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A projected frontal area of turbine

AR aspect ratio = H/C

C blade chord

Ca blade drag coefficient
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G blade lift coefficient
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Cp turbine overall power coefficient= P, /pA 754
Co turbine overall torque coefficient= Q/pAVZ R
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d minimum distance from the vortex filament
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F, normal force (in radial direction)

F, tangential force

Fu average tangential force

L, non-dimensional tangential force = C,(W/V., )
H height of turbine

ki exponent in the induced velocity relation

L blade lift force
N number of blade
static pressure

p
P, overall power
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Py atmospheric pressure

Q overall torque

r unit vector

R turbine radius

R. local Reynolds number = = WC/v

t blade spacing = (2rR/N)

1% centre line velocity along freestream velocity direction
Va induced velocity

Vi induced velocity in the downstream side

Vau induced velocity in the upstream side

Ve chordal velocity component

Ve hordal velocity component in the downstream side
Veu hordal velocity component in the upstream side
Ve wake velocity in upstream side

Va normal velocity component

Vi normal velocity component in the downstream side
Vi normal velocity component in the upstream side
7; induced velocity at a point P on the filament

Vu wake velocity in downstream side

Ve velocity contributed by circulation

Vn wind velocity

w relative flow velocity

Wi relative flow velocity in the downstream side

W, relative flow velocity in the upstream side
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Abstract

A Study on the Performance Analysis of Vertical Axis
Wind Turbines Coupled with Antenna

By Yang, Dong-Hee
Advisor : Prof. Choi, Byung-Ky
Department of Mechanical Engineering,

Graduate School of Chosun University

In the modern society, it is necessary to install a base station of mobile
communication for portable terminals and smartphone subscribers. The base
stations for connecting mobile phones and communication networks have no
problem in supplying electric power due to the local environmental
characteristics in urban areas. However, it is difficult to supply electric power
for operating the system in the mountains or remote areas. There is an
excessive cost due to the problem of electricity transmission.

With the geographical nature and the rapid increase of wireless facilities,
base station antennas of mobile communication have been installed in remote
areas and remote mountainous areas. Advanced technology of system should
be secured, which is suitable for micro grid environment by producing
economical power with compact, efficient, high efficiency wind turbine
generator. The lift type structure have been designed for assembling the
blade shape of the extrusion type in consideration of the mass production

and the composition. A broadband antenna will be installed for mobile

Xiv
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communication base stations and power generation technology will be secured,
which combines a vertical axis rotary blade wind turbine at the center. In the
future, a foundation will be built for designing base stations in a micro grid
environment using hybrid generators capable of combining solar power and
wind power.

In this study, NACA0012 and NACAO0015 were compared and analyzed
with the NACAO0018, which is the most efficient among the standard airfoil
NACA series, which is actively manufactured in Korea. Here the performance
of the antenna structure was also compared and analyzed. The performance
of a wind turbine equipped with lift type vertical axis blades was calculated
by computational fluid analysis. The amount of torque and efficiency
decreased with the antenna structure mounted. A study was conducted on
wind turbines of the H-Rotor Darrieus type, which are highly efficient,
structurally stable and easy to manufacture among various vertical wind
turbines (VAWTs). As a result of comparing the wind turbine with the wind

turbine with the antenna structure, the following conclusions were obtained.

1) As a result of the flow analysis, it was confirmed that the total pressure
of the airfoil was higher as the wind speed and the RPM was higher. High

total pressure also affects the torque and power of the wind turbine.

2) Flow analysis shows the flow with higher RPM becomes smooth than
that of lower RPM. NACAOQO018 shows the simplest flow by the wake effect,
which is resulting in less aerodynamic efficiency of the blades with a larger

angle of attack. NACAQ018 predicted the highest aerodynamic efficiency.

3) As results of torque and power analysis, the torque and power of wind
turbine with wind turbine and antenna structure are higher when the wind

speed and revolutions increase. The antenna angle was the highest at 30

XV
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degrees. From about 300 RPM band, torque and power were higher at

relatively low wind speeds.

4) When the RPM was low, the torque and power were similar regardless
of the airfoil. When the RPM increased, the torque and power were higher in
the order of NACAQ018, NACAO0015, and NACAO0012. In case of efficiency,
NACAQ018 shows the best torque and efficiency when the rotation of the
blade is low based on about 300RPM, and NACAO0012 shows high efficiency

when the rotation is high.

