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Time-domain Analysis of Horizontal Cylinder Wave Energy Converter
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Abstract — In order to extract the maximum wave energy from rolling motion of the horizontal cylinder in waves,
the time-domain analysis based on the linear potential theory was developed. To verify the time-domain solution,
model test was conducted in a two-dimensional wave tank. The numerical results of both frequency-domain and
time-domain agree well with the experimental results when the non-dimensional viscous damping coefficient (k) is
0.03. As a result of comparing the time-averaged power by changing the positions of the rotating axis and sub-
merged depths with the verified time-domain solution, the maximum time-averaged power (13.4 kW) occurred at
the submerged depth 1.6m and position of the rotational axis (/,=0.75R, a=300°) for the significant wave height
of 2.0 m and peak period of 6.65s. The natural period of the roll motion mode of the horizontal cylinder at this
position of rotation axis satisfies the resonance condition coinciding with the peak period of the incident waves.
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Off-centered Rotational AxisCA4 ¥ 3|35, Extracted Power(FZ39])
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Fig. 1. Definition sketch of an horizontal cylinder WEC in beam sea.
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Table 1. Transformation formulas that relate the fluid forces at its geometric center with the fluid forces at an off-centered rotational axis
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o7 &t AR Bt FEAAE Tkl I, [kg'm?] from CoR  0.131462  0.13416  0.176817
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(a) 3D CAD Modeling (front, perspective, side view)

(b) Installed model and image tracking system

Fig. 2. 3D CAD drawing and test model in wave tank.
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Table 3. Specification of a horizontal cylinder WEC for d/R = 0.8

_9_121—6‘/\ oL

51 0] E4S ulolied

Draft (d) 1.6 m
Radius of cylinder (R) 2.0 m
Mass of cylinder () 14405.3 kg
Mass of ballast (m1,) 9613.3 kg
Vertical distance from its geometric center to the center of ballast mass (z;) 1.84m
Moment of inertia (/,,) at the center of mass (m,;) 56763.4 kg m*
Moment of inertia (/) at the center of mass (12;) 1551.1 kg m?
Heave Hydrostatic coefficient (C-./pg) at C 19.6 m*
Roll Hydrostatic coefficient (C’3/pg) at C 17.3 m?
Table 4. Specification of a horizontal cylinder WEC for d/R = 1.2
Draft (d) 2.4 m
Radius of cylinder (R) 2.0 m
Mass of cylinder (m,,) 14405.3 kg
Mass of ballast (m1,) 25898.7 kg
Vertical distance from its geometric center to the center of ballast mass (z;) 1.73 m
Moment of inertia (/,;) at the center of mass (m,,) 56763.4 kg m*
Moment of inertia (/,) at the center of mass () 7998.5 kg m*
Heave Hydrostatic coefficient (C>,/pg) at C 19.6 m*
Roll Hydrostatic coefficient (C’3/pg) at C 42.7 m?
Table 5. Specification of a horizontal cylinder WEC for d/R = 1.6
Draft (d) 32m
Radius of cylinder (R) 2.0m
Mass of cylinder (m1,) 14405.3 kg
Mass of ballast (n2;) 40830.5 kg
Vertical distance from its geometric center to the center of ballast mass (z;) 1.64 m

Moment of inertia (/) at the center of mass ()
Moment of inertia (/) at the center of mass (12;)
Heave Hydrostatic coefficient (C’,/pg) at C
Roll Hydrostatic coefficient (C5/pg) at C

56763.4 kg m*
16937.7 kg m*
16.0 m>
782 m’
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Fig. 3. Comparison of the hydrodynamic force and wave exciting
force between WAMIT's solutions at off-centered axis (/, = 0.75R,
o =300°) and numerical results using transformation formula(Cruz
and Salter, 2006) for /=80m, R=2m, A7=1.6 m, W=5m.
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Fig. 4. Impulse response function of a horizontal cylinder WEC as
a function of « for fixed /,=0.75R for R=0.1m, d=0.16 m.

ol A=A Fo] 7] wiEell HE 72 @ﬂ% %ﬂr. a:90°°a1
o] 2739357} o= 60°, 90°, 120°, 18O°EE]- A or &
e Kol 212 o] 3]HF9] fA| oA 3 A71F2 & 5ol
w2 AR o] 71 7] wiitoltt,

Fig. 55 2 AgA 92 3 % RAO(Response Amplitude

Operator, | &,/ AyE T34} *l?PO*%ﬂoﬂAi T5F A A
sk} Bmat ot} eituke] MEL 0.01me]H, PTORX]7} §1

= el 7oA 9] Atelt o714 F 715@, O, V)= B

|/ 4
80
®  model-test(a:=60°)
O a=120° o
v o=180° 9%
60 4 — freq4-domain(a=600) Q ot'n_
E AAAAAAAA 0=120° 0‘:. O."n_
S —== o=180° £ o,
= ¢ time-domain(a:=60°) s -"'e
40 4 o ¢=120° : o
v o=180° "o

v,
AN

/

| Y

20 4

0.5 1.0 1.5 2.0 25
T [sec]

Fig. 5. Comparison of roll RAO between numerical(frequency-
domain and time-domain) solution and experimental results in reg-
ular waves for 4 =0.01 m, x=0.03, /,=0.75R.
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