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Large eddy smulation of vortex shedding for model SRM
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Abstract In onder to mvestigate the nfluence of vortex shedding mitiated by backward steppmg on the flow stability m
the rocketmotor large~eddy smulation of the flw i a scalemodel solid rocketmotorwas carried out Pressure evolution and
its FFT results were ganed A lso canparison was made betv een the numerical results and the experimental resulls as well as
an existing num erical results It is shown that the results calculated by LES model are more accurate than those canputed by
k=€ wibulencemode themagnitude of the pressure oscillation m the scale rocketmotor is anall but its frequency is high and
also ncreases along w ith increasing incam ing flow veloeities i backward stepping  vortex usually generales at the edge of the

step and sheds periodically dow nstrean; the size of the can putatibbnalmesh has little nfluence on the can puted oscillation fre-

Dec. 2005
Vol 26 No.6

quency ify" is snall enough

K ey words

1 51 &

7E [ 14 K SIHLEI BT oA T R AN R /5K,
WAERBIPLF R A R AR R 25, 3E A &R Bh AL
THed e degi ki I G br, (€65 T i i iR
AR VIR, T ANS E 185 V) )= SO Bl
e, B JE X L i e A 2E v O Rl R S HLE B T R B8
), MIWEE ROR SIHLEETH & A flEfiE, WA = XA
T ) A I v K 5 B T F) A 8 s HG N AR Bl A
AR IR, B U1 R R R AR LI AL,
fE—E kM T 2T R, XA 94t ) s

«  U#s BER: 2005-03-16 11T HEA: 2005-07-04.
1EE BN &

Solid propellant rocket engineg Unsteady flw; Large-eddy simulation” ;

Vortex shedding’

SRR % 22 W PRI S Y B SR R AR A s L R #HE 7
H I R — 8 BIFE R, AT RE RS R B ML 45 i p—
JE AR .

10 I8 T8 A D [ A K R L N LB AN R E T B
Mifs R AR R % 202 F 53] T 780
Fo Flandro " BT\ IR 21 i B 7% o B2 AT B 2 Kk 2
HLA B ANEEE 55 B, A g [ 44 K Fi A shAL Y it
B HIAFEE P2 BT V) & b B ik sh 71 A e
Sl . Kung‘jlé’ﬁl.lj’ “Foh 77 ¥ LA E K BN H
ARG RE 2R, FHIR T T EB BB 2GR T
i it B ¥ B R 1 J7 k. Radavich ™ SR k-giii i

R (1976—), 55, M4, BRSO M2 FAERE L 58 . Email zhpu@ mwpu edu en



482

o

Ei- 2 N 2005 4

B SE I SR AR H B N-S T2, LI S %
PFF SRM PN i3z A 7 37 6] i A LA F . M enon' '
T I O BRI R AL P AR AT 58 4R 7 A0 K RS 354
Z IR HHA EAE L, &5 R R W AE & MR BE T I, T iF
HIRBN Al RE G B R AEMEH, JFRem & B R ilEsi )
ER5rE . bhanhhogue| Vit IR A T A R
HUPAJE 1] 6 By S N 58 45 44 X R s L N i sl s
PERRZ, 45 R LG [0 6 B g5 2 5l R ShHLIN i
IR R E LS. Rahean'" EH k-e i i B,
FIF Fluent®fE*%} Shanbhogue E}]S@QAIleﬁﬁ"T
AR A AT R HUE R, T A R A SIS A5 R
HEK . ASCKH A HUJ&ﬁ{ﬁrﬁﬂﬁf?ﬂl\ﬁmﬁﬁ
HUE A R B o) 2 B R IRARAE, 7732, 2B BRI
A JE4A%, %} Shanbhogue * A &5 43 9286 T HE(T T
OB, FER L 30 45 R & Rahean' " )7 5145
BEAT T HEER .

2 HEER

21 #HIERE

FEARSCR TS, XA s N-SHRER I K T

Vi) 2 I8 o B, Hose L F
1

-+ |x’,;—x,-|s—'§ {= 123
g _ (1)
0] |x’,-—x,-|>_‘2A i=12o0r3

R A= (mtyne)'®, by e REAHERTT A E

TR MR IR/ B8 S R R4 N-STTFE R
D, My _
a o
B 2 Q- T+ T)=0 (2
o ey M Wt V)=
R Mye odw W S o Mo
a T a +piil+ a, @‘0@'&9_0 =1E=0
A “- "R Reynoki:t”?'] ~ "R~ Favre 113,
_T%ﬁﬁ o et I8 A7 5k R AT I8 il I 2 WA R Y
TER A RN, RixN
T=~pb+i‘l|s-—; a[ (3)
JEIE S ) HGE R
g = ‘K%: (4)
fERRER T, TFESX T, A%, 0%k T HTHA
A

2 2 TARFIREE
f£ LESTi i, iHE A R AR KRR L
WOk T kS TR . TEAR ST EUETHE H, &
P 55 R P R ) SR BRI 11, 3 WA T BN RE
o L
kT = ’ [uwu; i/

SIS A% 5 N AT PAS

=~ (S, - S5ub) + = TVG (5
A TE 0, 8 XN
vo= C, (K*)""A (6)

TEARSCHITE SRR, AR T i Bh Ak A kel
TR TS . X AR T8 RO, AR A AL SR 2R
KRB BEY BB AL AT AL

s _ﬂlCJ'_(ﬂ‘
Y = prr,L 3

(7)
XA TR TP o e, SR A%+ i3l
REFE IR BT
O = CPk* )" /A (Co= 1 1) (8)
ASCU S AR DA g ] 7 R R A TR AR T
EEAT B, IR ALE A& 20 AT BUE SR A
2 3 IHEXEMITEME
AT E LT A Shanbhogue LT 256 R EhBL

Zik, b Ly MK RERIE Y 66mm, THE XIS LA 1.

Iniet, s g Outlt
584.2 de & .
Fig 1 Camputational danain
FH T SR8 R B HLEE ) & = SRR G M), 7EAR 3

IR AT g o 150 —# . i H
IR K F 7S TR A, 35 % sh iU 1) 77 1) b A& 2 1
’UFI”J AR 17 70 BE TH) B 3 X BE TR AT T AR I 2%, fif
y' < 20 DGR R B S R . Ak E 3 W 2 F
N, NS E T, M E S S8 &8 SHAM
22 877, AW ST A O TH A5 SR AR .
24 hFRFEH

TBY R AR P EUE B, N DR O
FEMRE X0 EE, B X RSk
Y, TEN A 2058 SIS 4 I JERR A I F 2R A BAER
T3 51 N5 I B[R] B AS 2 M A A = A B 1) 7 R4 7



¥ 26% 5 ol

o 2R [ K 7 A B ATL PAY A 9 Ao 7 ) A R A 483

T cee— e e e il
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Table 1 Camparisons between experinental

and num erical results

Frequency /H z

R esult=
Gas Rahean’ =
Case Experinental ) caleu lated
velocity /(m /s) . can putationa Coarse | Refined
ik m esh m esh
1 67 525 483 967 535 537
2 70 891 513 1016 887 891
3 75 898 519 1079 892 906
4 80 913 527 1101 916 922
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Fig 3 Plot of pressure oscillation with tine and its FFT of case 1( coarse m esh)
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Fig 4 Plot of pressure oscillation with tine and its FFT of case 4( coarse m esh)
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Fig 5 Contours of vorticity at different tim es of case 4
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