XVi
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Wind

Fig. 3-1 Forces and velocities distribution on Darrieus rotor airfoil
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Table 3-1 Proposed design modifications for improving the performance of

Darrieus turbines

Design

Gain

Description  and comments

Comparison  of
different turbine
concepts for wind

energy

3 different wind turbines
have been compared; the
horizontal axis wind
turbine and two different
concepts (Darrieus turbine
and H-Rotor)

VAWT and in particular H-Rotor
appear to be advantageous
compared to horizontal axis wind
of vertical axis wind turbines

turbines in several respects

Trapezoidal-bladed
turbine

No performance

improvement

Reduction of mean stress and cyclic
load amplitudes reduce significantly
the fatigue, improving durability

Cycloidal Darrieus
turbine

Improvement in
performance of about 25%

Higher investment and running
cost. The control mechanism

consumes part of the output power

Combined

Savonius-Darrieus

type

Improved self-starting

More complex design
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Fig. 3-2 Two and three bladed H-Rotor Darrieus turbine
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Fig. 3-3 Different symmetric and non—-symmetric airfoils
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Fig. 3-4 Comparison between Validation of computational model and CFD results
published experimentation for a Darrieus turbine
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Table 3-2 Maximum power coefficient for airfoils

Airfoil Cpmax Airfoil Cpmax Airfoil Cpmax
NACAO0010 0.2345 NACA63415 0.1711 AH94W301 0.2130
NACAO0015 0.2947 NACA63418 0.2772 5-809 0.3428
NACAOQ0018 0.2964 AGI18 0.0123 5-9000 0.1696
NACA0021 0.2679 AHI93W174 0.2469 5-1046 0.4051
NACA6312 0.1290 AHI93W215 0.2541 5-1014 0.2769
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Fig. 3-8 Instantaneous torque and power coefficients of H-Rotor Darrieus turbine

by S-1046 airfoil for different speed ratio
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Fig. 3-10 Instantaneous torque and power coefficients of H-Rotor Darrieus

turbine by S-1046 airfoil for different solidities
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Fig. 3-11 Wind turbine geometry

Fig. 3-12 Antenna Wind turbine geometry
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Fig. 3-13 Antenna Wind turbine gap
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Fig. 3-16 VAWT Airfoil
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TA e g AH5(Nodes) H ﬁé\_fr—(Elements)—‘E Table 3-33} Zo]
EbiTE AA 9 9(Enclosure region), UHHIY A Y9 (Antenna enclosure
region), SFEIY B9 (Antenna region)oll WA= HAFA] a4 =& FL5
A HEHAT. Edol= 3 Y Y (Rotating region)= Fig. 3-207 Z T}, dhghAy

Y g=2A4 HASAG ddojxd FFoZ  NACA0012,
NACA0015, NACA0018E Y =4 MeshE AAsAoY 719 o=
213}e] Table 33049} o] wE9} dyHE 4 2o]7} o) &4 JdLe
AAst= QlEFH o]~ BRYoAE S1HA 0 E MeshS A5 T

o
Ao
Lo
2
2

K

Table 3-3 Number of elements and nodes

Modeling Nodes Elements
Enclosure region 235,613 1,055,349
Antenna enclosure region 194,873 1,007,303
Antenna region 277,606 956,045
NACA0012 1,126,045 4,243,390
Rotating
' NACA0015 1,124,755 4,214,778
region
NACA0018 1,111,171 4,171,833
Fig. 3-202 FEIY7E §le 7oA slY d9s F&Eshe d4eIH, e
34 A9 S (Enclosure region) ¥ 3% 4 9(Rotating region)= WEFHTE. Fig.
3-21& ¢HY FRES FU18 4oz f% 1499 (Enclosure antenna

region)? FHY FEE FY(antenna region), AlfZPEH 3| F Y (Rotating

region) &2 FEEH. 7] 59 AT 9L 10 m x 10 m o3 PN =

T7HA= 15 m olth. 43 Edolte FAYAE AT FFolA FI<S s
5 m

T
HE %ol 5 m TAC AL JTolH 27 o=

Aol 1A, Fig.
3-22% SHUIE F7HE S w9 A& 2AEE HoAEh. 47 949 7122
2 3N WA= “172H0E St WAA WEFeE 30° (HAeE x4
S Aol & 4 ot 30°d A= 10, 60°0l A= 1M, 90°o A= VEAolt)
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= —>
Inlet Outlet
(B=19 mfs) Rotating Region (0 Pa)
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Enclosure Region

Fig. 3-20 Configuration of Wind turbine
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Inlet Outlet
(6-12 m/s) Rotating Region (0 Pa)
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Antenna Region

