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Abstract:
investigation of uniform flow past two square cylinders at

Large-eddy simulation was applied in the

a spacing ratio of P/B = 1.5 (P is the center distance of
two cylinders and B is the side length of the cylinder) and
0°to 90°.

forces, flow patterns, surface pressures, and flow fields

an incidence angle of a = The aerodynamic
were analyzed. The flow interference is significant for two
square cylinders at a small spacing ratio. The variation of

mean aerodynamic forces on the downstream cylinder is
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quite different from that on the upstream cylinder or a
single square cylinder. In addition, a larger absolute value
of lift force might occur at the downstream cylinder. The
leading-edge separation mode (@ = 0" to 10°) , separation-
bubble mode (a = 20° to 30°) , attached-flow mode (a = 40°
to 60°),

90° ) are summarized from the flow around two close

and gap-side separation-bubble mode (a = 70° to

square cylinders. A strong negative pressure is observed at
the gap region for the attached-flow mode and gap-side
separation-bubble mode. The strength of negative
pressure in the near weak rises with incidence, reaches
the maximum around @ = 50°, and declines afterward. A
single recirculation zone is observed in the weak of two
cylinders at the lead-edge separation mode. However, two
recirculation zones are recognized for the other three

modes.

Key words: two square cylinders; small spacing ratio;

large-eddy  simulation; flow interference; flow
mechanism
8 e 2 AR RS T RO 2 LR TR AT

B PR RER ?Zﬂﬁﬁm)%%mﬁﬂfﬁ
BT R AR, U KR | @fﬁ%ﬁﬁ\@fﬁﬁ
(A= SN = 57 [ SN T PR VSR PR | =R Ry
TSI A . 1 IR
JEAESURE R B TN S R L, TR R
TR e 2 A SR R R Sl TR R A D 3
SRR AU HEGE B ROT ALY I‘EUEE%H
AT} £ SES RO T A B 1 SR T KU R 25 1
ARSI R o

BEXE/INBLHL X7 FESR I, LATE SCRR 32 226 58
H5) JEFIFIRTS) =R AT EIE . Alam 5 #3056
F 5T FIAL I8 DA A BB S K B, 58 91 BT A 7R

> RAN S

E-mail: dxq@shu. edu. cn
E-mail: haotiandong(@shu. edu. cn

=

5



5 6 1

FRIGEDRE, 25 - A KU A1 R /NI RE XU FE SR R 4L 777

[ P/B = 1. 5~1. 9B (P Ak a1, B A5k
DR NS EBE T . Agrawal 5B &
B/INTE) B LA 0 R 2 H B 1) SR B4, B PRA~
FEAAR A R U DX I LA 3 1 T 48 25 5 5 i Bl o ()
LU I, A 0] G B 2k o BRER B4 i — 20 4R
P ) 1 O 8 It DX B A A AL T BEL T b I
TEMREE AR, R B XU+ S8, Sakamoto Fll
Haniu'™ % 13056 1F 5 % B0 24 6 7 4 ) BE 44 /8 HL T g
T AEAL T 3 A R I R B, TR Ui R B ik st B
/N, Aboueian 1 Sohankar I XK 5 7454 (Re S~
150) &, A5° [ 2 #E 51) F1 I A8 [ B 0O AR 04T T A
1570 BRRZESE HIEUEMI T K P/B = 2 XU #E
TEFES A KT 60 I 25 Bl 1) i B4 . Alam 451
18 P/B=1. 5,551 1 } 80" By W7 kE B i & & A=
-G, S R R B, Rk
Wk, /L FSU AR S8 13 TR o0 .3

JAUTa] F 6N B B ST A B8 45 475 4 1
%o OB SCHRITSE T IXUa] A X BT FESR T 5%
M AR Ul AR OB R Se TR I AIFGY H RTATIR D
Du SEMEEF R ES , RGEWFIE T A6 T 5 Re =
810 F , R Ia fi @ = 0°~90°, [a] #f bt P/B =
1. 25~5 504 N X7 FE RS HERE , I BT SE i
[R5 23 K /a1 FE (P/B << 1.5) 48 a)fE (1. 5 <
P/B << 3)FIKIAIIE (3 << P/B << 5) =FPEM ; kW
JINTEY B L B B0 < 2l M e il XL ) A 1 AR Aol &2
A%, PRI i ) i sl HEsk s, (R RE AT S 4544
AT A S T,

