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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, boundary layer control technique is investigated on the NREL-5MW offshore baseline
Received 02 October 2016 wind turbine blade with numerical simulation of linear DBD plasma actuator in a three-dimensional
Accepted 03 November 2016 manner. This wind turbine uses pitch control system to adjust its generated power above its rated speed;

Auailable Online 18 December 2078 but below that the controller is inactive. In the current study, operating condition is set such that the

control system is off. Plasma actuator consists of two electrode and dielectric materials. One of these

Keywords: . X . . . . . N

F,g’W control electrodes is connected with the air and another one is encapsulated with the dielectric material. When
Horizontal axis wind turbine the necessary high-level AC voltage is applied to electrodes, electric field forms around the actuator and
Plasma actuator an induced wall jet forms with the ionization of the air around the actuator. Electrostatic model is

Electrostatic model applied to simulate the effects of plasma actuator and the resulted body force is inserted into flow

momentum equations. In the present study, three different control cases are studied. Results show that in
all cases, using this actuator leads to improvement of the velocity profile in controlled section, which
influences on pressure distribution and results in rotor torque increment. Finally, increasing in torque
leads to growth in produced power of the wind turbine. The highest increment in output power occurs
when the actuator is installed near the root of the blade in the spanwise direction and before low-speed
region in the chordwise direction.
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Pressure Coefficient

Fig. 3 Pressure coefficient distribution at r/R=0.5
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Fig. 1 Generated mesh around blade
oy JP @L...;l;u AS....» 1 J&m

LA T

\\\\\\\\\\\\\\'\

/ LTI

Fig. 2 Blade section at r/R=0.64
1IR=0.64 )5 05 3l ahaie 2 JSCi

! Interface
% Moving Reference Frame
® Fluent

12 o plads 16 055 1395 siaud JASNA Adlss Shtid


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

Downloaded from mme.modares.ac.ir at 13:50 IRDT on Wednesday May 9th 2018

53290 LS 3o 9 et al yulis

G190 3b 395 2959) (Saelia 39 T yShoc Soag )3 Leawdly Ylya JpiS yShec il

e 58 5L Calé (il SgS Lowwdly 4b) il ol j Sg,0 29,55
e 1y Sl oy 58Ul Sl ol (S Sl Jeuily S cod o
33 ol Olgies 3lse ol 4 4z 3l [20] 0,5 oi b >l (S Sl
285 ks by sle)lSle 5 @) 5l Jiee 1) dlolas

3 omablise slagys S5l oS Jalye b 55,9 (cex> 90
Do dpmlee (4) akt,
fo = pE = pe(-V9) ) (4)

el (So S e o Bl o a8

ol plonil c8sl8 l8le 5 aliws 4y 5 SLLLlg 2SI Yolee >
iy o ISl JUisl c¥oles (30,5 adlal ol wcgls Jlidle s 4o .o
S alagas axii s @l s (ohsng) S st sad
JEsl dolee g0 e wlgog collB 4 azgi b oo 0929 ‘5(.g_é|.6.>.9,[)
Jlosl b rizman g g0 03938 138l 5 s pe 5 P (sl (3) 5 (2) IS
dolee g0 ol (65,85 gl B 50 cBlisag Ol 3ok 5l (650 Ll
Calgipe [20] anl cassar U plae 90 5P gy b oead S
doizr oz g0 0ud Jol> ez gy @iy (4) Aol Sy
D5 g0 05938l plinge Y olas 4

Ledly Shoe J1 (iloancd sl 38 Joe 5l o> gl 5o
Joe 5l Ledly sileacs mls muwlzel Glp ol oo oolanul
b Jol> b 5 ons onlinnl [23,22] ) Kos 5 &5 50 collad coviin
oals Lz 5 IS 10 aST cwaid Juw ol 5o el oads i lie g2 e ol
Faske 0.75 Culks a4 cou gamio S gl jo oy xSUI woads
35S el o oolizil Ky iSss oole lsieds 5l 5l 5 i3
39780l 5 amivo sl 4 53 oo 50 Jhd 4y o Sy 50 3]
aSlay] 51l 48,5 )18 amis Loy ;0 jte Lo 0.15 coales 4 sgame
CERC SNSRI JARRN B ¢ NP PR VES
Dgisr 3elst QU Gl )l ©jgon axmio Gl s Vb s (alnle

ond ools i lasg Sl 5l end 5 Slosls 455 60 S o
60 Jsbar Lbive JS5 & [23] ilhe Sholre asels slol .o
Sl @ argl ol ond w8 S e s 40 (2 5 el
ooy iUl @ jglme 5o sbd Job SIS, 5 whirasid Joho n 38555
S Slewbe lase J5 3Gl i 4l ol o ba ok o515 sl
oo ooliiwl ooye (gbiwly yo alati 200 5 Jsb sliwl, jo aki 303
oW

