161-151 yoye dl o kol 15 0,93 1394 yaug ()30 SWlo JwIise alxo

9 3s rale dslinle =
—5; =

< . -EI. F—

OV o0 S0 (Swiigeo = & =

=L1\=

mme.modares.ac.ir T s

DBD  lowdl &5 yxo 3l odlatwl b KO U sdighys b o gulos g bd s
Poaljld,y 5Sa OLIG G e

s e g poms e oSN (SKlo pwsiige ) susli S (comatils =1
)Is)u» £L£)|5)4wu [v‘-§> olKiisly c&u&c (_';“)"\"'P(O ‘)L)DL.»)‘ _2
n.rezazadeh@hsu.ac.ir < 9617976487 sodio o lg 5™

DS o OleWb|
sl )y 5 ,lis cil Coge &S aad o 7y gl liodl cuond d Ginls gonny S5 U sladg) 13b YU jWs0, b slab s o JoU oty dlio
@ g 5l Sl Jlisl 5 Gials cde 4 by Lialial ) 39 0 4l o 5 paw glod gllasl il cage @yl S| oy 139415;’“**;’)‘ i’ ““}’
4l b Bl p5b I 55.00)5 (o0 by paw 55 cage Oyl JUl GEalS oM aixio b3 )8 55 o5 B3 e 59y Sl 1394 e Qgﬁwb:’:ﬁt}
94U cnl 03> &) (slos woujSle (1l () (sdlanly 4 5 (plowsdly SlaS om0 Lawgs 00 Sbrl o> 90 by 4 b bl 4l
e 50y ol L 19KV ¢ 12KV SKV lewdl slacS e jobato oyl (glp o 485 )8 ¢ 5lodund 3,90 ISy die Sy (puiean DBD s lousdly S o
wor Slog Lol Uy g9y ,Slas 5l o lsee b wlord 03158 6000 54500 3000 (clajlgis, b b > dw o I3 U g J51s ol e
ol ploul o) & disly Cygo 4 (g0 > yogy b igm (sdleiuiing Jdo I ealaiw] b cluwlowe Dgud owypidad cplpd el F) (sled gl il
P A3 5 Gl g4l 5 o o (slod e Slo a3 e i golis il 005 () SH000 (63 ,Slac (o] g 33 ol 5 el "t" ) j*;j ;’;

ol

ol Giolis ddlaie posi g Bl cle @ &S o) a5 BB Lials dahio pl o5 slowdl oo Slos g

Flow separation and temperature control in U- shape tube by using DBD
plasma actuator
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In flows with high Reynolds inside the U-shaped tubes, separation phenomenon occurs in the
Received 05 May 2015 curvature of tubes causing pressure loss and in conditions associated with heat transfer
Accepted 22 August 2015

undesirable increase surface temperature in that region is noted.Due to reduced heat transfer rate

Available Online 20 October 2015 . . g . .. . ..
from surface to fluid temperature increase occurs in industrial applications in addition to reduced

Ke . heat transfer which causes damage to surface pipes.In the present study, elimination of the
ywords: i .

Plasma actuator DBD separation zone through body force created by plasma actuators and because it reduces the
Flow separation maximum temperature occurred in this region and changes the Peclet number is simulationin this
Surface temperature region. For this purpose, the plasma actuators5kV, 12kV and 19kV with square voltage function

Time dependent solution
Active flow control

inside U-shaped tube in the three streams with Reynolds 3000,4500 and 6000 have been placed
to influence actuators on separation control, and maximum temperature occurred at this point be
investigated.Calculations using proposed model of Suzen with time-dependent numerical
procedure has been done. And results during time performance of 0 to 50 have been reported.
The results shows that maximum surface temperature that occurs in the region of separation in
the presence of plasma actuator near this region has a significant reduction thatis due to the
eliminationand change separation region.

ol 5SS Jleel i Y @l (29 BB piiege U s doio -1
Cowl a3)8 )15 o Kamgh 5l ol owip g0 S a4 &S bSlee 4 oS teagh by ol gl g oldlas S glaJle o
Vb STy ey e @ oS e cnl Sl DBDY olendl slacSime 00 o Jlad S sl RKhee saie 53 SilSle rmidigs pogas
5 09 S e e 0addS S8 Jlae sgw 3l oadosls Slpdi 4 Cand sge 40 e Jlew 0l 50 e Jleel b oS Sllae o a3 $
b amio JS5 4 a5 gl o5 s 059 S ol a8 a5 Sl glocale gyl o i)l U8 Glaal b llae Lyl

Sl a8 weoee 2 Loz oy wijls 18 Jlw bz (o 5o
1- Dielectric Barrier Discharge 3B ol slacs e el (50 Y )3 piiege RalS T LYs

Please cite this article using: “awlod okl Jud ©yle 5l Ao (ol 4 gl ) gl

S, Khanian, N, Rezazadeh, Flow separation and temperature control in U- shape tube by using DBD plasma actuator, Modares Mechanical Engineering, Vol. 15, No. 11, pp. 151-
161, 2015 (In Persian)


