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ABSTRACT

This thesis presents the study of wind power potential that used for water
pumping in the central region of Thailand, which includes Kanchanaburi, Nonthaburi,
Chachoengsao, Chai Nat, Nakhon Nayok, Nakhon Pathom, Pathum Thani, Prachuap
Khiri Khan, Prachin Buri, Phetchaburi, Ratchaburi, Lop Buri, Samut Prakan, Samut
Songkhram, Samutsakhon, Sa Kaeo, Saraburi, Singburi, Suphan Buri, Ayutthaya and
Ang Thong. Moreover,wind speed and direction were evaluated by installing the wind
gauge at 12 meters above ground level. In addition, the average wind speed and
direction that were measured every 10 minutes were analyzed using the Microsoft
Excel and OWC program to find the mean hourly and monthly wind speed in each
area for 12 months. The result showed that the highest average wind speed was at
Samut Prakan station, and the lowest average wind speed belonged to Nakhon
Nayok station, which were 2-5 m/s and 1-2 m/s, respectively. Furthermore, the
selected area for water pumping wind turbine test was Lat Bua Luang district,
Ayutthaya, which was the same area as the wind cauge installation. In this
experiment, the water pumping wind turbine was a horizontal wind turbine with 30
rotor blades and 12m height. The wind turbine was tested at the wind speed of 1-6
m/s. The findings indicated that the wind turbine started propelling at the wind
speed of 2 m/s, where we acquired the water at the rate of 5.7 liters/min, and we
got the water volume at the rate of 45 liters/min when we used the 6m/s win speed.
Next, we bring these results to plot the graph showing the relationship between the
average wind speed and the pumping rate in order to evaluate the pumping

potential of each wind station. Finally, comparing the expenses of this wind turbine



to the other two engine pumps, we found that pumping by the wind turbine could

be worth the cost within 20 years.
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U1¥ednvoddoya TUNITIUHUAAAIIAITUaNTUInlualnesUnfagAoeRnmg

q

e

anninsraormaluvinaiuiustozinategratesnisd Lﬁalﬁusausm%’agauaz
l4doyaszozenvinaniinsrseiniafiegluviinalndidses tieufuussde yalsi
mmgﬂé’faqmasﬁu

MTBATIEH  Aenavesaufanunsafuamiianisauieds Oayg H0Y O Andeaiuy
yosiamsan  Iduierfumsnamaienuiianedy  wasandsauureinusiay

Tuauns (3.2) wazaunisi (3.3) auansu
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3.2.3 WaLUaULazA1asau ( Wind Energy and Wind Power )

USunuideaunefiuiinddn lnoosAdssnaudidna 2 eafUszneu Ao
ANL57AY LATAINMUILULTBIDINTA AN UILUUdIadLUsHufuiids 3
289A213165788 LaruUsHUlAgASIAUAIINMUILLULYDIDINTA AIUNUILLUUYD
pnafiananasdiseduaugs waggumgdfiangetu shiliarunuiuduidsan
anas vefaruaufiRndioguugien waregluiunioudesdisdenansznuidionis
WIB UL UL NE 0 IMSNEINTaNRI1TUIINAIA LR UI LU U SauTinUsoanidu
naeszau lnsfamnuisianfiaaugeiimmnun

[ A

ANSANUIUNE UL I8N N A a1 TTENNISN AR ANEATIUNNS AU LAy

Y

ATILAFNIAINANFIAY (P) NINUAT LABHIUNUNAIRINANUIAINAUNISTA 3.4

P="F =0.5pAV? (34)

gl KE @9 wasnuaau (J)

[
[ (Y

P fAp Mawaunsan (W)

Aa 18 (S)

[

P ' 3
p fg mnuvwiLeIMA (kg /M)
VAo ausian (m/s)
= g Ao v a 2.
A A9 funsInduiFnial (md)
AAIYDIRUNIUAT L9 DU UAANNUNNEUNST (3.5)
p

P_ 3
+ = 0.5pV (35)

msnazdmdsnuatindusslevdlidtedediaunsaliuasusund snuaatvesnseiaaslv
aglugUremasnung gunsalisnanilisendtdaiuay (wind turbine ) Hansannszuaauniay
vnwusazdinuSay V weehuiuiwide A ludsmidvdenm azliidsey P Aldan

[

PAIUIAY AT

P = ZpAV3 (36)
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faiuauagyimimasuidsnuneglunssuaauunltusslomnilaiiesundinumiiny

o,

' 1%

el Cp Wuduusyansnndaau (Power coefficient ) #4 Cp auiusud@naiuueaiidanu

PveiazanunsailUlglnannseidal a1 P unuiasnunlnaniniaiuay sy
1 3
P= ~CppAV (37)

AIAIUVUIMUUYBIDINAEINTAAWINLARINANANALUTSEN ALAz R UM TTvaLY

n1snsTaAuEIaN Amualeaann

P . 273
P =12929(755) 37357 (3.8)
39
= 0.464 1
P = 0.464(5730r) (3.9)
e p WU AuRUUSIEINIA (mm-Hg)

a

T Ju aaumgll (c°)

Y

AU LINYIeNMAllA LRI ULUAIMINSEAUAINgUTeR g HITe I INAT

Auasneiulelivinig eaumglineusssInanseAuAINgwiag @1use Awanlaen

T=Ty- 0.00651y (3.10)

\ile Ty +Ju gamafiusseiniefissivihnea (c©)

y u siuauguniesgiviimeia (m)

AITUAUNUILLNYRINATTEAUANESlA o ndlszAudmeiaduinlaain

p

(3.11)
273+ (Tp-0.00651y)

p=0.464
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1 A ) = o w A vy 3 =
AnuvkiveInmnasguildlunisiSeuisumdeaunlefe  1.225 kg/m” 9
gamall 15 ¢ diavsuAmanudauiinnaiald daunsafmwiamidauedslugianm

F19 9 Yeusau Weggna eluudazUlaan

P z P (3.12)
= S Al ZOSPI

d' < o ¥ A o [
bl® N tu PMUIUTDUANNINTINTIVIN

v
v o

mn‘vﬂ,mnmqm\i R ﬂfJ’]NL?Q@N‘VINﬂW‘J‘LL@ﬂLL@\‘i ﬁl’]Nﬂ\‘]ﬂ“Huﬂ’]ﬁ‘LL@ﬂLL@QVL'J r‘];IJ@ JUUNT

Vaan saungan1snAanilianannig (3.13) Tumanaesiaridu y

3 3
F=H e i) (3.13)

3.2.4 MSHANLAINISADR

[V
=

P v ¢ Y A = ] g = = av v
Lu@qf\nﬂﬂa%aauuu@au%’]qwLS@%IUﬂqiﬁﬂN’]ﬂﬁquf\]gﬂJﬁﬂwrlL‘Uif;J‘UW]EJ‘Uﬂ"IﬁLL"\]ﬂLL"ﬂQV]VLG]

1NNISIPAS AR UNUNITHINLIIN AN UUTIADINIIADH LIND IANTIVDIANNUTDDDUD

a

mﬂ%mmmawaua LUSQQWﬂSLUﬂWSQWaGQV}’NﬁQ MM&’]EJ%%LLG\IGLUﬂiﬂjﬁﬂHWﬁﬂEJﬂ’]‘WﬁZLI

L2

asatlazidenuuuiaethidyad (Weibull model) nszilaslunisinisuaniasvedoya

Y

N o

aranrantiuluzuvosunugl Histogram Tudnsagnsnszansivestoyatuasddnume
ANEAULUUTIABINTLANUANEDTA Lidyas waz 1sdiad 15T IEndayaaulaynIswan
uaseuivestoyalunusunsAnudnenmwdsnuatazl aun1sild vhunevienisuan
wasayaaNvansag 2 aee
1. nsuanuashigyad (Weibull Distribution)
2. MSHANUANSELAE (Reyleigh Distribution)
3.24.1 msuanuauseiad (Reyleigh distribution)
MIHINKAUVLIEEE TUNMIUANUATUUIY INSIzRBINITToNANIZAIAINILTT Al
aslnsauMILINLAAINYELTY waruuuMsuInLRsazaY Audnld m aunnsi 3.13

[
Y

nallaunsisdiadananiazimunlyt a1 k=2 lneidua1aedl probability density function
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wag cumulative distribution @1%5U Rayleigh distribution LWaulasaunisi 3.13 uay

3.14 MIUAIAU

=3 () o5 () 613
F(v) =1 — exp[— % (%)2] (3.14)

3.2.4.2 msuanuasiuuligyasd (Weibull distribution)

msuwanuashidyadidunisuanuasuuneedf wuunilieds dadussleuisiugum

Y

o

asnsnesenndnuavesadls MInszesveseaIaslngmlUaiidnuasdunuud
ludhdlathandla(Skew Function) @slaflinisnszanesuuuanns Snvazteyaruiiay
zuanslugy density function Feldlunisesurednumzluguidunsmienuivesnuisiay
Tne#l Weibull Mdunisnszatoiuy 2 wmisdiwes il Weibull asnsaldauldaseungqu
aNYAENIINITFABLUY Weibull aggnimualaenisdines 2 wisilwes As wilnes
5U34 (Shape Parameter , k) uay NSMBIANA,5¥AU (Scale Parameter | ©)
drudnwurvein1snszatgvesnImiranlugunisnssaiewuula dyadWeibull
Distribution) 1Uufleidunaumuiuuvesaiiaziu probability density function way

[

cumulative distribution @141501690

f(V)=lX((§)k'1exp{-(§)k} (3.15)

k>0,u>1A>1
Toed f(v) Ju fesddupnumuiuiuuesnisnszay

k 1w Weibulls shape parameter
A Ju Weibull’s scale parameter
v @y anudraufani
Toed fv) Wuilsddunnumuuiureanisnszans (probability density function)
WounuAMuUIaziduresnusauLAazYIe 1 m/s

HeanguAnuruLLuasay (cumulative density function) F(V) A1W284a1n
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F(V)=1-exp(-()") (3.16)

W15181M833UI9 (Shape Parameter , k)
Junsfiwesiuansdnwusnsnsyanevesau luusnaiilan k i waneitluus il
SRR AlagALDIUBEAsINIIANE e waglunsdifien k gsiavuanaimafinseiudy

