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Abstract : In this study, first, we adopted a twin configuration of a Darrieus hydrokinetic turbines that can
bring about an improvement in efficiency through positive interaction and obtained the optimal shape through
parametric analysis of the small-scale turbine model by computational fluid dynamic simulations. Next, the
effect of performance improvement was examined for symmetrical and asymmetrical ducts. The results show
that the asymmetrical duct that utilizes diffusion effects has a comparative advantage in terms of efficiency and
drag over the symmetrical one. However, the advantage of the Darrieus turbine, which has flow-directional
independency, is lost in the case of the presented configuration; thus, we introduced the idea of a passive
yaw-controller that adapts to the variation of the flow-direction that does not require additional energy
consumption. In conclusion, such efforts and adjustments to enhance the performance of the Darrieus turbine
by utilizing the interaction and diffusion effects discussed in this study will be helpful in securing
competitiveness against other types of hydrokinetic turbines.
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Table 1. Specification and analysis condition of the Damrieus

turbine
Blade airfoil of turbine NACA0020
Chord length, C (mm) 87.5
Number of blades, B 3
.- BC
Solidity, S (S—ﬁ 0.2785
Radius of turbine, R (mm) 150
Velocity, V (m/s) 0.6
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Fig. 2. Shape and grid system of the twin configuration
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Fig. 4. Shape and grid system of the twin configuration with
the non-symmetric duct
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Table 2. Efficiencies of the single turbine and the cases of the rotational directions in the twin configuration

Single Case 1 Case 2 Case 3
Cr (%) 30 45 40 43
Relative improvement against single (%) 0 50 33 41
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Table 3. Efficiencies of the single turbine and the cases of the separation distances in the twin configuration

2.5R 3R 3.5R 4R
Cp (%) 46 45 45 43
Relative improvement against 3R (%) 2.2 0 0 -4.4
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Table 6. Efficiencies of the difference angles in the non-
symmetric duct
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Cr (%) 48 49 53
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