S cble aiy e 0.001 bs sk 23] 4 axgl
L 0.3 Ll 5)ls clale (oS el 5 caSoyie 2 0]550.00085
4565 Jold laS e @ Jlael (S Sl sl el izran el 00
Wy wiz e il supe mae SIS L sk S Ll 8 s cdgsls
ol on olEill mls Syl 5l Ll el wslie & ypon Jlesl
@ ol 05 Sl Gl ojlgen eadindg ez (5950 Cu RO 0
S lewdly 4 Jlow by Sloj ol Cizmen 13980 o0 Wl 390500 39 55Ul
b Jleel 5Ly Gloy olie 51 7o Jlows a5 conl ailipas 4o
5y 09 wglite ey e nlplo abl o 5,09LS a5 s 5l slauils )8
P L el ca bz Opsods Ladly Slee S daog 2SI 4 Jloel
Db b Gb > plase

# User Defined Scalar (UDS)
® User Defined Function (UDF)

12 o plads 16 055 1395 il (s rde ilSe usdige

5 Ygane) S SUlss ¥ o gi o ol oas LS5 (Sl &90n
50 (o1 09 2SU) Ggymr 09Il ailond oz 50085 5l (o9l (i
297580 o9 Jog o & 3y ael gt 5 009 lgn Sl oyxe
Ao 3y b g sl ety S0 ESUlss 4Y (59,0 50 (0ga5me 09 i) (g0
VL) S B ol a4 slaslly 5o [18] WS ge Ll 1) cmey i
Sy g oad lsa laJoSge (udopin wge Sles (Sl Wy Sy
b SoSIlol Uil el oSl (S il plage &jglme o alol> Jlo )
I o5 < b bayg (nl 0,95 0 Jedod isdi oo phaw (003 )0 S
39 75U Casty G392 09 7S Cns 1o s o] 4y pgitage JUiil g
WS (o Joe (o> (59 wiile &5 QU Ly nl g 00 F (o0 UKD Ol
Ao o Hlis ) 055 ojles co S KBy

GRSyl sl ony oS ey oy ool (gileand
S Lz el Jlsds 5 oz Sl apSl (S0l e 5 b Ol
A b S gk sl s JguSle dlales 5ol oy cal B> > sln
Sty laplis sezy Jdoa bt pé oS5 Gl &5 Wgd oSS
ol o el eyt ansey e (oo (Sopd lronyyy o gl
Ly Shoe Jl(55lutn sl (A3 slaJas 22l Jlo od (b (b,
o5 ol 'S tlySI Joe [29] Wil 5 Seied 5 s & ous asl)
=55 @9 3 e dae gl ol ous &l [20] Silga 5 (g Lo
el o ool G pSlles (53, » 55l ke mjes (il sl
ol 4> 085S el 4>l 90 @ 1) S (S0 28Ul (lage Slgo 5 (350
el (SoESI laas pgs 4l g o)k al)d 5 a6 (S aSUl las
2ol Jbel s (Kol plae S bzl ooy 25Ul @y Jloel 515
o Aoyl o b oS 55 e Lol gpiaes alobis 50 cJguSlo ¥olas
boonlios Casay (o aals o 55l clale mjei 5 (S pSUl Jemnily
Mg e 59 il Chle e g (SeSI ey e G
@ dedz dler Djgodr 5 ddee dnule U5l dolie SaSay oud
wbgye SVole &5 Lol 5l ogbe alol LuSsiok sl cYolas
ooy Sl Jis (nlply wies g9 G0 cble 5 (S Sl Jeily
Oy SV¥oles 3l ot 1y dlobas 50 cpl lasl )0 g5 oo s )s g 004
=S J-

suiiSosls sl oy Jlasl b 093 558Ul gl [20] o Ko 5 (5000
S 55 sy 3) 5 (2) dben 55 JomSle SYolas segme 50
)8 Al 5L clald g g (S il
V- (,Vp) =0 ©

