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Study on synchronous ignition of dual-thrust chamber engine

LI Cheng, LIU Zhan-guo, XU Hao-hai
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Abstract: LOX/kerosene staged combustion cycle engine of 500 t thrust level is a new generation
high thrust liquid propellant rocket engine with dual-thrust chamber system made in China. To
eliminate the asynchronous ignition of the LOX/kerosene staged combustion cycle engine with
dual-thrust chamber, a control scheme for fuel pathway is investigated in this paper. A mathematic
model describing the start-up process and a start-up simulation platform of the racket engine with
dual-thrust chamber were established. Two control schemes for fuel pathway of the thruster were
comparatively analyzed. The results show that a control scheme that two throttle valves are adopted
respectively on corresponding branch lines is better for the purpose of reducing the sensitivity of
asynchronous ignition of dual-thrust chamber engine. The deviation of the resistance between
dual-thrust cooling jackets should be less than 1 MPa if only one throttle valve is used.
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Fig. 2 Schematic diagrams of two fuel control systems of dual-thrust chamber engine

2 ZEhHETNE I F R
2.1 BEEHIER

KAEFSEER, 55 RFIEARE:
BHEMERE Y, BRI .

dg,, _ 1

R —pi-pe—p—fqmlqml (1)
Vd _ _
a2 dl —qmi qme (2)

Kb ¢, WRERKRRRE; p, M p, 2508 1

R OMEBORS; vV AEBRNER; o &

BH; R AERTERE,

2.2 RERAFER
REFRAERS KRS THE, Fnt,

RUE B T RN S A SR TR,

BT,

]ﬁ:qm{E%T—R711_(lﬁL) ]n. 3)
AF: gy 0 Pus PAFIRIREHRE. %
R, AAENMBOES; b ARSI RGEE;
T HIRRAORRSIRE,

RAOGREFEHEATRIR.
Ap=f(n, q,,) 4)

A g, WREGE; n WIREREE,
RIS R THORS TR T, #el
FEARARBE,

N = o 017 &)
nor1om) ()




55 40 % 55 4 3

KA 7 Tl ng S AN RBUE ARG
RFETR IRV -

d
2w JS=M, - 2 M, ©)

R I HRRENR SRR,

23 AAOAGER
PHHAGRBEAIVRIRES . HENE

MRS PE, 5B, R 20 T #ift

FIMEL. BIR. REEE MY LSRR

IR, RASH T TR, Fe, R

PAHENBES . BRESSEI550,
PAHGNHEHRNHETTIRE

m, K

&K, Kl [m K
7, K+1°™

dt m,

my 1
Tf+&+1qm)}

K, (7)

Rts K gy o Mg au U L
AFUMRS S HEIERATTIR A HE . RSB i
R TR TR .

WA

7, d(’ftT =RT(K,. p )-aART-RT 8)

Kef. RT(K,, p ) AxHi FARA K K FUES] p bt

KB RTH; o IBEBMERFER,
BAHHGNRIES

dp RT dm, p dRT ,p (1 dm, 1 dmy
dt V, d&&¢ RT dt "V \p, & p dt
©)
K. VBRSBTS EE; o p, 5350 AR
LRI
2.4 BEBBELEALRBRER
EIHEFET, R EEERFEEARER
HHEER, AR LETREE &K
TTIRERE, KAESHRELERBRLATEA, &
BT SRR R K IEHER
BRAE m?,
RESBRELELE S OSEHRRTE:

+ B, % WEHZENFRSHHRE

19

. (puF ) A I(’;cpu)zf)‘l )Pw (1_‘7"') (10)
XA A HBELIIUEEERE; m HFEHE
HER R, m>>1 BFEHBE N FE; (wF ), N
Sk th O AU A RO AR

PR, RIEDREEMAK, FME
TEHERE . Sk oA et i B s B 5 v A B
B EREFFTEIN T KRR

(A, )" =(Ap,) " +(Ap,)" (11)
A Ap, R AL B R ERE; Ap, IV K
M RN n HAREK,

m

9 bte = mite +qumhge |4 (12)

