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THREE-DIMENSIONAL NUMERICAL SIMULATION
ON SPRAY COMBUSTION IN A
LOX-HYDROGEN ENGINE

Liu Weidong Wang Zhenguo Zhou Jin
(Dept. of Aerospace Technology. National Univ. of Defence Technology. Changsha, 410073)

Abstract: Three-dimensional Navier-Stokes equations and two-phase fluid model which con-
sidered the liquid propellant spray as continuous phase were employed to describe the gas/liquid
turbulent flow in the thrust chamber of liquid rocket engine. The mass transfer between the two
phases was calculated by the droplet evaporation model and the chemical reaction rate was given by
the Arrhenius model. The equations were solved using SIMPLER and IPSA algorithm with the de-
tail distribution of gas parameters obtained. The results show that the oxygen evaporates very fast
and the decisive factor of the combustion rate is the mixing process of the propellants. .

Subject terms: Hydrogen oxygen engine, Two phase combustion, Combustion chemical kinet-

ics, Combustion physics, Numerical simulation

1 9l

Il

AR LA e mR AR & e T RS 2 B AATE A, (H2 A K3l
BE 1) B BOR B SR v, IR R UG, A RS A e . WA AT SR T S A A BUE AR SR Y, AR
PLESEI AR, HEXH T ER, A A A KIS TE, KEEL T =45
B ERR, FEx RN TAE R BEAT 07 Jh 5, 8o 7 ik SRR B & B AT AT AT 4

Wk H I . 1998-02-28, 2RI H M. 1998-08-21, AR A E K HAR F# RS TEIIH ., %5 59406009



20 o3t R 1999 4E

2 RRRERL AR 1 A AR Y

2.1 UV RH IR B AR Y

TS AE VA H I N A2 PG N S S, RO RES, T E A T AR DL AR SN
BRIE 2 . A SO P LA B BB R i iR W A8 B3 A7y R SRR VBUAH < A D7 2 . SR B R AR 4%
iill 75 F 3w A =R

a J Jd | ¢ I
O% B rupudd) = |y P+ | ADy |+ Syt + Sup + S

XH ¢ = wivvivwihior Y Yoo koga pros T*Tk—l 2 AR, B3k 15 NEETT
FE . 77 FEHT PRI T2 ﬁ@@ﬁﬁﬁﬂﬁﬁ Je P I 5 BRI AR 8O0, Syes Soses Seosnd 5l
S ARURI, PIARAE R UL 2 e BEYR T, A, B — SR Bh R,

BEBRMAAT L, HEADESRM -8, FEAFE, SHAEREHRESTERM., &2
EEMZE, HEE h=cpT FReETFEKRMEE, WAL H=cpT+ W +o°+w?) THHE
FaE . BIOTETH R PR SN I i 2 ek A2 v, R AR B AT 8 AR T R AR, S T
- AL T e 2 5 A | R ol 0
2.2 RIE SRR

IS FH 0 e T 28 R BB T U B AR RO TR S VAL A SR T A R S 1 A o 2K
Ko RS IRUTFRIEAT A, WOR N B BOIRAS B AT, 0 52 R EE AT A i S 3 I I A0 ok % &

e N - 2rnoDr Nu),, 1 — BY, .

e P d}'"q [ s dp; er.(‘;

75 R EA | Y v - _tv__°

i AR AL de [ Amrio, 3o, dT dt J

N N d7, 1. 5ANuC T .. — T, AH

, A !E ; ‘—" . - — E . T

TR g, eyt F e =1  Acpn T (A= Deponpon

.d \ .
R, A4 AT == —L+P(1—%j,-—mimaﬁwA—n%%mymkﬂﬂa

Ov.e s 0e. 53 T 2T W 2 T 28 VR FE R IR B AR B BE 5 )0 ) 90 ) 8 VBT 288 SORN BA B8 AR 1) 28
JEHEINES s Ty T4 A0 . MARE, A 2SR SRR A ZRHHAER, b,
EmEFHLT, BEASAREFERERITBIE, BAEXH T R-K NS5 07, R4 m -
(VAT -1 2 A . R Antonine J7 2 T 58030 22 T 28 VR, 3 1T 45 3 W0 3K 1 28 VA
X 5 R
2.3 iR A

RBNHL N EB AT R 2L B T AR AS . BE B AR R T im i ke B, BIRUG RN .

2 2 0t B
3 (O + 3ok a}}( P J-+—(,k oe
500 + o) = | B E 40 £ G —o
dr;\ o. dr 5 2k
EEFI: 6719 Czs C',-n Ops O %ﬁ?ﬁi*ﬁﬁgﬁﬁa Gk %ﬁ?ﬁﬁ]ﬁﬁiﬁiuﬁo

2.4 ABRIR MR
He T Km0 I R A WA A 4, Spalding 2 T e B AE LAY (Eddy-Break-Up) , fi



#1M W/ S K R B LT 55 498 e I R = 4 B A A 21

R EBU 8 Ath V3 98 H i 0 08 o8 5 2 ) oF A 5K .R[u.I—IIiU:C'[-IISL-'Pg%E/k9 X, Cr B
¥, WH L Cr=0.35~0. 4, Khalil @i H5ARA, N1 07 AEF. g RROBH & 7 20
Bkah35 5l g=Yu7, HILMHE 7%, AR Magnusen $2 H B9 HE R BRI
Yoo Yu

B’'1+
H . Yoo Yooo Yo 2rAlRBEEE, EALH . B H i &%, B RIUFRN Y&, £58
AR J5E DX 35 AT 656 A7 AE Jins A0 VRS S R 2T i B O AN T 0 DX, A X 2 X3 2 S B A R D
e A2 BRI FE I e IR, BABRIE 4% Arrehnius 23 0THE .

