st okE - ollLixI3ks| x|
Journal of the Korean Society

for Marine Environment and Energy

Vol. 18, No. 4. pp. 274-281, November 2015

http://dx.doi.org/10.7846/JKOSMEE.2015.18.4.274
ISSN 2288-0089(Print) / ISSN 2288-081X(Online)

Original Article ‘
A8 A5 Ele] R X o] whE Aol T A
o]7] - At
ool 2 oAl Rl Tt

Study on Performance of Vertical-axis Tidal Turbines Applied to
the Discharged Channel of Power Plant

Jeong-Ki Lee and Beom-Soo Hyun'

Div. of Naval Architecture & Ocean Systems Engineering, Korea Maritime & Ocean University, Busan 49112, Korea

Q o

= Aol $1R18) Sl 3k W AxlE AT WA W7k Q8 sl AR )RS Bl viEs s 2l
T o] Addsto] 9t Aol 2 2soluR|7E EAE) o2t Algte 1ol R EF0] EAEH: Al
Jolof] HA)E 25 BRI A5 X4 R ALl AEF FolA ek ERIZE AL, AT A 54
= Ej1e] Aol up A5 WEHE TSR=3.001A ARSIt Bgt, o197 17191 Z-9-F 27091 Zd-¢-of tisll 27|
TR EINLS wix]8le] 43T 9l i ske nlwsioict. )l 17091 A9 -2 4E] Enlatke] Ayt F7el wet E
W ggo] Aags o 4 oL, Bl A7 o o] YT u) ago] /M F& 2S5 ek Ut 2
ARl AL g8 9 F S sl Qe BUS 717]9] BlWlS Zh2) vjx|ehs Zlo] & A8 ekl 2
A= R QI Al AXE A F HS d A oR skt 28 S ol AoE Z)gE

Abstract — Thermal and nuclear power plants on shore commonly use the sea water for cooling facility. Dis-
charged cooling water has the high kinematic energy potential due to amount of water flux. Numerical analysis
was made to find the suitable combinations between the arrangement of tidal turbines and the overall dimensions
of the discharged channel. Several parameters such as the turbine diameter to inlet size, and the axial distance to
turbine size were investigated. Power coefficients for various test conditions were also compared to see the effect
of inlet configurations such as single inlet and dual inlet. For the single inlet, the mean power coefficient appeared
to be gradually decreased with increasing distance, and the maximum power was obtained when the turbine diame-
ter was same as the inlet diameter. For the dual inlet, the tendency was similar so that the better result when the tur-
bine diameter was same as the inlet diameter. It is expected that the present methodology can be extensively
utilized to harness the high kinetic energy flow of the discharge channel of power plant.
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Fig. 1. Schematics of discharged channel with VATs (2-D).
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Fig. 2. Vertical-axis turbine selected.
Table 1. Principal particulars of VAT
Designation Symbol Values
Diameter (m) D; 2.5
No. of blade V4 3
Chord length (m) c 0.22
Solidity c 0.085
Span length to diameter ratio H/D 1.0

TSR (Tip speed ratio) A 3.0

Blade section NACA65;-018
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Fig. 3. Velocity profiles at x/D;=3.0 for grid dependency.
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Fig. 4. Inlet conditions.



8.0
6.0 x/Dg
40 — L0
-- 20
2.0 -- 4.0
. .
‘\i 0.0 — 8.0
20 —12.0
- 16.0
-4.0
-6.0
_8.0 5 ‘o ‘A =] )
0.0 0.5 10 15
w/U,pux
(a) Case |

Fig. 5. Comparison of velocity profiles for various x/Dy’s.
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Fig. 6. Grid system in fluid domain with VAT.

Table 2. Test conditions for VAT

Symbol
Fluid Water (single phase flow)
Flow condition Unsteady (RANS Model)
Turbulence Model k-0 SST
Turbine rotating method Sliding mesh
Inlet velocity (m/s) U 2
Inlet diameter (m) D; 2.5
Turbine to inlet diameter ratio  D;/Dg 0.25,0.5, 1.0, 2.0
Tip speed ratio (TSR) A 3.0
Reynolds number (UD/v) Re 5.0x10°
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Nomenclature

Dy = turbine diameter

D; = inlet diameter

¢ = chord length

H = span length

6 = Azimuthal angle

Z = number of blade

¢ = solidity (¢ = Zc/nDy)

Re = Reynolds number

U = free stream velocity

® = rotational speed

TSR = tip speed ratio (A = Ro/U)

T = torque

C, = Power coefficient (Cp= Tw/0.5pU°DH)
Chmean = Mean power coefficient

p = fluid density
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