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

Slowdly JB3, (omyp dine) 5 b Fu slaals S i sl
g omslS Jle job 4wl plxl Slidoy il bayld 0 S e
5 Cute Glilas e sswste Wy zsokz ln [4] olSes
e g S Gl S o gl adss as wsls lis s glaslass
S Iy o)y upe zoe ) (Bran ©p8 (nyiie 0ebe by
S0 gee 90 sl ok l hai Loyl pwstis gae Bras Dyl
(S S SO, s CoblB L aslie o il lailass g cude glaslass
50 5yl ol Brae Dya8 s o plis 0> 5l as S lae
slad plosl (Slidod 5 QL ey (1l gl amiin i ladis
Shwdid ;3 Wiz by So &5 [B] s 5 Sbje 025 Bados alex
olis lagl 55,5 &l DBD slewsdls S oo (00 sdwigs (slaog iUl
S50 ol odwdey g Sl el slge YU Ce o 4 o, gl wisls
25l oal sdwdg slasg iUl IS sl %30 51 e b losldg 0g,xSUI
Se Sl o o8 Sy 4 [B] ) Sen 5 Sz (rizen
555 Sl s ol e oy 250 oy sl e o 1 1 ol
9051 Loog xSl e sugly Gal33l b Syome bags ol olgi (59,5 45
oS Slidss Jolate slocS ore 4y Canns W00 0g0 b5 a0 270 @ ax 0
PO B 50 b oo Sgapy Mg g el GO gdie S (S,
oY 5o Gl Cep p S ySligs @le 3 [T] ol)Sen 5 (s el
5 Sk ol izmen ol I3 swyp 0yee | OSLe lse (55
Loy NACAOOLZ  Lgs .l Sailbly sagl; obul [8] o e
[O] oh5en 5 (hwseysy waisle Jl3 cuypr 0550], lowdly glas e
22538 gy |y ledly oS e 3 ,Sho » LLL 5 Ll 00 3l
ey p sl oS e b [10] e g ol 500 (beins
2 L] 1S 5 5o 53y 08 sioin |y oo 5 ol 12
Sl iols J18 o o550 (650 s yo Iy pledly Glos e J S
aS ol dll goas oo oledy oS e o Slas g5lua s
ot sladse 51 o] o & [12] S 5 S Ji' e @ oy oo
@ode hyy g wiee esliinl (5T 5 e (S lags 5 bags
O dw a1y g 13 T o aS [13] o) Ko 5 ,5ilele dawgs a5 (6,0
oo 3 8,5 oo s Loy 250 5 e it b i S (sl ol
Sy s iz 0.5, o)lal as &l [15.14] (y59m bawgs a5 Lol
Sl S e slaws g 5Ly ax e wisls plas [16] ol Ses o 9,2
pliIols 5 alime cnl 32 ogdle b SRl (oo (299 Sy Wl
e L mie see 2 @ledh Slee 5SS SIS
2 btnl cmen LI 2y S e ool 3 55 5 [17] NLFOAL4 3 51
5 iz rizmen 0ol I8 ) 0550 [18] (Sailsly 5l oy 54
[19] oS e ol L1,y S slaple s a4l p o Gl loj (Blos
3 Sl Jll g IS U leddyd 2l b o ogas )0 ia0ols dgup
5 Jld slo vy, 5l oolatul b aS ol oo pll ola jidgh s ol
Pl g G S daals S B sl ol SRS 5o s Jlabl
sl Joss 5 [21.20] gors )55 Slpias oz (mlio )0 &)l Jladl
Jlws oamoJlil sladlg) caro yo a5 bul 5lus,bl, [22] ob,S
a4 foin Hhaw Sbx GRS § bawae o Ol JESIL o e
6L"°‘5)’°° )" oolazul 9 "x"fjts" )‘)5 oolazul S )90 oa)lwf )l...u..; O yg0

11 o)l.o.n“u 15 )9 1394 O (B0 ~_cul£o Wi

oS 20 (nl Olots 998 o0 9o pom Sy (nl &5 Wl oo o5 Clis
JrS delog 51 (S a1y sl ) cead oy JS21 L ekl s, 1,
33 5l (DBD) (ledly S pze wZanl 03,5 Jiad azgi 9,90 (ly> JU3
a5 500 39 i8Ny g el oy e (S0 85 Canl oa oS5 09 S
wz a0 (DC) wglice e L (AC) wglice 5Ldg oyl 1,8 Tgn 5 120 4o
Sloole 09 iSUl 50 (o 098 o0 Jlasl KHZ ix> wldo o oudlS 8 g kV
Py (S Sl a5l ale b 0l 13 (gl i 5l Ygess e
Sl plase jgao 0 a5 Cal WSl 4 by, (ol prlSe 09h lsa
opn oz b il b g ead b oozl S Slles b
S e b s g Sl g e 5 Sute slag g s
wxge o> Sl Lo il g g (nl )93 n WnS e Sl
S8 Gar 4l o w5, cnl LSS L ealaddes wae sla g 958 s
Jiw (o D3 @ lagy xSl g bagyg cnl 9,552 b ses &5 Sa ot
ghe Sep Jlw S > 4 jmie 5 oad ool Jlal Jlw 4 piiege
Ol (J5exs DBD - glowsdly S ymme S5l IS (ales 1 IS0 0 055 e
sl 00l 00ld
OO B> g e oy Jlesl o S e Sl L o
5 Sl o) oslie mlo )0 S e (ol Giolazr saU
Sloo 9, 5l Jiw &8> 5l (S50 o als Jls job 4y Cunl 035 oy
o o Lolon (Slag 2 (65513 (salions 51 (36 (sho e il i
2 [ ohSen 5 I daly cnl 50 00 6L Glgsion |y 09,8 5 b ail
sdiadsi slae el cqx o ) pleadl oS e o Sloe s
W, e o)1 00,8 ey | lgiel S g5y Sl 25 > e 4y
oS ey SlacS e (558 13E 05 g0 03938l Ly ity azpn
e B3 o0 $9, OKHZ 15 Gla s 3 55 (6 38 15 o e 9 00
o 2z 4 1) olowdly oS yme 0525 65,0 [2] o Sen 5 S
wols Lt Loy 1060 ,S s UCAVIB03 clowslsn Sle g5, ,» wilizme
4 Jb S glacend 5 lacds b anlie 10 oledly oS e oS
el ]y Ll p jly Syo cupe g Bl i) cu s 5 Sge SO
Gl el slasS,me glagasly [3] ohlsen 5 S ains
o5 ly Jlid a4 wles asy SOl 4 Jlas ol s
5L 0,90 5Ly wisly las Loyl assls 13 Gudisd 0,90 JLid (6 S e;lu]
Sl Gl (o Lopis IS a0 jlad (23l b Leadly odgs ol
S @l ey a5l b Cano po piien Glesill 9 )8 6l a5 L]

. . Lol sy b k2
lso om0 3 39Sl ' ¥ Jow oz

~ _ e

o) & Jaio 0g Sl

152


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

V- (e,V0) =0 (11)
4 6,50 ol o)L wlyd lawgs oo aded So S las (6l

Dy o ALlgh ) D90

V- (&V¢) = —(p/&) (12)
olis 2 JSs 50 11 sdlolas (6l (Slowlne a2l g 550 Ll

el 00l solo

D sa iy 315 3 Dygo 4 g el Lo Jsb Ag

/1d — &o kTiTe (13)
e’ng Ty + T,

il Lawdly 1o adads 2 0 )L Lglfo &ly

pe _ e(nj —ne) eng ep ey
e - — — 14
N N £o [exp (kT i) Texp (kTe>] 14

Lo g gaiwils ( Glado JL i g ak gng,Ne, N, e a5 o>
Lsidl s o idgr <ol g Lol gain (JI dlavyg Sl (gl
28l b 5JiSale 5 [18] jobs Loy buss 14 salslan (gluooles

Syiee alligh 5 D yse 4 12 salsles cols o ]

Pc (15)