Enclosure Antenna Region

Fig. 3-21 Configuration of Antenna wind turbine
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Table 3-4 Fluid analysis plan for design variables

Collection @ chosun

Case L Velocity Case o Velocity
No. Airfoil (m/9) RPM No. Airfoil (m/9) RPM
1-1 100 7-1 100
1-2 200 7-2 200
1-3 NACA0012 300 7-3 NACA0012 300
14 400 7-4 400
1-5 500 7-5 500
2-1 100 8-1 100
2-2 200 8-2 200
2-3 NACA0015 6 300 8-3 NACA0015 8 300
2-4 400 8-4 400
2-5 500 8-5 500
3-1 100 9-1 100
3-2 200 9-2 200
3-3 NACAQ018 300 9-3 NACA0018 300
3-4 400 9-4 400
3-5 500 9-5 500
41 100 10-1 100
4-2 200 10-2 200
4-3 NACA0012 300 10-3 NACA0012 300
4-4 400 10-4 400
4-5 500 10-5 500
5-1 100 11-1 100
5-2 200 11-2 200
5-3 NACA0015 7 300 11-3 NACA0015 9 300
5-4 400 11-4 400
5-5 500 11-5 500
6-1 100 121 100
6-2 200 12-2 200
6-3 NACAQ018 300 12-3 NACA0018 300
6-4 400 12-4 400
6-5 500 12-5 500
- 57 -




Case o Velocity Case o Velocity

No. Airfoil (m/9) RPM No. Airfoil (m/9) RPM
13-1 100 18-1 100
13-2 200 18-2 200
13-3 NACA0012 300 18-3 NACA0018 11 300
13-4 400 18-4 400
13-5 500 18-5 500
141 100 19-1 100
14-2 200 19-2 200
14-3 NACA0015 10 300 19-3 NACA0012 300
14-4 400 19-4 400
14-5 500 19-5 500
15-1 100 20-1 100
15-2 200 20-2 200
15-3 NACA0018 300 20-3 NACAO0015 12 300
15-4 400 20-4 400
15-5 500 20-5 500
16-1 100 211 100
16-2 200 21-2 200
16-3 NACA0012 300 21-3 NACA0018 300
16-4 400 21-4 400
16-5 500 21-5 500

11

171 100

17-2 200

17-3 NACA0015 300

17-4 400

17-5 500

— 5 8 —
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Table 3-5 Fluid analysis plan for angle variables of antenna(at 10 m/s)

Collection @ chosun

Case Case

No. Airfoil Angle(°) RPM No. Airfoil Angle(°) RPM
I-1 100 m-1 100
I-2 200 m-2 200
I-3 NACA0012 300 m-3 NACA0012 300
14 400 -4 400
I-5 500 m-5 500
I-6 100 -6 100
1-7 200 m-7 200
I-8 NACA0015 0 300 m-8 NACA0015 60 300
-9 400 m-9 400
[-10 500 m-10 500
I-11 100 m-11 100
[-12 200 m-12 200
[-13 | NACA0018 300 Mm-13 | NACA0018 300
1-14 400 m-14 400
[-15 500 m-15 500
o-1 100 V-1 100
-2 200 v-2 200
-3 NACA0012 300 V-3 NACA0012 300
o-4 400 V-4 400
-5 500 V-5 500
-6 100 V-6 100
-7 200 v-7 200
-8 NACA0015 30 300 V-8 NACAQ0015 90 300
-9 400 V-9 400
o-10 500 IV-10 500
o-11 100 vV-11 100
m-12 200 vV-12 200
o-13 | NACA0018 300 IV-13 | NACAQ018 300
o-14 400 vV-14 400
o-15 500 V-15 500

— 5 9 —
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2 ZF oloJx U9 Total PressureEs UWENHATE T 6 m/se] -5 A¥td e

2 3Ag7t ol 4E Total Pressure #E ZoFA3 Y. NACA0012E=
NACA00159} NACAQ018E. o+ 3] H%toll A4 Total Pressure %M A
el 2tk NACA00159F NACA00189] 7% A F3tell ZA H]5=3 Total
Pressurezte] WEUIL 121}, 300 RPMOldHEHE NACA0018°] =7 © =7
Uetde 43S Btk 7 m/s9 A9 6 m/s9 Mg s Hola Qth
8~12 m/s9 AF 6~7 m/sAHF 3| AF7} F71E4ZE Total Pressuredto] =7
Yelda AT NACA001592F NACA00189] 4% %7 ESHA e A3
e Hola o, HAASZ NACA0018°] 71 =& Total PressureZf= H
olal Ut} ol FTHEHW EFe} YT 9FS vX NACA0018°] 74 =
< B39 29 @S YA

