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Fig.1 The schematic of the two staggered
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Table 1 The numerical results for grid 121 x 71 x 21

8 =20% H; x Hy =0.7%x0.9 H: x H;, =0.7%x25
Regq 100 300 500 100 300 500
I 0.0193 0.0268 0.0193 -0.0020 0.0081 -0.0120
L, -0.0524 —0.0422 -0.0524 0.0048 -0.0039 -0.0011
D, 1.6998 1.7558 1.7792 1.6970 1.8396 1.9080
D, 1.5466 1.7110 1.7368 1.2917 1.3937 1.4342
Ly 0.0677 0.1656 0.2041 0.1277 0.5948 0.7835
L 0.3023 0.5428 0.5953 0.1635 0.4930 0.5824
Dj 0.0268 0.0434 0.0494 0.0377 0.0683 0.0890
Dl 0.0493 0.1438 0.1764 0.0393 0.0754 0.0923
TL1 0.9885 0.9780 0.9835 0.9738 0.9660 0.9837
TL2 0.9528 0.9544 0.9552 0.9526 0.9726 0.9752
D1 0.9801 0.9329 0.9760 0.9866 0.9717 0.9745
TD2 0.9810 0.8518 0.9534 0.9851 0.9701 0.9709
Sty 0.2335 0.2335 0.2257 0.2023 0.2023 0.2023
Stz 0.1479 0.1479 0.1479 0.1634 0.1634 0.1712

R 2 PAEAH 141 x 91 x 21 R EELER
Table 2 The numerical results for grid 141 x 91 x 21

B = 15.56% Hy x Hy = 0.7 x 0.9 Ho x Hy = 0.7 x 2.5
Rey 100 300 500 100 300 500
I, 0.0007 0.0276 0.0193 0.0062 0.0013  —0.0044
I, -0.0242  -0.0416  -0.0506  -0.0040  —0.0112  —0.0076
Dy 1.6790 1.7456 1.7685 1.6426 1.7572 1.8532
D. 1.4873 1.7130 1.7082 1.2042 1.3337 1.3709
L 0.0680 0.1818 0.1976 0.1727 0.3757 0.6914
L, 0.2739 0.6349 0.6043 0.1823 0.4748 0.5563
D, 0.0461 0.0613 0.0641 0.0211 0.0551 0.0917
D), 0.0521 0.1798 0.1991 0.0308 0.0789 0.0956
1 0.9981 0.9800 0.9813 0.9556 0.8277 0.9486
L2 0.9807 0.9699 0.9262 0.9587 0.9654 0.9670
D1 0.9999 0.9991 0.9988 0.9910 0.9863 0.9790
D2 0.9992 0.9837 0.9764 0.9932 0.9846 0.9854
Sty 0.2335 0.2257 0.2257 0.1868 0.1946 0.1946
Sty 0.1401 0.1479 0.1479 0.1479 0.1556 0.1634

#£1f1% 2 4 H T Reynolds #(A Rey = d - Re = 100,300,500 Bf, XM T BHAPAS & HES)
T 12 Mot EE LRSS R, FTLUE WM (2 M) SEEZ IS 75 H R O 3R Bt B E B B AK
BT REHES K. i Hy, RN Z5IH K, {H Strouhal #ERIZD. RZ,
WS Hy, iEBA SR, I B M ERS|#E, FAM L > 0,L, < 0. i
Reynolds %%, {#FH 7 REH N IGERS A, (B IFA I REE RN FEBE2EM. £
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Fig.2 Streamwise vorticity contours Req = 500, H, x Hy, = 0.7 X 0.9, grid 121 X 71 x 21, and ¢t = 50
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Fig.3 Spanwise-averaged drag (a) and lift (b) coefficients versus time for Rey = 500, and Hy x Hy = 0.7 X 0.9
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Fig.4 The power spectra for spanwise-averaged lift and drag coefficients for the case given in Fig.2

KaEN, REEMEDK 6z =0y = 0.1, fl iz = 042, B A 6t = 0.01, ik d = 78y, 84
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PHZEL 8 < 3.6%). A5 THE, £ 3 FEEH TN Rea TRNTHEMMBINI LR LR,
BT T T ‘ex’ BURKH. a1, REHHBIN Strouhal HfW KX, HENELREYE. &
HHIR, HHEEEL (=7.78%) WAHNKNLRAE (< 3.6%) K.



430 ¥ it 2002 £ ¥ M4 B

2

=

L

Q0

&

[

g

=)

2

=

[

)

Q

5}

B 5 MXRBEREANM G, SRERSE 28R
Fig.5 The distribution of correlation coefficients for lifts and drags in spanwise direction for
the case given in Fig.2
% 3 WS 121 x 91 x 21 AN HHETHHES R
Table 3 The numerical results in case of flow around a square
cylinder for grid 121 x 91 x 21
Rey 100 200 300 400 500 600
D 1.560 1.609 1.622 1.615 1.721 1.763
D, 1.60 1.45 1.52 1.60 1.90 2.00
St 0.160 0.163 0.163 0.167 0.171 0.171
Stex 0.140 0.140 0.135 0.128 0.135 0.125
3 & it

AX G 7Rk AFL 5 Bi-CGSTAB, %} k) Poisson JREBEATRMR. FH T E] 50 R
Navier-Stokes JFIRfFH IS5 REW], X THREHFIRMAA I E T HESE MR b

D) MBI GEER, WO TR RS MBEXS R A0 T 1 A R 5 K0 e W
B, _EWOTHEREIKE K, BT 8 kS

2) XTI EAER, BRATEE y R KEER AL, BERAT R P E R E R

I, Bt i A O SR F2 RN

3) "B (v, w) ERSHE I KBLDAA IR e REAT R ) 20 A Bl e s, H407 M T
W7 HE T S8 (o Hy) B, —Rstshxs 74t 11 7 ksl — & gl sl i .
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NUMERICAL SIMULATION OF 3D VISCOUS LAMINAR FLOW
AROUND TWO SQUARE CYLINDERS IN CLOSELY STAGGERED
ARRANGEMENT

Zhu Zuojin
(The State Key Laboratory of Fire Science, Department of Thermal Science and Energy Engineering, Institute of
Engineering Science, University of Science and Technology of China, Hefei 230026, China)

Abstract The transient 3D viscous laminar flow around two identical square cylinders in closely
staggered arrangement at moderate Reynolds numbers has been simulated numerically by solving
the incompressible Navier-Stokes equations with a fractional algorithm, where the fourth order
Adams scheme were used to evaluate the intermediate velocity field, and the AF1 (approximate
factorization one) as well as the stablized bi-conjugate gradient (Bi-CGSTAB) algorithm were
combined to obtain the pressure field by solving the derived pressure Poisson’s equation, from
which the velocity at the new time level was evaluated. It was found that, when the square
cylinders are closely stagger arrangement, the values for the spanwise-averaged mean lift indicate
that the hydrodynamic forces due to vortex motion will make them attracted each other. In
addition, the Strouhal number for upstream cylinder is found larger than that for the downstream
one. The stagger arrangement appears a significant effect on the flow pattern. The results obtained
in the current study are qualitatively in a good agreement with experiments, and more elegant

than those obtained by MAC-AF1 method.

Key words flow around square cylinders, stagger arrangement, approximate factorization, bi-

cgstab algorithm, secondary flow
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