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A wind turbine airfoil was analysed, using computational fluid dynamics (CFD) to study the
oscillating effects and slip boundary conditions. The slip boundary condition is due to applying
superhydrophobic surface. Fluids on these surfaces are repelled. The superhydrophobic
surface can delay the icing on blades. The surfaces is assumed at the leading edge; the icing
can occur on this region. The chosen oscillation parameters was enough for modelling dynamic
stall. The dynamic stall cause a severe loading on the blade. This phenomenon is depicted
by two vortices: leading edge vortex and trailing edge vortex. Three reduced frequencies are
considered: k=0.05,0.08,0.12 in a range of ¢=( -m)/2 ,0 ,m slip lengths. In this regard, the
Transition-SST model is applied for SD7037 airfoil withRe=4x[[10)"4. The results showed that
applying a superhydrophobic surface with low values of the slip length cannot be appropriate
during the oscillating motion; but at the slip lengths larger than 100 microns, the aerodynamic
coefficients are significantly changed. At the highest reduced frequency, the lift and drag
coefficients are reduced about 12% and 40%, respectively. Increasing the slip length postponed
the vortex formation and stall angle.

Keywords Wind Turbine Airfoil; CFD; Dynamic Stall; Reduced Frequency; Slip Length

CITATION LINKS

[1] A review of surface engineering issues critical ... [2] Estimation of rime accretion at high
altitudes ... [3] Wind energy production in ... [4] State-of-the-art of wind energy ... [5] Wind
turbine performance under ... [6] The Proceedings of BOREAS V ... [7] Effect of atmospheric
temperature and droplet size ... [8] Ice and ... [9] Wind power development in sub-arctic
conditions ... [10] Technical requirements for rotor blades ... [11] From superhydrophobicity
to .. [12] How a solid coating can reduce ... [13] State-of-the-art on power ... [14] Tests of the
performance of coatings ... [15] Anti-icing superhydrophobic ... [16] Understanding the
effect of superhydrophobic coatings on energy reduction ... [17] Progress in analysis and
prediction ... [18] Numerical modeling of an S809 gradient reduction .. [19] Effect of
unsteady pressure ... [20] The phenomenon of dynamic ... [21] Dynamic stall in pitching
airfoils : aerodynamic ... [22] Moving wall effects in unsteady ... [23] Principles of helicopter
... [24] Review of unsteady, driven, separated ... [25] A PIV Study of a low Reynolds number
.. [26] PIV-based load investigation in dynamic .. [27] Reduced frequency effects on
combined oscillations, angle of attack and... [28] Comparison of dynamic stall models using
numerical and ... [29] Accuracy of dynamic stall response for wind turbine ... [30] Effects of
superhydrophobic surfaces for a wind turbine ... [31] A numerical study of slip velocity
effects on a 2D airfoil dynamic ... [32] Slip on superhydrophobic ... [33] Memory on the laws
of the movement of ... [34] Effective velocity boundary condition at a mixed slip ... [35] Drag
reduction of Newtonian fluid in a circular pipe with a ... [36] Effects of nonuniform incident
velocity on a dynamic wind ... [37] Yaw dynamics of horizontal axis wind turbines ... [38]
Unknown City: Airfoil Investigation Database; Unknown Year .. [39] Correlation-based
transition modeling for unstructured parallelized computational ... [40] Vibration-induced
aerodynamic loads on large horizontal axis wind turbine ... [41] Unsteady flow concepts for
dynamicstall ... [42] Dynamic stall simulation of a pitching airfoil under unsteady freestream
... [43] Fluid ... [44] Numerical investigations on dynamic stall of low Reynolds number flow
around oscillating ... [45] Horizontal axis wind turbine dynamic stall predictions based on
wind speed and direction ... [46] Effect of acceleration on dynamic stall of airfoil in unsteady
operating ...

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attrlbutth\W(@InE&I{zr
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://www.SId.ir

Ls)l.x“.‘i:'u_} o‘.m:' YAF

b b 503 950 ST oy b (595 &5l SiU slay
365503 £9553 503 (s9m 31 Mgy smlgss 550 50 St sy
o el 9 Sy JuSal o SOT (398 zsh olgie wod (zshu
o dallbe Sy gl iy Gaems 4 ogilly sobay Nlgie
©3le poninel b S dy oaiiS g5y Ol whhd oS sy gl
slylidy (1OA% 5 FY oo (oled a9l 52,807 398 b S g
&% porinesl oS (b taals (Syg oKia |y Siglate
20Ul G JeSad g Sl @y 1) of whbs SOl
cewl osd aSU [16](5)§+> 8 adlhs s ‘[15]>}|Aj|ua
Al &8ly (el 4 4l )3 5,807 358 b S o elKin
ORalS %A 394> & (5,5 S pse sl @Y GalesS BlsS o3y
g3 31,50 355 s S ile UTad s Sy e sl
8 52507 (598 b SO (59, el amds0 pLalS |y il
U s e w5 ole casemly Coaws 4 155 &y 43T
Zobw sl Gldsy plpied Slyige 3500 G mhw S
& 030wl b S 51 6 p S5l jshiieds ((s3b (gl slaey
2555 5148 oslasiwl 3yg0

e page oy el pSes o3b glagansi SIS
oasdy 3l ob Saeliny (Swilely oS ams & Gilymil (slngyus
i1l 55l @l GSulely slady b . Suslos (Sl
dlaz agli )3 (o2 p s @l ospy oul g, b < bz
Ll S g oasy ol 4zt 5> [Taadle glasl Lasdnl
S S 45 abioe My 5 JuStd lsS 55 (sdnl Cilate
Slely slaals ol iy 4 4l 50 9 Gusle 4
9 3950 Saalinag T (sl ;3 SLSL alidl cowr (Sualios
sy b dulio ;3 (Sulely aly )3 sses sl el uizen
118]395 o Sl Silals

o3 dallhe (solaie gladw sl dusdnl S sLLL w5
4 Gire @Y plglaz (agdul Gilwgl w8 b 19 2wl
WY (S olid G Bl 93 a3yl ool 2Uasdlse 9%
50 yaS 3 Gralidl (6505 9 P sl ad Sy Jusay (555
owized [Blewl oad ey SiU digdrl (65955 51 4 0398
b ) dnl iz Y dimndyg Gl 51 [P LT e,
Sy s 055 dallbe laaylsS Sy Saelins Sl
B Gilwg hsdnl ol Bl (2 el
slasi cabie paalisl Jagdnl ol puilSys 8y a5 Lsls gl
Ly, Gb Gy 4 prized § sl 4 4l LSis gladlsS
Unsdyy e uizmen e (el (Sielios (Saildly
L2635 lugs (il b esiuns dlayly laayls,S

b 53 osdsloal ailsS dswgi |y ools dasilhas [6] glag)las 4
il eladl @ ol Cllate Glaliz 5 Swelios Sailely
WY e s LalS jpam 5 o sisly (IS pBakags
b 31 03 (glails)S Spate gl iS4 Jolad el (5550
el Mglasilas 55 oy jusi, shael olys 3l Jugdl
ol 0wy o3udlS (uilS)8 g wlilwg disls

olwgd eyl HhE GShadl eyl (om0 53 &S (sloy sl
2l e ot 3BT plyz wepw plogi eo 5 dle> agls
L ey BlasSe Ll (Siolos (Ssibely awgy b
29995 32 203 sl 150 weely o5l jabay wilgioe ST b=
S (95 35T SLLL 5 Ll pliyz 93 50 gliize By Plagi
liixe [0GS Gy S> wolite glgl )3 Jagdyl
2 35T gl cesw glogh @il Gay Gl G (slasllhe

WAA jo1,54 Q& oyladd ) 5y98

2 630 e Jesdnl pluss slayielily wlyl
Seaolbiang yal slayls o 38 sy j98

MSc .Ls)lﬂ.lét_j Olus!

old ol oizils (518 (slmosSails oty Sl uwdige eaSiidls
olx!

