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SIMULATION OF 3-D TURBULENT FLOW
IN PASSAGES OF FINOCYL GRAIN

Liu Yu He Hongging Wu Xinping Cai Timin

(College of Astronautics, Nomhwesterm Polytechnical University, Xi'an, 710072)

Abstract: SIMPLE mothod is opplied to finish 3-D flow simulation in chamber
of SPRM. The considered physical factors are as follows: finocyl grain, 3-D mass
addition and incompressible turbulent flow, moving boundaries of propellant buring
surfaces, heat radiation of gas,and so on. Equations are: 3-D continuity , momentum
and energy equations, %-¢ equations of trubulent model, 3-D flux equations of heat
radiation, and so on. In order to treat moving boundaries of burning surfaces, the
tracking technique with marked grid is proposed.

The studied results indicate: 1) The distribution of 3-D flow parameters in the

passages of finocyl grain of SPRM can be obtained by coupled solution for afore-
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mentioned equations. 2) Using the tracking technique with marked grid, automatic
judgement and treatment can be realized by computer, and the problem of the com-
plex 3-D burning boundaries moving may be solved better. 3) The geometry match
bétween fin-canals and main passage, and intense degree of propellant mass addition
will intensely influence the parameter distribution of flow field, even returning flow
and eddy will occur. This 3-D flow field will lead to 3-D erosion combustion. How-
ever, no unchanged flow rule may be followed. Therefore, for concrete geometry
disign and burning rate, the particular calculation must be carried out, and the par-
ticular flow field can then be obtained. 4) In certain condition, near down stream
of 3-D fin-canals mass-addition flow, the obvious circumferential eddy flow can be
caused. When the fin-canals are designed at tail of combustion chamber, the 3-D
flow condition will produce 3-D influence for flow, combustion and ablation of the
back and throat of submerged nozzle.

Keywords: Solid propellant rocket eggine, Nozzle gas flow, Three dlmensloual
flow, Simulation

(i

1 5

Bl X W RVMRRZPHWERLENF ST BRE S, STHEERE, BERS, ¥
FHE. EXHAARRBKRTUE—ERE LBRIK. Hal, SEANRITAZR=4
B, ZRRFHHHIEREE. BEXTHRQOBRERISR . (Salvetat § i Spalding SFH)
HRBEFINERREEGEHAEAREN=ZEERAZ.) AW, LTAHFRNEEE: B
TURAMBRELEFAR, XR—EM _ERDTHMADIN; 7T 0EARERH R SVERE
B RO AMENZRADTHFREADSHE; FREREHR, Bmmee. k%

ASGHEAT T M RO RS PR, FEEuyBEE. FENFBHE RN
BT .

2 MRRHEHTTE

SHEEARBEREERRZPRER N

a 1-d d a

= 126er,® + 2or, L B 4 Zar, L B4 5,4 5., 1

ﬁ*?%ﬁﬁ%ﬁmﬁﬁpﬂh¢mﬁﬁ§ﬁ~$&Sm%%ﬁ%ﬁ&ﬁﬁﬁﬁFE%ﬁﬁo
BEEHOEGEEXUBER. B, o=ntm, s s 1 FHIER. WK, BREE: @
r REHFIABRE, B r=ap".



12 B OH OB R ' 1994 4F

FERFTER SR .
(1) BEBREEFARAEHR, divv=0,
(2) XHZS), WHSHUEANETHE, RBFBEHARE.

REITEY p= /(3 THTRT]

AP RAEBRASEKE M, AR jRTFHID TR, m=¢/p HARN j AR K.
58

Z=h-%—(Vi+VE+V5)
Hoh g T MBS SRR R R TR, T
h =C,T + m,H,
K e, HIRGEF TR M, Hu WS, T
C, = Zm;-C,,j

3 WA

KA k- BRAY

d 1 3 1 2 d ok
a—r(pVIk) + o ;(rpV,k) + - E(onk) - a_r(Ft.e P

_ 13, %

13, %k, ..
r o .t;)_?E(Pi.cg)__Gk PE

2 1 10 e _ 2 & _ 12 . &
a_r('OV’E) + - é_—(T‘PV,E) + ™ aQ(PV"E) ar(rt.e 3.1') - a,-(rp‘f &')