2
V(e =3 3)

.. 3 2 . T .
8P Tl JsbAg o nidel cuyo & ol o &
el Glowlos laue (o 55l cdale m5e5 Pr 5 (S S lase Jilsy
Cowl aligil vgam jo 5,Le cdale odgr Slej 4 e ey cJl> o
o edmls ol e el aice BB cwblize lase Gloy Ol
cmbliie Gl ( oSl by (JomSle (45 l2) @Yolee olKiws
3 ol [21] aiis o B Gloj cliniae 5 bliie e
Ss 3ol o (b (3) 5 (2) Wolro 90 L5 JguSle SYolas dcgerme
Spslme 53 ojlns (g5, 5L clale 5 il SeeS sls Jsb ST K

! Electrostatic Model
% Relative Permittivity
® Debye Length

512


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

Downloaded from mme.modares.ac.ir at 13:50 IRDT on Wednesday May 9th 2018

53390 LS 3o 9 et al yulis

G190 3b 395 1959) (Saelia 39 2T 3 Shoc Soag )3 Leawdly Ylya JHiS yShec il

20 4
| — - Numerical
5 ———— Experiment
| ——— Present simulation
10
£ o
>\ -
10
TN IR S N |
20 0 0.5 1
Veloeity (m/s)

Fig. 8 Comparison between velocity profiles in x= 45 mm
X=45 MM alais ;5 Copo Judg  anslie 8 JSb
Sail Bl cde (Sl jo 09 wales ol es Sl atiy Copw

Ol 5o o Ol Had el wilgh o goae g o m ol
A0l b,

05 895 lowdly Shos S usg0 -6
b Creys5 555 0 895 Oz S9! Lewdly Slas Sl sy jskaiey
osliiul 0y (59, Alide Cundg wiz ;5 Kles b1 51l 0 yShee 5
59 ;o Job ol alin Sloc avain dacdl> ol (olod jo ccl ouls
0 0.5 5905t 39 58Ul (5,0 <50 0.35 03T 09 181 5,6 « 10 8.2 59,55
el 4 argl alie ol 5 il oo e 0.01 lasy xSl culies
8,5 laiys gelS 8.6 ply laog mSUl a4 Jlas! 5y coniplsil aline
bl b s, 5l ol 5 Jlasl 5Ly ooy aseiia ly ool o
Aok Jsb ey Slee gloyisll @l [24] 2 slaesls
5 cSarie y wadsS 0.0925 ), 5 cdli ari e 0.0001
el 00 duolis 0.66 L ol 5 Lincdale oweS il )by

o 69y Loy Slos (6,518 Glize cl>aw ailSs> 1 Jour 5o
Fy a5 il Cusdge 5 0) opiaty, (Suop e Sl g Jals
S doe cJsz ool 5o daloas] oSy Soop o b o g (o
Sy by 5o bog 2SIl gg,8 Jore oy alas gbil) ;5 ooy 2SIl 23,5
sl ool (J S o a0 sl ghate lan s 5l s pd Oygon s
20kl 108 5 4l 20 9 ol ol Sy 555, (Glig0 S pu 5 0L sy
Sig aday (905 50) b Slee (655 e 559 K& s 4l
Aes e slas |y (o0

el Ledly Shee S iluaned @b Pl ow)n sl
el ot bl Sglie Jshoo sla b aSs a5, anlllas o Sloslne
Lowdly Xlos 3l Ssb 090 sladobe slass el aw nl ln
STyl aites 2,040,000 4 1,004,000 364,800 1, o jia
Slop 5o Mo (o9 JW 2l 0 Sl Ce e g p (L3S i
e e plwl bl opl jo oSl ) Jo Il gy 2 010 9925 (S Lo
o 4§l 5 Jsb 0.75 alolé ay s 7/R = 0.2 alaiie )5 e pos g
S5zl oas Dbl abize glaaSid ams ammlie Jlae lyica
b 1y st il Vb gl (g5, 4l aw 2 lp Ce iy Jidgn (10

