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A Study on Performance Improvement of a Floating
Cross-flow Turbine Wave Energy Converter by an
Orifice U Tube Concept

Kim Sangyoon

Department of Mechanical Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

This study focuses on developing a method for analyzing a wave energy
device that uses a cross-flow turbine and orifice U tube. To develop this
kind of micro wave energy converter, various experimental and numerical
methods are used to find and define the characteristics about wave energy
converter and this performance study will be based on the baseline data
of the floating wave energy converter.

The results are summarized as follows.

1. Hydraulic model tests and numerical analysis have been conducted to
verify the use of the orifice instead of a small scale cross-flow turbine.
The difference in error is less than 10% which was determined to be
acceptable. Using this method will decrease time and financial resources
needed for experimental tests.

2. Through hydraulic model test with a 6 axis acceleration sensor, the
high performance operating ranges have been defined. In the high
performance ranges, the reasons of high performance were defined by
pitch and heave motion of floating wave energy converter.

3. From previous experiments, maximum shaft power and torque are
simulated by a commercial CFD code, ANSYS CFX ver. 14. Between the
pitch angles from 7 to 15 degrees, 4.9W is the maximum shaft power. in
the real scale model, 15.5W of shaft power is expected by using the
Froude Scale at a scale of 5.3:1.
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4. This kind of the floating wave energy converter is limited because of
the restricted dimension of the nozzle and turbine size. But in the chapter
4, the enlarged model shows the possibility of producing around two times
of the shaft power and torque.

5. The floating wave energy converter uses only pitch motion to
generate mechanical energy and high performance range are restricted. In
case of the wave energy converter with heave controller, high
performance range can be extended. The high rotational speed of turbine
range is in 3.0 m, 4.6 m, 5.2 m of wave length.

KEY WORDS: Ocean energy sl ol|uJA]; Wave energy converter &
A A A); bi-directional turbine ¥4 E|¥l; Cross-flow turbine; & FE Rl
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Nomenclature

A,; + mass coefficient (kN m]
B, . damping coefficient (kN m]
Cy; :  restoring coefficient (kN m]
D diameter of outside orifice tube [m]

d :  diameter of inside orifice tube [m]

g acceleration of gravity [m/sz]
H, .  wave height [m]
H, :  water depth [m]

N rotational speed of turbine [rpm]
Py o shaft power (W]

¢, :  tank parameter [ -]
7 . wave period [s]

', angular velocity of pitching motion maker [rad/s]
x'; . angular velocity inside the water [rad/s]
z :  damping factor of flow inside the tank [ -]
B  diameter ratio of outside and inside in and orifice tube [ - ]

A wave length [m]
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(1) Point absorber
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(d)Seatricity[6] (e)WaveStar[7] (OBolt Lifesaver[8]

Fig. 1.2 Selected examples of point absorber WECs



(2) Attenuator
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Fig. 1.3 Selected examples of attenuator WECs

(3) Oscillating water column
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(c)Ogwave[11] (d)Limpet[12] (e)Picol13]

Fig. 1.4 Selected examples of Oscillating water column WECs
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( Service Availability

Shoreline
Attached

Nearshore Intermediate offshore Deep offshore
Bottom Standing Tight mooring Slack mooring

Average Incident Wave Power [ Availability of Ocean Space :

Mooring Costs / Grid Connection Costs | Transit Costs
Wave Loads — Survivability (Excluding the breaking wave zone)

Fig. 1.6 Support structure and mooring configurations for WECs based on

location after[14]

Table 1 An outline of the structured five-stage development program [14]

Stage No. Program Scale guide (Size)
1 proof of concept 1:25 - 100 (Small)
2 Validation and design model 1:10 - 25 (Medium)
3 Process model 1:2 - 5 (Large)
4 Prototype 1:1 - 2 (Prototype)
5 Demonstration 1:1 (FulD
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Fig. 1.7 Concept graphic of WEC with a cross-flow turbine and double
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Fig. 1.8 Flowchart of WEC with a cross-flow turbine



A 27 B4 e AR AA

21 FH ol 814

B uEed X AAE A #Fe] EAS oldst=s AL v Fadt
Apelth % 2 RPN FE ARSHE A Ay o2 ALt
A ol & S THAA &7] ol&e &<l

st= HAol st s 54 A= 54 A d=xoA ASE 5 3
= AUAFS Brreta HA e AsS de 4 e AAET AHLHAN2H S
AAsts o dedoint. HAHZAE HAZ 1 e F Fd A
At e et §Fe dAsta I ©mE FFAe 2se 5T F Ao

