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Abstract Telan etry data of flight showed that there was a heat flux peak valie of SOKW /m” on the m idpoint of afi-dan e

of upper-stage during the later period of the stage separation of amultrstage rocket In order lo nvestigate the flow m echan isn

of the stage separation and the cause and effect of the heat flux coupled CFD and rigid body dynan ics smulation by m eans of

chin era/oversetm ethod is perfom ed 1o study the dynam ic and aerodynam ic characteristics of the later period of the stage sepa-

ration of amultistage rocket Both an axisymm etric case w ithout the third stage nozzle rotation and a three-dim ensional case

with the thind stage nozzle rtation have been studied The results show that flaw field of the axisymm etric case shows signifr

cant oscillation while stage separation of the three-d m ensional case is relatively snooth The reason for this difference is nves-

tigated The difference of themal effect on the aft-dane of the upper-stage between the two cases has also been studied

K ey words

1 5 §

2 PR R 73 BB KAR AT 73 v 3 185 T A
IR I R RE T — B JRIBREE R
WO, Ja 3 R T (a0 — 2% ) [ i 20 2 LA P I O
—E L, AR5 R B LI (W =2 ) B KT A B,
TERR SRR IR F P R4k ey

M T S50 AN R AT S 56 WF T KT 4 18] 73 128 11 B

* WS HER: 2009-03-09 11T HHEA: 2009-09-22.
EE&WB: EXRALFFEIES (90505005) .
fEE@: mrE (1975—),

M ultrstage rocket Stage separation Chinera/oversetmethod Numerical smulation

P B R FE A K i I (R A2 9, HLRT3RAS /O 45
RECBA MR NIRANZ I TH IR, ILER AT
(6] 70 14 il AL EAT T AR 2 BE AT 7. ol T 2l o
RIS 2 3 23 SR AL 51y A B 9 % 22 T F AR
B3, UK T I 0] RS 735 ) U AR 0 ) B
2, SRR LU 2%, G EAE P KAt S 5. AT
I 2 R B, R AN 5 1 2 2 T8) B AH X 32 B0 A
T — A T ST 2R ) 7 e i R ep —

B, A, WER AR 1% . Email gaoh03@ mails. tsinghua. edu. en



130 o o AR

20104

LRI 2 (35 AT B AR A B Sy i a Y
S — AR v 5T UM E R A L. Rk T3 1%
PiE, BIR| A S 5658 52 BE A0 s 7 S 2k w2 1)
(M E IR o I Rk K B A Zh AR B
R Rl R R BT R, o 2 18] 43 25 3 F2 A0 S SR A
g AT ANERA . 20 XK B A R 2 D 20 1) 43 25 4SS 40
UL TR F B, X EEAFEM SRR ANE
PR FEAR o XS AR T 4 AR 25 5 36 Bl Y A 1) 28 i W
ARG, 3 R A 5T R PR BN B AE FH, X ) A% AR T
FEACR A0 b 45 7 LU 8 52 2% /Y 2] 73 3 AN K
EA. MEZ NP AR I #—%%, W ang
FHIX b T3 50 K s 4[] 3 2 0 B 3 AT T B AR
O, EE R AU A b A T S 0 T AR
Jile— 5 B 0 DL B T SR AR Ak, 3K T L RE O
K E TSGR, AR TH 5 G% 8] 43 O T TR A8
/D ZE W4 Chiera/Overset /7 2 HUAX. 2007 &
Zhang Fll. Zhao P FH % J5 i 06 44 18] 73 1 i R kAT 1
AR

AR Chinera/Overset /7122, LA 2 Al Wi 44
B 1A TSR 7 O B K T = R Ay
IR 0 5 SR BO#EAT 1 BB, R I8 = J KK
HHLJA BN Z 5 53 B I R B~ R L #h A7 A 2 A ME AL
BNHLEL .

