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Forced oscillation apparatus

Fig.2.1 Expernment setup
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Fig.2.2 Models

Table 2.1 Experimental conditions

Water

surface

D
[@p}

D3

Model (UNIT: mm) x

in steady flow | in oscillating flow
L/D U(m/s)|RN(x10")| Ya (m) | Tv (sec) Kc
04 ~09[143 ~287|0021 ~ 0.2 |0427~4187 | 4 ~ 40
3 04~09[143~ 287|0021 ~ 0.2 |0427~4187 | 4 ~ 40
10 04~06[143~1.91[{0021 ~ 0.2 |0427 ~ 4187 | 4 ~40
20 0.4~09|143~287(0025~ 0.2 |0523 ~ 4187 | 5~ 40
3 (with end plate)|0.4~ 09 [143~287|0025~0.2 |0523~4187| 5~40




Slide projector

Slide projector
Window
for observation air bubbles
Still camera
or video camera
Fig.2.3 Experimental setup for flow visualization
DC stabilization power supply
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Fig.2.4 Detail of a model cathode wire
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Fig.2.5 Drag coefficient of 3-dimensional circular cylinder in steady flow (Case-1)

D (mm) Rn
oWieselsberger (1922) 80 8.8x10¢
A Okamoto & Yagita(1973) 20 1.33x10¢

o Zedravokovich et al. (1989) 50 8.8x 10
o Zedravokovich et al. (1989) 68 8.8x10%
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Fig.2.6 3-dimensional effect of the finite-length circular cylinder in steady flow
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Fig.2.7 Drag coefficient of 3-dimensional circular cylinder in steady flow (Case-2)
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Fig.2.8 Local drag coefficient of the finite-length circular cylinder in steady flow
(Okamoto & Yagita,1972)
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Fig.2.9 Lift coefficient of 3-dimensional circular cylinder in steady flow
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Fig.2.10 Strouhal number of 3-dimensional circular cylinder in steady flow
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Fig2.11 Time series of the hft force of 3-dimensional circular cylinder in steady

flow (L~0.7m/sec)



80 L/D

O
A 3
Co p \Y% 10
by Sarpkaya (Rn=1x10") a 20
O 3 (with end plate)
2.0
1.0
0
10 20 30 Kc 40
Fig2.12 Drag coefficient of 3-dimensional circular cylinder in oscillating flow
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Fig2.13  Drag coefficient of 3-dimensional circular cylinder in oscillating flow

(Case-2)
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Fig.2.14 Ratio of drag coefficient Cpof three dimensional circular cylinders to

those Cpeo of the quasi-two dimensional circular cylinder
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Fig.2.15 Added mass coefficient of 3-dimensional circular cylinder in

flow
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Fig2.16 Change of added mass coefficient by 3-dimensional effect
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Fig.2.17 Lift coefficient of circular cy inder in oscillating flow
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Fig.2.19 Ratio of forced oscillation Period 7¥to lift force period 7%
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Fig.2.20 Ratio of forced oscillation period 7Yto lift force period 7% measured at

|

various position of cylinder

Fig221 Flow field around quasi 2-D circular cylinder in steady flow (U=0. 1m/sec)
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Flow

U=-0.1m/sec

Fig.2.22 Flow field around 3-D circular cylinder(I/D=3) in steady flow ({F0.1m/sec)

Quasi 2-D circular cylinder -

O

WS

3-D circular cylinder (I/D=3)

Fig.2.23 Flow field around circular cylinder in oscillating flow (Kc=7.5)
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Quasi 2-D circular cylinder

3-D circular cylinder (L/D=3)

Fig.2.24 Flow field around circular cylinder in oscillating flow Ke=10)

Quasi 2-D circular cylinder

3-D circular cylinder (I/D=3)

Fig.2.25 Flow field around circular cylinder in oscillating flow (Kc=15)
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Quasi 2-D circular cylinder

3-D circular cylinder (I/D=3)

[1g.2.26  Flow field around circular cylinder in oscillating flow (IKc=20)

Quasi 2-D circular cylinder

3-D circular cylinder (I/D=3)