AulaeA k analeus 199 udlanmua NBar UBINURILAAIAINNTNN 3.1

M990 3.1 AEROT Kk vosanTlingnge [21]

k RPILORGEY

1 aufidnlan audiwelufifidsunagu

15 AULULAWESISHIEY auiRUSIMEENTIY
2 auaULLALA NEAUS B UG
2.5 auiUTnIAEAgAR 40 B

4 GHGIGY

W1373LMR34NE,58AU(Scale Parameter , ¢)
I3 a cala U U fw @ 2 a A [ & a A a
umnsilwesnilmudniusiu daiimuads We dnyisimunieie C wilguas
dlodwnsusiaumasnini C azia1snae
MIMNISIARDS k-shape tag C-scale Tignsnoluil

1. Graphical Method

2. Standard deviation Method
3. Moment method

4. Maximum likelihood method

5. Energy pattern factor method

1. Graphical Method
Juisnsuanuasanudazanluguvesaunisidunssmiuisnis logarithmic ¥

@%‘U']EJﬂWiLL"UﬂLL"Nﬂ’NNL%’J@Nﬁ%ﬁN

F(V)=1-exp(-(¢)")



Jaguaunistui Inenis In Nsaedisvedaunis ala

In [-1n (1- F(V))] — kInV -kInC

Yi = kXi + kiInc
Yi = In[-In(1- F(V))]

Xi =InV
o N
IR f(v) = 55

F(V) = Cumulatiive f(v)

Toe9l N Ao 92wt luslurieninms?
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(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

th

{5 T T R
1

msUs=fiusn weibull parameters #1a7% Graphical method

In{ni 1-FV))H
\

y = 1.902Tx - 2.67T62

R® = 0.9808

JUT 3.6 uanasegans midunselagnis Gra

phical Method

NFUNTTNA 3.20 IENUI AIPNUTUIBINIINALAADAT Kk hazAT W151TLH8S ¢ Mbe

910 c=exp(-b/k) Tun1smman c , k 1aeas Graphical Method

2. Standard deviation Method

a1311309 109 A1AKWIN A

Tdyad msilwes k wag ¢ Ussdivanainadindeauunnsgiuvestoyany A

aunisealuil

(3.23)
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— 2Vm
c="7" (3.20)

e oy Ao AdTenuuNInIgIu

V,, A9 Aasiauage

LNBAINYNABINNTUNUI ¢ A@1X15AMILA A1NEuNTT 3.25 Il

\VA k2.6674
m

c=
0.184+0.816k2-73855

(3.25)

3. Moment method

ANIDTNMSNLIF S UUTLETUNITIAN k WAL ¢ ABISNITILUUARIAUNTILAZ@DITIND

2V

Uaald wnusNHenTuAIe Aedun1sall
My =cy[1+:] (3.25)

01 My uagM, AolauusaIsudl 1 Lag 2 MINaNns 9 3.26 A1 ¢ aENITaMILaanaunsa

1
i May(1+0)

s : (3.26)
M1y(1+7)
4. Maximum likelihood method
Fimaiveshdyadie 2 f amsomlFanaunis 3.27 uag 3.28 fil
n k n
_rZi= Vi iz In(Vi) 409
K=} w VE . ] (3.27)
1
c=[-XiL V]V (3.28)

n

5. Energy pattern factor method

7813 Energy pattern factor method (E,y) AB8MI1auseniNmasnuesauilay

[

[ av v < N R
1 \iﬂﬂumlﬂ‘ﬂ’]ﬂﬂ’]ﬁJLi’JaﬂJLQaU PNUU
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1/n ¥R, V2
pf= /—12 (3.29)
[1/n Zi=1 Vil
fatiuUszune k lanadl
k=3.957E*"° (3.30)

2 v oA

FeneNanAmMIsTWeTIEdu ¢ Wag 1Ewes Use k  dulauddyuiniiedin

q

wsdiwesaewiitiazgninldlunmsusaliunbemaiihindalaaniwiuauxdaliin Snvisdeay

! '
o IS o 1

Jusulsnddny Fadledadn o, k Tunuluauns 3.15 uaandennsesnin agvilvimsiuiians
ﬂizmaﬁwaﬁagam’mL%aml,azmmﬂwmﬂuﬁLﬁmsﬁﬂwﬁmﬁLﬁ’lﬁﬁmmuazé’qmmmw
° o o < L A4 a v
MueluuaeestoyaruiaulununauveiniAna1avesUsemalnedndiey
aa v Yy v P o & Y Ao w o & a faly v

e nlanandrssiusansdianannisileswunddguas 3 dulunsiesizinlaainnig
[ < a dy A a = a [ a [ [ =
ToAUSAULAERANITlUNUADSY WaUsZEIUANEAINANSHNARNA I UINANI NN LANT
gramualianiaaudeiunasluiunininsAnvikazilugnisuszananisnisngn
Inheiel Audunu waznsdeniwiuatlvivingaunan Jagtuladinslduuuinasams
adlpAansiazlmdgudugoninisussyniauiuniaiemdnaninnasuana sldiulu
nagUseinasauyaUsemnalng 1wy WAsP (The Wind Atlas Analysis and Application
Program) %ﬁgﬂ WwIlae - Wind - Energy  Department Tuniae9au  Riso  National
Laboratory vesuszimneauunsn gelasunisesusulunmsmmuasunusnisunsiuan Tu
Asanwasetl  azlaendu OwC Tulusunsy WAsSP  Tun1syinungniundldneninnia

wasuluNunnIANaIsveslsEwelne

3.3 1A99990aY

3.3.1 Wsa93nfifay

3undn Aisan (Wind Vane) daulvgjasiidnwazdugnasendmaluwiuuuidadudy

LY

Jeavlviiasautluianisfanioidiun lagiasesindianisauds lananni1snis
AIUNIUDINIAYDILNUNIY Lllade1nablyan ulufianiesnainuieviyuiy
o Y a o = PPN d' Y = ad oy
LAS04TALLAALTINTEINUINNAANUTIIUUNUNIIYBLATEITA LTBIINTNUNAY

@’]ﬂﬁﬂm’]ﬂﬁ’d‘ﬂ LLi\'iallQ%NﬁﬂIﬁLLWUM’NﬁHuQUH’jWLLWU“WQ%SﬁﬁﬁVHQ%UWUﬁU
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fienrsaudsdfiuiidiuerniaesiian arnndnnisdvildaiunsassyfianisanls
adesiafianisanadslmilddduniuuiuaildfndsagnisluiniostn fienisan
ielwAra i unuasulufufianisay gafidranudunmudugudnssiudie
wile Jouussdulnih vagFausadulainiivdsuniudininudiuniuiiefvly

wigiiudaya

Ul 3.7 1edosinan [22]

3.3.2 1A39999A7NISaY
SenIueilludives  (Anemometer)  UalluTnaTHUULNIUANEARDKUULKNLNTEAN
(Pressure Plate. Anemometer) Uizaﬂyﬁi% 1505w gA (Robert Hook) wol w.A 2210

v
a a

Usgnaumeusulavesdvasuiuiiiufnegiuuny wazwnull Ansgiualuwuing wiy

[
a

lavelinyusouunuldegidasy  warRmInfufiavauate  Wellawiausneiuwiulans
Umerunilaveauiulangagnszantu yufuiulaneinnuuuinatiy asTuegiiuainansawes

v ] A o =3 < ! 1% A o v Y aa (5%
au autulsnyguviaglngty - anmsade s mnainanvhlivulavgldsninediv
wyuvewsiulave Uagtuiuunfeuldiuuiniian e wuugndle (Cup Anemometer)

Usgnaumeaniiesuasmsinay 3 vise 4 Tu Anegiuiwailuiuing

JUN 3.8 wailluflmasuuuguiag [22]
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AmnufueIMAINNsERaaLALAnAauULgnde  1Humeligndenyuluseuinan
(Ul 3.8) daniigninomuazidudadiunseiunuiien aunsoswanuianldann
wiiln vieddlugardostiudin

wosinifaldianusiauuasfiamaay 3ont uelsiu (Aero vane) iumpsa
weilufimesuazasanindoiu wiesindldluia 3 lutamnuiiay Tuimyuiusnsd
furnudian  sUisenaiesdisunsonenamansiuasimadesglunndagliluia

Wy (U 2.4) asauagyimini 2 819 A venfiamaay wavyigliunuvedluiny

Whndianiay Naketilluiwesiavasau Weausaiunsastuiindeya

U 3.9 uelsiou [22]

v
A A

isesinauinamuilinanmilenufiu ievenfirniuasAinunsauesqeiifnmg
A a a | Na  a 1 < a ' £ o a

WAL INARAV9ANN 9 TdnswaRALITIas RAvNaN WU 9115 duldl wazdu 9 lny
a 3 a = A a X 9 a a v o A A Ay vo
ANz nTuiloANauNLTWRUINANATINg - Ay inTeslienldinaunas
& I S| Y | ] % [ a va o 44' o
asegluilasnaslalaagnin warAlsogaenivair1e1Ans witunujoRtuasosinaus
gninsaalilusaupugeunneeiy - ilideyansinauilaliwvansausenisiunlyly
NTAATIERATUNAN U

MyinonsSmasirmng vesaNaansavilalnensinnarsesinay (Anemometer) fiu
Ege 12 wes nSewisRnauesesiuiinuasiufeyadnlul® ( Data Logger) wazvinnsnsiain
NN 10 Wil dwgunl 3.10 uammsAnAaAIeTinAusEIuAIMEY 12 Wwes dmsumsusuiiu

Anenmmasnuadhlasimsidel uassun 311 uanueseeindningy (wind Speed) wavesau

awsudniiansan (Wind vane)
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isesinAdansuay

um @—— Arngau
- o
CELRI
/ uazfAy
[/ \
1/ * daya O

o . N\
f ‘JL AR TUB \Fj

5UM 3.10 MIAAALATOIINALTISEAUAINLIEN e 12 1IRg

¥

|

7

a & A v v < a 5 C = 2
EUVI 3.11 LATDANBINDHTUIILASVIANINAY HRSIATINUUVINYDAR

gunsnlindnaisaan ( Anemometer MisUsamilaunsiednay dnannisvinem fail

denszuaauinunUzvgluinazsyiliunumuasdsdya s uusuuliesesmuandue

Y] @ o a A v &
BFIIIDAVIVIUN IWHNVU?SU@LUU m/s

3.4 nyiuay

feuay ABLATBIININABENUTINAIUNTOSULALLUAINEIIUIAUINNNISARDUTNVDIAY

1%
o

Tdundanunald wagdmdsnunauildiieguinlasnsmsendnlundanuluih - s
o v o A o o € a o & | da e = @