2 YIEREFIE G E

T KT e AR S e, 9% 8] B D) T 45
I 1R, 2 BRI AR B 3k B ik
(Fiimge )wilsh, 5 =9 (g ) Kaiiior 2 -
H TR BE RS, SR JG =R BIHLIT U6 J5 3h, W e
P v i ey AR o 4 K i B T Sk b AR A
PRARAR L oy 1 o Vo oy LR BT YIR B BT A
P AAS S 0] 2 18] 3 2 A8 Ak LE B8 2 1 74 73 1 3o
PRI )5 0T Bk AT Wt 9, RIWE R =R 3 2 )5
HIdEsh Aoy i A

Shell

/ Aft-dome of =,

Shell

// upper-stage Forward

v
. OWer-s

- . Nozzle of —

upper-stage

Fig.1 Scheanatic diagran of stage separation part

21 shhERRE

IR RTINSO i S T N AR S W I NS
Fb, KT D o &5 W R AR, BT DABUE X B
(1) A8 2 K 0 o o e sh AR e WA S ok, AN LE
2 KT I S5 R AR T, B T b R S K AR WA Ak
o DRI, ZRia) oy B AR v 9 G AR )i Bl el WA S
B BB )5 T R A

dv

F:mE

Mz(_lh+(JJX
di

A F ORI BT 52 21 198 77 HE 755 2% Fh 0 2%
HEAL, M ORI fi sz 30 BRI 570 2 2% /i)
FER A, m WA R, o WA T O A F 22 5
h = To NN fahE, o RIS T O 1)
£, TANIAAE RS 5T 0 B % 1 ok i
2 2 REREEIEHIGIE

AR Favee FITEHE S B &= M AE & T
FERAIR T, AR ET R R IE N

(1)

P, _0 _

ata Ul=0

0 2 _ @, o

a U+l ol =-30 (2)
_0 0 O 0

S Pt =- P o

b U N TR R, PRATRTEEE, p AT
BIE T, H NP3 8k, E R REE, T ARk
B, g APERRE. TR R SRR
VAL, R O A0 2R R HA T ORI i I A

&, B

oau, oU. 2 dU, J
Ty & A 2% _ p,
i 4 2, " o 3 g Pu 3

G == NPE + Pu0

RS Puy, MR HGE R Pu, 04 5
SR P R Bk A, B

2 au, U 2 BUA-J
= - op & L 2
Pu,u; 3 § 2, + x, 3 o0 §
. e (4)
pu;@:—aaj

b AR TE R AL, B M enterBY S 3438 (SST) A
RIgE . 00 Aim it W EL, FELLHUE N 10,

SST R 2 & WA i Bl 3 5 R 7 R AR, T R B
ISR [ 8], ASCAFBEIR . A SO )3 1 v



%31 W 2 K i

G011 ¥ 43 B R IR B AR & S B B 131

FRTABRARFNE, FIFH Roeks %) ik g fE ik
AT R A
2 3 Chinera/Overset/52E 2 D BEITEFHINA

X SR B R A, ik, B =
KEAE—E WG, BI 3 X, 3= 0k 30 R ) 3 2
{05 (105 2, DA (R BN TS R v R — gk
B A ETE X AR TR AN, WE 2(a); HX,
58 — K FiAE— B W%, BIRIZMAE, i 2(b)H
FHLR 2K FTR, IR)Z A% 5 3 k% B & o

A B R 2 B AT R e AT R S
(= oy o =) v e Ol = K M ) & O W
THE IR 2 IR Bl — 25 KT 1R 43 B8 38 sh i #8 s A
IR L P9 320 5 iz 3 (] B 0 5 264, 30 2 e —
2 K i 012 B I L R, IR )2 A AN N Over
setiL 5, 1ZiA 5 & A 5% Overset
5 S A BT I A5 R B . EME R L
P R0 1 DR 3 37 ok U 0 S A A, R U R R R A A&
P, =R R T b 38 Bh [ BE 3D 5564 MR T
Ui 5 Bl e — G K B UK 2 AR S, BT DA, R T A

TR FRRR HE B 0 ) A BRI 42, RS
S5, A B MM Chineral 1, WK 2( ¢)
I 52 AR IR IO BT, 00 b A R K2 A
AR B S RAGE S B Rk, 84w
IHZEAE 455 Chinera/Overset J7 V4, {BHf5E 1 .
R RS b 5 % 18] 43 B8 9 3% T T B T A 3L R 4
P AT LAHEAT G 8] 4 BB