07

ologs 1wy sobiody wYlus Solins Sl bawgs (3b st Jusdnl S
AU 58 (5500 by b Julod o LI g 58 (5500 by 5 st
32507 598 sk (59 @Yl 45 bz el 039 53,50 358 xbas Jloel S
ol slain x5l @l o S wwlsice 250 G5 ol sl
ol 3 Slgie ey o (St -l 0ud (8% Gaslr 4 4ol ghe
S s Sl gloflailey Jigsl Gilogs Sy slayidly ams &5 4ol
o Saaliny (Swilely onpsy ad Gilodae (Seels (Sulely esy
W3S 53 sl b (Selips (Suilely 3950 0 (595 SIS0 3008 Ll
oo k=el o Hlwgi 0350lS GuilS)s du sl baiye Siig Sy (gl a
o wglate i3] sladsh 3 @ = —m/2,0,m 5 SWisl dw g +/\Y o
Jesdnl Julod (sly SST IS Jao bl ol o i Gy 50T @358
a8 Sloals ¢yl gl .cal oads Jlacl Re=¥x\e" 5ulaiy; sac ;5 SD7037
2 Blgice ouly bawd G838 ladsb b S0l G598 ab So Jleel
c09sSaelee 5l Gl G038 gladsh 5 Lol il sube Jaghil Slugs =Sy
5 Tl gt GuilS)3 ooyt 15 35 (530 sl Salipsgnl calpd
i i Job il wdly Gials %Fe o W gl @ cadyar bay
el 3183 Gaged du 1y Silely saugly g wls)S

oSeals (Sulely ibulne ¥l Saalios woliomns isil Aaeglpanls
G232 Jsb wasals il

VWAYL5 WY redly s oty

WAV - oy als

ebakhtiari@ut.ac.ir : Jgiuuwe sxiumgs”

doddo -\

sdye Gblio o3k logsd cuad sl Jslaie @bl 5l S
Glilus o301 o 0 S8 oo w18 sdss (ol
& 0 omg ol kb ol 53 (63b slapmsd sl 45 sl
b owed w8 AVl sl Slgie & xS0 Blanse
b g slag i 5 b (6355 5 Hlams Lials %00 I Ve ojlailay
2 G Saelins 9 o> VUL Blaas il Llaie
oy (59, & @ead Plaiius (S3g 2l (sl J>lhe
Oxizer 5 B 7lagd o eyl wihiblre skl cow bylislo o
347 8].3&)(_,4 u».mLfb lmo)g: L_S.«.wp)o.c

ooy (535 & 3y 31 (5855l> (sl (s33mite (slagshgy bl )
[ el Ugln)f sveaal ;1 eslaswl LQ;T e oS Siloads ,S'3
)|)§ oalatwl dy90 lmo)g: L:J‘}b ahw PR 5}]945.4 a5 vedad! L’)ﬁl
65l Srae Ll ol &5 19 101G 15 (gl wiyde 5,0
Slabws pilins o5 alagis; jl eslaiwl oalnby Blewl gy
e caolio (93 5935 52 03wl (sl o 53 ditw o
dolre )3 G o dly 9 Sl 5l 659l gl 0SS s S
on hw 59y Vs plsiedy ol Zshw I plsice Gl
ol s 33,58 zohe b ladlio 5 LS sead eslisul
Ol cow i eyl 4 ML JSuwlglshe 51 iaS alaw
g0 &

3 oalatwl LS')'.' )J)fé) C9h"“ as silosls uL.».u UJlmWJbs)J
&S ol 12 1Bl LS ddoen wilgised b gloppmuyss

s SuilSe udige gy - sale dolinle


http://www.SId.ir

Y30 SaluyssifT dlmflo b a3t ey 19 55 (531 s sl ol slsiably el

wles ey pb3lS (AUG/0N) 5 332) Jsb gles Lg o
DL ¥ S 55 558 s 45 0331 s Lol s 255

ol 0d 3l

AC &0 i"I:lZIF-""---,_rI

ox 59> 25T 398 b Jowe (V JS&

sy 4 4l i) ey Siiled (¥ JSB

Slgiged Joe ;5 Ysame Gisa) Jsb o cul S5 4 oY
0ol 52,507 (398 b S0 (sl 1y 3050 51 st (s 3lie
sio e 1 Job ol (Gimgi ol 5o 1A .B% 35S0 andls
s 1y yiogySaetes jlade dindon U (seso phw)
dgdnl lwgl ey wliize -1-Y
S Jr (Gly wSe Seoghls SD7037 Jhgdyl
il 505 dbasly eg0ay Jagdil Saliosg o
@ = Amean — XampSin(wt) %)
dils Tamp 9 dlox> aygl; u—‘i“-‘-‘ Qmean 4y o2l 53 &
oSy f a5 oagy w = 27f uizmen Ll Jagdyl willugs
esdnl g8 Job hwgs plugt il Ll agdnl glugs
salS (uilS)d &S osd am (Uso) 3T gloyz s 5 (€)
sl S ol e ¥ alaily g 3l ol

mfc

k= — v
0 ")

[ee]
0391\ Jgiz )3 (siludse (sl esliinl 330 slayially yslie

RO W

633 (silodae slayially (1 Jgaz

BIKE s
(o) +/+Y& c
£x)." Re
o[+A Ma
DA\ VRV SRYRYA k
(O) “ amean
(o) " aamp
(5iogySua) FeeoYoa Be— 0 Lg
-n/2 .0, ¢

Gl ol e ol gl gless @bl Guyy johied

398 50 418, Ha5 55 F dlasly g0t Jagdil 4 0aiiSys5
U(t) = Upean (1 —Asin(2ft + ¢)) *
o 3B Sl ply ¢ 9 3')7 ol U'&L"‘ ey Unean <

Modares Mechanical Engineering

sadelal wlalhe 4l Musls el pul sbyds,
2 eaiSylwss ol ow jB ST (GhSes g uoli by
29 Iy Saolinsg pl (sl L) (Sl alex asgli 5 oo
5 L8 YA Yo s 2lalaipe s Ghsxiws 4295 LB
aelbs |y 56 BYsl g sxnlS il elgi wll 271]Kan
Gk 53 Saoladgnl (slog s 59, Iy (sloses Wiy g Kiagel
ol sl blie slayl b auglie )5 (Suelins Sailely oapsy
339 155 Ll ST

