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_ Abstract
()

Calculation of wind turbines for electricity generation is mainly used to rigid which will not
calculate the deformation. But in reality, the blade is bent, twisting from the wind that hits and
the production of electric power requires the thought of deformation of the blade. This research
focuses on studying the deformation of wind turbine blade. With the properties of sandwich
composites, 33.25 meters (WindPact 1.5 MW) of the blade were simulated with computational fluid
dynamics (CFD) to study the energy produced. Analysis by interaction between fluid and structure
to study the deformation from the impact of wind considering that the wind speed is 8-24 meters
per second compare the efficiency of the blade from one-way (FSI) calculations. Calculate the
electrical energy from fluid dynamics (CFD) using the blade shape as designed. The deformation
is not calculated. Then the pressure data was sent to the surface of the blade to be calculated
using the finite element method (FEA) to blade the deformation of the blade. And Two-Way FSI
began to calculate the deformation of the blade by finite element method (FEA) and then deformed
the shape and calculated it with fluid dynamics (CFD) to find electrical energy Then produced in
the second round, sent the pressure data to the blade surface to calculate the deformation by the
finite element method (FEA) again and then the deformation of the shape from the calculation
cycle Two come to find electrical power as well. The fluid (CFD) calculations a loop until the
moment coefficient convergence. Therefore stop calculating. The study found that the windpact
type 1.5 MW blade is the energy produced by one-way calculations. With the two-way model, the
results were not significantly different and therefore change to the blade by reduce the modulus:
E,. E, value of the material 3 times the wind speed of 12 meters per second. Calculation of the
energy produced in two-way 1.54 megawatts and one-way 1.45 megawatts, which are two-way,
is more than one-way, accounting for 6.2 percent and wind speed 16 meters per second. The
calculation of the energy produced by in two-way 1.57 megawatts and one-way 1.64 megawatts,
which is one-way, is more than two-way, accounting for 4.27 percent. A structure that is deformed

during the work to come to think with and corresponds to the research that has been published.
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NUIRBAYNNNTENede [1] lavinluiae
AAUANLUIUDY BUIA 5 LNLIRe TIANED
63 WAT AIIZRIYTLTBUIBNNTULFUAUS
senineveelnanazlaseasne (Fluid-Structure
Interaction) Gl,%wamam‘ima\ﬂwa@qﬁmam
(computation fluid dynamics) wiseu 2 Uszian
ADUUUNNLAYA (One-Way FSI) hazuuyUaneNIg
(Two-Way FSI) meldnnsznssufivszsnasnann
ANNSAN 11.4 wasAauni fiansanies 1 Tue
TsvimswSsufsunauuumeLias (One-Way FSI)
WATUDUEDNY (Two-Way FSI) AUAUGHR
(Maximum Pressure) waznsideguiilategegn
(Maximum tip deflection) VaNMUUEDININHAN
7.7 WAT UWATHUUNINLALD 6.9 AT WI1EAT
ARNZALUDFRTNRIMIRE LA uInlng
LAZNECNUAINAR IS uUUaRNN9TFN 53.6 WAz Tns
UAZWUUNINLALD 51.7 wndng

NWARbapefivinnseede (2] Tevinlude
A UANLUIUBUIUNA 1.5 WAziRs AiTANNE7
33.25 AT AAIuceseilaudsnsufduius
senineweelnanazlaseasne (Fluid-Structure

Interaction) msié'fmizmiuﬁﬂimmmmm

ANNLSIAN 8-24 LUASADIUNT WAL Ne

1 Tife Tevihnsiesesinmsdeguiivansgege

U

%
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(Maximum tip deflection) Anduiiannusiay
12 Wa3AeUT UazANNIATEAESER (Maximum
stress) \Antuu3nsasdenszninawnuluin
Auialuiausnadeauluine
am“mﬂmmmmaﬂﬁﬁﬁﬁ
1) Aenginsdelvesluiaieiuay
BIBUfduuSsenInswaelnauazlaTeasng

2) Wisufsudszandanuesluie
TaansFunieIsUfauiusszninewesina
wazlATENWULMLFET (One-Way FSI) Ay

WUDEARYNN (Two-Way FSI)

