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Performance sensitivity analysis of liquid oxygen/methane rocket engine

GONG Yanbo, ZHENG Dayong, WANG Weibin
( Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract ; In order to make up for the deficiency of range analysis method in engine performance sen-
sitivity analysis and improve the accuracy of performance sensitivity analysis of cryogenic rocket engine,
variance analysis method was introduced in this paper. Taking a liquid oxygen/methane engine for exam-
ple, performance sensitivity analysis was carried out, and the significance index of each interference fac-
tor on engine performance was obtained through F' test. Compared with the traditional range analysis meth-
od, the variance analysis method improves the accuracy of performance sensitivity analysis of liquid rocket
engine. The results show that the sensitivity of engine thrust and mixing ratio to the same factor is differ-
ent, among which the turbopump efficiency has the greatest influence on both engine thrust and mixing
ratio. The second most significant impact on thrust is the flow resistance characteristics of the subsystem,
while the second most significant impact on mixing ratio is the flow resistance characteristics of the main
system. The results of this study show that ANOVA can effectively improve the accuracy of sensitivity a-
nalysis, which not only provides theoretical support for the development of this type of engine, but also
provides a new reference for sensitivity analysis of other engines.
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Fig.2 Average sensitivity histogram
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Tab.1 Thrust sensitivity of engine

o ARRIKSE T A ARk } )
A IS S TIHURE BUREHDY
-20% -10% 10% 20%
AEANOEN 0.001 22 0.001 22 0.001 22 0.001 83 0.001 37 19
AEANOEN 0.012 22 0.012 22 0.012 22 0.012 22 0.012 22 14
TS Y ' 0. 003 67 0.003 67 0. 002 44 0. 002 44 0.003 05 18
et S e 0.024 43 0.024 43 0. 024 43 0.024 43 0.024 43 12
SRS BRI B 2R B 0. 004 89 0. 004 89 0. 004 89 0. 004 89 0. 004 89 17
AR BRI B R B 0.006 11 0.006 11 0.006 11 0. 006 11 0. 006 11 16
PR Y BT IR 3 B 22 0. 054 98 0. 053 76 0.052 54 0.051 92 0. 053 30 8
PRy B IS 35 BEL 2R 0.092 85 0. 090 41 0. 085 52 0. 083 08 0. 087 97 6
e 7 %5 S WEME R R 5L 0. 046 43 0.042 76 0. 035 43 0.031 77 0.039 10 11
I 7 2= S A B R K 0.034 21 0. 036 65 0.042 76 0.044 59 0.039 55 10
NRE AL R e 0. 146 61 0.108 74 0. 058 64 0.041 54 0. 088 88 7
IR 1.072 69 1.020 16 0.935 86 0.928 53 0.989 31 1
EE Y& 0. 560 78 0.525 35 0. 466 71 0.447 16 0. 500 00 2
AT 0.561 39 0.503 36 0.416 62 0.387 29 0.467 17 3
B R G A R R %k 0.126 45 0. 109 96 0. 085 52 0.076 97 0. 099 73 5
B = b %A 0.164 32 0. 145 39 0.117 29 0. 106 29 0.133 32 4
e B AR R 5 0.014 05 0.012 22 0. 009 77 0. 008 55 0.011 15 15
) % H R IR R 2L 0. 065 36 0.051 31 0.032 99 0. 027 49 0.044 29 9
PR BT 2R 5K 0. 022 60 0.023 21 0.023 21 0. 022 60 0.022 91 13
x2 ZHHEALERE
Tab.2 Mixing ratio sensitivity of engines
, AN T 1 U

