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DESIGN AND CONSTRUCTION OF A VERTICAL AXIS DOULBLE

SAVONIUS WIND TURBINE

KITTICHAlI SURBYART
JATURAPAT CHUENBAN
JAKKIT SRIPAN

SAYAM SAGUANRUM Adviser

Abstract

This paper presents a study of two savoniuses. One is a single savonius. Another is
a double savonius. Because most area in Thailand has low wind velocity, 3-5 m/s, savoniuses
are a proper choice for this wind condition. The savonius is tested in small wind tunnel to
determine velocity, power and torque coefficients. These parameters are compared to the
single savonius having the same blade area. The results show that the double savonius start
rotating at 3 m/s, while the single one does at 3.5 m/s. However, the single savonius has

better performance than the double one.
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FulszAnimas (Power coefficient)
fuilseandusen (Torque coefficient)
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mma (Frequency)
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wasmeminnay (Kinetic energy of wind)
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v (m/s) f (rps) w (rad/s) A w (kg) Totazel o) | Pyiage (W) P nain) Ly Com
3.00 - - -~ - - - - - -
3.50 0.69 4.31 0.22 0.030 0.0011 0.005 2.73 0.0017 0.38
4.00 0.91 5.72 0.26 0.040 0.0015 0.008 4.08 0.0021 0.38
4.50 1.06 6.66 0.27 0.050 0.0018 0.012 5.81 0.0021 0.38
5.00 1.44 9.02 0.33 0.060 0.0022 0.020 7.97 0.0025 0.37
5.50 1.93 12.12 0.40 0.080 0.0029 0.036 10.61 0.0034 0.41
6.00 2.16 13.58 0.41 0.100 0.0037 0.050 13.78 0.0036 0.43

¥ d' v :"
M54 6.2 HANITNADBINASHANISAIUIUATIN 1 VOINIHUANUDVTY 2 U

v (m/s) f (rps) w (rad/s) A w (kg) Tbladg{""‘ m) Pbladi (“‘Q) Pv, nd {:“") CF Cm
3.00 0.64 4.02 0.24 0.020 0.0007 0.003 1.72 0.0017 0.34
3.50 0.82 5.16 0.27 0.030 0.0011 0.006 2.73 0.0021 0.38
4.00 0.93 5.85 0.27 0.040 0.0015 0.009 4.08 0.0021 0.38
4.50 1.10 6.92 0.28 0.050 0.0018 0.013 5.81 0.0022 0.38
5.00 1.25 7.84 0.29 0.060 0.0022 0.017 7.97 0.0022 0.37
5.50 1.46 9.17 0.30 0.080 0.0029 0.0_2L 10.61 0.0025 0.41
6.00 1.49 9.36 0.28 0.100 0.0037 0.034 13.78 0.0025 0.43
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v (m/s) f (rps) w {rad/s) A w (kg) Toracal N1 | Poiaaa (W) P 0w [ Co
3.00 - - - - - -~ - - -
3.50 0.67 4.23 0.22 0.030 0.0011 0.005 2.73 0.0017 0.38
4.00 0.92 5.77 0.26 0.040 0.0015 0.008 4.08 0.0021 0.38
4.50 1.05 6.61 0.27 0.050 - 0.0018 0.012 5.81 0.0021 0.38
5.00 1.44 9.04 0.33 0.060 0.0022 0.020 7.97 0.0025 0.37
5.50 1.94 12.20 0.40 0.080 0.0029 0.036 10.61 0.0034 0.41
6.00 2.18 13.67 0.42 0.100 0.0037 0.050 13.78 0.0036 0.43

