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Effect of cylinder aspect ratio on wake structure behind a finite circular
cylinder located in an atmospheric boundary layer

Cheol-Woo Park and Sang-Joon Lee
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Abstract

The flow around free end of a finite circular cylinder(FC) embedded in an atmospheric boundary layer has
been investigated experimentally. The experiments were carried out in a closed-return type subsonic wind
tunnel with varying aspect ratio of the finite cylinder mounted vertically on a flat plate. The wake structures
behind a 2-D cylinder and a finite cylinder located in a uniform flow were also measured for comparison.
Reynolds number based on the cylinder diameter was about Re=20,000. A hot-wire anemometer was
employed to measure the wake velocity and the mean pressure distributions on the cylinder surface were also
measured. The flow past the FC free end shows a complicated three-dimensional wake structure and flow
phenomenon is quite different from that of 2-D cylinder. The three-dimensional flow structure was attributed
to the downwashing counter rotating vortices separated from the FC free end. As the FC aspect ratio decreases,
the vortex shedding frequency is decreased and the vortex formation length is increased compared to that of
2-D cylinder. Due to the descending counter-rotating twin-vortex, in the region near the FC free end, regular
vortex shedding from the cylinder is suppressed and the vortex formation region is hardly established. In the
wake center region, the mean velocity for the FC located in atmospheric boundary layer has large velocity
deficit, compared to that of uniform flow.
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Fig. 1 Wind tunnel test section and measurement
system

T? v
r—_—j

ojzltta sGitt.

o gt MAAFEL PFE FLHF Wl FC
THE OFL | Z el =zl
FC ¥ 2 23X
s W) AAS
ol Mg Al A 7}
A Xof mA =
o} gfo] boghot

al
Y = -100mm
Y =0
Y = 100mm
£
N
000 L ,—!’: 000 “eo ;
04 06 a8 10 12 0 5 10 15 20 25
u, SaT xioo (%)

(a) Mean velocity (b) Turbulence intensity

Fig. 2 Mean streamwise velocity and turbulence
intensity profiles of ABL
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Fig. 3 Experimental set-up and coordinate system
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Fig. 4 Comparison of vortex shedding frequency
(X/D=3, Y/D=2, Z/L=0.5)
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Fig. 5 Comparison of vortex formation region
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Fig. 6 Mean velocity and turbulence intensity profiles of streamwise velocity component (X/D
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Fig. 7 Turbulence intensity distributions behind the FC (Z/1.=0.5)
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Fig. 8 Power spectral density distributions along the wake centerline (Z/L=0.95)
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Fig. 9 Comparison of mean pressure distributions around the FC free end
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