$52% 104 Mok OE T Rk % o W Vol. 52 No. 6
2020410 A JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Oct. 2020

DOI:10.11918/201908132

1R & & B 55 18] BB &R 51 S 77 1 iR i i 3 iy BUE AR U
Y S I AR TN A L

(1. BigRY EARTHR, L 2004445 2. B KUTRRFAIAEHEHRIDITE e, i 200444 5
3.9 Tl R RSB, KB M 450001 )

T OE: AR A A Bt ) R O AR B R AR o A M R AR A LEL, X E B0 150 ARG B BB B 2.0 4.0 8 B B
WA RBIR B IAT T BEER T FAERG MR R REEN T OAE, UK ASSHEE TR, &
BT THFT AN EERNLE . 7 AL BIAEG B B8 T 39 DU S @ 3R 30 o £, A5 0 I8 BB th 0 2.0 B, 3578 WR Bk A
WRE“EHE (W FHERDINERNRAIAEHEET DT L) , HERORARBE ARG ERNA LEF
HIRBRAERDEX N, LI TAETHM A R BB 5 T BT A0 8 5E 2 BN, a8l T T il 7 A R 30 7 stk
BB ERN, B L RPN AR A A E. RCHER Y40 N TEFEETMEEMAANR A4 BN
ERERAREHHAERDI P E RS ELETERERDT T EFAE, XZHTHFERENRFEH LIRS, FHERD
FAHXMTHFTAANEERANNE R EREIRE MR ERE R ER A, SR THEFAENRRES IR RAS AT
ATMATES. WA, THETHANEROIREETMEERASA LS EARA L R, At u BRESH T EEH
A WHTATREES.

SRR AR B B PN T A BT AR B BB B AR B AL B AR

FE S ES: 0351.2 M EFERER: A XEHE: 0367 —-6234(2020) 10 - 0094 — 08

Numerical simulation on vortex-induced vibration of two tandem square
cylinders with medium spacing at a low Reynolds number
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Abstract; To investigate the vortex-induced vibration characteristics and coupling mechanisms of two tandem square
cylinders with typical spacing ratio, vortex-induced vibration of two tandem square cylinders was numerically
simulated at Reynolds number Re =150 with two spacing ratios of 2. 0 and 4.0, and variations of the vibration
responses with reduced velocity were studied. The flow pattern and the evolution of the flow field around the
cylinders were discussed, and the energy input mechanism for the downstream cylinder was emphatically analyzed.
The vibrations of the two cylinders were mainly in the transverse direction for the two spacing ratios. When the
spacing ratio was 2.0, the “soft-lock-in” phenomenon occurred in the co-shedding regime for both cylinders (with
the lock-in frequency much less than 1.0 in the vibration lock-in region). The maximum transverse amplitudes of
the two cylinders both appeared in the vibration lock-in region, and the maximum amplitude of the upstream
cylinder was larger. In the vibration lock-in region, due to the abrupt increase of the mean drag force of the
upstream cylinder, the mean distance between the two cylinders severely decreased, which disturbed the energy
input of the lift force to the vibration of the downstream cylinder. Thus, the vortex in the wake region of the
downstream cylinder became unstable. When the spacing ratio was 4. 0, the “lock-in” phenomenon was only
observed for the downstream cylinder in the reattachment regime. The maximum transverse amplitudes of the two
cylinders appeared outside the vibration lock-in region, and the maximum amplitude of the upstream cylinder was
much smaller than that of the downstream cylinder. Caused by the mixing of the vortex generated by the two
cylinders, the energy input of the lift force for the downstream cylinder was enhanced, enlarging its transverse
amplitude. The transverse distance between the two cylinders increased accordingly, which resulted in the parallel
vortex street mode of the co-shedding regime in the wake region of the downstream cylinder. In addition, the
transverse amplitudes of the downstream cylinder had obvious extreme values in the reattachment regime, and the
corresponding wake modes were all parallel vortex street mode of the reattachment regime.

Keywords: vortex-induced vibration; two tandem square cylinders; soft-lock-in; spacing ratio; energy input
mechanism ; numerical simulation
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Fig.3 Results verification on vortex-induced vibration of square cylinder
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