPRH| 16.28
O/F H| 245
Parameters Result
= 3,336 | kN
Isp 2874 | sec
/W 116.3
ZToAARIOBE 1,115.9 | kg/sec
TIAEIMT | RIS 2E 67.38 | kg/sec
HoQTme) 3001 | MW
I AT} 3001 | MW
Table 6. Result of Optimization for Max. T/W
Design Variables Result
HAAl o 137.89 | bar
= & 5.00
=5 =EH| (Lower boundary)
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EX=] 3,336 | kN
Isp 2712 | sec
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