Wandsiuamiadunldlsslovlisuiuinusaio dudlusaauisgadagdu Tnenis
PONLUUAMIUANABIDIAYAINNIN P IUNAFNANTUDIAURATNINTIAINTTUAIANT LURVLIFNS
9 Wialilamdany wau wardseaviangegn faiuauausauleenmuanyuznITin

Mnawnuvastuiinliilu 2 sUuuu fe


https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%88%E0%B8%B1%E0%B8%81%E0%B8%A3%E0%B8%81%E0%B8%A5
https://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%88%E0%B8%A5%E0%B8%99%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%A5%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%A5%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%81%E0%B8%A5
https://th.wikipedia.org/w/index.php?title=%E0%B8%AA%E0%B8%B9%E0%B8%9A%E0%B8%99%E0%B9%89%E0%B8%B3&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B5%E0%B8%A2%E0%B8%B4%E0%B8%9B%E0%B8%95%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%A8%E0%B8%B2%E0%B8%AA%E0%B8%95%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B4%E0%B8%A8%E0%B8%A7%E0%B8%81%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%A8%E0%B8%B2%E0%B8%AA%E0%B8%95%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/w/index.php?title=%E0%B9%83%E0%B8%9A%E0%B8%9E%E0%B8%B1%E0%B8%94&action=edit&redlink=1
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NaviuaukuILNuAY (Vertical Axis Turbine (VAWT)) feuauviinil inaunumyuues

luinagAsanniuitusu visenminiuiienenisiadeunvesauiivateguiuy Yeandnfey e

4 1 o

ansasvaulanniianie  Falusglevdegrannd msuuTiiuninisiasuiianiaudees

wsesmiialniuagsyuuifesieglnaiusiu inanvesiaiuauausaduselagnseiuiiesn
pguAwMiUssshwldde iouleu wangdwuiaaduyuu Jelde fe Aandusyeiu

(%
a ! a

whudsdianuiiiaudn vlvdalndinlsanas wenwileani arduusyansingds (Cp) vo9

4

=D

AeiuausnIAsiuauLnurgukLILeY Wenluiaaurilainansen widnauinuLsaan

A v v

auiienvan ylanteuuniign Ao faiuauwuUwAsised (Darrieus Vertical Axis Wind

Turbine) wazfaviuaukuuslnilea (Savonius Wind Turbine) faiuauluuwasiseadunssn

e

furhluindu “egebeater” gnAnAulag Georges Darrieus Tud A.AM.1931 AsiuauuuuwAs
Soamyudasanudigs ussdas  (Uisuifsufufeiuauununyuuuisauundug  mane
dwsumanannszualiilaemlunisdudumusndusesiiniesiaglunisesnsvesity
mszusednoondivasieiuauilinenn  AwiuanwuuuadiFeailuinasddumusouinan
wuis Ineussildlunampddusenmeoinenameans
Afuauuuveladeaduisiuivhnulagendensian @ussdvdammnindeiud
vhaulngendusien) vazshaugmusenasusiusstngs snzdmsuldussdnly

nsauil nslduds azuanalugun 3.12

JUN 3.12 uanaiiog 19 aiuasLUILALRY [23]
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AaviuauuuINULEaY (Horizontal Axis Turbine (HAWT)) Llufwiuauiimarluinfaiu
auvidnuaziaiosidalwihegiuuugavesian waznuiuiius i eruuiy
frmansindouiivesan maviauudadu 2 dnvag fe iaulagtuniilauuasiund
Tiau  nswyurevestiuauvwimdnaziuntndmmanlaglininds  Aviuaualngld

Wulasinnensausuiuwesliuames (servomotor) LilaTuLAAoUAs T URLI AL

LY 1 s A

fafuandulngfindosfesiierieiiuannusiseuvennaliyuiiu Welimnzauiv

'
o a [

U = LYY LY sala 4 [ LYK%
N1TYULATD ﬂ']L‘LlﬂVLW‘ﬂ'] ﬂ\‘]‘Vi‘LlﬁlliSﬂ‘ULllf’lﬁ’)@]GW]&I“U']EJIUVIENG]@’]@LUULLUUﬂ\WmaﬂJLLﬂu‘ViHu

[ %
v

WWIUeUIYAY Aeuandlugun 3.13

bl

SUN 3.13 uansdanuaeinilresiwiuausiauuiueu [23]
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annil azfign(aen) avsfign (a9n) sedfuTh
(Wn3)

N1YANY3 14.611 99.451 137.34
ALUFINT 13.806 101.218 3.06
LU 15.201 100.197 19.21
UATUNEN 14.247 101.194 9.48
uAIUsU 14.021 99.981 12.36
Unusil 13.984 100.445 4.35
UseaIupsTus 12.071 99.806 22.06
U573 14.116 101.372 17.02
WWYTYI 12.653 99.863 58.01
Y3 13.863 99.932 13.87
anys 14.902 101.024 65.73
anIuIINIg 13.691 100.872 2.39
AUNTHIATIY 13.344 99.885 3.86
AYNIAAT 13.611 100.158 4.74
GRTIe 14.043 102.231 222.44
GRAATE 14.543 100.924 20.75
GRATE 14.826 100.377 10.85
ANTIUYT 14.441 100.126 9.88
98581 14.134 100.422 3.65
RANVIN 14.494 100.462 10.13
UUNY3 13.862 100.514 8.43
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Juiinleyavedndes Data logger Lileduiinasgnauiiumes deyaauillaainndes Data
Logger azillunnuana RWD faeaud 1 fuse 1 d wavainduasgnundignssuiuns
wlaslnddulvdumana TXT anduasihludaiesdulusunsy Microsoft Excel wazyiinis

Wnswvisiely dawandlugy 7 4.26

E, "DATE", " TIME
M, "2008/01/01
D, "2008/01/01
M, "2008/01/01

"WDIR", "WSPD", "WSPD_HI", "UNITS", "CKSUM", | 0S50
00:00",CLEAR ON CCMMAND, !128

©00:01",022, 0.0, ©0.4,2,!031

00:00", POWER UP, 1143
D, "2058/08/22 09:00",131, | 0.0, S 0.4,2

D, "2058/08/22 09:10",202, /0.0, ©.0,2,!051
M, "2008/01/01", "00:00", FOWER UP, !143
M,
D

"2008/01/01","00:00", PONER UP, !143

. "2008/01/01™,"00=10",184, o 1.6,2, 1044
D, "2008/01/01","00:20",195, Tt W 5= @3 1052
D,"2008/01/01","00:30",222, 2.1, 5.7,2,1046
D, "2008/01/01", "00:40", 205, 2.4, 5.1,2,104a5
D, "2008/01/01","00:50",209, = 43%y 5. A =eaS5
D, "2008/01/01", "01:00",208, o B LA S=a¥aertos50
D,"2008/01/01","01=10",200, | ‘2.6, 5.9,2, 1048
D, "2008/01/01", "01:20",223, 2.4, \ 7.2.2,!047
D, "2008/01/01","01:30", 225, 2.3, 6€.2,2,1048
D, "2008/01/01","01:40", 223, 2.8, 6.8,2,1058
D, "2008/01/01","01:50",210, 3.0, 5.7,2,!046
D, T2008/01/01", "02:00",202, 2.7, 5.7,2,1049
D, "2008/01/01","02:10",214, 2.9, 6.3,2,1052
D, "2008/01/01","02:20",221, 3.1, 6.3,2,1043
D,"2008/01/01", "02:30"7,222, / 2.6, | 5.5,2,!051
D, "2008/01/01","02:40",214, = . a9’ 73 20" 50
D, "2008/01/01","02:50" 216, 2.6, 5.5,2,1056
D,"2008/01/01","03-00",209, 2.1, 6.2,2,1048
D, "2008/01/01", "03:10",207, ,.3.0, 5:5,2,!048
D, "2008/01/01", "03:20", 221, 2.3,  [7.8,2,1052
D, T2008/01/0%",703:30",235, 2.5, 7-2,2,!054
fﬁaai = i BN L) W T y Th i,
2 home b insert Fage Layaut Farmuias Data Reviews yimw Load Te:
i ] e || Tanoma e R o — | [ ] g | S wemr 7
| 7 Lacon i i
| b + /.:.,:,.y.,,,,mm,,i‘\n n - EE | S e - e | [ | B s
| & " r-4
=" fall Ta=onaavifadan o ovTsaa
L S | bW ElL s
1 E DATE WoIR WsFD WSPD_HT | UNITS
2 =] 1/9/2015 0:00 254 1.3 2.2 2
> o 1/e/za1s 0:10 Zar 1.3 22 2
allo 1/8/2015 a:zo 247 1.4 2.7 2
silo 1/9/2015 0:30 247 1.2 22 >
& |D 1/8/2015. 0:40 249 1.2 2 2
7 D 1/9/2015 0:50 270 0.8 1.8 2
a8 [=] 1/9/2015 1:00 270 N 1.8 2
=] =] 1/9/2015 1:10 270 0.7 1.6 2
io o 1/8/2015 1:20 270 0.8 1ls 2
11 D 1/9/2015 1:30 271 0.8 1.6 2|
iz |b 1/ 2015 140 303 ¥ > 2
1340 1/8/2015 1:50 Som 1.5 2.4 2]
130 192015 2:00 202 17 B >
WS D 1/9/2015 2:10 2932 1.4 2.2 2
is. (o 1/9/2015 2:20 287 1.2 1.8 -3
3 | D 1/8/2015 2:30 285 1.1 = 2
18 b 17972015 >:an So0 0.7 > 2
i9 DO 1/9/2015 2:50 326 1.2 1.8 2
zo0 | 1/8/z015 5:00 337 o 1lm 2
21 o 1/8/2015 3:10 337 0.z 1z 2
23 |D 1/9/2015 3:20 337 0.3 0.7 2|
23 |D 1/8/2015 3:30 335 .- 0.7 2
22 D 1/8/z015 3:a0 315 oe o £3
257D 18,2015 3:50 315 ala ale 2
26 D 1/9/2015 “4:00 2e1 0.4 1.2 2
27 D A/ 2015 a:10 247 1.3 ) 2
28 |D 1/8/2015 +:20 247 1.7 22 2
T 1/9/2015 4:30 2a7 1.6 Y B
an_ln Trarani s aan >an 4 A > > insa
e e fovnai 2015 | Al 2015 - Aee2 ~ ' wmoafniou 2015 FUITE 2015
reaay

