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Research on forced start-up of staged combustion engine

YANG Yong-qiang, LIU Hong-jun, XU Hao-hai, LIU Zhan-guo
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract: The turbopump-fed liquid propellant rocket engine is the first staged combustion cycle
engine with forced start-up system in China. A forced start-up simulation model was build, cool-flow
system testing was performed, and the start-up parameters and procedure were determined in combi-
nation with the characteristics of the engine. The problems appearing in the start-up testing, such as
overshoot, deflagration, ignition shock in thrust chamber and injector deformation were solved. The
results obtained in the research were validated in engine tests.

Keywords: liquid rocket engine; staged combustion; forced start; simulation analysis; engine val-

idation test

MY, BAESRE, &ahid b= Mg
RFEAZHER, HEASEHERAERL. R
B, KBS, ek, B EHEEY

0 5|8

FARERAMR IR K R A ShHLR 3
BT, TR AREAE, ERETR
BHi bR E R Bt A SRE X

WHEHE: 2011-01-08; EEEHE: 2011-01-26
BB : ERMXBEAR LT H

BT, AR AVIEDHE, HEA
ERRGER TR, BRIV RTTFE
B PR — TR

EEEMT: HAR (1979—), B, THEIT, BRSsmmikcss & sl &5t



B35 528 Wk, % MR R ABT Is
SR RK
1 BEEFHFSSERE R R
o)A
BRI S A T 55| n' =2 P2, ®

D) RERE FREmERNRRE, XA
KA IR T 3 EIRBRAENE, ekl h
SR AHET

2) WEBFETRARRHFE,
BHREL A BE RLE ;

3) RlLEsNRE, EshdBPHEHEN
TR AR M rp Bk

4) Bt S 5 BRSO,

KEWES RS : kRS KIRHE
iRk, FREEFHER. SANTHEILE
BRERT UG P £, R R
BB, RESREKTIE, BRI D ZE
£, BlHARNZ SRR SR, K
hEEK.

KA R

2 RENENFER

2.1 EHER
FHEPSEREL, BB A A AT R AL
B, HEEHAREAR R,

d 2
R (;’L =p,-p.+Ap—cq, (M

A g, ABETE; p, . p. A RHEREDO,
AHET; Ap HESHRE; R, o SHIAERRHE
FIERASTRPH
22 RBRAGER

R ERI AR I ERR X iRRE, &
ik AR R URES, EERFBREE R
BOR, BEGRARSERAAMRBRBENT
Yo 1 EBIE X 6 R AR T HA 2

RIRERE .
RRINE TR
__k 2
R—kTRTA qmlT][ (2)

A n. g R RMEMEE; R, T, k
TRIARRRE R B R PIERG A AR

Rk JHRE R FEWEDE; o HRE
FHHE; P, P ASIAREAFLTHE.
23 AABHER

B AR AR | BIERRAS
. AT TR

LR R

dm
E& = moi T4t ™G e @)

R g qun s gun SPBIHRIIALIEHE R
. RN R DR AL
HA L BRI A

m, KL< (kRT-RT ) (4,,+4.0)- kRT-RT 1g,,, (5)

A RT AP STAEHE RS RT.

3 RAPRIKHR

RPIER AL SR FHE I AR A, TEGE
RESRESKEE . SRR O E ERAK
BB K BTSRRI . BRIl
WLGEE G ETERE; A—0rE, TRRARE
77 AN AT, RIEHBIEf it
BHER.

31 RERBEMGN RRTRRAE

KK R RHBOR R A AR, KL
FHRELIR . R AR R B R H A B S
W, KRN BUAK K B 9l i R 3
B SRR A AT, B F KR
G TARRGE AR AR, FF RIS A A AR
FE TR

BRI ASER, wEfRIRs: —
R R _HF A IR 1B R EUE ) DR
15% 25 H o LARA: SR HRRHBERI TR 46 THE A iR T
FIIFARE, WERTTR Sk B A A o Sk BE FE W
B TRTRRE ALk I SR ], 452 MRt
Vikrei R q1- CIECEIPOpNE %:kay 2N



16 ki

2011 %4 A

32 ZFEAERE

A SEERA B = S A TER AR 8, AT LA
WRBREGE, BEHEITEMRERYE, S
E RSV NETEE M . 2555 F
KRR - BRI RT, KARMNRE L
HAKTAHE, ZJE5 AT IR 3 R AR HE R R
W E R A SRR AT 7, &4 g E b mms
B P 3 087 st KGR B SR AR R0 B FE AL

B, B2 23R R RIRE PR AR
AR RE S ATE ST, HILAHT S AT
AL FEIEET 8]

1.0
0.9¢
0.8
0.7
0.6F
0.5
0.4f
0.3f
0.2f
0.1k 7

)

08 7 os 1z 1 1o 24
B 8]/ s

B 1 4RGeS B

Fig. 1 Pressure variation of fuel feeding system with time
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Fig. 2 Pressure variation of oxygen feeding system with time
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Fig. 3 Rotating speed comparison
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Fig. 4 Pressure comparison of combustion chamber
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