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The present study addressed the effects of post thickness, momentum flux ratio and fuel characteristics on a high-pressure

combustion flow field of a rocket injector. A 2-D model with a splitter plate, which represents a post configuration of

rocket engines, is adapted. The compressible Navier-Stokes equations are solved with a detailed chemical kinetics

mechanism in a manner of direct numerical simulations. A main difference caused by post thickness on the combustion

flow fields appears in the temperature distribution in the recirculation near the post. The temperature distribution is

determined with the amount of inflowing high-temperature combustion gas and unburned H> gas. The effect of the
momentum flux ratio clearly appears in the case of thicker post configuration, while in the case of thinner post
configuration no major differences are identified for all the momentum flux ratio. A comparison study between H> and

CHs indicated that there exist little differences between the two cases on the combustion flow field. Similar tendencies
against the momentum flux ratio are observed in the present condition.

1. R

AH, afy hmU USRS D REIEMEREHT ARIANES O
HM60, A—RAT % VDAL P, LET 2PVl
SO AMEAENTNS, TP P ClIIES ER T
PECKROMILTH DRRIETDIR SND.  KREEIAZED
KRDIEIN Y RLKK DL L TRE L BE X, Ktk
HERFT D720 DRKEE L LCOREIZE S, ok, ary
r= DU OERICHTZY, LE LTZKRDIERR, HERFDT=DIZ
VK IFEROERR) WA R R TH 5.

TIVE CIORBEEN ORI E L BR T 57-012, a7y M
B LTk smRoA 2 v & WSS < IThh T &
72[1-3]. oL, IR SN AER 23X Y 2
— MU A R CTH DI OKRRIS MBI 5 2 L BREET
B, Tz, BEENTNCET B KKOBRKRFICOBIELETE 5
{LFFEDHFNZ L 0 BBEE ORI 73 L2 D, —F, BdE
RO T, T ZEUETRRIEBOBREE TS 2T
DOHIFEI TN TS, Matsuyama &[4 X FHFAEMEEH SRR 5
LOX/GHz KNV TERMEFDURF TR AAT 5 T & TREHE
1 & KROEIHEREZ B ST LTz, 512 Mari 5[5]i% DNS
(Direct Numerical Simulation) % iV % Z & © LOX/GHz k#i2>
WT, BB (LA Z IR T AR A M & Db KIAEI -2
DEABIZOVWTIRE L. BRSSOV E &1, kRE
BFUCIT DR ERPIER L, BBEIMEES D Z EDH B
Lipolz. —JFTAZ LV EHAVZA, Zong H[6]1%, LOX/GCHa
KHPNZAUNT LOX/GH, k% & D AT~ 72, fR & L TBREHE
AR I DHEEAERE OB D, KEEERDO RGBSR D
ZENHLMNE T, TGOS E X 29 2T, Wt
DR%EE T A—2 Tk U TRBEENITIERL SV kel & it
BOFE IR DRI B NEE L S5,

AWFIETIL, VEFERORA SRR S D3t & ket
OV TEIERIT AT T 5. ZDE X, R MG LE
BEIEASE, S OITEHEARIZE B Lz, RA MESIEFig 11
TRT LD INTEREIIR AT A—FD | D THY, BREERNIE, %
WZKRDEEV A 5.2 B[2]. —F77C, TEBE a3
FNZHONT O NRT A= THD. ZNHDZ L uEx, &

INTKFEELE V- & &, 3 FREEORA M &2 U200
T, MR AL ST 3 &, B9 oW T A
1Tolz. WRIT, KFEAZ OB LT, iEEEfRt A4
(LSBT OWTIT ATV, FERORAITS . FTcH
720, FEREREE I TRA KRR S D 70 EHHE R
BEIRANEIERL SN D728, 2 ot ~ET /U LTRBEEEICK L
TREMM LSO EEERE 2 V- DNS 217572,

2. HEFEFE
2.1 XEAHER

ABFFE TSI REAL LT, R EE R, ==
NI, ALFREOE RSN, ROBI e/ KR e
A5,

ap
9. v. - 1
TV (W =0 @
]
(§:)+V-(pu®u+pé‘—t) =0 @
oE
E+I7-[(E+p)u—r-u+q]=0 ©)]
a(pY.
—%%Q+V-@nu—pmvn)=ws @
5y,
- Is
p—pR;MST ©)

T, plIEE, wiTEEAY ML, pldES, SIXHATT VL,
TITHEMRSAT > Vb, E 13T FVF— g 1(ZEGRIEA Y T e
PR LF—ThH 5. Vs Dy dIETNEIULTHE s OB &S
BB, FOGETHS. DI RIT T A, TIHRE,
MR s OF/VEERETT. IRAT s 1100 N ETOHT
TNIFBET DRI Th 5.

