AWWA-WNA oo F o leuis A€ 0,93 AY'AY 3133 ()30 Suilko (Swdie dlxo

93 ele aslinle

=
K - g :".
30 SWllo (cwiigo s
mme.modares.ac.ir ‘;7*/ = 2

SO g Sy (S9) 3 S Aw SH g 4V ki

¥ Yoo - #Y (e . . \ .« s .
b L gy Ol yaa s sas Tl (Slegs (S 0 uly B (e

$13a] e dated oKy o bigee 035215 KMo puwio 095 eyl owli) gomeisls —)
$1sa] e dated oKl g bigeo 035l (SlKn (oie 09,5 esluctils —¥

gl oo dated olKils iz 03K13 (SlKo (i 09,5 il —F

$1sa] e dated olKils o bigee 0352l (KMo puie 09,5 eidy] oli)S smeiils —F
bnmorteza@scu.ac.ir SYYOVFYYYY iwy Godio ojlonls

ERRE Al Ol
GBS )5 rp )90 (m s JSB 4 0 59y ¢ e 31 €5 098 5 (b g slaon 9y 2 Sie @Y bz o ol )3 N

] e el 0 gl it S 85 55 5 b pbaSl ol sl csdn dus potiags LS5 g (g0 4 c¥3le i) il VAT by Y7 il 2

c i p . WY U Yt sl
omdn)S ez 5y 3 OB 2 by g i Ole agly 5 A gl U w0y Gloll potiege ()95 g Awld (ups iyl ealitl

WAY Cudgd) VY ol 5o &)

9 ol ool Comd 4 ialis bli g J,S5] slacueS (o5 0y o (sly odal Cund 4 &Yoo (o338 o b ¢y il 005l oI5l 1l

(OIS  Capw Cand Jole dus oS amd o LS uls Wlosds asuie (Swibely jidle g Gl blE g9 p Hhe (wiin slbaasuio
4 Soop anbcalil it ol Subly o Gislie Glyice bl JymS b g 5yige Liulis sl sgms ;3 ¢ lad Cusdge 5 (6 kate Cons

&L oy
S 4 (550 Y

S g i) 4 o35 Py > pogad & s | Job e 5l 1) (Sl cudd il b cos s 4 4y, ko ke
B o 0 (Sealipdgpl calpd Sl izmen 5 Sabie (P Gigs & 550 4Y s st holl pgiege
=]

3D analysis of the boundary layer on wind turbine blades

Hossein Hafizi-Rad!, Morteza Behbahani-Nejad*2, Seyed Saied Bahrainian3, Pouya Tabibi4

1- Master of Science Student, Department of Mechanical Engineering, Faculty of Engineering, Shahid Chamran University of Ahvaz, Iran
2- Associate Professor, Department of Mechanical Engineering, Faculty of Engineering, Shahid Chamran University of Ahvaz, Iran

3- Associate Professor, Department of Mechanical Engineering, Faculty of Engineering, Shahid Chamran University of Ahvaz, Iran

4- Master of Science Student, Department of Mechanical Engineering, Faculty of Engineering, Shahid Chamran University of Ahvaz, Iran
*P.0.B. 6135743337 Ahvaz, bnmorteza@scu.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper
Received 17 August 2013
Accepted 23 October 2013
Available Online 17May 2014

In this paper, three-dimensional boundary layer flows on wind turbine blades as well as
separation event have been studied. At first, boundary layer and three-dimensional momentum
integral equations were obtained for incompressible flow considering rotation effects. Next, the
effects of pitch angle and the angle between the flow direction and rotation vector on the coriolis

terms were applied using geometry factor definition and Blade Element Momentum (BEM)
theory. Then, the integral parameters and effective geometry factors on separation positions and
stall structure were investigated for a rotating blade. The obtained results show that rotational
ratio, aspect ratio and radial position are three basic parameters for separation occurrence and
separation and stall can be delayed via controlling them. Moreover, the results show that the area
near the root is strongly influenced by rotational effects. In addition, it is concluded that the
centrifugal pumping due to rotation decreases the boundary layer thickness and delays
separation especially in the near root region and increases the blade aerodynamic coefficients.

Keywords:

Wind Turbine

3D Boundary Layer

Flow Separation

Blade Element Momentum (BEM)
Rotational Effect.

Ol A8 e ot Bly jlade 3l eST Ty le g 00y .\.J)ISL; S ilelg dordo —

Sl wsdise ol (Sailely (oldl Gisas 4 ploie b el a5 onyay 0975 ;0 (6L Jlows Comal Gl slag s Gl At 380 Swmiia

@ aluly Gl3 eelais a5 o senl coge sl ouy w0l ey b
e Sy a5l g et e (St lp g 00 (Sailel
e 5l Sl anin (b aig) po Sl (Saibely jUs, ol
6oL Gy e alS g 5315 g Cel ol dmiie (28ls

poege (5555 | ol o SLlSe (sliz Koo 5 58135 ojlail (b
. ) )

8l 9o sla e o Sles a5 2k sl om0 oy Ll

Slyz slp dais, cpl 5l eolarul b sl s 4y b g g0 eolaiul

Llyd o wgyst opl bl ojls 0,08 @i b (95 (oo Bl 0dnr

2- Stall-Delay

Please cite this article using:

1- Blade Element Momentum (BEM)

s o3liseol 133 € jle 31 Wi cpl 4 glonyl sl

H. Hafizi-Rad, M. Behbahani-Nejad, S.S. Bahrainian, P. Tabibi, 3D analysis of the boundary layer on wind turbine blades, Modares Mechanical Engineering,'Vol. 14, Ne-3, pp.