(T.. %) — (C,G, — C,pe)e/k

Kl

_ 1
"

2, i 1L 3 BE A B

¥y V v v,

W: Wr aVl? 1 aVr V&
+(3j+§;)2+(¥+?¥—7)2}

(2

3

(4)

(5

(6)

P

i I F L5538 kFle E@ﬁﬁi&iﬁ%ﬁ& r.= #c/ak.e’r‘t.c = 1,/0,.,+0,, A ae.eﬁ}%ljﬁ

T1.5

kil e B9 2 Schmit ¥, AR », = Cpok?/e, Bkt 1, =C, m’ Cpy Cyy G,

3.
4 RIPGEEHEREA

A

[ K 7 R SR PR P i W FR R IR 3% 3500K, LA L EAR BT BT HERA



% 6 4 FAERY25AE P9 =4 i 0 0 B 17 L 13

SERERREAGEHRR. ACRAZE NER” HA,
w1, J, K, Ly My NRRIRR 7y z, O BIREAREAN T ARG ER. FAHXNE
BEBYTUBEHANMED KR, BEX R, R.A R =ZAHGHEMNER.

Rr=%(I+J), RI=%(K+L), Ra=é~(M+N) (8)

B UL =TAFHEN R E RS TR

d 1 dR, ' \ S
(Tr(a-I-S—_dx) =— [a(R, — E) —i—?(ZR,— R, — Ry ]
d 1 dR, S
a+s+ -
1d 1 1dR,, B S .
- (ﬁ(a 5 dﬁ) =— [a(Ry — E) + 3 (2Rs — R, — R)]

ARF a, S 3 HARSHREAEG ZE, E=0T, HRBI&$ESH 11, 0 Jy Stefan-Boltzman # ¥
—H R,, R fl R HitH ik, ﬁﬂ&‘f‘iﬁﬁﬂﬂﬁﬁtﬂﬁrﬁ]\ A R RGE R

e _ 7 __ _2 dr,
Q=K-L= a—+ S dx

2 dR
Q =I—J= .
“r 1 dr ; (10)
A a2 1dR,
Q=M—-N="—""5""15

WA ERTBRAEL R, R, RaEFFPHATESHBHTBHHOWILLE 2 RS, &
HREBEHAEFHNBEET HE e, SSHEFBEZEHRE.
WEHE B LR BT TR B TRA S

(S;)'ﬂ = Za(RI—{-R,—I—Rg— 3E) (11)

5 Bl F 6 MR

T FENE v S e b TR LIRSS R T 0 TR Sh A0 T, o T A\ 25 R 0 LT
o, RREERMREEHEEN, SESEARINZENSERRE, KR AR
BURE . |

WEMERERA, EABEMTENANY, BEAR, RiEH, REETHRE, %5
LA SN R R IR A PR A NP R R B AR0E . B0 B T AL 8 S S5 o R AR A
P SR E AP R B B % B HERE B, REBHHE Wi A2E —mRANBE
BE. WP 1 BTR, FE—RIR A B AR SR RS A ARG AR S T R S A B S AT



14 " S 2 N 1994 4

BB M ABERE . ELHBAHRE, SRR RSN 3E #H AL E T L

E. U ERGCERE=4E. Hit, =875 HHP, m*%ﬁﬁﬁFimm%ﬁﬁﬂ

2y ] A LA i# 2 AR TE P R R B B AR M) 3tk 75 3 (8] e o
KTIRCPBERERARKFERRA, R [2].

6 HFMYIUG KA

WFFEREZR, BREORH, FREFHHEA, MK, FTmLH.

(1) BRKHF %

SR RPERE, TARE, MHKTFE, #HO0FaREE.

(2) EABIEFBHNR KN

—MBGEXLAARENATEIENSEME. KM, ERBEHAKREFBZEH, IR
A S/BRERNAFEIRE, MELFSANREENEBSRFEIZE.

