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Flow and Fluid Force around a Rotating Circular Cylinder
with Square Grooves
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Abstract

Flow patterns around a rotating circular cylinder having square dimpled surface were visualized

by the hydrogen bubble technique at velocity ratios from a=0 to 4.8 and Reynolds number of
Re=1.0x10". The wake region of the cylinder was reduced as the velocity ratios increase and was
smaller than that of the smooth cylinder without dimples at the same velocity ratio. The
hydrodynamic characteristics on the cylinder was investigated by measuring of lift and drag at
velocity ratios from a=0 to 4.1 and Reynolds number from Re=1.2x10" to Re=2.0x10". As the
velocity ratios increase, the average lift and drag coefficients were increased and at the same
velocity ratio, the average lift was larger but the average drag was smaller than that of the
smooth cylinder.
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Fig. 1 A circulating water tank (unit:mm)
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Fig. 2 Schematic structure of driving
system of a rotating cylinder(unit: mm)
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Fig. 3 Schematic diagram for the measurement
of fluid force
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Fig. 4 Schematic structure of experimental
apparatus for flow visualization
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Fig. 5 Experimental model of a rotating
cylinder

S 5mm H4 o2 Axste THENL 2 FIHF
2o B2 WA A7t BAEs sl 2
FarlEeAgAe] Fe o] AFd, +FE F
wol Adstgitt.  ANEA e fFERe ol
A A9gFS F9, FATgen PEA 9x
(150Wx2d])el] <9t &87de] =y Fs w31 <o
A Ak mlel o]l Ao WhAlE I AYSF F
o FHAs FA9IP
24 EMA T Ho
I ALFe H43d mdS Fig. 59 yedt.
Holl e} o] AdAF Uzol| Y571 WbA| A Hhak
o7 ZEE R 3AY A sAYTFNE €A
o 2o wreke] 39 Do} R reke] 4y Lol
Ay sleh, sl e ogety EAS YeEhE 2
A% = FEAS ¢, FEAAF ¢, = Do 2
o] Ao
p U?S
2
Co=—72— D ©)
5 P U*s
714 pi A W, St Fu okejel A
A 9Fe FPwAe vee dd. w9
HA9Fe] F5u o % HolE= F Ret thet
2ol vepiy
7y
a=—+t— 3
U
Re= 27U )

1462



2004

(b) In case of a cylinder having dimples

Fig. 6 Flow pattern around the rotating cylinder
(a=3.6, Re=1.0x10")

& F49) a=0~48, #olE= F Re-10x10" ~
2.0x10"(U=0.18~0.34m/s) H<] el A a3t}

AA 7hA s AR ARR Fig. 601 I49F F9
o sgdEe dedt addN @t 9ES
AAGA g 95 9o Fudom (b |
=5 AAT 45 F949 FHde Aol
A5 BE Al AFo A% shgel 9173
gtk =R AF 159 fujne) 7H40] ofYj%n
o B el %] Fo] wES & F Y
A HoR T Ao wT= Auetoz ofzlo] g
FE Y 7 A FFE] HHIIS Blas
=R (a)Q] 75“?“‘1:_:‘ Z}‘X]E’l- 1 Ogg_lzlo] %XH_B‘]—_]__/_ 95)]\
2"]', (b)e] A= dglddge] 2EEo Ao B

oA i e},
Fig. 7] tha@ F%u) ao 9lof %
Tol e AAUF F99 sEAES dehic

= k,
{b) Dimple

mple

Fig. 7 Flow pattern around the rotating cylinder
for various velocity ratios( Re=1.0x10"

Fol #AG FHu FABEE
4% olgZoz eon Ytk AF
=

S W gy vegel F&ut FAEs

flo o
Ho

ox, ot -{0
o o2 L N oX

Wako g olEata gl oAL A A
Foll o3 AFF9 FA ATt A A
= Uehdth dF FRE9 vt oo A7 E v
W3 B HAAHow o FEuldiaE gZol
A o] Sl ZHu} A

a9e FA e A5 Ao, gl FFHS
AAF U 2 ZAHAAND t5 959 A% DE F3
Asglet grolth, 1dL 7t AF BT 92% B9
1,00070 ] doletE HajA Hdog AAg Aot
g AHe "HEe] e AT, A4S HE
ol gl Agolth F A% By dEAF ¢, &
008 TAoZ AA AFsta ded oz dF

1463



2004

Dim. Mo dim. Re no.

1.2=10
1.3=10°
1.8=10°
2 o=10t

oL

No dimple (Cb)

/

Dimple (Cp)

No dimple (CL)

ut/D

Fig. 8 Drag and lift coefficients of the
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