2. aﬂmmua..'aﬁms i&@

2.1 gunsal

2.1.1 Tosunsuils

Tuuadeil 6 denl338ansufduius
seninevaslnanazlneaieuuUanwn (Two-Way
FSI) 1835 msufduiusszninesaslnauaslnseaie
oy aneynesalus Twawddedls lsunsu Ansys
Wuzenuaslumssfiunis wWesanadusenuas
f1pesunsaupeis M fduius senang
yoslnauazlazeasne ildlinsadsdoyaliszming
CFD uaz FEA agnanavian deazld lsunsugos
299 Ansys %931 Ansys Fluent n13Fuaa
warnansvaamaBeruiuuasld Ansys Static
Structure TumseuanlnludoAmud

2.1.2 doyalunaieiuay

TuenAded I§iFenluiafsiuaysin
WindPACT 1.5 MW uazdsdedoyasuinluie

ANUINYVDY [3] LLamﬁUﬂ@ﬂUW’mImJ [2] &9
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Taganugvasiuia 33.25 w3 legndransiiu
iultsunsudpunuy 3 TR Tnadayaunuenne
g Tunsaansluiadsnedy 3 ofa Aszany
Tuanusvesluie Tdwa 929bAu (Inboard)
T unupnazin S818, %enany (Mid-span)
1B unuanesin $825 wazdaetang (Outboard)
Tunuanmeania $826 lapdayaruin fumnus
wazyudaTDIuNUDINA Famnsefl 1 duunu
luwmuuuy box beam Tudnwauzansidunu

WUATY WARSASIUT 4

a9l 1 yudeavesluiaudaznou

Airfoil | Span (m) st Chord
(degree) (m)
Root 1.75-2.45 - 1.9
S818 7.3 11.1 2.59
S818 9.51 10.41 2.74
S818 11.73 8.38 2.58
S818 13.95 6.35 241
S818 16.16 4.33 2.25
5825 18.38 2.85 2.08
5825 20.6 2.22 1.92
5825 22.81 1.58 1.75
5825 25.03 0.95 1.59
5825 27.25 0.53 1.43
5825 29.46 0.38 1.28
5826 31.68 0.23 1.13
5826 33.25 0 1.05

5826 35 -0.5 0.875

Wie Span (m) WUYINTZYLANUAINNYIR
299lUWA Chord (m) Wu1FIAINUAFTI9DDS
wnu M AlULAazdumNANNETRlURALAS
Twist wunpfsyudaveunuanaluusazaiy
AUANNLNIVDIUIT LaneFaguil 1 yufind
299luUA (blade pitch angle) ﬁasguﬁ'agji:wm
WAW Chord line AuwAuSNede Tusauuy fixe
pitch lwasukdasanunnusian druluin
WUy direct pitch WAULUASANHNAULSIAN
femn3eil 2 wanedesUT 2 wazAnTanuuIe
AU LLamﬁ\agﬂ‘ﬁ' 3 UarANINeil 3-6

AT 2 UAASFN LAY NANT 167

ypsnlaulidansluie
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CDB340 fabric
Balsa

C0B340 L fabric

Gel coat

Random mat

CDB340 fabric

Balsa

CDB340 fabric

-/-‘
o

__f{/

Gel coat
Random mat
CDB340 fabric

Spar cap mixture

CDB340 | fabric

Gel coat
— Random mat
CDB340 fabric

€0B340 fabric

2l 3 M33eTeeEl TaaTluie

Trailing edge

85% . 100%

AT 4 WAANFILKLNANTIN RN UTUNR

A9 2 u39ad 8-24 LWATHRIUNT

A3 4 AnENTRUReTHR

wind speed | Rotor rotational | Blade pitch
[m/s] speed [rpm] angle [deg.]
8 15 2.6
12 20.5 7.4
16 20.5 16
20 20.5 22
24 20.5 26.7
asedl 3 anamunvesianaeulndadileulusin
Layer Material Thickness[mm]
1 Gel coat 0.51
2 Random mat 0.38
3 triaxial fabric 0.89
4 Spar cap mixture 15.0
5 triaxial fabric 0.89

Material = & B Viy p 3
(GPa) | (GPa) | (GPa) (kg/m°)
Gel coat | 3.44 | 3.44 1.38 | 03 1230
Random | 9.65 9.65 386 | 03 1670
mat
CDB340 | 24.2 | 897 | 497 | 039 | 1700
triaxial
fabric
Balsa 207 | 207 | 0.14 | 0.22 144
Sparcap | 27.1 8.35 47 037 | 1700
mixture

a3edl 5 AnumnaesTagiunulusie

Layer Material Thickness [mm]
1 triaxial fabric 0.89
2 Balsa 1.0%c
3 triaxial fabric 0.89
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A13197 6 AR TagADNlNARTIS LR