513

390 58 el 00el 7 S ;0 Lewodly ¥ole @ bogspo (55,0 dal
Sre 5T s b e s slaye sl i olr SYolas
O zot by el oa 0ls 58 0)lg s byd 5 S iSUles 5 Jl (e
J> sl 30 a3y 20 L% oo 2580 5 0ad 258 ST 5 )]
el @iy Sy )Lid 5 oy o
Jsb e S 0 Slee abiwsty Gl Cepn mjs 8 S o
ol a5 oas auslio [23] azye o00e 5 025 @l b g oad ool i
Sy 0aidd LS (B8] jemre loged ol o als e lad 1) pe L
>y (o0 Slabe saiaslis goges jy7e g aslnie e
Suop a4l 0 g domie Soop 0 ey lanl 3l el e Les
Sob cuie Cyz 0 &Sy bandl el anils il38l sgame 94 2SI
G331 ol 4 058 o gy LtaliEl Sl ety 31 (s ol e
e ;5 2805y ond K00 3]l ol o 3L 3] 205 i

Exposed y Embedded

eluclmde\ | ;clectrodc .
| (EEAL

1=0.8 —
I

Fig. 5 Geometry of simulated plasma actuator [23]
[23] (o oo o olael) oo Joo slowdly Khoe dsin 5 S

L=19.6 1

10

£
£

104

20 T QT 1 il |

-10 0 20 30 40 50
x(mm)
Fig. 6 Generated mesh around actuator
Sa Jy Sllno 556 JSb

Kapton film

Covered electrode

a¢ PEZD:_:O a¢
/'pc:O'E:O / dx pl.:o!é;ZO\

Fig. 7 Schematic of boundary condition on ¢ and p. [23]
[23] pc 5@ slp 5500 Ll 7 JSCo

! Pressure Outlet
2 Simple

12 o plads 16 055 1395 siaud JASNA Adlss Shtid


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

Downloaded from mme.modares.ac.ir at 13:50 IRDT on Wednesday May 9th 2018

53390 LS 3o 9 et al yulis

G190 3b 395 1959) (Saelia 39 2T 3 Shoc Soag )3 Leawdly Ylya JHiS yShec il

2 Slee Jled g Jlad e > g0 10 S e balas 12 S o
U [ JAN FP ARSI SN L JRSERCHSUNIC PV LN FRAT
).iJ.A.c el aw 6‘1.: A1 é.laa.n L CA.CJ.MJ 6Lﬁb)l0}3 ‘13 JSM 5o
o Gl =13 S5 o el oa 112 5 1 el s Jlad Shes o Jled ué
@ o5 hgtnl Vb gl 5y S e oS Glasl ol Jlabid Shoe
Jsb 0.53 abai ) (JSs ol gillas ool o ool ol S oo 2alS
Fob e Jedon et hid pl (VL o (59, o 4 alos ad Sl g
WL ataslys 5 Conl @855 )18 4ol cul £9,8 550 50 (0 -13 JSC2)
a5 (2713 o) 2 b Shee Lol soitsn Sgugp |y ey Judg 0 by
Sy Sy 50 SNz et aladlys (ol 485 )18 S sS4l o
(e polie g YU mhaw ouiS atrie (9350 jeme S polie
5,8Las a5 35 e samlie il o Jisdl ol gl o0iiS et
3 S Jedon et 9 Oz & piiege W LI L Sl s s
0oy 2 s o Klae o Slas 3l g LS w0y oYU mhw (Soop
1ol Slee 5,58 go050 cnl Jodo ol aidf a5 a3s8 Jlos ol
QLMJ bz gl 611'?2 é!a.E.a)d 1) ryom GL‘b)l‘)J‘.’ 15 S
>l dS b oS bl psm a0 8 ale by pSlee
doe o L ahaiie 02 cl Slas oSyl cle sl anils 3 oS
o 4ol ) U8 2 glaie o Shae puas s B3 )5 Soyes 281 g5,
Ol ey azmiind 5 op Ola I 2 ahabie i Aol o)l 18 e
0y Sg Caomndy &S > Lo Foledy el L alafe @ s iy o
) 325 0y YU e 55, I A (Su3F S &5 Se S 4l
PR,
S99y CA.CJ.M: ‘Jl:d )ila.c o> ol as ;)9“:‘50 sudline el 00 MLM
ol ealem a5l alols 33 b g ansls i3l e Sus3 50 YU e
Mo gog Jld hgdnl b whv 59, wibise S S g Gl
e e ooalie was e olii ;2 5 1 cls o Jlb Slee o Jlbyel
o sl YU s L8 355 50 oy el Jlab Slae o ol

