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Design Optimization of Liquid Rocket Engine
Using Genetic Algorithms

Sangbok Lee* - Taekyu Lim* - Tae-Seong 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 3. Result of Code Verification

Table 4. Comparison to F-1 Engine

Parameter Result | Ref.[1] Diff. Parameter Result | Ref. Diff.
9 3336| 3,336 kN 0.00 % 9 6,670 6,670 | kN 0.00 %
Isp 2753 | 2624|s +4.92 % Isp 2633 | 263.0]s +0.01 %
T/W 99.46| 100.0 0.54 % T/W 109.6| 941
FALENAGHE | 1,1914 1,2555 |kg/s | 511 % FALNAFF 2,508.3 |2,577.3 | kg/s | 2.68 %
Tha A7 A | 4381 41.73 |[kg/s | +4.98 % TV RAANARFE | 7677 7711 | kg/s | 044 %
bz A< X 19.14| 19.86 | MW | -3.63 % bz A R KO 4035| 41.01|MW | -161 %
WA A 1€ 19.14| 19.86 | MW | -3.63 % B WA A -9 4035| 41.01|MW | -161 %
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Table 5. Result of Optimization for Max. Isp

Table 6. Result of Optimization for Max. T/W

Design Variables Result Design Variables Result
Ay o4 132.2 | bar Axd o4 137.89 | bar
=g 16.28 vz 5.00
= e (Lower boundary)
O/F H] 2.45 ]
O/F B 2.30
Parameters Result /
. Parameters Result
e 3,336 | kN =
>3 3,336 | kN
Isp 287.4 | sec
Isp 271.2 | sec
T/W 116.3 /W 1233
—T‘Oﬂi/}__l @‘PTEO]: 1,1159 kg/sec ‘Zr‘oﬂi/é]él‘ﬁ‘% 1,1756 kg/sec
i R 67.38 | kg/sec Fpesb A7) A f 2 78.12 | kg/sec
HE g+ 30.01 | MW H=Q75e 34.79 | MW
B W14 ) 39 30.01 | MW B W14 A 99 34.79 | MW
124 130 1 !
4,000|§N :
122 b
120
= 120} .
=
1181 . 1101
116 = : _
270 275 280 285 290 E _______________________________________________________________________ i
lsp(sec) = 1001 15OORN

Fig. 4 Pareto Frontier Line of Gas-generator Cycle
Rocket Engine (3,336kN)
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