119-128, 2014 (In Persian)


www.sid.ir

Ve 9 3) Ghuds s

3L 095 BB 3 890 2 533w S e A3V Julxi

5 Sl oyl Olaize oKws (XYZ) Claise olliws coul oal
Slugly ey b g 00 5 > Slaiee oKiws ((x),2) Slai olKiws
Lol By 0 il Slaitee 4 Cos 2

Ok lp pyiiege 5 (Kiwgn SYolae 0l > 6 p3eSTH 2R L
Slaize oKiws A Caond Q 6‘*.’.5‘). [ L L;oLg Oy LSL‘M)'Z. ‘_J?
IAl OS¢ dlgs (V) 5 (V) alasly S5 4y give)

V=0 o)
v _p YP
Dt p p 9

lilial Slasis olSiws § 2 o sl cYoles ol 5l oolinal (sl
el oy axly 1 sy Sl F () alal, s casl o ool
St 0l olKws 53 39790 Slagy S a3l 25 5 el (slag s
oy il 2L e A S B, oK Glaysly ey S
oS i g walss pdTQ%r b ol dT Sles Gl a3y 5550 5l 50,5
G S ES > oz Slatie dfis 5 TV Cepe o bo)d SO
ol 7 8o gyl 45 Q oy 09 anlss 20dTQV L s edssS
0 5 F o syl 20,00 - 2090 |y 1y Gedsn,S s ol
ojlal doles ez solod dwd 1 g O gz j0 &S oy S @
St S50 Aslas 93 4 S (5SS a0 L @ sl o &S >
s o oo doles 50 ply 0 @ Gl 4o 5 > ol Wslee 51 J Y]
oy Glp O LY Luly) ) shre @Y SVl sl aialys po el ons

el oady ool 2 0 So S5 Ll 5 nAeSTS by~
V.0V, . Vyov, B @ . v,0v,

or rod r 0z

o p[
por p| az* )
v,.0vg . Vevg Vv v,0vg v 0
or roo r 0z
2
6[) +£6 Vo
prod p oz% o)
®) aaly IS @ an o 0s g8 @Yol ol 5l 6 SN 1 s
iloas oolaiul pgiiege JIRSE ¥olas 1o (i les cpl .l oals (i ya5

=rQ* - 2v,0Q

Qr c
Ro=—,Is=—
U, r *)
VA i
y aJ .
g ey PV
O35 alais Ta
s St
Y
0
b e
e -~ -
Le -
St
Ta
= X

ul>).> Olattuw olfiws wlses! 0973 \ ‘S.w"

2 6l g OSles e Gmbn 4 B Gl b gl
s Suilely Sl

g0 oShes S cgeop (595 2 Ol Ul el (uizmes
218 0l STogdice @3k gt s Oy el coge Caled o
S5l 4 o g pledily gl JpuST oS ok 4 myes sbeen )
olaz 0oy gy p enlpln b ge il Aoy Ve sgas ool adgs
3L Slaimyg it 9 5SS (b o el Jolpe 5 So ol
el

695 JSKh & gam 90 2l b ol Sglis 5 sz (550 Y () 2
b oolad plwl VAF0 Jlo po V] caSiadons Lawgs b ol sl e los
A dzgie (B e S e 4Y 55y 2 G dw slagiles] el
ORI Bk 4 i3 2 jemme Caens 4 I8 2 e ile (53, 2 T
Sy b 0 Sn sl cupeasdlys ol rzes WS by
el Sl S o 5 Lol

2 695 2 o0 Y som dw Dol [YIVAAF JLo 55 (s j5ms
338 Dygo il et g S ey Jae S Sl eslitul L ek
99 Slo cn i ailen ol lawgi snsl Cavs 4 Gislas Coxlge 090 >
Sl glds condliz Hlgs 8 edel s 4 T o Lol g g0
bl gam 93 slp e b ook

2o dw ach by o [Y] VAT L e il S g Jaul
el Sy el L Ll ol @l g3 b g ) S sy b
Slos 5 999 035,85 Bdo> (650 aY SYolas 5l ) OMaz 51 (S e golal
o 0] Yoo Jlo o egs )5 g oS yials o [F] Your Jlu o
& Gl wiBloy 0Bz slon 50 Y s, 2 Sz Sl
SYolro ouds ool JSo closges oolaiwl 0gz Julow o Sl ¢ Jiul
Ie] s las 35 s Laulas (Soo3 50 a¥olre opl ol 6550 Y

oy oolaiwl (63,0 Y SYole el 0al gxw ol Luegh o
Sz g il andls S 5 Jrol Vol @ S 1) 65 el S0
omzmed 55 5 0 el sl B go o] wg o5 1) 6,8 L5b
wmio S 4 barpe o Sebe 5 Jrl oS tals Lawgi oot oslinul L)
P oS Sosm ke o)lolly JSb Sl Lyl 5o g el eSS
9 IS8 @ a9 bipdgn S slag i (gl (nl o el oats s 5 L
G sl SVolae (g 5l e ilons Jlasl c¥oleo 4o gl sl
e Jo g patiege SISl c¥olae 3yl Cass a5 Bz oy
5B ale e sl G & 5jp0 Y JLKE! GlacaeS (Yol
SCeeS 9y » oled Cotbae 5 julp; dSue (S S g Slpss
el 00 (o iz Soadge g IS

O oy Siyw 4V Yol -Y

290 OYolas « Suo) 5 sz Slaise laolSiiws iy i b o iz ol jo
Sles,d 5l eolatwl b s sl oo 511l > 0 SO (gl S gl
iloads all gam aw JSi 4 (650 Y SYoles (550 Y L >
i Sy g ol e Olasse oKws —)-Y

oKws )l &S Cenl )L..o ‘stL'o Ry le.ao).; J? UL’)"’ M}: 6‘)‘.’
oV U5 lhae jelite oy Y] oS eolind pujil pué laise

2-Centrifugal

Yool A € 093 AVAY Sls)a (urde Suilfe wiiye

1- Viscous-inviscid interaction

W\


www.sid.ir

OUSed 9 (LS Ublin Sgamno

090 dun 3y 33 dl.wlfmumts)léabvdd:u

b slecs s 3 ol gog SzsS @ argi b5 Wl s @ Joily
T it ey laailio ccnlply N0 08 a0 (T 51 lsiise comaly

[o] wloass aculoee (V¥) alad, 5l sslizul U
u, =Uu,, v, =0 oY

ol N E] L w0l 0 sy oaal s 4y 23t o 1y ] jo a8

S dw poinge IS DYl Y

5 F Llsy) (555e 0 S¥sbeo 1 Sl (slacn e b i ol 9
J90 95 5l e el 00l (625 SIS (550 Y Sl 59, 5 O
ol 00l oslazl “5”;01 LgL(bx.,u.aS wl:?u ) alio Oy 6‘73 L s

S5 ISl - ¥
Slcess lal (0 5 F Laly) psiese Laly; 5605 LSS ln
OV L OY) Lly, JS6 0 g [Al culy )l polal 5 605 15!

ooy cay a5

5 1
5= jo (1—f)dz

0v)
_(%Yo 1 _Yo
61=, " ¢! ue)dz ot
— 5 Vl"
%=, 0 )
[P TN
0,=[) 5Nz =8 45, o5
€
_ 3 Vo\Vr
Bosr _IO (1_1)?6(12 av
sV
3_Io_u2
e Q0]
H=6,/6 0%

