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Study on Performance Variation According to the Arrangements
of Adjacent Vertical-Axis Turbines for Tidal Current Energy
Conversion
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Abstract — Tidal farm is a multi-arrayed turbine system for utilizing tidal stream energy. For horizontal-axis tur-
bine(HAT) system, it is recommended that each unit has to be deployed far apart in order to avoid hydrodynamic
interference among turbines, as proposed by the European Marine Energy Centre(EMEC). But there is no rule for
the arrangement of vertical-axis turbine(VAT) yet. Moreover it has been reported that a proper arrangement of adja-
cent turbines can enhance the overall efficiency even greater than an arrangement without mutual interference
effect. This paper suggests the layout of VATs showing the better performances, which turned out to be quite differ-
ent from HATSs' arrangement. Numerical calculations were performed to investigate the performance variation in
terms of the rotational direction as well as the distance between turbines. It has been shown that the best combina-
tion of rotational direction and distance between turbines can increase its performance higher about 9.2% than that
of two independently operated turbines. It is likely that such improvement is due to the increased velocity between
adjacent turbines. For diagonally arranged turbines, the maximum normalized mean power coefficient was
obtained to be higher about 5.6% than that of two independent turbines. It is expected that the present results can
be utilized for conceptual design of tidal farm to harness the tidal stream energy.

Keywords: Vertical-axis turbine(5=2] % E]11), Tidal farm(ZF 3% ©4]), Multi-arrayed turbine(t}] & E111),
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Fig. 1. Illustration of tidal farm : HAT.
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Fig. 2. Illustration of tidal farm : VAT (2-D).
Table 1. Principle particulars of VAT selected 10Dy, 15D,
Designation Symbol Values
Diameter (m) Dy 5.0 ]
No. of blade z 3 =
Chord length (m) c 0.44 ¥
™~
Solidity c 0.085 3 g
Span length to diameter ratio H/D 1.2 ;:, §
TSR (Tip speed ratio) A 3.0 lg %
Blade section NACA655-018 § iy
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Table 2. Experiment and calculation conditions (Rawlings[2005])

Designation Symbol Values

Turbine diameter (m) Dy 0.91

Number of blade Z 3

Span length (m) H 0.6858

Span length to turbine diameter ratio H/D 0.754

Chord length (m) c 0.065

Free stream velocity (m/s) V., 1.5 (Constant)

TSR A 2.0,2.25,2.5,2.75,3.0
Rotational speed (rad/s) o 6.59,7.42,824,9.07,9.89
Reynolds number Re 2.2x10°~ 3.1x10°

Blade section NACA 63,-021
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Fig. 3. Grid system with VAT (2-D).
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Fig. 4. Validation of present calculation with Rawlings (2005).
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Table 3. Calculation conditions

Designation Symbol Values
Each turbine diameter (m) Dy 5.0
Free stream velocity (m/s) V. 2
Tip speed ratio A 3.0
Rotational speed (rad/s) ® 24
Turbulence model k-0 SST
Gap ratio of y-axis direction between turbines ~ G,/Dy, 2.0

Table 4. Cy,,.,, and Cy, as rotational direction (G,/Dy=2.0)

Gy/Dy=2.0 T Crmean = Total Cp,
Single 0.382 0.382 0.764 -
CRI case 0.417 0.417 0.834 1.092
CR case 0.409 0.412 0.821 1.075
CRO case 0.407 0.408 0.815 1.067
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Table 5. Cp,,.., and Cp, with respect to G,/Dy, for CRI

G,/Dy T Crmean % Total Cp,
2.0 0.417 0.417 0.834 1.092
3.0 0.413 0.413 0.826 1.081
4.0 0.406 0.406 0.812 1.063
6.0 0.398 0.398 0.796 1.042
12.0 0.385 0.385 0.770 1.008
15.0 0.385 0.385 0.770 1.008
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NOMENCLATURE

D, = turbine diameter

¢ = chord length

H = span length

6 = Azimuthal angle

Z = number of blade

¢ = solidity (¢ = Zc¢/nDy)

Re = Reynolds number

V,, = free stream velocity

® = rotational speed

TSR = tip speed ratio (A = Re/V,)
T = torque

C; = Power coefficient (C, = Tw/0.5pU’D;H)
Crmean = Mean power coefficient

Chranele = Mean power coefficient of single turbine

CPn = Normalized CPmcan (CPn:(CPT-l+CPT—2)/2CPsing]c)
p = fluid density
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