0y (59, 0D auive éJaLn.a Slasein 2 Jg-\b
Table 2 Properties of specified sections on blade

(o) alols alasth alio ojlods
14.0 22 1 ghais
18.0 29 2 alaie
48.6 77 3 ghais

12 o plads 16 055 1395 il s rde ilSe uwdige

3 52 aSs ool @bs o (slais SN 54 o oanlive 003 s

RYKHRYESN

g @l -7
I So 50 ooz Shee 5 5 bz Sopd FE8S (owy sslite;
a5 @l bedls ol e alie 5 1 Joaz 55 e e Sl an
ol 00 8l 0el 2 gz 50 LT laseie oS oy 5l alatie
sSersIlls clld (S sl iy Slies Lok Il SS o
4 az gl g Sl Gl .ol ool ools iules alade g0 )0 o O jg0d
gamme 5 olil 09 i8Il (g5, amie (Sl Jeailty jladie «g5ye Ll
de 5o cdale Jade e (H"Ylﬂ JS2) el 150 oy
e 3l (o) 4 G Caons 5128 2 1) wguone 39 38U (VL amio (s
&y She oS (M"u—“l’ JS-‘”) Col oopw; 0 jlade 4 1 avagy
Al oS
iz S5 gl clakiol Jouo

Table 1 Properties of different controlled cases
N N . .

T 9> Olg 50 dgaze 39 2SIl y8 o1 g 2SI by o Loy
() 5y linsly Ge) s b, () o las
1.180 0.43c 0.34c 11.75-19.95 1 ai,

1.101 0.63c 0.54c 11.75-19.95 2 Ay,
0.466 0.43c 0.34c 4455-52.75 3 S
Tip Plasma Position Y

F. £

Root Plasma Position

Fig. 9 Different cases location of plasma actuators
Lowdly Sloe cuai Gilizes sla )56 9 &

0,05
— Grid No. 1
—x—— Grid No. 2
—+—— Grid No. 3
0.04
0.03f
o |
= I
0.02f
0.01f
o.oof
0 15

5 10
Velocity magnitude (m/s)
Fig. 10 Velocity profile at x/c=0.75 at r/R=0.50
r/R=0.50 5 X/c=0.75 ,5 &ue o Judg, 10 JSC&

514


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

G190 3b 395 1959) (Saelia 39 2T 3 Shoc Soag )3 Leawdly Ylya JHiS yShec il

9%

dJ-A.M)

39 xSl slel oo (Suo3 0 Ll e g sl 00l 3929y Slas
Al alS dign Ojgod HLid ke (b dxl 3l as L Cwl dgaze

53390 LS 3o 9 et al yulis

~ ~ &u @«. ) &u T
_ Nn‘v _ M b D (W.\ N A —
5 g g g Lw, A Fy Lw, I -
_m M m ,\ m € 3 2 2 3 _ //2///////////////2////22/2/
£ @ g A @ m 4 = < 4 I
3 3 e w 2 A\
Qe =5 EX A\
2 x 3 //ﬂ///,/////,z,,,,,
= —a = 2, W
g S | g g > 3 4 fan Ny
= o | s5 2 3 A R e
= = = SIS T TR
2 e 7 27 %3 I
2 > Z .
= 3 .- Lo ST N
= = £ EL 8
S 3 I “ 3
- - g 3
S T I8 Mm 2 ,b B
m __ ___ W MO - = .@ _.N /»/7//,///////////////////////////////////////.
< Lt E . m - T R ——
m.c 14y m_ “w - __ ////////////2///////,/////////////2.
= | __" — N ..m k ///////////////////2/,//2///2
a 2 3 o Ay
U
|_ /ﬂ/wf/////?//,zé
T T T S N N NN D TR T AT =T T S - I MY
w 33 aw 1 3 w mu ) w/ ,Hw/ M Hom I w W E) W\ AR Wiy
%0 \M 47 2 3 w O I S 2 9 < AN
L1t 498233 D304 mf 703 AN
gy Y9 3 R4 09y @. @ N A% g K - AN
1, w D .wr/ 3 mr ‘w" m /Ml = ,W pM) - i Mw/ m Z//////A//ﬂ?/,ﬂ//.%/? \::EE,Z;Z
o
IEEESVEE LSS :
JM)nm)/W/lw»wuw)MUM%% mb.vm \.u/.m
% “u - Yo 0% 3 Iw ng .w = S M A, — 2 LAV AR R Y
/W, i SN ‘alm w 1\“ e I._m \qm/ m ok M) 5 XK= lw “.M %,m TR ERATRRRI R R
AR M) o @. Y o Im 3 4 o ) ° h ——
,ﬁ m M 3 M . w" 5 3, nm S R & L N M.u £ /I VR —
M D ¢ S ) M Iw ",w Qo 2 . b il BN wu “,w 19 . 3 m. ‘ ////////////////////?//////22
w IQW) YRS - m, % o9 w 5 % IM k) 2 N gl A
b 2 3 %, PRI ﬂ,m, ) ,M, 3 N M\, g z = = Ty A
2 Y |wc 9 3 A J 3 oa A Lu R SN g S MR ey
9 |m» q 5 Y 3 H 2 Mu 2 M £ w n,w LN g > AR AT
NP 9 Mw M S 4 nw., TS nmv P b3 @ © AN Wt
R N e J g Y M 3 3 S 3 Y
uw P N m, } 9 9 o - @, R = PN 2 5 IR
P S B N N I T T T BRCER A G B R 8 S
2, p) 3 2 23 .Mg “H M o o Ko \»w W FY e o = //ﬂ//%///////ﬁﬂ//% \::::2722
\M Q) //\WJ \M ﬁ w \ ke < |M @L o) Q) X 'M M 2 _m.h