Figs. 4-8~4-12+ 3% 10 m/sol Al 3| x o] 3 Total Pressure FERS &

StA] Ao 28 Edolto o3 AHHE =7/
Zoltt olelgt &/ AHRE Qs W7ol AX EHol=e] F7]
d P wet fEol Aot S A
oA F5o FErt EZJsHA UetdoER =
=z

o I
9 9 E3 g A5%E et 457 BobgoEd B0l (A A
e &

T
o 4
HE
K3
2
i
o
ofk

Collection @ chosun



Z
>
@
>
2
—_
N
ofk
ox
T
v
Z
>
@
>
(@)
(@)
G
ofk
ox
2
X
f
=il
Joi
al(f

o

] 9 2+43H NACA0015
o zbAstt} olojxYd Al 7HA A

Table 4-1 Total Pressure at the velocity of 6 m/s

RPM NACA0012 NACA0015 NACA0018
100 194.833 189.636 219.524
200 272314 330.585 334.521
300 393.176 482.993 473.98
400 667.004 837.645 895.289
500 1040.86 1423.88 1485.22
1 —=— NACAQ012
1600 4 |—e— NACAQO15
1 —— NACAOO0O18
1400 -
= 19006
&
L 1000
p-
3 .
£ 8004
—
D_‘ -
= 600
£
e |
= 4004
200 -
0 T T T ! T 1 T L T
100 200 300 400 500
RPM

Fig. 4-1 Relation between RPM and Total Pressure at the velocity of 6 m/s
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Table 4-2 Total Pressure at the velocity of 7 m/s

RPM NACA0012 NACA0015 NACA0018
100 220.739 270.724 279.204
200 379.9 385.739 377.982
300 416.25 553.495 515.057
400 676.535 846.702 873.591
500 1041.74 1369.1 1413.52
] —=— NACAQ0012
1600 4 |[—— NACAOQOO015
{ |—— NACAQ0018
1400
w2 45900 —
&
L 1000
p-
j .
£ 8004
—
D_‘ -
= 600 -
£
= |
= 4004
200 -
0 I T I T I T | T | 1
100 200 300 400 500
RPM

Fig. 4-2 Relation between RPM and Total Pressure at the velocity of 7 m/s
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Table 4-3 Total Pressure at the velocity of 8 m/s

RPM NACA0012 NACA0015 NACA0018
100 247.117 286.206 284.494
200 471.304 514.387 613.906
300 532.088 701.213 612.499
400 699.71 860.028 843.154
500 1047.44 1312.44 1387.06
1 —=— NACAO0012
14004 |—o— NACAO0015
1 I—*— NACAQO018
1200
s i
& 1000
= 1
£ 800
3 i
w -
£
A 600 -
= J
S 400
=
200 -
0 I T I T

T T T T T '
100 200 300 400 500

RPM

Fig. 4-3 Relation between RPM and Total Pressure at the velocity of 8 m/s
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Table 4-4 Total Pressure at the velocity of 9 m/s

RPM NACAQ0012 NACAOQ0015 NACAOQ018
100 275177 277.589 355.97
200 570.906 598.743 712.754
300 610.724 768.101 720.85
400 717187 980.269 894,182
500 1062.81 1327.42 1356.96
1 [—=— NACA0012
14004 |_o¢  NACAQO015
1 |—4— NACA0018
1200 -
S i
& 1000
= |
t 800
= i
w -
e
A, 600
?G i
8 400
=
200 4
0 | T | T | T | T | 1
100 200 300 400 500
RPM

Fig. 4-4 Relation between RPM and Total Pressure at the velocity of 9 m/s
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Table 4-5 Total Pressure at the velocity of 10 m/s

RPM NACAQ0012 NACAOQ0015 NACAOQ018
100 304.763 322.72 406.627
200 679.812 700.353 697.634
300 765.011 782.274 814.93
400 855.951 1018.24 1005.29
500 1093.91 1317.71 1328.86
1 [—=— NACA0012
14004 |_e— NACA0015
1 —a— NACA0018
1200 -
= ]
& 1000
= ]
t 800
= ]
w -
=
A, 600 ]
?G i
8 400
=
200
0 | T | T | T | T | 1
100 200 300 400 500
RPM

