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Method to enhance combustion stability margin

of high thrust rocket engine
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Abstract;: To overcome the high-frequency combustion instability of spontanecous excitation of
high thrust liquid rocket engines (LRE), the main factors (including acoustic frequency of combustor,
structural parameters of combustor and geometric structure of coaxial injector) which affect the
combustion stability margin of high thrust LOX-kerosene rocket engine are summarized and analyzed.
The results show that the propellant combustion area and combustor convergence section close to the
injector have great effects on the acoustic inherent frequency of the combustion chamber, the
relatively perfect combustion stability can be got when the combustion chamber length is 0.205 times
longer than the combustion chamber diameter or is odd number of 0.205, and the maximum
oscillation energy can be obtained when the length of the gas-liquid coaxial injector is 0.5 times the

first-order tangential oscillation frequency. A combustor design method to enhance combustion
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stability margin and avoid high-frequency combustion instability is proposed to provide a reference

for the engineering design of LRE.

Keywords: liquid rocket engine; high-frequency combustion instability; combustion stability
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Fig. 1 Amplitude frequency characteristic of

combustion transverse oscillation
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combustion stability margin

32 AR BRI EE AR

Sk (8] B TR BRSNS E
PRI, SCESRAT 2 MRRE, HERO.) 5
H 196 mm F1 ¢280 mm, W HZ ¢ 12 mm,

0.75r
Instability region
. —-a—D=F280 mm
0.50-\ \  ~*"D=F19 mm
o l\. / \\
0' 25 B \\'M w
-/S/t.ability region
0. 00 . . - )
0. 00 0.25 0. 50 0.75 1. 00
1/4

B6 ARSHEERSDHBEMEXNKET,
= H AR E SR ERZm
Fig. 6 Effects of combustion chamber diameter on
combustion stability margin in different injector

gas Mach number and relative length

Elo 4 T HBIMSLRER . TR X T

BRpeE - R A, MUY ALK L ~0.01,
0.5 A1 1 B A5 AR X Jo i MR R AR E R R, 1

1=0.25, 0.75 BHRGE R ErE R s, BiMEA SR
Xif PR B R S T G 5% W) AS BB A e = B AR AR AL T B
A5 BRESTE HARHINT /NG, BRBeRa e AR A
STEE, SCHk [8] AT TiX 2 MR E KA

S EARN SR AR R, SR E
B, StFARIBEZEMREEE, A ERESER
W A URIIEAE AT B = R BE R e AR s T
PRSI v=25 m/s Bf, XFF D= & 196 mm FIALE
%z, BEABEEERLRN 612 mm; D.=280 mm K
e, mESWEEEAN 630 mm, Fi,
RS HE - ERRET, MiZRERITER/NE
BHREEE

4 it

EEXG RS BORHE )RR KT R B A KB
e SRR AR TR B B R KR, BEE M T
B R KA R KT R SRR B AR
MEE, FTEARREREFEIE, RPN
FEHE LS540 . 76 RHE IR K FT R BhPLBE T
IR, AR R SVURER E R, R REH
A IR P AR E P BOR XU, BRBRAS 2 1
BRI LR T I5:

1) HEFITREZIPUREEE RS SRR
EHEEN. REESRITRAZE ALK,
RS R R BE T R AL T B LE

2) KHES WA KT R SR ) 3l U
WA . TS T B A RO B 0.5 I BABE % B4R
Feka g MR BEAR X B

3) BREEE HARE/INT SRR AR E AR X
B, BETE RSB/ N E HR . TR
WEHZ D RENBRT, MEEREHLEX
ZR: L=0.205D.q, q=1,3,5""

H T A4 K B & Sh LR SR N AR M L
LI R 2, SRS . TSR
WHUS, TE RN RGN E ) B
MLEE, &R E Bt e Tk SR,
PEAT L T TR I8 U BRI RRE M 300 57 AR
PR e R o

SE N

[1] VIGOR Y, WILLIAM E A. Liquid rocket engine com-
bus tion instability [M]. Washington: The American

Institute of Aeronautics and Astronautics, 1995.