V(& Vpe) = 2
d
Slp el oo oals lis 3JSKe 0 15 sdlslas lp g0 Lal
A o83 s BT =EKY Ll 51y oSl (g3l alb el
L0 2T 4l gnlS sloer Jade o5 e b5 @ =4/5KHZ L
39 58 Cewsiinly (oo 4 Jate 99580l (59, (4L y0 0gd e i8S
g ge iy 5 Dygo d )b JB g (6 xe 5
Pew(et) = Pc G (x)f(t) (16)
39Sl (59, LoDl 258 45 05-is0 (S 135S 4 G(X) &b

P Ao 22595 A LoDl ®o 395 09l (g 5lwand (6 e @80 bl

(x — p)?
G(X) = exp <— Tﬂ) (17)
lgr Sy 25 J508 5P 080 B IS o
pc,w(x,t) = pénaxf(t) (18)

wl0/0075 C/M3L plp g 4l jo b JBS wou Sl paX a5

O Gl 4 dinly 5 (IS L oglite Sy el o f9m Jae >
Ol 5o bbb Lm0 ©j90 4 ladse B gadge (ul ;b 4 g 009
A Sl lial pgo sallie 04 IS 4o sus eols

an
e 0,00 slas,e o
g.=mean (&}, €
V . (EHV@) al 0 r ( ri r2)
I &
=1
@ = p(t) 4
>
7
3}
- 4
V:(e2V0) =0 A &=27
|
® =0

11 aoles sl Siloslne samb g (55,0 a2 SO

153

IR ein g Lo S8 jslie 4 SO U slaalg) ;0 DBD pledly
o5 1 b b Slo slaalg) (s o Lz S8 sl s g cul 48,5
@S Dyge & Wlosgy Ol JE Goday g 9 ALBIN (lalax oS
S e o Slae cwyp 4 b G ol o [16] el ou plxl
o Sle J75S g pilaa galall Cuadse joiS 5 Bd> 50 DBD olendly
o s SO U gladlgd jo inlas gaxl o ool &, sleo

ol plas ses o 7y 2 BB ilas el dd Ll jo
o & g Glelae ganl o ol Jal 25 el s jled cdl e
2 2l oS e b o i o] [0 maw led ayad Lal38l
O g Sy b e B el oad ools 13 pulas sbwl sasl
b wi,old DBD oS o a5 aoo so i gl 0gd gu)pm b gsl)l
g auS Bk 1) algd bl jo eols #) islas oYL (605,5 slace o
2 g gl S5 50 YL Sl Sebl 5 0508 Gl riaen
SrS iz sl Djgo g wilhe Oyl JEl Lol e lacS 5
wls,S sadkis 4o (w‘d} dg>g e ) odaw ;o 00l 75 sled s iSle
s yuals |,

Siloand 9 Sous Jo 5 5l SS90 -2

S9 = S92 (P8 el eblieg 55l (69— 45 Sl

D sn Ay ) D)z & Seeliadg g 1S

f=p.E (1)
Eﬁ e L5 pepzasly )0 (o> 595 sonims LiS fas

bl lame Sl Gl Ll )3 (e Sl (S0 Sl o

[24,23] o9 o aiings 5 Spgo 4 JomSlo (sWslan 395 o0 Jlaich o

VXE=0 (2)
Dol oo Casds (g3ae b6 SO Lol S 5 (SO STl o azes jo
E=-Vo (3)

> wglS g6
V- (sﬁ) = P (4)
V- (V) = —p, ()
£ = &8 (6)

o>lg€r g ol3T (slad aiuws SIS o5lusl axlggg 598 (sakal, jo aS

P A lga 1S e el Lawgie ound (glad Al sSUI 6 1S ol

03 32 )10 5 5 (256 sl (25 50 4 Plily B gl oo 0
D o s P Lawsdly j0 jlo)b &S I 5 b Jewdls g Dous

b=0+¢ 7)
L G bl Gl 4 lsn (5 5me 10 09581 (59, oad Jleel 514

il 3 &g

B(t) = PM*f(t) (8)

L (g Sygmo o (S 1y 5y zoe odgi b Sloy Cod
2,5 P8 ) Soye & or e
f(t) = sin(2nwt) 9)

(1 sin(2nwt) =0
f (t)_{—l sin(2mwt) <0 (10)

o oolaiwl ;o5 galolas oy xSUl ey ool Jloel 5Ly 51 0L SO ST

11 O)Lm’b A5 093 1394 ORAR (B0 \_{L‘l&n oWy


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

oo ools s 7 JSi yo b (gjlwancds 5l Jol> Im/sce ju ooo Sk
Jon b oue LS 5l Jolo o L9 8 S5 0 reizmen o
s las oo jo 5 cunl ool anslie iy Slicw 0,50 5 cepu
54 Jae G 5l Jolo 00 > s sl Jids ol 1B L il
b G 5l ool el o x=3/75em gakis 10 [16] 5,0 5, 2y
Ll b ooy lls a5 ol o anglio ool 9 US55 5 e

el 112

Qg Jro b ool fo5 Sl oo 5 -4

Joes8 g Joo slaga d Jold o 9o 3 dtss du go0e > cnl o
L doss ©y9e 4o 6551 Jos 2 5 Vo298 0l Sl oS gl sl
30 Sl oa i azd 5 Lo s lan ady) 2l Jlw Wsd oo Jo 005
1y s ol 013 15 5L sue oSyl bls ay (uS gl 55U (slodlsles
oo oLzl 0103 wiVgs 95 sae «Jo sl g malos,S (o3 pduli o515
ol oal ools 18 col JLid g5 5 Coll G (609,9 bo el
el 00l Cawds 3 Jge,8 5l eolatul b jadgn, sae (pioren

G e 5l sl s s ps sanlie ] Jous

9sa bt aops  ady g5 bgie  (Ghalne Jobu shad e
36 1/379 16407 1
204 11315 32659 2
15 1/337 45091 3
112 11326 71673 4

J—%—* 1

=W T | o | . O T
[ I

1 2 e
x (cm)

AM/Ss ps oy 35 Low sy IS 51 ol > by 5 S

LI L’ I L 2L l LIV 44l I L]

: x (cm)

1M/S ce o pos Sl oy gm0 002,551 Jool> )by bghas 6 S

11 o)l.o.n“u 15 )9 1394 O (B0 ~_cul£o Wi

Pe= 0,5 clajm o

gy 2
c
V- (edVpe) & /1_2
d
er1=1 &r= mean|(&ry, &r2)
Aq = 0,00017m . | 7
4
Y
3:

