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A Study on Hydraulic Characteristics of Wave Power
Generation System with Wave Duct Type

Jong—Cheol Jeong

Department of Ocean Engineering,. Graduate School,

Pukyong National University

ABSTRACT

This study was investigated hydraulic characteristics of/ system in
two dimensional hydraulic experiments and numerical modeling as
Flow-3D, we' designed wave.power generation system with wave duct
type which can“use wave power In ocean energy.-sources.

The main results-from study.are summarized as following.

1) The results of numerical analysis were indicated similar pattern that
the variation pattern of velocity and surface elevation under hydraulic
experiments.

2) Under changing vertical heights of inlet conditions, the variation of
internal velocity did not show on various wave conditions. It caused
inlet position was located in the region, velocity of water particles are
steady conditions.

3) To investigate the main factors that will affect the variation velocity
and changing elevation include the length of wave duct, wave heights,
wave length and shape of wave duct. The variation internal velocity

and water level increased significantly under constant wave heights, as



length of wave duct decreasing. Smooth shape of internal wave duct
has shown more increased on internal velocity, compared to existing
shape that was a right angled form. The velocity increase of the
smooth type due to reduce energy loss. However, it was indicated
relative low efficiency for the wvariation of internal water level. When
we used various wave conditions under constant length of duct, the
increase of wave heights indicated higher internal velocity value than
effect on deformed the shape of wave duct. According to results that
study to wvariation of internal water level under the same conditions,
effect of increasing wave period came out to be higher than the other

factors.
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Use to wave data of southeastern coastal waters of Korea
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Fig. 2-2-1 A plane figure of experimental model(unit:cm).
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Fig. 2-2-2 A side view of experimental model(unit:cm).
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Fig. 2-2-3 A front view of experimental model(unit:cm).
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Table 2-2-1 Experimental conditions

B/h, H; (cm) T; (s) hy/L; Breaking - depth(h,)
2.5 0.8 0.7011

0.50 5.0 1.2 0.3116 Non 70
7.25 1.6 0.1753
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Fig. 2-3-1 Boundary of calculation area.

1 WA

h1

Fig. 2-3-2 Schematic of model structure for numerical analysis.
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Table 2-3-1 Conditions of numerical test(unit:'m)

H(m) T(sec) Bl B2 hl h2 hy
0.9
1.0 0.560  0.040
0.150
0.0250 5 0.950 0.540  0.060
0.050 1.23 0'350 0.150  0.520  0.080 0.70
0.0725  1.34 ' 0.50 0.10
0.450
1.45 0.480  0.120
1.57
Fig. 2-3-2% #AA AN A8d g dd 2" AH=E YeEbl
Atk B dAFdAE 448 795 hl~h3;, Bl~BRE T#5te] WHIE
= Ad¥3s sAsNZ=aOHY AR fh A9l el 20cm 7
Abghe] 10°¢] Zt=2 XA o] glom, B2 15ecm=Z AA ZHA T

A Agstgth SREE WEZ 377 F9EHE AS Alosr] 98k
e AFHE 722 +10cm= dASHA AA3A T RSS2
o AHL5 s FREL FLOW-3D9 s8tof 7b53 CADZZa¢S
o] &3to] AAsIF ow it AR A8 TS Table
2-3-1° 71&Hoglon Zt7te] ZUES HEste] FAEAS AAEA

., o o o _
Vi + g pude) 5 (oo + - (pwA.) = RDIF+ RSOR (2.1)
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A el Bl gk Schmidts o]
A v Sl ugtsit

A QDS vsEA A=

3] 0

ox v

+5 22 Navier-Stokes. WA 2ol thga} ol 2 79 3go] F7}

= At
—+L{ A, —+ vA, —+ AZ—} _ Lo, p  RSOR,
Vi 0z p O0x v Ve
870+L{ A,,ﬁ—l-vA, 871)_'_1014 8“} _l&_p+ F - RSOR
Vi T ox Yoy Foz p oy Y pVF
8—“’+L{ A,a—w+vA,,a—w+wAza—w} _Lop, p  RSOR (2.4)
Vi 6] Y oy 0z p 0z pVF
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Fig. 2-3-4 Control volume choices.
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Fig. 2-3-6 Comparisons_of rectangular and deformed mesh.
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Dijk = P2k (2.15)
F gk T FQ,j,k
P1.j.k = P2,5.k
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Vidx, VFSyJ. Vibz,
Au’ Ap  Aw

x

0t < CON -+ min

(2.17)

A7, (u, v, w)E HFEY A7]0)3, CON=045% o}F EAdAs #H S

of thalf Ab&-=of At

min{&ti,&yj}

\/0z,, - ACON

5t < 0.5 (2.18)

5t < O.25/max{RM~ %(1/53;% 1/8y5k 1/&2)} (2.19)
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Fig. 2-3-8 Comparison between calculation results and hydraulic experimental
data (Hur, 2003) O:Experimental data @:Flow-3D result.
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Fig. 2-3-9 Comparison between calculation results and hydraulic experimental data (Losada, 1997)
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Fig. 2-3-10 Comparison reflection coefficients(Cho, 2006).
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Fig. 3-1-1 Distribution of velocity in wave duct under H/h,=0.036
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Fig. 3-1-2 Distribution of velocity in wave duct under H/h,=0.071

conditions.
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Fig. 3-1-4 Variation of water surface height in wave duct under
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Fig. 3-1-5 Variation of water surface height in wave duct under

H/h,=0.071.
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Fig. 3-1-6 Variation of water surface height in wave duct under

H/h,=0.104.
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Fig. 3-2-2 Distribution of surface elevation for h2/h;=0.057-0.171.
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Fig. 3-2-4 Distribution of surface elevation under H/h,=0.036.

_48_



| Hifa=0.071
44—+ Bhe0214
035 H—O—O Bih0.357
- o8-8 Bhs0.50
03 — &8 @ B//h=0643

Fig. 3-2-5 Velocity distribu

Jraf Ls
Fig. 3-2-6 Distribution of surface elevation under H/h,=0.071.
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Fig. 3-2-8 Distribution of surface elevation under H/h,=0.104.
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B2
0.150

Bl
0.250
0.350
0.450

T(sec)
1.23
1.34
1.45

0.0250
0.050
0.0725

H(m)

Table 3-2-1 Conditions of smoothing type(unit:m)
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