Stokes ©]&, H@s} o], Eckart ©|&, JPL-Roux °|& §& HESL 4
of e s dZda, serel AAZS FEe RaAe Ad 9 2zt
g9 Pol& MRS ATIS]

D71 =44 % AA=A

R
)
oX,
R
2
A
oX,
fo
Jo
2
N
S
0
O
ol
H

9 oohe pr Fa, FARe ZlEwAAe EasRgAe-) 2 dHgE
@2-20.2 At}

2

2 —0 (2-1)

or;

90 1[99 )2 P

ot 2(375 o, ter=0 (2-2)



0 ©2 e

—_
o

i
N

—

B
]
N

b

3l ARl SloiA e A

9

S

W7 W, AE-DNA F= o4 h(r) R F= A ©

o
4

(2-3)
(2-4)
(2-5)

0% Fod 2(2-5)

z—((z;t)

F

ol)

]

(2-6)
2-7)

2|, Pa _ L
>}+p+g< 0 (2=¢)

+gz=20
a9
ox;

b

)y + =
p

0¢
o )2+ (

09

o,
{(
1] o

J

L

2
1

2

99
at
99

ot

AL A2 Q-6 p=p, & AYSH 2(2-7)0] Ak

j
w
o)

o0
[~
o

ol
NIl

ojp

)
g

7
B
Nfo

il

=l °]

28

shel

1

T

SZEA o= A2-90 2 YEH, 974 a

@) Airysh o]



o= %%}Wsink@—cﬂ (2-8)

o] Aoy & CE 4290 e & Ak

c=4/ %tanh kh (2-9

o] olZME knol Q3 kart 1o BISt wWl$ & Az
tanhkh = 1, coshkh =~ sinkh = /22 YER™, kh> 19 Hz2dL o
2L tanhkh = sinh, kh = kh = coshkh =1 < FH3o} Lubd oz p/r,>1/2¢
A Al /L, >1/100€ We Zod=2 70,

(2) Stokesdz} o] &
Stokes3} o] 2¢] 79 Stokes(1874)el o3t H==E F=5 o] Isobe(1978) %
of oste] A5z AN oARTE Al 12 ZAF sl Airyd; o] 23 o,

B4 Ce

Ci« = coth kh (2-10)
co= %tanh kh (2-1D)

i, #A h, F7] THFHFo=2r/7) B 1 w7k Fold Aol o3

L4 k= 2n/0)& A4s17] $18te] 4(2-12)2 o] &3Th.

4 2 2
, kH ., 9CI-10C2+9 G } )
o —gktanhkh{1+( 5 )2 ( G SEh (2-12)



2.2 Froude number& o] &3+ A vy XA

FHEAZA = Fedd 2do ArRE dF 2l o]=7|71A
=] e JAdsA HuH[17], ol FEFHE S o
¥ TEx=ola oo wt Hohgk wlgo] HBasA =] wiEelth o] wEol
| #fste] st 4 2949

o
N
2
(o]
f
o
JE
a2
=
o
R
e e
i
o|N
_O‘L
N

4.24 : 19 =422 3gu|Z2 2

"
Fx]o] do] 9 Adx 9% AAAA AHEH Froude numbers

Table 2 Froude numbers[17]

Parameters Froude Scale
Time [s] s
period [s] a’?

Wave Frequency [Hz] a’?
Wave Length [m] o
Wave Height [m] a

Object geometry [m] o




2.3 A 78

2 AFdAAE HE 48 Z=< ANSYS CFX ver.13<& AH&staith Itz o
2 g 484I=E2 SIMPLE %=+ SIMPLEC, Rhie and Chow(20] ™7 2
< el 7x3 AN eRRE wEolA At olF dHl &3} Z=F
o gurow td Bud ndEY AAZEAL 1%—3}1 £ CAE E7%
I dEFe TFsh= 53T Multi-physics &A1 5ol g & o

