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Performance Assessment of Two Horizontal Shroud Tidal Current Energy

Converter using Hydraulic Experiment
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Abstract : In this study, the two horizontal shroud tidal current energy converter, which can generate power even
under low flow speed conditions, was developed. In order to determine the shape of the shroud system, a three-
dimensional numerical simulation test was conducted, and a 1/6 scale down model was made to perform a hydrau-
lic model experiment. The hydraulic model experiment was performed under four flow conditions, and the flow
speed, torque, and RPM were measured for each experimental case. As a result of the numerical simulation test, it
was found that the flow speeds passing through the nozzle were increased by about 2~3 times in the cylinder, and
when the extension ratio was 2:1, the highest flow speed was shown. In addition, it was found that the flow speeds
increased 2.8 times when the diameter ratio between the nozzle and the cylinder was 1.5:1. Meanwhile, as a result
of the hydraulic model experiment, it was found that when the tip speed ratio was between 1.75 and 2, the power
coefficient was 0.32 to 0.34.

Keywords : shroud, tidal current energy converter, numerical simulation test, scale down model, hydraulic model
experiment, tip speed ratio, power coefficient
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Fig. 1. Shrouded open centre tidal turbines manufactured by OpenHydro (left), and duct type tidal turbines developed by Lunar Energy (right)

(IEA-OES, 2021; Mehmood et al., 2012).



Fig. 2. Single and multi array concrete tidal current energy converters.
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Table 1. Numerical simulation test for determination of shroud shape
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Fig. 3. x-z plane velocity distributions for <Case 1-1>~<Case 1-6>.
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Fig. 7. Front view (left) and side view (right) of the rotor blade.

Table 2. Specification of a shroud system and blade
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Aol Ak Pl, P22 f55akel vlsl FRIRBEAES &
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Table 3. Flow velocity ratio measurement results in left and right shroud systems

. P1 (Velocity P2 (Velocity . Torque Angular velocity
VE’IL‘])/C')W at nozzle) at cylinder) Pl to P2 ratio (N‘m) (rad/min)
s
Left Right Left Right Left Right Left Right Left Right
Max 0.62 0.50 0.99 0.97 1.60 1.94 143 1.31 120 121
0.84 Mean 0.50 0.44 0.92 0.91 1.84 2.07 1.37 1.26 109 110
Min 0.32 0.34 0.83 0.82 2.59 241 1.31 1.22 93 97
Max 0.63 0.58 1.00 1.01 1.59 1.74 1.92 1.80 109 112
0.90 Mean 0.55 0.48 0.95 0.95 1.73 1.98 1.87 1.76 100 101
Min 0.42 0.38 0.88 0.89 2.1 2.34 1.82 1.72 88 91
Max 0.70 0.63 1.11 1.08 1.59 1.71 2.14 2.04 119 123
0.94 Mean 0.59 0.52 1.00 1.02 1.69 1.96 2.08 1.97 108 110
Min 0.40 0.42 0.94 0.95 2.35 2.26 2.03 1.91 96 98
Max 0.80 0.65 1.19 1.22 1.49 1.88 2.40 2.27 151 158
1.04 Mean 0.65 0.57 1.11 1.13 1.71 1.98 2.29 2.18 134 137
Min 0.51 0.46 1.04 1.05 2.04 2.28 2.16 2.11 118 124
o Case 1(0.84 m/s) ) Case 2(0.90 m/s)
i o Shroud(Lef) ; . o Shroud(Lef)
035 e 035 iere-p
., e~ Fitted line(Right) -~ ~Fitted line(Right)
03 '-. 03 o
0025 N 0025 E -""':;"
. A
0.2 KN 02 il
Cp(Left) = —0312% + 1.231 — 0.88\\ /,’,;g' Cp(Left) = —0.3322 + 1174 — 0.69 ™"
015 Cp(Right) = —0.4272 + 1561 — 114 o5y C,(Right) = —0.4072 + 1.402— 087
04 e 01 2
1 15 2 25 1 15 2 25
TSP(Tip Speed Ratio) TSP(Tip Speed Ratio)
0 Case 3(0.94 m/s) N Case 4(1.04 m/s)
| o Shroud(Lef) ; o Shroud(Lef)
o . i
J Priad - - -Fitted line(Right)
03 e T 03 e -
02025 02025 "{:;.,-:"“:’
A
02 7. 02 o
S ¢, (Left) = ~0.302 + 1.061 — 0.60 e Cp(Left) = —0.182% + 0.721 — 0.38
°'15:"" €, (Right) = —0.182% + 0.7 — 0.47 018, Cp(Right) = —0.264 +0.961 — 0.57
01 01
1 15 2 25 1 15 2 25
TSP(Tip Speed Ratio) TSP(Tip Speed Ratio)
Fig. 9. TSR (1) and power coefficient (C,) curves.
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