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Abstract As wind passes through a wind turbine and undergoes energy extraction, the wake generated
reduces wind speed, increases turbulence, and significantly reduces the power outputs of wind turbines
in the wake paths created in wind farms. Various numerical simulations and scale model wind tunnel
experiments have been conducted to minimize these losses. However, a single model was used to analyze
wake losses in most scale model studies, and as a result, few studies have investigated the effects of
model scale on wake losses. In this study, we studied the effects of model scale on wake characteristics

using wind tunnel experiments.
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Where, R denotes rotor diameter, w denotes

rotor rotation speed, V., denotes inflow wind

speed
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Fig. 1. Geometry of wind turbine scale model
(a) Blade normalized to radius (R: Blade length, c:
Chord length) (b) Normalized of wind blade size (D:
Diameter, L: Nacelle height, W1: Rotor length, W2:
Nacelle length)

Table 1. Normalized wind turbine blade and shape
size

Category Scale [-] | 1:33 [m] 1:50 [m] 1:67 [m]

D1 1.0 D 0.3 0.2 0.15

D2 - 0.04 0.026 0.026

L1 0.13 D 0.04 0.026 0.02

W1 0.10 D 0.03 0.02 0.015

w2 0.18 D 0.055 0.036 0.027
Blockage ratio - 49 % 2.2 % 1.2 %

50

(a) b ©
Fig. 2. Experimental wind turbine scale model
(a) 1:33 scale (b) 1:50 scale (c) 1:67 scale
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Where, p denotes air density, V denotes relative

wind speed, ¢ denotes chord length, p denotes

viscosity
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Table 2. Specification of wind tunnel[14]

=

i=1
n

V=

©)

Where, V denotes measured wind speed, n

— - denotes number of measured data
Specification Size
Height (H) 0.985 m
Testable size Width (W) 1.47 m L]
Length (L) 2.56 m /1 . %
| \
Rated Voltage 24 VDC S S fOpOP0HED __£b
Input currents 0.88 A N\ X //
DC fan N -
Rotational speed 4,600 RPM T » ~
Max. flow 200.9 CFM (a) (b)
Max 6.7 m/s s
Wind speed -
Min 0.9 m/s ’

Measurement point
& Section(-6D ~ -0.5D, 1D ~ 8D)
Mesh

*| Wind tunnel test section

Model scale
1:33, 1:50, 1:67

L %/

Hot wire probe

Inlet

Fig. 3. Schematic diagram of the wind turbine wake
experimental setup

Table 3. Inflow and wake measurement ranges

Scale 1:33 1:50 1:67
Inflow relative -1D, -2D, -1D, -2D, -1D, -2D,
coordinate -3D -3D, -4.5D -3D, -6D
Wake 1D ~ 4D 1D ~ 6D 1D ~ 8D
(relative coordinate) | (interval:1D) | (interval:1D) | (interval:1D)
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Fig. 4. Layout of the measuring positions of each
scale model
(a) 1:33 Scale (b) 1:50 Scale (c) 1:67 scale

Fig. 5. Expenmental setup of scaled wind turbine in
the wind tunnel test
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Where, V denotes mean wind speed, V., denotes
inflow wind speed

Inflow

Fig. 6. Normalized flow field of a 1:33 scale model
in a wind tunnel

40P 57 A9 o]Ho|, 1:33 F4ArdS T8
sto] Ado] QAL RIS ZE9 TS V&
o sto] FRto g WAtk ¥ RE 451990, Eq.
Do+ 2ol Z49 FYFl digt T7 vz Tt
skt AdA A Ay B 1.12%2] 2= 2= A
o= FolElglon, 7 AFE Fig. 7o VERAYTH

12
—¥—- 1t test
10 f.:-ti -~ == 20 test
;i -9~ 3 test
08 —
=2

o
IS

Normalized wake velocity
W/V)l-]
o o
N o

0.0
-4 -3 -2 -1 0 1 2 3 4 5

lized di for rotational di (z/D)I[-]

Nori

Fig. 7. Repeatability results of the wind turbine wake
experiment

42 7 A¥S 59 Fig. 8, Fig. 99+ 20|
35 U 97t 7Y fegel EASAHIS]. Fig.
> SAEPYEY ZH SHL VISR Y-Z WA
of Hiet f57gol, Fig. 9= SAEFES 2H FHS
71Ee® X-Z BEEB)Ol ot f-sHolth. Fig. 8,
Fig. 9014 x&2 SHER 37 ol ot A& F
el SARYO] Eol= 3 F ] gt vz &
Adefstglon, yE2 58 Sdl=9] o] 3ol
3 92 =Fol= Al tigt HlE= FAstst
ATF.

36

Normalized distance for rotational diameter Normalized distance for rotational diameter

Normalized distance for rotational diameter

Fig

Normalized distance for rotational diameter

Unit:V/V,, S OcEE O7mm 08 09mm 10mm 1.1

-2D -1D 1D
Normalized distance for rotational diameter (z/D)[-]
(a)
8
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Normalized distance for rotational diameter (z/D)[-]

(y/D)[-]

-6D -3D -2D -1D 1D 2D 3D 4D 5D 6D 7D 8D
Normalized distance for rotational diameter (z/D)[-]

(0

. 8. Comparison of normalized velocity filed of y-z
plane for uniform inflow
(a) 1:33 Scale (b) 1:50 Scale (c) 1:67 Scale
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Normalized distance for rotational diameter (z/D)[-]
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Normalized distance for rotational diameter
(x/D)[-]

-3D -2D -1D 1D 2D 3D
Normalized distance for rotational diameter (z/D)[-]

(b)

Normalized distance for rotational diameter
(x/D)[-]
°
S

-3D -2D -1D 1D 2D 3D 4D 5D 6D 7D 8D
Normalized distance for rotational diameter (z/D)[-]

(o)

Fig. 9. Comparison of normalized velocity filed of
x-z plane for uniform inflow
(a) 1:33 Scale (b) 1:50 Scale (c) 1:67 Scale
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Fig. 10. Normalized horizontally and vertically wake

velocity profiles by scale model size

(a) 1:33 Scale at Y-Z plane (b) 1:33 Scale at X-Z
plane () 1:50 Scale at Y-Z plane (d) 1:50 Scale at
X-Z plane (e) 1:67 Scale at Y-Z plane (f) 1:67 Scale
at X-Z plane
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