5 Guaitad glaghs, 5l eslitl b (el Suilely oay
G dagdnl So Bl San g G Liwly oal 53 33loads uoyys
duglie 395 (330 @l b |y of @S g o39a3 Gy ) NREL
s (slas 39> b (s3ae 3,509, 45 sly gl LT pulis . iles,S
led Glptan eday ol j1 Wilsioe |y (s tdn @l ida
Jie o5 LlenS 3 Sos glallie ;5 ol Kdmgly ol cruizeen
Lol ezl (55105 Sluolro dinje g YL wds ghls Guxides
12908 Ggion b by <o pé (934 Slgie CFD glagig,

@98 AL odsl gl YV o Bllghes 5 (g bk
Gl 5 glale> aygly )3 Sl hsdnl SO | iSO
ol 51 ol it iailiny plail 4 (633c yobay (Sailely - lug
a5 [ oy (i) sladsh (li3l b o5 sl plid Ghagdy
%0 5uSilee sobdy Lugy x5 Glalil %We ojluily :Sile
daly oy gladsb GRSl prizen cuwl ails Gials
Jlo 53 Gliie ol 513 Salinag ol caolud lasio b el
2 Gilwg Jagdnl o sl Saelins Swilely oapay AvayY
15313 (il B Mg 135S Julai call (slgm by g (uilS)s
Seelipsg ol (slaly a2 50T G598 b G Jlael L &8
obels ezl BB ssba Suelns Suilely slasy by
asSeefer a4 Saap Gyl gladsb Gl s g wbie
B solgzi & Sos Saelins (Swilelg easay

53 63 gl dasdnl S LS lugs (il @il (o
Ghagh g bugi Jo 0 U S0l G caols jpax
L}ﬂ' U.Lol XV ‘ubﬁl L’)ﬂ' (833 (s 13wl said J.u.lz.!
L asdes 53 SD7037 Jagdyl o johiio oy sl lgly
51 el 415,815l 390 @Yl Saolins il 51 oslial
o3d Phb Gl julsh; sleesgazxe gl Jagdnl ol o L
S8 ool b (630 slagmnsd sl of 51 plsie 13 el
23S osliiwl

Galixd b9y -

Sl plate 51zl Jlowo @ls @l 53 2 ST G398 b S
63 by 503 ST 598 s (595 0aj8) Vo Vb
wygody (058 sy SQ &8y 55 5 WS i Loyl (i) eae
B2ayls s929 ity (5550 by

b sl 535 32500 98 b gl e3d28 Jxe O S
dsb bz Ul sl ad b y50 b ae3e olis
Jasdnl (AC) Suolipsgnl 3She s wylie @ cJogdpl (wsd
31 oslasel b (652,507 599 51 AU (b3 cuepun gl ol )3
oy a5 i ys [B¥58, (clayl8 (sl gl asa) Jsb abl,
el sl eyl Sl ) bl el

OUS) .

USlip =Lg ( an

Volume 19, Issue 9, September 2019


http://www.SId.ir

©okeids plus! Y8

sile «Suolinsgpl 33 Js> Jusdnly Sluwle dinly olad
&l ol pshte gy asSe ples Gl e S
oalaiwl Lo esliiw! Y dilee EW g.,uLLc lg)g)Lf kmy 030 by y
b Saelins Swibely sasy s5ldse sl Saoliny o
sobds Llgie lul=e wYluw Sl Gl 51 eslasw!
slasy das) Gb s |y Saelinsgyl slayl ;s Gadueals,
o> Gl b Gilog dusdul SO sl Swelins (Swilely
MOl gled oyt

©olsie b g sy (5550 by wygody (5)US (5550 by (oled
2 Py gl (oled 55 e (oled gl gless G2 5 5l
%IV yily (63939 0Ly miVongl wad .l oud i8S ki
> )0 e Ay Lo ‘GJ‘S.A LS)LMJM LS')? W] uL’z_ul
9 )Lid KialioS (sl guy iyl a1y il Silate (ol by
)'l lmo.le.o,gélg (5|)g §d3e Uabiub )L#s.a A8 eslaswl )
el 168 4.\.\)4

udgs o3 eddiin sl @l S (i) (5ie byd iy gl
Gl Syxie o)lgnd S wyged b iR s &l ol
S LT 51 nlaie Jlael (sl ad 4ol 53 Siluole aiels 4
wsli 55 agdpl Joo el yss Giloj o8y 55 Jasdpl 5o
RO V) w)f)kJ)b u.u)s) O'S.a Ulsi.c@)ba o>

CFD Julos oniuylyicl ¥
dsdnl le POlGtesdy S @mld b Selipsgnl sleg s
obSdmgsy ol ailesd dunlie 58] pie (5550 by b lus
Gh> Grwesyw gy Sl edlastwl b Iy Seelindg sl slayl
Jsaz @b «Suiseyle wSy> slayiahly aisgel duwl=o (PIV)
5 J%e 5l T wpmizen el Ly Glad piang b T o)
sloodls b auglio 5 (g33¢ J> gl plese udVansd wad

RO 3990 [ZSIGIanLhAp UT uL:..‘\P 45.333)5 oalatwl [E=JT X
BE T)g alpd el oadd oaly Hlid ) Hlaged 5y &S jebles
[25]65.}.: Oaes g [26](_,;).23)BL2."LA sosls b k=~/~/\u~JL§)é
45 oadoslitul g3ae 35ag, 14 g At Jgd Jol5 allas (gl
) s0ad Saelips (Sailely esasy IS 33, Slsie Ghegly ol
&S ot of wllegs 5 Saolasgnl slayl ,lis) ke 5l
)bLu.A dlo> 4,39’) 33 (833 Lglmo.)b LSLE':’ a5 ol )5.5 aQ ‘a)y
@3te glagiaghy sl 45 039 BYIY by T lade didon b

A7 iy
g Bolgase slaoals b led hmghy wluw Sawliny aisliel (Y jlages
KeeloA 53 (261 s s

WAA 551548 A oyladd M4 5)98

P sl slatie s el ST by cepw Glogs g Jagdnl logs
—T/2 5 TT.0 5l eybe o5 cul osdd 53 idgiy ol 43
O dhyly wygods &S cul osdbdiwlS diels e A sl S

1394 (0 ity
Uamp
A= U )

s ‘Cié})lﬁiﬁ 1% 3l g el gl oal 53 by ol lade
93 52 (Jlxi pagagasiys wledy &5l S5 4 03Y el
BE el f ol 9 call cagdply ey logs puilsyd

byi (sl s33e @l aiuwloel johiedy canl S5 4 o3
b Glogs gdul @ boiye slaytohly juslie «oije) pas (5550
lods i8S 413 53 LSy POlaz e gy

ilulone yhie slagl ~Y-Y

¥ S 53 45 s sl € g9 Qo wygod exbaid SHiys (e
PlpVe o5luila e =5 sbjre (oled Lcwl oaks 03l (lid
e 51 bl aad 48 Jl 53 s asdpl Jsb
513851 hgdnl Jo= o2l sz 2 wlgies

