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ABSTRACT

The purpose of this thesis is to present the design and operation of small
vertical-axis wind turbines by combining the concept of Savenius and Giromill wind
turbine in order to receive wind power in Thailand, which has low speed and
atmospheric variables. The concept of savonius wind turbine that has a great response
to low wind speed has also been studied. However, its rotor speed is inappropriate for
high speed wind. Furthermore, the selection of suitable design for turbines has applied
the idea of Giromill wind turbine. Giromill wind turbine has a slightly response to the
low speed wind, but it has rotor speed which has a good response to high speed wind.
The designed model of turbine blades aims to develop rotor speed of horizontal axis
wind turbine which the blades always move perpendicular to the wind, receiving low
speed and changeable wind to produce clean energy. By doing these, Savonius wind
turbie gradation design the size of Giromill's blades and the suitable degree blades’
setting has been examined. The result of an examination at stable wind speed shows
that there is an increase in  rotor speed and torque of the designed model and it can
generate electricity from wind speed 2.5 meter per second. It can be seen that these
development can increase its efficiency by expanding the turbine blades in the same

portion of electricity generator.
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2.4.1.3 Aeiuauvuauslunaivdanenss (Variable speed with direct drive)
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2.4.2.1 Asiuaueluiles (Sevonius Wind Turbine)

Auameldondunislufsiuauuuunudsususunfgnussivgiudsuunn
Drag Device, High solidity adusnlull f.a.1922 Tnedrmnsyieasiuie annise Tasu
wa wludes (Siqurd Johannes Savonius) SaufuuSEvurianila ud Todul 135y Bidea
\alse (Johann Emst Elias Bessler) Idinsnifannldafausnlut o 1745 Tuguuuras
fviuanlunuiunuusuiiloaresamudsn (Furstenburg) udlutlagulaifisuiun
fauuazldiunusunisdnlifuidesansuuuuresifiuausiadausawdou

wdsaatananlidundinunaldganiies 15% lnefiunudalasasiedegui 2.16

Diameter

d o 1 %3 a a = 2/ o =
gﬂ‘iﬂ 2.16 wHurlATIEI vt siuauslu iR
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2.4.2.2 5euauunsisea (Darrieus Turbine)

o

o o ¢ o = = LY & o a & =f o
Aiuanuasiseauazlalsladuntslufsfuauiuinnuds NgnUTzAYgTUAIY
ww2AA Lift Device, Low solidity Asusnlul A.e. 1931 laedmnsnsdurninsaaade
I3 =l & A = = a £
993% B U137 UASISEd (Georges Jean Marie Darrieus) lnailuuln1uAnAI8N15I19LUY

wnuwanluwwunussdssiseanlyanuuuuuuiunumaivesiwiundn i lutlagdu

fauAl A.A. 1927 wardaiuauwasiseaninanidaduisiuanuuinnugsnnulauinlug

De &

=

uwnavesiilelagusem Wnadud lalawesisdu Inendnniswyuvesiuiuuuiunusagiiai
Juwwndanisisdmmanmeaveslufiulagdsdannussanfinuluioiugduied
mMafunduiussriauisuiulufsiulasifnanuuaniadauvedluiuiu (Angle
of attack to the blade) #sAuunnstvesyudina 1 nalmiaussinluiunnuwa g
vinderglifaiuanuasiseaauisanyuldiauamiouisiulalsuazluisiuaeg
a ¢ alal il o w = o < o [

\eineUinosnilusyansnmuesmideegnuszana 0.3 uagarunsavitanuiialagendn

< a | 1 o s < a = a
rnualagussdauazaasamniadlalunsiuiaiendalwihlae dunuds

lassadnenegun 2.17

) ST

blade element
circular path

—

1\ @
rotation
direction

o @ v v W 5
5UN 2.17 urudlassasnsvesivivanunafisea [12]
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2.4.2.3 aaviuaulalsia (Giromill Turbine)

futuaulelsfia uAviuauiifiuunnumasglusuunufuas Sdnwurluase
(The straight-bladed wind Turbine) w38 H-Rotor gnWaunulnsdminsn1sSuyin
H¥amade 9959 aiee w13 undiua Tl a.a 1927 FudufosnuuufuiuauuafiFua
dnwazuazinAnildlunisesnuuulagsmiinnudioadsfussfuauunfiGvaudsnaiud
Tuiidnwazass dudeansiznsesnuuunazairslufaiuannsaildisusdaalily

fudaenisanuudausannni saiudsivaylalsiadadiuszavs nnwsnintaiuauuas

= v a o ' s o v -gl/ Aaa
LSE}ﬁLLﬁ%EJ\‘Wl?J\‘]ﬂ’]Tqu’BLﬁ]EJ‘ﬂUﬂ'ﬁLiﬁJE]E]ﬂ‘ﬂ’] LLGIﬂa‘Uﬁ'm’l‘iﬂﬂ"lﬂulﬂalUWUWMMﬂ’lﬂ“ﬂa

%aqmmﬁuﬂimaﬂmaﬁuwuﬁﬂmm%’wﬁdgﬂﬁ 2:18 [121[13][14]
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o/

2.4.2.3 §3uUsenaus 1A vasraiuauL LN uaInIsUn 2.19

Y

(1) Tufaiu dnhnsundauuasudsulidundinuna Sdafndugaununyuiay
- dassnnununiuludanaunumnyuy
(2) wanununyu dmhnsuussninuryuluisilluiuisnuswasdeinuszsuy
o w A 1 1 o W
mMauiedwaludaias
(3) Wesdsriida dmhfivsuldsusasmuaumiuiialun1sngy sErinanwanuRyy
fuwanvedesasiuiialni
(@) w3astdalnii SwhAdsundsnunadundsaulndh

(5) g2u Inthiwunsudmmduiansesiiegdiuy

Rotor diameter

g

=
k=
{01
-u--ﬂ
-~ 16
B
o
k=
K=l
(4]

(1) P
Fix-pitch S
rotor blade ‘§

E o

- _______EJ____‘!"._
- (4
GEat%erator

(SE2 :
otor base ——o

(3) .
Gearbox —f—
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2.5 uinasunsiuauglley

Wesnnfsiuauelidenduiviufidesnuuuldvinisesnuuulaendnnisnisidn
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2.5.1 nMsAuIundsIuifendsiul ey
ndededresiuniuiide 2.5 msnyuvesiuiunuannunsedalafdasiinain
= w o e I o w a a o = taw & o 14
wssauidgnglufaiuluddyuazyssdniniwnisinauduegiviiuniaundswesly