Sl (o 5l painge JLR0I O¥olee cwngd ool gly cpizman
JSE a0 nl gl by 5 Oy (obed SBaslico yo 5 Cpg 559
DT ol oas sslazul (YY) B (Y+) Lalg,

Cis _ Tws

2 pul o)
Gt _ Twr

2 pu? Ty
tanﬁW:Ci

Cis v
Sl (YY) alaly jo B, ol oad ool (jlas ¥ ISE )0 a5 468 \len
Lol ()5 by g (e SBhasl bolas (Ls 4l;

oyl 5ol 0055 o5 5 (Simsm bl 5o (U —Vg) (o903 2o b
G5 ISl 5 U2 )] 4 a5 (5 59) O Sz > &S > o5l
@ SFy prege JLSHl By (550 Y Culhl 5, p alal) (ol )
Ll il G 45 (YY) alaily S5

oleo 4 o yoges aBlol 5  Kiwgey dolee jo Ve o9 wpo b
A Cabhs ) » dlaly ol 5l S LSSl 5 glad gz 50 28 > ol
Al JS5 & slad pytige JUS dlaly U o] e 5 55

ol oae] caws 4 (VF)

AR

Qr(\+a')

AV (1-a")

oy Sledl poiiege (g, 55 e s gl ply ¥ S8
33e el (cond S 4y LES > Cps Cond Sk RO (P) alal,y o
Sty Sl T elads Comlae s € g ol s bl Is as ey

L8] ol ons iy yas (V) by S5 @ 55 U (oo

U, = \/((1 +a)@n) +(1-av, ) o)
5 S Ul ulpd e a9 a g0k e Vi V) dal) o
bosle B g alom anslyd ulyy @ JS3050 (Y JS5) s (gl
sl 5 25l5 5 (Jome (Sl gl ggome

Ar @ 0l (rde 4l 3gSn canlin ¥ 5L 50 o5 o5 lea
sloslial b g ool (oo (S0l asl; 5 pl5 agl; calos 4l ggomma b
B9 0 drwlos (A) alayl
¢:a+(0p+0tw) M)

50)401.&”'65.».45.4 wj))‘abl.b..u‘laa'ksmLMBCl d)wdwlwl)@
D=y el wloass s 61,55 >

JLid 20385 dlone (gl g Zipu g (2 ol aniloe I Gy
5 ¥ Llgy) g5m aY SYolrs 10 35250 Lid Sldiin pusd g0 (59, 2
el oad oslitl ) é b,z S 5l O

cy e ol Y-y

0092 59 90 o8 g (Joi g dolee jleslaul b les o |y jLid Clasiin
@z kol caws (1) 5 () Ly, JS 4 o2 )5 olyz e
o0 By8 gl so (5yS JLIN (ol 1 bglas g9, SYolre aS
Lol ds =rdf a5 el

—a—p:ue%—ﬂzr

por or @)
o

pés © Os )

Seolitul b olgi oo Iy Uy ()5 bz Sy 365 (V0) 9 (V) Lalg) 5o
Sl DVFL o g (5898 Sl j5b a0yl cons @ ) J> SO
055 et V) bl IS5 4 Gl |y 3 5o o pos sloaidn a5 wilosls
.90 _ . 99
ue—Qr£ We—Q’"g an

Z g 0 db.u.ll) 9O Sy 61.&»4.6.]5.@ %;A{We5ueive O1 )éclf

v, = (¢ —26)

lugly g olad Comdae i i 4 0 T gon S Cep 2 500
A a5 S g0 alads
s 5 wulise coms @ sam 50 Sy ol oolinil L @ Jlaie
ld 0 5 (9=9(0,2)) 005 soges 5 Slagly Comdye @ anly
OYoles 10 350 o0 0dolin aF 4gS Jlan ol Coll ( oled slaciadge
Gdrgd Syl oslainl b eleds ey « (V) dlail)) Lefl lasgi ouds &l

Yool A € 095 AYAY S5 A gy ae g Suld Sl dins


www.sid.ir

Ve 9 3) Ghuds s

3L 095 BB 3 890 2 533w S e A3V Julxi

Olgfsed 9 3,5 Walys s g bisl) 1o Gl S (6955 Jlade b
Glp ogai (28 O Ll iy bl o Bl (eles oy o] Jlade
abaly S 4y Gf awaid o0 (G Y SYolae jo Ol ol Jlesd

el 60 iy a5 (YO)
Gf =cos¢ Y0)
@ (VF) abl, S0 4 o)l Slates 5 o5 asly 5l oolinad L@ agl;

R o..\.a" Cawrd

-1 Ay
—t 2y
¢ =tan ( j %)

J98 Sol olis o Cumdgo Jal 5l oolaiwl L (YF) alal, oy o X o
Gl odal s @ B > Slaize olKiws 4

olfiws jo i alais Slaise xxpoi g yxro o5 agly B b S 0
Al B 2 Slaize oSws [0 1 ahads Slaixe Z 5 X 5 Jogd S|

o o & o SN -Y-F
can Jolis (YF 5 VY Luls) ooe] cows & pgiiege 155! <¥oles
o ol eoliinl b iz B, s 605 HoO) 0y 61 6 Jstes
5 VALY Laly)) I slocusS 4 bgyye ¥sles comnlin Cat yus
Jstome i g dlolae S olKiws Ky JeSiS cpgiiage JI,5l @Yoles
«Yoles oSws pl U g s s Fopnd i b g oo a5 c0ls aialgs
Oz 0 Gy S Eopsd (e Slp sl Cess a |y Uspeme S
al)) Sy ol ool o olial oz 42,8 Slibor sz S 5l )]

el oty a8l [A] gmla s awgs )b opdsl (VY
Yo _an-2n° +n* +%(1—n)3

Ue

(YY)

6ue 52
Sl ST e s 00m Gmlady e 0o il LTV,
s VvV
Sl 58 Sy o Sl Z/6 Ly gesgdad o gl 5
(VA alal, JSs a4 NVAD oee (458 (cogmr Joo 5l ool b (35 ailas

el 00l 08 (yuad

Vr 2
L =(1- tan
L -

Y lacees ;5 (YA 5 TWVidaly) s slagyesd crl @S 6l> b
g bl 500 b ¥ gma g YSle oluss (18 B VY Laly,) 50
50 Jold ol s 4y &¥olas ol8iws ol dalss atiuy aline el
@ by L) 5 (VF 5 VY L)) 655 5 (ol poiiage J150 alad,

e 08 B Loy ) S5l glacas

s J> ¥

Sggo i Doz (5ilulaz 5l solatul b sdel Caws 4 S¥olae oK
(YY) O¥olas j0 99290 Sliiie .Cuwl 00l Jo (g0 K& 4y «¥olas o
[ral whoas gl 4t (V) b (Y9) Laly, JS5 4 (YF) o