Y <1 oS 039 (5550 Wlsbo Y oyl £lasyl Jagdyl oo 51
GVl e 4y dzgi b byd gl & (v = 0.95) WS L)
51 Gislie slacsluil cul gY gl ol ) sadadSis,s
Jkeo VPV ooe Loy 55 (gl (ales dSud 9 0 039051 L Joluo slass
51 Vsl é_cLu cwol BVl bgdul (59, Lmo)f Mlasd g 039y
A e B3e Al el oad a9l ¥ Jgaz 5 e
oSl Jliol aygls oS sl 55 4 Y el @ = 11° > @
8]l @5-3/0° il SD7037

iyl Js> oadslal aa (¥ JSb

5 (Slly ~lug) =11 dlax aygly sly Kb 51 Pl o (¥ Jouz
Up = Upax = 384 m/s

Cp sl a3y Cr sl Jolo Slasi oS
vy +/30-0 WA \
NEN VM. VEIWe ¥
RN N JALFYe

(833 3ySygy - V-V

4)[) » (URANS) omt_g)afu.&hn oSgiwl — gl @wYslse
Jse %;.LMT Silwdie lp Llesds J> d9a=e == g
Jae wi¥slee cuSyi 188 Jao ccwl oai Jloel SST LI38
colius g sae lgieds Ko )38 dsles g3 Lk — w SST
ot sl 515 Jae Bl (¥) sl 5 (Reg) poiege
wegasdy g oaiSplugl Jugdnl o dsm plz sledande
261l cwlio L_,i.m‘.u) L_j.&.'il.a's LXVRY (SJLMJ‘JM (_gl):'

s SiilSe udige (ddgh: - (sale dolinle


http://www.SId.ir

ST OFAY iateasgill fimll by Lasal oy s5i 53 53 oass Jisind o\“'s_i' slayiebly

'||| Ey =5 pm i b5 = M
R 'k
s T
LT iF
=i e
s b
B W
a i
B8y i
[T Y ]
i I m m = i i @ ua m
W Wr
[T Py i
o o
LT S
e
T

i [ L ] - - = = L] ] - & & =
= » g

D L SR
|

= s

A |
T ._,.r".' |-J: e
i ¥ [l q"'q E ] n ] L ] - n n

# =
k=+/\V (gly &mb.:bg)j alyd slaylsgad (F jlaged

ple > b Gajel g5 by 51 Jol> Suelisg ol (slayly
dualio ;3 .iloads dunlie ¥ ylagad yd Keeofo (walS)d o (iojed

sl 4 5 yios Sand 23 b s poe by
Ls=a’)) 45(_’.40&5 (X s))'ﬂ O')A.bﬁe ,) g&:&‘.&ﬂ)aﬁ’,’ u'}:a...a.ﬁi

Giow5 4 A% ol Lopss (Saelins (Swilels (yies;Sae)
ol 0313 &y by — Sy 53 Ty lake diuin g eslis

Sl S GiassSan) Ls 21 shy i) Jsb il

Modares Mechanical Engineering

b g ey -F
‘\CdSa.uwlo.\ATwéaa\ale)@ngbw)st)w
WS e gl g amae Lt |y o)lass b SHa3 s (slaylag
oudd Jloel ugl> dd auml )5 3850 jobay b (5500 by a5
o be Glabdl Gaa) Job laie oS el el
L @lks 5> a5 S Tag Gl Jagdpl ojlsns Suap s
3w d.ass)J il Uw)s.l (5‘.{1:(_]9%: 3 ‘UJI)JLU cwl Y dslso
ol 55 32155 55 ) 440 3 U 5 35000 JIsiS

IS e 3l bz Saolisg l 5lusy i lahd wilyuss
—eSe g (1) Vb - aasd 93 @ (agdnl SSaw Sy
dlom> asgly YU —eSy> b s cwl oud i (l) U.ub
asly coml —eS ly & Pl bl GRlEl gyl

Lg=\ee (gly by hws 5 oase gl (55) wepw slajlay (F JSo
G338y Je 53 (5iegsSie)

53 Job y9b 53 03301 (uils) 3l -1-F

&S ol ol suis ols (lid YoF (laylaged 53 a5 jgbiylen
Ty oy ity Wbie Oli3! Jagdil plugs oasals’ uils)s
B8y ol wlise pialiSl (g8 BB jobay (a2 pae > 5
Sy 45 ol sl B8] hmgsy S b (agd Sl Galkad
QS g ol jVs) slael hy s plaghy siles ol
i 03ulS (uilS)s @ wlis Lo (Re =Ve7) aedlhe oyl

p—————————— 1},
wds vl = 5
v

ik wid

ab |
uH
T8
ki

|

i B :-..
’ 1
E| Wi T
| | e
LE| (i -
¥ B w @ ®m W 8 1 m om R M
e =

ke /o (sl Saalipng ] calpd (slayfagal (¥ slagad

Volume 19, Issue 9, September 2019

WWW.SID.ir


http://www.SId.ir

Ls)l.x“.‘i:'u_} o‘.m:' YA

313 sl 4 IS L duolio )3 GuSep iy ez
Sailely slaalsS bise Gl plugs (s & o
o el dr Iy ) dteanyg 51 YL sl a3lie Solins
L2613 593 o )3 1y (553698 slaalnS K jlaie 53 o3l
sy b 5 T luie 53 wad (el e ity 4 wlsS
omp (Y=F (slaligad) 3sdipe ad Saelins (Sailely
e ool ) 5 Ao S 1 gt b iy ad i

(Y JS) 390 oS> S axmli 45 YU (il b b
(TVR) uui¥anysi dipjsSumy o olgie wxd (e Lxial 53
Db e iy 3 dhly wiiles

turbulent viscosit
R < He Y) #

u
WolS eygods gl olawe il V5l iy TVR oS Lol

3 salgs aid S s s aas]

JB pobas by slaylisle (Gd32) (5550 byd b Ghigdnl e
ol 51 e (iR Job wdedy il 035 s (4285
oSl el ad 3 ire AV plar wese osals
o2l 53 bz sLid Hlade 53 (653 BB el o oS Wbie
53 il HLad Ll JuSad cluliy (O JS) 3550 44>
Ay Jusis s sl cleay il w5l @ usle ol
ssbas (Saelios (Suilely slug 5 Ty alie ((Saelips Sailely
&S Ghe pielS (egySue) Lg=Fee 13 poga>as (4255 LB
iloads 03y9] Y-F (glaylagad 53

Kee/ ol uilS)3 55 (5ingySao) Ls=)er wdlo 3 jLid capd 5 olase (O JS&

0l 53 (FegsSae) Lg=ter o v s iy Sl (8 S
K=+/+A

WAA 551548 A oyladd M4 5)98

GelS gl —eSHey b~ laginie g IS wslds
((iegsSae) Lg=Fee )3 ogiazay i) Jsb Gialidl b bse
Gb s o pde (50 byd b dunlie )3 Ty jladie dindon
wllog geizes ahie Glalidl GS3l jsbay gy -eS)>
Gl ;L) Ngdso 920 gl —eS b s byl S
2345 39850 003 (yieg)Sue) Lg=Fee sy lugy slaizmie (sl
Aigd (o Gy dold

olad K=ol A (uilSd sl 1) Saaliongnl calpsd (¥ lagas
slogys  logimie ker/od @l b alie amse
pie 9 58 byd 53,3 sl (iegee) Ls=0 55 Saliasg
b 53 oS T LS Gralidl aixdlse SouSy (53, Luyds (ije)
B3 el oads ssmliie Gisa) pse (550 byd gl YU Sy
9 (503 oamliie (ylegySue) Lg 20+ (sl

aly GhalS %)/ ojluilay 1y calyd diden jalie (puizen
e Rl (4zsd BB b ol 5> wllulgs aiels .l
Loy aidon el Tp cops b alie by glagioie s,
5 Voo Lg=00 (gly caipias %SAIY 9 VOIF (¥ Loyds ojlaila
Keeloh gy & ol 53 4 Y il il yieg Suofer
OIS aos (Llgs B cotyias (apg) Saelins (Saills sbils;
osli8] 1925 4y yiogSxoFee g Lg=eder gly VWO T g VoIV
el