AP 0% 0% 0% 0% SPRHURE BUREHDY
AEANOEN 0. 026 78 0. 026 78 0.026 78 0. 026 78 0.026 78 14
AEAOES 0.013 39 0.013 39 0.013 39 0.013 39 0.013 39 17
AEE TR S 0.043 52 0.043 52 0.043 52 0.043 52 0.043 52 12
AR R 5L 0. 026 78 0. 026 78 0.026 78 0.026 78 0.026 78 15
SRR B T B 2R 5 0. 006 70 0. 006 70 0. 006 70 0. 006 70 0. 006 70 18
A 4G B R BH 2R B 0. 003 35 0. 003 35 0. 003 35 0. 003 35 0. 003 35 19
PR Yy B I 7 B B 0.077 00 0.077 00 0.073 65 0.071 98 0.074 91 9
PR Ao S B G A R 2R 2 0.040 17 0.040 17 0. 036 83 0. 036 83 0.038 50 13
7 == T T R R K 0.159 02 0.157 35 0. 150 65 0. 150 65 0.154 42 6
I 7 2 AR A BEL 2R 5L 0.170 74 0.167 39 0. 160 70 0.157 35 0.164 04 5
AR R 0. 169 07 0.133 91 0. 090 39 0.077 00 0.117 59 8
IR 0. 826 92 0. 652 83 0. 445 26 0. 346 50 0.567 88 1
AFEME 0. 465 35 0.398 39 0.314 70 0.274 52 0.363 24 2
AT 0.343 15 0.277 87 0.207 57 0.175 76 0.251 09 3
B B e A 0.174 09 0. 150 65 0.120 52 0.107 13 0.138 10 7
B RS54 R T B R %k 0.073 65 0. 063 61 0. 050 22 0. 045 20 0.058 17 10
e 11 B AR B R 5 0. 056 91 0. 050 22 0. 036 83 0.031 80 0. 043 94 11
e 7 AR B R 5 0.219 28 0. 190 83 0. 143 96 0.128 89 0.170 74 4
RS R 2R 5L 0.018 41 0. 020 09 0. 020 09 0.018 41 0.019 25 16
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Tab.3 Thrust sensitivity test and results

M R Z AT 22 %

An B, My Mo Cdy, Cay, Cq,, ;3 Cqy &yl s
1 0 0 0 0 0 0 0 0 0 1..000 0
2 -10 0 -10 -10 0 -10 -10 0 0 0.824 4
3 10 0 10 10 0 10 10 0 0 1.1429
4 0 -10 -10 10 0 0 0 -10 -10 0.916 2
5 -10 -10 10 0 0 -10 -10 -10 -10 0.888 7
6 10 -10 0 -10 0 10 10 -10 -10 1.026 6
7 0 10 10 -10 0 0 0 10 10 1.070 3
8 -10 10 0 10 0 -10 -10 10 10 0.946 4
9 10 10 -10 0 0 10 10 10 10 1.079 8

10 0 0 0 0 -10 -10 10 -10 10 1.009 0
11 -10 0 -10 -10 -10 10 0 -10 10 0.818 3
12 10 0 10 10 -10 0 -10 -10 10 1.135 4
13 0 -10 -10 10 -10 -10 10 10 0 0.912 2
14 -10 -10 10 0 -10 10 0 10 0 0.865 5
15 10 -10 0 -10 -10 0 -10 10 0 0.999 6
16 0 10 10 -10 -10 -10 10 0 -10 1.077 1
17 -10 10 0 10 -10 10 0 0 -10 0.934 6
18 10 10 -10 0 -10 0 -10 0 -10 1.069 2
19 0 0 0 0 10 10 -10 10 -10 0.983 8
20 -10 0 -10 -10 10 0 10 10 -10 0.844 7
21 10 0 10 10 10 -10 0 10 -10 1.164 1
22 0 -10 -10 10 10 10 -10 0 10 0.896 6
23 -10 -10 10 0 10 0 10 0 10 0.904 5
24 10 -10 0 -10 10 -10 0 0 10 1.041 1
25 0 10 10 -10 10 10 -10 -10 1.072 9
26 -10 10 0 10 10 0 10 -10 0.977 6
27 10 10 -10 0 10 -10 0 -10 1.116 1
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Tab.4 Mixed ratio sensitivity tests and results
RN PR AR i 22/ %
e RAEL
B Myt Mo Cpy Cqe, Cqy Cag, M z5 5]

