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Simulation of flow around bluff body using Virtual Boundary method

YANG Qing, CAO Shu-yang, SUN Li-ming
(State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: In order to introduce the immersed boundary method based on the forcing conception to the
simulation of flow around engineering structures, such as bridges, the Virtual Boundary method which is
suitable for rigid boundary was chosen to carry out simulation of flow around bluff bodies. During this
process, staggered grid and fractional step method were integrated with Virtual Boundary method. The
interpolation method was adopted to realize the data transmit between grid points and boundary points to
form the boundary. First the mechanism of immersed boundary was studied. Then the simulation of flow
around bluff body was carried out. The simulations of flow around square cylinder, circular cylinder and
square cylinder with attack angle were established. The results indicate that under immersed boundary
model the boundary formation is only in 0. 6 s and the no-slip wall condition is satisfied at the same time.
The inner fluid is isolated from outer fluid field and decays with time. The flow phenomena and aerody-
namic forces of cylinder coincide with other research data. As for bridge section, lift coefficient signifi-
cantly increases, with angle. When the angle is 3°, obvious asymmetric flow field is observed. The vor-
tex shedding frequency is insensitive to the angle. 1 tab, 13 figs, 21 refs.

Key words: bridge engineering; simulation of flow around bluff body; Virtual Boundary method;

data transmit

Wr#s B #1:2013-03-09
E&TE [E K EAIERMBIIE 975 HHRIBTH (2013CB030601) ; A LA I [E 5 4 580 % B I LA 435 H (SLDRCE0Y-B-04)
EE- N 1985, B ZHE A, T4 L5 4E , E-mail: 811benson(@ tongji. edu. cn,



% 14 7

F,% . & T Virtual Boundary 7 i %% 454k 22 770 2048 AL 4 o7

0 51 §

S B R A A A B8 I AL T B I A R (A
PR — A>T 2 H bR 7] B 2 R A (8 R B
BAE S Br AR b, 4 1 o B AR 8 LA B I £
- A RS . B RTE R CFD i (E#
FLAE SR R A0 AL 3 5 A4 15 Y L R 5 T b A ok 2y
MR R 2 AR D R RTHR A5 1F . H ETEBUE B Ty
22 e TG A% I A% Ay 3 9 A 300 B B 32 4 T R
S5 22 05 T R R A BEAR I b 3 12 X 25 4 40 B A
FORSEADL , ELX 3l 25 UK R M . X dJe CFD & e
T AT LR 5 T Pl ) ) E B A, I, &
Ji Hh BB A8 W 5 AT LA i BT IS T R -1 RS A oK
fi# 1) CED J7 1 € B R TR 45 44 o XUIT 93 451 ik 7
fifp TR B [0 R, A O 3o R e R O A S I S 2 A
HEPPEAIbRIE . AT HoA CFD J5ik iR A5
AR 5 B R A T R A AR 4 o ] T
T~ 1 5 T 800 198 SR A o 3 3 A 3 o 5 300 L 3k I 50 I
& BT R 3T S AR R RRAIR . BRI o R 9 i 2 4
P CREHT G RO )1z W T B A2
S5 QU v - TR A LA IS 2B R — B L
B R ST KR AL B N T R
U A AR SR 0 AT AT PE . SR H AT SR
ST R KR I3 SCHR 2 46 vh T 8 — 2 5L AL 01T
SRS 3 AT 38 A 4 T My R T 6 At LAl i B
RS TR B FE » 5L i 2 X T ik i) ik D4 v 52
PEE D R IE, 41 AR G U R AT Bl R IR SR
L5 G IEFE I 3 — 25 BIF 5% 43 17 050 10 A B A T BL B
A S AR P SR A 1 S

R MG AR SO R IS T AR WM i A R SR
M7 A B8 (Virtual Boundary Method) , 45 &
EROR % 7 B:—r & 5 (Fractional Step Meth-
od) KA &5 i1 Ak B 7 X SEEE M L R A
A T vE W2 T 3l 20 A R 5 T ] P A% s ) B A
1% 36 o 1 3 W 1A 0 5 0 BT R UL 5 R e ) e T
Xof LB 7 R | BRE AT DRI A 0 L T A SR S 4
v T W7 T 719 8 0 50 (BB 0L 5 i s A SORHT: B
PR S8 It A5 400 Ay 4 T Pk AT AT
1 Virtual Boundary & k& !