Auiulunissuansannsamwnmdsnulinnladendnasoyaimiudauniseeluil

pD’V? (2.4)
R
8
e P Aewdsrwomededinlufiy (Watt)

duN1N 2.4 LARINNITUNUANENNTSA 2.5 aslugunisi 2.3

e zD? (2.5)
4
dia” 4 FaRunutn el (m?)
T ADAIANAINNIANIAATER S (3.14159..)
D AaAINUNI9Y BT I (m)
B(0)=F(0)-v(0) =T(0) o(0) (2.6)
A = o ] @) Y]
wa 9 Aopulslufil (rad)
T ADWTIUANNTEIN LS IRN (Nern)

Fov  fefmdwwesipgiadouisneainns - (Watt)

o fernudiTameduiniu (rad/s)
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2.6 vEwAlIUAiUaLLassuauazlallia
MndeyatnafuanunAnvesfenuuuiviulnevdnnismsurestuiuuunnuma

mﬁmﬁﬂuumﬁmmﬁaL%"lmmmmaaluﬁaﬁuiﬂsJﬁwﬁaﬁqmmL%’Jauﬁmu’mﬁqﬁuqa‘ﬁu \iladl

nsuneEnuiuTEnINaliguivluisiulasiinauuanafeyuadlunsiunung v

vasvadlvasatuiladeiinenvaidiaadaluil

1. dnwazvesly
anwazvadluidudusuusnvasnissedulalunsidennszdmananisSuiumygy

L54Ua wazad WNL%’J‘UEN MAULTEUAIIY L%’]all

(4 o W
2. ANULTaLSIvestuN il
Auudansavalufaiutiulinasd198udeins S UL INTLYNAINANSTTUBRAILUAT

w@anlu ﬁ’aﬁuﬁlﬁuﬁaﬁmmf’;a‘%’nmauﬂammmimﬂﬁﬁuaEJ'fmﬁ

3. MIReIAIvelunIiu
msasesaveslufwiuduisdAnseuseansanausuasussinnanAennd
msssluluyuilivansauagilinausrnilunsisdiumsivanuageailiisiude

ﬂixﬁm%mwiuﬁﬂmqquulﬁ

2.6.1 A19NARINN

A Aeudinnuastaty (m?)
e PoANLAT TR UL (m)
o AoUsEANSAINNIA

d ADEURIANENAN YRR (m)
F, GRIENGRHET (N)
By o Aousudumiods (N)
H AoAUEIvBdluiviy (m)
N ARIUINURIlUA Y

5y ABANRITIY (Watt)
0 Aausedng (Nemn)
R AosANvaInNY (m)
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= [
v ADAINLSIAN (m/s)

7 ApdnTndrunnusH s ALY

(Tip speed ratio, TSR)

@ AaAE Ty (rad/s)
6 Aopsmnsivauvesluiaiu  (deg)
o AarnunuLUWIaA LT T aslu iy

2.6.2 @UNISHATAIUTUNUS

i Ve (2.7)
d
S o Rao (2.8)
v,
c - : 2 (2.9)
— pAV?
(2p ‘M
A=DxH (2.10)
O=NF, . R S
1= (2.12)
E el ROLY

= Bl (2.13)
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2.7 wsawazlauuaulunislua

s o w o 2/ g [ o 1 [ =
@Wﬂﬂﬂ‘iLUaHULLUaQIQJLiJ‘L!(ﬂiJlej\‘lLﬂu (Linear momentum) Wudndiulaensaiunsm

ﬂizﬁﬁﬁﬁmqﬁuﬁ]LLasmuﬂ%‘auuﬂaﬂumuﬁ’m%aLé’uﬁu%ﬁaaagﬂuﬁﬂm&ﬁuwﬂix i
ullumungded 2 vesiafuanansndeuduaunsldfaumsd 2.14
F=ma
= mﬂ-
dt
Fdt =mdV (2.14)
de ﬁmwﬁmxﬁwiai’mq (N)
M- fAnavesing (kg)
a ABDRINIWDITNY (my/s?)
TunsdlvadlvanuuasiiuaeuSimsuuumsiiandnsodudinsnaunis 2,16 Iéfaunis 2.15
F=nt(N-V,)
F=pAV(V,~V) (2.15)
dlo o Pedhmmsivavewweslva (kg/s)
A Renuiiwihgaveanislva (m?)
Vo Remnnduadsussmsive (m/s)
£ AsAnunuILLuTestndiua (ke/m?)

2.8 vwineafuiilas

Feddvinmihiidemlumudvgussning 2 wan fillszeevineszninaunuinariidu
Tneshewluglreuss muneanuinhifinsgydsnnmsaumiouaenndedsasmaiagg
Wesmunzdmiunismyuiinuiiseudioufisseugeq Tuagiuinduilessila e

AurLIrsHauwaIneiUsenuiuaziSendoilos

Weanldlugramnssuiuiivainvateguuuy wansaiiazduunyiaveailesesn
IApunisnwesnumargfivuiuwUsriiaveaiieseondu 4 Ussiande Wenss, 1iles

1289, Wesnenven wavieaviusu lnsusazvinlidnwazdnnizasil [30]
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2.8.1 \Wasns4 (Spur gear)

= o w 2 PP o & ) =

Wosnssliansuzilunsensguenidfludousounsanssvantuludnvaziunivuiuly
ULNUTBUNAMTINTZUBNTUAUAUNTINSTUDNBNSY ewdatliduluusssuananfenan
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2.8.2 W24 (helix gear)
= s A w I a Y = a 1 ) =
Weasaalidnwuzidunsinssuantasifudausauimniouilolunseinsiunse

anwazvesituienziludnvasdoadedisgui 2.21
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2.8.3 \Wasnenaan (bevel gear)
= = ar [ ot v = ! o a
Wasneneniianwuzilusunsinsisuasdauaililuilesqousauuuiivesnsiy
Tnemsvuiuiuasiduludnuaensiednduninneguuinnsednduniluaiulaieves
NFWUULIMAUAIFUN 2.22

3UN 2.22 uanadnuaziiesnanaan [30]
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2.8.4 \Wasuayu (worm gear)
g
WeasrueauddnwuzaansiuilaadewSailawmsinvuiuilodndnisdasonin éa

o g a a 1% ) =
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{gﬂﬁ 2.23 uansanenzilaaiuau [30]
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2.8.5 dquusznauvauilag
1 = 5 & el = = o = 1 & i v oa &/
dlsenavvesesiuaziliuliaSunusomileunie) veaileanslminaudila
nsanulunisiFendiusineg uasilasaniflowudazydaduiisteaziBoanniioudunay
unnaAuanglusigavidgansnne saluluiitazvenadanizdiulsznaura e

as9 esnnbudiuyseneuiiugiuvesilosslindumediegui 2.24

Top land

Addendum
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Circular
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Tooth |
~ 5 1hickn&\s""4<'"
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— %), \\§
T T S\
Clearance  Fillet f ~ZIN
radius P

i
Dedendum. . Clearance
circle circle

sUil 2.24 wansdulsznovvesiles [30]
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3 <y S ! 4
1&n) Tnewesmuasdideiunin \Wosrseiias (gear)

v ] £ 1
4 =l | =

(2) Nuiafing (pitch surface) AoNunidmsinszuanluiunuinisifiduaudaiunans

1 3/ 1 £ a & < A:i' =y 1 a/ A x =3
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= & ot 3
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CR Y] As A
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= &