2GR pas g G (550 by @I g 2l duglie
010lS (uilS)d oS ol ol suls 03y5T F lagead 53 K=e/VY
Ol Saeliadgnl slagls IS Lg) hbie Glalil ol
2ol Kee /WY (gl sl allas ;> 141 27] sladlbae b oS syl
Gl Jsb palie 4 Gl layl ad Sy 51 S
W alsS sl JSad (sl Jsb oppionl s e
T334 (Y-S (b 53 13903 cupdd 3 9o ) (ol
RO PP NS EPTRYIL

W s JSiS oo ubie oialidl Gdl Jsb o el
L YL -y Ll U (Saelins (Suilels slas) @a 5 sl
T aipd didion sl ((3i0g)Se) Ls=00 (sl - aiidlize Gro2s
orizer Sloie Bl ol (s pae wdle b auglie s Lo yds
i Ty saslie didiay (g spe) Lg=)encFer (sl
oS ol S5 @ @Y cud @il 1alS WEF 5 O Ly
sdee yobdy by —eSy> by Ly 5 Ty slagizie wlilugs
Ailedds g=o

3] Jab sl 5 ol Jlisle whaes V-1 F

sloylislo caalice b Vb 55 osdizyhe Seoladgnl slaybs,
S Gollin (i) pae @Yl (gl cwl plaegl oy
GLEL ¥l nbie Ay 450 b s> Gl 4 4l
Lol 53 sl ad wls)S jea> (7130 e 03 Hl3ged Cardd 53
OS] o & S e Wl ) JLideS Jhuw 4ol SO (iSe
b sl 4 IS o elSin 3950 st (595 IS
Adon 4 Ly o pd jlade a3 plidigy JobS jobay |y a5
IS a3 &) Saelios Suilels abiis oyl 3 o a0 355
Sgy ol Ao Glaled ) sy ol IV T dlas aygly ;5 O
cul re3 @l s M2 tmgdy S lo b

wlidyz gz S (sl Wlpnals (535 ol b Gilbe (e
5% el (YU oo g 350 JSb iy @lsS S
(F JSb) ey oo 4l p Bbise M) ol> 4 e
Lucsdyg ke g cuelw e BUS gz 55 sl 4 wlsS

s SiilSe udige (ddgh: - (sale dolinle


http://www.SId.ir

V33 bl il s b358) ey s9ii 3 (551 a5 sl ol slastally ol

do> ol ¥ JSo Geluly 06,5080 4 S35 e ol
Lg=¥ v (sl cazmaisys yls Gnly ilyeds TVR jaslio «fagdyl
a2 |y bhad Ghalyd (dasdnl s> Jlow by «(iegSee)
A5

09w 3 p9d slaailsS Ly Y-\ F

95 I A G ol slpald Gl Voo ¥ laylgel 3ib
1355 5Ll ol 35,135 3975 e 5 093 (slacy kae -0
sy sz 4 5s sam AlsS a@=YVVO T aygls s (5 JS)
Gl 53 oS Moo by Gupmo 9 335 (50 S (i) pac >
097 «(FlegsSae) Lg 200 s (g550 byyd gl el Y5 2uie by
(F JSb) dede yidan olgad 2 5> Jlw ey Hlaie
a2l b 3gde JeSleiSh pas 523 e g
OBalS ez et B sobar (gl 4 55 dlntyg ylade F S
Lilaie 2950 wughi (55 4Y (duiz 65l s Mbe
Y bagi K3 gam wlsS g w80 Ga9=i @ ol Gl
Spelipsg ol sl slaylsgad aly o 33dad isS (555
Jsb osidan sly 3 Bhise pRalS (sl> 4 slaals,S slusi
s amlgi & )Sos Saebius Swilely (i

518 W g ey ylwgd il -Y-F

L B9 ol wepw plugl g A58 50 byd plgs il
0391 BV (slaylsgad 53 oaidyz fagdpl Saelindg pl JLis) s cop
2 D=+ sl Y —eSe glagizie 3 & jsbples silesd
WWATT augly 53 slsged Cad 3gdise oy (i3] pae el
S sl ad alaS G b ol )3 ede Gl Lz
181395 o Salinng ol (slayly (LS (2al33) oo 45 3,5 0
dasdnl & Bhe welsl ol 1 Saalinagnl glagys (ol
(oSaoliny Sulely dax) 3 3gh Saelins (Ssilely Sles
L7515 1y 395 jlsdo oy ey dbgipe culys

L = 50 m

k=t VY (ulS)3 3 (stegSae) Lg=)ee wdlo 3 by (SuadT glase (Y JS8

Capnd (50 itS 4l3S bie (Sl Gajsl Jsb o el
Cilpedy dipmayg hls & 35 JSb 58] pae byd 4
W3S )18 (390168 (5 JSb) eSS a8 g yieS
S3de 4l Sell (Sibhdmwsi wely (Suelins Sailels
b auglio ;3 1y (5ieS Sl )lid (iSe cuows (olily
OIS o cdzall )3 &S yls e eae wdls s ol bl

3950 Saoliadgnl (slog
Wb jlad GLSE el (sieg)Sae) Lg=Fer (sly
cow Jo Saoliay Suildly wlsS o5 35d0 u sl
e 1 G0 Saeliys GSilels 14 g S gy 4y S
dsb 53 (il gy wylie @y el &y plug uilS
olaas N3P 0 Jlw iz @58l Ol G Gyl
02 53wl ol oy lis F S 5 aS sgdie Jagdnl
6xSslr by wdSy jl sl 4 Js> olyz kil
eS8y puized g Y-S b s Ly 5 Ty lag s Ao

¥ Ly Lipasske i
LR RS R
L
i 1-ulg i
ane A a2
t
]
¥ §
] EL]
17 A
T
L]
i
wil
e
[
L3 x
- 1]
' 1B
. wi
- T
T La
(T2 1
B il
B gy — =y |
L] L} L ™ - L] 'l 1 il = H I 1 ] T = ET)

EF lidrgang )

Modares Mechanical Engineering

| o § g

5 eae by b duglio )3 =+ (sl Jol> Scualinsg ] culps (8 jl3ged

Volume 19, Issue 9, September 2019


http://www.SId.ir

(6ol olas! V1en

W ] L sl 1 H 1 i w P a ' v -+ " ] L]
ol dhegrm | i dageeri i g gy
B =T dj pas 5 G G5 Glabyd Selizdgnl calys dunlie (5 jlaged
L, = 50 L, = 100pum L, = 400um
—hu‘._l o
----hw_lm.,h.k J_l_h'a-,'
¥ Koy e B, PO
L
1
]
Fig
i s
-
g W o e
I |
-
T I _-""' |
e wl
L2 [ 1]
H i [ ] i 2] H