ST AR, 854 2 13T RURRINIA 7S
H 23 77 FE, SLREEE H 24 B i 203 3% 1 1) J1fn
A HHY VR 2R R P o R A R K T 24 i
I ) 254 P 1 20 5L 18 B I 2R RS R AL A2, 348
W TH 5 AR R B AT 5% B R — v S ZI R S AL
B RJE, BEUFE GRS AR AL R, s A A
52, B a]3EAT ) 4 B i R A AU

THEE R SO AR 0N = SRR AT s T A i
AN ROEE S>30 Q001 T Q- 002 4% i — 4% K 45 3
REAR, FERS ) J7 ) _FoR A 2 —F RungeKuttaiZ,

(a) Major-zone

il AR R = 2 W A A e e T 150 1 B )25 K 43 S
N5 WsHl 2 5 U,

LRI

=K R BN B ) A B T S AR 2,
P =2k 2 M EE N Q 644D, ZHKE D,
N AR B AR SR DB 12.4 &
JE Q 6 Pa il 190 8 Ko =2 KFTHIBEH K 300 K
SR %A, ﬁ%ﬁ%@ﬁ%)ﬂ A I %A
31 WIS

M= Jﬁkﬁuﬂ}]m PR A LT, 39T K
FZRRTFR, BT A HlO6 AR T30

B 3AE 445 T B FR T R = ka5 K BN
HLE B )5 JUAN 3 8 B 1 i 2 () i IR R iR = . |
B 3R 445 RATHL £ Q 5 msh =R s HLI A
SIFUEEN Rt Sk s, BT i 3 Sk B Y
FE TR = G KW 7 WA —JF H, 2 — M XS E
BB A X . PR, RSN S TE T Sk B
R —E WO, FURIRAG, ATt BB A AS
N, BB OE 2 — HATE kS E LA, & 2ms
I, 2R ATds Sk 2SI SR T 2 AR R R
R, I — /NI FE U A s T 1 3 25 B 30 1) o ik
. BRI RFUE FEAR &, (B E JJRAK, b =g HT
BN RESRT 4~ 5SDECRLY, MR,
BT HAORAS . Rk, TR 77 CASSASS 38 sl 3t 1)
75 A AR5 AL 7, 157 2 4835 RS e i i 5 A
Rt 1) e A 3R AR 1 B 5, 3 R = 4 Bk B
1925 s P A S AR e Ui B

FE R Sk 2 s A 40 v R R A 1) A 37 it s
RN, 6 5 22 PR S 6 AN T (9093 N, BT DAk st 4k
SEPEE S = WE A, B 1L 7 msB, Bk CE
BV RIS PRI, SRR, Wk e RIS A B
K IX 5 1) Ah 37 ik 9, M Js R 46 na . #) 14 3 ms
INF, 2R A 3 Sk 2 s R T PR RIS TR Bk s &
JIMIRERE, SRR 8 v N, B T 4 1) i
Bk R s (W 16 3 msiFZI K 77 R R 45

(b) Major-zone overlaps with the minor-zone

ssiiieds
i

11111111111111111

(c) Chimera-boundary cells of the major-zone

Fig.2 Schanatic diagran of chin era/oversetm ethod



132

20104

4
0.1
0.01
0001
0.0001

=16.3ms

5y

Fig. 4 Static tanperature contours of axisynm etric case
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Fig.5 Time history of the average static pressure on the
forward dam e of lower-stage ( axisymm efric case)
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Fig. 6 Profile of the heat flux on the m idpoint of aft-
dam e of upper-stage ( axisymm etric case)
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Fig.8 Static pressure contours
of the three-dim ensional
sinulation (= 3 6ms)
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Fig. 11 Profile of the heat flux on the lower m idpoint

of aft-dam e of upper-stage ( three-din ensional sinulation)

Fig.9 Static tanperafure contours
of the three-din ensional
sinulation (= 3 6ms)
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Fig.7 Profile of the average static pressure on the forward

dam e of lower-stage ( three-din ensional sinulation)
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Fig. 10 Static tenperature contours
of the three-din ensional
sinulation (#= 128 Ims)
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