FEHEIE 17 2 A IRR D X D ICRBLENS.

r=u&$—§w-ma ©)

Z 2 CUIHBEERORMRE, SITHFROTHREET L Th 5.
EBIL, RS Mgk X HrickEns.

Copyright © 2018 by JSFM



N
q=—-kVT —p ) hsDSVY; )

I I CrIHRBARDOMBEREFRK L, htHMEFRE s DT &)L E—
TFRT

RIS & T B - iR Y R 2 L— a3 ot
T BRRD 1 D& UTHiR L ALESTSORT A 7 — /L3 K &
SERDZENFETOND. —RANSULDRHR A —/ U
WS, R aX hOWREHL. TNERRT 57204 T
1% operator-splitting {27, 8] %A L 7=. Operator-splitting {213/ L%
I SR E EES TR THETH D, BRI, R EAE<
BRI 2 S S B 72545, DFE Doy = 005G AT 5.
—J7C, ARSI TR A Rk L —— S
F OB —ESRFTCEHT 2. AR THWZRICHERE, B
TOEHCERT D Z LN TED.

dy, .
s ®
N
dT .
pCy at == z €sWs ©)
s=1

T 2 Ce | ML FE s DWEIT1LF—, C I HEAXUADERHE
g AVFRUS MR BUTITZERo T B S D, 1 DOy
BIAT » 7 CEFHRLRICIW TRy O L ROt el s
RHITREHED D, T U CTHAFRACHERA AL, IROIRHHIA
7 v 7.

DEAHERM I I Navier-Stokes FREREME < BRIC—705
BEAEAWD. BUEMEROFEIZIE Harten-Lax-van Leer-Contact
(HLLC) AFx—A[9]& V. £72, EROZEMIFE 155729,
Monotone Upstream Centered Scheme for Conservation Law (MUSCL)
PNfiE % minmod Y X & & primitive variable interpolation & H:Z Fu»
72[10]. KEMEE, BMREIE, 36 KL OYRBERE 2 IRFPULZANT L~ T
FEEND. R 3 YA Total-Variation Diminishing
(TVD) Runge-Kutta I 11112 & > T T 5.

(LU OIRFRTFE /313 Extended Robustness-Enhanced Numerical
Algorithm (ERENA)[12] % IV TiTo7z. ERENA (3 BISORE
BRIl m S MEZRFS SR T 2 2 LN TE L5HEF
ETHD.

2.2 EtEEH

AMFZETIEELIIC R L TET U o Z & fE S 720 DNS 2
FHEEIToTNDT20, HEETENBO TSN HD L5,
DD, SBHE, BHOA—/S—a L Ea—2 AT 3K
LTRSS 2 LIINEETH D, F 2 TR o R MERDT-0,
ARFGE CIIBREERND ) AV EWEGRERETRY, 2 RoTZEf~ET
T %.

FENTCIE Fig. 1 W OR 7 TRV ERIZIR 2R & LT, &350y
DOHEE Table 1 |ITR@Y ThD. ZHODEITE &> MEFZE
THWON A IRINAMETH H[13, 14]. ABFZETIE, RA MEE
Z025mm, 05mm, £ LT 1lmm & LT3RIRAEL, BREEED
M ETET D, LK, BEOT-DFNEIDORA YA A2
VT P025, P05, Pl &3E50T 2. AT T, MERERPEEC TG
D J ZAPAZDNTIEIBE L TE 5T, 250 mmx12 mm OFERNE
SERERA SRS Lz,

% 32 AIBIERENFE L VRO L

A06-3
Chamber wall
€—Face plate
Fuel —»»
,,,,, Post”
O2 d1 [P |d2 |d3
T
Fuel —»
3
Fig.1 Schematic of an injector
Table 1 Dimensions for injector
mm
GOX internal diameter, d1 4
Fuel throat width, d2 05
Chamber wall height, d3 12
GOX post height, p 0.25,05,1.0
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Fig. 2 Computational grid near the post

Table 2 Number of the grid points in the combustion chamber

Coarse grid Base grid Fine grid

P025 660x566
P05 369x279 489x395 660x566
P1 660x733

Copyright © 2018 by JSFM



TRASIFZONT Table3 (R T. VR, OF IZOWTIIZENZEN
TREELE L REE & BALAIDIRAEE TH Y, LTOXNTERT 5.

