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Large Eddy Simulation of Blockage Effect on
Flow Past a Two Dimensional Square Cylinder

GAO Yang, QUAN Yong, GU Ming
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Tongji University, Shanghai 20092, China)

Abstract: The uniform flow past two dimensional square
cylinders with blockage ratios 4. 2%, 10%, 16. 7%, 20%
and 25% were numerically investigated by large-eddy
simulation (LES).

distributions of the cylinders with these blockage ratios were

The aerodynamic forces and pressure

discussed. The blockage effects on flow field characteristics
and instantaneous vorticity were investigated. The results
show that when the blockage ratio increases from 4. 2% to
25% , the average drag coefficient, fluctuating lift coefficient
and Strouhal number increase by 27.6%, 43.6% and 31%,
respectively. The mean suction pressure coefficients and
fluctuating pressure coefficients on the side and leeward
surfaces of the cylinder both increase with the blockage
ratios. The blockage effects on the flow characteristics around
the cylinders are significant. Furthermore, for high blockage
ratios, periodic and alternating vortices are observed in the
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vicinity of the walls and mix with the vortices shedding from
the cylinders.

Key words: wind tunnel test; blockage ratio; large eddy

simulation; aerodynamic forces; instantaneous vorticity
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Tab.1 Computational domain size for each case

TH P/ % R (B J&In JIFE 3 1
Ikl 4.2 24D 4D 23D
TH 2 10 10D 4D 23D
TH3 16.7 6D 4D 23D
T4 20 5D 4D 23D
BRI 25 4D 4D 23D

- @ 36‘4‘“%%1‘213%%#_

- af 1
Yoo p 2@ auns
S =G
TR R A Q
. il TRBIURHM
DL @/Z) 6D
o B
z LRI
of | N o
AT FRBILREE it
T RIL T
b LA

1 HEERTRBAES
Fig.1 Schema of the computational domain and the

details of boundary conditions

ST 5 PR ZE TA0, T IX 1T X R4 X 8 A
B RIS K1) 4358 & — 20, LUR R T B4 R T X Hop.
T XA AR T 76 X8R, 7 AL AR R T R Rl 559 A . 200



1020 M ¥F K % 2 m(E AR 2B

H46 %

AP X F LES $EB L, 2 ARIE RS Y HHE
X IA LR B A% 43 FR 3, FEAE (R RE T3S 1
BRI ¥ & B4R D/2000, BE/NF 0. 1D/Re* =
6. 7X107* D, [ SMEEH (3 K2 1. 13, 155 5]
B A TGRS Y <2(YT =wy /v u, FEE
T EAE TR 5 y SRR 1 2 A% R B MR
] RS > 0. 1D. PRI 4 280 R 454k, & 2
ST 1 AR RAE R 43 DL B AR BT X388 R %% SRy
AR . B PRSI —1 0 X Rk R
St ARG X3 SR WA P s RS B AR — B, 3B S
LR PIAE RoT RAE KRB IR 2.

2 TR 1HEERENSTEE

Fig.2 Grid arrangement for Casel
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Tab.2 Study of grid-resolution sensitivity for Casel
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Tab.3 Comparison with previous experimental and numerical results of several aerodynamic characteristics
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Fig.3 The distribution of pressure coefficients on the cylinder central surfaces
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Fig.4 Effects of blockage on the aecrodynamic forces



1022 A ¥ K22 ME KRB 2D

H46 %

2.2.2 PFHFEEXS Strouhal KB

FEfA Strouhal G 2E L AR (L RLAE QI 5 BF
NS BHZERL M 4. 2% 34K B 25%, Strouhal ¢ M
0. 133 MA) T 0. 175, 3K T 31%. X A& TF BE
o I S B 2 HRAE FRIN 58 » 4R 408 30 B4 3 S 3 o e
. X TR BN TAH T (R =4. 2% M R
=10%) , Strouhal X {EAHZAR/IN, #H 25 3% ; ML
IRH 1 R BUA B Bk s T 1 R BUE AR Bk, AHZE 7R
3% LN, I 4 R,

0.18

017k =St
0.16F

5 0.15¢ /'
0.14} /
l/
0.13}
0.12 : : : : : )
0 s 10 15 20 25 30

Ri%

5 PHEEEL % Strouhal E59 200
Fig.5 Effects of blockage on the Strouhal numbers

B 6 A HEAARRE R BT R 4R, WTLUE L,
X FRHZE L/ N RTPIA TO0 1. T 2(R =4. 2%
A1 1020) , BH A 2R B0 D 253 i 28 1 (LR /N, B A
BHUEEAH 33X N A REL) ZR 800 ok 3 EE BRI, 24 B 28 e 3
KE—EER=16. 7%) , B F7 BB B 28 & 7F
K24 2 4% Strouhal £ B3 5 B R . B I8, S H T
L 5(R =25%) , HBH 1 REGTIE 28 (1 EIE# =
. G RE X VR W) B ZE bL A = 48 S5 T B 1A T XU
TIG T, th 4 B 24 BH 2 Lo i KB, BH R B0 #h 2%
STERZ 2 % Strouhal $4h i BLIE(E.

