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Flow characteristics and mechanism of three cylinders
in a triangular arrangement

TU Jia—huang', LU Hai—yu', HU Gang" %, WANG Guan—yu'
(1. College of Civil Engineering, Xiangtan University, Xiangtan 411105, China; 2. Chongging City Construction
Development Co. Ltd., Chongqing 400014, China)

Abstract: Based on the immersed boundary—multiple relaxation—lattice Boltzmann method, a numerical sim-
ulation of the flow around three cylinders in equilateral triangle arrangement was conducted at Re=100, the
influence of two key parameters, the spacing ratio (K,;) and incoming flow angle («), on fluid force coefficient
and flow field characteristics was analyzed, and several flow mechanisms were revealed. The calculation re-
sults show that the wake pattern in different flow fields is divided into single vortex, single vortex to double
vortex, irregular double vortex, regular double vortex, double vortex to triple vortex, irregular triple vortex and
regular triple vortex pattern, and that the downstream vortex street is more regular and the wake pattern
changes faster at ®=30°. The time—averaged fluid force coefficient of three cylinders is greatly affected by the
gap flow velocity, and the changing trend with the spacing ratio (except for the small spacing ratio) at each in-
coming flow angle is nearly identical. The transition of the wake pattern will change the root mean square val-
ue of three cylinders’ fluid force coefficient significantly. When K,>3.5, the root mean square value of up-
stream cylinder’s fluid force coefficient fluctuates greatly. Except for «=0°, the vortex shedding frequency of

the midstream cylinder is less affected by o and K; when K;>2.5, which is relatively stable.
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Fig.2 Schematic diagram of computational domain of flow around a single cylinder and the boundary conditions
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Fig.3 Schematic diagram of the computational domain and boundary conditions for the flow around

three cylinders in equilateral triangle arrangement

1.3.2 B A5 Bk

S EIE IB-MRT-LBM 5.3k 7R B0l S5 00 — A A 8 — [ AE S8 (0] %) AE A P, AR /N5 368 Re=100,
1.5<K,<6.0,a=0° T-LL#EA 7T Lot . 4 JoR T 4530 = Mg A & = A ST 5 nd R AT FH ) R0
BB C,yoon ST I REBNKEIE €, BEEE A AR, 5 SCRES ST T g, & BRAR ST 1153 465

28

241

£ 20




553 WSS =B A B AR RS R S - 359

0.3 T T T T T T T T T T T 0.3

0.0

K, Ky K,
(a) C1 (b) 2 (¢) C3
P4 S = ffn B = AR A ) REC TR LR 1L
Fig.4 Comparison of calculation results of fluid force coefficients of three cylinders in equilateral triangle arrangement
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Fig.5 Instantaneous vorticity diagram of the flow field for different wake patterns
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Fig.6 Variation of time—averaged value of the drag coefficient for three—cylinder group with the spacing ratio

in different incoming flow angles
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Fig.7 Variation of time—averaged value of the lift coefficient for three—cylinder group with the spacing ratio

in different incoming flow angles
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Fig.9 Time—averaged streamline and pressure diagram of three—cylinder group at different cases
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Fig.10 Time-averaged flow field characteristic diagram of three—cylinder group for a=45°, K =4.0
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Fig.11 Variation of root mean square value of the drag coefficient for three—cylinder group with the

spacing ratio in different incoming flow angles
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Fig.12 Variation of root mean square value of the lift coefficient for three—cylinder group with the

spacing ratio in different incoming flow angles
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Fig.13 Instantaneous vorticity diagrams of the flow field at different cases
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Fig.15 Variation of the Strouhal number for three—cylinder group with the spacing ratio at different cases
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