R g HEBENERTORREER; Vh
SR M SRR,

3 TEERRKESH

X F A MAMRTE R K SR SIT R,
BERIEMBRTHEARE I E, Bk, s
NSRS BT [R] BP A #E ) EIF R UK BT [E], &
SMLESIET, B £ RGBS AR
RESEF RIHITINR, FEHHEASRRER
Mt e E N E R KNFESE . I ZERE
FREREEFEREARNEAHNENERE, B
W5 ERE REA EREN EEREEH &S
ERAERBEAFERE FBOEN ZE S AARRE,

BEXt UHE 1 E R S HE R AATE W 2 5t
FIBIRh T RS B T MR SR #H1T
THEIE, XHath T RWLEsN&H# A=
FRERE . K. BALLEXRBESH., I THE
TERR, MW IMMENZEHTRS, HBREEHE
1 MAHERE FEIHE, 1% 2 HEAHER
FLSRITHERAERZ, HEERN Ap.

3.1 BAEREAFTRARHERE

El 3 XU Z RBIARIZD S KB EE
WE. HE 3R, SGESERSPLESIE &
HERHEFHREB K, EEREMREBLR, K









56 K #E i

—

201448 H

Oak Ridge, USA: Oak Ridge National Lab, 1995.

[ 15] NASLAIN R., LANGLAIS F, FEDOU R. The CVI-
processing of ceramic matrix composites [J]. Journal de
Physique Colloques, 1989, 50(C5): 191-207.

[16] LOUMAGNE F, LANGLAIS F, NASLAIN R. Kinetic
laws of the chemical process in the CVD of SiC
ceramics from CH3SiCI3-H2 precursor [J]. Journal de
Physique IV, 1993, 3: 527-533.

[17) LOUMAGNE F, LANGLAIS F, NASLAIN R. Experi-

mental kinetic study of the chemical vapour deposition
of SiC-based ceramics from CH3SiClI3/H2 gas precursor
[J]. Journal of Crystal Growth 1995, 155(3/4): 198-204.

(18] BRiES. Sk RERM]. S PEBERAREY
AL, 1995.

[19] XRE, 53, FF 8, F. CVD SiC ERMHREH
& RFIED). R IR, 2005 (004): 3-6.

[20] &, SERA], B0, % JUBIRBEXEKE SiC 44
MEEHEE W) FHFETZ, 2011, 41(4): 36-40.

(%38: THE)

e e e A A U A e A A U U U U AU

(EE$E21m)

4 &

BT 500 ¢ ZREMEMAMR R SPLIE
HEARE, WU B R IE N ZERFEZL
RAHERBT TO, REGEHTENZERS
B, BHLUTER:

) SHEHZRIPRDERBAMER, 2
TENZRKRES, MR B wmE/,
PR R W A 6%,

2) A ERRHER A — AV R R R R
B, 2 MENERDERBMESEKXT 1 MPa,

3) BHEHZAFE L m AR SRR LR
MITTRENE, MFHRRGX DU AR S KM
BURBREN R, BHRA 2 S WRES S E
SRR T R

o

[1] Bk FEERER XTSI RATR). AT,
2011, 37(1): 1-6.

[2] ek R FHEMEXRAHPKREM]. LR EFH
2 HARAL, 1999.

[3] TN, TROGBE. WA A B PR A 5 38 R 53
WICY FEFHELBRAF AL LEZRALBEA
AFBE BB RS RESLEAR L AR &8
R R FEALK S SIBIRER, 2013.

[4] BEE. WK MmMARIPESIEBHE D] TX:
TAERIK B BT, 2003.

(51 /¥ *MREF Z LRSI BRI R[], A 8#
#. 2003, 29(3): 18-21.

(6] Bk, XL EE, ¥, . AMRTEIR R SIHLSREE S
BFSE[]. K EFHEHE, 2011, 37(2): 14-18.

71 BREE, NAE. MRBR R AT I RERS
D EBFSEI]. 2014, 40(1): 18-24.

(8] K& H. B EAMAM RS A S HLM]. b3 BB Tk
Hi RRAE, 2005.

[9] BELYAEV E N, CHVANOV V K, CHERVAKOV V V.
The outflow of a two-phase gas-liquid mixture from the
mixing head of a gas generator when starting a liquid-
propellant rocket engine [J]. High Temperature, 2005, 43
(3): 446-451.

(4R%8: PRaMm)



