FRILT ¢ |7
H@A RTICLE

A EME f 12 T A HSR O ESER U R 7K 3 7R 5
HUME, Lig, 2547

(1. , 264000; 2. , 266100)

WE: ATHRRRE A FZS TR R WA, RAARKBRE, EMT FiEH Re 4 22 500.

Bl ¥2A 0.1D(D A FAEDKGKE). 02D = 03D M ARG EALRE, FHREZORANRED
Fak, A KA SST k—wit AR, RFEEMLERLE T ARBAFRTHFAANAGRETBURA
BRI C A H BRI Cp ARG R TR MIC T A St R R, Bl AFANEMEET
FAEH B, MFRARRE KA, #R RN Cofe Crahdksh el 2 IR B3 K ey A%, B A
F12H4 0.1D F= 0.2D W FHEZ BN, REEB AR FTEZAKK, BAFES 03D HHZEZ HRK;
M A5 F 120038 n, ARARARCE S XARIELL R, AT46 F oo 8UR M8 K, MmN & &k,

FEIR: FHERR; BlAFR; Th. AR ERBLERL; MTAHK
PESES: TVI43 XHkFRIRES: A X EHE: 1000-3096(2017)07-0137-06
DOI: 10.11759/hykx20161120001

[4]

, CFX, SST
; (
4 ) )

. [5]

RNG k-¢

PIV(particle image velocimetry, )
LDV(laser doppler velocimetry, )
, t . (6]
PIV k—& DES
, 796~9 556
0.2~3.0( )
. L
St . (2]
(TR-PIV) :2016-11-20; :2017-01-08
3] : (ZR2017BEE047),
2250 ; (LB2016010)
PIV [Foundation: Natural Science Foundation of Shandong Province, No.
ZR2017BEE047; Foundation Scientific Research Funds of Ludong Uni-
’ versity, No. LB2016010]
(1986-),

(1985-),
, E-mail: mao-

’ haiyingl6@163.com

Marine Sciences / Vol. 41, No. 7 /2017 137



HRRTL » |7
M@AWME

Vi 4
’ 4
F, = tanh<{ min| max *k ,5(;00 , pamlz ©)
pwy y'o)CDyy
’ CDy,, = max(Zpaw2 i%a—w,lOloJ (6)
i OX;
) > Y 5 CDkw
ak
v = (7)
max (a0, QF ,)
1 HEHEA , =031,0 : F,
11 454 2k s000)[
F, =tanh<| max| ———, 3 (8)
; By yo
’ N-8 Fluent
2 BERARE
g 1 21 HESRHK
X
1, 60Dx20D, D
o o 16 0| @ ’ 10D, 20D,
S B R R V2 B ) D=0.015 m, U=0.39 m/s
ot ox; pox Ox;| Ox; :
P » P , vV Q _I‘L
=
by o 1) —
1.2 BAER L~ oo
Menter!” k—& k~w , S A TR
Bradwhaw , SST k—w HE T
s k=& ~—10D 50D
’ 1
k- Fig. 1 Computational domain and arrangement of cylinders
SST ko
9 k_w ) )
k—e& , SST >
kw , 2 Fluent
6(pk)+8(pkul) o ( . )ak B ﬁ* i > Simple s
=— oLl ) — - @
ot ox; X; HE okt Ox; , P ’ ’
) 1 ’0x10*4 0.002
d(pw) d(pau;) ok ) R R
t————=—| (uto,u)— |+apS” - 40
Ot Oox; X, ox;
1 ok de 2.2 AREA B A
P’ +2(1-F)po, ————— (4) )
@ Ox; Ox; u=1.5 m/s, v=0 m/s;
, k , @ , 0,,=0.856, :
B=0.09, F,
138 /2017 /41 /7



L - |7
h@AWME

Ty RE S ] AR 0.1D flf21%

4 HERRMN

Re 22 500 0.1D 0.2D
0.3D

4.1 ‘ABRELS

HITRE A% 0.1D

Fig. 2 Mesh of square cylinder
{8 f4-F4¢ 0.2D #2114 0.3D

40

3 BRI

3
Fig. 3 Instantaneous vorticity contours

Cy 3 , ,
b St 9
F,
Cp=—"%5 9)
St=fD/u (10)
> Fa ,D s u :
v P
Re 22 500 C, St

x1 BAHEKREIMTESR

Tab.1 Simulation results of flow around a square cylinder >

Re C, St ,

5x10° [8] 2.21 0.129 ,
2.2x10* [9] 2.05 0.132 ,

1x10° [5] 2.15 0.126 ,

2x10° [4] 2.08 0.124

22 500 2.18 0.132 42 . B RK

Re 22500 Cy
1 ,Re 22500 C t 4
St 0132 C, 2.18 C, G

El

Marine Sciences / Vol. 41, No. 7 /2017 139



ARTICLE

—

#Ex « Jim

0.010+

4.0

35

3.0

t/s

25

2.0

4.0

35

3.0

t/s

25

Cy

001y 020

0.010-

0.005+

ND op

3

0

4.0

35

3.0
t/s

2.5

2.0

4.0

35

3.0

t/s

2.5

2.0

Fig. 4 Lift and drag coefficients of square cylinder

0.254

0.170

0.132

0.3D

02D
VR S

0.1D

03p
0.2

1S

G

7Cd

0.1D, 0.2D

0.3D

0.1F

0.0

St
Fig. 5 Variations of the Strouhal number

0.2D
0.3D

0.1D

43 HIFTAHK

, St

[10]

