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Abstract — The present study deals with the design and performance analysis of three different impulse turbines
for 30 kW-class Oscillating Water Column (OWC) wave energy converter applicable to breakwater. Conceptual design
was made by using the look-up table method of Hong et al.[2016] previously applied to Yongsoo Wave Power Plant. For
the basic design, FLUENT-based numerical analysis tool was utilized to design a conventional-type impulse turbine by
optimizing the design parameters such as number of blade, angle of guide vane, hub ratio and tip clearance. Two more
models were designed by modifying the conventional-type to enhance the efficiency of turbines. Firstly, a ring-type
turbine was proposed to minimize the vortex roll-up near the tip of rotor blade. The depth of penetration, thickness
and length of ring were optimized numerically. Secondly, a sweep angle-type turbine designed by Yang ez al.[2017] was
considered as one of the candidates. Numerically designed three turbines were then validated experimentally using
a specially-built reciprocating flow generator to simulate the wave movement inside OWC. It was found that while
both ring-type and sweep angle-type turbines gave the better efficiency than the conventional-type, a ring-type tur-
bine was finally selected as the best one which shows approximately 52.9% in peak efficiency.

Keywords: Breakwater(”hﬂrﬂ]) Wave energy converter(Z-2 ¥ 3}), Oscillating water column( =), Impulse
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Fig. 1. Wave energy density of Chuja-do.
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Fig. 3. Performance chart of impulse turbine (D=0.6, 0.8, 1.0 m).
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Table 1. Specification of Impulse turbine
Turbine Type Designation Unit Symbol Prototype Model (A=2.1)
Duct diameter mm D 800 380
No. of blades z 30
Blade chord length mm /. 160 76
c : onal turbi Blade thickness mm S, 47.68 22.7
onventional turbine No. of guide vane z, 78
Hub ratio 0.7
Angle of guide-vane deg 0 35
Tip clearance mm t. 1
Length of ring mm C, 240 114
Only for ring-type Thickness of ring mm t 1
Penetration depth mm L, 2
Leading-edge sweep angle deg Ao -5
Only for sweep angle-type .
Trailing-edge sweep angle deg A, +6
P1
L P2
F3 P4 PS5
=
m
| I— =+ |< >
[]
Motor S I
: Torque  pp,
Vi

Fig. 7. Schematic of wave simulator test rig.
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