ACLLE B Re = 8X10°(Re = pUB/p. X
T, U o 20 5h SR i TR | R4S 1) %8 BE RN 8 1 R
O EEE L P/B = 1.5 KU a = 0°~90° {1 X7
G ARG (1), R FH KRBT Y 1 XU
X5 U A B S Bl BE AN SR I 3 Rk A S e B
SN A B B TR TR XU N RO A S T
PLAIHLIE

1 HEKRBSWIE

1.1 BEAE

Kk (large-eddy simulation, LES ) J&—#f
TEPIRE RUBE iz T 23 (RSP 34 08 5 vk R 25 v A 1 o 1Y)
YRR, R AT S T A I . R
JE T 1ok IR JS R W] 45 Navier-Stokes 75 F B 4%
KA -

9u, _

dr,

szjuazf;f:—l@ Fu, 0 2
at dz;

0 (D

g Ox;0x; - dx;
0, R JE S R, R As TR B A
A 5 p A UENE R T ) v MRS BB RE . 7, TS
TIRBER T, R T /N R R 132 sl T K i 1)
BTN . LRE T BT RBOR R B, AL
kT RETH B 3 1 R &8 95 K (wall-adapted local
eddy-viscosity, WALE) . k% R B B B2 4 7,
WALE #8558 0. 325, 35 R H SIMPLEC
SRR R ) BRI A O AR, R v 25 0 Utk
1123 (BB H, >R FH Z B R i e (Rl g o 28 .
1.2 HEEBSHFEHE

P11 A4 ) T B R TSR AR ) B A R 1
RERE o BT R CL S R AE C2 AR
BB XS A a4k, CL I Cy g CLAS T FRH
Jo Co MGy C2 T3 FIBH g o AR T Y 7
SOTESMN M a b e d bRl . ASCHEGE I Re =
810", 2k H AL [BI R [ 52 o P = 1. 5B, AU )
a = 0"~90" (&} 10°— T80 o Wik H O 1t
B, HE AR N 608 ; XUH: & oA B T AR b
B W) A AR A BH ZE S i AR A B 1,67 % ~
3.33 Yo IR RN L = 4B, TR
THEEA D RAER R O e R ek R
] R T R B, A e R T JC 1 A% B
A 2 JBR T 45 RT3 A A HE
JE ) A i 300 A R4 I 7E £ 5838 X4 %% 5 AT R T A
INFIRSJEEEE K 0. 0018, i iy = Ay, /7., /v Jo =~ 1
(A, 2 BE TET T B RE T (Y B 5, o SR RE TR Y 1 )
Ji 1) A5 [R] FE 4] 43 40 JZ2 PO A% o WU AT A T SRR 7R ]
MR TCECN 337 U7 o AR R FH [ 1 20—
[ A = AtU/B=0. 005, 2t Az JAG 1 4RI} ]
B TR RS 5 T RAEIFT RS E, R
FERF AT 60 e B 75 JEL 3
1.3 1=BVIGE

R SR TG T R S R G B AR
PE, LA HEA AT G BT T T 1] AR A S 1]
AN — B [R5 K S S RO ) 250G
JikshBE s 28 C) Wk sh Tt 1 &8 GO E 2 a4
St s, FERE RS S SCER(E HET T L
B AERMFIIOR, EESHSEE LT

; dx;



778 [l §F K 2% 2 R CE SR BE 2 B0 5 50 4%
ACy
c 7 R RIS
d b 4
N ﬁ/\ 0 23 IS a
a 1 U EE
Cl G =N i
]
b
T
P=15B ___________________
a THEER b TN S

EH1 HEHEAMLREETER

Fig. 1 Sketch of computational model and boundary conditions
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Fig. 2 Details of computational mesh
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Fig. 3 Distribution of pressure coefficients on a single square cylinder
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Fig. 4 Variation of mean aerodynamic coefficients of two square cylinders with incidence angle
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Fig.5 Mean streamlines in leading-edge separation mode
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Fig. 6 Mean streamlines in separation-bubble mode
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Fig. 7 Mean streamlines in attached-flow mode
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Fig. 8 Mean streamlines in gap-side separation-bubble mode
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