Zz

Ur

X \/

=X 90 5 Gl Olee gl; ¥ U

Yool A € 093 AVAY Sls)a (urde Suilfe wiiye

op e 59y p e, g By agly pales ¥ JSB

%:_071%(24_1-1)4_6‘&4_&&62
Os u, Os 27 c uy
0 1 Ju
——(0, -85 ) ———==(26, - 6.
ar( ) —82) 7 5, 202-5,)
1 ov, 0
= (20,6, 4 Te 5 e e 5
c u 0s u; Os (YY)
@:_@%4_&_1%(2534_5]
0Os U, 0s 2 u, Or

—"i@ﬂi(aﬁal—a—ag +2R°(5—51)]
ue

Uy Os ¢
2
_‘%@Jr"e‘;’e _@+%%5+£§awe
ue or ue or ue or ue or (\’\C)
ke o8 ol ool ylas olal o plot b [VY] oS el «pizean
06 06
W @l =2 a k> s O(tanfB,0;) as,. ) —2L
or or
03ls Ltd gl 10,8 ik o e ol 5l il e 5 el O(tan? B,0;)
2
_ v, 06 0
u or or

0
) 5(92—52) A.Lo.‘> 9o 6‘)‘.’ &L@M )| oolazw! l; 5‘ ) U’M
vZ oS
3 ez ol a5 X /0 Sl Gl Al ools las S —

2
ue or

Sl VTl il il o 53 pgitase IS5l alad ez oyl L e
oz 90 (a5l 5 sy nl o einlple ool oo 8 S0 LT Sl
2 wlad Gl Vol a5 dar oled il ond G0
Ao Ll 55 1v0,0-7 ] gl bwg cad plxil sla oy
ot ool EVolee 4 a6l JSE E¥olas oyl el o

52&(6—61)) ode S ez i)l [F] Kls 5 [¥] ool Lawgs
u ¢

X

a5y sy s (VF) 5 (V) o¥olan o ot ulis (25RO

c uy

o5 0l S Olee aly ¥ UL el o 65 gl (90 5 255
And oo olid calaie s laie 4 ojlodl S 5l eolaul s | i >
g ol jro dles aygly a5 Sley s 06D o0 0dnlin aS 4T les

Y Ml? Swlaiel i s LSLQ)Lb).! 9 099 X jgme L 6)‘5“’ UL')"’

WY


www.sid.ir

OUSed 9 (LS Ublin Sgamno

090 dun 3y 33 deIPmumts)léabvdd:b

g;‘B) )l ‘6]"’. ).a-C P giioga Ls'”)i"'l OYoles oKiws GO J> 6‘)‘.’ JaJ
diod g, U"l el 00l solaul O}....él) g P9 A e 6)‘)55
903 5o dlos polis a5 Jige 0 Ll S sed e 1) ol Ren
[ abaii glp ige (g -0l walys | Kan Seey 4 Jo il 385 Sls>
25 Ol () alaly S5 4 Gl e
k+1 k -1 k k
xUerD) — U _ =1 xRy« px (KD )
a5 ool bk S5 55 ¥obes olSis oyi s Sl XKD s
e Wslee g ol FXUY sy ol o0 Gy o (FF) alad, S
e ol JT Sl 5 o 25 el spsiiase JISS) ot
k . . k . E uu k
4.3‘X1-( ) Gl e 4 S F(Xi( )) &l 5| LS)*SWIJ‘](XI[ ))
] 00w G
K k k k k k
A9, 0,400 50,541,
k k k k k)T

6119,0,09,6559, €., tan 1] )
LB eSal O Lags 23 e o dnslone o o oolitul (sla iy olows
3am byl e 23 U o oo eoliias] bl sl sl sae YA Ly
sla s slaws 1o 6500 AY slaceaS jlade wiws 73 e > slo by
Ll o L LT polie 5 ol galate ,S00Sy , blis ST ,0 YAR LY - -
e Sy ) Jgur el Dglite [0S bl ekl 4 Sosp
YA 4 s Sgliie sla i olass ;0 sonl Caws 4 Siolos bl sllas
Olyee Y&+ 51 iy o iy olows il 4 a5 Cdljo e oo el by
(Jokes olass ol jo a8 050 Sl (lo g0 g 009 do o /oY 3l eS Uas
] a5l s (g0 o

o g mli -0

Wz sleen i wY Gsy pood bl Gl
R I JUv-apy PR IONT S R PRVl ARAYLWA) AU SR Gt S08
Sire a¥ @Vbad o gl e il gl (528 e 892
OBz ©5S amio Sy o) » Wl Sl el (Grizen les S coli
2o b oosel cass a4 mli aslie lp geml Ll cod sl
osliinl g) v ghalle haw b (52 02 650 5l e g 950 fnals
by S e Olyie 4 (10) dhaly 5l el o osliul (oIl |
DIV] cal cee o (Lol S il kT 50.a8 ol oo solinl 3 i

N

u,=U,|1-k—
¢ r( cj ¥'0)
W5 led e (555 aw Sl o s i ey Gl VS
B LB 2 038 ambo S gl odnl s 4 S w4l o odalie oS
w5 Job mls ole Sl ST ol cillas b 6K il
DIYT ol onss Gy (F9) alasly IS5 5 (6 59 S o p Sam yials
Hg :ﬁ
0 %)
LS 5 oael Casd 4y (6,55 JSb oo lee duslio sazas olis A JSa
&S &5 len ol Solite (g kaie slacans g k=) o VY] oSl
5 odel Cawd 4 @l le o5 6,55l wgd e cdalie A S o
i g 090 @l gl Sglis S Tas o)l 3939 VY] 95 ials il
Lawgs oads oolitul g, .ol doys T4 plp g ls=/7 0 [\V] a2 e

ol BgS= gl g, epgiinge ISl S¥olae o (sl g8 el

\YY

B3 S5l g 5 2 Slaise olKiws jo i alai Slaise & JSb

[} J> bli
n gt Je bl ¥ v
N N
¥
|\ off
O abas
L 53, 8 5SS 0578 § S
r T — — — T : ™)
Jye ] k= [vl
B ° k= A V] A
s k= /1 vl
A k= /¢ ] ]
o , — = e A
- R EE=STEe k= +iA :
i O —h - k=1 1
i '_\0‘\ Lo — k=t ]
VAY-N = .\ '\_ -
& L = Q‘\ *\ i
I3 | y N - ]
EE | | ‘\ *
L m\ a3
- | . |
/ ,
i m\ .;.\ 1
I l:\ o 1
/*0 ,_ LY .\. _,
[}
L IR T !\ L @ . W ]
1Al oY Y It
x/c
dhw g3, p SKlasl o Ol s ¥ IS
_ (”e). l_(ue). 1
e | ™ 2
Os | S 175 1
I+§ 175 (Y‘\)
[ ou, | Ro?
= =(u)——
or |; r )
06, | _3(61); —4(0,)i1 +(61);
| Os J; 2s 1-5 1)
I+E 175 (\Af\)
06y | _3(0)i —4(6,)i_1 +(02)i >
| Os J; 2s 1-5 1)
I+E 175 (\"‘l)
. T 06, 06; | . e
e gym SN s, 2 ° o Doz g5l dnnS sl

