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ABSTRACT

This thesis is to analyse a 5 blades vertical axis wind turbine with blade diameter of 3
meters and the total weight of 80 kg. The generator will be limited to 3 kW with the weight of 328
kg. The selected airfoil is R1235.

The results of this study found that the vertical axis wind turbine has the ability to collect
wind energy in all directions of the wind flows. The cut-in speed of wind turbines is around 3-3.5
m/s which it will not create noise impact. The power coefficient of 0.19 has been examined with the
wind speed at 14 m/s. The installation will be simple due to the height of the wind turbine is only
5.5 meters above the ground.

The results of the study by using CAE technology, the strength of vertical axis wind turbine
has been analysed to withstand at wind speed of 90 km/h and the speed of 110 rpm. Thus the
strength of the materials are secured for installation. Additionally the efficient of the machine at

over wind speed at 7 m/s show power coefficient of 0.33.

Keywords: wind energy, vertical axis wind turbine, airfoil
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P, =1p,AV} (2.2)
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L
C,=—— (2.6)
b 1p AV?
D
C. =%
> 15 AVZ @7)

Taefi
C = futlsAnBusaon (Lift Coefficient)
C, = FutlszAntusandn (Drag Coefficient)
L = u339n (Lift Force, N )
D = u33wan (Drag Force, N )
£, = ANUUUILUUYDIDINE (kg/m')
A = fufinnavedluwa (md)

3 Y
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FORCE COEFFICENT
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M1 2.1 wanmsfSeumsuyuilynzveagiinveniin yu s-1223 [6]

auding  us9EN WSINAN 1¥Tsunss CFD nagousTasdan NACA ANEIN  AANEIN

a Lift Force Drag Lift Coefficient Drag Lift Coefficient Drag (CFD) (NACA)
Force Coefficient Coefficient

(Degree) (N) (N) (C) (Cy) (C) (Cy) (C/Cy)  (C/Cy)
-12 -518.73 63.13 -0.8960 0.1176 -0.920 0.0160 -7.62 -57.50
-8 -406.51 38.59 -0.7018 0.0721 -0.650 0.110 -9.73 -59.09
-4 -107.24 21.42 -0.1849 0.0370 -0.250 0.008 -5.00 -31.25
-2 -15.83 18.34 -0.0274 0.0317 -0.050 0.0065 -0.86 -7.69
0 115.37 17.16 0.1993 0.0296 0.150 0.0041 6.73 36.59
2 185.74 12.99 0.3208 0.0224 0.320 0.0042 14.32 76.19
4 289.03 29.66 0.3526 0.0512 0.510 0.0082 6.89 62.20
6 307.02 25.68 0.5033 0.0453 0.700 0.0100 11.11 70.00
8 382.16 33.36 0.6601 0.0575 0.950 0.0120 11.48 79.17
10 736.64 73.41 1.2724 0.1268 1.150 0.0160 10.03 71.88
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2.7.2.  m3seenuunlasl¥ Blade Element Theory (BET)
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2.7.3.  mseenuuvlaaly Blade Element-Momentum (BEM) Theory
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1. Finite Difference Method (FDM)

2. Finite Element Method (FEM)
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Geometry parameter Dimension
Number of blades 5
Radius of wind turbine [.5m

Height of blade 3.6m
Chord of blade 47.2 cm
Weight of the single blade 16 kg
Technical data for off Grid VAWT
Generator 328 kg
Working wind speed 4-25 m/s
Cut in wind speed 3 m/s
Rated wind speed 12 m/s
Cut out wind speed 25 m/s
Rated rotation speed 110 rpm