Pc 7—’ Ea=2.7
V . r ‘7@ = — r2
(&2V0) Aﬁ Ag = 0
Qjc . Qjc(t)

15 sdlslas sl (Glolne a2l g (550 Ll 0 3 S5

Pc

1.0===f )
79") =0

day o Sl 0 e Joe (550 bl 4 S

Pt v Oige 4 U & g9d9e (nl 9 S o9 (S Jbl> 4

ol 0y plomil a9

gs’.‘;*‘)l'.‘:" -3
Jlosl mmiw,liel G 5 55 Joo (gilwooly core LS ol ol
sbagbes Said 2 oSl 65 lulpd b cesliie dlod 3o (59 Joe
o ol T16] oy (5 (o028 )5 L aglivo gy 2 Alg) 0 51>
b s 680 slp g canl ouls ploxil sgame ladl g, 5l oolaiul b (goue
3 a5 a5eS len el ouls oolaiul e Jaw g4 Sl 5l aslil 51 )]
Jokeo 45091 L s 51 a5 smo o ylid ol g el 00,003 b ol Jolos
CBS 6l Jo Jolie oled jocnl )8 5 oSl 51 Mul bl o 4
ol oo oolatl 4 45 e 5l YL

oo )5 g 225 55| ol Im/sce s ooy Sy (b2 byl
Joe yol> adiod j0 . Conl o ools Lis 6 95 Ko 40 cud 5 a4 g
5 olosx bohas g mlod S o (loy 4 dtnly 5 dmn Sjso 1) (5o

154


www.sid.ir

033U H5x 9 YW ol pam DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

ool (Glot G 5le |y (V595 itz 551K 5 Sl 59 Je sk N % X )
ool0 oolaiwl 8,90 (65, dolee (ol al
oT
pCp—+ pCou- VT = V- (KVT) (21) 3.5k
oo 48,5 L 40 293k L plp col Lo by 69,9 slen slp 3L
R &E_-', 25k
=
2 owdly &5 oyl gakwl g dgd (SAwid -5 .5
o o slS sl galols 5 d=3 €M ld ol ls Jslaie S5 U (gloals) 1
S oo 5 UK U g gamazall 10 la S o ail e M=2cm L o
E \\\ =
R=4cm 10 IS s jo el oo ools jlis JolS jabo 4y 00 IS lewodl 5 _ _ S
0 05 1 15 25

)L..a Sl 00 u.&?'d.b.c.! Sy Oygo ASG’LQ))A )‘9&-~" L=8cm 9 x (cm)

Sl 8,0 Oygo s HLi cpl 04 0 ) 1000w/m? sga> s ol )S LIM/S St mosSle o oloionts S 5 ol b bshass 7 52

Ll s

=W -6
5 Sl 00 00ls Lis aes o )y Lialos a5 (gldibie 9012 IS5 o
i o cewlonds jasie (il8 L dllis ;o vy 090 ulas ddhaie
5g 4 olEin .l oo ool )Lis 600050055, o iulos ca>b 13
2 50 S5 Jlosl S e 4y (mpe gge L BT = 0KV L Ll
Sy als S (saS gy L aS 0gh e slml b2 sl e
Gy A5 oo Cdllro WS 0 &S o Yb o ) §0 S0 aS 0 Seele
G =S 53 slaas gl 09,5l 40 o sa>U 0 Sy Lawgd suls sl
ade WS (oo &S 2 Vb Ceos 0 &5 Gl > 2 AT S5l e crge 9 WIL (o0

Py arg bl Serm b b,z 0928l 90 e SzeS sal o 5 08 as)
Oml g oYl 5o ez g lo 9529 A Y jemme hie Sy ©5 e O SUiis (025 )5 5 30 > 3l Jol> ey sl J390 8 S0
0.8 v e T L = T -
0.7
0.6+
0.5 1
=
03 1
0.2 4
0.1+
Obhesm ot ) A A 4
0 02 04 06 08 1 1.2 1.4
v (m/s)
Ja U ey (s 10 s 32 &5 7 5 5 g0 Sl ol e s glafidg 9 S
L, =10 mm 4pV A
) Rep = P (19)
7,=0.102 mm X,=0.5mm mDu
Y, =0.127 mm .
. ; FOMPUNENACY » I SO FRRRCIPU 7t 5
o T Spbign 4585 A5 15 5 S 90 & ritaga saloles
= - : ou
e P e > p==+p(u-V)u = V- [—pl + (u +pr)(Vu + ()"
X,
‘ — 5Pkl +F (20)

ladse b ad oS @lp by &5 ol poz> 59,5 F a5 ol
4]9] (89, O uas s’LM)L J).?u Gdwdid 11 J&»)

155 11 O)Loa"u A5 093 1394 O (R0 \_Eul.{o Sy


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

0 ? T T T 7
-0.5 -0.5
-1k o | :
1.5 1.5
2t 2 H
25} -2.5
3t 3 H
< -3.5
o I -4 H
-4.5 ; i 4.5 H " I |
5.5 -5 -4.5 - -3. - 5.5 S -4.5 -
. (KV) 5 (kV)
0 T T T 7y 0 T T
0.5 -0.5
-1 -1
1.5 1.5
) -2
2.5 -2.5
|
-3 -3
3.5 -3.5
I
-4 -4
-4.5 1 1} -4.5
S5 5 -45 -4 5.5 -5 -4.5

12(kv) 19(kv)
6000 a5z, o pialaz gailate )0 G,z bl 13 i

0,lgm0 4 S0 aciend Ce i Sl sld )T 10 0a o A 18
o2 S 5o 99,8 v S0 Gl 5 b5l 8L eud agi iS5
Ol 99 ol Sl 5590 w5l aS als S5l (giend jo (Jg il o
2L ool ogdice cage Cali ) g wdloe K0Sy S DS
JESC O IR J (VPR PO SR NCUU ST U
Syad ool o iali8l JWei ) Sac Az 2 S gl oo 00D (yuired (09
o SSop oLl L > Ce i deS j0 g a8l ioli8l oo laals S
Jdo an S 0gd o a5 21351920 slo S anslie 5l ol oo zalS
o2 0,5 celu ol slaals 5 a8 b o yials jalen, sue ax> o Sl
S 095 13b Co 1) 6 i gaml Sed e ;0B S e b e LialS
Comw 4y Giolas gatads 5Lidg yioli 81U 00 o 0050 (yizmes L0200
Sy ss Jie by Cwwdimly
4SS o jo ado) mhaw gles slologes 2442223 sl S 4o
Gl_..n M)‘d.sos.wgsa 00 Sl 00 (o ) »))Lb )‘)5 dl.o.w)b J).’z.o
aw slos azgr LB jials Lo Y gome shio Sz joum 4 Slosldy 0g 25