9y 2 od plowil (guaSid 0gon . Canl 0als oolaul (YY o ¥V lajls ) pgo
Sl o ools las & S j0 o lglls
(Cp=0) Qlhoahss L4 i=N U i=1 S aYolee (go0e J>
pyege (JILRGI S¥oles 10 0920 ez (g3l alenS L ol asll
e gy S el o] s @y ot 8 5 SVolee olSins S
IV T sl gl (5 G e b ot 6o DVolao olSzws J> gl

Yool A € 095 AYAY S5 A gy ae g Suld Sl dins


www.sid.ir

Ve 9 3) Ghuds s

3L 095 BB 3 890 2 533w S e A3V Julxi

s YA &y o Soglite gla iy shaw cllas 3llae 08 ) Jgu
72 Vs Voo o Ly olows
Ll LN AR YAy G DS

057 5 Cuxdse 5 Sip0 Y SllesS 5y 2 B S en sl
ol o0 ool e Ky s Jsb 5 SA-R o)lsll b oy o 5l e iula
b 5 Goo Y GlaiaeS Ol onias HLlis NO L VY 4 sl s
o dlox aygly g AM/S 3L S pe g e Sy glad 5 (559 Sl
A A

Yy bl 0 0 Gim Y culbrs Dl caims lid 4 S
Oilas g a8l malS (650 Y b ( Lid x> e Gl L el
Slagys 3929 9 op Az Sl dde 4 Sgli (nl Bl B9 4 5
2 oz loa pledl Ve K8 Gllae ates S0 5l 2 5 e S
el S50 5 525 5 oeddonS o 90 5l ot Bz slaey e
om 99 JLad @je g 0 89, p LS @i G D9l el gy 90 0l
Ao g s 93 Sipe Y Slacalid lee Doli coge ol )0 g 0d
S5y 2055 o8 @l o [N Sy & G lea s walss sun
213 ol S e 5l 25 e el osls lis gy Al e g0k Gy
Sire Y Cwbrs ol el g 03,5 Spouie Soi Ceem 4 1) (550 Y
8 GlolS o sbml cel 659 S e eien 05
Syl gl 59, 2 Ol Oz wse 5 00 Py sbil) o sllae
b AslgS 0 (69, 65y AY Culis Lnals el (3l ol [VV]

9 o925 95 slade Gl dacl (A2 Sy Gl ainen
oaaas Gl i B 4 WY 9 1) sla JShiasd oo (550 4Y Culns 2alS
O VF 9 Y S 5 (555 paiiege Sl 5 (almly Culs lpss
W £l painge Cwbrs g gbuls cubs Gliss caias
lagaS ol 03l e iz ety 33l b w05 o solive S wisS lan
S92y Sy Y Culis wiles (al8 el ek oo RalS
ool S50 Y 69 2 iS55 9 Az

slce w jo pran SKhol (oo e camslas VO s
C gy Gial38l b 0gd o oanlin oS aigS len el Sgliie 1S >
el 2z Sy Gl sl Gl SBhol oy 5
cuys Gl crse g odd op gy Ol e S SR
S Do 4 Gl g 5 (S50 Y Gl 0sd e (rbae SSlasl
4 S35 (21850 iy Y lbceaS Dt (25 Gl b
el iy Y A 0 il Cepu s Lo @ /=0 TV ddais
i pl 4 Soop Al )0 el e cdalin VPSS 0 oS 4eS les
e Gl G151 G 5 a8l (al8 (S s 59, 2 S o),S

30 el b g0l y ol aly ) (Suo5 )0 potinges Cuwlded (pizen
59 polings Ceolns le Doldd (> > o o la (T sle s
2555 odsnsS gy o GRSz bl QR am v 5 o
Y glacubes als g Lad Lol S bl eel bz 2 o)ly 555
K205 53 Zals Glee Dolis (B2 Sl 40 crizmen 9 0e (S5
9 oLed OlalS e pLalS Al L aboe (RIP S5 A
9 G0 Y bl Lol cage g 4l Gl 655 el S 950
iy abali Sl G 05 o0 (i SWaol oo 201580 g by 4l
Aoy 4 OSSP b Bz sleoy ol e ol L e s

Yool A € 093 AVAY Sls)a (urde Suilfe wiiye

| *
B A
O
ot
T
YIN =

vl ]
: 1 : 1 | 1 L
, o LAL Al
x/c
Sglite slacs late Cond 33 (5559 Kb cu po Dl eis A S

n ™ L L LI
[oof F Q=+ rad/s .
- — — — . 2=Y.rad/s .
F - Q=Y. rad/s ]
- Q=Y+ rad/s ]
I — ——- Q=Y. rad/s i
R ) Sp— Q=3 rad/s s ]
EF s :
-, =1 ]
JTQY i s ERE S 1
¥ - - E
: = o ]
- B et ek
B 2 /_/ T e T

