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VIV simulation of circular cylinder at sub-critical Reynolds
number based on translational reference coordinate
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(1. College of Transportation and Engineering, Dalian Maritime University, Dalian 116026, China; 2. Smart Fluid
Research Center, Yuntong Transport Technology Company, Dalian 116085, China)

Abstract: The study of vortex induced vibration under high Reynolds number is of great importance. While
flow sensors are generally fixed to structures, it is of great practical importance to analyze and simulate the
measurement information under vibration conditions. In this study, the subcritical Reynolds number three-
dimensional flow and vortex-induced vibration of a cylinder are simulated and analyzed using the
translational moving reference coordinate method together with a self-developed fluid computation program.
The results show that the method accurately simulates the vortex-induced vibration phenomenon.It is found
that the phase difference between the lift and the displacement produced a jump within the VIV lock-in
region, and the vortex broke up during the vibration, showing strong three-dimensional characteristics. Time-
averaged physical quantities near the wall and the wake region were obtained by statistical calculation of the
grid in the translational reference frame. The simulation method based on the translational reference system is
similar to the observation method of sensors attached to the structure in experiment and on-site testing, which
can provide references to model tests and field measurements.

Key words: vortex-induced vibration; translational moving grid; three-dimensional simulation;

time-averaged flow circular cylinder; circular cylinder

Wk H: 2025-04-17

RETH: KiE\FRAHPRHTEE ST H (3132023619) ; BF R 25 MR ARSE @ AT ML 5 5 280 % (1) IF R
(KLWRTBMC21-02)

YEZ IS P55 (1987-), 55, Wi, YW, 3@ IRAESS , E-mail: zhangingliang@163.com,


https://doi.org/10.3969/j.issn.1007-7294.2025.10.007
https://doi.org/10.3969/j.issn.1007-7294.2025.10.007
https://doi.org/10.3969/j.issn.1007-7294.2025.10.007
mailto:zhanqingliang@163.com

510 1 ORSEAE I SRR AT I R s - 3 255 - 1573

0 35|

][l

AR AR RS S R, & FEEH e —E R R RSD . W IR SC R Tr i a5
IR RS SR IR Sy kA AN [ R 37 0T 5 R 3 7 JE R AR o e i e L,
(EHE LA ST e 2 4 S5 1 2 2k 5 6 R A R S 7 ik T PR BRI 3 9 1 8CRFE, Grinffin
O SR AR BT T A ARSI RTSY, 58] T B ZR . K DG S I A SR T R O
AR 4 £ 82 A T 2206, 26 S 725 T A i SR M R, it ™ 2 1 R s 1K/
Kbt

FEEING TR TS Pl P9, A2 e 52 00 X R e BELE (9 2 4 phy BE AL EA T A5, SIS ] 47
B33 KRBT 53T B TS A 2 5 AR T ik DPIV ™ A3 sh i ik FE IR B 2 8 2
PEAT TSI 0EN; 11 Govardhan 457 HE— 2B IF R T ARIF R IREEE T 1T 0 &, i THR RS
WIRREA R AR 3, PRI LA SR BT R 55 J 10; T4, ORI s s L R R R R (1
SRR WIS R WU D0 T, iR s iy R T R IRl 2 A0 o 52 2% 4, (EARHRARTIE

Wt TR B AN B A R, BUEARSAUE O TR ST 58 A B 2207 1, T LADT s Bl 254 55
Wi SEL IS R S IR TS R . FENRER B AR S B LA L, PR T T T AR
SN g s R T R AR AL S T BB D R B T A IR R B ) = 2
T, IR DES Jr k" % 1 ph B KOO el B R T AR A T T A, AR R 35
A Rt 7 I 205 ) 4 1 3 R 1y T A S, DA BtE— AL AR [)3 JE 4%e 140 B : 9R 5
BRFRESEAT T 400

IR, oI SR s B E R T 5, PR T I (L A AR AR AT I, 15 S PR AR A i
THH LA A N7 3 B A [, AN TR EA T I PR A5, X LA 2 00 s P A e
N TR B E" " AT RS 00T . 5340, ST IR T v Ao P 2 S 3 s
S E, OO T AR L B AT, EYE ARAIE TS A v i WA S dt . B0 LB R) A, AR SC
RHZETF3IZ 7% 2 A IR AL AR SR A Tk, SR F IRSITT I, X = 4R A T R EADR
fift, SIEBRAE I B U RS ) T SR S AR (AL, I F R BT R 5 S S N R s A A T 20

