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Calculation Method for Flow Induced Vibration
in Weak Coupled System

XI Zhi-de, CHEN Bing-de, LI Peng-zhou
(Nuclear Power Institute of China , Chengdu 610041, China)

Abstract ;

The fluid load exciting structure vibration in weak coupled system is separated

into two parts. One is related to the structure motion which is line with the inertia,

damp and rigidity of structure, the other is independent on the structure motion which

can be obtained by CFD. A method to calculate flow induced vibration (FIV) in weak

coupled system was introduced and applied to Qinshan [[ phase 1 :

5 model. The results

of experiment and calculation are kept in the 3.1 times. So this method can be used to

calculate FIV before experiment.
Key words: weak coupled system;
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TR S AR SO HE AR o HEL R
A B BV HE ) B axis AT Pk sz B4 R EAL
HYE T I EOHIR Bl o L 1 XE L T 0] A
PR AN 45 K 2Z 18] 19 A0 54 R SR 7 iR
I AN BT AN S Gl i S i T B AR

75 B H3:2008-08-15; & B B #3:2008-10-11
EE RN

EEAEA975) B R TR, A RO HE 2

flow induced vibration; added mass; large eddy

A Ik 2l s ) B0 S 25 56 2% U s A A
7 5 0 o AR R AP T DR A TR S T R A Y IR
IR B v 7 A 30 41 ) i T L [ P A S 56 AR AR
Jih 288 A Tt o 0 B T 45 A - SR L 7 A AT 2
BRI IR BN o H R S AN [+ 28 Y e 0]

AP



W W ERREE . A R R W BRSO %

445

I &AL B HEAE 1 ) 0 A B i 0 B sl 1 it
7SR5 . HATR 2 523t TR ek S gt
H1 TS50 B AR B FA I A7 R A I A — 5
A B B e R WAL R 38 V) B R — A
AR T S 5 R A 9 3 5 T i R W iR sh b A
A 2 T A TR AR TR I BN 2l [ AL

1 RERNBFTE
WEBARED AT R AT F TR ORAA
Xélx(X,L) = f(X,D @y
A (X 00 AR s X e A2 )
A s ¢ vt Ia) 2 I 25 ) 26 HE B4 T
5

It T

AT FRARTHNIE AN ¢ =M

C oK+ 40 L ST SRR

FHM LR 52 3% X (X0 &
H T 4548 14 32 Bl 23 52 e i 3 AT ek 78 i
XFEERRIPE R T e L (D B AR R R A
G R At s PRI 8 =X CO A5 35 53 it A
Xé/x(X,t) = f(X,0)+ fi (D (2)
A fo(X O JRARLR I, 5458 3 A ¢,
PR35 B AR S B T 5 f (o) 5 85 ¥ 1 iz 3 TC
K ALG RARIZ A & BRI AR ) .

AR Hf B8 0k A 2y Jey 8 e e AL BRI AT R —
WA S B IR 5 5 0] LLE OS24/ R S
M E N, BT & AE & % & 3 v 38 i Fourier
A4 R B — R I RN 2 R IR B i iR
ViU S I . ShAe AT I8 iR 2 0k i AR AR
TRV RS G IR R T 54518 3 A Lk
DI AL FE BT B AR SNE T 948 g A R
ORI NI I W A IR i e = ) 8
S. S. Chen"™ WF5% T HA7 31t S £ 1 [ 4 45 4
TERT I R 2 98 KT 9 wm AR AR . & W
F(XL ORI ZMEAL . 4 5 45458 2 A % it ik
1 f (X0 5 RS S5 0 | R A R A
KARMFEL R

2
fs(th) :_]\4(1 d x({(,[) o
dt°
c, XD (X, (3)

at
M, Co KL A3 Rk B0 & L BT BELJE

WA T P E
JHH S BRI RELJE B EE 0N PRt R 2
W, E B BT R, KK GO A D
IR WL 5 A2 BT 1Y iz 8l 5 F R fa Ak 1 i
BT A
){’{x(X,z) = fi (D) €D)

K. /= M+M) L+ @Cc+co L+
Xt dt Jt

(K—Q—Ka)—b—glo

2 MmRE

RO o T B — R A 5 AL 8 TL AT IR | I AR R
PE LA 1932 Bl AR S DS [ 22 18] 48 45 3% 2l e
PESE Y pR B HA HEL M VAR 8 W n R . B
Jo 1 T AR AR LR Y ) T B A A .
1 T A s ) 25 4 B A TR) Al A 4 i ) ] A O [R)
AL LM . TR 2 AR RO W L R, 2
G PP TR o s P S Y AR ST Ay B AR
T S B O I T . B HE AR I TE
TR A A B s TR 2 S D 3R i o 1A
Flugge J7 #2 7] 453 3 5 B Bihn oz 1 K3k X A -

M, ::prjijjgj[ﬁg(Pyl——qu>]nL/2 (5)

o R P BE s Do B 1 PR 2 DRy Bl 1) B
BGMON 5050 0 2 5SS B

.- LORDK,GR) — K, R, GR,)
" KLQARDILOR) — KL QR GR D
_ LORD

Fe =TGR ©

A LR AR, B n N5 1 2848l Bessel
PR K, (AR ) N AR, 1 n B2 2 25745 7l Bessel
PREGR, MR R, HE IR N,

i W5 1) 2 AU ) S5 R D SR 4 ] 78tk 2%
N B B B 2 A 4 S Ak R
M, = pi/x + x[(F,, —F,,) —2UA(EF . + F,))/

Q+UXN(EF,—F./0"] )

K Fy Fo ) d n B 1 B {E6=R3/
Ri—1,

A BE BB BT A i A B 2 e SO R
Jo i R 1% 2R R o) 2 B A8 s TR 1

3 FEWMEBHERBRESN
WARER J) fo (o H CFD 3553 3 11 1



446 JRFRERE AR A2k
ﬁﬁ 5 =i
% DLZE LR 3 109 1 ¢ 5 BER A I 4 o 2
o 1, SR SCRRCT DA 0 B BE R, - 3 17 0 0 2% 4
= 04 545 16 ML BLPERIJE A 7. 85X 10° N/m fiy #4 -
007 1 2 4 5 e AR N I A A o G N B A E WSS B

3
1 35 2
L BB e AR SR FR ) i R A2 Al

Fig. 1 Coefficient of added mass along number

of circumferential waves
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Table 1 Frequency comparison of results

for experiment and simulation
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wAIRs  61.8 31.9  58.9
m=1,n=2 218.8 114.5 206.8 113.0 4.5 1.3

36.0 0.17 11.5

m=1,n=3 236.8 124.5 239.5 147.0 8.1 15. 3
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Fig. 3 Time history of response
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Table 2 Comparison of statistical results
for experiment and simulation
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Fig.4 Frequency spectrum of response
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