Layer Material Thickness
[mm]
1 Gel coat 0.51
2 Random mat 0.38
3 triaxial fabric 0.89
il
0%-15%c Balsa 0.5%c
15%-50%c | Spar cap mixture 8.3,6.5%c
50%-85%c Balsa 1.0%c
5 triaxial fabric 0.89

2.2 35013

2.2.1 mswndamesdsasuiauius
sennerelnanaslaTeasemesanstnety
2 38 loun

1) ﬂ’]ﬁﬁﬁé’uﬂ’uﬁ‘izmﬁwaﬂmLLaz
TATIHIUDNLFE? (One-Way FSI) Wuns
1NANTEATIUNNNANTBNNAM NS UT LAan
msfuamarmaniasina InlElunsiaz
Taseadneiug Wsenaufiey dunaneisas s
matsudgedayansidaglvedlaseasieuaoss
ndulfuwmmaransesiva uaneisguUn 5

AWA 5 wUUNNFY (One-Way FSI)

2) miﬁﬁé’uﬁuﬁ‘i:mﬁwaﬂwaLLa:
1A MUVEDINNG (Two-Way FSIT) sunsti
doyansidpguaeslaseainefivsuygeudazgn
el AU IZNTIMNNARTETINIANTEUAIN
mafwInmamansuasiva withnauindneei
Tasvasefun Wuguindulundvan msdegues
Tnseadnedildazgnusulseg Boss audgauna

wanese3U 6

AR 6 WUDEDNNS (Two-Way FSI)

222 dnwuzaaIwnisinantele
apanfin Ap steady state flow #AanAsina
ypsasivailbifusgduan waz transient flow
Aonilnaveswesinaidustfunan dauriay
58 Tuas (Reynold number) wfusnfiuani
dnwaznsmavesuaslnafinnudas uaeslina
QzsuEBUSEANSaRUUEIN nnslranuy
J1U38Y (Laminar Flow) Lﬁamwﬁammﬁu
nslnaazbidussdoy suuuvesnsinad
Funinisinawuuiluiou (Turbulence Flow)
IansnsasuIAanisd luas igannaunsi 1

_ pVD

Re = (1)
W
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ANALSIATIAE m/s
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©

ANUNNLUUYDITReMA kg/m3

o)}

o urugudnanemaluvie m

T O o <
o))}
©

fa Anuniinveeweelna kg/m.s
223 nsuitlymiafivanieninyg

gnioswasnamanivaslvaiBefiuis (CFD)

Ao Y+ anfluenfenunnvestudainszninsluie

Aulaauidueni lidindy waneseaunsi 2

h
v =P (2)
U
Wa o A ANNRUILULYBNRINNA
U, A ANNEUTIANUVDIDINA
AD  ANNGUNTVDITUTARN
w  Aa ANnunianadn
224 ﬁa@ﬂauiwam (Composite
Materials)

o

esanlusddeddunisinaei
Tassadreneluspeduinieiuaufivhaindan
roulndnuuusadou Faduiagiinainasun
YanAulndALNWDNY (Lamina Composite)
Afinnsiasuusesiedulafissedivuiudu
(Unidirectional, UD) ﬁﬂﬁﬁamamﬁﬁmﬁﬂmmu
pp3lsn3ella (Orthotropic) Apdlnasantf

WANFNAUIUANEAY X, Y BaT Z wadtnusay

' [

wruIngauiuauiiulaseadefiidaenis Fens

a [

YFUuNLE

q

wrupsluwdazty aunsavilinuandfaes

o

anmAaulndndanuunnsneiuls Wy asusy

ulglunsdouiuassiagnoulndn

nada Anukdenssiiodudiudsznavaifgy

Tuszansannaasluia

2.3 waransuaelnaiBefnuqa (CFD)