¢

GSaeliny Swilely L9y 18 BMas oyl 53 oS ol )53 4 039
b 3 i pae Jagdal (sl 4S5 9kl 0355 gy s
093 45 35 0 S Saolins (Swilely wls)S 93 Y Sy
o L5 cogls ad s L) Jlael b Lol canl =WV T s
350 IS Gyl Jsb slie eled (sl asl> 4 )3 wlsS
0935 @08 @il wlsS candl el jakie O laged s o«
sl a8 @ cond |y xS )b Glalidl 4 b yls (518
ol 6] gty Sy U il s andly ol 4S5 oS sl
Vb -8y (slaylagad o jeolie SWST Lg (i3Sl b izen

WAA 551548 A oyladd M4 5)98

o (gt

/2 5 G pae g sl (g5re (slabyd Seelinsgyl Colys duglio (Y slaged

ad by Sas Gased Job talidl wewl P= &5
331l G928 4 ) Saolins Swilely ahaili (izen § 29l
e by b dunlie ;5 Ty lade didn ((ieg)Sue) Lg=0+ 53
Job o5 olSim (O Hlaged) wbie Glalisl %Y ojluilay el
S 51 a6 5508 a3l Ty iy el il331 ity
Lol s Job c.s'):"“f Sosb s ugl> 4l alsS
Owizen 3y amlexi &) Yae Suoly (Swilely (g Saofer
G3b ol (iegsSee) Lg Voo (sly Ly Cips = Cimax

Ailese

s SiilSe udige (ddgh: - (sale dolinle

WWW.SID.ir


http://www.SId.ir

TSl b f Q2580 iy sy 35 5l st s ol slagially
Ol 5l Loy o5l U e agdpl (ol ad 55 5Lis iy

B Sl gl a3 bl Jo> oliz 2 oSl 5sle8 plae (A JSS

oo L8l b dualio )3 (yilegySeo) Lg=Fe» )3 ¢p=-

0+ L e e n
; SRR roerr 11
.5. b ‘r"---..l. =
e —
T B
15 1)
] cmcsal = 400 pm
204 :.' Sl
-:::5. &
H
]
=
L]
-39 -
-&f) T T L] T T T
=] 4] 02 G4 .8 (1] 1.0
.L.

2 B=+ (sl (iagsSie) Ls=Fer o3) Job 53 Jugdpl )i cupd (A Jagal
U pae byd b duglie y> a=Y+/F° T ales aygl;

S sl alyan 4 osls Glid by Glidad Jo S5 50 (59w ]

Modares Mechanical Engineering

Jloel o ) amuii lgie o5 Bhe Eals gl ~eS)>g
3o Sl 1y Saelins (Suilely LU @il (el byd
23 o2l YIS 3929 O Hlagad )3 Lug g9 sl Grelie Jul=d
YAI® ezsd s Gialél Caps = Camax sMie 45 cusl Sl
Al yilogySaoFee g (yiogySae) Lg=0+ sl cuiyids %V o
L otali8l %0 ojlailay luy digday ((ilogSue) Lg=0 ;5 Lol
(3l Job plSl b a5 el dzgi a4 oYl 03,5 dpi
390 90 LT oy -S> (b 53 T 5 Ly wlilogd
sl wcwl =T & 8y s i byd Jleel b
Gl pae by b duglie )5 |y (55068 whnsd «Sholinag
gl 55 T caps laie diidn & laged Gub uim3e plid
e &y s pae el glp ol cawd @ glales
Gz jebay Nlgies i) (gire by Jleel oalnliy
aps 3 Cmax Q) max lie ey i ]y eyl yslio w
dob 5l Wil JMaswl saimslis oS silesile (8L wold Lo,ds
S8 GMBT cpl s a5 cwl SY a4 oY el il
9 @=NVIV° T sbls; )3 (9l 4 S .l Cips # Cimax
S «GegsSae) Lg=Vee g (hjed pae byd gly cudyiay VYO
3 Sy (Silely eplnly amspe Glbsy |y 4Se b
20 21am3 50 &5 Lls o

L:b 3 T)g g.,ul)»a Lglmul.'xbc ‘(f) = —1'[/2 )".é S| 3
Slpakde ¥ jlsgad y3 oS 3yls Gilbgyee Koas LY -eS)>
e Gl Ly a5 oollim Sos (slajls GMasl GsVisy
03938l ol ~eSy> b > 2 BB jsbay Cmax e
&S ol el Cps # Cpmax 5 58 SYaS1 ol )3 350
VEIA ity i3] g ol el yiog SpaFen g Lg = o
Slegizie oy gl sralive HlSy e plas |y %0Y o
5 Ty wllog coudin @Vl b Gillae guizean 313 3925 Lug
Al pEalS gleses jsbdy ol -S> (b 43 Ly

s9bas b agdul SLbl by 5 @Sl (lid plase A JSs
pie bbb dunlie )5 (ylegySue) Lg=Feo 5 =+ ;> diges
23l glase caalie b sese glid (ol Jagdnl) 58]
Y-Sy b (sl 4 4lsS & elSin (5a) pae >
G935 LS ES jlows dtud (bioe Ayl (IS b (59,
23980 538 Gl caw & 3,50 JSb mhw ol
W e 0 1y LS e (asle 4 lsS (Sudlamuws I amy
h i ahuw S s &5 Galin G Plapie Gy
Iiw dewgs iSe xbw (55; WolS HlideS 4l ildgye
bz ol )3 ()Lid g S Zohw e b S| &S AS (0
Salely glen 45 sls sales i ) Ty cops diudoy
JLideS sl i3S (o Silels 51 u alolitly sl (Syalis
S 39,600 Yo @ 9, 9 39doe JuStd gdnl wuy ;3 (6,503
o 2ad (EalS Caw lsS ool ad) el ity 4 wlsS
oelr 4 59y 3RS (S50 by oS elSim Lol []agi o0 Ty
4>l e Ib jhwe B3 gladsb 3 aSVh el oS>
a8 asuwgd gl iSe b (595 «laS 51 AL Lades
45 3950 s ol ol il oed |y (S0 gl SS9 Wbie
sl izt 5 398 Jaemd Jugdil (595 (5558 oty (,1855L
Sy (sly el &y (Saeliny (Swilely «(ieg)Sue) Lg=F+
Sloz 0 digad jebay |y Jlid cayd Gizie A lsgad i
Sade amsse las P=v 43 Kol a=Y/F° T Sulolg

Volume 19, Issue 9, September 2019


http://www.SId.ir

©okeid plus! VY

@l &8 1l olis Gilwgs plys el | Jols sle s
Ly Glogs bbb 4 diualy S5 52507 358 mbw Jlac!
o Sytde iS5 Lol LBl oadalagl j1 OMis! (e epbie
Le=¥er 35 9o oled (sl a5 ol ol lanjls Govis] oled
b &8ly 53 cal 0315 &) (Saalios (Sailely o108y (sieg,5e)
olgas S35 ey Judgn (A3 ey 9 Job a3l
oo 9 430 RIS ]y JLad LalS oS L amlgs ey,
sy e jlas glolS uSid i azp palishusba
s Wlaio 5 (i oy w53 39000 (550 xbau
bie azwst hsdul 53y 5eT 9 WBloe i @ wlaS
5 oo sl 4 (595 32501 398 b SO Jlael lizs
dsb b > (Saelins Suilely (slaonsay o |y @il ¢ yies

ol B P =T g P = —T/2 ;5 ulyiay el

bl oygliing wlems I g ooy eiuqgd 1(sil3ya8 g Sl
caohls |y SaS JloS' az LS 9 (LS S 5SS oyizme