(6) laumsafing (diametral pitch, P) iuA1dnsidrussrinediuiuiiuveailaatuidusinu
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Audnanfeiuivrauiles
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. = @, (2.18)
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0)2 n2 1 1
E :KV;}E (2.20)
V=nmDn (2.21)
J7 =\ (2.22)
dle V. fapnuda (m/s)
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¥ fAeSeilveaies (m)
M,  AednInm
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D = faduruaudnaniing (mm)
N - Favwauiu
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W, A& anuiideing (Watt)
Vo feausaiing (m/s)
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2.9 29351389nszua (Rectifier)
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Iwfnszuanss (0C) Inefldudfyveisasine lalen wazaiuisauanfiansunieasiies

nasualfoendu 2 Uuuy [16]
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2.9.2 29351389nsTUALUULR AT Y (Full Wave Rectifier)
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15U 2.28 9¥WUIIEIAUTUNITIAVUIUNAVDI NS ALmDsie 6 Araztduld
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2.9.3.1 299515 TLUFUUUSUPAUTINTHALD DT

NNFUN 2.32 WuwsSeanseuanuuiunauihasiamadimauuu C fawmes ns

YNNULD9585 U8 laRall
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C gRL 0 » Time
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with C Vo m s

0 . . ' I > Time

(n) BFeanNsERALUULALARL (@) usIRUNANATEL RL
JUN 2.32 19951 589nT AL UURNARUNT T WAL DS
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anAsexlvian RL Aaguil 2.32 (1) surmzdefiiulszq

2.10 wn3esifinlnfinnszugsadu (Synchronous Generator)
szuulwihfildaueglutiagiulfunanlssumds (Power Plant) Fudiuundaman
wisulwiheglupnufuiinvevvesmsliiidendauiasemealng vniilunisdag
nszualdihldfunisivihgfinnawaznisiwiuasvaraiiasminelvfudiuinende
dinau mhenuene wazlsnugnamnssy Tssfuradaiindandsenilnidusiflsdiin
wasruausou Tsdlndngain Tselrifaiuiie Tsslnimaannudousay Tsalndia

Tpdssuardssiudsnseaslnihanwdsunaunuaneis [17]
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wsaardalninduedsanafivmifasundsnunadundsnulndizlngende
mMawilsadvesiivinaiundnnises luida sued lagN 1Ty UAniusENINNTnaIn
Ffvauuuimdn ftatdweanisetuiinlwiozvenidulias-ueud (VA) wiedla
Taad-waud (KvA) Badurdslwiinusing (Apparent Power) fiA3ostneosnin wazaunsn

wusstinvaansasnudaliiusazUseianlanadl

1. wusmuduuavasssuulaii
1.1. wizosriudalihede 1 wia (Single Phase Generator)
1.2. indesriialniheiin 3 wa (Three Phase Generator)
2. WHRNENYLETIUAAIRAALLIMERTInS SR UYRaAdLALA DS
2.4 Lﬂ%aﬁ%ﬁmﬁmmmmammLL:imﬁﬂagj S
2.2. wesiifianlnunannaunsuivinvy
3. wsmudnunsnIRng
3.1, insestuidaliiwinwaiueu
3.2, idesrialuiudnimanss
4. wusmuinaA1aelgan
a.1. wSestudaliihauadn (uisliiu 5 KVA)
4.2, w3nsiidalwiiuunanans (@uinsdus 5 KVA B 500 KVA)
0.3, sesiidaluihounalng (uuiasaus 500 KVA Fuly)
5. wWlemunananldtunisaiaiia
5.1. et daliihedaldsoileguusguigs
5.2. w3osidinliire el Ratuddusduigs
5.3, wsasiidnliiheialds ot duiduig
5.4. wesidalnieialdraruamduimumas
6. wlsmuanwaznsi g
6.1. w3asriuiinliihwiadisos (Standby Generator Type)
6.2. wsaarilaluiheiadisessaiiies (Continuous Generator Type)
6.3. wiasidalwihednsnoidmén (Base load Generator)

7. WUIANNANTZNITIDNLUY

[
s

7.1. wwipanialwihvilawdasdnssaefui (Bare Generator)

U

7.2. wnsesiuiinlnihedngasauiudes (Canopied and Sound Proof)

7.3. inspaninlWivilamdaudne (Mobile Generator Trailer)
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fiuf (Stator) daumyu (Rotor) vnanawauias (Damper Winding) uazidnleinas (Exciter)
2.10.1.1 dauitogAuiiovnainersiuees (Armature winding)

InaInesieirsiuegluseesnumdnuiuuie sadeuiulumandounau
aﬁs‘ﬁﬁﬂamﬁaaﬂm'iqcuvLﬁmﬂaqmnﬂimalwmu (Eddy Current) uazannisgeyide
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2.10.1.2 guiimyy wisunainauInsimanyan (Rotating field winding)

v e
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q

vauhldnluines (Exciter) ananauiuuivaniiuaguuunumdnveslsinasezilanwae
Juthn 2497 4 99 niie 24 Tavisilfuegtiunisesnuuubiiafesdudalviaviisu
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s Va o ' = o o =Y = & 1 @ 2/ ¥ o w o
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(Salientpole Rotor)
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2.10.1.3 yaainumuas (Damper Winding)
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fdnwazdunisshidaliiinssuansenadniiafogiivasinaivonaios
Auflalninszugadu vimihinaauazanslwinszuaasadeulituunainaunuusingn
yauinTosindaluinssuaady wisstifinvualngaelfidnlomosvinlfudsedu
wazwuuillndonsauegine tiedesnisannistigeine esanlaifinsauuazaduie
wazllignnausivdnaniamelunziiasomeaduidunaiuiuanunsouanseasds

U7 2.35 uaz2.36



46

Q
| w
«
| &
S 5
| = & m ] =
| E 3 £5 2
| S 5 = YL
= I L 55 &
3 el | 3 0 80 =
28 T | S g e
g & Y _ m ||||||
o= HaTT Vi = | =
o 8 g = i
== ! ] Az {98
= = | 3 (= =
“ 1 = o7 4o
e =
! = &
..... e
Ly | P ey, o T M _aSete. | ss B
| = Y
I = 5
Q | m A =
d = 2
[ | o =
o o | e o
5 I = i g
= =
& & | v} 2
g = | 25 ]
= | et v (S QIR | R e N T S
| @
fllsad —o
AT E n
IIIIII ——e—————t ———4 - P ———— o)
| % )
| | oh
o I B\ e
El [ g0
= I [ AN oy (" A N9 §§
™ .
[ 1 o 3
= _ — &2
m — | 5B 5 -
4] Q - =) 3 s =
i | I mﬂl\ o = O w»
2 _ £ s ik E3
e 1 e =5 o o Eg
m | & S 53 5 &
! ST & o] aE
e M R S RN SRR R, . S

