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A Study on the Fluid Flow around an Oscillating Circular Cylinder
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Abstract

A circular cylinder is oscillated in the otherwise quiescent viscous fluid. Numerical analy-
sis is performed for this problem by using the fourth-order Runge-kutta method for the uns-
teady Navier-stokes equations. For K(Keulegan-Carpenter's No.)=5, the flow developed sym-
metrically, while for K=10, it revealed random patterns. The coefficient of the rms force

is overestimated by 20~30% compared with the experimental result.
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Fig. 1 Record of C, for the uniform flow over a
circular cylinder (0=<t=<57.8)

Table 1 Drag coefficients C, for the uniform flow
over a circular cylinder obtained by va-

rious authors

Orlgm Cy i Remark 1
Kawaguti(1953)" L 61&[ steady approach
Tritton(1959)"'V 158 experiment

'Apelt(1961) %'
'Kawaguti & Jain(1965)™
Thoman & Szewczyk(1969) 1.572; unsteady approach
Son & Hanratty(1969)"% /151
Takami & Keller(1969)'® 1.533

Jain & Rao(1969)17 1.59d unsteady approach
Dennis & Chang(1970) ‘
; Dennis(1973)¥
Fornberg(1980)?
Present(1989)

:1.496i steady approach
1.529 unsteady approach

unsteady

steady -approach

11.522 steady approach |

1 49:l
1.498 steady approach
|
11.420 unsteady approach :

FEE b shalatA] o
22 A 7+5)i= Fornberg®)
of 5% Axe] Qx}H Mol
= 7 ek

Fig. 2+ sqistd s efxve] P ¥ & vehia
3l Ffﬂ Dennis®t Chang™e| ZHx}e}
=2

el

C et A & gke A
ZA1}e} wlas) o]

o) ok

B
=

=1

a7

K

ol o o
T =

Ay
T

S A Fatol @ e A Al

60.

5 B A7 227
°

"

<

n

ol .
[~}

’ \_/”'”—1
) N

0. 30. 60. 90. 120.  ,150. P 180

(a) Surface pressure

{ © r— _

9

e

w

s

Z V_ .

n

T' L.-“L..,-_ - — i 1

0. 30, 50. 90. 120, 1S0. 180
g
(b) Surface vorticity
Fig. 2 Present result(Re=40)
6. K=5, 102] A4t Hot & HE

K=5, 1041 sloj49) 2% 85 7919 §58
A& AArsieic

1=31, J=49, Re=100, At=0.05, £&,=3, w=1.8

of ¥ Aol AFEE A o]},

Fig. 32 K=5°l g C,2} C, o] WHEE Holx
ok e A o 4 9lZe] K=5949] C&= ¥
Al gk 2o Coe A9 A A o2 w3 g)
Zevk K=102 %% (Fig. 9+ ol¢} &a) =73



228

NIAWaWaWwa
IV AVARVARY

2%. 3. 35,

e84 F

t
(@ C,
y o
VA AN P \ Vot \ Vat \,
9
H
-
;4 . e A
G
0. 5. 10 15. 2c. 2s. 30, 3s. 4o,
t
(b) C,

Fig. 3 Record of C, and C, for the oscillatory flow
past a circular cylinder at K=5

@
4

v WJ‘VKArWVXJVVN

0. 20. LN 60. LI'N 100, 120, 140, 188,

(b) C,

Fig. 4 Record of C, and C, for the oscillatory flow
past a circular cylinder at K=10

At S40)0l e Bed el 2 w(Shedding)e]
oy 2 olFddE v R wodH At 4
dsled, C,o M3 Fig 4bys EF C9 w3
(Fig. 4@)IM=E F213 FRAAAS 28 = g
53] G t=4041A A7) Fostd 1 o
e GO 27luc 4 o sleAe =i 9l
ol#d A AEe Hodrs) fdFele] A
FAgo] B3R S Ha gly] dFal e
ARk AR @Ak e ol#d B Ae) 1
A A HL ot} B S A AFs) o)y
T BEFAAL YehlE ol f-2 4 ARA Y v

+3

180,
1

=5
ZEA, &8 A W ridel A e 58 F
= lod s gvh

Table 2+= C.2] rms7t8 -F&F Axlolu} o] 714

K=5+ 10 = t <409 ‘ﬂ h—}'( ata) K=10-2 85
< t <1452] d|ole}lit ol B-slelu) G2 sf Ao A

=
& AxpH o} of )0~30f’°1 Az v A &3t
ASE o 7 glr) oli= AxpAvE FREA 2
&2 g wiFos 4 /%%M.

Table 2 Coefficient of the inline force C, obtained
by the present study in comparison with
that of Williamson's empnlcal formula

dlff

27%

21%

C rms ‘Wlllldxm(ms Iormuld
3.393 L 2.663
1832 1.513

5ol Wgul glofde]
fE vielia 9o o7

—“O“‘.

THE LA T2 1Tt —Si
] :won A o 5
sq s *J]L] =
Li;jzs] q-]zlﬂo]
351 LHP*E}

o 4 2itHA4e Hel
ka%bﬂ‘ii‘:} t=

o

a4 “*0124 I FAAM o
2 el A q]ma Bo
AlZ1a 7] o F-o)ch,
<1699 A 7|7}k
FrAEIT U=
140 < t <150
A& F ok olv 140 <t <150

s wow a7 oze] wow ~o} nlE
22 AL4-37] wolvh HoH me} Ao 2

£ 165 = t =169 FHAellA % o gk o] %

s

3.0
77%'%1

N

T



(@) t=35

=

| —o

(c) t=375

—

-0.2

G.2

0

(e) t=39

(H) t=40

Fig. 5 Development in the distributions of the stream function y at K=5. Arrows refer

to the cylinder motion and black dots refer to the cylinder position

_79_

229



230 A4l - FEE

(a) t=35 (b) t=36

(c) t=375 (d) t=38

(e) t=39 () t=40

Fig. 6 Development in the distributions of the vorticity { at K=5. Increments
of vorticity are 0.5
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