U 4.26 uanateyanu ulas idulwdExcel
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5.1 MIWATIVTaLEANEAINNAIIUAY
mﬂ%’a;ﬂaﬁﬁ'}ﬂ’ﬁmaaﬁmlé’ﬁwmma‘lauﬁa&JIﬁJiLmsm Winsite waaiasiedt weldaunis

yandlamansnnnguiazaunsssgluond 3 Taeldlusunsudniasy MS Excel way

TWsunsy OWC Fuduilerdululusunsy WASP version 8.1 @simuilag Riso National

Laboratory,Denmark lanaawsn1s3nseiiugvueinnsiauwazns saselud

(1) ﬂ'wmmﬁaauLaé"sju,azﬁwé’aamﬁamaaﬁuﬁiwLﬁauuamwﬂﬁszﬁummqq 12

(2) nswasunlasnanansiay sedalue Tu 1 u

(3) nsiasunlasmuiiansed

(@) MIasunlasanuisiausewmou

C =

Tunsimsisideyaniuiiauasianisasihdoyanuildniaiesduiindeyaudy

A [

wladldiseusosudiduludoyaauiiuilumedalus Fslszneude 1) U ifeu Tu uas

a

= 2w o= < a < = =
naimMsiutuiin 2.) Yuinvesniiial 3.) iAnewedaniiay 5Un 5.1 fs U
5.42  dulzuansiteganszatemdeyaidaiinunuudiasthidyadvasteyaavluusias
= - Y a v I =] Y A a
IMouNTEAUAINGY 12 Was TnglsudususlAouiugtey w.a. 2558 G4 Whoudaniay w.a.

2559 9 nnsiluieszilagldlusunsy OWC (Observed Wind Climate Report,OWC)
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M157199 5.1 AdsadAuarnnsfiwesaneeesdeyaninudiavaniinay aonid Ywia

LLTUNTY

- Arudiosads mLﬁmmummgwu firmsauiade W310wes C | m3dwes k | My

o Vavg (m/s) oy 84A7(0) (m/s) (W/mZ)
n.8.-15 1.82 151 189 2 1.58 9
§.A-15 175 0.98 213 19 174 6
We-15 1.66 0.99 223 19 176 7
5.A-15 177 1.15 181 2 1.54 9
UA-16 1.86 161 198 2 1.42 10
AN-16 242 163 205 2.5 1.54 19
in-16 1.95 1.11 240 22 181 20
W.8-16 214 122 270 2.5 2.19 12
N.A-16 176 1.18 212 2 153 9
1e.-16 1.46 1.21 155 1.6 1.32 7
n.A-16 0.87 1.03 151 1 1.04 3
a4.n-16 1.11 1.08 153 12 1.16 i

INJUN 5.1-5.2 uaes13i 5.1 nanilagailasiiudianuinnanilinauaniiinay
[ [ a ' o ' R (Y = < ! oA
Jwrinazanslugszeznm 1 Udananuudiiuasiinanluwuimilelurgdiulng e
fiarsatundazifion IznUNAUTIauLALlAYTINTTAUAINEY 12 AT AANTLRIN
Wouunseuluduseunguniay lnggiseuiiedesediousgiissiu 1.8 2.2 wnsse
a o a0 A < 1Al v - =~ v @
Ui Tng AL T8 wuusNnggIuTeIANNE0gMTEAY 0.90-1.60 nssaduil Jeuanslviiu
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wautsruRouiiguiy IntumIsaNn1T (3.6) AMmasauseua1nIngnAIwInlaen
AnsdiimesszauLazaAIN T IWes U warldgnuand i uanlalunsedn 5.1 A

v &
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Q' @ 4:4' QIJ 1 o w 1 dgf d' 1 1 d" =3 1 [~ 1
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No. Interval Number Wind Pump Windmill Flow Overall
Wind of Speed | Speed Speed Rate | efficiency
speed Data set (m/s) (rpm) (rpm) (Vmin) (%)
(m/s)
1 1.5-2.0 68 1.69 3.14 7.84 5.96 5.28
2 2.0-2.5 80 2.20 4.04 10.09 7.67 3.08
3 2.5-3.0 a9 2.64 547 13.67 10.39 2.41
4 3.0-3.5 18 3.24 8.81 22.02 16.74 2.11
5 3.5-4.0 27 3.71 10.38 2595 19.72 1.65
6 4.0-4.5 22 4.19 12.26 30.65 23.29 1.35
7 4.5-5.0 14 4.65 16.74 41.85 31.81 1.34
8 5.0-5.5 6 5.25 20.39 50.96 38.73 1.14
9 55-6.0 4 5.63 23.53 58.82 44.70 1.07
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aun15971nn519lAe TS MU UANN IS EUR S 92 LA FUNITRAAIAINNEUNUS TENINIO RTINS

IvavteannuaNsanluatnisi 6.1

Q=10.005V-14.842 (6.1)

g Q Ao dnsiMsluasudngvesiwiuauauuviail

vV fa anusanlutiesinensan

Pump  Speed ( mwm%asawm%mquﬁw) iu'gﬂﬁ 6.7 ALUANIANLFUTUTTENI
aruiseurestuguintunudiendeasimaildannimaaeiainmsed 6.1 11vhng
naennsiiomanudiiiusuasanns sening mnuSasouresduh fu udian e
yhmswdenldluzuil 6.7 Aazamsamaumsauduiuslilagldaunisidunsdunism ay

I8 Tuaunsi 6.2
PS = 5.2657V-7.814 (6.2)
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WMS = 13.102V-19.248 (6.3)
Tned WMS fie Windmill Speed (A1ndrseuvesiaiy) juiltlunismaasinssil
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Overall Efficiency Tunsmuszansnmleesmtuazasnsamlalngldonsiaiu
5¥1319 Water Power fiu Wind Power @3 Water Power @ydsamlaainaunis 6.4

Water Power = masnvuangluuaamal (KW)

g TDH
— Pws T glooo Q 6.4)

44' a 1 5 3
LD Pw  AD AUNUILUUYBDIUI =1000 kg/m
a 1 2
g P Anussainlan = 9.81 m/s

TDH A9 18nv89U4 = 3 m
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Q Ap dmsInisiva

Wind Power (P) = %pAV3 (6.5)
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[ Y

e P Ao Adsauviaoun (W)
= | 3
p AP ANURLULYDIDINA (ke/ M)

V  fe enu$iau (m/s)

1% Y
(Y

A A A o a 2
A A9 WuNRINAUNAN AN (M)

FratuUsEANS NlneTINATENIOM A AINSNTNEAINTEINING @UNS 6.4 wag 6.5 Aaglallu

pwgTDHQ*103

(6.6)
ZpAV3

Overall effieciency=
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M15719% 6.2 nan1sUssIUINanhgulanndaiuanguin saufuanusiauninldves

JMIARLTNNT
Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.84 607.65 7.16 18.02
Feb 3.16 675.47 8.82 22.13
Mar 2.57 484.38 5.71 14.40
Apr 2.72 533.59 6.50 16.37
May 3.04 692.95 8.17 20.52
Jun 2.33 365.02 4.45 11.26
Jul 2.27 351.29 4.14 10.50
Aug 2.41 414.71 4.89 12.36
Sep e 468.32 5.71 14.39
Oct 2.44 425.43 5.02 12.67
Nov 242 402.63 4.91 12.40
Dec DSl 484.78 5.72 14.41
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M13197 6.3 Uannavestayauarn1saInn1saldmsuiaiuyia multi-blade

Windmill Overall
Wind speed Flow Rate Speed Efficiency

m/s L/min rem %

2.18 8.45 24.88 14.04
2.61 9.37 27.67 9.18
3.08 11.34 33.49 6.68
3.55 12.49 36.74 4.81
4.06 13.98 38.22 WL
4.53 15.06 41.62 2.59
5.06 16.27 44.48 2.01
5.51 17.41 48.27 1.68
6.02 £S5 51.65 1.39
6.51 19.66 55.03 1.16
7.01 20.79 58.41 0.99
4.51 21.92 61.79 0.85




M19197 6.4 Lansavetayauazn1sAInsaldmIuiwineda Vitka windmill

deasns1via I/min
o]
o

Windmill Overall
Wind speed Flow Rate Speed Efficiency
m/s L/min rpm %
2 5.25 16.58 234
2.5 5.45 17.51 124
3 5.61 18.42 7.3
3.5 5.81 19.34 4.8
a4 5.98 20.26 33
4.5 6.15 21.18 24
5 6.35 & 1.8
55 ol 23.02 1.3
6 6.71 23.94 1.1
6.5 6.91 24.86 0.9
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7.5 7.25 26.71 0.6
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£3 WAsP version 8.1 L. OWC Wizard - Welcome %]

E“E Member Library BEDDI’tS IEIEI|S ﬂindow HE|I3 This wizard will guide vou through the process of

building an observed wind cimate (*.tab) file for
[RE =, I LOWC Wizard

use in WhsP,
& 2 YhAsP Turbine Editor

3 Air density calculator

You can use one or mare files of raw time series
wind data to produce the new file,

The places where you need to provide
information are enclosed in white boxes,

LUkt scripts »

Import from WasP version 7 P
Yersion: 2.0.53
1999-2003, Risg Mational Laboratary, Denmark.

Options

Cancel | = Back

5UN n.3 Jumounslilusunsy 5UN n.4 Fumeunsldlusunsy

L. OWC Wizard - Provideﬁﬁction silé‘dﬂtdils‘\ \ RSN " zik;ﬂﬁ;_m_d - Append data%_‘ —E

Some basic information about the data No data sets have been prepared For inclusion in the observed wind climate,
collection site is required.