11 o)l.o.n“u 15 )9 1394 O (ORI ~_cul£o Wi

L lanlo S aal ol jo sl YU cons @ 0l 2> g 4l ol cns
Sy 5o 4 60 Suelsl a5 o5 wlioe d97g 05 Cuele
3, S el gasls 5 S5 g o, Kielwoly (ganlo 5 g0 4y Clils 0925 oo
3 g oad woluy o Feele als )5 &,ad 5l ol L ogd oo e
T 4 g dimge ol 0l 4 o I cpl 5l (slodes ceond 19KV 5,
@ @ Sl eal,S s nlBEIL rares wilege (Sb als S 90
Dy g S (15,08 5l 5 wiS (o0 &8 > ol Gl Censml Se
il 5kg a5 o 4900 jalen, 4o a5 84 e onus 14 IS 4o
057 4k 35500 3l oo 58T o5 4 TOKV 5Ll o Sl s oo
el 6000 50090, L cdls 51 S 4500 jadg, j0 dy J3ls cae
s Sl a5 ©08) Jle bS5z 4 s bbals 5 09 oo o
&8 shls (ol ooy co g ol 5y @ atnly g0k lade
GIBIL Ol ol gl )S 5wl eS Loy al 0 g 1S
9y w3l 3
10 Laasls 5 saen 3000 j0dgn, ,o a8 Sgd a0 15 IS o
Sy Coow 4 g2 45 09 o 0000 Craizred (g o0 (e 5l LIKV 5lg
2505550 35 555 0] & Sl Cewdimly a0 S 5 098 s oS
dle Ly e 23 ot e g 53 Sl <5 51 Jges
16 S j8 .l oty aseive b Coodle b & jgo (pl e 40 g Sodo
gz 5o 4o )S galauly an Loy S > g Al L e b e o
59 99 o0 03938 (B)lake p Y (e S ;3 g ond ABgie Y jerme Cude
9, T (S35 40 (o> S9r5 (r e 45 9B 00 0 el
by S e Lawgs oubalg (5950 haw 5l 18,5 alolb b g was o
Oy rals Lo 4 aSesd e 00y 17 s o b oo Grals a4
Slate iolislaals sl osls #, jalg ) sae als bl oS laals S
5 i 16USCS gl by any Comd 050 50 Sp035 sy
an X=-3/17 calais Se03 50 45 39 e 0w 18 417 416 sla loges
S ygo o Ay L8y Sl 0,5 Lol gails )T S e gabals ol LU
o=l dn 09 o0 Sl Ce o Cdle Al (pl (YL (S5 salols o g
917 16 sla IS 5 e ol ails )5 oYL aml o a5 Lo

-8 M v 1 L
-6 -4 2 0 2 4
x (cm)

6000 ol yo ka5 8,90 Lialas alais g alg) jo b, bglas 12 JsCi

156


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

0 7 Fﬁ T oF T T T
0.5} 0.5
g q.E
15} 1.5 F
2" i
25 25
3F 3}
35 35|
4t 4}
4.5 1 1 4-5 L Il L
55 5 4.5 -4 5.5 S -4.5 4
L (kV) 5(kV)
oF T T T oF T T i
0.5 f 0.5 f
a} g [
d5E 1.5 |
o 11 2 L
25 2.5 | |
3t 3F
35} 35}
4} 4tk
'45 T 1 1 '45 1 1 1
5.5 S -4.5 -4 5.5 S -4.5 -4
12(kV) 19(kv)
3000 judg0, o il sadhis 1o by bohs 15 JsCi
3.7 T T T T T T T T T T T
365} -e- 1=505,0 (V)
B8 % 1=505,5000 (V)
geel -a- 1=505,12000 (V) |
35| -=—[=505,19000 (V) |
-3.45
8§ 34}
N
g
33
325
321
-3.15¢
3l
-3.05
3E 1 1 L L I L !
-2.5 -225-2 -175-1.5 -1.25 -1 -0.75 -0.5-0.75 0 0.25

v (m/s)
;06000 5090, sae (V)Y Cuz ;0 s sadlie Judgp 16 Sl
(39,551 90y sau>b) y=-1/22 calais

3O 08 S e (G Oglate slasldy gl Lo bghs ol

157

0 T T 0 T T T
f
-0.5 0.5
= | I 1 H
15t 1.5
2 L 2
25} 2.5
3F 3
3.5 35
4+ 4
4.5k A 4.5 m_ L
5.5 -5 4.5 - 5.5 S -4,5 4
L (kV) 5(kv)
0 T T T T
-0.5
a1k
1.5}
2 |
-2.5
3t
-3.5
4t
4.5 L . ) ) 1

55 5 45 4 55 B A5 4

12(kv) 19(kv)
4500 judsis, ,o Limlas gadhaie o b, bghs 14 S

cilies slasldy ;o Lo las aw oms 4 =7 Lolgd jo ol 5l am g manls |,
Koo Conl Sglaie JSo jo gl oS Jlade SG 4y S0 a5l plas j2 o
S8 4 Lo oy Sl (l 35 o0 (1) Sy &S (el Jg wadoe )
SLod o alai ol 50 a4 21 JBl5 lade S 5l aS Wb o Grals
Ceomnd U5 jlo5ldy 0 i8I Sloo Comd 5l 09 0 0000 22 S5 0
Sty 39 oo e Sy a3l (Y j9me i Sz 59) of (2lecl
09308 o ialsdl o ls S8 4l opl o a8 (Slee sauls 3)1 sals 3
Sao 2 929, 51 Pl ( S 5SU plase alasly @y 09 2S00 g0 (o e b
Blge als,5 5l Ceond pl S5 > g g 0l JLB asl pl ol cals §
a2 3Ly GRalidl b a0 conl (2B 9 (o8 aleg s cnl L
o los S oy iuli8l Cops ax 1 5 090 o0 00938 gl (sasls S
Al oo (5 s Jrals

11 O)Loa"u A5 093 1394 O (R0 \_Eul.{o Sy


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

-e- 1=505,0 (V)
% 1=505,5000 (V)
-4~ 1=5015,12000 (V) _
—=—1=505,19000 (V) |

37
5765 |
L
AEE|
T
a5 |
5 34
8335
® i
|
32
3.15}
4.1
3.05]

23t 1 I L 1 L I
-1.5 -1.25 -1 -075 -0.5 -0.25 0
v (m/s)
sakais o ‘4500}‘-‘J54-.’.)°"“")° )y Ca 40y (Sad5e Judg 20 JSW,