Fig. 4-5 Relation between RPM and Total Pressure at the velocity of 10 m/s
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Table 4-6 Total Pressure at the velocity of 11 m/s

RPM NACAO0012 NACAO0015 NACAO0018
100 335.491 392.114 421.054
200 729.246 703.756 778.665
300 933.209 1102.24 1184.64
400 97717 1265.81 1181.96
500 1119.2 1446.8 1538.58
e ] [ NACAQ012
] |[—+—NACA0015
100 (A= NACA0018

Total Presurre(Pa)
S
¥

600
400
200 -
0 | T | T | T | T | 1
100 200 300 400 500
RPM

Fig. 4-6 Relation between RPM and Total Pressure at the velocity of 11 m/s
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Table 4-7 Total Pressure at the velocity of 12m/s

RPM NACA0012 NACA0015 NACA0018
100 367.789 420.564 442 .64
200 777.813 758.926 829.355
300 1062.16 1174.46 1298.06
400 1085.34 1422.47 1353.43
500 1228.83 1406.71 1421.09
{ —=a— NACAQO012
1600 4 |—e— NACAQO1bH
1 —— NACAOO18
1400 -
= 19006
&
L 1000
p-
3 .
£ 8004
—
D_‘ -
= 600
£
e |
= 4004
200 -
0 I T I T I T | T | 1
100 200 300 400 500
RPM

Fig. 4-7 Relation between RPM and Total Pressure at the velocity of 12 m/s
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% ==
(a) NACA0012

(c) NACA0018
Fig. 4-9 Flow analysis at the velocity of 10 m/s under the 200RPM
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(c) NACA0018
Fig. 4-10 Flow analysis at the velocity of 10 m/s under the 300RPM
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(c) NACA0018
Fig. 4-11 Flow analysis at the velocity of 10 m/s under the 400 RPM
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(c) NACA0018
Fig. 4-12 Flow analysis at the velocity of 10 m/s under the 500RPM

_72_

Collection @ chosun



Table 4-8~4-113} Figs. 4-13~4-16> 3% 10 m/solA FHE R AQHUYE A
x5t S A% TEHEW Y A= Total Pressures HHY Zh=o wiz} YeRY)

Atk 2z oz 25 3H57t wobd % Total Pressure’t =okAAL &<
& o Y SEHWWE AAE A dEHUE AAEHA @2 FEEHNEY

Total Pressure’} 2+ Zt=olA @A Yty Qo

Rl AXdE 2E FHEEHWAA HElY 2% 30° oA 71 Total Pressure
o] zko] =A YEFIT Qth o]#dd A= NACA0018 A e X" Z
HE 3 QEWE A HA S FHEN EF UM =& B9 90| UE
G gl
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Table 4-8 Total Pressure of NACA0012 with antenna(at 10 m/s)

RPM NACA0012 0° 30° 60° 90°
100 304.763 242291 281.107 313.153 288.938
200 679.812 501.777 611.783 695.469 646.187
300 765.011 659.024 749.426 577.719 610.359
400 855.951 831.735 844.216 713.96 678.371
500 1093.91 939.89 989.02 964.29 952.85

1400 —
—a— NACAOQQ12
4 . OO
1200 4 |—a— 3()°
| |l——60°
1000 [=+=90
[85]
E_‘/ i
L 8004
]
19p] i
9p]
Y 600
o
E
= 400
o i
200 -

0 I T I T I T | T | 1
100 200 300 400 500

RPM

Fig. 4-13 Relation between RPM and NACAO0012 with antenna
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Table 4-9 Total Pressure of NACA0015 with antenna(at 10 m/s)

RPM NACA0015 0° 30° 60° 90°
100 322.72 226.751 271.912 290.821 263.857
200 700.353 461.248 582.238 602.652 589.113
300 782.274 660.307 835.69 633.731 642.063
400 1018.24 880.071 904.574 786.269 722.559
500 1317.71 1065.85 1122.52 1122.07 1083.47
14004 I_a  NACAOQ015
4 —— OO
1200 4 |—a— 30°
| [——60°
_ 1000 [=*+=90
©
E_‘/ i
L 8004
]
19p] i
9p]
Y 600
a9
[
2 400 4
o i
200 -
0 I T I T I T I T I 1
100 200 300 400 500
RPM

Fig. 4-14 Relation between RPM and NACAOQO015 with antenna

Collection @ chosun

_75_




Table 4-10 Total Pressure of NACAO018 with antenna(at 10 m/s)