P teintadatat e e

Main armature

Exciter
field

w

"

E&E
e
]
‘S e
§ 3
Ma
£ E

101815

2.36 nlumasuuulsulsanunazillndan

Ui

>



art

uni 3
N1580NLUUHTINYANINUANLUILNUADBNLUUTIUTENIS

wilaHeatazlalsiia

Tuunit 3 Wuduwesnseenuuulnenisiinsgivesinadielusunsy Solidworks
milegivedlnadenguf] nslieseiannisFnagluuunusdde wagdszansnn
mavihnuvedluiaiu lagasunionesursuufnuesisnisidenguuuuiaiuaualaiios n1s
endwnulufeiu msfiudssanBamluieiy msviereunisnevaussioauvaslufuiuly
Tsflaguuuu NACAO015 msvadeunisidendiuaunazusmafiansvaslufeiy NACAOO15
mMsnadeULaTasnUUUYAMam IS IsaUiBlsNEAsa LS el semalng wazdiu

o [ a ' al P o = =3 = 1 o v oo
gavnaldunsneaeumndaluihsiuduasestudalwihauadn Ananvamuailaviinig

[
=

UfjuRlneansssuvaludssvalneass wazanunsouansduiupaulang

€

1. MmAwsgiiadiauanisgluiaiuanwles

M53tAs sNaunausT R Llui i uaus o

€

sAsIEAadausiusuluisiua g
mMsimsvifiatauauiudasiuuulazalweaniuagl e

m3lagnientsneuauawoauvasluiiulalsiagiuuy NACA0015

SuernOne JeBRd, A9 i

MAesIEyaiuLUYisiueanikuuTY

SUM 3.1 AULUUAILANLLILNLAIEBNLUUTIY



48

3.1 N33Rz UL aURNTS M TUN iuau A ve

nNN1sANBILAaENITTMUINISINuLesfiduauuuaknuaal g nefinds
UagUu wudrdefudendrivianisimuiiiedrunldlunisudalailinsizgnuesdn
UsgAniamlunisideundanuaadimninfofugluuusuunuuey uidsdnvuzanly
& = & o o 1 a I a =l PV ) o L4
Uszwalnedanuniianadeliiu 4 wesdeiund wazanuudsusiugs dnduendnuaives
NSMIUMALAET (Directional Ratation) wazisusandfiariuiiauivestuiuauilioy
JmngdensdnwiiioRauirnusiseu lasednautstegiuiviuanaludosvinnig

Wauagansanuiuldluguluuivanvaisdegun 3.2

S

A
T

Yy

%
%

|
)

k)
.

il
%
Y
b

N = -

i N
7

Vertical Axis Rotor

o o 1 YY)
sUn 3.2 WPJ'EJEJ'N5ULLUU°UENﬂ\‘]WuaNL°ﬂI’JLﬁEI‘U

J U



49

urtaAuEnzaulun1sAneinazaudselunswauianisuanluiy nnsiden
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illavesiviuauniiuwiAandnlunisldaudufainnilunismyu fduiasiziiients

donvisenseanwuuluiaiumseiestaunfnnisivaveswesluadudfauswmeolul
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3.1.1 diRvasvedlna (Dimensions)

1R et Auandnieneamyesaans danunsaseylaludausunm iy aan

Yol dg & v o s o
8717 WINUN 1Ia LI 184 Wusy ‘UQﬁ']ll']'iﬂLL‘U\'l\LﬂLUU 2 Uselnvipe

[

1. Uil v3e TANUFI (Primary Dimensions or Basic Dimensions)

indgugdl vuneds dfvessulsiugunldansateniduifoulddn uasliduey
=

Aulaoue sadumivenislSinufinaaisuanseeninlaenss Avnarmansvasvadlnass

lifaNugu 4 62 A wna Aue e wavaungll [19] [18]

2. 1AnFnil (Secondary Dimensions)

R.

IAnel iWuldmAnannsruiueeliivgugll Seudsesuansadianudign

g3 U
Muupfiuain fe vitennud wiu Usues iaein Azuadag (L) x aue1 (L) x ANge
(L) fiadu Uups Fesisimdu L vie aanusa fle seasmaaiuasuly (L) dewdlemisnan
= aa
3

(T) fraviu auis Al L/Tdudu

3.1.2 gun1snisiviandneraiilo

IINAUNIINT et (Equation of Continuity) Weaiinisinanisluviean

a1 =l

¥ 1 WUdsqail 2 inavevedinafignil 1 uagandl 2 agfienasil faguil 3.3 muvdnysana

q 9

(Conservation of mass) A4agiduutuanns 3.1

pAV, = pAV, (Gt}

+

Ay Vi T TR T

Az J' N
v /-!-

3U# 3.3 mslvashuiuinindnanuuin
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ey
P =(££{3__] (2.6)

le Wity 1.225 (ke/m?)

Vo)
T LAY 3.141...

D iU w. withda 0.32(1), 0.2944(2) (m?)
% WinAu 5 (m/s)

AMIAIMAEINUE I AiugUuuun 1 szannsaiundanule 18.24 Tad uay

77
=l

JULUUAWIUN 2 azanansosunasula 17.7 308 BIn3sundeanusneiui 2.96 % weinall
@ Y U WA a =’§' o * Vo2 ef
ANusraufg Uznz lufwiuiiAnTuainnis31ae99nlUswnNsy solidworks wamaliiAuds
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PrgaiuaguNIvINRIgUSEuTioun 3.7

Uil 3.7 nmaenevesguil 3.4 uaz 3.5

U7 3.7 Wunswgnenmmanissasswedduiviusualaferluzuuuud 1 (adiides
seninly, 919) wagdiuaualudesgiuuud 2 @desseninelu 6.4 4.4, ¥31) lagnans
° v v o o v o a v o = =
Havwnglsunsunandviiuisanuiiaunelinsevamasuvesisiuanluguuun 2 4
anusaasandiidimnludsiugandnflefisuiuivivanguuuud 1 aeldteuludiaes
ANUEIBNANE 5 lesaedundl uenaniunwlinufinseulenanvestiuangULuLn 2
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YaNIINNISIHATIENNIT a9 N AAalUswNsY Solidwork Seanuuisadasis

WIAUFUNUSTEUINVUIAVDE 952U LU AU B U UIUIAAIILN 19D LU U AL 5H

dns1alnldlndlAes 0.2 9naunisi 3.2 lnedredemulaseadiacagud 3.8 uaza1unsn

Aurunglddaulaldsmised 3.1

T,=Y F

n=l1

T, =(F{r—pd))tos 0 —( K{r— fd \Tos 6)

Overlap ratio is

=
I
ST

sUi 3.8 anlasaai i saasizisauiuannish 3.8

(3.2)

é o d‘ = ot s L 1 1 s 2/
A151991 3.1 HaRISATUIMINDIATIZ MR NENTUG TE N sEadaeiUAINN 9T lY

Overlap Ratio(f8) | Angular Position (@) | Torque T g)(N-m) | Avg. (T g)(N-m) | Power(W)
0 0° 0.86705 0.6416 4.029
45° 0.5054
90° -0.0271
135° 1.2209
0.1 0° 0.79796 0.7489 4.7034
45° 0.99505
90° 0.83604
1557 0.3667
0° 0.85248 | 0.7825 | | 4914 |
45° 0.6687
90° 1.0064
135° 0.6024

# nrsAuannieldiEeuly AUEeN 0.6 WnTHaAUNT ATIUANUEISaU 6.28 TaURDIUNT ¥




Global Coardinate System
CutPict 2: contours.