(e 4 Jaio 39,5801 olgsl sa>b) y=-1/9

—o- 1=505,0 (V)
% 1=505,5000 (V) |
~A-1=5015,12000 (V) |
~=1=505,19000 (V) |

-1 -0.8 -0.6 -0.4 -0.2 0
v (m/s)

Lgd.]a.ﬂb o ‘3000)AJ5“) dde o (V)y Sy Esypw 64&‘}0 J...‘B5).s 21 J&.’q
(o) & Jate 39250 el sa>L) y=-1/9

5 oS sty o (be als ) 1 sals,5 3000 44500 slojalssn,
24 523 Gla S ;o a5 5l 5 50sh; Sl 03l 0l ) 5 99,50 O
PUERVINE VR L UG SR SN S KV-PIE CR| RUVSURILING I eI N
o3Il 5o g0y lyeesd (e Jbly 9 WS (g0 i3 Y j97me (R Lz 50
g3 e s (gl (0 od 0ddline Cao s (Bllae 08 Lo a b
7 ogdle 99 2SN 90 G (2S5, Whos RIPN W &5 (ole

Ll gals S 5550 a8 05 b e el dmo o ey 1 gl 5 4y oS
Aoy S Ly Calgd o 5 pbm it 5ol 0,08 Jy ASasS slads S
L s, 0,8 oS s & 55 5alai 36 3 139,000 ot 5l (52
@ fere L sals)S 55 50 05800 sl Grizman g5d50 (al 5 Sonl yeS
21 gals 5 aS 04 b o coge 39 00uitS 09 58Tl g0y (sal

11 o)l.o.n“u 15 )9 1394 O (B0 ~_cul£o Wi

e~ 1=505,0 (V) ]
- 1=505,5000 (V) _
-4 1=505,12000 (V) _
—=— 1=505,19000 (V) |

-3.7

-175 -15 -125 -1 -075 -05 -025 O
v (m/s)

sabaii o 4500 j0len ;) sae o (V)Y gz j0 Sy (sadlie by 17 Sl
(055801 93 (2 s4>b) y=-1/22

-3.7F AR i : ' ! 7

o - 1=505,0 (V)
% 1=505,5000 (V) |
A 1=505,12000 (V) |
—-1=505,19000 (V) |

X

-3.25

-3.15
-3.1
-3.05

-3
14 -1.2 -1 -08 -06 -04 -02 0

abi o ‘30005;&]9;.3‘) das ;0 (V)Y cuz )0 ey (s4dlio Judgp 18 JS<
(09,5501 90 o s4u>b) y=-1/22

T T T T T —

-~ 1=50s,0(V) R
% 1=505,5000 (V) .
-4 [=505,12000 (V)
—=— [=505,19000 (V)

-3.7
-3.65 ¢
-3.6F
-3.55¢}
-3.5¢
-345¢
34+t
=.3.35¢
-3.3+
-3.25¢
-3.2¢+
-3.15¢
3.1
-3.05+
E | ; g

-2 -1.5 -1 -0.5 0

v (m/s)

40 0000 j0de0, sae o (V)Y gz 50 e sadlhe Judop 19 JSCi

Oy & o 99280 ledl (sae>L) y=-119 galais

(cm)

158


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

490 [ J T T T
480 -~ 1=50s50(V)

470 L —=—1=50s, 5000 (V)
460 L —¥=1=50s, 12000 (V)
—A—1=50's, 19000 (V)

- 4501
440

-~

430

S’

o 420}
410 -
400 -
LI F——
oo | TR
370 -
360 -
350 -

3000500 g0y «S e (6 5,18 Caond ;0 Ayl s sloo 03 24 IS

434 A

293 ¥ 3 24als

oogels S e Cl> o KLU (sdg) (55, Lo (gam du loged 25 Js

440 A

(53509

L 2 4l

293 ¥

gy S e > o JSs U sy (55, Los (gams au Jloge3 26 JSCi

SealS 2 saml 4o 0gd e (pbgy Syme a5 elKin 09l o cdnlive
2 Ssls o 3 slos paiSle Sy 5 amse £y st B sl
ol 50 Led pasis STy a8 ok b bed peuiSle 90 4 has 2 sl
Cewdimly Send jo plendly S e g An Slass 1090 e 4l
Sy oad 3 S5 (2o S d Lo payiSle o 8 2 saml
Loo il 8l oS e olaws uli8l b les oo JS 50 0gud oo atwlS i lade
S om )l JalS sl 41,2 el o
Sl pais a5 lo s (g9, ISy o lages 29 §28 27 la S o
Ol 4o a8 Sl dy gy ae S G L Conl ool sy Al Con ioles

el 5 Jga 8 shlo g 03l p o0 Jlow (2o )5 S04

159

b Lo oo jlosldg 09 i8Il ol (saend )3 05 00l 65 0mly b5ty
4z Coywojlasl Al ul (o 1n oS (b (6 eSetir s Sy s
45 ol 4z 90,0 0925 s )5 G g 005 Sigels S e a5 ol
Pl 8aal ol o (SaeS ganls,F 500t by, S ;e
3 ol el o e s 0 oy 5 oS 5SS sl
D god Oloul plas glod a5 0 g Ol > Jlall o 6y

gl (sles 09 0 ok 3y 4z o (-8, -2) sojly 522 JSs 5o
oS den |l les TOKV 515 ;0 24 IS5 j0 Jg 09 g yidn
g0 5dg Siolidl g cabogls 3 sals S 24 Jo 50 e Gl 0l
slod GhalS aze )3 5 (b Cewdmly Sz 50 Jlw B85 S s
St B 55 55 ol g Sy Rl 22 S 45 s o
3 aS el oads (2iS 5 by S GRS S 0 g (AT Gl
Dl oo gl Gloo ol o aze S

aaS olacdl o b gam 4w slologes 26 4 25 la S o
345 d9d e odyd Wlodd ) el ) 5 Shgels Some S
Gihiz s @ a8 wmo e ¢ Lo (il (1 anl) 05l 4t
lowdly S e 6505 )8 gaml o cwl 4l ol jo eolidl 5Lyl

& Y (5L°‘> M}_ﬂ‘, L 3 )303);_“5 6‘}[@ (Y (§039d5ts (2 Lgdﬁal.i)

430 - —— =505, 0(V)
—a— [ =505, 5000 (V)
- 1=50s, 12000 (V)
410 - —A—[ =505, 19000 (V)

