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Over a Circular Cylinder

Sangmo Kang and Wonho Choi

Numerical Study on Uniform-Shear Flow
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Abstract

139

The present study has numerically investigated two-dimensional laminar flow over a circular cylinder
with a uniform planar shear, where the free-stream velocity varies linearly across the cylinder.

Numerical simulations using the

immersed boundary method are performed for the ranges of

50<Re<160, K<(.2, and B=(.1 and (.05 where Re, K and B are the Reynolds number, the
non-dimensionalized velocity gradient and the blockage ratio, respectively. Results show that the flow
depends significantly on B as well as Re and K. It is found, especially, that the blockage effect
accounts for some causes of apparent discrepancies among previous studies on the flow. With
increasing K, the vortex shedding frequency and the mean drag stay nearly constant or slightly
decrease whereas the mean lift, acting from the higher-velocity side to the lower, increases linearly.
Flow statistics as well as instantaneous flow fields are presented to identify the characteristics of the
flow and then to understand the underlying mechanism.
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Fig. 1 Schematic diagram of uniform-shear flow
over a circular cylinder
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Table 1 Flow conditions used in previous studies:
NA=numerical analysis, EM=experimental
measurement. Jordan & Fromm used the
time-averaged flow of a turbulent jet for
the uniform-shear flow

Flow Conditions _
Researchers Re K B%) D]fgé
ot o | o0 | e T 0 [ua
Tar(“l”grgao;’g, a1 40,8 | 0~04 | =0 | NA
K(‘lygsg’)u‘," 3300 | 0~025 [27~17] EM
Ha;z;?‘??gﬁ)(o) 80 | 0~04 | =0 | NA
K‘("l"g"gz")’uf’ Lol 800, | 0~025 [67~16 EM
Ha)(l?;l'lgrs )et al. 6x10% 0 ~09j(;45, 6.7 EM
W(‘EO%O)%}BF“ - 0~267| =0 | NA
Lei et al. (2000)""| _ ’]3800 0~025| 125 | NA
Sumner & Akosile| 4~9 0.02 1.8
(2003)® x10' | ~0.07 | ~27 | EM
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Fig. 2 Mean drag coefficient, amplitude of the
lift-coefficient fluctuations, and the
Strouhal number with respect to B for the
flow at Re=100 and K=0
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Table 2 Validation of the numerical method:
parametric study for uniform-shear
flow over a circular cylinder at
Re=100 and K=0.2( B=0.1)

Present Re}igi]:tei:m E}r{Te(l?ti(“:Z)
MxN S13x193 705289 -
ax(ay) | 0015625 | 0.010417 .
At 0.0100 0.0064 -
St 0.1696 0.1697 0.06
C, 20.1732 | -0.1721 0.64
Cp 1.3943 13941 | 001
(o4 L 0.3820 0.3824 0.10
Cp 0.0394 0.0394 0.00
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Table 3 Validation of the numerical method:
comparison study for unconfined flow
over a circular cylinder at Re=100
and K=0 ( B=0.0125)

Cp o St
Present 1.33 0.32 0.165
Park et al(1997) 1.33 0.33 0.165
Williamson(1996) - - 0.164
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Fig. 5 Mean lift coefficient and amplitude of the

lift-coefficient fluctuations with respect to

Re, K and B: @ — C, and C,

versus Re, and (b)) — C, and (',

versus K (at Re=100)

K(K20.06)7F 3748 o
Zhedn #3492

Ay Lei 50 46}1 FH8 Na® #5232
(Re>80)lAE BE2 HPo] HARHY}. & <
T #EI FFZA(50<Re<1603 K=<0.2)

AAE Kiya 5V ddzsete wa neEx
Aol ARAA erghth. dRRez Hgol gl
F5%9  ASK(K=0%  Bx0)

=
Lo

o &
3%

2.

&

4=z

Re>Re ~4794 BEA o] WAty &
A4 ok Hge Ko wyug B we
dA ez T WMHE AHEI] Y
Re=479X FANHE Fgsidct. Ao
239, K9 BA A9 #AGo] Re=47o]AM =
g2 Ago] A3 LASFAH B=0.1%]
= Fig. 4 Fx). 273502 o4 "ols=
K¢ Be & A9 A Feve A
o B dAFdqA FaAd FEFANME) 2

W4y o
4 2ol Ho

2 m{o

gl & Bl b TR Cz_)
Fig. 5o uehBgich Auol agst
K>0) Re%t Boll @AWl ¥ BFge E_Fr
o g CK0)& 7HAH, ol FF FHol A
7t B8 BN we Zoz A8y
A< udd. o Adpe 4 P‘z T2
o &= %——r’- &2 Jordan & Fromm,” Hayashi
®) Lei " Sumner & Akosile® S3= @
X o]-b}, Tamura = ® yoshino & Hayashi,® Wu &
Chen"” 3t €43 thad. oz5§ ole
Lei /73 Sumner & Akosile®o] 2]siA 5 HA)
AHQed, 15 AYe dde AR

Nlo o 4 oy o
M
o,
_\1

~

rir do
N oit

oy g
=
AN

ol

=

ol(‘l 2 Ho de

FH Yol Hi E}E;ﬂ
AL T 0}7] g E Ray 2 e
EES F4E 9871 olt} 2 oq:TLE
2} 28 &[Jordan & Fromm”’z} Hayashi %
"1]94] AY ZERIE A= AFHE0 &
Z9hFig. 194 +x @) 38
g yuE 27|E AL
IFA AHEE Tge &S AHw
HoltHTable 1 FZ) H|E FHL
kx| g Kiya 593 Kwon ¥ o
Hgict o9 Wiz, ¥4 2L &
y-u}F &k 37]2 fS =A sel( Bx=0) A
ylakul ol g} gl wh Sk —

T JEF A o FA

£
0(' L‘ S

n: fo) =
ot — v
do o2 M o [o
rEoE:{OJRﬂimskkﬂ_azzmrlor%"iihrﬂ

0] x

=

=
T

_|Q’_
o 2L I

=
=



Fig. 6 Instantaneous flow field for
uniform-shear flow at K=0.4
and Re=40 in case that the
saddle point exists, cited from
Zdravkovich(1997)?
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