8T0Z W6 AeN Aepsaupap Uo 1yl 0S:ET 1€ JI"0e Salepoll sl Woly papeojumod

S

Jus e Shos ()
VASWA A dls,

12 o )lads 16 055 1395 siaul |

1adaie ;52 51 el Slas Jlad g Jladpé <o 5o Caepos o 5 13 JSB

1 et Jus Slee (2)

2

(

Fig. 13 Velocity vector in plasma off and on for case 1 and 2 at sectionl

2 el b Sles

515


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

G190 3b 395 2959) (Saelia 39 T yShoc Soag )3 Leawdly Ylya JpiS yShec il

53290 LS 3o 9 et al yulis

N &w Mw T >/_,,,//,,,,2,,2//,///,//////,///////////// wuw
s 5 AR TR Y a
s o 4 ,w, P | A !M ]
..... N3 M 2 PR | 1, |
% 7 [ A = 3
— = A . PR Aty 2 RS
= S 1 AR ﬂ.wr LA Mt
2g £y I ) ur
EE L & ,,,//,,,,,,,,,,”NNN%g X 3y
_ - BRI S A 5 gk
Ry £2 3 3 k! S5z m
5333 ef 8 3 L mmmmi 3 5855
SESISES 125 oI TN 3 EEER
T 128 409 3 £edy
ik 155 4. 5 p PTIT
EERE 1. & 2 y > EEEE R
P i 2 N =3 [t TR A i
i : g A B | MW 4
i 1 E . g M | o b |
b T Q= @ % I Y A P | ;
7 5 = = = = Y- DO | _\ e 3 — 3 S
ok v ' ' Zs 3 hhhsézsé i A ,m, o _
| 3
CIA NN N T T T <R NI (| 2 8]\ R =
iR 73 m@ 322334310 d R | ok s
9993 x4 )07 w % A R 1 g 2 20 P i . S
ERE A S B $95 79593 i S S5
57 a4 2 5 w A R N T - TR AN s g8
EREPES % 3 2 = 34 2 0 % e N « G "
Pl L o AN NS 7D D " "’ B m/ S © S
9232 97 0y R - g8 g S
m&wwmw»m muwmmx_wyw & 5353
S T 9 % 2 52 0 3 ° U T = a Rl
2 ,Mwu, w w P T M - w 3 = D g 3 1] Y 8 i °
mn o3 N M 3 ﬂ.M :” % & x b o 1\ 5 I Mm
3 R [ x 2 § g o w @N m AN T g !
A N N ) w A o ES B R N R & :
umu ) ﬂ I T 3 vy o 9 @, .M) : | A m,m.
S 42 “o = N > % o 23 4 3 w L A\ B Q
£ 84 T 4 8«.@, 9 Y 0 1 & R Ny 3 s
I JSuyg o,k S5 S S i AR A
Jad a3 s e S D Nl 35
SRR T NP S 9 4 o2 50 h i ~ 5 o
@muw%y"w n,ﬁuu.@@,wwm AN 8 L, 3
LI S g B Ll B AR A AN 2 = = S = S =
E B IR 9 2 "wu.&w@////////////////////////% <
b A D 2 TYY 5 43 - 3 3y 2 JUSIOIIA0)) INSSAIT