FAZIAL B3 M HA= A4 A S(Viscous sublayer) F9= A

< s AUEE wESAY
ol tig side] a7Ha, °ol&
(Aspect—ratio)ﬂ e, =2 A 23Re gHVE a7dEn. olHd o+
1S W= CFX 139 X718 9 34 A& 57 Ao dAss
(Coupled formation)o]t}.  CFX 132 <#H7|HF 53 A2 H(Finite volume
method)e|t}. ¢4 WA A (Fully implicit) ©]4ts}sted dox = WA 4

% ZAAH(Algebric multigrid coupled solver)E o] &3ta &4 gttt SIMPLE
s aAAL YA HITHH ws HAA A Hdmplicit  coupling

S

L=
SR HEeta, GEH FEAA FU4e BHe NF £ Y,



o),

2.3.1 A4

MME ‘w_.._ T RO
) ‘_Mw_l Iv_NU m_u:O
T o
) i n o :
— < ~ 3 Ot \q
~ — = i < ~
— AN ~ i 5 EO
— N 5 -
o A N
-y i
{F do > 3
= = - o
Paw T Ew
T N} L g
SE ! i
o & e TP B g
¥ oufen m“ ol
= SR
S| oo S| oo = ° R =
B 58 & Tm aAw Lol T
2 + + + s - h i Ela
N Ag FlE PAt —~ | T H T v
™ S R | | © r T o3
il | — [ r F e o
= I < — < WX o
S g I 5 ) T s
- g X u n - DI_
s _ 3 K S 8 _.i ~ — = 1
i i g ) < < Ty 213
= - — — — = s M & LY
— S ~ ~ 3 ot <
N Y SR ] =] 8 B ] I .
g E f < 8 n
R - + o W 4& L3g
- A 7 n.w —~~ O_O \I_II/ ,%_ ; a ;A \OWJ
& i < O L% T g
— 2 T S AR
N Ql + N = < 3 = %
= Sk |8 N = X TP w2
< T =z g - e
]
Ty kW i)
< m ©



2.3.2 o14t3} B

Fig. 2.10l4 Ao = yehd A& dutdo=w <& ZHCelDolt}. Ao
2 Yebd Ax g &(ElemenE THA Uro]l Ao E #YPH SHY 84
(Sub-elemen)& A3t Ao A FFo2 Uehd FEF Zo] =&
(Node)E E8& 319 L4E=Z FAHT hex, tetra, wedge, pyramid 5 =&
element Ejol i3] 2A HE&HEY. ZE AT ¢ FAY ELAAE o =
of A7t

> W
™
Y

2AsAe AREE xS gon FAHE ARAMISIAY ZHHR
(Fluxes) @S¢ Ast=o) o8 AL AL Fa de = A% wcof
AREA G, B MR, F4e, dPTHY 5o GF FEe AHuy
ool sl sle] TGS Waw Smw as WA de) Wil A

7] 98l 7384 de<(Finite element shape function)7} AF-&¥ T}, o] 23t
H-2l-S FEM based FVM =2 element based FVMelg} stt}. Fig. 2.29F o]
Aol AAEoNA e AEHY AF7E 2241 B L¥bA ] FVMe] 47] ¢ H] 3]
8= 2017 B2 AS & 4 AT 3D SHA AR A 67H0A 240 =,
APRA ] A Aol A H 607HE A E R o] WOl BRE M g3 A Ao
el A= sl o] A7t Hold AHol At

»

rlo



Control Volume
® *“ @-+— Node at
/ . " Element Vertex
| E '\.
T B 1Y  ECE R
X |I X . '\__
| X‘ ..\'-.
| \
_ I

- ; [ :
Tntegration - X] K I
Points (IP) | ' ! /
i | f ‘-"""Ell‘l'ﬂf‘llf
e e : .

Fig. 2.1 Mesh arrangement and terminology for dual mesh

L W]

LW

A
Standard
Finite Volume Method
Element-Based
Finite Volume Method e L el s /

Fig. 2.2 More accurate gradient prediction due to more integration points per
control volume face



A(2.13), AQ2.14), 42159 FAASS Ao ARl AR AEFomN Az,
S5, 223 oluA P B o4t} AR o

< 747 2)(2.16), A1(2.17), 21(2.18)% .