4

2 N
THS5(R=25%)

0

0

THR3(R=16.7%)

ISe (o2,

TH2R=10%)

T.I1(R=4.2%)
0 M“/\'\’\m

0.01 0.1 1
DIV,

6 PFHEELLXTRE ) RETh G
Fig.6 Blockage effects on the power spectra of

drag coefficients

2.2.3 PHIEHXRUEREHIR R

B 7 R4 Lo B R Fr O s A (2= 0) 1P 2
WU 22 80 LA B ksh KU BB A. anie] 7 Bz » fe A
PRI XUTHT o B 5 FEL 2 LU 38 A B3 B 3 30 5 DX 3 ) XL
e 2% B 29 060 W8 Bl i/ IN T fok 50 S B3 KA1 s PR X3
(0 XU R B LT 84k, 78 7 00 T , Bie % BH 22 LE 1Y
R B0 R FR B (A 4 X {8 DA X Bk s (B 1 B 3
i CULPE 7a.7b). WA LIE W AR A H U fA
U R B 2 X E R BK 30 XUE 2R SR 5 3 s 4
WA 3T S BRAR DR (BT AP DR L PR A7 B8 X oz A A O i 3
(B 37 X 0 RO 7 . i EL ZE U A3 O, AR OR (B
T 2 [0 5% D 3988 2 T DX A3 4 B S R 434 A LR 0
(VA-szS HE N e 2R

— THLI(R=4.2%)

L U, B e THR-10%)
—— T3 (R=16.7%)
or =R i aR=20%)
—— TH5(R=25%)

g ~lr
£
& Ll W
_4_ *
F A B R
a FHRERE
1.6¢ A B
14r I R
12t
1.0
£ o)
&
0.6}
0.4t
0.2t
D ek
b Bk RUE R

T HERERERBSHEBEELLNTLNE
Fig.7 Blockage effects on the pressure coefficients

distribution on the cylinder surfaces

e B AR U T W TR B — %) 2 150 e 4[]
TR, FH TR TS XA AR RE B 1. B BH 26 L 9
MR S XU R B E A W E TR SIE, SR B/
. i A b R<C10 %0 BB B0 » T BE Xoh it 373 F)
PR GREN F 3 KU 2R 5 8 K 3 XU 2R B o3
T LL BRI

Kl 8 4% TOULHr i sk b £k 20 A B I ) S 34
WU 2 8. FiEE L LU 38, R X B 5 XU R 8



ERR G

W8 PHL S T SR LSRR IR AL 1023

WES B E BN £ /D=1 Kz R E R Bk IME
g ab, 4PHE . R R 4. 22038 K3 25 % B, 4/ IME
H—2. 23 J/NEI—2. 97, O A KU R 3 E
—0. 33 /N8 —0. 89. RNt ] LIF W, XF TRH 2 L
B/NRI0%0) I T8 U bR 3 AU &
oA LU, FHZE L I s LA/,

— TRI(R=4.2%)
—~ TR2(R=10%)
~ TR3(R=16.7%)
— LIRA(R=20%)
—~ LIR5(R=25%)

5
I S

BT 20 2 4 %
XD
El 8 Fizrhihsk FI9RE R E5 70 MEFE 2 bL i T4 4R

Fig.8 Blockage effects on average pressure coefficients

8 10 12 14 16

distribution at domain centerline

2.2.4  PHZE X RABR T 37 0 2

B9 k45 BH 2 b A 44 T 0 0 T B S DX 38R 1 9
Gt B TWIANLE 239 2/D=—0.125(%&
5 x/D=0.125CHF)D ;AT 3 Fxt ELIm, 4371

AN ] (4 -3 R 4 A (B8 1 47, U/Uo) VB WE

NS5 AR B 2 47 s uu/UR) VB VEBTVI R 1 (56 3 47,
wv/U8) , N4y i e TR NGE IH—4k , FB N F15%
TR 31k