YolS L_,alc 6|9}.’>A9 e o L’)ﬁ' A.Js) 3 U§§L">| Q.\é,:‘l.’i
wanol 20 (1308 SRk g g 0392 (509193 Jel>

N 3529 55 ey dlie gl (5125 458 gun 1@8lia oylad
a2 2lnlis 0ad (el odiangs patd bawgs olS x( e gilie

Cudgis -F

padle

(0) osdnl s b c
Saolipsgnl by wap Ca
Sralinsg ol s cape G
(1) plwgs puilsys f
cssmls Luilsys k

(o) 3] Job Ls

3giy sae Re

(ms 1) i e puo Uslip
(ms™) Guleo cueyun Us
(ms1) cwssVb gl ey Ue
Giliss padle

ghe Jloyi jlap n

(51) dipuuasiyg slade w,

(°) dhom s a

o putgizg;

ol amp

buwgio jlude mean

&l

1- Dalili N, Edrisy A, Carriveau R. A review of surface
engineering issues critical to wind turbine performance.
Renewable and  Sustainable Energy Reviews.
2009;13(2):428-438.

2- Tammelin B, Santti K. Estimation of rime accretion at
high altitudes-preliminary results. In: Tammelin B,
editor. Boreas III: Wind energy production in cold
climates, proceedings of an international meeting, 19-21
March 1996, Saariselkd, Finland. Helsinki: Finnish
Meteorological Institute; 1996. pp. 194-210.

3- Tammelin B, Bohringer A, Cavaliere M, Holttinen H,
Morgan C, Seifert H, et al. Wind energy production in cold
climate. Helsinki: Finnish Meteorological Institute; 2000.
4- Laakso T, Baring-Gould I, Durstewitz M, Horbaty R,
Lacroix A, Peltola E, et al. State-of-the-art of wind energy

WAA jo1,54 Q& oyladd ) 5y98

Sl Gslz dd Bl Jlad Ll eauSlesd Jagdnl
el ol amait )3 g el Ll gt sl of sblie I S
A lagai 4 dzgi b Lol O1udle Gussd @ ol Ll
o sl 4l s (e byd Jleel &l 2l
sblsj 0 i b ol )3 ,lad pbalS iy azpe Llals
Capd s dzgi JB Glals ool ad selys dles (Yl
b 59y Ao b plslS (S USE oS 3950 s LS
obyz S35 Lol sasy syt o5 a8l Ggs 4 Jagdyl
294 35 (6)LaS sl gty a5l @ iy e
&S 50 G ol ool L8leite bie (S (298 LB
by o 4 Y-Sy b (Saelins (Sailely ailsS Jusias
6blss 53 T Jlaiie 19 0Bl axdls |y (5,168 (Sxdbamuwgi g
ohalS i) pae by 4 cand (Spelins (Sailely 4 SG3s

Abee

S Samgii -0

833 wygods Sueliny wdl> 53 SD7037 (gasdgy Jagdyl
2 Selipsgnl s 0 glugs (uilS)d 3 43 Gulixd johaiedy
odb il palie a5yl b s Julod Gyl byd j9a>
sl o Jusdnl Ssale wSy (Sless glayiehly sl
5 Saelinngnl Gl layl 4 Saalios (Suibely e
&l jl esliial b i) eae (550 byl sl gl laylisle
ol jl Sl & ad aiwliel ool Gl 28 9 3%
ol 5y eddeslatwl SiVlaw Sooliuy 3509y a5 39y cdids>
sty ladanie (gieleuidse jebay Algie dallhe
osliiul b a5a) (550 by apled coind |y Saelins Suilely
el osds Jlos! yigl (i) il (5550 boyid

oS @l (Saelipsg nl slog s (el JsbeS nalie sl
@l e gladsb Ghalil sy (Suelias Swibels b Iy
S8 53 Suolinsg ol (slu 9 Ty calpss 8ls I |y (glate
Gl sl Grels %Fe g W osslula cudypa k=l
Allie Jiw ol syl ok cael lagulss
4 b 3 5800 @58 Gy S Jlael o wloasS ol s
b sopust 2D sl Vb lawd a58) Job b (el
RVITRVIRRA

Suilely als jlisle (Gise) sime byd sl b nalie
il ledio S (hoRiws (4295 B obay Iy Seelizs
2 dbw plz ey yuslie 5 Gl Gy (3 Jsb 5
2 30 Yol i 4y iz (55 ole ) GSap
9 39350 Ul Gy 4 w4 gl plalae dbil e
) sladsh (sl 48l e Gagm @ (Selins (Sailely slas,
et 53 3ls 1) Gl sl Sl Hlid (sl ad YL
Spolipsg ol (slog ) s -~ YU -S> lagixie
5 il Js= oz ol )bl pulily 8515855 50585 @
Jsb 55 Jagdpl 13 ¢35 a8 TVR juslio (Siwloy ausl s
GalS am3e ol 395 1 Silialah LS, cipdy 4]
oreS el (g Lk 5 K0 s o Sl Lid S35
WY ede Saelny Suildly I U8 Ty lagionie coud
2D 93 alaS wilgies Kos cedle ol )3 sz 4 53 (555
xSy ey JSb g A8 ds Yo i) gladsb wdl>
GilS a8lEg 00 |y S onws 45 asle a (glaaylsyS slaes
Abee

s SuilSe udige gy - sale dolinle


http://www.SId.ir

WV Saleasgnl Slagls b il e y9do 53 (63l gl Jisdnl ol slasiobly il
March 1985 - 14 March 1985 Boulder,CO,U.S.A. New
York: AIAA; 1985. p. 527.

25- Gharali K, Gu M, Johnson DA. A PIV Study of a low
Reynolds number pitch oscillating SD7037 Airfoil in
dynamic stall with CFD comparison. 16th Int Symp on
Applications of Laser Techniques to Fluid Mechanics
Lisbon, Portugal, 09-12 July, 2012. Unknown City:
Unknown Publisher; Unknown Year. p. 9-12.

26- Gharali K, Johnson DA. PIV-based load investigation
in dynamic stall for different reduced frequencies.
Experiments in Fluids. 2014;55:1803.

27- Gharali K, Gharaei E, Soltani M, Raahemifar K.
Reduced frequency effects on combined oscillations,
angle of attack and free stream oscillations, for a wind
turbine  blade  element. = Renewable  Energy.
2018;115:252-259.

28- Rasekh S, Karimian Aliabadi S, Hosseinidoust M.
Comparison of dynamic stall models using numerical and
semi-empirical approaches for a wind-turbine airfoil.
Modares Mechanical Engineering. 2018;18(3):282-290.
[Persian]

29- Rasekh S, Hosseini Doust M, Karimian Aliabadi S.
Accuracy of dynamic stall response for wind turbine
airfoils based on semi-empirical and numerical methods.
Journal of Applied Fluid Mechanics. 2018;11(5):1287-
1296.