RPM NACAO0018 0° 30° 60° 90°
100 406.627 242.031 282.153 300.707 279.42
200 697.634 490.162 620.812 622.101 619.445
300 814.93 641.778 803.743 627.705 653.584
400 1005.29 898.293 971.955 729.81 696.859
500 1328.86 1056.6 1133.35 1105.62 1062.58

14004 [_»— NACA0018
1 |—e—(°
1200 { |—&— 30°
| ——60°

1000 =90
[85]
o, i
N
L 8004
]
19p] i
9p]
Y 600
A,
E
= 400
o i

200 -

0 I T I T I T | T | 1
100 200 300 400 500

RPM

Fig. 4-15 Relation between RPM and NACAOO18 with antenna
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Table 4-11 Total Pressure of NACAOOxx with antenna 30°(at 10 m/s)

RPM | NACAQ012 | NACA0015 | NACAQo18 | NAGAO01Z | NACADOLS | NACA001S
100 304.763 322.72 406.627 281.107 271.912 282.153
200 679.812 700.353 697.634 611.783 582.238 620.812
300 765.011 782.274 814.93 749.426 835.69 803.743
400 855.951 1018.24 1005.29 844.216 904.574 971.955
500 1093.91 1317.71 1328.86 989.02 1122.52 1133.35

—a— NACAQQ012
1 —e— NACAQ0015
1200 - |—— NACAQ018
—v— Antenna 30° - NACAQ0012
—4— Antenna 30° - NACAQO015
1000 4 |—»— Antenna 30° - NACAQQ18

Total Pressure(Pa)

0 I T I T I T | T | 1
100 200 300 400 500

RPM

Fig. 4-16 Relation between RPM and NACAOOxx with antenna
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Fig. 4172 34 10 m/s¢} 324 200 RPM 2704 <telvrt Az 29
E{RIS] 2tH U Ztee & f5F S UERATE 30° R4 5 F e 1H2
A Uit &S AT 5 St Fig 4182 ¥ 10 m/s¢k 3 XS 500
RPM ZZoA QYUY 4% 30° 22 AXE FTHE WAL Total Pressures
UERH AT el AXE NACA00189] 19 22 oA f5IElrt 713
LA dEhdal 9lo} dElurt FREA ke FHENY npviAE E¥3
B3 7P A vUErE Ao® qFeth AT, fEdErt dEurE A
HA e FEHNEG o BieA UedoExd FuHor =¥H3 Eds
T GHA UEbES gelskanh

;\

(b) with antenna(at 0°)
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i\\ - Y \\

(d) with antenna(at 60°)

% = = =
(e) with antenna(at 90°)

Fig. 4-17 Flow analysis at the Total Pressure of 10 m/s under the 200 RPM
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(c) NACA0018
Fig. 4-18 Flow analysis of wind turbines with antenna at the Total Pressure of

10 m/s under the 500 RPM
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Total Pressure
Contour 1

[ 500.0
400.0
r 300.0
1 200.0
1 100.0
1 0.0
1 -100.0
-200.0
-300.0
[ -400.0
-500.0

[Pa]
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Table 4-12 Torque values of Wind turbine numerical analysis

RPM
Case No. m/s Airfoil

100 200 300 400 500

1 0012 41 8.90 18.8 33.9 55.6
2 6 0015 34 10.3 23.3 43.8 68.5
3 0018 31 10.8 24.7 46.2 721
4 0012 5.0 9.4 19.6 33.1 53.8
5 7 0015 44 10.7 231 42.8 68.5
6 0018 4.0 11.0 243 454 72.2
7 0012 5.4 11.2 20.6 33.2 52.2
8 8 0015 5.0 12.2 23.5 41.1 67.7
9 0018 4.6 12.6 24.8 43.7 71.5
10 0012 5.8 12.3 19.9 34.3 51.4
11 9 0015 5.4 12.8 23.0 40.6 66.1
12 0018 5.0 13.0 242 429 70.2
13 0012 6.0 14.9 20.3 35.7 51.8
14 10 0015 5.3 13.4 22,5 41.1 63.9
15 0018 4.8 13.4 231 43.4 68.0
16 0012 6.1 14.3 21.7 36.7 53.1
17 11 0015 5.3 13.0 24.7 41.8 63.2
18 0018 44 12.4 25.6 44.0 66.8
19 0012 6.3 15.7 25.0 35.3 54.8
20 12 0015 52 14.0 271 40.8 63.7
21 0018 41 12.8 27.9 429 67.2
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Table 4-13+= % 109l A QHElY F2Eo] HE&H AEolA el dojxdd
B3 zholth AabgAsiAdd o) AxE B ko] EdolE A AEEE F
e A$ol EgolzdAe &8 e ANT = Jduh 2AB.6)F Eo] A4S

el Z1AHY £Y Fe T 5 Aok

P(W)=T-.