[1g.2.27 Flow field around circular cylinder in oscillating flow (Kc=25)
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Fig.2.30 Coordinate system
Fig.2.29 Configuration of model
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Fig.2.31 Drag coefficient a steady flow(— 0)
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Fig.2.32 Drag coefficient Cprin a steady flow(+ 0)
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Fig.2.33 Drag coefficients versus inclined angle 6 in a steady flow
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Vortex Pairs

Fig.2.34 Schematic diagram of flow around the finite-length circular cylinder

6 =0°
Vortex
n Vv
Flow F
Direction D S‘ =

Fig.2.35 Schematic diagram of flow around the end of inclined finite-length circular
cylinder in a steady flow
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Fig.2.36 Lift coefficient Crnrars)in a steady flow(— 6)
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Fig.2.37 Lift coefficient Crnra9 1n a steady flow(+ 6 )
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Fig.2.38 Lift coefficients versus inclined angle 6 in a steady flow
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Fig.2.39 Drag coefficients Cor in an oscillating flow(6=0° )
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Fig.2.40 Drag coefficients of local members of model( 6 =0° ) in an oscillating flow
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Fig.2.41 Drag coefficients Cprofinclined cylinder in an oscillating flow
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Fig.2.42 Drag coefficients Cp; of inclined cylinder in an oscillating flow
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Fig.2.43 Drag coefficients Cpzof inclined cylinder an flow
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Fig.2.44 Ratios of drag coefficients Cprof the inclined cylinder those Cooof the
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Fig.2.45 Added mass coefficient Carof inclined cylinder in an oscillating flow
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Fig.2.46 Added mass coefficient Ca;of inclined cylinder in an oscillating flow
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Fig.2.47 Added mass coefficient Casof inclined cylinder in an oscillating flow
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Fig.2.48 Lift coefficient Crrrass) of inclined cylinder in an oscillating flow
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Fig.2.49 Time series and power spectra of lift force for the case of K g=23.4(0=20" )
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Fig.2.50 Equvalently linearized damping coefficient of finite-length circular cylinder
for heave (I/D=1.5)

Table 2.2 Drag coefficients of various shapes of structure element

3 dimensional 2-dimensional
bodies
Cpb Cpb
@L 0.47 O” 1.17
0.38 w 1.20
Ql 0.42 G’ﬁ 1.16
& 0.59 K 1.60
N Q)
<> 0.80 1.55
{;’) M)
<}— 0.50 1.55
f_‘?_ 1.17 1.98
X)) /)?)
D) 1.17 2.00
— e
D) 1.42 ) 2.30
1.38 2.20
- —5y
1.05 2.05

(4]
wn



2.0

F1g.2.51 Influence of a rounding radius upon the drag coefficient of various blunt
bodies (Hoerner,1965)

15
Co
10
0.5 o

4 6 /B

Fig.2.52 Drag coefficient of “rectangular” sections(tested between wall) with blunt
leading edge(upper part) and with rounded shape(lower part), against
length ratio(Hoerner,1965)
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Fig.2.53 Drag coefficient for a 2-dimensional rectangular cylinder
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Fig.2.54 3-dimensional effect of circular and square cylinder
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Fig.2.55 Influence of a corner radius upon the drag coefficient of square cylinder in

oscillating flow (Tanaka et al. ,1982)
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Fig.5.1 Changes of drag coefficient due to surface roughness in steady flow
(by reference(69])
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Fig.5.2 Drag coefficient versus Reynolds number for Kc=20(roughened cylinder)
(Sarpkaya 1976) .
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Fig.5.4 Drag coefficient versus Reynolds number for Kc=40(roughened cylinder)
(Sarpkaya 1976)
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Fig.5.4 Drag coefficient versus Reynolds number for Kc=40(roughened cylinder)
(Sarpkaya 1976)
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Fig.5.5 Drag coefficient versus Reynolds number for Kc=60(roughened cylinder)
(Sarpkaya 1976)
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Fig.5.6 Drag coefficient versus Reynolds number for Kc=100(roughened cylinder)

(Sarpkaya 1976)
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Fig.5.7 Changes of drag coefficient due to surface roughness in oscillating flow
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Fig.5.8 Changes of drag coefficient due to surface roughness in oscillating flow
(Aoki et. al 1984)
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Fig.5.10 Drag coefficient of roughened cylinder for surge