TR AT SRR G 4 Ry s 5 i
TR PR Ho 5 S I 1 K Y i 4
{IERS =S PSS O e D X G 31 NS 7 = XY 2 (1

EFXFF I, Goldstein #32 A ¥ 5 12 [6] ) 15t 17 1

P 7 RS A S Je A AT W B B Virtual
Boundary J5 i1 X Bl Iy ik R R RITE T
Bt 08 32 5 b A i i B st g R DA I A B A
Wik I TR 0 S B L LIRS L 5. Virtual
Boundary J7 % B A ¥ il 75 F 4 Al ik

%JvL(U : v>U:—%vp+w2U+F (1

v - U=0 (2)
KU N e N R 0 HIRARE B P R IE )0
HIRMB SRS s F oy J IR, b e AR 5 S E

T8 3 17 A A S A AR T T R A
F(Xsst) =a; J [u(Xe 1) —V(Xsot) Jde+

Blu(Xs.t) =V (Xs,0)] (3)

K F(Xs o O MR BB A bR s o o B R RCBRH
B, A B H 0 R B0 AU R0R V(Xs o0 W)
PRI R 5 u(Xs o) Ry i1 5 m T AR R B 5 0 (X0 0) —
V(Xs o) W01 FEA0 AR 3R BE 5 300 S B 1) 25 5

Feh A IE R IE F 22 5Ll 2 RS HL D [0 45
735 R R B 0T, LA TG B I AR A

SR FH R BF B3 50 Y i — AR i A 22 5
FRLHL I R W A2 1 AR ok b ) 25 4 PR 2 =X X
(DR A

ok Sy 2253 07V — B RO

LU s R S ot R EUE o 5
R o MEBOR F B 1) 20 K /N TSGR BEAR. t
K4 LW A 1E T Virtual Boundary 7 EEH,

2 BRME—®EZX

A (D~ (3) Frid, 7£ Virtual Boundary &
T2 TP 1 S AR T AT St R B TR A R Bt
BRI 0114 S B I B R AR AT S I Y 10 A A A R L I
— eI BN FIBUE AL 4 2 A BRI AR
PUE e T DX B s DR P A0 A
SR BRI BLAS B H s, s (] e T iR i A
(32 BRSO T L WA Bks BB S [ A
B I T A8 A o At 3 5 AR R PR 22 SRR A R
EAVA SR 11 VA< N i T RS AP S W/ @/ 7 [ VAL LS
A L IUIME 1R 3 ST R o i SRS T LA K
TR 7 A Fs gl RS I H SR RE S
DAL st F A, A B A UL 3l 2 (R A AR UG 08
o T L R i ) 5 4 B RIVA) 3 £ 38 e %

Ar— B )




58 KZXFFHRARAFR

2014 %

K TE s VAt — 250 BAE T A B i 3 U
B I P a5 38 2R B s 0T L) Delta BN
JROBICS B AL pR R R A R R AR i RS
(i) &1 P X0 A% o A7 a0 A% a2 0% B 2, 06 200 DR UE 1 T
2 5 )5 FE B HOR i M S8R BT RS B L R RE
L Delta p& 5 9] 19 77 S8 X0 0 200 15 3] 51
AL BRI . &N T I, Peskin B 588 Wi AR
Lk B T Xk T
Mw:%ﬂnﬁvﬂﬂn) (5
A r, = —a) /hsry,=(yk—y,) /hsr.= (2, —
) /hsh R PR BRIV s 20 v vz S BRBL A5 BRI