8T0Z W6 AeN Aepsaupapn UO 1 ad| 0S:ET 1e JI"0e Salepow sww Woly papeojumod

30
516

20

Velocity magnitude (m/s)

Fig. 16 Comparison of velocity profile in plasma off and on for case 1

at section 2

10

2 ghaie ;3 1 el Jlab g Jlab i Khas (5l o s by dlive 16 S5

2 e ;32 51

Sl Jub 5 JU e (Shac (sl dmsiar J5b o 5 oy 55 17 S

Fig. 17 Pressure coefficient distribution as a function of dimensionless

chord length in plasma off and on for case 1 and 2 at section 2

12 o plads 16 055 1395 il (s rde ilSe usdige


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

Downloaded from mme.modares.ac.ir at 13:50 IRDT on Wednesday May 9th 2018

53390 LS 3o 9 et al yulis

G190 3b 395 2959) (Saelia 39 1T S Shoc Soug )3 Leawdly Ylya JHS yShec il

[6] N. Benard, E. Moreau, Electrical and mechanical characteristics of surface
AC dielectric barrier discharge plasma actuators applied to airflow
control, Experiments in Fluids, Vol. 55, No. 11, pp. 1-43, 2014.

[7]1 The European offshore wind industry-key trends and statistics 2015, A report
by the European Wind Energy Association (EWEA), 2016.

[8] R. C. Nelson, T. C. Corke, H. Othman, M. P. Patel, S. Vasudevan, T. Ng, A
smart wind turbine blade using distributed plasma actuators for improved
performance, 46th AIAA Aerospace Sciences Meeting and Exhibit, Reno,
Nevada, USA, January 7-10, 2008.

[9] D. Greenblatt, M. Schulman, A. Ben-Harav, Vertical axis wind turbine
performance enhancement using plasma actuators, Renewable Energy,
Vol. 37, No. 1, pp. 345-354, 2012.

[10] M. Kotsonis, R. Pul, L. Veldhuis, Experimental study on airfoil circulation
control using plasma actuators, 31st AIAA Applied Aerodynamics Conference,
San Diego, CA, USA, June 24-27, 2013.

[11] H. Aono, Y. Abe, M. Sato, A. Yakeno, K. Okada, T. Nonomura, K. Fujii,
Flow control using a DBD plasma actuator for horizontal-axis wind turbine
blades of simple experimental model, The 11th World Congress on
Computational Mechanics, Barcelona, Spain, July 20-25, 2014.

[12] J. A. Cooney, Ch. Szlatenyi, N. E. Fine, The development and demonstration
of a plasma flow control system on a 20 kW wind turbine, 54th AIAA
Aerospace Sciences Meeting, San Diego, California, USA, 2016.

[13]J. Jonkman, S. Butterfield, W. Musial, G. Scott, Definition of a 5-MW
Reference Wind Turbine for Offshore System Development, Technical Report
NREL-TP-500-38060, National Renewable Energy Laboratory, 2009.

[14] F. Villalpando, M. Reggio, A. llinca, Numerical study of flow around iced
wind turbine airfoil, Engineering Applications of Computational Fluid
Mechanics, Vol. 6, No. 1, pp. 39-45, 2012.

[15]Y. Bazilevs, M. C. Hsu, I. Akkerman, S. Wright, K. Takizawa, B. Henicke, T.
Spielman, T. E. Tezduyar, 3D simulation of wind turbine rotors at full scale.
Part 1: Geometry modeling and aerodynamics, International Journal for
Numerical Methods in Fluids, Vol. 65, No. 1-3, pp. 207-235, 2011.

[16] M. H. Giahi, A. Jafarian Dehkordi, FSI simulation of a small size horizontal
axis wind turbine to investigate the effects of blade thickness and material on
blade deformation, Modares Mechanical Engineering, Vol. 15, No. 5, pp.
145-152, 2015. (in Persian ..,l8)

[17] G. Bernardi, Feasibility Study of a 3D CFD Solution for FSI Investigations
on NREL 5MW Wind Turbine Blade, Master of Science Thesis, KTH School
of Industrial Engineering and Management Energy Technology, EGI-2015-
006MSC EKV1077, 2015.