420

400 -
~390 -
N
L
£ 380

370 -

360 -

350 I o O O A A

340

330 &

6000 5055, «S om0 (62053 om0 Ay mhans slod jloges 22 S8

T T T T T T T T

460 - —g—[=505s,0 (V)
450 - —=—1=50s, 5000 (V)
% [=50s, 12000 (V)

440 |
A1 =505, 19000 (V)

430 -

420 - ’ |
~410 |
~400 - r k |
390 - % |
80 i : i
370 L AAAALASAR } 4 ‘_4 |

A0
AOOO0000YY

360 -OO000000 i i

350 - p ‘

340 - ¥ -

4500}.\]9&) ‘J):;m (_gﬂf)l)éw.é)o AJﬁJC.L:...;GLoQ)‘oj.oJ 23J£~;

11 O)Lm’b A5 093 1394 ORAR (B0 \_{L‘l&n oWy


www.sid.ir

03LS) 545 9 UL olpuaw

DBD alomM o5 xxo )l o 3laiawl b JSub U slaalghys glrs Ginlas 9 led Jyius

18
16
14
12
10

T H

O [=50s, 0(V)

m [ =50s, 5000(V)

% [ =50s, 12000(V) |
¢ [ =505, 19000(V)

o &~ O

o

v (m/s) <&
60000050, ,0 <SS sae jloges 27 JSis

T T

1 =50s, 0(V)
f =50, 5000(V)
[ =505, 12000(V)
1 =50's, 19000(V)

%,
<,
o% O [=50s, 0(V)
°<><><> = [ =50s, 5000(V)
E <><><><><> #* [ =505, 12000(V) -
< ¢ [ =505, 19000(V)

y (em) -
300050045, yo <SS vae loges 29 i

AN w58 -8

(C) Sileniio €

(N/C) S5 S oo E

(N 91y )0 (caze> (55,0 ?
ey o k

(C/M3) o yg x5S ganndls Ne
(C/M3) lagyg: sainils n

Pe

CdSGoue

11 D)Lmﬁu 15 )9 1394 O (ORI \-gulio Wi

pVLCp
k
5 calas oo Koy obe,S cud )b Cp caasin Jsb L o] jo o
o dz 10 (22) adslaw a4 ang Lol g o jalen, sae Re

Pe=Re:-Pr= (22)

S5 g 00021 IS 50 il go Gl 55 &)l 358 by oo Sl
Hlage an losledg 0g,=SUl slaad 5 Sloo Cand jo CUS dae lade
39,=SI (el a ol iy 99 7SIl bl 15 7 sy s0 (sooeiee
A5 ool SRl g0k jlade 4y ey g OIS (o0 9595 0 g (B yme )0
lads,S 5 ooldiss, i aSul b ay lsa (5 yme )3 95 58Ul Ly 0
G 10y i § 00l SO Hho 4 Caf pr D9 0 £, S ]
Sl (85 gy Sl o @ lse (5 5me 50 09 58U Ll
b (5 d9h s wlS o0k e 4 e ja WIS 0 995 2 99 XS]
dall abds aw (pl jolo 99d 0 SISy Bl Carge iy LBl Jge 0
so3le 50 4S5 auin 0 2952728 (sla IS5 50 eatns SISy 330 rosine
oS aibl ol cdSs sae 5Ly Lialdl b G Sl s maw g9, (<24 -1)
on—ipo Slade 900, S Sloul Sy aF ol o> (59,05 bl 4 )
slajian ;) o a8 culicde tpl ay cunloslo 7, o S (pl o a5 p,l4>
Y=-25 g oo £9,5 Y==1 gabaii 5l g asd 5 o0 511 als 5450046000
3y ol san 450046000 slajotss, ;0 et pewive 9 0,1 asll
P iy waie (01 29 IS8 o el Y= (gabaii (o ails S (sl
Jlesl o8 astieinl Jdo cpl @y ol a5 5 las 0929 098 o0 Jlog! 5L a5
3 e s 4 3000 50050, 0 o5 @508 bl 4y psas sals 5 51y
9= 5Ly Gl L (-4, -2) so5ls ,0 28527 (sla St 0.4, s
zge g bige Gl (SaS Gl S5 Cer W )0 e
3000 jodses s Jy 95800 Sy 20 (2ol azid 0 5 Sy 108
Oz S haid 505, (o0 G ) pae gals,T oS sl plea o sz
o= Sy li8l L a5 s by Cavs iy Sz p0 08 Sy b
5 9l halidl e s a0 5 09 e Wl ol 4y (g ey (o

S oo o iolidl s ol cdShoae

S 5 Ao =1

5o oad ool laasls ) g islas B a0l o9 4 olewdl S o
o S Gy 1, S e sladly) S ok 4 5 U5 U slaaly
G4l jo aS aes o lis 02 I, ShlS 1 YL 285 S o
Oty S bl 1 Cllas sl s b > (o Wilgi g0 S e Lawgs
9923 o &) iy 09 xSl am el )0 jWlgi) 12,0 (ce> (59
L Leo u,...dbl_f Lg\)_g Bas ga>l oS ..\.a)..f )L..é 6‘4355 L b LCbogJSSJ‘
o )5 pog—as anlsa (5 pme 30 39 381 jlam alia 09,5 )b
Gal—old o s glod ol 0y0 AT bl 10,5 118 09 5SUl g0 Sl
ool gam an Led pouiSLa ol ol (pdg, pe a5 Jl o el yls
JSie mlio fidion 10 (92 9 3900 b Lod povins 4 &5 W0
aS Il 0 050 oo 0l )y a4y a1 glabats gloo a5 il ol Lol
8,5 558 Jelo 0,90 a5 jsb yles S e cpl 1 Sl (60,57 jlnnsy
2oLl 69 lge jo > aS aiad gl a8l mhaw res;Sle slos 35,08
bl 4l T slod (0l ponie

160


www.sid.ir

03LS) 545 9 UL Dlpuaw

DBD alomM o5 xxo 3l o 3laiawl b JSub U slaalghys glirs Ginlas 9 led Jyius

[11]J. Jafari, M. Safari, Y. Ahmadizadeh, B. Shokri, Air flow control in
boundary layer with use of plasma actuators, Journal of aeronautical
engineering, Vol. 12, No. 1, pp. 59-66, 2010 (In Persian).

[12]K. P. Singh, S. Roy, Modeling plasma actuators with air chemistry for
effective flow control, Journal of Applied Physics, Vol. 101, No. 12,
pp.123308, 2007 .