- . — —“
Jey B A = .
: //';5':/ |
:/ 2/ J
4 ]
TR TR I (R 7
o «¥ -IY -I¥

x/c

Sglate jid > slacie ju 10 (50 Y Cwlis Ol a4 Yl

Fo=x02 Vr
OBz ex Sy 192 lall o)l 3550 51 5235 5 el S Glaclis Ve Kl

B T T T 1 T T
- =+ rad/s
deevob = = = - 2=V radss
——— =Y rad/s
| =Y rad/s |
———- 2=Y:rad/s
[ 02=0- rad/s 1
'/;\ - 1
E| 7
P S Ty 2 -}
oS e (2 [
| e Vi
. - = e —_—T - ’/
foeeb 5B i p—— s
B - - e~ e
e e
[ S el =T i
5 o
{é{
L i 1 pe il ]
YA <Y Y - [f

x/c
Dgliie jid > lace ju 10 (55 albnle culbis Ol uws 1Y S

WY


www.sid.ir

OUSed 9 (LS Ublin Sgamno

090 dun 3y 33 dLﬁIaném‘s)lé._gbﬂ_}g,bﬁ

BT sam T . L
—_— 0=+ radfs ]
- — = - 02=V.rad/s |
I R D =Y. rad/s
v 2=Y+rad/s |
: — — —-02=¥.rad/s
—————— Q=04 rad/s |
& ,
[-Y B T
il |
Il .
i iy
[\ W 7
A\
W\ ]
I iy ]
! h::"-:;ﬁ}".‘_.—._.—_:-_.—_.— = = |
1 L L I L " L r‘\‘ L L l;-l;l_m”t’—-.‘_.
T X Ay A%
x/c
oY
=
5
- /0 -
=
3 ¥ A A !
x/c
op 53y 2 T pt Sy @5 1P JSCD
[ ] T 1 I ! ]
| & Q- xFonL =8 .
I Do J5o) @b L L
deea b= = = - 2o Iso NSt e JS
- & 0=\ XFOIL =5
[ ot Q=N Jg=) S e bl .
———— QN 1§ Nt e Lo *
e ¥ = ]
: o *
_ . * i
g v b .
< <l 1
[y .
------- 4
o T i
I L.
) .Y -1 Al
Xx/c

Dyl elad lacuadas 10 (559 poiiage Cuols Ol ois VW JSCB

Olbee Dl (it yz 3 50 4 (ol S5 L 09 0 osmlie 45 45 e

YO

@ i wY olor e el gl Al S e 5l RS se e DS
] Sed o Sio AY Cubrs als a5 50, Soi S

T —
J+ed
- —— 0=+ rad/s
= — = -2=)V.rad/s 1
e, =Y. rad/s 1
hst L N=Y+rad/s i
| ———-02=Y.rad/s |
=T Q=0+ rad/s
L e ® h
S [ s = ]
- =
L i e |
- -
oY | - T -
s _ o
I # e i
B 4 - —-/—: """""""""" T
[ for e et |
b\ [P oA, e 1
L
g2
7‘//'/ 3
iy | I BT i P
Il v -[v /¥
x/c

1
—
TTT T

——— 2=+ radfs 7
I — — — -02=\.rad/s
b s 0=Y.rad/s
- Q=Y+ rad/s
————— Q=Y. rad/s
—— =05+ rad/s

Sglie Gid > b ju o olad oluly cuwls Ol 1YW IS

= L L | T L | ' |
E Time, ]
NS,

= TR, 7

E & ~ s S ]

i T ]

P e Sl -
- 8 iy T

B = . e

= ~ > e

[2 b B -

i ~ 5
13 S 3
~— i ~ ]
E L g 3
> B = ]
< "
—feeetF ;
F ————— o=+ rad/s ]

- — — — - @=\.rad/s ]
— Q=Y. rad/s 5

e fE Q=Y-rad/s -
[ ———« @=%+rad/s .

| — = Q=2>. rad/s -

E I R I R T I \

N Al <Y Al
x/c

Dglie Gid 2 e ju )0 elad palioge Cuslius Ol s VP S

Yool A € 095 AYAY S5 A gy ae g Suld Sl dins


www.sid.ir

Ve 9 3) Ghuds s

3L 095 BB 3 890 2 533w S e A3V Julxi

Q%s
ue

‘% +‘%
0s

— — —T—
.k Is=.vo //,
‘- == -ls=0 7]
. e ls=+/¥0 ’__/_/\/ ]
- Is= " /// ]
b ——— Is= ¥ // —L
- i

! b
2 °F / l’j
2 I P i
z - —~ /]
Qb 2 o B
| / /'/. /]

3 Cig 7 -~

Y - / s L
/ ‘/‘ _ -

-/ G ]

e o L ]
-~
B i, ]
/; /\ 1 | 1 . T I
A Al .Y -/f

x/c
Slite olad glacaadse )0 mhaw 59, 2 (hol Ol ausly Dl YA SIS

‘ I-l— T I T T T I T T T | T T T I T T T
. 1: ,

3 ]

] i

li ———— Ro=1+/Y0
v L 'i -- - Ro=+/0 |

|i e Ro =+ /vo

L Ro=./q |

5

) ]i
; YA = Ii -

1

t

-

l\- )
wr \\‘_ i R —— ]
n | [ | TR N R N | |

oY +/ oM /A \

r/R

5O B s S Sl 4 S ol CaaBge Ol s 14 S0

P25 o M eSe (005 )0 wbie RIP sam dw g o 90 J>
Ay 5o bl oam an g gom 9o L28 @5 g il el 5
Ivy] as sialys

2 g 9y p bl Gl gl Sl caS gl VA S
ol @glaie elad glacuadoe ;o 5 4l n bol, Voo iS > S
ad 5l CS e 5o gl 59, Gl el csalin oS K9S len
Byouie ailes Gluly 10 g 0 Sei Ceoms @ )8 ad G 4 Al
>l 5o e wY oS Dl Colds el e ol sd e
Ry on Sy

dloz ad (o035 10 550 4Y SYoles ;0 95290 elad Doz 4 po
29 okl b 4 ad Koo b aties SsS (g iy ez by o
S5y Doz i o ( SBhaol b 5 559 S (R L st 4l
3 525 s oy e 4 s cogmpals 5l ey [YYT 0l e rals
95 2 Ok sl SRl Ceelyg oud B o dilas sliv )3 by 55
Obyz gl e cady; 4 (al S35 b A JSS Gllas 09 0 gelans
ssled ey a5 p0 ofr<<) slad Glacsige (o b oo Lol elan
ay o050l 52U (1) gy Ceyu aipe b pln  (20)
ol el 5 IVVHea a0 o0 K0S b (s 5 slad o esr)
Bgdice Soi el 4 S Ol > g0 a4

Olpedd @ G Glols CosBae Ol poss oaims las VA S
05 gl oo odalin 4 g8 len el RO jid 2 Cag s S
il 5 Bl (I8l 58 el CusBse (S 2 Sy al8 L ety
oy Sl ,.,‘L, St DD 4y ey 4 S5 a4l a8l e Brgad @
5 S & bz GBS el 550 5l 25 e el nl o el
5 50 3505 Ga comizen [VV] s5tie (5500 Y Culis pals
oM She g ol ogllas JLad (Lol Sbnl cage (edn S G55
Sl 3l el Gl £585 5 o (55, 2 )b (LT