0 (3.6)

Table 4-13 Torque values of antenna Wind turbine numerical analysis

Case Airfoil RPM

100 200 300 400 500

0012 6.0 14.9 20.3 35.7 51.8

10 m/s 0015 5.3 13.6 22,5 411 63.9
0018 4.8 13.4 231 434 68.0

0012 37 10.9 20.5 34.0 50.6

Average 0015 3.5 111 21.8 36.4 54.0
0018 34 11.6 22,5 374 55.5

0012 1.2 7.8 19.8 329 48.8

CASE 1 0015 0.8 8.2 21.1 349 52.4
0018 0.6 8.9 21.9 35.6 53.7

0012 3.3 12.0 18.6 37.0 52.7

CASE I 0015 3.3 12.5 19.6 39.2 55.8
0018 3.0 12.3 20.3 40.2 57.0

0012 5.3 13.5 21.8 34.4 51.4

CASE I 0015 55 134 23.6 39.2 55.8
0018 5.6 14.3 245 38.3 56.6

0012 49 10.1 21.9 31.7 49.5

CASE IV 0015 45 10.4 227 34.3 52.9
0018 42 10.8 23.3 35.6 54.6
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Table 4-14-& Table 4-12°) 4 AALE E Z
LS (RPM)= 2l(3.6)0 tidsted Aldtd Z1AI-] &8 gelth Table 4-15+
Table 4-139) A AAtH B3 3k 7FA] 2L 3

A
e ASstedl B2 g Hoes 90 e ol 2713 duAE d< o

|

Table 4-14 Power values of Wind turbine numerical analysis

RPM
Case No. s Airfoil
100 200 300 400 500
1 0012 43 186 589 1420 2909
2 6 0015 36 216 730 1835 3588
3 0018 32 227 777 1936 3777
4 0012 52 197 616 1384 2817
5 7 0015 46 224 724 1792 3586
6 0018 42 229 764 1900 3781
7 0012 56 235 647 1392 2731
8 8 0015 52 256 739 1720 3542
9 0018 49 263 778 1830 3743
10 0012 61 258 626 1436 2691
11 9 0015 57 267 723 1720 3460
12 0018 52 272 761 1798 3674
13 0012 63 312 637 1497 2712
14 10 0015 56 280 707 1723 3346
15 0018 50 281 725 1818 3560
16 0012 64 300 682 1537 2778
17 11 0015 55 273 774 1749 3310
18 0018 47 259 803 1841 3497
19 0012 66 329 785 1478 2870
20 12 0015 55 293 851 1707 3334
21 0018 43 269 876 1797 3520
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Table 4-15 Power values of antenna Wind turbine numerical analysis

RPM
Case Airfoil

100 200 300 400 500

10 m/s 0012 63 312 637 1497 2712
0015 56 280 707 1702 3346

0018 49 281 725 1818 3560

Average 0012 39 227 645 1425 2650
0015 37 233 683 1524 2830

0018 35 242 706 1568 2904

CASE 1 0012 13 163 621 1379 2558
0015 8 171 662 1460 2742

0018 6 187 687 1492 2811

CASE 0T 0012 35 251 583 1552 2759
0015 35 262 615 1643 2922

0018 32 257 637 1685 2986

CASE I 0012 55 284 686 1440 2691
0015 57 280 743 1559 2886

0018 59 299 769 1604 2963

CASE IV 0012 51 212 689 1328 2590
0015 47 218 713 1435 2769

0018 44 227 731 1491 2858
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1. NACAOOI2 E3 4 &8 23
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Fig. 4-20 Relation between RPM and torque of wind turbine numerical analysis

for NACAQ0012
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809 == NACA0012
—e— Case 1
{1 |—— Case 2
—v— Case 3
404 == Case 4

20

Torque(N-m)

. . :
100 200 300 400 500
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Fig. 4-21 Relation between RPM and torque of numerical analysis of wind

turbines for the antenna case of NACAQ0012

809 == NACAQ0012

—e— Antenna Case Average
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T T T T T T T T T
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Fig. 4-22 Relation between RPM and torque of numerical analysis of wind

turbines for the antenna case average of NACAQ0012
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Fig. 4-23 Relation between RPM and power of wind turbine numerical analysis

for NACAQ0012
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—e— Case 1
—A— Case 2
—v— Case 3
1 |—¢— Case 4
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2000 +

