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Free-surface and free-end effects on flow around half-submerged circular cylinders
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0. Nomenclature

D cylinder diameter
U uniform flow velocity
g acceleration of gravity
Fx streamwise force
Cx dimensionless Fx
Vy transverse velocity
v, av,
=—“-— ransver
Wy === transverse

component of vorticity vector
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L submerged cylinder length

v coefficient of kinetic viscosity
U

Fr=— Froude number
7o

Fy transverse force

Cy dimensionless Fy

Vz vertical velocity
vy, @ .

w, =22 vertical

ox ay
component of vorticity vector
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AR = % aspect ratio
Re = UV—D Reynolds number
f frequency
p water density
Vx streamwise velocity
_ov_ 3% -
Wy =T, streamwise

component of vorticity vector
Wm = 0 + wy? + w,?
magnitude of vorticity vector
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2. PIV measurement
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Fig. 3 Points at x/D=2.5, |y/D|=0.6
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Fig. 5 Contours of mean vertical vorticity w,D/U in the
horizontal planes yz (x/D=0) at Re=43000 for (A) L/D=2.0,
(B) L/D=1.0, (C) L/D=0.5 and (D) L/D=0.3.
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Fig.1 Schematic diagram of horizontal PIV

measurement and laser positions.
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Fig. 2 Iso-surfaces of non-dimensionalized mean
magnitude of vorticity vector at 3.5 for
Re=43000, L/D=2.0: (a) 3D (b) top view (c) side

view and (d) front view.
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Fig. 4 PSD of the non-dimensionalized
streamwise velocity as a function of fD/U at
x/D=2.5, |y/D|=0.6, (A) L/D=2.0, (B) L/D=1.0,
(C) L/D=0.5, (D) L/D=0.3



3. Force measurement
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Table 1 Re fixed cases (Re=43000)

D[m] Fr AR
0.07 0.742 05,1.0,15, 20,25, 3.0
0.1 0434 05,1.0,15,2.0,3.0-140

0.125 0311 05,1.0,15,20,25,6 3.0
0.13 0293 0.25,05,10,15,20

0.2 0.154 0.25,05,10,15,20
0.25 0.1 05,10,15
0.3 0.0836 0.25,05,1.0,15,20,25, 3.0

0.4 0.0543 0.25,05,1.0,15,20,25
0.6 0.0296 0.25,05,1.0, 1.5, 2.0

D[m] Re AR
0.13 45606 0.25,05,1.0,15,20
0.2 87026 0.25,05,1.0,15,20

0.3 159877 0.25,05,1.0,15,20
0.4 246147 0.25,0.5,10, 15,20
0.6 452200 0.25,05,1.0,15, 20

— 2D Ly REHRL <L

—8— AR=0.2%
AR=0.5
AR=1.0

—8—AR=1.5

—8—AR=2.0
AR=2.5

—8— AR=3.0

Fig. 6 Mean drag coefficient as a function of

0.17
015
0.13
0.11

=009
0.07
0.05
0.03

0.01

Froude number for each aspect ratio

—— AR=0.2¢
I AR=0.5
i
AR=1
{ T
——AR=1.5
o I T =

—8—AR=2
I I F =2 AR=2.5

—o—AR=3

Fig. 7 RMS of lift coefficient as a function of

Froude number for each aspect ratio
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Fig.8 Non-dimensionalized PSD for AR=0.5
(a)Fr=0.742, (b)Fr=0.434, (c)Fr=0.311,

(dFr=0.0296
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Fig. 9 RMS of lift coefficient as a function of

aspect ratio
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