5 oo Y pomdnS g S 5l nS Glagss S e Gl
oz g ez (pl ad o Gleo slannlie wilas sliwl) 1o Ll ST ilas
Ao e flad 9 (659 paidege SYolae 4y dxgi bl ouls plosl Cé e
oz @ S S50 51 25 5 (ol ds S 0655 oS SN
ol 00l Al YA LYY Lalg ) 5l oolainl b oo 5 4 28 500

@ Cod $Fy oS ez A8y Sl sanms s Ve IS
i 53055 b g so samlie 45 aigS lod el Cdyad EBlaz 4y

1 LENELINN PR 1 I
) Qe Is=+/va il Chyon Do ddye Lol )iy pudgS Aoz ddje iy S @
[ === {S:';\% i G Cad el S ales A5 0 (Se 4 Soop asl o b e il
SRS
5 Is=" Py oS Sa 5 Jlad lal S el SoS e Sdpea M
3. '3? Vel - b g 67y Sy (R crge g Al a5 al 4l gl i
. Vo) . . .
", ??\ Fl Rebies a5l by b
|~ : \
—2 % Ik i 1 25,0r
i 7z
23 P e
9] ,/' o A 601 602
i -~ L — |+ |—=
i ','/ L - 0s os xY)
it 2 -
LT e S 25-8,)0r
I —
== 1 1 ] Ue
A Al Y ¥

x/c
o DMl 4 pe & Cod (59 el ) Ao e Vo JSB

Yool A € 093 AVAY Sls)a (urde Suilfe wiiye

a0,

a0,
os

os

+ ‘

YA

W&


www.sid.ir

OUSed 9 (LS Ublin Sgamno

09950 duw )38 JUiiil eiaan )l Jukxi

95 aday yd S sbml el 30 5l 25 G omizen b
5heolaial JA ogd o asl cpl o (Selung el oo ialjél
Oly St o S sbul corge oan 93 (Seelisgnl ulyl
Jol,.c )'l solawl b Ls"‘“‘l‘ ‘L'ﬁl)_;l.;_g RO ..\.4'0]5:} Ls:>|).|a X9y 9 6AJy
Dol suar 53 (Saluognl culpd i Y 3, 2 NS b
gl
Cews & Gl 59, 5 NS 5T Jele an o Sulely 05 oy p b
el Is (ke s Gialidl 5 /R elads ComBgo (alS .l odl
Gy sy Camd S0 AT 5L Jele 0gd o0 inlaz o 56
A8l oo B 4 iulas g adl w8l is > ol 3T Ro ialiEl b el
Cawd 4 mls 4 azgi b cwl iy aty, (Soop j8 i, Cawd i
dnlys Jlaz il Gax 4 sl iz 45 50 e Ol conal
Wgy y0 4S5 Gl 4 (Ogek Az Djgo ;0 D9d e (AS ) pE g SR
AWl cpl o dalss (aBly s 5l eS sl (i oIy Sk
Sl 55 conlpl ad sales ol Sl )3 Gy 4 puiley )8 2 ge
. Q ¢
s calyd (C/T o /R ‘Ufru;\fﬁsu Jole a0l 5l oolicl Ly a5

T

Hgh gl o Glell piiage g o eolitul Cuz (sam 93 Slar

K g g -Y
ol 3 aS ol a8 T ok Glags e g (b oS
")5'“"(5° )Ld 9 )J.A.a.u ol e«)}oj ‘;LA wl.o.‘> u..ij).l

e S 5a8 -A

(m) 35 Jsb c

s Slasl gy Cr

s Ol 2 3)ly (59 5l F

oS Doz s glpansin oy o Gf

Siyp Y S5 b H

S b9y 0 el o ile J

ol &) bakes ad 5l (LS J5bo L

o> aJ Le

(e/r) b 4 (559 CumByo Cod Is

N/m' Lz p

(21 JUL) (oo 8 s 4 (B 2 S s S Ro
M) slailginl olKiws jo ailas bl ;o Couxdge r
M) lalgiwl oKws ;o b, sliwly o Cusdge s
095w ahais st

s) obe; t

B Te

s ) 50 &Y Vb ad 53 (23 pd) 55 S Ue
(M5 ) (ond 6 o U

oo Y (@b ad 0 am 0 (@) 8) 559 S Uy
@) 5500 Y Vb ad )3 (25 d) (olads e ve
s ) (o 6las sliuly ;5 Sa ) olad s pun v

-)
ms ) 559 Sy Ve

\YY

LA [N L B BN B B L AT B
Is=./vo /
I P 7
I — . |s=+/¥b ’d 1
Is= P
B ¢ /

Sl el a5
i
T T
1

~
-

A8 o315 S8y iy
Sl pS+
<

(

- 1 1 | R ! T
N A o/ AN /i
x/c

5 =bed 3 S Moz a0 & (6 g d S e Ao s 1Y USD
S5 25

Doz dje & Cowd $Fy pmdn)S e ade TV JSE Gl
S o0 Sp b Sl SS2S 5550 5l 5y (et e S
oz b g 00,5 by bl g S alor 4o ds l33l g 232
2 ead olo 4l gl 558 o0 4o o8 55 0 5l S 5 elad s S
Sl g 039 SsS S 5l 25 5 oS Moz a0 S5 4l
a adyy 4ol oS col (o Sk €5 cnl il SRl Aty & s
P e i3z Sl S8l o g oog 23z I b cod s
SH 0 G 90 g som aw by Gl Sl nlply il asy,
Gl il e aldl sl iy, 4 o o by sl SgS
wulpd ke ady) (005 )3 S 5l 25 s ednn)S Gom Jlade
e IV alse 8l Galaz 51 Gy osas 4 (Seolizog ]
Julsss 5 (b o eal solitul gam g0 (Seelusgnl colps sl
B Jelse bsi (32 S0 S35 0 egat & Bz sleoy

gl gl o5 e wY IS

S 5 4 =
Cewd &yl e e aY Gan dw flod jsliie @ ol asdllas o
@oae Jo 5 Bz 0 So (sl (s dws pgtiage JI,Sl SYolas (0]
A G dw G Y Cwlks wlael cuns a4 JIS0! slaceeS (]
G 90 G aY Cwls b oawglie o is > > 0 sael s
Sl 25 s oS o ds7s 5 Sz Sle 4 &S o S SasS
slaoy i a¥ 5 3ly ;550 5l 2,8 Glag s ol (p252 Sl> ys
Slml 5 ailes lesly o gj0 @Y oLz oab oally sl Bz
el czge Gl cpl dgdioe 0n Sy w0 flad L
5o Sl 5o Gz egm ol el 0n 5y 2 i @Y Sall
Slal sl 55 50 5l 25 oy Sl Gam 4w Sl b gl s
olad GLolS b adauly 4y 0sd o ales sliwly jo jlad Lol S
Syoe alas gliuly o wadlas 4l 3 9 Shop jo ol
ol )S 9 S e 5l 25 sl Sl el jlad (Lel)S sl
ObsLS Gad jio 5 el mha (59 alhae jLad bolS sbul el
Lo 4 S Al ojlaile Gagu 4 ) alaz as o g jlad
Sy 3l 255 5 ednsS Sl il i3z i b cos was
ORI Bz e 4 pad Seop bl I Jels jlad Lals