(FFT)

St

0.1D 0.2D

St

0.3D

41

/

/2017

140



HFRIL
(1) , ,
(2) Cs G
, 0.1D
(3) ,
, , .. PIV
1. ( )

2007, 40(1): 18-24.

Qi Erong, Lu Weijuan, Qiu Lan, et al. Research on vor-

tices of cross flow past a horizontal square cylinder by

PIV system[J]. Engineering Journal of Wuhan University,

2007, 40(1): 18-24.
TR-PIV [J1.

1312-1314.

Shi Liuliu, Yu Jun, Wan Jinjin, et al. TR-PIV measure-

ments of the unsteady of the unsteady characteristics of

, 2009, 30(8):

the flow past a square cylinder near the wall[J]. Journal
of Engineering Thermophysics, 2009, 30(8): 1312-1314.
PIV [D].
, 2015.

Yang Jizhong. Study on current around a square column
ssing particle image velocimetry experiment and nu-
merical simulation[D]. Shanghai: Shanghai Ocean Uni-
versity, 2015.

Marine Sciences / Vol. 41, No. 7/ 2017

[4]

) H@ART/CLE

[J1. (
34(1): 41-45.
Bi Jihong, Yu Huajun, Ren Hongpeng. Two dimen-

), 2012,

sional numerical simulation of flow over a static square
cylinder and a static circular cylinder[J]. Journal of
China Three Gorges University (Natural Sciences),
2012, 34(1): 41-45.

[J1. , 2014, 35(3): 227-
233.
Shen Lilong, Liu Mingwei, Wu Linjian, et al. Numeri-
cal simulation of the flow around circular and square
cylinder at subcritical Reynolds numbers[J]. Journal of
Waterway and Harbor, 2014, 35(3): 227-233.

[D].
: ,2014.
Li Xuejian. Two and three dimensional numerical sim-
ulation of flow around a square cylinder[D]. Hangzhou:
China Jiliang University, 2014.
Menter F R. Two-equation eddy-viscosity transport
turbulence model for engineering applications[J]. ATAA
Journal, 1994, 32(8): 1598-1605.
Norberg C. Flow around rectangular cylinders: Pressure
forces and wake frequencies[J]. Journal of Wind Engi-
neering & Industrial Aerodynamics, 1993, 49(1-3):
187-196.
Lyn D A, Einav S E, Rodi W, et al. A laser-doppler
velocimetry study of ensemble-averaged characteristics
of turbulent near wake of a square cylinder[J]. Journal
of Fluid Mechanics, 1995, 304(1): 285-319.
J1. , 2008, 30(12): 129-132.

Zhan Hao, Li Wanping, Fang Qinhan, et al. Numerical
simulation of the flow around a circular cylinder at
varies Reynolds number[J]. Journal of Wuhan Univer-
sity of Technology, 2008, 30(12): 129-132.

141



HRRTL » |7
H@A RTICLE

Hydrodynamic characteristics and numerical simulation of
flow around square cylinders at different filleting radii
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(1. College of Civil Engineering, Ludong University, Yantai 264000, China; 2. College of Engineering, Ocean
University of China, Qingdao 266100, China)
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Abstract: To study the effect of different filleting radii on the flow characteristics around a square cylinder, in this
study, we used Fluent software and the finite volume method to simulated a Reynolds number of 22 500, and ap-
plied filleting radii of 0.1 D, 0.2 D, and 0.3 D in a square cylinder flow process. We used an enhanced wall function
for the wall near the square cylinder and the SST 4w in our turbulence model. Based on the simulation results, we
obtained the flow-field vorticity map, drag coefficient, and lift coefficient of a square cylinder with different fillet-
ing radii. We obtained the vortex shedding frequency by the fast Fourier transform method. The results show that
the chamfer radius changed with an increasing separation column, with the wake length increasing and the vortex
scale decreasing. We found the drag coefficient and lift coefficient amplitude to first decrease and then increase,
with a square column stress radius for 0.1 D and smaller 0.2 D, and a unilateral column with a larger chamfer radius
of 0.3 D. With an increase in the fillet radius, the column section is connected with a circular form, the Strouhal

number increases, and the vortex shedding frequency is faster.
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