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CFD investigation of combustion instabilities in a high-pressure methane-fueled rocket combustor
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Abstract
Combustion instabilities in rocket engines arise from the coupling between pressure fluctuations and fluctuations in
exothermic heat release, posing serious structural risks. To investigate the dependence of combustion instabilities on fuel
type, we conducted high-pressure H./O, and CH4/O, combustion simulations in a rocket-type combustor using compressible
CFD with detailed reaction mechanisms. The results reveal that H,/O, combustion instabilities intensify at low mixture or
velocity ratios, whereas CHJ/O, instabilities become more pronounced at low mixture ratios or high velocity ratios,
exhibiting opposite trends with respect to the velocity ratio. For H,/O, combustion, the Local Rayleigh Index analyses and
H, density maps indicate that upstream unburned fuel residuals trigger instability amplification, thereby generating strong
pressure oscillations. A similar mechanism is expected to operate in CH4/O, combustion. The opposite trends in velocity-
ratio dependence observed between H, and CH, are attributed to differences in flame extinction characteristics under stretch.
In CH4/O, combustion, high velocity ratios lead to the formation of lifted flames near the injector, which enhances premixed

combustion and results in strong pressure oscillations.
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P11 iR KRS KE T 2 I RARHT#E SR

4. FLd

ARBFFE T, FEMBUCHERE 2 O 72 JEREPE 2700
BAEFRHTIZ L0, Hol 0233 K ONCHA/O, T Dk B % Lhi
LS, BEA 7y b= P OBRERTENC S
ZHEBOENIOWTHELIT- 7.

RAWWROEEIZE B LIEEESM T Coff
B LY, HoOEAIFRAHA/NEWIEE D LI
L L AN /N SUVME ERBEIREN S AE LT D
EWVWIRERNELN, v v BT OREER RO
MENERTEOLN TV DI RLEEREMRONME &
BBeha—H L. —F TCHsTiX, {RALD/NE
VME CIRBEIREh N 3 E L9 < A D EIANIEH & R
CTHhotebOo, HEWIZERT DL, #HELN
RKEWIEERBERINEELLT 2D LV I H,
EIXEMOEmN R b,

LRUC R DFHTIC LV, Hols KUCH E B 6 DA
THRRBES LU CRRBEIREI AR A L TV &
IRERNE LN, ZO/RRE D LT, Bbeds Bt
ISR DHBE AT Uiz, R, BEEIRE %
ELRLT LK AR5 THIRALDNIVIZEDL
L < ITEE 2 /N SV CRBEZRPIICH 2 EE(E L
TWAZEWRENTZ. ZORERMFELT-HUT & B FEE
PR LD RBEIREIN B AE LT LB X DL, CHy
CBWCHRAKTHDI EEZXLND.

Bet2lo, WEEIC X D RBEIR B IS A 1 0O &
AT A 7= 12, Flame Index% W= fRAT 24T - 7=
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FER, BEITIETIRGRBED A TH D DI L,
CH, D E L O BB D BT IR A BREE R ZELAYIC
o TNDZ EAHB Lz, ZIEBRRHEE S O
EIZED, BEENY KROBITEIR T 2 KR
AROERR - BERKBFERTHDL B2 HND. K%
DOFZF ERVICEA LT, RARRICHT 5 IHKM
B LD, CHO M EICR L THE LT WD
EDHERINTWS, ULEDEEBIZED, CHOE
ATEHEEERRE VT ERERBINEE LT
{7eplEZBNS.
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