1 HEFESREMRE

1.1 E3h5E RhRFHITEHE

-3 2% 2 R BELE T ST A & A AR T, A0 24 A0 SR S5 L IAE IR, 3 2 LR 1R IR shit iR
WEZE R L R]AZ Bl 1] AR e SR T 5 s TR B o, BLRERS BEA TS it 2
WGiit. MRIE SN0 S % 2 07 e, T A A A s B 522 1858 51 5 % R RS, IR b <y
Fsh R vl 43 B A

dp
—+V.p¥.=0
ot pY

0 "
Ep17+V-(p17,\7)=—Vp+V-?—+F

K, PRRLS L, ¥, MRS TP 3057 RIGHEEE, o MR, A3 RBTZ 61, F A AR
TR o X T AR AR, iz 7 R i BRI B o =08

8p¢ . ;N - . -
_V+prvfr¢f'Af:erv¢f'Af+S¢V 2
7 I

(M

ot
P, n Sy FEORCERTTAR T B8, o Jhyid i T f SR AR B g )T 5 Vb SR TETH fAL @ HIBEIE; S, 3R



1574 FiEAR 32 5529 B4 104

JEI, VERRERIRRET, ASCHEsh 2% 2T s iog b, #2310 5l i iR R A
0V A, BIARNGH L O TR 2, X 302 % A T B ol b 5 B E 2% R kX 51

REH R IO B RE TR A 550, AN RS sl BE A 1, Hh R R D)t L A, LA 6 FRid
FLLAE, R TRASRIA R ] Wale-LES R85 (BRI 240 ¢=0.325) .
12 56hEE

WM RIS R 1 Fis, YU 8157 R R T AT, AR S0 R S 4 104 [ A 25 40 7 A

R AR EARs . R zFlower #7315 % B
SCH[24] TR ISR Rl 4 7 5, HER R R L S L
A B IR A R ) K B 4393l B 30D, 20D Fil . o

3D, Frp D WAL EE 7, AL .0y A 7 L T B

TR VAT B b ST PRV 25 M A R, 76 30 3 5 1 Al T (A

SR PRI AR S M A P, 3 00 X SRt A7 7 ”

55, SR 30 )2

(5] A5 B T >R FH [T 4 B ThT it S 45 1, AT
PR 30 B 0 300 B S i AT, T
AR O O A A X RR I A
T B 23 <, W p N 1.225 s, 3 SRk R 8uch 1.7895%10° Pass, IR de 0.1 s, T
J& CFL Z5FMSER, JFEAT 1 BT TR R 56

SER R RV LR 1, Hrh TR U'=U/(f,xD), f, RN B HRR . RIS 5 Hr
SRR BRI E m =4m/(mpD’L)=2.4. JRFJESEL Se=4nm{(pD*)=0.32, Herfr m Jg BH: i,
L RBRASE, ORI RRRE L .

K1 R

Fig.1 Computational domain

x1 BEERE R

Tab.1 Dynamic characteristics of cylinder

il /kg IR % /Hz BLE Wi/ (ms ') T
U=2 6.9 0.014 0.0045 0.0336 2300
U=3 6.9 0.014 0.0045 0.0420 2875
U=4 6.9 0.014 0.0045 0.0560 3833
U=s 6.9 0.014 0.0045 0.0700 4791
U'=6 6.9 0.014 0.0045 0.0840 5750
U=9 6.9 0.014 0.0045 0.1260 8625
U=12 6.9 0.014 0.0045 0.1680 11 500
U=1s 6.9 0.014 0.0045 0.2100 14378
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Tab.2 Fluid force of cylinder

Chimean Cloims 2Y,./D f'Hz foi/Hz
U'=2 1.239 97 0.487 91 0.0489 0.006 28 0.006 28
U'=3 1.2807 0.629 77 0.115 0.007 56 0.007 56
U'=4 2.205 93 0.902 84 0.859 0.012 29 0.013 09
U'=5 2.0244 0.2908 0.806 0.015 02 0.015 02
U'=6 1.638 59 0.207 51 0.810 0.014 79 0.014 79
U'=9 1.13129 0.0727 0.806 0.014 30 0.014 30
U=12 0.925 37 0.047 44 0.115 0.037 71 0.013 77
U'=15 0.887 825 0.052 45 0.144 0.048 75 0.014 26
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Tab.3 Parameters of different investigations

SCHk L J5iy-4z4 FHJE L ScH Ik

Kang!™ 1450~10 200 26 0.005 0.16 1@
5800~40 800 13 0.005 0.81 L)

Hover'" 7200~11 500 1.5 - - SLA
Khalak™ 5000~8000 24 0.0045 0.058 Sy
Morse"”! 5000~16 000 9.3 0.014 0.66 S
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