[13]M. Mamunuru, T. Simon, D. Ernie, U. Kortshagen, Plasma actuator
simulation: Force contours and dielectric charging characteristics, in
48th AIAA Aerospace Sciences Meeting Including the New Horizons Forum
and Aerospace Exposition ,Orlando, USA, 2010 .

[14]Y. B. Suzen, P. G. Huang, D.Ashpis, Numerical simulations of flow
separation control in low-pressure turbines using plasma actuators, in
45th AIAA Aerospace Sciences Meeting and Exhibit, Reno, USA, 2007 .

[15]Y.B. Suzen, P. G. Huang, J. D. Jacaob, D. E. Ashpis, Numerical simulations of
plasma based flow control applications, in  35th Fluid Dynamics
Conference and Exhibit, Toronto, Canada, 2005 .

[16]M. Riherd, S. Roy, Measurements and simulations of a channel flow
powered by plasma actuators, Journal of Applied Physics, Vol. 112, No. 5,
pp.053303, 2012 .

[17]A. S. Taleghani, A. Shadaram, M. Mirzaei, Effects of duty cycles of the
plasma actuators on improvement of the pressure distribution over
NLFO0414 airfoil, Modares Mechanical Engineering, Vol. 12, No. 1, pp. 106-
114,2013 (In Persian).

[18]A. Salmasi, A. Shadaram, M. Mirzaei, Numerical and experimental
investigation on the effect of a plasma actuator on NLF0414 airfoils’
efficiency after the stall, Modares Mechanical Engineering, Vol. 12, No. 6,
pp. 104-116, 2013(In Persian).

[19] M. Mirzaei, M. N. S, Improvement of projectile time response to control
commands using plasma actuator, Modares Mechanical Engineering, Vol.
13, No. 14, pp. 118-124, 2013(In Persian).

[20]P. Y. Wang, H. Y. Guan, High temperature collecting performance of a
new all-glass evacuated tubular solar air heater with U-shaped tube heat
exchanger, Energy Conversion and Management, Vol. 77, pp. 315-323,
2014 .

[21]R. Liang, L. Ma, Theoretical and experimental investigation of the filled-
type evacuated tube solar collector with U tube, Solar Energy, Vol. 85, No.
9 ,pp. 1735-1744,2011 .

[22]B. Bouhacina, R. Saim, Analysis of thermal and dynamic comportment of
a geothermal vertical U-tube heat exchanger, Energy and Buildings, Vol.
58, pp. 37-43,2013 .

[23]J. R. Roth, D. M. Sherman, S. R. Wilkinson, Electrohydrodynamic flow
control with a glow discharge surface plasma, AIAA Journal, Vol 38, No.
7,pp. 1166-1172, 2000 .

[24]C. L. Enloe, T. E. Mclaughlin, R. D. VanDyken, K. D. Kachner, E. J.
Jumper, T. C. Corke, M. Post, O. Haddad, Mechanisms and responses of
a single dielectric barrier plasma actuator : geometric effects, AIAA
Journal, Vol. 42, No. 3, pp. 595-604, 2004 .

[25]C. L. Enloe, T. E. Mclaughlin, G. I. Font, J. W. Baughn, Parameterization of
temporal structure in a single dielectric barrier aerodynamic plasma
actuator, AIAA Journal, Vol. 44, No. 6, pp. 1127-1136, 2005

[26]C. L. Enlog, T. E. Mclaughlin, R. D. VanDyken, J. C. Fischer, Plasma
structure in the aerodynamic plasma actuator, in 42nd AIAA Aerospace
Sciences Meeting and Exhibit, Reno, Nevada,2004.

161

(K)enslS e Leo T

(K) 092 sles T;

(V) S xSU5Lds v

Slg pdle

(Coulomb/m?) L J&> De
(kgm-3) J&= p

(kgm-ist) Sslips e 3 u
(Hz) s, w

(F) i yiSUl (g 5501l 0 £
&y -9

[1] Y. Li, X. Zhang, X. Huang, The use of plasma actuators for bluff body
broadband noise control, Experiments in Fluids, Vol. 49, No. 2, pp. 367-
377,2010.

[2] M. P. Patel, T. T. Ng, S. Vasudevan, Plasma actuators for hingeless
aerodynamic control of an unmanned air vehicle, AIRCRAFT, Vol. 44, No.
4, pp. 1264-1274, 2007 .

[3] M. M. Hollick, M. Arjomandi, B. S. Cazzolato, An investigation into the
sensory application of DBD plasma actuators for pressure measurement,
Sensors and Actuators/A: Physical, Vol. 171, No. 2, pp. 102-108, 2011 .

[4] M. Kotsonis, S.<Ghaemi, Forcing mechanisms of dielectric barrier
discharge plasma actuators at carrier frequency of 625 Hz, Journal of
Applied Physics, Vol. 110, pp.11330, 2011 .

[5] R. Erfani, T. Erfani, S. V. Utyuzhnikov, Optimisation of multiple
encapsulated electrode plasma actuator, Aerospace Science and
Technology, Vol. 26, No. 1, pp. 120-127, 2013

[6] M..Cheong,B. G. A. Greig, An investigation into the effect of electric field
on the performance of dielectric barrier discharge plasma actuators,
Experimental Thermal and Fluid Science, Vol. 35, No. 8, pp. 1600-1607,
2011.

[7] G.Tathiri, G. Pouryoussefi, A. Doostmahmoudi, M. Mirzaei, Experimental
investigation of the effect ofdielectric barrier on induced velocity of
quiescent air boundary layer with comparison of corona wind and AC-
DC DBD plasma, Journal of solid and fluid mechanics, Vol. 4, No. 3, pp.
103-110, 2013 (In Persian).

[8] S.A.S.S Taleghani, A. Shadaram, M. Mirzaei, Experimental investigation

of active flow control for changing stall angle of a NACA0012 airfoil
using plasma-actuator, Journal of fluid and aerodynamic mechanics, Vol.
1,No. 1, pp. 89-97,2012 (In Persian).

[9] G. Pouryoussefi, M. Mirzaei, Experimental investigation of the effect of
steady and unsteady actuation on performance of plasma actuators for
active flow control in boundary layer, Journal of fluid and aerodynamic
mechanics, Vol. 3, No. 2, pp. 51-62,2014(In Persian).

[10]E. Ebrahimi, Morad, M. Payande, Numerical modeling affect plasma
actuator intemperature field and velocity turbulent combustion CO4
and air, ICHMT, pp. 1-7, 2014 (In Persian).

11 O)Lm’b A5 ©)93 1394 B ] \_{ul.{n W0


www.sid.ir