$40% S5

Zh K, F: R IREEN K F R SR BRI O 5 13

[2] HATA30H M C. Heycroiuusocts Topenus [M]. MO-
CKBA: [s.n.], 1986.

(3] et WA / EMFMRIEIR K FT & ShHL A ST
[D]. Pae: WL/ KRB S18H3T R, 2003.

[4] BRE%E, BFR, BRIE, % SO B R o e g g
ISR BT (J]. K BTHEE, 2011, 27(4): 1-7.

[5] TR, BREE4E, FISL#, % #MRIESF K EF 2 SPL K
Rl B 75 22 Re e BT [0]. KT HERE, 2004, 30 (6):
5-10.

[6) ZHK, BRER%E, KSRIE, . WA / EMS K IF R E R
BL 2B P 2E B S R (I]. K EFHEHE, 2006, 32(2):
1-5.

[7] MAJTMHU B U. Bausiaue KOHCTPYKTHBHBIX MTapaMeTPOB
dopcyHouoit TrOMOBKM MOLENBHON KaMephl CrOpaHHA
XP]] na BO36y)XHeHHe B Heil MOHEPEYHBIX KOAeGaHMI
raza[]]. [IMT®, 1993 (6): 48-57.

(8] MAJIMHHH B M. B3anMOCBs3b aKyCTHYECKMX CBOMCTB-
¢dopcynodoit romoBkH M Kamepsl cropanua JKPI ¢

BO36Y>KIalOMINMHUCS TIONEPEYHbIMH KO/IEGaHUAMHU Tasa.
[IMT®, 1994 (2): 123-130.

[9] AJIMHU B 1. JimMna niiaMeH IpH OTCYTCTBUM W HATMHH
nonepeyHsIx konebanmit rasafJ]. U3B. PAH. Jnuepreruxa,

1998 (4): 159-167.

(%E: § &)

%%%%%%%%%%%%%%%%%%%%%M

(ERE7T])

BBE/F b SR TR - S AMR K BIPLIT 5
HAeGhR Rttt AMRRE AT HERHE
B, Ak, AXHEE A DRBCC HE, KK
H/H B K& & SPLAT RBCC A TR MER
mIARRE S, AR T RS —FEA R STE MR
RBCC A& 1EA 8N 1 R4, Wi HBEH AMAE
SeHAR K i Z SLsh  RGR R R

SHE M :

[1] KHIE, 2%, 8, %¥. XFRBCCHNRENEE
[7]. k&FHESE, 2013 39(1): 1-7.

(2] SIEBENHAAR A, BUIMAN M I. The strutjet engine: the
overlooked option for space launch, AIAA 95-3124 [R].
USA: AIAA, 1995.

[3] AH. KBRS LS (RBCC) 5| HEAR HE—
#Ee o D). W dEEEH MK ELEF

ALy, 2009.

(4] B, KA, TR, % B AR ATRH
AR, CATSH, 2012 (05): 78-84.

[5] HIRAIWA T. Recent progress in scramjet/combined cycle
engines at JAXA, Kakuda Space Propulsion Ceﬂter, AlAA
2006-555[R]. USA: AIAA, 2006.

[6] KOUICHIRO T, MUNEO I. Ram and ejector-jet mode ex-
periments of the combined cycle engine in Mach 4 flight
conditions, AIAA 2008-103[R]. USA: AIAA, 2008.

(7] BWEK. KHRAGTEF R BIVLE| SHES MR SED].
Kib: ERIRER AR K, 2010.

(8] E¥#E. RBCC M SE % Fe J 4 38 7 2 [D). PA%: 7Y
JE Tk R, 2006. 3

(9] B KETZEA BT (RBCC) L ML E4r DT BIBF
5¥[D]. P82 FadL Tl K2¥, 2005.

[10] FKEFR, E %, IKFEIE, . KEhEHSIEF SR

SGBIRS BRI Z 3 1 %¥2%3R, 2010 (02): 222-
225.

(%ig: THE)