30- Bakhtiari E, Gharali K, Chini SF. Effects of
superhydrophobic surfaces for a wind turbine blade
element. Proceeding of ICCE2017: 6th international
conference and exhibition on Clean Energy, Toronto,
Canada. Unknown City: Unknown Publisher; 2017. p. 27-
36.

31- Bakhtiari E, Gharali K, Chini F. A numerical study of
slip velocity effects on a 2D airfoil dynamic analysis.
Modares Mechanical Engineering. 2018;18(8):183-192.
[Persian]

32- Rothstein JP. Slip on superhydrophobic surfaces.
Annual Review of Fluid Mechanics. 2010;42:89-109.

33- Navier CL. Memory on the laws of the movement of
fluids. Académie des sciences (France).
1823;6(1823):389-440. [French]

34- Sbragaglia M, Prosperetti A. Effective velocity
boundary condition at a mixed slip surface. Journal of
Fluid Mechanics. 2007;578:435-451.

35- Watanabe K, Udagawa Y, Udagawa H. Drag reduction
of Newtonian fluid in a circular pipe with a highly water-
repellent wall. Journal of Fluid Mechanics.
1999;381:225-238.

36- Gharali K, Johnson DA. Effects of nonuniform
incident velocity on a dynamic wind turbine airfoil. Wind
Energy. 2015;18(2):237-251.

37- Hansen AC. Yaw dynamics of horizontal axis wind
turbines [Internet]. Golden CO: National Renewable
Energy Laboratory; 1992 [cited 2018 Sep 01]. Available
from: https://www.osti.gov/biblio/10144778

38- AID. SD7037-092-88 [Internet]. Unknown City:
Airfoil Investigation Database; Unknown Year [cited
2018 Sep 01]. Available from:
http:/ /airfoiltools.com/airfoil /details?airfoil=sd7037-il.
39- Langtry RB, Menter FR. Correlation-based transition
modeling for unstructured parallelized computational
fluid dynamics codes. AIAA Journal. 2009;47(12):2894-
2906.

40- Liu X, Lu C, Liang Sh, Godbole A, Chen Y. Vibration-
induced aerodynamic loads on large horizontal axis wind
turbine blades. Applied Energy. 2017;185(Pt 2):1109-
1119.

Modares Mechanical Engineering

in cold climates [Internet]. Finland: VTT Technical
Research Centre of Finland; 2010 [2018 Sep O01].
Available from: https://www.vtt.fi/inf/
pdf/workingpapers/2010/W152.pdf

5- Jasinski W], Noe SC, Selig MS, Bragg MB. Wind turbine
performance under icing conditions. Journal of Solar
Energy Engineering. 1998;120(1):60-65.

6- Antikainen P. Ice loads, case study. The Proceedings of
BOREAS V, Levi, Finland, 2000-11. Helsinki: Finnish
Meteorological Institute; 2000.

7- Homola MC, Virk MS, Wallenius T, Nicklasson PJ,
Sundsbg PA. Effect of atmospheric temperature and
droplet size variation on ice accretion of wind turbine
blades. Journal of Wind Engineering and Industrial
Aerodynamics. 2010;98(12):724-729.

8- Makkonen L, editor. Ice and construction. 1st Edition.
London: Chapman & Hall; 1994. p. 132.

9- Maissan JF, Eng P. Wind power development in sub-
arctic conditions with severe rime icing. The Northern
Review. 2001;(24):174-183.

10- Seifert H. Technical requirements for rotor blades
operating in cold climate. In Proceeding of VI BOREAS,
Pyhatunturi, Finland, 2003. Unknown City: Unknown
Publisher; Unknown Year.

11- Hejazi V, Sobolev K, Nosonovsky M. From
superhydrophobicity to icephobicity: Forces and
interaction analysis. Scientific Reports. 2013;3:2194.

12- Laforte C, Laforte JL, Carriére JC. How a solid coating
can reduce the adhesion of ice on a structure. In Unkown
Proceeding. Unknown City: Unknown Publisher;
Unknown Year. [Unknown Language]

13- Laforte JL, Allaire MA, Laflamme ]. State-of-the-art on
power line de-icing. Atmospheric Research. 1998;46(1-
2):143-158.

14- Anderson D, Reich A. Tests of the performance of
coatings for low ice adhesion. 35th Aerospace Sciences
Meeting and Exhibit. New York: AIAA; 1997. p. 303.

15- Cao L, Jones AK, Sikka VK, Wu ], Gao D. Anti-icing
superhydrophobic coatings. Langmuir.
2009;25(21):12444-12448.

16- Antonini C, Innocenti M, Horn T, Marengo M,
Amirfazli A.  Understanding the  effect of
superhydrophobic coatings on energy reduction in anti-
icing systems. Cold Regions Science and Technology.
2011;67(1-2):58-67.

17- Carr LW. Progress in analysis and prediction of
dynamic stall. Journal of Aircraft. 1988;25(1):6-17.

18- Gharali K, Johnson DA. Numerical modeling of an
S$809 airfoil under dynamic stall, erosion and high
reduced frequencies. Applied Energy. 2012;93:45-52.

19- Carta FO. Effect of unsteady pressure gradient
reduction on dynamic stall delay. Journal of Aircraft.
1971;8(10):839-841.

20- Mc Croskey WJ. The phenomenon of dynamic stall.
Fort Belvoir: Defense Technical Information Center;
1981.

21- Corke TC, Thomas FO. Dynamic stall in pitching
airfoils: aerodynamic damping and compressibility
effects. Annual Review of Fluid Mechanics. 2015;47:479-
505.

22- Ericsson LE. Moving wall effects in unsteady flow.
Journal of Aircraft. 1988;25(11):977-990.

23- Gordon Leishman J]. Principles of helicopter
aerodynamics. Cambridge UK: Cambridge University
Press; 2000.

24- Reynolds WC, Carr L. Review of unsteady, driven,
separated flows. Shear Flow Control Conference 12

Volume 19, Issue 9, September 2019


http://www.SId.ir

Golsity glus! Y1F

Reynolds number flow around oscillating airfoils.
Computers & Fluids. 2010;39(9):1529-1541.

45- Choudhry A, Arjomandi M, Kelso R. Horizontal axis
wind turbine dynamic stall predictions based on wind
speed and direction variability. Proceedings of the
Institution of Mechanical Engineers Part A Journal of
Power and Energy. 2013;227(3):338-351.

46- Karbasian HR, Esfahani JA, Barati E. Effect of
acceleration on dynamic stall of airfoil in unsteady
operating conditions. Wind Energy. 2016;19(1):17-33.

WAA jo1,54 Q& oyladd ) 5y98

41- Ericsson LE, Reding JP. Unsteady flow concepts for
dynamic stall analysis. Journal of Aircraft
1984;21(8):601-606.

42- Gharali K, Johnson DA. Dynamic stall simulation of a
pitching airfoil under unsteady freestream velocity.
Journal of Fluids and Structures. 2013;42:228-244.

43- Kundu P, Cohen I. Fluid mechanics. Cambridge MA:
Academic Press; 2001. p. 130.

44- Wang Sh, Ingham DB, Ma L, Pourkashanian M, Tao Z.
Numerical investigations on dynamic stall of low

s SuilSe udige gy - sale dolinle


http://www.SId.ir