= = a8 PV ) ! !
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0.3

10152008
10148081
101441.54
10140227
10136200
10132273
10128846
10124520
10120593
10116666
101127.39
101088.12
101048.85
10100958
10097031

Pressure [Pa)

CutPiot 1: contours

101520.08
101480 81
10144154
10140227
10136300
10132373

55



56

3.2 Msiwsziiiethisuaduauluisiuaual o

Tuhdefl 3.2 tiausuuimsdauaslinsgiifiodnunisiusaulufoiu Tnens
Ansesiluivfuaueludeaguuuy 3 Tu uar 2 Tu Fguit 3.10 Tuwuassuudeadulag
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2 Blade Design 3 Blade Design
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FU# 3.10 mwiigunwiuguuuy 2 Tu uaz 31y
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Y
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ANSILATIENIINATTAIUIUYSLANT NN T2AURDNITY19U 1 50U Lasauuf Ly
AnuisauwniulazauiEauviiu detumsyhauvestiuay 2 Tu Tunilsseussiinng
Tundenuaugegaviavun 2 A3 daunsiauvesisiuay 3 Tu Tunflaseuasiinassy

NasUaNgegaviavue 3 ATe dadudiaunuasluaunisi 2.6 azlaan

P Z[,o:rDZf} (2.6)
8
e Wiy 1.225 (ke/m°)
T Wiy 341

D wihiu wn. wthdae 0.1472 (3 Tu), 0.2944(2 Tu) (m?

% WAy 5 (m/s)
e 3
po( PEDYA) 12553 141x0147255 g
8 8
283 3
P :(pmé) v ]:1.255><3.1418><0.2944x5 S

Walfigumsynaui 1 seu vesisiuguuuy 3 luamunsofundsauld 27.2 a6 us

o

fasry 2 luanunsasundaanulalane 36.265 Saa sauulunisidansiuiuluvesiaiuausln

=i = 1 1 QI al s g l‘dl 5 =
LUEJ"'HRNI‘LILVIN’]SE{NG!@ﬂ'ﬁL‘WﬁﬂUIU?JM’]UL@IEJ’J AUWIIZRaIINNUAantseas lneaiunsafiey
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Accessing the Power Performance), [20]
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w

static torque coefficient (C,,)
o
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< Qwoulsdes |
® 4 UnesLlade:
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389N8 (A Review Study on Savonius Wind Rotors for
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Traditional Design Proposed Design

Traditional Design  Proposed Design
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sUN 3.15 nieunaiuwuulidtulaziday

u

Al 3.15 uansfamsiiuduresmneuluiwiuiilinsenudeiuiisundso
anvaslufaiu Tnslumsmgu 1 seuiinnudwiiudu Tufsfuwuussdusuazaninsasuay
Ieigeaniia 4 ads Wlounuasluluaunisil 2.7 sgldhfwuguuuud 2 Qunsdeufiulaenns
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= o A a L3 v e 3 [ ' [ o
f19199 3.2 Nﬂﬂ"liﬂ’]ﬂ’lmm’i)’lLﬂ‘i’lgﬁﬂ’ﬁ?%‘i‘mﬂﬂ‘ﬁu 2 UY IﬂEJ‘V]']ﬂJ‘ﬂJG]'NﬂU 90

Gradation Angular Position (8) Torque (T'g) Avg. (T p)

: (N-m) (N-m)

First step 0 0.85248 0.6416
a5 0.6687
90 1.0064
135 0.6024

Second Step 0+90 1.0064 0.7489
45490 0.6024
90+90 0.85248
135+90 0.6687

Combine Torque 0 1.85888 1.56499
45 1.2711
90 1.85888
135 1.2711

#e¢ prsarunaneldiEeuly Anusia 0.6 WASHBIUIN ANITLATINEISEU 6.28 SaURDIUNT ***
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3.4 MFAwmeiietauauiuladuuuuazarwasiwiuamaludee
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Top

JUN 3.17 ussuenmaninsyihdefaiulglullssveulaatindiennusian 5 m/s

Tuswannu x ananludne
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5UT 3.18 ussiuamasedwiuelitegveulnvig 8 cm. faAUEIEaL 5 (m/s)
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PnuanisInaadlufiuaumielusunsy Solid work Wiulainsnsinisivavesauuas
AspRNRUUMNTNlUNSuTnason1syiuLasUseansnnweasiaiuanagawiuladea faiy
n1seanwuuvaulaniuvuLazatafaldluniseanuuusiusuiiuaylalsiaduianag

sanuuulvliszegiessnihwweulauuaiafioinwanuiaudaguil 3.19 uaz 3.20

JUN 3:19 Anusianuingrenaiueludeydveulaai

AnuEan 5 m/s Tuuuauny x 91nvnludae

sUfl 3.20 mauSrandsngaedsiugludeviivauTavi 8 cm.
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Ul 3.19 waz 3.20 IAnsInMIsransAIEIaN 5 waTeaiundt iunlufeiuste
gosgluuuanluielag suUfl 3.20 fisasmsinaveseimaganingduuuiisinnsta Tusy
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fuiviuaulalsfianseanuuulviissasviwesautn Tonsdrnuiiauainugdluuinndd
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3.5 MyAwsziiiNentsneuaussieauveslufwiulalsiiaguuuu NACA0O15
Tudsuan NACA0015 ulufwiuguuuunilsiiegludunsunisinmuagiauiie
danldlumsiauilelsfaniefsiuaunwunusidasud 3.21 TaeflunAnanasesnuuy
Unir3estiu namAefmenwnAnueaniisu Iiiieusenvesniseaniuuresdniaiosdy
uazndnnis Airfoil Wumdn dadunisinuludsiureslalsiadsfestatunguivesuseen

YnipIesluluddny
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0.05 =
0.00 t t i t
=0.05 -
0.10 -