0
p—p L
v( o )+%]mip—0 (2.16)

AN AFRE - my=(pUAn),

f% Y im, (U, 2.17)

V(%)J“me% E( d)A") +5,V 2.18)

m ip

o714, Ve A4z, Ats time step, An = 59 QRE BEEHE ¥

W e, obel FAQ ipt HRHNMS AL GERRE, I AL Ao A

Aol BE AR A 1 ololth B AR 02 oA AZF @9 E yEd
o U §5 5, pp8t Iye 44 d7ek Sabs 183 faideon.
myE ABAH] HRY EUe Bdss AFfsolt BE PP A
A9 Age At ARkl T AH R TR AN, HIA GGl 1
219} 221 Backward Euler 4 2)o] A€ Th,

Frtee 24Ty v dHE 4 AE2HY AR A FEiAIFE Al
Agto g AAEG. diF32 Upwind, Quick 5 22 7] o #Hr7lE <
o, 7[E HAHE 334 E 4% 7] (High-resolution scheme)s AR-&-3htt,



A= 2719 thFate gk 23 Ag =9 upwind biased approachel] 7]
3 713 o9 Barth&Jesperson[21]el 2] H Z1ed WY fAska, 212.19)7%
vdduy

K

B

Giy =Gy TOV P o Ar (2.19)

c
o
=
=3
(@
=3
o
»
D
[@N
O_El,
N
-
rr
Mo
OH
-Vi
2

U7 g ae] e g oA R
Bolm, 2710 HHEE

Jo
offt
o
2
T
o
a2
Ay
ox
o
30
2
bt
2

(pU)"A = p"U° A+ p"U"A— p" U A (2.20)

A7A 9AA ne ARE FAHY Fmplicit value) e olFlstn 0& A
8 o7 A7 dmelth olgd M@ A Feol A msrel AHA 9
L 5Ee naw,

Ao E, 422D o] Wwel dk Ay e ¢ oz YA

p'el implicit £H-& 7] fste] AW A AsH FEPEAAANA FE

<

g Le Auao
op

n_ 0 % n__ 0
pl=p + 8p|T(p p’) (2.2D)



FHHHE Y93 dFEDe Menter[23] ¢ k—w SST GREAS HL59Y
3| ) ode[24]¢] ©H o & AH FA(free stream)ol] w7H3H
B2 Holx AL E 4 I CFX 1304 E o83 i netale] ¥

ZANAE k—w EZE ALy HREe k—e EAE  AL3IE

BSL(Baseline Model)®} SST(Shear Stress Transport)[25] =d-S A Q43th k—w

2de & & AHe g4 AsHEAA ¥ (Automatic wall treatment) & =

Stgo] 7hssttheE Aolth ol Jhedt AR y+o| FHEA e A S

S
o,
[-'II.
2
[
fru
=
S
>
=

%(Transport)S A 4+s}17]
= vkg] Z7|9 B AAHE AT

N
k=)
Fi
2
o
i

k—w SST Rale di Amhgeol
3 sH

o] o ujo] &) u

2
I
ﬂl.?‘.f T

SR\

At Wilcox BAH k—e 2P AARES FH3| BSL Rdo] /E=AS

smooth 3 FEWe| TAst= 5 e A g A7)0 gk A3 oS A
Aok 7HE FH AU E2HA oY dREDEL BT GFAGEHY] F
Foll s nHE A FA7] wEolm, 1 AF eddy viscosityel it Ik
=g At =TS 22223 Zo] eddy-viscosity HEfe] WA 2o o3t

Ao dojd 5 9r}.

ak
max (a,w,SF,)

(2.22)

v, =

A7, v, o/ p
F;, : blending function

S . strain rate

Blending functione dFE9e] &S 8l vl S8 840t o] ¥A



2o Fele 294 JHE Jke AdS fFEHTE TIvtew et 4
(2.23)0ll A 2(2.27ell VEFH AT

F = tanh(arg?) (2.23)

arg; = min max( \,/E ,5(;()]/ ) Ak 5 (2.24)
Bwy yw | CD,o
A7NA, y= HHoRRY 71 77k 2AAY AYE 9Pt ve T4
AA ol v
€D, =max(2p—— 28 2 g 510719 (2.25)
OupW 0 O

F= tanh(arg22> (2.26)

2
arg, =max( \,/E , 5020V) 2.27)

Bwy Yw

V78 A

SST =doju} BSL 2 k—edt k—wAle]2] blendings 9& ¥H} 713
ol
I ZE T JEHo AR 7 ¢ Qo

Vi =—1 (2.28)



o714, ¢+ wall scale S u|st. 8HH A= AQ29D 3] wall
scale= 5B At

Wall Distance = — |V |+ V|V |*+2¢ (2.29)



