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Abstract — Tidal energy has attracted considerable attention as a next-generation renewable energy source due to
its high predictability and stable power generation. Since the power output of a tidal turbine is proportional to the
cube of the flow velocity, enhancing the local current velocity is essential for improving energy conversion effi-
ciency. In this study, five flow-acceleration configurations combining a submerged mound and a duct are proposed
to enhance the performance of tidal turbines in low-current environments, such as those surrounding offshore
bridge piers. The flow fields were analyzed using the computational fluid dynamics (CFD) software STAR-CCM+,
and the flow velocity and enhancement ratio were compared for each configuration. The combined submerged
mound—duct configuration increased the mean flow velocity by approximately 47%. When the free-surface effect
was considered, the maximum flow velocity enhancement reached approximately 60%. This additional accelera-
tion is attributed to the free-surface depression, which suppresses the bypass flow over the duct and promotes
stronger flow through the duct interior. The findings of this study provide useful design guidelines for improving

the performance of tidal turbines operating in low-current environments.

Keywords: Tidal turbine(Z=5+E]11), Duct(H E), Flow velocity enhancement(-+<5
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Fig. 1. Schematic configurations of Cases A—E.
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Fig. 2. Geometry and design parameters of duct and submerged mound (Kim et al.[2025]).

Table 1. Specifications of duct and submerged mound (Kim et al.[2025])

Item Unit Dimension

Duct Diameter (D;,, D,,,) m 0.4,0.2
Duct Inlet Angle (6,) degrees 45
Duct Length (L) m 0.3
Duct Body Length (L) m 0.2
Mound Top Length (L, m 0.67
Mound Bottom Length (Z,;) m 1.15
Mound Height (H,) m 0.16
Mound Angle (6,,) degrees 45
Water Depth m 0.9

Reynolds-Averaged Navier—Stokes(RANS) 74 2]

E A= S|4 o] vl A thaesta, thek
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A3t E7- A= 0 Padl 9 E7-(pressure outlet) 2710 %
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Table 2. Simulation conditions for the numerical analysis

Description Value
Inlet Velocity Inlet 0.2~1.0 [m/s]
Outlet Pressure Outlet (0 Pa)
Turbulence model k-¢
st
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Fig. 3. Boundary conditions for Cases A-D with a slip boundary at the top wall.
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Fig. 4. Boundary conditions for Case E with free-surface boundary.

Fig. 5. Domain mesh configuration for Case E.
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Case C : Duct
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Fig. 6. Velocity measurement points and regions for each Case.
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Table 3. Grid convergence test at Uy = 1.0 m/s

[e]

NE - 794

Case Mesh level Number of grids [x109] U [m/s] p R Ug [%]
Coarse 0.4 1.244
Case B Mefiium 0.8 1.260 2.00 (Mono tonioc.t?)ilvergence) 0.76
Fine 1.88 1.268
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Coarse 0.71 1.503
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