¥ e E

-[efu..f\rr - (’:lp Y[llyuxexp( IQY‘J

aAEURBL, A Cy=2.4X10°, E/R=800, S&bridtF2 A B2 3% R 24 KU iy F 3t 4
I{fu = mln( |1€FL1.1‘:15U | ’ |1<f1|.;'\rr | )

(4}

g = min| Y,

2.5 UMHESHER
MR SCHR (6] AL S, KBRS HOHF, NIFSEERE, HAEmPERIRIF /Y,
(1) &, B KZEAR & € e # s Bl i A2 A X
C/R =a, +a 71T + a;T* + a,T° + a;T"
(2) WAV RE, 7R AR A

i oL 0.31518

or = 1.2 X 10T, (kg/m") s Q = 280-84 X | 1.0 — 7|
A TV NBRARRE, BRI A RE T.=154K,
3 BEHE T

3.1 iHE MR

RANPUIE R = 2 R A A, WEE WS B S sk BCR A T AR SN v, & Sh AL s 3 1 A &
TSR3 84 AN ) B B O UM, — AN UKAL, BANINE AL, BE R X 0N 1/4 MR E =
[, S TTM J5iEAE T4 1 b A e = S WG A R, B 9 il 1) 0 7 — Ji) L T2 Bl = 4 U 4k DX %
2 8 3 W THT PR A A8 S BRI B, XA AR S X IR AT I . = 4E A RN 60X 45 X 30,
3.2 7Bk

2 1) 5 FE ) B8 R SR A 7 v . R A SIMPLER 5 ik Ak B 42 i) 388 2 302 80U 15 31 AR %
TR

(J/kg + K)

a;-;?"f—; + fiu-'?”u-' + a,\'?”;\' + as?”s + an¢n + a!,¢1. + a'r?’"r + 5, + S¢
ap + ay + ay + as + ay + a;, + ar + ap

b, =
AP REOH R T .
ap = max(0,d, — a|m,|) + max(0, — m,) + max(0, — D,)
ay = max(0,d, — a|m,|) + max(0, + m,) + max(0, — D,)
ay = max(0,d, — a|m,|) + max(0, — m,) + max(0, — D,)

as = max(0.d, — a|m,|) + max(0, — m,) + max(0, — D,)



22 o3t R 1999 4E

ay = max(0.d, — a|m,|) + max(0, — m,) + max(0, — D,)
a, = max(0.d, — a|m,;|) + max(0, — m,;) + max(0, — D,)
ap = ap + ay +ax + as + ay + a, + ar + Sp

ri0i,Vol,

ot
A e REDKATIF R, ACHFRABEHKX, We=1/2, Xb g REY AL, m 2
H AL A RIER, D RMAY BRE,
3.3 PRI ANMEAL 5 kAT

THE R XA A SRR, SiE, REESCHEI, Sl L B A
W7 RE, AR T R E N, IR PR AL A BT Ik R

Sm.ss = (:PVW(VI’ - 95.“)

Ab: Cpy Ve REVENRE, ¢ RZBEMK QP LRIE, V2R EHAERER, IR0
M RSB R T E RELCps Ve, BE—EHCr G, MAWHREN— R
Vp =28,/CpV 4 + ¢

(.l;:‘ p—

THE R4S E L R A
ANO., a8 KE. RE., £E 0. u,=v,=0, w IV R EIERUR TS a R e
hEWENE. WE., ®ES R, w,=v,=0, w,=15m/s
s T BRI O B T, BT AR R R B A TR AR A A HE
BETH . 2690, TCBiE. LW BEEN, XA . A ZRENHEST %,

4 HEAH

TH AT B KT LI D E NIRRT W Ao S B fimnE 1~6 P, K
12 Y-Z Vil EE /154, B EIE I 3.9 MPa, {HAEBIWE LA /ML, 22
WS 0 LA B R SRR B 2 RANIE X-Y B RARER S A L B 3 R X-Z P B
AR E A, R R B O A BB WO R A AR R A, RIR A R MR

K 4 e | 7 B BOE X-Y oA, d IR, S e AR AR R B Xa A AU R 2 1, OF
EUHHR AR, B 5 RSB EWR AT, T A AR TIR SR E R, R
P B I R RN 0. 98, XM E A RAEF i, B 6 RA R B, i
AR R KAER R, 5B 4 M, ISRAPFANXBERRAKRGZ, XU R
WA E == N A o7 e NI RE R E ARSI R

5 45

I I A SO R/ R R BRI R A T E SR B HE g 3 S S B A BT R B LA e
AREEEERW, HEERER T REENRAERE, BE, A ES80mm &N
M, A EAERBIL, WEAEKIEFE D, 15 R N2 BRI R g i e &

(N5 28 1)



28 o R 1999 4E
25 T T T 20
£ 20 Zs /
E e
S 15; / 10
10

2
0.5 0.6 0.7 0.8 0.9 1.0 0.5 0.6 0.7 0.§ 0.4 Lou
/ms

Fig. 4 The visco-plastic zone versus time at the crack tip and the visco-plastic

region along the new surface of the growth crack
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