U 3.21 nmdngULUURwTU NACAQO15

WIIENAARTUIINANTAARIUVDIIN AT ULSINL AR LI INNaANAAS01NA TUNI
Frnssuldudansanariansainimeenlulsadounazanusy lagar ud ool anud

wilinnsrmiglaeinan1aasusanseinaglussuunuuAURuN LagANNAuADLIIse

8 1
T |

NUTNVTIRN519%M U2 8 LA S NAAN 19U DILTIFIRINTUN

3.5.1 duN15NISAIUIULSIBNUNAIRY
WadamalnaduUndesiy ornafiaIuduu Uiy in i ALy
eimAzanad uazlunalfganunauantnuesisiuasiussiuiiugumadnigaving

) P 1 ] = ° Y =
Aen1sENFvzNSEnTTIen (Lift Force; F) Banunsaruiausildainannisi 3.3 [19]

F =CLA(p—v2J (3.3)
2
e F,  Aeusen (N)
A Fefluiinihdnvesioiy (m?)
c, AermduszAvimsend
v Aernufivesvesluadihudeiy (m/s)

yulzng (Angle of attack) LU uyusznatefieniadu (Flight path) fuitduausd
(Chord line) waziimvnsduiiusvasan (Relative wind) IneyudsnziiludiudAglunisadna

L598n AaTiUNNSIaRaluTde 3.5 azd1aad NACA0015 Auanustausssusmlulne
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3.5.2 N1591a99d519lunaiuaagluswnsy Solid work
Wdan 3.5.2 1unisinasdluiaiusialusunsy Solid work [ieNAEEUNITVIEIUY

Feemsldurueeaiianun 3 wu. wWuldsmumsdlu NACA0015 fagufi 3.22

5UN 3.22 dan1391804 NACAQO15 saglusunsa Solid work

mguwAalunTas1e NACA0015 Tagneenuuuuniieldnaudnvasvaunueinie
lngdwanngideiuauqinazldlusunsulwluiiomuuslunisuiaumsayiusiildlunis

esusUsIngmialvesnislvuavedeinisruunueInAlafagusl 3.23 [19]

V.. Vo ..

air > airfoil me
f
|

VM al

;stlﬁ 3.23 MSNASUILSINDINIAIABLNUBINTA [19]
NFUN 3.23 I‘Uﬁﬁﬁuauaﬂuﬂﬂﬂumifﬁﬂﬂguﬁ‘]Elﬂ’ﬂllL%‘}L%\‘]l;ll @ ¥ IRwueINIe
= < ) = o & o w 8 w w g
1ANUEWNAY Vo luvaienonnidlunanisnnusa vy, vinlvanusduimsiennielva
WUgne AU LaNTAWNAY View YBNANTEANULSSInaTInalmAnussen F, §ad
NANAIRAINMNY Vigral 48Y WA Fp FaliAAn1908luluifetfiuiu Vi LRBRSIENLAZLSS

AU INANSERIABLNUDINIAEINNSaATLILFIINANNST 3.10 wag 3.11
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%=CLXO.5><p><V!ijxc (3.4)
%D-=CD><O.5xpr!§mxc (3.5)
We F,  feuswn (N)
F,  fgf (N)
c, AeduuszAviuseen
c, AoduUsEAnsusei
[ ABAIUETIVBIUNLEINIA (m)

@ flaszezansavionunglu (m)

wsiagnalsfimu Nasa laliresuielifemmuduiusues C, uaz Cp avgnuansd iy
suUgvgifistanamiaiiy wandomsmsmnntufavdwaroninifinnisnyuiuyes
uwnuoMAn T umuamagnydoafesniw Tasnmemaaiienal C_ uag Cp 109
wnugmafiegluanindazyinlferniin waglasundudaunusiniaaglildgnldaulutag
fananil Sslalusingana ¢ wae G ludnwmeninadaulmdingr agaslsfiniunasa 16
Tdeununlduves ¢, fegludnungnisiedeunfand1rinfiqudnumzidy Sine Form

=

WMSERsUUALYSEANSL IR URIENNsn AL lAR InEALNTA 3.6 ey 3.7

ﬁ'yuﬂwz 6 < 90°
: 90° ) (3.6)
Cpo = €p gt (CD_.90 =Ly ) X s |:(0 0. )x [ y. ]}}

Nyulengsening 90°< 9 <180°

Co.s = C ey THIOTI=C gy ) x5in 0 57)

ludruvasnsdnaesguuuuluiniednuiiaiu NACA0015 guandlugui 3.23
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t V‘

U 3.24 faiu NACA0015 $1uau 3 Tu [19]

Famsdraeaiienisiasizignitassdulag e Andy insedlanu anglieulvves
YUIAAIULSIANAIN 3 IURTAaIUT ArunTely 12 wufwns aauenilu 36 wuRuns
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SOLIDWORKS FLOW SIMULATION

INTUITIVE AND POWERFUL CFD SIMULATION FOR PRODUCT ENGINEERS

Solldworks Flow Simulaton software Is a powerful CFD (computational fluld
dynamics) tool that akes the complexity out of flow analysis and enables you
o easlly simulate fluld flow, heat wransfer, and fiuld forces so you can Investigate
the Impact of 2 liquld or gas flow on product performance.

Evaluate and optimize complax flows

+ Bxamine compkee flows through and around your compenents with parametric analyss
+ Fign your model with flow conditions, such 3 prassurm drop, to satisfy design goaks

= Detect turbulances and recirculation issues with animated flow trjectories

« Understand the flow of non-Newtonian liquids, such as blood and liquid plastic

» Pazez: theimpact of differant impaliers snd fare on your design

« Indude scphisticated offects fke porosity, caitation, and humidity

Raduce the risk of overheating inyour designs

» Misualire 30d understand temperature detnbution in and round Your preducts

Examiha complax fiaw in and
MOUNS COMEonen s to AUt
wrbuancs and recirtuligon lssuas

»Coupls flow with thormal sraliysis, simul ating comettion, conduction and radistion effects
*Apply tme- 3nd coordinate- dependant baundany conditione and heat sourcas

f‘feunlm;mg Py + Find the bast dimanszians to 13857y your dewign goals; such 3= heat axchangar sfficiency
Nz pecting Earsw
Shsabudon 3naha K s + Gat thermal heat 2ounces and PCBs layer defirstion from EDA thermal propartiaz

Optimiza the tharmal performanca of your PCBs and slectronic componants

With the Blactraric (oaling Module, you can inclde Joule heating effect, smulste components
with tuo-rasistor campact model, with hast pipe compact model, and include PCE prepertias to
2aluats and boost codling efficiency.