[18] A. Rafi, N. Amanifard, H. Mohaddes Deylami, F. Dolati, Numerical
investigation of the plasma actuator effects on the flow field and heat transfer
coefficient in a flat channel, Modares Mechanical Engineering, Vol. 15, No.

6, pp. 23-30, 2015. (in Persian _.,l8)

[19]1 R. Thompson, T. Moeller, Numerical investigations of plasma actuator
lorentz body forces, 50th AIAA Aerospace Sciences Meeting-including the
New Horizons Forum and Aerospace Exposition, Nashville, Tennessee, USA,
January 9-12, 2012.

[20] Y. Suzen, G. Huang, Simulations of flow separation control using plasma
actuators, 44th AIAA Aerospace Sciences Meeting and Exhibit, Reno, Nevada,
USA, January 9-12, 2006.

[21]1 D. M. Orlove, T. C. Corke, Numerical simulation of aerodynamic plasma
actuator effects, 43rd AIAA Aerospace Sciences Meeting and Exhibit, Reno,
Nevada, USA, January 10-13, 2005.

[22] A. Mukut, H. Mizunuma, O. Hiromichi, T. Segawa, Winglet type dielectric
barrier discharge plasma actuators: performance characterization and
numerical comparison, Procedia Engineering, Vol. 105, pp. 250-257, 2015.

[23] A. Mukut, H. Mizunuma, H. Obara, T. Segawa, Flow characteristics induced
by winglet-type plasma actuators, Journal of Fluid Science and
Technology,Vol. 8, No. 3, pp. 396-406, 2013.

[24] M. Kotsonis, S. Ghaemi, L. Veldhuis, F. Scarano, Measurement of the body
force field of plasma actuators, Journal of Physics D: Applied Physics, Vol.
44, No. 4, pp.045204, 2011.

517

04
| ——— Plasma off, Case No. 1
| ———— Plasma on, Case No. 1
Plasma off, Case No. 3
| —-—+-—- Plasma on, Case No. 3

———— ]

._--—::i5
==
—,
A}
\
A
4
1
.t
[
i
.04 1 . ‘ 1
"0 20 40 60
Velocity magnitude (m/s)

Fig. 18 Comparison of velocity profile at x/c=0.95 in plasma off and on
for case 1 and 3 at section 2 and 3

1l Jbb 5 Jbb i Shae ol XICZ0.95 18 s yos gy dugli 18 S5
352 ablic ;534

50 &S el Slog )'lj.';..’;,.:.goi ol oyls 180y aty; Soop o Slee
axbipe Slae 658 L Huzmen Sl 00l cual 0y So S5

slp graSe <8l ol IS w0y plhie oYL b g5, oS
(Gloz b)) casyuseS 4l p0 0 Slos Canl g iy 690,40

118 1, 1 cdls sl s Olgs il o yd o s 09 ool 1,8
bl oo DloglS 35 sgas Jolre asliypyie 9 ol s j0 4S5 Casl 009

3 Nlgise 6ol as 0 SO Glagm)s (lp soleidan by, Jles! cnlply
Ak e ac e plelily aldl

&lp-9

[1] S. El-Khabiry, G. M. Colver, Drag reduction by dc corona discharge along
an electrically conductive flat plate for small Reynolds number flow, Physics
of Fluids, Vol. 9, No. 3, 587-599, 1997.

[2] J. Roth, D. Sherman, S. Wilkinson, Boundary layer flow control with a one
atmosphere uniform glow discharge surface plasma, 36th AIAA Aerospace
Sciences Meeting and Exhibit, Reno, USA, January 12-15, 1998.

[3] S. Johnson, C. P. Van Dam, D. E. Berg, Active load control techniques for
wind turbines, SANDIA Report, SAND2008-4809, Sandia National
Laboratories, 2008.

[4] J. Kriegseis, B. Simon, S. Grundmann, Towards in-flight applications? a
review on dielectric barrier discharge-based boundary-layer control, Applied
Mechanic Review, Vol. 68, No. 2, pp. 1-41, 2016.

[5] M. Kotsonis, Diagnostics for characterisation of plasma actuators,
Measurement Science and Technology, Vol. 26, No. 9, pp. 1-35, 2015.

12 o plads 16 055 1395 siaul LS A Sh L


http://journals.modares.ac.ir/article-15-10177-fa.html
www.sid.ir