‘fou need to prepare one or mare data sets from

raw data Files For inclusion in the observed wind
Anemometer height [m] 40 7 climate,
A4 Y. Fon No data
it gl [T1d=gmal) A1QZE 7 Press the "add' button below ta prepare your
Site latitude [°] (decmal)  |7.55886 [ first data set,

Yfou can {optionally) provide a short bext description of the site in the box below,

the first data set,

Site description stp-0106

Cancel | < Gagk, | Mext = | Caneel | < Back | [iexk > |

P2
v

JUN 0.5 Tumaunslalusunsy 5UT n.6 Tuneunislilusunsy

2. avUsInguisedsgu n5 Seiiglivinnistouteyaifieatu site daguil a5 udnaiden
Add FegUit n6 udwinisiden daguit n.7 Benlntdiidesnissesuil ns udsmniuas
Usnguihsnaitenansyadoyaiiisilivinnisiden ududon Next fagudl n.9

3. pntuligldvhmatmuaneandeaisiunninddeyalngasusznaude

Header row in file vingiia ualusnvesdoya

Data elements per row v Sruaudeyalundan

Direction column %18/l ABRNUYDI AN

Speed column MuN8A3 AduLvRIAINLS AN

Aldanunsansivgeunugnaedlaenisiien View file



ik, OWC Wizard - Select raw data file

Select a file of data to use for this {1st) data set

Cancel ‘ < Back | ‘

v

Please select a data file to use

%]

Lookin: [ T14ant6 - «mckE-

IE3)0bserved wind dimate report For 'stp-owc-0106'_files
I°] Catp-0106.bxt

MyMetwork  File name; Cetp- 0106kt - Open
Places I K
Files of type: [Textties -t | Canicel

JUT n.7 Tumaun1sldlusunsy

ik. OWC Wizard - Select raw data file _

—

UM n.8 Tuneunslilusunsy

'k OWC Wizard - Explain the data structure of the file

Site Mame: 54 THING PRA
Sike Mumber: 3

Skart Time:  00:00 01/01/2006
Finish Time: 23:50 01/31/2006
Tokal Time: 31 dayis) O hour{s) O minutels)

DATE TIME Anem @ AnemB AnemC Yane & YaneB
Cther &n Other An Other An Wind Yan Wind Yan
Awerage Awerage Average Average Average
10 minut 10 minut 10 minut 10 minut 10 minut

d d

01,

jo1jz006 0000 2.3 ’ P
oLOLjz008 0010 3. Select afile of data to use for this (1st) data set
01j01j2006 00:20 2.4 ‘F:\W\nd datal 20051E:am WasP B1WasP-5TP|01-jan-064Cstp-01
014012006 00:30 1.3

Wiew file J Cancel ‘ < Back ‘ Text = 1

DATE  TIME Anem& &nemB Anem C | IFthe file contains ‘header' rows that should
Yane & Yane B ~  beignored when reading data, then indicate
Other An Other An Other An Wind | = how many such rows there are.
iy d i = Check the number of elements in a row,
" » Header rowsinfile | 13 7§ - andindicate which column contains the
i i ™| spesd data and which the direction data.
Speed Direction P
1 0 2.6 2 1.9 54.8 9.4
1} i 34 2.6 2 59,1 3.6
4 0 24 13 Data elements per row | 7 j
0 0 12 & -
i 0 15 1 Direction column 8o
. L L 7 Speed calumn 3 :IF
: : s e T | ]

Cancel ' < Back | Mext = |

Yiew file

JUN n.9 Tumsunsldlusunsy

5U7 n.10 Tupaunislalusunsy

nilsimsaiden Next fi5ufl n.10 sxUsinguihsaiieuanwuasdoyattonuun s
o Next fesuil n.11 (neudl flfaunsaususiseines Anemometer uagvane 1¢) 91ntiu
Tiden Next figuil .12 axUsnguihvialolaniveuivates Directioniay Speed T

Fon Next faguil n.13 udimuasyrngmivhaiowanssoasdenfeudeyauarnis

AIAINISILARINE TTLEBN Next AaguN .14

: M s al _a
ik. OWC Wizard - Specify which rows of the datafile touse | ik OWC Wizard - Wﬁad]ustmenls to data readings
o

—
q. Speed multipler '

Reading 'S' implies 5.00 ms-1

1

The speed and the direction readings data
can be rescaled by applying a linear
transformation.

The file cantains 4464 rows {after ignoring

any header rows you have specified), Speed offset

IF you only want to use a subset of those
rows when imporking the data pairs, then
indicate the starting and end rows in the
bioxes below,

Use the boxes ta specify any linear
transformations required.

There are 4464 data pairs in the file, e

4464 data pairs are selected,

Calmthreshald | 0 -1
I ms = Direction offset I 0 r
Yfou can also specify a calm threshold, Direction multinlier I 1
Transformed readings with values below —a e r

First reading I 1
Last reading I 464

this threshold will be changed to zera,

Discretisation... |

Reading 10’ implies 107

Preview | Cancel | < Back

Preview | Cancel | < Back

SUN N.12 TURDUNIS IULUSHATY

u

5UN n.11 Tupsunislelusunsy
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ik, OWC Wizard - Define speed limits

4. OWC Wizard - Review the data

‘fou can specify a window of legitimate values for speed and direction by setting upper and
lowser limits, Any values outside these limits will be omitted from the data set.

A
Direction upper imit | 380 [~

Direction lower limit I

V\f\'." A

The highest transformed direction value was 35867,

ENE
[0 T

Speed upper limit

Speed lower limit

8 " ] p—"

The highest transformed speed value was 255.9 ms-1,

Next> ==

< Back

Preview | Cancel |

4464 data pairs were selected,

0 data lay outside the legitimate speed window,

0 data lay outside the legitimate directions window,

0 data pairs were rejected in botal,

4464 data pairs were accepted into the data set,

The accepted speeds ranged from 0,80 to 13,90 ms-1,
The accepted directions ranged from 07 to 3507,

0 readings were treated as calms,

The data have been processed into a new data set, and are ready ko be imported,
This is the last chance to make changes to this data set before it is imported,

Click 'Back' ko make changes to the data set, or click Next'if you have finished,

< Back

Preview ‘ Cancel |

5UT n.13 Funaunsldlusunsy

“'I.

1 data set has been prepared From raw data files For inclusion in the observed wind dimate,

i OWC Wizard - Append data files

Data sef 1: 4464 data pairs ‘fou can prepare another data set from a raw data
file, which will be appended ko the data sets
dlready prepared, To dothis, press the ‘add'

button below,

“When you have finished adding raw data files,
press the Mext’ butkon ko continue,

In total, 4464 wind readings used,

Mazimum speed: 13,90 ms-1
Minimum speed: 0,80 ms-1
Mazdmum direckion: 3507
WMinimum direction: 07

anather data set.

Caneel ‘ < Back. J Next = J

SUN N.15 FURDUNIS b LUSHATY

Y

k. OWC Wizard - Finished

5UN n.14 Fupsunislalusinsy

F ~— e i 4
Please provide a nama for the OWE file £
I e [T T = «=@®crmE-
| J _‘li.;b;w"uu"wuumel.e repAt for SpEe-0I08 fies
I = T sto-owc0700 tas
! Recent
| Desking
|
| My Docurents
My Corrgulai
.
. - — L =
Mup:-lar;ml File name: sin-gann106 | A
L S -
| Sevdartod | [Ukdcumat E Canerd |

5U# n.16 Tumeunisldlusunsy

I e

HMJL'\.M-

The wizard has finished.

Mean speed From data: 1,55 ms-1
Mean speed from derived Weibull: 1,64 ms-1
Percentage discrepancys 5.33%

Mean power density from data: 5,46 Wn-2
Mean power density from derived Weibull; 5,77 Wm-2
Percentage discrepancys 5. 73%

Note that Weibull-derived values may differ slighthe From
those shown in the report and subsequent calculations,

Repaort:

Click the ‘Finish' buttan bo exit.

TR

‘ < Back

5UN n.17 Tupeunsldlusunsy

dvaeniuazsinguisaielvgldvinsiiuyadeyalagmnsesnis Widen Add vn

Lidesnsliden Next dagui n.15 ndsanuuligldidenlasnnesndesnisnulnduagss

= s @ S g va o A ) ] a a Y] o v
Folnld ndsanuuliden Save AsgUN n.16 waantuLanITgazdenNeiu A1w1ee T

\fen Finish faguil n.17
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5. quansiiaszi OWC lalagvinnsnlwddigldlavinllaglud File > New workspace
dlovhn5 9 New workspace Tin1seanan7l Untitled Wasp workspace L@on Insert
from file > Observed wind climate 3l n.18 ndsmifuazusnguiedls 4léviinas
Fonlud owc filsaialiudaidon Open dsgud n.19 Wogldvinsdalndazusing
vihsailelvEBuduindeanisliians ddesnisiden OK flsifeanisiden Cancel 3Uf

.20 NTANILLARINE OWC

|ﬂ Untitled - WASP version 8.1 [ PR Rt § OBseTeea wing Crie e ) > |
Flle Member Reports Tooks Window Help =T N e i
e e [ | ? observed vared dimate report For 'sto-te-106_files
& ﬁ H Ig & D _.J (5] st 085, ket

Workspace hierarch 1 maant ) Cbameved wind dinate report for ‘shp-gwe D108 i
rkspace hierarchy t
: > L i
2 nied W worksps [ oo
Eee D I M sp-ovec-Dt Rt

InsertW/ - S @ WihsP project Pt
r (A

= {23 Wind atlas E Vigictimerts, |

Library v - it Ohstarle group i 9
b Roughness tose k 5‘}! |
E Library folders ] J ‘ % ]
|- Sample files {11 Fle S T Yectar map 1 ‘g o
#-(3]Wind burbine gener  “olapse tree to project evel E: Wind turbine generator | ' J

. . ] f
Refresh entl_re h\erarcﬁy (_anE assocwatlu_ns)_ Site Jocations : mw T | F——rTy = i m:l
3| Shaw praperties for 'Untited — Filerck type: T = Concel |
4 .8 g T ——— N :
U .18 Junaumslalusinsy JUN .19 Tunaunisldlusunsy

Fle Member o Reports Took Window Help

sREy s EaaE

w_ork?pateh\erarchy Jve " y
S Em 3 E dwind climate
s‘Unt\t\ed‘ WhsP workspace Ohg C F m

& ‘sho-exam-010 Observed wind chets stpe0108
Data from 40 metres a.q.), Latituds: 7,56, Longitude: 100.43

g < : Sector: Al
X me.2ms
ibrary
aubrary fldrs P 1%8 Wim?