AR AR sy iz L R RIS BT H AT AR AR
Fay it 35D FA(EL BR K £ () i R aB 0N

) <1
f:A%—f@—WH) 1<|rl<2 (&
0 |r| =2

f(r):3*2|r|+ 18+4|r|*4\r|“ N

AP ol 3 L o 50528 9K RE 65 PR UE AR B 1) 476 {0 2
BB E N A% i R S BBy BB AR T &
TRER BT

Sl b A R £ G FUB 2 4 ] o 5 v D =X
(8~ (10D . o AT UL A Sy oAb B A i it O R i T 2

fG)=0 [ 7] >2 (8)
23fu~70::2f<rfjr:%— (9)
; ‘even odd

2fGr—p=1 r€ real (10)

Goldstein %5 {4 & £5 1% pR £ AE Sy H: 52 90 54 [a]
b Byt AR G5 R R W I J7 1 ) 1 ik RHEUE =
B RSO BT Saiki SF4R B 00K B AF HE Y
F 2B v R 2k P9 {8 5 # (Bilinear Interpola-
tion Method) #4 1 i {5 PR 4K, S5 BEAR A4

B 1d P RBIFRE.Ciy i)y Citl, ), Cit
Ly j+D, Ciy DR FEE 4 AW . 1 7S
P L sh Z 508 U Cx,) i X 4 JH BBl 4%
A EBHUE U, A

1,

it
U(.r;): 2 D;,](JN_\-)U,'_I (11)

ivj

D; (x)=d(x,—x)d(y,—y;) (12)
e vy BB BRI RS AR bR s oy, IR
FUBDHLAS B H S AR AR

BREL d (o) 1 RE N

. _ (x,—xi01)
d(x,—x;) C—arD R

x,<x

Uiy (X0, )
—

’ >
i
|
|
|
|
B 1 RS E
Fig. 1 Location of boundary points
Sl
d(x,—f,-):u x>,
(x;—xi-1)
dlx,—x)=1 X, =ux,
(y,— )
d(y,\*y,-):% v, <y,
(y] yj+1)
v —yi=1)
dly,—y)=7—"—"—= 3, >y,
’ (y./_y,l*l) !
dy,—y)=1 Vi =,

3 SR MEAIES AT

X} Virtual Boundary 55 6 45 8 J7 #2 5 (1) & 1k

3t
%’\’f:m J; qdt+Bq (13)

K qg=u—o XN (4) B R 1 BE 25 5 O R
A — T S R o MY SRR S W LUE £
b I HETOL R A B T [R) AR 3 TR 55 3 gL DA
{4512 Ui 1A BT I ZAR B FE A 2 5 b 5 28 30T Big
S5 20T T Bl AR B 0 X 58 3 s g 7 A R BELJE L 45
M) SO 4 R 7 A8

K (13) gk — 8 /8 H7E Virtual Boundary 5 5
R, i ot R KRS o A R 30 B A R Y
TR L LA 2 T 7% BE 1 25

% E A 7E Virtual Boundary B AT, &
TFil FAUA 73 B MBS R Ui R B ey B HE T
W BUBCR LA B RGR E R AR 25 L RS C
B8 i1 52 BT AR A i T 2R R S A B 5t R B
TF 5 Se B A AL

=L (14)

ny i
A o, ISR ARG ws R R JE
U 2 AR R R AT S AL
BRURZE L 54



%14 # A% AT Virtual Boundary Zr i 69 464k S i B AR ABE 59

0.2571
0.20r
0.151
0.10¢
0.05¢

L/Am +s7")

—0.05¢
—0.104
—0.15¢

—0.205 20 40 60 80

t/s
(a)a =—160, B=—6
0.15

L/(m -s™")

—0.05 4

—0.10 H

—0.15

0 5 10 15 20 25 30
t/s
(b)a =—1600, B=—60

0.010
0.005
A
= 0
—0.005
—0.0105 05 1.0 15 2.0
t/s
(¢) & =—160000, §=—600
0.001
o 0
=
= —0.001
~
—0.0025 0.5 1.0 15 20 25

s
(d) @ =—1600000, B=—6000

&2 NI R R GH B R B SRR 22 L
Fig. 2 Accumulated error of boundary points

L with different constant combinations
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Tab.1 Aerodynamic force coefficients for bridge section
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