Power(W)
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Fig. 4-24 Relation between RPM and power of numerical analysis of wind

turbines for the antenna case of NACAQ0012
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Power(W)
l

T T T T T T T T T
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Fig. 4-25 Relation between RPM and power of numerical analysis of wind

turbines for the antenna case average of NACAQ0012
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2. NACAO0015 E3 2 =8 EA
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Fig. 4-26 Relation between RPM and torque of wind turbine numerical analysis

for NACA0015
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—<— Case 4

60 +

30

Torque(N-m)

100 200 300 400 500
RPM

Fig. 4-27 Relation between RPM and torque of numerical analysis of wind

turbines for the antenna case of NACAQ015
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Fig. 4-28 Relation between RPM and torque of numerical analysis of wind

turbines for the antenna case average of NACAO0015

_91_

Collection @ chosun
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Fig. 4-29 Relation between RPM and power of wind turbine numerical analysis

for NACA0015
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Fig. 4-30 Relation between RPM and power of numerical analysis of wind

turbines for the antenna case of NACAQ015
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Fig. 4-31 Relation between RPM and power of numerical analysis of wind

turbines for the antenna case average of NACAO0015
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3. NACAO018 E4 ¥ &8 BA
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Fig. 4-32 Relation between RPM and torque of wind turbine numerical analysis

for NACA0018
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Fig. 4-33 Relation between RPM and torque of numerical analysis of wind

turbines for the antenna case of NACAQO01S
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Fig. 4-34 Relation between RPM and torque of numerical analysis of wind

turbines for the antenna case average of NACAO0018

_95_

Collection @ chosun



)
o

Fig. 4-35%= F40 W& NACA0018°14 2] &9 #holth <4 10 m/sl
il

FE FxE] A 7d-5-oll= Fig. 4-36° YERHIAL AFBEIY F-x2E0] A&
H Ao H @ THEW g vt Fig 4-37¢] YERd ST s A
£ ®E9¥ NACA00189] 74-¢-NACA0015% Hls=3h &9 ZFS Kol vt F¢
EHRla ey FxEo] A8 FHEN BT F&o] moldFE FHo| A
et 1o, oF 300 RPM e o] SR B = dijdos v FH0AM =9
o] A Yeld AFE Hola k. AN dAFH oz F&o g =R

A28 F9HEH

O 3 S50 g 29 "I 35S ¢ F Ak AGEHUI
Hlo] A9 <Y Ao Wi BHgHS VEeE B o]

RPMoll A ¢F 197 W, 200 RPMel A ¢F 17.2 W, 300 RPMoll A f 504 W, 400
RPMol| A ¢F 2285 W, 500 RPMl A °F 6604 W] zto]& YeER L Utk A
TAA FHEWEG ¢ SHo] yElhal AR NACA00159F o] 400
RPM o]’3HE & & ztolE Holal th NACA0018Y A= <QHHY ZF= 30°¢]

A 7 we 9¢ Holn gk

4000 — —=— 6 m/s

| |—*— 7 m/s
—&— 8 m/s
3000 4 —— 9 m/s
—— 10 m/s
1l—=— 11 m/s
—— 12 m/s

Power(W)
1

1000

: : , ‘
100 200 300 400 500
RPM

Fig. 4-35 Relation between RPM and power of wind turbine numerical analysis

for NACA0018
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Fig. 4-36 Relation between RPM and power of numerical analysis of wind

turbines for the antenna case of NACAQO01S
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Fig. 4-37 Relation between RPM and power of numerical analysis of wind

turbines for the antenna case average of NACAO0018
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Fig. 4-38 Relation between RPM and torque of numerical analysis of wind

turbines at the velocity of 10 m/s
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Fig. 4-39 Relation between RPM and power of numerical analysis of wind

turbines at the velocity of 10 m/s
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Fig. 4-40 Relation between RPM and torque for the antenna
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Fig. 4-41 Relation between RPM and power for the antenna
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Fig. 4-42 Relation between RPM and torque efficiency for the antenna
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Fig. 4-43 Relation between RPM and power efficiency for the antenna

Table 4-16° Zz} Ao o3t E=A¢ 38 YAt NACA0018AA E=
o} &¥o] 71 =4 et

Table 4-16 Torque and Power for each airfoil shape

Airfoil Torque[N-m] Power[W]
NACA0012 54.7 2864
NACAO0015 63.5 3327
NACAO0018 67.0 3512
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