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Fig.1 4 types of computational grids
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Table 1  Details of grids used in mesh-independent tests

N, N, +

Y
grid A 128 65 0.293
grid B 68 65 0.293
grid C 128 33 0.293
grid D 84 17 1.467
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Table 2 Coefficients of drag and lift in mesh-independent tests

LES(WMLES) LES( dynamic S & L)

C, Sr %(Cy) %(Sr) C, Sr %(Cy) % (Sr)
grid A 0.872 0.248 7.20 12.73 1.055 0.223 1.42 1.36
grid B 0.875 0.229 6.94 4.09 1.140 0.214 9.66 0.47
grid C 0.918 0.229 2.32 4.09 1.195 0.194 14.86 7.62
grid D 0.906 0.229 3.60 4.09 1.209 0.203 16.25 3.33

Norberg %7, €, 0.99+0.05
Ong, Wallace'®) ; Sr 0.215+0.005

22 2 JATE] RS 43 HER T B 1 2 Sr (Strouhal £0) 158, Hd % (C,) Fl % (Sr) 43l 32w
AERY XS ALY T 15 21 (4 -3 BH 1 R EL C, S Sr AR T 52 5085 (1 iR 22 G i AT 4 L BT LR
i, 7€ LES(dynamic S & L) {ifd BT | HLAT SRS 41 A% 73 BER A grid A PTAF A0 25 318 25 i
/N grid D 5 grid C #c22 , JERFET dynamic S & L 76 1 5425 B 00K B A RO % T 7E LES (WM-
LES) T, HF WMLES A% TR0 #4545 T IR A K AR Smagorinsky #5075 F1RE [ p& 45, f
A5 X A AR R BEAIR , I HANAEX 32 0E RANS #8743, i 240 A4 H LES B4,
I grid C 5 grid D BYTH3ERE BE X BAFT grid A AT LATR ), LES (WMLES ) B3 J] T 50K
M TE AR S BER AR I R ] LES (WMLES ) i Jii A5 8, 1717 76 73 B 3R A s i, >k ] LES ((dy-



AR T AT K L PRl ) B (AL 1315

namic S & L) i AR AL,

TEFH LES( WMLES ) Jifi AL XFAS [ P A 43 581 (8 BF 80 4 A4 T LU A 40 . 38 i 43 B
ERMESI 53 A JE T (0 4341, B9 A 3 230 o i Dt A 40 198 532 Wik 6 3 T 498 T ) 0 A
W 3(a) s, WEIHRTAL, grid A b T ) 23 A1 A T5000 4 22, T HE B 3 ol g 4 D) 5 512 96 4
TG B0, TR A AR TT DA R A DXl g s 0 3k B A T v e B3 ok 255 LU B o Bl
SCHR I Y S B RO 2 e n] 4232 WS LN v A% 93 B R B AR Y grid D 98 (L BE 16
SRR,

grid A ---- grid B 1.0 e 3.0 grid A - grid B
1.0F> .. gridC --— grid D e R gridC --—-. grid DY
o Norberg (1ol 0.5 y L5 & Lourenco&Shih ™
£° o
c, 0 3 o Ong&Wallace!” S 0 ]
- s 9 o Lourenco&Shih™ ~
-L0 i . gtid A ---- grid B -1.5
20 Lol gridC -.——. grid D _
0 30 60 90 120 150 180 -0 3 6 9 0.4 0 0.4 0.8 1.2
/(%) x/D u/U
(a) BRI 5310 (b) BUWHGERMARAEE  (¢) »/D = 1.54 AW i@ 531
(a) Time-averaged pressure distribution  (b) Time-averaged stream-wise velocity (c¢) Time-averaged stream-wise
on the tube surface along the wake centerline velocity at x/D = 1.54

B3 N[ R T B 5 B4 A
Fig.3 Main time-averaged parameters in different grid models
2.2 imimiEE b
TERE WIS R I = 1 grid A HLES/ M RNG k-, SST,RSM, DES, LES ( WMLES ) , LES
(dynamic S & L) 6 Pl Ji 55 51 X5 o S5 44 3t S AR ik %) S50 i
3 AR LA RS B B R FU A, o % (€)1 90 (Sr) 4 5 3R AH I i Y A
IR A3 -2 1 R % C,, SroAX T S IR IO (1% 25 A BH 1 &, LES (dynamic S & L) [#)
45 R 5 S ORI RNG k-2 B9 228 4.89% ,1f DES 5 LES( WMLES) B 7.2% iR 2%,
SST 1345 2 (B I iR 22 e RN Sr 9 R ,RNG k-&, LES(dynamic S & L) ,RSM, SST fiif
190y Sr ¥ 55256 4% AR H AT, 1% B LES( WMLES) #i1 DES #8433 Sr ik, HiR2%m
ik 12.73%. A BITEAS 20 A% 2508, LES (dynamic S & L) BEHI X7 14 g i 0 75000 BE ) e i
R 3 ORI T IO H

Table 3 Coefficients of drag and lift in different turbulent models

turbulent model Cy Sr %(Cy) %(Sr)

LES( dynamic S & L) 1.051 0.223 1.42 1.36

LES( WMLES) 0.868 0.248 7.20 12.73

RNG k-& 0.893 0.210 4.89 0.00

SST 1.204 0.223 18.38 1.36

RMS 1.170 0.223 14.13 1.36

DES 0.868 0.248 7.20 12.73

Norberg' %7, €, 0.99+0.05

Ong, Wallace®' ; Sr 0.215+0.005
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Numerical Simulation of Uniform Tube Vibration
Induced by 3-Dimensional Cross-Flow

FENG Zhi-peng, ZANG Feng-gang, ZHANG Yi-xiong
(Science and Technology on Reactor System Design Technology Laboratory,
Nuclear Power Institute of China, Chengdu 610041, P.R.China)

Abstract: A 3-dimensional numerical model for elastic uniform tube vibration induced by cross
flow was proposed based on the finite volume method and finite element method combined with
dynamic mesh technique. The model presented a 3-dimensional fully coupled approach to solve
the fluid flow and the structure vibration simultaneously. First, the capability of various mesh
discretization forms and different turbulent models in prediction of turbulent flow characteris-
tics was investigated through computation of turbulent cross flow around a rigid tube, and the
CFD model for flow induced vibration was obtained. Second, based on the flow induced vibra-
tion model, the phase difference between fluid load and vibration displacement was also stud-
ied, and the results indicated that the difference was caused by the fluid load. Meanwhile, the
results of 1-way coupling calculation were compared with that of 2-way coupling. Finally, the
wake characteristics were analyzed with some time-averaged parameters including pressure dis-
tribution on the tube surface, flow velocity and separation angle in the wake of the vibrating
tube.

Key words: cross flow induced vibration; CFD; FVM; turbulent model; FEM