(2] Sample s (11 fles)
(2] Wind turbine generators (73 Fles)

0 ulmjs] 1400

v
Y

5UM n.20 Gupeunslalusingy
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AMANUIN A

f208191UN15IATIZIWIAT WI5IEMBS ¢ wag k 1nadsn1s Graphical Method

nsAnAuainaudeyaangs 12 was 9niiuau laeviinisasiaiadeya lawn Anusiax
wagnn 10 winikasvinswdsdusetaludduseu 1 ey d1wiu 744 9alue Tiaasizin

Lanuiiauadglusouiiou 2.A1 k-shape wag c-scale #2835 Graphical Method

A15199 A.1 I1uuTluslugIAIuLE)

Velocity = hour

0-1 12
1-2 57
4% 83
3-4 115
4-5 96
35 110
6-7 93
7-8 100
8-9 41
9-10 51
10-11 9
11-12 6

12-13 6

13-14 1

14-15 0

15-16 0

sum 744
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1.anustauedsluseuiou

[

Method of bin aun1suiAuiiiaunaslusauaumIaInaunIseal

_ VyN;+Vy Ny ..V Ny
T Ni+Np+--Np

Vin (A-1)

A15197 A.2 Saudludluganusiguiuanawesbin aglaidu product

Velocity ~ mid hour  product

0-1 0.5 12 6
1-2 1.5 57 85.5
2-3 2.5 83 207.5
34 3.5 115 402.5
4-5 a.5 96 432
5-6 5.5 110 605
6-7 6.5 93 604.5
7-8 I 100 750
8-9 8.5 41 348.5
9-10 9.5 51 142.55
10-11 10.5 9 94.5
-2 11.5 6 69
12-13 12.5 6 75
13-14 L3% 1 13.5
14-15 14.5 0 0
15-16 155 0 0
sum 744 3836

_ 3836
T 744

AatuInauns a - 1 agla V., =5.15m/s



M157199 2.3 Laner1A T Sunudilus Aeudasduldyad Aaudazay

Velocity
0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9

9-10
10-11
11-12
12-13
13-14
14-15
15-16

sum

mid
0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
93

10.5

11.5
125
135
14.5
15.5

hour
12
57
83
115
96
110
93
100
a1
51

AN O O

744

product
6
85.5
207.5
402.5
432
605
604.5
750
348.5
142.55
94.5
69
75
13.5

3836

f(v)
0.016
0.077
0.112
0.155
0.129
0.148
0.125
0.134
0.055

0.02
0.012
0.008
0.008
0.001

0
0
1

F(v)
0.016
0.093
0.204
0.359
0.488
0.636
0.761
0.895

0.95

0.97
0.983
0.991
0.999
0.999

9.34

168

Tvinnissnen fv) wae F(v) anaunis 3.21 wag 3.22 aglanankanalilunisg

7 7.3 MNUUNINITIIAT Xi A Yi 00aUN15 Xi =In(v) kag Yi = InCIn(1-F(v)) 9glanannsna

7 a4
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Xi Yi
Velocity | mid hour | product |  f(v) F(v) In(-In(1- XN2 XiYi
In(v) F(v)

0-1 0.5 12 6 0.016 0.016 -0.693 -4.127 0.48 2.855
1-2 1.5 57 85.5 0.077 0.093 0.405 -2.327 0.164 -0.945
2-3 2.5 83 207.5 0.112 0.204 0.916 -1.478 0.84 -1.353
3-4 3.5 115 402.5 0.155 0.359 1.253 -0.81 1.569 -1.016
4-5 4.5 96 432 0.129 0.488 1.504 -0.401 2.262 -0.604
5-6 5.5 110 605 0.148 0.636 1.705 0.011 2.906 0.017
6-7 6.5 93 604.5 0.125 0.761 1.872 0.359 3.504 0.67
7-8 7.5 100 750 0.134 0.895 2.015 0.813 4.06 1.639
8-9 8.5 41 348.5 0.055 0.95 2.14 1.097 4.58 2.352
9-10 9.5 51 142.55 0.02 0.97 2.251 1.255 5.068 2.834
10-11 10.5 9 94.5 0.012 0.983 2.351 1.405 5.529 3.287
11-12 11.5 6 69 0.008 0.991 2.442 1.55 5.965 3.762
12-13 12.5 6 5 0.008 0.999 2.526 11933 6.379 4.771
13-14 13.5 1 13.5 0.001 0.999 2.603 1.933 6.774 5.03
14-15 14.5 0 0 0

15-16 15.5 0 0 0

sum 744 3836 1 9.34 23.29 1.21 50.08 23.3

wazdloldmuusasundainmsunuluaunis @-2) way @-3)
k = Ny, XiVi—Xi Xi Xieq Vi (A-2)
nz?=1xi2_(z1i1=1xi)2
n 2\yn n n
¢ = exp[— 2= izlyi_nizﬁigﬁjllé &1 (A-3)

nyL, XYY

o
bl®

i=14i

Yi = In[-In(1-F(V))]

Xi = InV

azloan k uaz A1 C 10U 1.877 wag 5.04 m/s $IuaeU
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AMANUIN N.

f19819N151ANANIULS IR AYLAZNITAITNANIANLA AL

NMIMAIANSIaNRae Mean Wind Speed

fegaty Mnnsesvinteyatuaniinaufinianuin Steyarnusiaudwioluil aom

AmuSauaslneIsn1saifau

A15199 9.1 LAAIAT AU IAULAT I UIUTA T

Bin of Wind Speeds (m/s) No. of Hour.
021 5
=12 19
2-3 82
.l 144
4-5 175
5-6 144
6-7 86
7-8 41
8-9 24
9-10 14
10-12 7
12-14 3
Total 744

35 91 970 @unisi 3.1

v ViN; + V,N, .... VN,
™ Ny4+ Ny, +--.N,

~ I < a 1 PN [y

eV, Ao M15au0dunaontiealingain
V, Ao anuiiaufisiunisiananswes BIN range m/s
N,, A9 99Ut l953Tu974 Bin range |, h

JUADUITAVIINITIE AIUANTIN 9.2
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A15197 9.2 LEAR9SIYAZLDYAAINAINUBY bin

Bin of Wind Speeds (m/s) (1)/(2) Mid-point (2)%(3)
(1) No. of Hour. (3) (m/s) product
0-1 5 0.5 2.5
1-2 19 1.5 28.5
2-3 82 2.5 205
3-4 144 3.5 504
4-5 175 4.5 787.52
5-6 144 5.5 792
6 #7 86 6.5 559
7-8 41 7.5 307.5
8-9 24 8.5 204
9-10 14 9.5 133
10-12 7 11 7
12-14 3 13 39
Total 744 3639

NNA39 91 9.2 WarhdeyalUunuluaunisy 3.1 agla

> —3639—489
m S T m/s

a 6 a o Y alll 14
ﬂ’]i’JLﬂi’]%%ﬂ’]ﬁLL’ﬂ]ﬂLL%QWQWWQ@MﬁWNWiGWWI@@Qu Iﬂﬂisﬁﬂllﬂ'ﬁ 3.2

_ WDiN;+WD,yNy++-WDy Ny

WD,,
Ni+Np+.Np

We WD, @p iAn1auedsnasndlanaifingiain,eee
WD, A9 AFNNaNTFILAAINa19UDY Bins range, 091

N,  fo 91unudaluesulutag Bins range | h
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A15199 4.3 LARNIS1YALLDYAAINANVBINANIS

Span mid No of hour product
0-30 15 13 195
30-60 a5 12 540
60-90 75 22 1650
90-120 105 12 1260
120-150 135 37 4995
150-180 165 30 4950
180-210 195 37 7215
210-240 225 49 11025
240-270 255 49 12495
270-300 285 116 33060
300-330 315 87 27405
330-360 345 280 96600
Total - 744 201390

Mnugeyanasuwiluaunis agle

WDgpg =

201390
744

= 270.68 NANLIUNA
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A Study Potential Wind Energy for Pumping in Agricultural Areas in The 21 Provinces
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ABSTRACT

The objective of this research was to study the wind potential in agncultural in the 21 provinces
of central Thailand. Kanchanaburi, Nonthaburi, Chachoengsaco, ChailNat, NakhonMayok, NakhonPathom,
SamutSakheon, SamutPrakan, SamutSongkhram, LopBuri, Ratchaburi, Phetchaburi, Prachuapkhirikhan,
PrachinBun, Sakaeo, Saraburi, SingBuri, AngThong, Ayutthaya, SuphanBuri, PathumThani. Wind speed
velocity by installation wind measure tower. This research used value wind average speed and wind
direction at height level 12 m above ground level. using all information collected 12 months since
September 2015 up to August 2016. The data displayed in form of a graphs and tables to compare the
area of wind measure stations with the highest wind speed to show that the region contained high energy.
It was found that from 21 provinces, the average max wind speed(3.2 m/s) and power(27 Wa‘mz) province

was and could be Samut Prakan applied to a low speed pumpimg(2-8m/s).
Keywords: Wind energy, The average wind spesd maximum, Pumping windmill

*Corresponding author; e-mail addrezz: Bluegold789@hotmail.com
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T ddundunaunuld Wundsunduiinsrefwasfan lnsanszduninlassfiiaafuaula
=i . 5 = 2 - o= - | P = - =
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waadndundumainatadeailuinds fesdqtiet 1994 (Smulders,1986) wax (Smulders and de
. —
Jongh,1994) ltinwusaanudsmneaminisdnwasiuanlunasguinnsiauiuasie Ussuda uazil
Y i wf " ] H
Anan maInTge (Mohsen and Akash, 1998) ‘ldan=iagudulillfaesmsldwsssusuianisguiin
=i ' = ' 3 =i i o o & & =i
lusdiessiaeg raalszimAs susunan AN WU EI AR AT usann iz lamildunnnga
X o4 ¥\ 4 A/ g - -
11 wun e i lunrgunmlszimaseuaud (Al-Suleimani and Rao, 2000) léinasaseaaulszansnm
: E ¥ g BPANL \ . =Y (RTH | -
N19%11971UT84ATRIR1NIN TIAR132aNALAN A1 AL Laz Buaanianldsefen GiauiuanFuaun
B = 4 B o e %" o [ a o 3 ﬂ. 1]
sanwuulaadnasseaslldaurrmimdnuainlilumsguinuiaalddnaia dwiunuminglna
B\ & ; , >y .
ludrzmalaurudainfnensaunaiuaze 4 laasq9 i aana (Bouzidi, 201 1)m1aaqunirldnineans
1 o B
wasiuan valiluntsaminluniinia Adrar 289lssnauessiFe (Algeria) wudnszuuguindoe
" =i e w = & i e - I I &
waseuau anuarn i ldRsdumatiauararinlszude Mawaudiuszutunisguindoalaanflaad
(Hammad,1995; Harries, 2002) dlaLaLNAMUATITaanLUL fAmAgaLn aauny uaztlszauntralaas
. : Yy _ ... w Y. X 4 ;
n13EARTaY BHEL (Bharat Heavy Electricals Ltd) lunamiuniasiuas amsunisguiinlununauumn
, . o
wialna el s TemsfluwanZnn (Bragg and Schmidt, 1979) vinauadsnisiuraunisidantiugu
H o = T = . . = ! B o o =i
Muazfaiusuneldlunisauin dredeysvesanudiay auildgnnceniluguiiuaziaiusuna
ngadmiunslzgnsldau