AY B SN

}

f—

Al 3% S AFEN

2 olg FHAA N2 A

B

Al
o

Aste] WF Aol =oll AXANIAE HdEsta,

3

gHog He] Fi

A= en, Choi at al.l26]3}

8ol

g]

A+& Choi et al[l15] 9

Prasad et al.[27]&

=59

FE R Stage 4

€]

o

p o
fiie)
xr
il
o

o}

ol mA=

ol

q_mo

)

"

—
110

w

ol

Choi et

|
)

FZ oMo Ads CFD A3 48.6%%2 AAEN oM, B AX] o

tgom, g1ef Aol

3|

$E A
Ne A

€]

=
=

31 9 =
HEgol=

} S TH26].

3]

¢}

Hn
=3¢
Hn

it

wmo

)

;01_
No
TH

Al o] 2

pas

MATLAB # CFDe| &A= AR&H AT

bol 5

AE

=
=

HEE

]
g



Y )

O t/

=\

(S

Fig. 3.1 Symmetric nozzle and cross-flow turbine shape[26]

4% gEdd Aol AA 2 AR 4241 2ALYE AFREHASH CFD
A AATY Y3 2= 9% 5 A YR 55 2 S W I FEY
o =

#ell Table 3ol Uebd SA4< 710 A ZHFo] ARREHSIIL

o 54 A%
o 1 93-S Fig. 3.29F ZoH17].

Table 3 Specification of the 6-DOF motion platform

Optimum load Ston
Maximum pitch angle and error rate 10° +£0.1°
Heave length and error rate 0.5m #+0.Im

Minimum frequency 0.1Hz

Diameter of top circle plate 2.3m
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Table 4 Specification of the wave energy converter

Dimension of WEC

2.0m X 0.7m X 1m
Diameter of turbine 0.26m
The number of blade 30
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Table 5 Experimental cases for load conditions

Pitch angles 4°,6°,8°, 10°
Motion frequency 0.33Hz, 0.5Hz
Rotational speed of turbine 30rpm, 40rpm, 50rpm, 60rpm, 70rpm
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(A) A cross-flow turbine type
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Fig. 3.9 Wireframe model of WEC devices



G ICollection



Fig. 3.11 Computational mesh of WEC device with orifice tube
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Table 6 CFX setup parameters with cross-flow turbine

Turbulence Model SST

Working Fluid Air, Water with free surface
Total analysis time 10s

Analysis type Transient

937,522 Elements

Mesh Specification
833,828 Nodes

Element type Hexahedral
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Table 7 Specification of orifice tube used in the analysis

Size of orifice tube
B [%] Mass flow [kg/s]

[mm]

52.2 100 0.59
15.7 30 0.20
10.5 20 0.13
5.2 10 0.07
2.6 5 0.0675

Q [ky/s]

0.07
—e—— Orifice tube (CFD)
—-—A—-  Turbine (CFD)

0.06

0.05 4

0.04 -

0.03 . ' ' | |
0.8 1.0 1.2 1.4 1.6

T [s]

Fig. 3.13 Comparison of mass flow at 4°
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Ts]

Fig. 3.14 Comparison of mass flow at 6°
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Fig. 3.15 Comparison of mass flow at 8°
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Fig. 3.16 Error at each pitch angle
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Fig. 4.1 Top schematic view of the wave energy converter and location of

test device
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-Ultra low bias drift

-High resolution and accuracy
-Outstanding scale factor linearity
-Fast start-up

-Fully self-contained

-Digital output (UART/SPI)

Fig. 4.4 CruizCore XA3300
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Table 8 Wave length and wave height of tested wave states

Wave state

Wave length, A

14 1.7 2.0 2.3 2.6 3.0 3.3
[m]

Wave height, Hs

0.01 0.04 0.07 0.1 0.13 0.16
[m]
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Fig. 4.6 Plot of rotational speed of the turbine versus wave height for

different values of wave length.
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Fig. 4.10 3D modeling of WEC with a cross-flow turbine
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Fig. 4.11 Computational mesh of WEC
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Table 9 CFX setup parameters with cross-flow turbine