3) SHBEHHRFZH

— R ER S B RENESFTREABAT, AN ELFMBXEEREHETHE
., RESFOR XA TELFERABEERLE,

Woh, BEEXMHKFEBHLFZE, ERFBAZE, Ewﬁﬁmﬁ%#

(4) BRFAEHFERLE

%IRRT E AR S IEM NN R A & B, — TR R HETI R AL A
XEAKRMEBIE, HXEARET, WMERFHEBHITLE,

(5) T BE Jind L B4 BE T R 2K

TR AL, FRBEZRAR ke FED,

(6) WML E

AT —E 2R ERERT R8T, MBE-FHNHRELRFRLZEEE.

7 BOIKER

AXHBFLLMH =4 /KR RERGERERB AN THHEAEE, it
RS, REAT=4£FZEREAMRFANITEHE.

Bk ok #F R SR R = AR R AR L EmE 2 iR, HEEER, —FEREL,
— PR, PR EBI N XN, XNy=IXJXK=20X12X9,

WA HERME 3~9 Fin. BItHERGSHTTA.

(D ZHBHAGERBEZ PRI EEH BN =8, NI =4 =R, &
BB W35 0 = 44 .

(2) RS EEEQILMCRUEMER RSB ERNEMAZNSES T, BERRE
IR 191 i B FBE 1R



% 6 3 B 2G4 P = 48 i 0L 380 30 15 L _ 15

Q) EZ4EREHENTH, TRIHAABHEREZS) . YRMOHALTREAOR
PR, FIEERXTEBABE B RN NRRE. MENREME=EEM.

1 - 20

R L T T T

(k=3)
A3 HExEA

[
N

M4 EE W @ M5 EE (o)



16 # OoH# ® R 1994 4

94 |-

12 12

N

o

/ :

—1.0 0 1.0m/s

I

L |
a~
[
~

e HE (w) B M7 ERE

k=1

e e T T pm———

— o —— . — .

<
2D 5?&4
)

A8 i shAEE Mo MHBBITHEHSR

£ % X ™

(1)  Salvetat B. Analysis of Gas Flow in Three Dimensional Solid Propellant Grains. AIAA 84-1357

(2 XIF%¥. ZHERRBIAFITERBEREEAR . #EHEBAR, 1993 (1)
(3) Lockwood F C, Spalding D B. Prediction of a Turbulent Duck Flow with Significant Radiation. Proc

Thermodynamics Colloquium, 1971
(MARLTF)



%6 RERGEN="S#RRAHHE 17
A
MEk F42 (1) PREHEZKX
vk @ ry B Se Skp
Eg 1 0 o 0 S*.m
3 Xy 13 %,
L= )+ Guz)
ﬂllﬁﬁ]l Vg He P Sk.r
_ MR SE RPN
r & ‘Hear
_9, 9 %, 19 %,
- 3r+ar (”‘a-)+rar (rp,ar) i
Ll L H. P k,r
+12 g By 0 e A2 v,
r a8 Vo r r &
19,09 HPey 19 1 %
B _r&?+ar(r$)+r8r£r"'(ra9
FAmEzhE Ug K. p Sk.o
T
+2u, ]+ STy
MK | A = p | Gi—pe 0
RAME | e L | p | CGi—Cwper ek 0
0 AEEESH
7 4 3 £ P St
%) 2a (R.+R.,+Rs—3E) HBHEs
Mﬁmﬁ miy :T‘ o Riu 0
H
HESH f o e |0 0
1 ad r dR,;
) — Iy GIs5) +7 7 G5
xﬁﬁlﬂﬂ? R, G+S 0 s Sk.ﬂ
— [a (R—E) +-5 @R~R—R0)]
1 “a (a+sila£r) =3 +51+—f$)
rHEEE | R 1 0 r Sk.k
a+S+-—- s
— [a (R—E) +73 (2R,—R:~Ry)]
a 1 3Rs 2 r BRg -
) “% Gsa T G o e R
0 FasEet Re parary 0 s Sk
+3 (2R—~R,~R)]