- = - 5 E
11 F\anuulﬁ\ru’] LAUANAanITANE A ﬂﬂﬂﬂﬂﬂﬁdmuﬁuiﬂﬂuﬁwﬂ FITLIHE R FUE-] Lﬂ‘tfﬁﬁ'ﬂ?"?] [ﬁﬂﬂﬂ"lﬁ'

=4 =i

v .
auiuldimeninineasluiee 21 Samdanianatsrasdsomalng ldundsnda nnauy? uunys

El

]

= a = Sl o g = =i =4 =i
BILTILNTT BEUIN WATUIEN Llﬁ]?ﬂﬁﬂhl ‘]J‘I'j&.lﬁ'ﬂu drzaaumzdus ﬂ?wuyi PATTYT 31T any3

u ] ]

I = oa oo = . 2 g
ﬂlal'ﬂ?ﬂ?’lﬂ’l? AHYNTRIATIL AYNTATAT ATTUNT ATTUT SI1LT AWITTOLLYT YUSLUT 2198 tﬂﬂi‘ﬂﬂﬂmﬂﬂ
= e W ow =i = e = = e ¥ e = =i ar
ﬂ‘mmﬁ'ﬂﬁnw:ﬂ‘LﬂQ‘mLF‘l?ﬂdna'mﬁ':’mti":l.m:ﬂﬁﬂﬁdﬂuﬂ[FIﬂHdﬁ_lul.ﬁﬁ‘mﬂ‘muL?‘mnm‘:ﬂuw:‘mqa 12
e - B . o a = =
mrﬂﬂuwuﬁﬂﬂﬂuwiu‘mu 12 Laﬂu LTUA-ILA l:ﬁ'ﬂ‘u TILENEW 2558 Qumﬁﬂu A11AN 2559 9987

= = z - . - T y ¥ . e
nnsAnEIeTsideyatessiniuasuaasivivinlunisisseiviusuguiniuadrazeg lunsnnlwuns

523



176

$52
snsmlngnssuAaziuazidansIumans msdszgumndamssesinenduineasatand AR 55

= = = o e £ =y P G RSt 4 ° a ¥
m’mmanwmm:aunmmmhwmmu‘lamunﬁmm?'lﬂ DINTAAFITNUURNFUUIRZUINIAAFIUAT
& e ' o ar -3 -l = ° yd‘ = - =
ﬂﬁﬂﬁu%&l"tu’)‘lﬂiuﬂUﬂﬁﬂﬂﬂllﬂ TNVUAIULTIRUANRCATUNTOLTUNIIUY 'la'nm'mmau 2 WA UM
P R a o ‘e o P = & 4
mmummwuqzmn’m.l?:uuuﬂnﬂmwmwumuuumamuua:mﬁmﬂauLaaﬂ‘lummn'mnﬁm

auaan 1-3 15lu 21 Sawdananansesszmalne

« B
aUnsaluazignis
ANIRANITRNNAMNGY 12 WAT UrznaufiaiaTasinansiFiasuarAnNe TAANIaN Az
° o o o =i o & g a' = o e A’ Yo G 9 = o ’
nsdadeyanniuiuastiunndayaadenng 10w lumiddeiumalddiudeyatdie WindLog
o e . 2 - d c\ﬂll esis ' ﬂl
223138 RainWise 2891lsrmaswsna sednsaliifugdnsainiinar liunsnnuazeanuuuuine

a alP X % a o =i ot o~ o
qu?mqiuﬂq?lﬂﬂﬂ!ﬂn\i“uﬂﬂﬂ')ﬂ Q'm;.rﬂ'n 1 Q:uaﬂiﬂ.ﬂﬂ?mﬂﬂ'ﬁ']ﬂﬁﬂﬂn'\ﬂ'ﬂﬂQﬂN

Figure 1 Dataloger and Wind measurement equipment

- z ar
ASARANANIAANNLEIAN
t ¥
luntstfindayaniniiirautuasian1sAARIEaNTaAMNTIAUIUIAAINGITRILAT T 2LRT
¥ ] ¥ v
310U 21 G0NS LI 21487 BAZADNUARRNLATEIIAAMNITIaNLA I ANNazRRssar IndiLunanin

J i o e ° . o 3 1 ' i oo
wazEinunindimainess Nnasmirenadasnlunuiusaranuinldlunuideazan!dlu Table 1

525



177

L
mstsrpumifmsnamineiuarasatass afd 55 sranlrenssumaniuariAnesuAART

Table 1 Show location of the wind measurement stations

Sea level
Station Latitude (degree) longitude (degree)
(M)
Kanchanaburi 14611 99.451 13734
Chachoengsao 13.806 101.218 3.06
Chai Mat 15.201 100.197 19.21
NakhonMNayok 14.247 101.194 948
MNakhonPathom 14.021 99.981 12.36
Pathum Thani 13.684 100.445 435
Prachuapkhirikhan 12071 99 806 22.06
Prachin Buri 14.116 101.372 17.02
Phetchalburi 12.653 99.863 58.01
Ratchaburi 13.863 99.922 13.87
Lop Buri 14.902 101.024 65.73
Samut Prakan 13.691 100.872 2.39
Samut Songkhram 13.344 99 885 386
Samut Sakhon 13.611 100.158 474
Sakaeo 14.043 102.231 22244
Saraburi 14.543 100.924 20.75
Sing Bun 14.826 100.377 10.85
Supanburi 14441 100.126 988
Ayutthaya 14.134 100.422 365
Ang Thong 14.494 100462 10.13
MNonthaburi 13.862 100.514 843
Jsmsiiudaya
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Figure 2 The analysis of average speed and wind direction at Samutprakan station
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Figure 3 Monthly variation of wind speeds of the year for selected stations

Table 2 Show the average wind speed and average wind power density and Direction of 21 stations
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Period 1 year

stations
Average wind speed Wind power density Direction
PrachuapKhirikKhan 21 mis 11 Wim® MNW
Phetchaburi 22mis 12 Wim® N
SamutSongkhram 26 mis 18 W/m® SE
SamutSakhon 19m/s 8 Wim’ N
Chachoengsao 2.1 mis 10 Wim'® N
Chai Nat 2.1mis 9 wim’ N
NakhonNayok 11 mis 6 Wm’ N
Pathum Thani 29mis 25 Wim® N
Prachin Buri 1.4 m/s 5 Wim® MNE
Ratchabun 24 mis 12 Wim® SE
Laop Buri 2.0m/'s 8 WWim® N
Samut Prakan 32 mis 27 W/m’® S
Sakaeo 1.5 mfs 5 Wim® NE
Supanburi 2.0 m/s 7 Wim® SW
Saraburi 1.7 mis 7 Wim® sSW
MNeonthaburn 21 mis 9 Wim’ NS
MakhonPathom 22 m/s 11 Wim® N
Ayutthaya 2.4 mis 12 Wim® N
Ang Thong 23mis 17 Wim® N
Sing Burni 27 m's 16 W/m" MW
Kanchanaburi 21 mfs 10 Wim® SW
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nan1sUszanaUsIIMlinguldanfviuasguiuuugudn

M157199 2.1 wan1sUsznaUsnanauldandaiuaugulinuuguin saufuaanmsiani

Talvosdsnianssunsesoyse

Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.37 395.64 4.66 11.80
Feb 2.45 391.32 5.11 12.90
Mar 2.91 634.89 7.49 18.82
Apr 3.34 802.99 9.78 24.53
May 3.37 843.33 9.94 24.93
Jun 3.36 809.52 9.86 24.73
Jul 3.05 697.69 8.23 20.66
Aug 3.34 830.11 9.79 24.54
Sep 2.72 534.19 6.51 16.38
Oct 2.55 477.28 5.63 14.19
Nov 2.48 431.67 5.26 13.28
Dec 2.37 397.92 4.69 11.86
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M15719% 2.2 wan1sUszInaUsInahnguldanfaiuaugulLuugudn saufuausaui

Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.67 530.12 6.25 15.74
Feb 2.45 388.13 5.07 12.80
Mar 2.82 597.11 7.04 17.71
Apr 3.26 768.41 9.36 23.48
May 2.96 657.58 7.75 19.48
Jun 2.80 569.46 6.94 17.45
Jul 241 411.89 4.86 12.27
Aug 2.37 396.62 4.68 11.83
Sep 2.42 402.71 4.91 12.40
Oct 2.38 400.01 4.72 11.92
Nov 2.16 294.18 3.58 9.11
Dec 2.61 500.95 5.91 14.89
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M157199 2.3 wan1susznaUsInanguldandaiuauguluugudn safuausaui

TalvesTmindwius

Wind Capacity Pump Windmill
Speed (m) Speed Speed
Month

(m/s) (rpm) (rpm)
Jan 3.01 682.99 8.05 20.22
Feb 3.14 667.85 8.72 21.88
Mar 3.10 720.11 8.49 21.31
Apr 3.48 860.99 10.49 26.29
May 3.20 765.66 9.03 22.65
Jun 2.89 607.02 7.40 18.59
Jul 2.66 525.78 6.20 15.61
Aug 2.64 516.98 6.10 15.35
Sep 2.50 440.66 5.37 13.55
Oct 2.60 496.48 5.85 14.75
Nov 2.85 591.72 7.21 18.13
Dec 2.88 622.43 7.34 18.45
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A15°9% .4 kan1sUszInaUsIaNauldnndeiuanaulkuugutn saufuausIaNi

Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.87 618.23 7.29 18.32
Feb 3.03 622.67 8.13 20.41
Mar 2.59 495.46 5.84 14.72
Apr 2.78 560.90 6.83 17.19
May FofeE 565.40 6.67 16.77
Jun 2.62 489.37 5.96 15.02
Jul 2.39 406.40 4.79 12.11
Aug 2.73 556.20 6.56 16.50
Sep 2.40 395.41 4.82 12.17
Oct 2.41 415.96 4.90 12.39
Nov 2.96 636.37 7.75 19.48
Dec 2.90 631.86 7.45 18.72
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A1519% 2.5 kan1sUszInaUsInaNauldndaiuanaulkuugutn saufuausIaui