Bl 9a.9b Firow A IR, 71 °F-38) 38 & 43 70 , B 5
Ty BB s WXL ) 3 J3E T 2 5808/, 76 /D =0. 6
T BURS ) /IME 2 J5 T B3 i, 7 y/D=0. 8 ML
BB RAE , Z S5 PR ET /N B B 7E 5 5 BRI A
OB (R R ) B 5 BE JE BL RS, R
1 7 B2 B 1n) I B AL R O 1 B 3. BEUE A B
BRI, AL TF Bl (o/D=—0.125), FiFi &
(x/D=0. 125) BT, ] °F- 35 38 BE i i R AE L 3R Y
{7 B 5 S A A R R SO R R Dk R TG Y
T JEE NI 3 BE IR 99 Y6 i B, Fh L AT LR
BEL S Lb A3 K, A A 1T 00 52 ) D A O/

3 1) B U 1 R 7 ¥ A 1) 43 46 W B 9c. 9d BT
. ST B B AL, W T B AR, T I %
B2 1) = A1, el N 2 VA= R NI AR AL Ao
T BB g 5 2 — 4, B A TR S N 5 8
NS R  B E BRETEN R T E. BEE BHZE LAY
R, B IE N ) WA B A K. X F LW E AL,
# y/D<<0. 7 JEREIN, BLEER N 38 0B B, 7 v/ D>
0.7 YL P, A [ BHL 28 bb 0 0 i 55 5 TE B 1 20 A 1

BAEE s o F WAL EAL , XA H AR v/D=0. 8.

VRS YR 7 B 1 43 A5 A0 B 9e, 9f BIR. 7E
LR v/ D<<0. 8 LA T v/D<0. 9 XN,
ERHEELL 3 K, TR TEBY VIR 07 2 i e/ s 72 L 1Y
vy/D>0.8 AR TUHY v/D>0. 9 X3RN, b % P 2E
LU 38 K, B E BT VIR A B in , B & 5 AR RE
BIRE N , B ZE RO S B HS. 53 A MR ZE L R<C
10 208 , R B , BH 2 LU I S e 19 5
M3/,

1.8¢ 8r
x/D==0.125 f} «/D=0.125
1.6} }l i 1.6F yI
1.4k Lt ‘%Y 1.4} L}
Q 1.2+ iﬁ'; a 1.2F = T 1(R=4.2%)
2 ~ LI 1(R=4.2%) By = —— TiR2(R=10%) *
= —— LHAR=10%) T B ok = TE3R-167%)

LOF o T3(R=16.7%) %
—— T HA(R=20%)
0.8k~ TH5(R=25%)

U = Tar=20%)
—— TH5(R=25%)

0.6 0.6f
~05 06 05 1.0 1520 -05 0 0510 1520
T, I,
ax/D=—0.,125 b /D=0, 125

1.8
1.6
14
o 12
=,
" 1.0
0.8
0.6 :
0 02 04 06 0 02 04 06
wwU§ U
¢ #/D—=—0. 125 d #/D=0. 125
1.8¢ 1.8
1.6 1.6
141 140
Uy
o 12 o 12 :
> qob > 1.0k -
0.8k 0.8F o
“@gg‘,
0.6 0.6 VA

~0.02 6 0.02 0.04 0.06

~0.12-0.08~0.04 0
W U} U
e xz/D=—0.125 f z/D=0.125

B9 EERTEHREE.FENENISH
Fig.9 Profiles of averaged velocity and Reynolds

stress components

2.2.5 PHZE XTI BT i 2 A T
E 104 HT 4 FRATEPBLZE L (10%.16. 7%,
20%.25%) T By B s it & 2= . B o BRn SE T R



1024 M ¥F K % 2 m(E AR 2B

H46 %

T, B R B R HE RN — B R (0" =
wD/Uo). LAt BEHe 8 IE , LR AR BIE R
e, BERAUR AR B Be. A /N8 —hE
SRR R ME B/ MEHE 73590 + 10, I F@ S 1.
XFEE 4 dHR I BHZE b 00, o) LU o o FEL 28
LU BRI R , B R T30 18 B8 B 22 2 PR T 3 558 L L 7% 1) e
A TEIEE/IN. AN 10a TR, 2 R<C10 %6 I, ] BE %o
TE PR SR (9 9 RAR /N, FEAE MR SR ST 7 4 e
[) FEURAEH; th TR BE L0 2 i R R i 5 44, TR
WTEE T ARRSE N —ERERIFE. SH
FELLHAE] R=16. 700 I, i BE X L 37 B4 249 R RE
B2 LU, AT XU T B 3P B 968 -l 3 A A2 4%
RV T e A FE RREE — AW 5 » e/ D= 1240 4K IH W)

0 2 4 6 8 10 12 14 16

0 2 4 6 8 10 12 14 16

b T 3(R=16.7%)

0 2 4 6 8 10 12 14 16

d TH 5(R=25%)
FIBHHEER A — R RESE (A
HAB®AERZ)
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