UFyel
VR = —— 10
Uo, (10)
(puA)Fuel
O/F =———— 11
/F="Gutyo, X
22T AFSEN DICRT D Wi Ch 5.
Table 3 Inlet conditions
Case Voxidizer, M/S Viel, m/s J VR OF
P1
JO5 70 400 2.0 571 113
P025

W DSZMHT 20 MPa | ZEEE SV TR Y, MEREOIREIX 300K
Thd. Wi S DEESR & KEOYIHEE /7RI Table 3 123517 5
BEEENS 1/7 FHITHEZ b O%F WS, ERANRA T A Rl T
JESIDAEDRBEEPNER DM L~ TOMF SN, SR OVERESS%E
VIS CRERESND. 20728, AT BMEROBEHIE
T8, BEREIT TELIELTNATD, AV ORI 58
IAMTFHEACZ 5. E7z, Table 3 123V TRREL & BR(LAID
YEBERGIREL & IS LT R 14] 12 & A TR U
ERDN, BRI L REIOIRA I TH D OF 132 IRTiIRDT-
KRELS BB EIRD. ZOT-0, FRNIKFEOES %2 KE L
L TRAOEA IR & — B ST ST 21T o 7. Figk &
LT, AWFFETIER T DS B, BRI T, [RkkD
REEFAEDIERR ST 728, AGRSCOFERICIT 2 OF Dk
IhaneEz s

PRBESR T2 LT 2.0 MPa OSEE ) 244 5 MERUREE R
St LT-[15,16]. £7-, Fig 1 TR X O RMERAY 0 &~
= — AT L— R, WONTPRBEERRE Ik U CHrEEMEE L v8 0 7o LS
EIGE L TWA. PRBESPNIT AR A Tl SAL TS &K
FELT. UL, FHE o ZNAE—R—EDSIETT, 300K D
fise & ARFE L Emt & Uiz & & OpIFONTIREE &2 vz,
ZoL X, HEICIEINASA-CEA ZAWE[17]. 2 ONHH AR
BRI THI 3800K T 5728, PREESEPITHN LTk &7k
FaABRESED. FHRIEEL T, Courant-Friedrichs-Lewy(CFL)ZH:
7208 &L, ZAUTKI2x10° BOYEMRICHS T 5. AT
13 HyO2 IZDWT DT EAT OB, RUCHEEI S 8 2 34 KU 18],
—J5C CHJ/O, DJUGHERET KUCRS[I9IZ & » TRYES -4
DRG JE[2001Z & 0 fE{ b & 7= 30 F 150 S R S 5.

3. FERREER

3.1 KRR FEEOENZ & BRBERNADEE
A FEEERBERNIFIZONT

BONC, WEMEEHIEE 2, AR MEE P05 1T BIEEEA
BERAUG% Fig. 31 ORT. KT, 7 2—A7 L— " Bi&fiaa
ISR 2em £ TOFZ R LTS, &5I, g oELNk
PREERRPE ORREERN B OAN % Fig 4 (R BLA] & REH
DRSNS &, RA MFRITERSND IR /NS 70f
PEEREIAERL S, SN CIRG K ORIEN A D, RA MY
BCRREITERR SN D LIRBEREE L FOMITER SN D KE R
Wi HE] Y O FEERAERIC, PREEARRH A & AMROKFEHERY A F
5. ZD L ELBEOARPKENI IAEINTND Z L3 Fig.3 D
FNR UTRR OB RS DMERT HZENTE D, £
D72, FEERER Tl RR ORI S D, 2
NOHOBBETRNSORIE, oRA ME S THRBHCHEE TS

FIR2EFERAAFEL VRO L
A06-3
T EINTET.

Fig. 3 Comparison of instantaneous combustion flow fields
Left: temperature, right: mass fraction of Ha
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Fig.4 Schematic of the combustion flow fields
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Fig. 5 Comparison of mean temperature distributions and HRR in a small region behind the post in the case of J2
Left: Temperature, right: HRR [mJ/(cm2*sec)]
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Fig. 6 Comparison of mean temperature profiles in the y-direction
atx=0.025 cm
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Table 4 Inlet conditions
Case Voxidizer, /S Viel, m/s J VR OF
2 70 20 571 113
J1 100 400 1.0 4.00 16.3
JO5 140 05 286 22.8
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Fig. 8 Comparison of mean temperature distributions and HRR in a small region behind the post in the case of P1
Left: temperature, right: HRR [mJ/(cm2*sec)]
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Fig. 9 Comparison of mean temperature profiles in the y-direction
atx=0.025 cm
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Fig. 10 Comparison of mass fraction of H2
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Table 5 Hydrogen inlet conditions

Case  Voxidier, MVS Viel, m/s J VR OF
J14 83 14 4.82 135

J1 100 400 10 400 16.3
Jo6 124 0.6 323 202

Table 6 Methane inlet conditions

Case  Voxidier, M/S Viwel, m/s J VR O/F
J14 100 14 170 459
J10 120 170 10 142 551
Jo6 150 0.6 113 6.89
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Fig. 11 Comparison of mean temperature distributions and HRR in a small region behind the post in the case of P025
Left: temperature, right: HRR [mJ/(cm2*sec)]
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Fig. 12 Comparison of mean temperature profiles in the y-
direction at x =0.025 cm
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Fig. 13 Comparison of mean temperature distributions in a small region behind the post in the case of P05
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Fig. 14 Comparison of mean temperature profiles in the y-direction
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