Predict and achieve sirflow and comfort parametars in working and living environments

The HVAC Mcduks indudes advanced radiation madeling (such 38 semitransparant material
N and w v slangth-dapendant radiatia properties) comfort par. and 3 large databozs of
= F _» building matenaks o evaluste g3 movement, temperatied in werking and Irng sendranments,
Uss e Elagooric Coolog Medule -~ and radiation:

PepUMEs MM PR | Galn valuable indghts with powarful and intuitive results visualization tools

UL Semerig Cmpen. | |/ 3 Utz Saktion ar Surfaca plots to stiid) the distibutibey 6 raltant v dues, inclicing
volodty, pressurg vorticity, tamponture and mass frction

+ Compara tha Fluid Row results for vadcus configurations with the Campare Moda

» Meazurs results atany lecaticn with tha Pant, Suffacg and Voluma Parameter tool
» Graph results v adation alcng any SclidAbrks skatch

« List rozndts and automatically expert dats to Microsoft® Bccol®

+ Communicate yaur CED results in 30 with aDrawing=®

S29) theemsl beRavier ot lighting
YIS WD 22E008a R
tapablides of che WAL madul
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A worldwide community of learning and support
SclidWorks users can access 3 broad range of tools and
Usior Group Notwork (e SWUGN org), and an extonsive
wierldwida netwerk of local resollers. Tap into a global
camemunity to sharo best practicos, rofine tasks, and rapidiy
work through design challenges. Our value-added resolors
ara based around the warld and work to make you instantly
productive. With an average of over 10 yoars of exporionce in
the CAD business and a primary focus on the SolidWorks
product dovalopment solution, our resellers deliver world-cles
swpport, continuous training, and porsondized wervico ta
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Anemometer _n?l 7911
=

0‘% Perception and Wizard Sensors

The Anemometer includes both wind speed and wind direction sensors.
Rugged components stand up to humcane-force winds, yet are //
sensitive to a light breeze. Includes sealed stainless-steel beanngs

for long life. The range and accuracy specifications of this unit have been verified in wind-tunnel tests (information
avatlable upon request). A model 7911 Anemometer reported wind speeds of 175 mile: per hour before 1ts tower
collapsed during burricane Andrew, 1992. Digital filtering, with time constant as specified below, is applied to wind
direction measurements. In areas where icing of the an ter 1z a problem, use A Dmnip Rings to deflect
water from the joint between moving parts.

S——-

General
Sensor Type
WindSpeed.......................u00.. ... Wind cups and magnetic switch
Wisnl Darobion . . . -0 v L Wind vane and potentiometer
Attached Cable Length . vei e nagP . L (10 m)
Note: On Monfior and Wizard staons, mmumgermn 140" {42 m) between sensors and consale may arificialy Amk wind speed readings. That
|s.neyor.cnahem recordable wind Speed decraases a8 cable length Increases. Formm»mamgmurlwgumj the maxi-
mum recordabile §peed exceeds 175 mph. At 240° (72 m), however, the maxdmum recordabie speed dTOpe 10 ess than 140 mph. Below that upper
limit, however, the anemometers ACCUrACY & not atected
Cable Typedl. &0 .. .. ... . .coo ™, . e 50 L 4-c0nductor, 26 AWG
Connectal. . .............co0 o +vi . . Modular connector (RJ-11)

Recommended Maximum Cable Lenum

Wizard and Monitor .} st Dol . 004 . L 140" (42 m) Sensor to Console
Matenal

Wind Vane and Control Head. .« .. .. ... .00 . UV-resistant ABS

WindCopst® 2 .. R.7EC N A 7. . /.. Polycarbonate

AnemometerAmm. L SUN0N, Lo LN L Ls ..+ . Black-anodized aluminum
Pimensions . 407 T Sdutest. 80 8 .. & /.. .18.5" long x 7.5" high x 4.75" wide (470 mm x 181 mm x 121 mm)
WeighPd .. Q. F. . [0 208 /8 % By - . Pt 1582..(1. 352 )

. Console Data

Note: These speciications aoply to sensor output as ried by Davis weather station

Range
Wind Speed (large wind cups) (SeeNote 1). . .. _ .. 2 to 150 mph, 2to 130 knots, 1 to 87 m/fs; 3 to 241 km'h
MndSpeed(ma!wmﬁwpsHSeeNm 1) ...... 3t0/175 mph, 3 to 150 knots, 1.5 to 78 mis. 5 1o 282 km/h
Wind Direction . B AR & W J \ ) ¥ B H ST 0* to 380° or 18 compass points
WadRun. . . NV B .. R TN . e 0 to 1000.9 miles (1220.0 km)

Acturacy
Wind Speed (large wind cups) .. . ... io... .o . 22 mph (2 kts, 3 km/, 1 m/fs) or £5%, whichever is greater
Wind Speed (small wind cups).. S L 2% | ..+ #3 mph (3 kts. 5 km/h, 1.5 m's) or £5%. whichever is greater
Wind Direction . b P} GF 7 -
W;ndRuniﬁ'/.

Resolution
Wind Speed. . . L0 . L. oL 00T L DD Timph (1 knot 01 mis, 1 kmihr)
Wind Direction. . ... o040 .. coaiveuinnanan... 17 (0% 10 355%), 22.5° between compass points
WindRun. 2%, . ... .o B B e vniennnanoa . 0.1 m (D1 km)

DS7911 (Rev. E. 1/807)
1
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2
Perception and Wizard Sensors

Measurement Timing

Wind Speed Sample Period. . ................. 2.25 seconds

Wind Speed Sample and Display Interval. . . . . ... 2.25 seconds (Monitor & Wizard)
Wind Direction Sample Interval .. ... ...... . ... 1second (Monitor & Wizard)
Wind Direction Filter Time Constant (typical) .. . ... 8 seconds (Monitor & Wizard)
Wind Direction Display Update Interval .. .. ... ... 2 seconds (Monitor & Wizard)

WeatherLink® Data

Note: These specifications apply to sensor output as logged and displayed by the WeatherLink.

Wind Speed . ...... Ceteieiessasasasea........ Average during archive interval
High Wind Speed . ceiiciiieeeeee..... Maximum during archive interval
Wind Direction. ... ...... AIEER e .. Dominant wind direction during archive interval

Input/Qutput Connections

Black. L G . P . . ol . Wind speed contact closure to ground
Green Sataneninoaie gL ... . Wind direction pot wiper (360" = 20 kOhm)
Yellow 7. .o : e T, O T A Pot supply voltage

Red......... ¢ .oy S w0+ Ground

Package Dimensions

Package Dimensions
t# Pack Wi
i . {Length x Width x Height) okgagWeight UPC Codes
17.50" X 5.75" X 2.50"
911 (445 mm x 146 mm x 64 mm) 1.7 1bs. (.7 ko) 011698 79110 1