Yool A € 095 AYAY S5 A gy ae g Suld Sl dins


www.sid.ir

Ve 9 3) Ghuds s

3L 095 BB 3 890 2 533w S e A3V Julxi

[4] Z. Du, & M.S,, Selig, The Effect of Rotation on the Boundary Layer of a
Wind Turbine Blade, Renewable Energy, Volume 20, 2000, pages 167-181.

[5] H. Dumitrescu, & V., Cardos, Analysis of Leading-Edge Separation Bubbles
on Rotating Blades, Aircraft journal, Volume 47, Number 5, 2010, pages
1815-1819.

[6] G.P. Corten, Inviscid Stall Model, IEA symposium on the aerodynamics of
wind turbines, 2000.

[7] T.G. Donald, Advanced Dynamics, Cambridge, Cambridge University Press,
2003.

[8] F.M. White, Viscous Fluid Flow, McGraw-Hill, International Edition, 1991.

[9] T. Burton, Sharpe, D., Jenkins, N. & Bossanyi, E., Wind Energy Handbook,
Wiley, Chichester, 2001.

[10] M.L Hansen, Aerodynamics of Wind Turbines, second edition, Joun Wiley
& Sons Ltd, pages 47, 2008.

[11] V. Esfahanian et al., Numerical Analysis of Flow Field Around NREL
Phasell Wind Turbine by a Hybrid CFD/BEM Method, journal Wind
Engineering Industrial Aerodynamics, Volume 120, 2013, pages 29-36.

[12] Z. Ghadimi et al., Modeling and Analysis of the Vestas-660 Kw Wind
Turbine by Reverse Engineering Method, 20th. Annual International
Iranian Mechanical Engineering Confrerence, Shiraz, Iran, 2012. (In
Persian)

[13] . H. Motaghed, Aerodynamic Design of a 25 kW Wind Turbine Using the
Boundary Element Method, Master of science Thesis, Department of
Mechanical Engineering, Shahid Chamran University, Ahvaz, 2012. (In
Persian)

[14] [L.E. Fogarty, & Sears, W.R,, Potential Flow Around a Rotating Advancing
Cylindrical Blade, Journal of Aeronautical Science, Volume 17, Number 9,
1950.

[15] H. Dumitrescu, & V., Cardos, Inboard Boundary Layer State on Wind
Turbine Blades, ZAAM journal, Volume 89, Number 3, 2009, pages 163-
173.

[16] M. Drela, XFOIL: An Analysis and Design Systems for Low Reynolds
Number Airfoils, Conference on low Reynolds number airfoil
aerodynamics, University of Notre Dame, June 1989.

[17] H. Dumitrescu, V. Cardos, & A. Dumitrache, Modelling of Inboard Stall
Delay Due to Rotation, The Science of Making Torque from Wind, journal
of Physics (IOP), Volume 75, 2007.

[18] A. Mager, Generalization of the Boundary Layer Momentum Integral
Equations to 3D Flows Including Those of Rotating Systems, NACA
Report 1067 (NACA Lewis Laboratory, Cleveland OH, 1951).

[19] H. Hafizi-Rad, 3D Analysis of Boundary Layer on 660 Kw Wind Turbine
Blades, Master of Science Thesis, Department of Mechanical Engineering,
Shahid Chamran University, Ahvaz, 2013. (In Persian)

[20] R. G. Rice, Applied Mathematics and Modeling for Chemical Engineers,
New York, Wiley, 1994.

[21] [21] C,, Lindenburg, Investigation into Rotor Blade Aerodynamics, ECN-
C-03-025, Petten, Netherlands, 2003.

[22] C, Lindenburg, Modelling of Rotational Augmentation Based on
Engineering Considerations and Measurments, European Wind Energy
Conference, London, 22- 25 November, 2004.

[23] G.P., Corten, Flow Separation on Wind Turbine Blades, Ph.D. Thesis,
Univers ity of Utrecht, Utrecht, The Netherlands, 2001.

Yool A € 093 AVAY Sls)a (urde Suilfe wiiye

(ms") ol Ces pun Vw
(5 ) Sges s Vv
@) 5550 Y Vb 53 (25 3d) gee ae we
M) (g > 59, ») Fy bl ;5 Cundgo X
m) lailginl olKiws o s j 9g0s slil) Ho Codge z
g e
(rad) o,lgly alo> ay4l3 a
(rad) gl (59, Oy b 9 (2)15 Ol b 4l P
(M) 55 Y Cwlbrs 8
m) 555 plul> culs 0
(M) (ailos by yo) elad Sluls cwlbs v0
(rad) ol > (omdge 495 @
a0 gl n
Oglady sl
3L (g Sy S
R A
(kgm™'s ™) Ligy (s5,51,5 H
s’ bz (55,0, v
(rads")e).; OB 52 Sy 0
Gegm ") Js> p
(rad) glalgin! Slaize olKiws ;o ay6l;
(m) g sbewl) )3 6500 Y poiiage Cualind 0
(m) glad sbial) 1 (650 4 pyitage Cualind ¥0
(m) glads Gbusl) )3 (5550 &Y pytinge Sl glayiallh vy Spr
(Nm™) by o5 T
(M) o)l oy 25 T
&xip-A

[1] H. Himmelskamp, Profile Investigations on a Rotating Airscrew, PhD
Dissertation, Gotingen, MAP Volkenrode, Report and Translation,
Number 832, 1945.

[2] .N. Sgrensen, Prediction of the Three-Dimensional Stall on Wind Turbine
Blade Using Three-Level Viscous-Inviscid Interaction Model, Proceedings
of EWEC, 1986, pages 429-435.

[3] H. Snel, Houwink R, Bosscher T., Sectional Prediction of Lift Coefficients
on Rotating Wind Turbine Blades in Stall, Netherlands Energy Research
Foundation, ECN Report, ECN-C-93-052, 1994.

WA


www.sid.ir