v v v } 4
M5 6.4 HANIINAADIATHANTMUINATIN 2 YBININUAVHVUFY 2 FU

v (m/s) f (ps) w (rad/s) A WKe) | Toiaasl¥.m) | Poraaetn)| Paivd|  Co Cm
3.00 0.65 4.09 0.25 0.020 0.0007 0.003 1.72 0.0017 0.34
3.50 0.82 5.12 0.27 0.030 0.0011 0.006 2.73 0.0021 0.38
4.00 0.93 5.84 0.27 0.040 0.0015 0.009 4,08 0.0021 0.38
4.50 1.08 6.78 0.28 0.050 0.0018 0.012 5.81 0.0021 0.38
5.00 1.26 7.88 0.29 0.060 0.0022 0.017 7.97 0.0022 0.37
5.50 1.46 9.17 0.30 0.080 0.0029 0.027 10.61 0.0025 0.41
6.00 1.49 9.33 0.28 0.100 0.0037 0.034 13.78 0.0025 0.43
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v (m/s) f (rps) w (rad/s) A w (kg) Torasl ¥. 1) | PoiauelW)| g Cp Com
3.00 - - - - - - - - -
3.50 0.66 4.16 0.22 0.030 0.0011 0.005 2.73 0.0017 0.38
4.00 0.91 5.72 0.26 0.040 0.0015 0.008 4.08 0.0021 0.38
4.50 1.05 6.57 0.27 0.050 0.0018 0.012 5.81 0.0021 0.38
5.00 1.44 9.05 0.33 0.060 0.0022 0.020 7.97 0.0025 0.37
5.50 1.94 12.16 0.40 0.080 0.0029 0.036 10.61 0.0034 0.41
6.00 2.19 13.72 0.42 0.100 0.0037 0.050 13.78 0.0037 0.43

. LA ¥ 2
AN 6.6 HANMITNAABILATNANTITAIUINATIN 3 VOINIHUANUDVFU 2 Fu

v (m/s) f (rps) w {rad/s) A w (kg) TpiadelN- M) | Poiaau{n’) Ponna (W) €z Crm
3.00 0.65 4.07 0.25 0.020 0.0007 0.003 1.72 0.0017 0.34
3.50 0.81 5.10 0.27 0.030 0.0011 0.006 2.73 0.0021 0.38
4.00 0.93 5.83 0.27 0.040 0.0015 0.009 4.08 0.0021 0.38
4.50 1.08 6.78 0.27 0.050 0.0018 0.012 5.81 0.0021 0.38
5.00 1.26 7.89 0.29 0.060 0.0022 0.017 7.97 0.0022 0.37
5.50 1.43 8.99 0.30 0.080 0.0029 0.026 10.61 0.0025 0.41
6.00 1.48 9.28 0.28 0.100 0.0037 0.034 13.78 0.0025 0.43

’ ¥
M3 6.7 HANITNARBIUAZHANIIAIUIN IAINATVBINIHUANLL VYA

v (m/s) f (rps) o (rad/s) A w (kq) Trtads(¥-1) | Poroge ™) Propna(w) €y Com
3.00 - - - - - - - - -
3.50 0.67 4.23 0.22 0.030 0.0011 0.005 2.73 0.0017 0.38
4.00 0.91 5.74 0.26 0.040 0.0015 0.008 4.08 0.0021 0.38
4.50 1.05 6.61 0.27 0.050 0.0018 0.012 5.81 0.0021 0.38
5.00 1.44 9.04 0.33 0.060 0.0022 0.020 7.97 0.0025 0.37
5.50 1.94 12.16 0.40 0.080 0.0029 0.036 10.61 0.0034 0.41
6.00 2.18 13.66 0.42 0.100 0.0037 0.050 13.78 0.0036 0.43

v ¥
MM 6.8 HamIinAasIazHan I I lagmasyeINIi LAY 2 FU

v (m/s) f (rps) w (rad/s) A w (kg) Totael V1) | Porade )] Pnalnt?) [ Con
3.00 0.65 4.06 0.25 0.020 0.0007 0.003 1.72 0.0017 0.34
3.50 0.81 5.11 0.27 0.030 0.0011 0.006 2.73 0.0021 0.38
4.00 0.94 5.91 0.27 0.040 0.0015 0.009 4.08 0.0021 0.38
4.50 1.08 6.81 0.28 0.050 0.0018 0.013 5.81 0.0022 0.38
5.00 1.25 7.87 0.29 0.060 0.0022 0.017 7.97 0.0022 0.37
5.50 1.45 9.11 0.30 0.080 0.0029 0.027 10.61 0.0025 0.41
6.00 1.49 9.33 0.28 0.100 0.0037 0.034 13.78 0.0025 0.43
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M3fiam A A= w(d/2)/V;
Tavfi d=0.38m

msiausadaluie Tpiade = (WG)T
Taufi = 0.00355

msmurmiasluie Pyiade = Thiade®

MAMUIUNDIAY Pyind = % PAVi3
Taefi p = 1.165 kg/m3 uaz A = 0.25 x 0.38 m
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= 0.00001 + 0.0053991 + 0.0115342 - 0.0100943 6.7

