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Abstract — The performance of a horizontal cylinder wave energy converter (WEC) for extracting wave energy
in beam sea is affected by the wave frequency, the size and submerged depth of the cylinder, the position of the
rotational axis, and the mass distribution in the WEC. In this study, the extracted power and roll motion of the
horizontal cylinder WEC in beam sea was examined according to the change of the submergence depth and
rotational axis of WEC in the frequency domain. WAMIT commercial code was used as a numerical method to
obtain the fluid forces (hydrodynamic forces, wave exciting forces) acting on the horizontal cylinder WEC. The
fluid forces at the off-centered rotational axis is easily obtained by using axis-transformation formulas from the
fluid forces at the geometric center of the cylinder. The change of the position of the rotational axis affects the
natural frequency of the rolling motion mode. Therefore, if the position of the rotational axis is appropriately
selected according to the wave characteristics at the installation site, the resonance can be generated to maxi-
mize the extraction power.
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Fig. 1. Definition sketch of a horizontal cylinder WEC in beam sea.
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........ 0.5
0 . ; ; . :
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8 - 22 —— WAMIT
——— Cruz & Salter
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4 -
27 2
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0 : 1- é ; "‘ ......... é """"""""""" s 0 1 2 3 4 5 6
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(b) heave added mass and radiation damping 1 R
31/ Pg
12 5
10 A 4 4
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8 - ——— Cruz & Salter
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N | X, [/ pgR
1 4
A
................................... 0 : ; ; . .
0 0 1 2 3 4 5 6
0 1 2 3 4 5 6 w[rad/s]
o [rad/s] (c) wave exciting forces
(C) wave exciting forces Fig. 3. Comparison of the hydrodynamic forces and wave exciting

forces between WAMIT's solutions at off-centered axis (/, = 0.75R,
Fig. 2. Hydrodynamic forces and wave exciting forces calculated at a=300°) and results (Cruz and Salter) using transformation for-
centered axis(C) for 2=80m, R=2m, d=1.6m, W=5m. mula for 7 =80m, R=2m, d=1.6m, W=5m.
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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.

Added mass Radiation damping Hydrostatic force Exciting force
a, =a, b, =8, Cp=Cy X :Xll
a; =lysinaa, b, =l,sina b, C,;=Cyy +1lycosaCy, X, =X,
ay =y b,, =b,, Cy, =Cy + 2l cosa Cy, X, =X, +]sina X,
Ay = —lycosa ay by, =—l,cosa by, +Lcos’a C,, —l,cosa X,
ay =ay +ijsin*a a, by =by +1;sin’ a b,
+1; cos’ a a, +12cos’ a by,
/ pR* by, / poR*
a1 p 331 P
3.0 16
val | = 0=60°,120°,240°,300°
—— a=60°, 120°, 240°,300° ' PN =90°,270°
254 7 N0 e «=90°,270°
2.0 1
15
1.0 4
05 : : : : :
0 1 2 3 4 5 6 0 1 2 3 4 5 6
w[rad/s] o[rad/s]
(a) Added mass (b) Radiation damping
| X, |/ pgR* |61/ 4
s 6
oy =1.42,1.17,1.42,1.11,0.87,1.11rad / s
—— a=60°240°
o =90°,270° *1
-~ ——= =120°300°
7N
4 -
3 .
3 <
2 4
2
14
1 -
0 T T T T T 0
0 1 2 3 4 5 6 0 4
@[rad/s] o[rad | s]
(c) Wave exciting force (d) Roll RAO

Fig. 4. Variation of the hydrodynamic forces, wave exciting forces, and roll RAO with « for fixed /;=0.75R, x=0.01, d/R=0.8.
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Table 2. Specification of a horizontal cylinder WEC for d/R = 0.8

Draft (d)

Radius of cylinder (R)
Mass of cylinder (m,,)

Mass of ballast (71;)

Vertical distance from its geometric center to the
center of ballast mass (Z)

Moment of inertia (/,;) at the center of mass (m,,)

Moment of inertia (/) at the center of mass ()
Heave Hydrostatic coefficient (C,,/pg) at C
Pitch Hydrostatic coefficient (Cs;/p0g) at C

1.6 m
2.0m
14405.3 kg
9613.3 kg
1.84 m

56763.4 kg m*
1551.1 kg m?

19.6 m?
17.3 m?

AA7E a=60°, 120°, 240°, 300"
ot FHF2] Tl e T

—— a=60°, 120°, 240°
.......... (X=90°,270°

,300°

0 1 2 8 ¢ ’ i
w[rad/s]
(2) Added mass
X, |/ pgR
7
N «=60°,240°
P «=90°270°
K \_\ ——— 4=120°300°
5 /

w[rad/s]