uAteildvuevedawudy 1 Tu 3
YOINTINIZUDN IAPAUINA NN IIRYUUDUANIAT
299 3 luWe Fansandise 1 TuWe 120 o
UNALAIUNNENTSFT 120 W Wneannluwaly
MNANUALN 90 AT druneeandsAf 240 wng
wWisannluRa i uRae 350 wns wanedsg
i 7 devannnsivazesduiniaiuaudedifnas
weiluadge Fadunvunsinafiliduszibey
Sonnslnasuudutiu (Turbulence Model)
Wasanfaseninasudvluiaduludneas
Wty fevhnnsdenld SST k-Omega [4] Whaz
Fuszninefirluiaiulawuinualds 20 Tu
fifn5nske 1.35 Swstuusn 0.000009 A3
Waldin Y+ fiuszana 1 sauq fnluiaendiuueii
mseglszana 1 Fadurifdmsumsinai
Tuiia [4] wamesieuil 10 maaamsBelszney
TU@upamusnTefunUUNTIantn (tetrahedral
element) 4 A (node) LLamﬁNgﬂﬁ' 8 vns
Ysurliazidundatiuielinavewmadaiinang
ienseunnBeduain 2,625,178 wduus iy
3,967,399 1adlud lumsfnwiden 2,625,178
WRLUG sz dduiue A ldunnhuly
WINZHANULANAINANNNUIULDALLUAGER 5
wasidud uaneiegud 9 Tumsiuwmuuuanas
Tavinnsutelou (dynamic mesh) saflaridu
system coupling Lﬁadﬂﬁagamslﬁagmmﬁﬂu
FEA fU CFD wadinmstaasindludiues (system
coupling zone) NAATATIANTEeTRyan1sId
wanesegUf 11 nasuiluananldsuamain
P, = QT dlo P, Aendenuvosluin Q fo
Ansvyuseuvesluin T Aermesaadluin
N AerUszandannuasszuuduindau 0.925 (3]
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" Blade

A G 7 marnuaSeuluuulay

“

AN 8 LeAluANTIRLYDalaLIY

Rotor torque (n-m)

400,000
350,000
300,000
250,000
200,000
150,000
100,000

50,000

2,625,178 1o@uIuA
0

0 1 2 3 4

Elements Number (x10°)

amdl 9 magdnuemesadle finealus

7 ale-01
7570-01
7178-01
6 77a-01

6 37e-01
5 a7e-01
§ S8e-01
5 18a-01
4 Taa-01
4 38e-01
3.98¢-01
3 88
31801
27901
2300-01
1.99e-01
1.59e-01
1 1%e-01
7 97e-02
3 G8e-02
0.00e+00

AT 10 Blade Y+

Al 11 mMautsloy system coupling

AN 12 DF LU LNUDNRS LR

)

deformation(m

1.45
1.4
135

50,961 LOALIUA

20,238 10ALIuA

13
1.25

1.2
1.15
11

Elements Number  (x10%)

awdl 13 magunuesnisidesydiofineawud

2.4 wpysnasemelnludiodiuug

Asadelszaaulufiuadi
FUNULNG (plate element) TVI9AMADNEUWN
wazsulivuoy 4 9 (node) waRSASFUA 12
nsususliaziBundstuiieldnaans
fiaufleenseunndedy a1n 20,238 103U
du 50,961 wAuA lumsAnwsden 20,238
WALUA sz Eauue AU ldunnuAuly
INZTANURANFIRINAUIULDRLUUA IR
0.28 Wosifus dmsumsidesy waniegUd 13
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MTIATA AR AN innsEn
Alaulalvvsy viansldrmusenmos useliueae
wazyinsldlnanfiduiasnainvesiva (fluid)
sapuluin NMT3AzAly FEA uanadesui 14

i 14 uaneReulusne vuluia

3. WanNINAaRNUazIaTal @

3.1 naAansvaelnadeiuln (CFD)

U7 156 n3wlwansnsiSouifivy
WA A IAuMLUIaFigie LIN
ApuAdTeflddnede [2] Audusllsunsy
Ansys 138U fduNussznInevnglnauas
1AS9ESUULMSLFED (One-Way FSI) a7u FAST
An lUsunsuFuamarmanivasinaiiimunlag
NWTC Viaﬁuaguima NREL [5] a2 PRESENT
Aonuilaqiudivin nsAnwdaelisunsy Ansys
138U fdususszninevosinanazlaseaine
WUUNN9LAEY (One-Way FSI) 9nAdnuL3Iay
fianndsnuiingald IndiFsetuuandaliifiy 19
wasidud aneu 38 [1] Aenusagedn 24 wns
AeAud dnnuuanseiuannign 18.8 wesifus
Tl lufiemadieaiuivewids (1] 307 16
arwuansIWSsuifisondenuiildanmseua
WULMNLRERADLUUEDINY Fidnuaaldndsau
Tiuansresiumnaznmadmuuupuanmednig
Fegudes fepnsnedl 9

Generator power (MW)

2.5

2 //
15 { ~2
1

0.5

—@— PRESENT —@—LIN FAST

0 10 20 30

Wind speed (m/s)