Talpuosdawninunusnil

Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.68 535.83 6.32 15.91
Feb 2.48 403.66 5.27 13.30
Mar 3.25 788.89 9.30 23.33
Apr 3.712 966.58 11.78 29.49
May 3.44 874.64 10.31 25.85
Jun 3.43 842.28 10.26 25.72
Jul 3.06 703.00 8.29 20.81
Aug 2.93 643.87 7.59 19.08
Sep 2.76 553.69 6.75 16.97
Oct 2.29 361.02 4.26 10.78
Nov 2.33 365.93 4.46 11.28
Dec 2.41 413.64 4.88 12.32
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Talvesdminn1aauys

Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.96 660.75 7.79 19.57
Feb 3.22 700.36 9.14 22.94
Mar 3.08 714.62 8.43 21.15
Apr 3.25 765.43 9.33 23.39
May 3.14 738.20 8.70 21.85
Jun 2.87 601.23 7.32 18.42
Jul 3.09 716.00 8.44 21.20
Aug 3.41 862.00 10.16 25.48
Sep 2.20 307.93 3.75 9.52
Oct 2.17 308.10 3.63 9.23
Nov 2.39 392.08 4.78 12.08
Dec 2.22 329.63 3.89 9.86
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Tlavesdaninuasusy

Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.64 515.87 6.08 15.32
Feb 2.51 416.04 5.43 13.70
Mar 2.64 517.07 6.10 15.36
Apr 2.76 553.04 6.74 16.96
May 2.58 487.95 5.75 14.50
Jun 2.39 392.73 4.78 12.10
Jul 2.33 378.09 4.46 11.28
Aug 2.60 497.78 5.87 14.79
Sep 2.46 422.08 5.14 12.98
Oct 2.69 540.43 6.37 16.04
Nov 2.73 538.34 6.56 16.51




8.39IAUUNYT

189

M15719% 2.8 Nan1sUszInaUsInatigulanniaiuauguinwuugudn sauduanmsaud
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.54 471.88 5.56 14.03
Feb 2.32 337.46 4.41 11.15
Mar 2.64 516.54 6.09 15.34
Apr 2.95 633.86 7.72 19.41
May 2.98 668.39 7.88 19.80
Jun 2.82 577.67 7.04 17.70
Jul 2.60 498.67 5.88 14.82
Aug 2.82 596.93 7.04 17.70
Sep 2.62 491.23 5.98 15.08
Oct 2.27 352.98 4.16 10.55
Nov 2.40 BOSHH 4.81 12.17
Dec 2.74 561.20 6.62 16.65
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.78 579.07 6.83 17.18
Feb 2.71 494.79 6.46 16.26
Mar 291 638.47 7.53 18.92
Apr 3.16 726.61 8.85 22.22
May 2.91 635.34 7.49 18.83
Jun 23 538.78 6.56 16.52
Jul 2.71 546.02 6.44 16.21
Aug 2.96 659.90 7.78 19.55
Sep 2.75 545.26 6.64 16.72
Oct 2.50 453.56 5.35 13.50
Nov 2.49 434.61 5.29 13.36
Dec 2.61 503.14 5.93 14.95
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.40 409.35 4.83 12.20
Feb 2.50 408.86 5.34 13.47
Mar 2.46 438.29 5.17 13.05
Apr 2.61 485.14 5.91 14.90
May Fombr2 467.41 Ee51 13.90
Jun 2.43 409.11 4.98 12.59
Jul 2.20 322.20 3.80 9.64
Aug 2.18 309.75 3.65 9.28
Sep 2.10 266.05 3.24 8.25
Oct 2.03 245.88 2.90 7.40
Nov 2.27 339.05 4.13 10.47
Dec 2.18 310.56 3.66 9.30




11. JMINRLLTIUNTI

192

A15°9% .11 mamsUszanaUsinafauldandaiuauauiinuugudn sauiuanusa

Mo lAveIdaninasiBunsn

Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.84 607.65 7.16 18.02
Feb 3.16 675.47 8.82 22.13
Mar 2.57 484.38 571 14.40
Apr 2.12 533.59 6.50 16.37
May 3.04 692.95 8.17 20.52
Jun 239, 365.02 4.45 11.26
Jul 2.27 351.29 4.14 10.50
Aug 2.41 414.71 4.89 12.36
Sep 2.57 468.32 Dl 14.39
Oct 2.44 425.43 5.02 12.67
Nov 2.42 402.63 491 12.40
Dec 2.57 484.78 By & 14.41
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Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.39 404.88 4.77 12.07
Feb 2.19 284.54 3.71 9.43
Mar 2.35 386.08 4.55 11.52
Apr 2.66 508.09 6.19 15.59
May 2.67 530.29 6.25 15.75
Jun 2.46 422.34 5.15 12.99
Jul 2.28 355.75 4.19 10.63
Aug 2.55 474.38 5.59 14.11
Sep 2.34 369.52 4.50 11.39
Oct 2.24 336.91 3.97 10.07
Nov 2.32 363.60 4.43 11.21
Dec 2.21 326.41 3.85 9.77
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.42 417.83 4.93 12.45
Feb 2.98 603.30 7.88 19.79
Mar 2.35 386.48 4.56 11.53
Apr 2.48 431.89 5.26 13.28
May 2.49 447.31 5.27 13.31
Jun 233 365.02 4.45 11.26
Jul 2.27 351.73 4.15 10.51
Aug 2.41 415.02 4.89 12.37
Sep 2.36 378.86 4.62 11.67
Oct 2.27 350.75 4.14 10.48
Nov 2.38 385.34 4.69 11.87
Dec 2.58 490.46 5.78 14.58
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Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.86 613.41 7.23 18.19
Feb 3.08 645.82 8.43 21.17
Mar 2.66 527.35 6.22 15.66
Apr 2.82 577.24 7.03 17.69
May 2.68 533.46 6.29 15.84
Jun 2.61 484.89 5.91 14.89
Jul 2.35 388.71 4.58 11.59
Aug 2.50 452.49 5.33 13.46
Sep 2.10 265.61 3.24 8.24
Oct 2.15 295.77 3.49 8.87
Nov 2.66 507.66 6.18 15.58
Dec 2.65 518.77 6.12 15.41
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Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 3.13 735.38 8.67 21.76
Feb 3.26 718.35 9.38 23.52
Mar 3.33 826.54 9.74 24.44
Apr 3.19 736.30 8.97 22.51
May 3.67 ora. 77 11.49 28.79
Jun 3.55 891.46 10.86 27.21
Jul 3.32 822.03 9.69 24.31
Aug 3.60 944.67 11.14 27.90
Sep 3.31 789.03 9.61 24.11
Oct 2.69 536.86 6.33 15.94
Nov 2.65 503.89 6.14 15.47
Dec 2.78 580.72 6.85 17.23
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 2.36 392.38 4.63 11.70
Feb 2.64 466.55 6.09 15.34
Mar 2.39 406.58 4.79 12.12
Apr 2.54 456.65 5.56 14.03
May FombrO) 494.21 5.83 14.69
Jun 2.67 511.98 6.24 15.71
Jul 2.27 353.07 4.16 10.55
Aug 2.46 435.70 5.14 12.97
Sep 2.32 361.05 4.40 11.13
Oct 2.29 360.22 4.25 10.76
Nov 2.24 326.13 3.97 10.08
Dec 2.32 371.83 4.38 11.10
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 3.48 891.26 10.51 26.34
Feb 3.22 700.52 9.14 22.94
Mar 2.42 418.28 4.93 12.46
Apr 2.54 456.65 5.56 14.03
May 2.49 447.76 5.28 13.33
Jun 2.26 333.90 4.07 10.31
Jul 2.12 284.70 3.36 8.54
Aug 2.27 350.84 4.14 10.48
Sep 2.47 428.13 oy 13.17
Oct 2.26 346.82 4.09 10.36
Nov 2.41 398.74 4.86 12.28
Dec 2.29 360.22 4.25 10.76
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 3.35 833.64 9.83 24.65
Feb 3.18 684.39 8.93 22.42
Mar 3.40 854.19 10.07 25.25
Apr 3.07 686.20 8.36 20.99
May 3.06 705.86 8.32 20.90
Jun 2.718 559.95 6.82 17.16
Jul 2.63 511.18 6.03 15.19
Aug 2.96 660.35 7.79 19.56
Sep 2.49 434.18 5.29 13.35
Oct 2.38 401.31 4.73 11.96
Nov 2.43 408.25 4.97 12.57
Dec 2.68 532.17 6.27 15.80
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 291 635.34 7.49 18.83
Feb 2.83 543.20 7.09 17.83
Mar 3.06 703.67 8.30 20.83
Apr 2.95 635.59 7.74 19.46
May Pl 551.37 6.50 16.37
Jun 2.85 590.64 7.20 18.09
Jul 2.73 554.77 6.54 16.46
Aug 2.96 659.46 7.78 19.54
Sep 2.78 560.39 6.83 17.18
Oct 2.46 435.70 5.14 12.97
Nov 2.23 321.37 3.92 9.93
Dec 2.37 395.77 4.67 11.80
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Wind Capacity Pump Windmill
Month Speed (m’) Speed Speed
(m/s) (rpm) (rpm)
Jan 3.47 886.34 10.45 26.19
Feb 3.04 627.83 8.20 20.58
Mar 3.45 877.41 10.34 25.93
Apr 3.94 1,061.24 12.93 32.36
May 3.42 864.01 10.19 25.54
Jun 2.82 578.11 7.04 17.71
Jul 2.70 542.40 6.39 16.10
Aug 3.20 766.65 9.04 22.68
Sep 2.75 545.26 6.64 16.72
Oct 2.39 403.10 4.75 12.02
Nov 2.38 388.32 4.73 11.96
Dec 2.62 508.50 6.00 15.11
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Wind Capacity Pump Windmill
Month Speed (m) Speed Speed
(m/s) (rpm) (rpm)
Jan 2,77 574.60 6.77 17.05
Feb 2.50 411.28 5.37 13.55
Mar 3.16 748.78 8.83 22.16
Apr 3.38 819.72 9.99 25.04
May 3.07 707.25 8.34 20.94
Jun 2.56 465.30 5.67 14.30
Jul 2.53 466.52 5.50 13.88
Aug 2.53 467.41 5.51 13.90
Sep 2.56 465.30 5.67 14.30
Oct 2.38 400.42 4.72 11.94
Nov 2.25 slew) G 4.05 10.27
Dec 2.65 520.47 6.14 15.46
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