(c) Wave exciting force

Aol vk f(a=270°)%} oFell(a =900l T Wt 2 AF4E
o e 3 s RIS e SR 2Rk o7t (607, 240°),
(90°, 270°), (120°, 300%°]l 1= wo|t}, 1A= g Ale =
o] 3|HF2] Tl 3+ B % RAOE Fig. 4(d), 5(d), 6(d)°
UERASILE. 81352 9127F a =604 a=300°% o) F5el w
2t 3 I5F97) 0,=142, 1.17, 1.42, 1.11, 0.87,
111 rad/s® Wglsltt, o]i= 3]759] X7} viel| uha} 3 w3k
'{”‘j”ﬂEﬂ AfrAEe] EepA)7] wiioltt. a=60°, 120%14 1L
FFIEFEE 142 rad/s0] ™, o= 240°, 300°0014= a9k} ok

4 E01E 111 rad/so|t}. Z5] tiF o= Y3 wf IARHE, &
A, 77 A7 AR 27] wito|tt FYg 1f5
. HFe] 9ol e AT HEAS A
2] F4lo] 71 ofefloll = & o RN He] HloldrF af

TERES

b,/ poR’

4

3 —— =60°,120°,240°,300°
4 C R 0=90°,270°

w[rad/s]
(b) Radiation damping

I 1/ 4

35

wy =1.67,1.52,1.67,1.13,0.99, 1.13rad / s
3.0 1

2.5 1

2.0 1

0.5 1

0.0

(d) Roll RAO
Fig. 5. Variation of the hydrodynamic forces, wave exciting forces, and roll RAO with « for fixed /;=0.75R, x=0.01, d/R=1.2.



B S5 =5 W)

81 — o=60°, 120°, 240°,300°
A 0=90°,270°

o[rad/s]
(2) Added mass

X, |/ pgR®
7
6+ //‘\ ek

/ N e - 0=90°270°
54 / \\ T m120°300°
4
3
2
.
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0 1 2 3 ¢ ° i

w[rad/s]

(c) Wave exciting force

Fig. 6. Variation of the hydrodynamic forces, wave exciting forces, and roll RAO with « for fixed /, =

Table 3. Specification of a horizontal cylinder WEC for d/R = 1.2

s el 17

by, / poR*
5

—— a=60°120°,240°300°
.......... U.=90°,270°

3
w[rad/s]
(b) Radiation damping
|1 &1/ 4
3.0
o=60°

2549 0t=90°

Il\ —————— a=120°
2.0 1 |‘ I ——e oc=24OZ

I\ S
15 ' “/“ o=

o, =2.06,1.96,2.06,1.24,1.13,1.24rad / s

wlrad/s]

(d) Roll RAO
0.75R, k=0.01, d/R=1.6.

Table 4. Specification of a horizontal cylinder WEC for d/R = 1.6

Draft (d) 2.4m
Radius of cylinder (R) 2.0m
Mass of cylinder () 14405.3 kg
Mass of ballast (71;) 25898.7 kg
Vertical distance from its geometric center to the 1.73 m
center of ballast mass (Z5)

Moment of inertia (/) at the center of mass (m,,) 56763.4 kg m*
Moment of inertia (/;) at the center of mass (m;) 7998.5 kg m?
Heave Hydrostatic coefficient (C,,/pg) at C 192 m?
Roll Hydrostatic coefficient (Cs3/pg) at C 42.7 m?

Draft (d) 32m
Radius of cylinder (R) 2.0m
Mass of cylinder (m,,) 14405.3 kg
Mass of ballast () 40830.5 kg
Vertical distance from its geometric center to the 1.64 m
center of ballast mass (Z)

Moment of inertia (/,)) at the center of mass () 56763.4 kg m*
Moment of inertia (/;) at the center of mass () 16937.7 kg m*
Heave Hydrostatic coefficient (C,,/pg) at C 20.0 m?
Roll Hydrostatic coefficient (Cs;/p0g) at C 78.2 m*
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Fig. 7. Optimal PTO damping coefficients as a function of wave
frequency and « for fixed /,=0.75R, k= 0.01.
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Table 5. Significant roll amplitude (&;), ,[rad] in irregular waves for

1/3

TR APl 2

s =2.0mT, =6.655,y =2.2,1 =0.75R

d/R a=60° a=90° a=120° a=240° a=270° a=300°
0.8 0.75186 1.56093 0.91488 1.41569 1.36679 1.54427
1.2 0.38729 0.59965 0.47387 0.91088 1.24088 1.03010
1.6 0.20049 0.26035 0.23667 0.58471 0.88310 0.68443
Table 6. Time-averaged power P, [kW] in irregular waves for H, , =2.0m,T, =6.65s,y =2.2,/ =0.75R
d/R a=60° a=90° =120° a=240° a=270° a=300°
0.8 6.59333 6.38133 9.33458 10.26533 3.47775 12.53613
1.2 4.77958 6.75611 6.94889 7.76469 7.60679 10.05305
1.6 3.43525 4.90952 4.75371 6.16085 8.31669 8.30858
Table 7. Capture width ll';,’, [m] in irregular waves for H, ; =2.0m,T, =6.65s,y =2.2,] =0.75R
d/R a=60° a=90° =120° a=240° a=270° a=300°
0.8 0.53049 0.51343 0.75105 0.82593 0.27981 1.00864
1.2 0.38447 0.54347 0.55897 0.62460 0.61190 0.80868
1.6 0.27633 0.39493 0.38239 0.49558 0.66900 0.66835
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