Q’o o

11 o o o dC
Tagyafimduilss@nimdegeganm ldvinmsmeyiusvesaums (6.7) Taold _dsz 0

A 9 o dy
993 1anadl

dc
-d_,lp- =0 =0.005399 + 0.023064 - 0.0302742

Amax=-0.1878 , 0.9496
(199990 Ajnge = -0.1878 'l 18 daviuunmy A,,,, = 0.9496 asluauns (6.7) 18

C,= 0.00001 + 0.005399(0.9496) + 0.01153(0.9496)? - 0.01009(0.9496)*

C,= 0.00689

Q (=) Qeo Q =y g
Aualszansnidavosn Itloaanary

C, =-0.000001 - 0.0000844 + 0.0354642 - 0.02364° (6.8)
s o a o o 9/ o o 9/ de
Tagganarduilsz@nsiidsgegan ldannismeyiusvesaunis (6.8) lavlv T 0
& 9 o dy
993 1A il
dcy
TN 0 =-0.000084 + 0.070924 - 0.070842

Amax=0.0012 , 1.0005
1199910 Aygy= 0.0012 Tl W18 Faruuny Ay, = 1.0005 asluawms (6.7) 14

C,=- 0.000001 - 0.000084(1.0005) + 0.03546(1.0005)2 - 0.0236(1.0005)3

C,=0.01178
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r A 1 P d?’ " o W 3 =~ o 1 w o =1 v
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=1 VY @ @ :f'
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} 4 9 14 ] ) ] ]
aosruoIvzaansludszmalneldlunraiun iesnindszmainslidnsninndssiuand

Uszanm 3 m/s finaga 30 m. [5]



41

VIIMIUNIN

¥ b 4
[1] nsugsiandsnu, “sreenniiudemasvest/szmaing 2007,” www.dede.go.th

[2] dninauu losuazununaaau (aun.), “sreamdsziiuanudosnsndsnulusuing”

’ - o = Y 3, .
[3] n1s I thenan, “amiinasnunaunuumaswsnunm 9. Q09 ” www.navy.mi.th.

[4] Business Thai, “ﬂuau?ﬁ'ﬁﬂu 19", www.businessthai.co.th

[5] M.M.EI-Wakil. Powerplant Technology. 1984

[6] Joselin Herbert, G.M., Iniyan, S., et al, “A Review of Wind Energy Technology,”
Renewable and Sustainable Energy Reviews, Vol. 11, pp 1117-45, 2007

s ] o o Py (Y a o ¢ & a
[7] nIuNsasduaS NS unuiidneamnasuasvedszms Ine v55n alad 1Bud

iosa nousauauad $1ia.
[8] Suwantragul, B., Watabutr, W., et al, USAID Project, No. 493-0304, 1994

[9] Wilson Re, Lissaman PBS., “Applied Aerodynamics of wind power machines,” Oregon
State University, 1974.

[10] Mejia, E.R,, Filipek, J.W., Salazar, J.T., “A Cheap, Reliable and Efficient Regulator for
Small Horizontal-Axis Wind-Turbines,” Applied Energy, Vol. 74, pp 229-237, 2003

[11] Le Gourieres D. Energie eolienne, “Wind Power Plant, Theory and Design,” Paris:
Eyrolles; 1980.

[12] R.C. Hibbeler. “Mechanics of Materials,” Prentice-Hall, 2004.

a d’g 4 Y 4 o ’ ] a d @
[13] 230D 99N INTU UAT ¥1Y DUANU. MTIDNUVLIATENINTAA 1Al 1. I SI:  HvAgnTY,
2003.
a S8 o o A o ' v oo @
[14] 29305 29N INTO UAT FI1Y DUAIU. NITOONUVLUATBIINTNA 10N 2. MUY SI: HoAgATY,

2003.
[15] Blackwell BB and Sheldahl R and Feltz LV. Wind Tunnel = PerformancenData for Two

and Three Bucket Savonius Rotor. Journal of Energy 1978.

