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System Analysis of the Liquid Rocket Engine with
Staged Combustion Cycle

Sangbok Lee* - Taekyu Lim* - Seung Young Yoo* - Seok Hwan Oh* - Tae-Seoung Roh*'

ABSTRACT

This study aims to develop the performance analysis program on the staged combustion cycle of the
liquid rocket engine using liquid oxygen(LOx) as oxidizer, liquid hydrogen(LH2) and RP-1 as fuel. The
developed analysis program can obtain the propellant mass flow rate, the specific impulse, and
representative design values of engine components for the required thrust satisfying pressure, mass
flow, and energy balance conditions. The analysis results show that the the specific impulses (Isp)
compared to those of the real engines have been less than 1%. With additional constraints, the

program will be improved for the system optimization.
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Fig. 1 Schematic of Staged Combustion Cycle
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Fig. 2 Staged Combustion Cycle Analysis
Program Flow Chart
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Table 1. Pre-burner Gas Properties

¢ R
TIT P
K Vb (k] OF,,
®) /1£g]K) g /kgK) i

LOX/ | 900 | 2.6788 | 1.1012 | 244.87 | 0.3235
RP-1 1000 | 2.7232 | 1.1182 | 277.24 | 0.3865
Fuel- | 1100 | 27541 [ 1.1340 | 314.24 [ 0.4499
rich[1] | 1200 | 2.7717 | 1.1480 | 344.39 | 0.5161
LOX/ | 689 | 1.0626 | 1.325 | 260.63 | 55
RP-1 920 [ 11000 | 131 | 260.63 45
Oxi- | 931 | 11236 | 1302 | 260.63 | 40
rich[3] | 1444 | 12298 | 1270 | 26145 | 25
700 | 9.0009 | 1.3840 | 24962 | 0.6622
800 | 8.6241 | 1.3750 | 23509 | 0.7729
LLOIé/ 900 | 8.2137 | 1.3660 | 2201.3 | 0.8836
1000 | 7.8874 | 1.3570 | 2073.9 | 0.9900
rfgﬁ[ll-] 1100 | 7.6363 | 1.3474 | 1969.0 | 1.0960
1200 | 7.3892 | 1.3380 | 1866.8 | 1.2082
1300 | 7.1759 | 1.3286 | 17732 | 1.3280
Lox/ 500 | 0.9969 | 1.3564 | 267.56 | 194.03
TH | 700 | 1.0893 | 1.3329 | 271.64 | 14847
900 | 1.1583 | 1.3156 | 274.90 | 117.09
rgﬁﬁ] 1100 | 1.2130 | 1.3008 | 278.08 | 94.21
1300 | 1.2611 | 1.2871 | 281.72 | 77.78
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Fig. 3 Temperature data of the Main Chamber
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Table 2. RD-170 Engine Results[2]

RD-170
Input Variables
Thrust 7,256 kN
Oxidizer LOx
Fuel RP-1
Preburner Oxi-rich
P, 245 MPa
P, 53.5 MPa
e 38.87
OF 2.63
Result Reference | Difference
Isp 310.7 sec 309 sec 0.55 %
My | 23805 kg/s| 2393 kg/s | 054 %
m,,  |16848 kg/s|16720 kg/s| 077 %
L, 1755 MW | 189.3 MW 7.29 %
Table 3. RS-25 Engine Results[6]
RS-25 (SSME)
Input Variables
Thrust 2,188 kN
Oxidizer LOx
Fuel LH2
Preburner Fuel-rich
P, 19.795 MPa
Ly, 33.095 MPa
e 69
OF 6.03
Result Reference | Difference
Isp 449.2 sec | 452.0 sec 0.62 %
My | 4976 kg/s | 4934 kg/s | 085 %
my, 1195 kg/s | 984 kg/s | 214 %
L, 17.36 MW | 17.06 MW 176 %
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