Da VIS Enmv Davis Instruments s oio avo. Hayvard, CA 045452778
antil] (510) 732-9220 . FAX (510) 670-0589 . salos @davisnol.com « www.davisnet.com
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Vigw Viese Voru Iy = BO A (Rl conduction)
W v (T.=110%C)
@0 200 SKD 8204
800 80 £KD 8208
1200 1200 expa2n2
1400 1400 BKD 82114
: ; e 1800 100 SKD 82118
o, BN 1800 1500 SKD &2/18%
= Symbol | Conditions Valuss Units |
T@) T=11
SEMIPON 3 [ r-‘u»::‘cmmw 2 s
T, =45 °C. nolated 1) 12 A
- - = a3
Power Bridge Rectifiers Ralt e - R
T, = 45 °C; PIAN20 (PIA2200) 54 (53) A
[ Ty=25C 10me 750 A
Ty =150°C. 10ms 640 A
Ty=25CA3.. 10ms 2800 2%
T=150°C;83.. 10ms 2000 2
TysSC =154 mao 1,8 ]
Taam0c max 055 v
Ty= 15010 max. 5 ]
T %25 0 Vo= Vo Voo = Veew max. 0.5 mA
Ty = 150°°C; Vg € Vi, B mA
por dode 1.1 N
toxal 0423 W
KN
007 LR
4.+ 160 c
&) .. +128 *c
8 ¢ SOMz Tria, 18 /7 min 3600 3000 ) v
10 Poatalok 51 15% ~m
1o teoninas 5= 168 N
185 El
ae

1 28-068-2007 SCH © by SEMIKRON
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Oireraions in mm

mmmmmmn&mmummumamumim

Comgonents have to be tested for the respective applicalion. Adjusiments may be necessary. The use of SEMIKRON
prmnﬂeswpodapplmoeswmuammpmspemm MIHMWWSEMIKRON We
therefore strongly recommend priof consuiiation of our personal.

3 28-06-2007 SCH © by SEMIKRON
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GHG 500-2 BOSCH
GHG 600-3 Ideas that work.

GHG 630 DCE ¥ Dl Kiaa i st

Operating Instructions
BERE

BEESE

AHE A9
witelegflormalEom

Petunjuk-Petunjuk
untuk Penggunaan

Hudng dan sir dung
Instructions d’emplol
Jlandayl dul g

»lg:-uj th!_,

@ @ % Ul

[13]

Product Specifications

Hot Air Blower GHG500-2 GHG 600-3  GHG 630 DCE
Ordar number 0601 84A0. O060184B0. 060184C7..
Power consumption ma. W] 1800 1800 2000
A flow spprox. min] 2407450 250/350/500 150/300/500
Temperature at nozzie outiat approx. [*C] 300/500 S0/400/800 50...6830
! at tha nozzie outlet +10% +10% +10%

on the deplay - - +5%
Display operating temperature” Qg - - 0..4+50
Weight feithout accessanes) approx kgl 075 08 0.8
Protection class n ‘n n

* Qutside of tha operating tamperature, the display can bacome biack.
Plaasa chserve tha order number of your unit. The trade names of the indhvidual units may vary.
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12. LG2/LGU Grease-Packed Bearings
(For use in normal atmosphere only)
LG2/LGU clean grease-packed stanless steel bearings are suitable for clean environments in normal atmosphere.

Shd?od l'ypcﬁ{

T T o

o] ‘% 3*" ﬂ'/ RO

e o 1538573 e e

Apphicatons: qu.npmem i clean rooms

BGR5Y

B b v

Opéialing insirictions anaNotes

® The LG2AGU greate products-gra 1or Usa INNommal atmosphanc conations only.

#® Baaring shoukd not be unpacked unil Immediately batore

@ Saa the tabiec of SPACEA™ Mgmammmsmmamhmiﬂmrmma_,,co:-....‘

@ Claaniness may vary depanding on cparaing conalions, SLrTounding componants, and other Bciors.

@ Al comments reerencing cedain valies of degrees of parformance In this catalog are Ndanced 1o be used as a refarance
only. NSK provices this guioe “As & without warranty of any kind, either expressed of Impledk

A51|NSK
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® Lower particle emissions, lower torque, longer operating e and higher cormosion resistance than commearcialy
avalabla fuorne greases

® LGU graase Is tree of metalic @aments

- Longet Ife than fuorFs groacas
_inroms srossten

. Pertormance
s g : ey
Opnr_u---rgj]_'f_ .\ | Ferpainnomal smospharencly
Product & #| sONNWBN\V /LS 7] S, Wou
Basaol 47 Winoral o 3nd synthefic hydrocarbon ol . | .~ Syrthobis bydrocarbon ol
Thickecer e T T T P Duroa
ﬁm' A ? X H ST =N\
Pl e .Eﬁ’wtﬂ\\?f{ﬂﬂ’»{ e L W ¥

2

)@“"a@?‘ o

%Eﬁm wpto 120 ‘%E

onma thti:ilitytuhh normal stmosphere
megnaohnhwiﬁhnneﬂ-mn

lﬂ.lpmn!:lwdn“m

OMdWMMmmm
mwmwhmm:n

wBineg Py WD (D VI Bupog
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Qutdoor fan motor Meésure the res_istancé value of windi'ﬁg by using the tester.
(Model : ICF-140-43-4) AR :
Red Position Resistance value
Red - White
White - Black 21Q
¢ " Black - Red
White’ Black )

For details, refer to Section 10-9.

nuvouaaINa LCD 4 wan
wanaaeTaimiin 2 wiae - ke / b
uanseinguvgil 2 iy : C/F
spUUYAwELMIN (TARE)
Ymasosdrluifidioldfinnsldaunnglu 2 wif
YUIALATES : 128 X 28 mm
I9unszas CR2032 1 Aoy
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nuNHUMILAS 10110
UsziRn1sAnen 2553 Amnssueansingin arunimnssulnii
anuwalulagnsyasundudinnmmsaianszds
Uszaan9vineanu 2553 - 2554 Production Engineer, UTAC Thai.Co.,Ltd
2554 - 2554 Project Engineer, Power Well.Co.,Ltd
2554 — 2555 Project&Service Engineer, Atech.Co.,Ltd
2555 — Ua3Uu Senior Project Engineer, ABB LIMITED
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1. Charoenprasopsuk P., Udommongkhonkit W. and Chompoo-inwai C., “Study of
Power Electrical by Combination Design Between Savonius and Giromill Wind Turbine”,

Electrical Engineering Conference 2015 (EECON-38), P. 189-192 , November 2015
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Study of Power Electrical by Combination Design

Between Savonius and Giromill Wind Turbine
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Abstract

The purpose of this article is to present an applied vertical wind
turbine to develop source of energy from ocean surface waves. According
to Energy system and illumination research center (ESIRC) of King
Mongkut’s Institute of Technology Ladkrabang recognizes an increase of
electricity consumption in Thailand. These bring an idea of initiation and
development of an applied wind wheel in vertical in order to transfer
energy from low velocity and variant wind in Thailand. The development
has a distinetive point of starting torque and the direction of power brings
the transport of Potential energy. The propeller was designed to use
Savonius wind turbine with Giromill that good with coefficients but pool
on starting up point.

Keywords: Vertical axis wind turbine (VAWTS)
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