[16] ASUNASUNAUNULAZBYSNINA U, (2006) WaIs WA,

[17] Valdes, L.C., Ramanonjisoa, B., “Optimised Design and Dimensioning of Low-
Technology Wind Pumps,” Renewable Energy, Vol. 31, pp 1391-1429 , 2006

[18] Gipe, Paul. Wind Energy Basics: A Guide to Small and Micro Wind Systems.
Vermont: Chelsea Green Publishing Co., 1999.



42

USSAUNIN(FD)

a wa a a 4 o o o
[19] uppudausimsiSsunazdl§iamsninisisInssuaiena ausAINTSUMARs.  d1inauy

apiinuouinesdu, 1989.
[20] A.E. Fitzgerald and Charles Kingsley Jr. and Stephen D. Umans. Electric Machinery. 6™

ed. : McGraw-Hill, 2003.
[21] William D. Callister. Materials Science and Engineering: An Introduction. 7" ed.: John
Wiley and Sons, 2007.

o o o [V = o o o a
[22] Uy inus. amseenuuudiuanuuua InileadinSuaunnmig. andx

o g o o o Qs
Irnssuaiosna. auzdrnssumans: aniumaTulatwszesmndudgunnisaransziy,
2007



umanuLtenaLdm 01053022 Project 2 mASaudi 2/2550

http://www.kmitl.ac.th/engineer/index11 ] .html] PS.02.2550

MsBaNUULAES IR T uasLwIR LY e dae sTw

(Design and construction of a vertical axis double savonius wind turbine)
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Abstract

This paper presents a study of vertical wind turbine which was modifield from Savonius wind turbine into double
Savonius wind turbine. Because Thailand have pretty low wind velocity v =3-5 m/s, so we designed double Savonius wind
turbine in order to tested in the tunnel which has wind velocity v=3 m/s up. And then, calculated the power coefficient, the
torque coefficient and the velocity coefficient to compared performance to generate energy with Savonius wind turbine. At the

low wind velocity, double Savonius wind turbine can perform better than Savonius wind turbine.

Keywords: Vertical axis wind turbine (VAWT), Savonius
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dyanwol
A Fudmneia (m? ) P,  M&@aN (W)
Cross sectl'on area Wind power
c, FutlsvAndmas r e mnu (m )
Power coefficient Shaft radius
d wWurhueudnaluie (m ) R AsRTBREIRIME (Jlkg-K)
Blade diameter Gas constant of air
D WWurhusMEna MM ( m ) s teznTeaaIlLWa (m )
Rotation diameter Blade overlap
! ANl (revss) T UMNRIBIMET (K )
Frequency Air temperature
g wssluthanadlan (m/s?) T  WRDRRIUNR (N m)
Gravity Blade torque
h mm@waﬂuﬁﬂ (m) U anuSntmalune (m/s)
Blade height Blade velocity
KE, ., WRINUIARTINGN (J ) |4 anuaNaanaIn e (mls)
Kinetic energy of wind Incoming wind velocity
m 39 (kg ) v ANNEIANBININILUWG ( m/s)
Mass Exiting wind velocity
i Sanin aiBans (kg/s) w MRl (kg )
Mass flow rate . Weight
m,  SemmsinaBenawdy (kg/s) A Samamemu luiadaniuisaau
Average mass flow rate Tip-speed ratio
P  Mdshnie (w) ® ANNEIBIN (rad /s )
Blade power Angular velocity
P ANUIURTBIINE ( kg /nP)
Wind density
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3.0 - - - - - - - - -
3.5 0.6742 4.2340 0.2208 0.03 0.00110 0.0047 2.7347_|_0.00171 0.37666
4.0 0.9138 5.7387 0.2618 0.04 0.00147 0.0084 4.0822 | 0.00207 0.38450
4.5 1.0530 6.6128 0.2682 0.05 0.00184 0.0122 58123 | 0.00209 0.37976
5.0 1.4392 9.0382 0.3299 0.06 0.00221 0.0199 7.9730 | 0.00250 0.36912
5.5 1.9363 12.1600 0.4035 0.08 0.00294 0.0358 | 106120 | 0.00337 0.40675
6.0 2.1750 13.6590 0.4155 0.10 0.00368 0.0502_| 13.7773 | 0.00365 0.42722
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