AT 15 Nasuiinaalduasluie
PUIR 1.5 WAL

Generator power (MW) Present

2.5

2 A
15

1
0.5

. —@— 1way 2way

0 10 20 30

Wind speed (m/s)

AT 16 WA uiinanldvasluie
PR 1.5 WNZIRE

NN IFIUN3§LI1ve9 CFD
NSARUAAIASANY (Residual values)
AAeANEnIgiinaei 6 A1 Femdny
foLiing (continuity), AISIIURUIBAY X,
ALTINNULILAY Y, ANIEWNLLILAY 2,
wasunstnasuuilutau (turbulent kinetic
energy k), Towumn (the specific dissipation
rate ) MuruAlNFILsTiAAnd1 104 [4]
wadlUsunssaznyansiwIal aziieudag
fuasinly HansiuInazilasuLlaiaeann

>
a v oA o

Wi lAtsifaneFwIMsn lauAsy 1,500 50U
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AANANNG N RUUNNLHEY (One-Way FSI)
LLaﬂ\‘iﬁ\‘igﬁﬁ 17 wazkyyuanan g (Two-Way FSI)
Asual#Efinnssnans 30 Ase Aseaz 20 sau
AnAsdsazgidn uanesssUn 18

-VEIOC]
Omedaa

—ReRay
72:\%18%\

3 A\
L
19-06 - ) e
16-07 - \\\
s e =

200 400 600 a00 1000 1200 1400 1600
lterations

AR 17 ANASANNBUDNNNLRYT

1e+00
|
1e-01

1e-02 4|

1e-03

wod S b
NI
MU ML

0 100 200 300 400 500 500
Iterations

1e-056

le-06

18-07

le-08

AN 18 ANANANNUDEBNNNY

N3aY3NEORIINIS IRaTENIN
anubiaugavpenandgns avsdaania
1 wWoesBudvesandiianiiganinulawy (4]
famseil 7 Befwanuuumaiisadnandgns
0.00145238 Alansustauil Asvdu 9.9x107
Wosidusdaadlawy Inlet 147,358.84 Alansu
AipduNT wazuuuapemeinandans 0.02090172
Alansudodundl Aadu 1.42x107 wWasidud
woslaLiu Inlet 147,358.84 Alansusiadunil

AN3NN 7 ANMUANR AN ammaa\'ﬂu 120

Mass Flow Rate (kg/s)
Sub-Domain
One-Way FSI Two-Way FSI
Inlet 147,358.84 147,358.84
Inlet-top 443313.65 443313.65
Outlet -590,672.49 -590,672.51
Net -0.00145238 -0.02090172

dudszandluinudsouununyu (Moment
coefficients : Cm)
FudszAns luaud o ununyuAD A
vevanfadszansamnmsnyuaesluin Iy
Burunandgud Toanyats Wefiuseay
wihdenzluiaFumyuwiinldnsmgreusniinany
Tiuduau Afiviandusadsdosiiniagudn
AMIANWIAMIGENUUUMALAED (One-Way FSI)
LA BUDEADINY (Two-Way FSI) LLamﬁﬂgUﬁ' 19
Fawafi ldfinnalndidssiuainn iosanifinns

Fogudey fepnsnedl 9

Moment coefficients

0.03
0.025
0.02
0.015
0.01
0.005
o |
-0.005 @
-0.01
-0.015

200 400 600
Iterations

— 1Way 2Way

2NN 19 FUUTZENS LUUARUDNNLRE?

WA HUUADININ
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N9 3P U B UNI Uy 19D eAY
maususfiansluiafisnuanld feansei 8
nnana T iilnddseiy wanssldiiy 17
wesduddmiunsdesUlunuideildsnede
fiernui5ay 24 wassedund fnsainandug
pgafindanadslitianUSouiiisy wanznadue
fienladiAset a91efl 9 %Ratio ApdRTEIM
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Deformation (m)
V(m/s) Lin Present %Error
8 1.28 1.42 11.49
12 1.83 1.95 598
16 1.02 1.22 16.59
20 0.45 0.42 5.33
24 0.05 0.38 87.14
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Deformation (m)
\Y 1Way 2Way
%Ratio %Ratio
(m/s) FSl FSI
8 1.42 4.07 1.43 4.1
12 1.95 557 1.95 559
16 1.22 3.5 1.2 3.42
20 0.42 1.21 0.42 1.20
24 0.38 1.08 0.39 1.11
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