1 0 0 0 0 0 0 0 0 0 1.000 0
2 -10 0 -10 -10 0 -10 -10 0 0 1.047 5
3 10 0 10 10 0 10 10 0 0 0.981 9
4 0 -10 -10 10 0 0 0 -10 -10 1.108 5
5 -10 -10 10 0 0 -10 -10 -10 -10 1.069 6
6 10 -10 0 -10 0 10 10 -10 -10 1.009 7
7 0 10 10 -10 0 0 0 10 10 0.928 4
8 -10 10 0 10 0 -10 -10 10 10 1.001 0
9 10 10 -10 0 0 10 10 10 10 0.968 5
10 0 0 0 0 -10 -10 10 -10 10 1.029 1
11 -10 0 -10 -10 -10 10 0 -10 10 1.147 3
12 10 0 10 10 -10 0 -10 -10 10 0.970 9
13 0 -10 -10 10 -10 -10 10 10 0 1.093 7
14 -10 -10 10 0 -10 10 0 10 0 1. 106 5
15 10 -10 0 -10 -10 0 -10 10 0 0.965 9
16 0 10 10 -10 -10 -10 10 0 -10 0.947 1
17 -10 10 0 10 -10 10 0 0 -10 1.078 3
18 10 10 -10 0 -10 0 -10 0 -10 0.9535
19 0 0 0 0 10 10 -10 10 -10 0.977 9
20 -10 0 -10 -10 10 0 10 10 -10 1.069 0
21 10 0 10 10 10 -10 0 10 -10 0.9227
22 0 -10 -10 10 10 10 -10 0 10 1.072°3
23 -10 -10 10 0 10 0 10 0 10 1.082 4
24 10 -10 0 -10 10 -10 0 0 10 0.940 4
25 0 10 10 -10 10 10 -10 -10 0 0.933 0
26 -10 10 0 10 10 0 10 -10 0 1.057 9
27 10 10 -10 0 10 -10 0 -10 0 0.929 0

i 7 220 IE I 2 SR b AT o0 Hr . 45
325 FIFE 6 iR, O Fuos(2,2) =19,F, »(2,2) =
99, Fy o0 (2,2) =999, X} Hu A5 51| 4% PR 2 A4 5 i I 2%
PR BRI Z RO 2

M 5 A 6 JrHral LI H

1) L5580 22 53 B i RS 210 45 I R X 1 B
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S X & S LM RE S I 19 B M KON SR

WL, 5508 22 53 vk A L, B RE % 4 s & sh ML 1 RE A
SRR S AT HER 2, SCRT DU BT A X 25 R
TPREZ ML R/NIAIR

2) X F RSP S RS H, R A ORI BE
AR SENE 240 g B 35, R e A0 R 5 e sh ALV RES 4K
A B WGR AR, R R BOR B A 22 5 R A Bl
PERES BRI [ A 2%

3) P8 25 0 R R AR R 803 e sh AL T 1 32
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a =0.005 B, F e ZEROR AN SRR & sl A
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PRSI AR b, X i 56 52 %) S LA S 80CB
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Tab.5 Variance analysis of thrust sensitivity

MmEE  S/107 S F; e
B, 17.421 21 2 30 511.48 % % %
Mot 4.434 739 2 7766.99 % % s %
Mo 3.958 894 2 6933.60 % % % %
Cqy,, 0.351 726 2 616. 01 o
Cq,, 0. 182 759 2 320. 08 *
Cq,, 0. 140 655 2 246. 34 %
o 0. 144 611 2 253.27 .
Cay 0.053 778 2 94.19 *

25 %] 0.000 571 2 NULL NULL

x6 RALLHBREFTESN

Tab.6 Variance analysis of mixed ratio sensitivity

Fmpx  s/107 f F, BE
B, 5.774 386 2 1469.82 % = =
Myt 2.366 912 2 602. 48 %
Mo 1.192 377 2 303. 51 o
Cq, 0. 499 894 2 127. 24 o
Cq,, 0.529 892 2 134. 88 o
Cqy 0. 484 908 2 123.43 o
Cay, 0. 356 329 2 90. 70 *

A 0.285 238 2 72.61 *
el 0.003 929 2 NULL NULL

1 #ip

N T S R AL BE SR A 3 M B HE R, A
SCHET 5 22 3 Wik X A sh AILYE RE T J T U o3
M, 3G 2 145 K 20 K s AL ) AR & He R i
AR AR B v 1 e S AL R B0 20 A ) o
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