Turbulence Model SST

Working Fluid Air, Water with free surface
Total analysis time 20s

Analysis type Transient

629,092 Elements

Mesh Specification
565,825 Nodes

Element type Hexahedral

Pitch motion 7 ~ 15°
Rotational speed of turbine 50 ~ 90 rpm

Water lever 0.135 m from shaft

Table 10 Selecting CFD cases

Motion condition

N [rpm] 50 60 65 70 80 90

Pitch angle
[degree]
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Fig. 4.16 3D modeling of the enlarged WEC



Fig. 4.17 Computational mesh of enlarged WEC

Table 11 Comparison on original and enlarged WEC models

Blade dimension

Outside Inside ,
. . width [m] | Volume [m?]
diameter [m] | diameter [m]
Original
0.09 0.06 0.04 0.064
model
Enlarged
0.14 0.09 0.04 0.092
model




Table 12 Mesh specification for both models

Original model

Enlarged model

Number of nodes

629,092

610,804

Number of elements

565,825

547,856

Mesh type

Hexahedral mesh

Solver

ANSYS ICEM CFD ver. 14
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Table 13 CEFX setup parameters with cross-flow turbine

Turbulence Model SST
Working Fluid Air, Water with free surface
Total analysis time 20s
Analysis type Transient
Pitch motion 7~ 13°
Rotational speed of turbine 50 ~ 100rpm
Water lever 0.135m from shaft




Table 14 Selecting CFD cases

Motion condition

N [rpm] 50, 60, 70, 80, 100

Pitch angle [degree] 7,9, 11, 13
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Fig. 4.22 Calculation for water depth and wave period

Table 15 In-situ wave conditions at seaside of Korea Maritime and Ocean

University

Site condition

Water depth, #,[m] 6 ~ 10

Wave period, T[s] 3~7




Table 16 Optimum length of WEC device for operation at different wave

conditions

Water depth, A, [m]

Site condition

10 9 8 7 6
7 23.1 22.2 21.2 20.2 19.0
6 18.6 18.1 174 16.6 15.7
Wave period,
5 14.1 13.8 13.4 13.0 12.4
T [s]
4 9.5 9.4 9.3 9.2 8.9
3 5.6 5.4 5.4 5.4 5.3

Table 17 Expected specification for real model by Froude Numbers

Experimental model

Real scale model

Device length [m] 1 5.3

Device width [m] 0.6 3.2
Setup position H =125m, 7=1.3s H =6m, 7=3s

Maximum shaft power [W] 4.0 11.7
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Fig. 5.1 3D drawing of WEC with heave controller

Fig. 5.2 Pitching and rolling motion controller
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Fig. 5.4 Right side view of motion controller
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Table 18 Wave length and wave height of tested wave states

Wave state

Wave period, T [s] | 1.25| 14 | 155 | 1.7 | 1.85| 2.0 | 2.15 | 2.3 | 2.45

Wave height, Hs

[m]

0.04 ~ 0.15

523 44 2

2 ARdoA AdA= WE FE5EFS Fs]
SAAT. 2 F7]olA FR
Fig. 5.7 =243}t e Fig. 589 A o= F7] =4S vygo= 3al
Bl 3 ArE =438kt

Fig. 5.7¢] A% = nlgo 2 wA Ao #AX7} AXH G2 g2y ax
Hd) 57rpme] ASHAeH ojuo] = F7]= 1.85s, 2.0so]th. EZE, Al
ol A} mlustds o AR oA EA He7E QoS S =+ 9
=H ol EA Aol BAZFE AojEHE Y ol o3 Aow AdH
ot 1.25sel A 1.55s7HA] 37FAl = F7] 2 oA = J A o7k oA A
< AT F AA=H, ol AF 5HH A= XS} A &
ANy A Lol 7hedE AL + AU
AA 9% AAe BALE oF
ojm o|F AAe mAF} YR 2
EHlo] 3Hgts el & A ol oA EAFLS g2 Fr]olA T

(il
TR
o

o
ol
;
2
vy
N
(e
o
L
fz
A
n
Ho
¥
A
rlr
P
o
Jou
rO
o
4
¥

Foll #s =43 s, Favt T EEE
o
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Fig. 5.7 Comparison of rotational speed of turbine plotted versus wave period
for wave height 0.06m, 0.08 and 0.10m
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Fig. 5.8 Plot of rotational speed of the turbine versus wave height for

different values of wave period
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