53



3.1 THADUNITANUUNSIVE

Y
13NAY

=] = s % :’1 a
Anpngunugunsiuanunudanaalvlih

 —

NUNMIUITIUNITN BATHAZTNUI ﬂﬁ!ﬁﬂ’)"ﬁﬂ\i

|

FAVINATUAIU NITHANIPUAS

P

@onnuiRaAIN iU tazauiums a3 UUd I IHHaNINUAL Y
Svaeun CAD MODEL
Mlnssadagusn dedoya CAD thgllsunsudnsizH
Anaunaian A53080UVMA3UN59 Dimension]Higndios
Usznevlunsiuauinnugansessuialvlin Poumnaauiif Yaq @onviia Material
Uszneuganarudnium fnuaanIzOuifeVuaionaie Asmanilsaag
Uszneuganiugumalvlih Uszananamsmiuan
NAARUITLUMSINNY sanawamsanaezlimaey
v s Y a J
Januiudeya s InIzFiNa
agiwa
auga

d‘ lez o a =
ETJ‘VI 3.2 uwugmuﬁau“lumimmmmﬁﬂm

54



A IS
3.2 1N3991DIN

~ < 7 o
5']]7] 3.3 IHULEDINTIVINTOU

Y

a A A o <3
g"ljﬂ 3.4 11TD3UBIANINNLTIAY

55



g‘ﬂﬁ 3.6 Digital Clamp Multimeters

56



3.3 ﬂ1i‘¥lﬂﬂ®ﬂl!ﬂ$ﬂ1‘ﬂﬂﬂ1‘§!ﬁ‘l.lﬂgllﬂyﬂ

9
3.3.1 ﬁ%’nmei’mmﬂwuammum

! o a Py ' v o
iﬂﬁ 3.7 HUUANNWABUNIADIFUTIUNIUUDY

U

57



il
4

0,
=

’3

o

! o a Jo o [
Eﬂﬁ 3.8 LL‘IJ‘IJ%'IQ'E]\?TI']Q?]@?JW'J!@I@?ﬂ\ﬁ’iuﬁllﬂﬁgﬂﬂcﬂlﬁﬁ‘ﬂ

58



UG

v

3.3.2 [A0NFUATAA

L)

d‘ 9 o [ g‘/
ATNN 3.2 VDYAITANIHUANLUNUAN

51 3.9 nuuHiasaneRBNN AR TN BIRUUUA T UAN

Material Density  Elastic Modulus Poisson’s Yield
ratio Strength
(g/cc.) (GPa.)
(MPa.)
Steel 7.85 205 0.3 250
E-Glass 2.64 77 0.19 1,080 - 3,345
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NX 10 - Advanced Simulation - [turlwiu_step_fem1.fem (Modified) in Simulation Turisu_step_sim1.sim]
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Wind Power CFD Tip speed
speed(m/s) (watt) power
(watt)

Rotational Rotational T
speed speed (rpm) (N.m)
(rad/sec)
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4.3 UaAINA Power Curve NINAYYU

12 13 4 15 16 17 18

Wind Speed (m/s)

31 4.22 Power Curve VAWT 91015 8MiH@0
N1 :SAWT Inc.

1 { o { [ <3 1 a o a
13 4.2 Llﬁﬂﬂﬂ"l‘ﬁllﬁ’%"lﬂﬂ15ﬂ1u3m ﬁigﬂﬂﬂ'Nlllﬁ’JaiJ@NG]fl]']ﬂiJﬁB‘VIRj:Wﬁﬂ

Wind speed Power T N Cp
(m/s) (watt) (N.m)
3 100 50 19.0 0.559
4 200 75 25.4 0.472
5 300 90 31.8 0.362
6 500 125 38.1 0.349
7 700 150 44.5 0.308
8 1000 187.5 50.9 0.295
9 1400 233.33 57.2 0.290
10 1800 270 63.6 0.272
11 2300 313.63 70.0 0.261
12 3000 375 76.3 0.262
13 3400 392 82.8 0.233
14 3500 375 89.1 0.192
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wind speed  Power
(m/s) (Watt)

0 0

1.3 26
1.4 28
1.5 30
1.8 36
1.9 38
2.2 44
2.4 80
2.5 83
2.7 90
2.8 93
3.2 106
3.5 175
3.7 185
3.8 190
5.4 345
5.5 352
5.7 475
6.1 508
6.5 541
6.7 717
7.3 782
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