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Unsteady flow analysis of DBD plasma actuator-based separation control around an airfoil
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The flow-fields controlled by DBD plasma actuator around the NACAOQO015 airfoil are simulated with implicit large-eddy
simulation. The DBD plasma actuator is installed at the 5 % chord length from the leading edge and operated in the
burst modulation with the non-dimensional burst frequency (F*) of 1 and 6, burst ratio of 10 % and Dc=1.The
suppression of massive leading edge separation is observed in both non-dimensional burst frequencies. Common
feature in transient flow near the leading edge controlled by the DBD plasma actuator is two-dimensional vortices
generation from the separated shear layer. This leads the increase of the periodic component of Reynolds shear stress
near the shear layer region. For F* =1, these vortices not only become three-dimensional structures by the vortex
paring but also generate the longitudinal vortices, which produce the non-periodic component of Reynolds shear stress.
While for F* =6, these vortices are broken down by the transition and then forms three-dimensional structures.
Separation region near the leading edge is smaller in F* =6. Hence better aerodynamic performance is attained in F*

=6.
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Fig.1 Configuration of DBD plasma actuator.
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Fig.2 Burst wave image.

Fox DIN—TFTHHEEYRE B L LT, FHE L IRt
77 a—F TG A D T AN, ANAND)  fR ¢ 31,7~ 5%
HETFTCIEH 5 b OOHSEYRNHES., /3—A Ml % V7= RIEEH
FNTIIDI< &b 2 DOFBERIE A 1 = X 2Hh3do 5 Z LA,
BTG U7 BRI A 23R C & DA i IS 2 LB
0D Z EORLSTND., ol T, K A— =3 v
— 2R DT 1Y = 7 FOTINT, TR TR X Bk
Haminat) 2z D T~A 7 05/ AREHEIE AT LRk
HEERERGT) SV A ESAIRRE L, ERCAT-E AR T
T-OITRER IS 2 D TG, BARIZIE, T3 A /FEhS
T A—F DEECRERE AT LTz LA VR, EEE, &
< o NCCORTEI R Z RS 5 BT, KL A VBRI T
fRNTIZEENC 2D L &2, EHLOOR1L 1 ) L H Re=63X
10*® NACAQ015 BNt LT, 7T AT/ F ax—Z DfiifE
SONEBNGAE A ZE 2 - FIBERIBID LES T4 FAV N = I R 5 2
M) w7 ABT 4 BT, T AT 7 F am—F OHBEINIE 2
H =R LT TR T S ADFREHE WD BLED D bA 7
HRAEB TS, FlzIE, FTIRAST 7 Faz—X OB HFAr
B (T A —2 THHPNEER RO R E S & HEEMIEZED
REZAS L. 220 A JVZEERTIIT T A~T 7
F 2 =—H|Z XKV ELRES M S D Z LSRN CEE T
HDHZEEHLMNIL TS,

FHO A=A MEOEREZ T A—H T D/ —A NERS %
Z bR [RIRR T SRR u, & 3% ¢ T b L7 R
JoN—A NEEE FT ORcEZMEICBIT AHFIEZ < fe ST
5. FIzIE, Corke Bik F=1 FHTOfEDFIBEHIEN i b 25
ThsEFEOO —F5C =10 fBROEN L 0 B Th 5
VDB, 700 TS,

ZDOEINIT I F 2 —FIZ X DWAUHEIOD A 71 =K 220
TOBRGHIHEA TETCNBED, SRR NS, BN

— A MEAE O R A A S TO DI BEED BT,

KINCEER LRI A B = X NI > TRV, F2T, A
WHZE IS S O @D b SR 72 2 71— A (F=1 & 6)
IZOWCHER L, 77 A~T 7 Fax—HD/—A Nk %
ToRGHBERAEDS, E0 & 5 RBIBUT Lo T N—R MNERE DT
TEANRIE X TN D DD O DOFIBERIE A 5 =X L ZB ST
THHEEZANE L, FEEF TR, (AR
W& BRI, RO ZEE VT2 & OfENT 21 T i
R igA BEeT

2. fRETIL
(1) XZfehiE
T REALE LT 3 kot EhEt: Navier-Stokes J7fEIc 77 X<

T I F axz—RIZ LR E Y —RIEL L OUNZ =D& =

BEOAA, EERRERR, T RVRRFRID SR Y, —HRiS
HROHELR ¢ THERIULEITSIIE T TO L S IR END.

%26 BMEBRAENZES VRO L
#EEES D10-3

@_,_ é’p“k =0 (1)
ot Ox,
opu;  Apuu +po) 1 Oty g @
ot ox, Re Ox,
@_*_ de+pu) 1 duzy,
ot ox, Re Ox, ©)
1 %‘*’quc“kEk

- (771)P}"R€Mi ox,
Ui, G o, P, € Ty O RO I E AV EIVEE R T b SAVTREE 7 B oL,
BRI~ MV, BE, E7, BHRESTZY 02T 3L¥, TR
HT >IN, 7 axy h—OT NE KO TH 5. X2), ()T,
DG DIETT T X~ T 7 F am—X PNEAAFED - 0 IFR
~Ez2 A7 (DOE) & =FLX DOuE) ZTthznkL
TW5., FTRRT I F ax—Z | LB OWTIIRECREL
<%,

KAUZBUHL TN D 3 DOFAN IR IT/ ST A —H Re, M, Pr
WELA VR, —FRiit~ v N, 7T v MVECThH Y, IO
IolzERINS.

U ) @

Re=LML e pr
K, a, k,
ZITuca ey TLTKIE, ZNEIRMARE, HikR, Ff
TEEHEATH Y, IRF “oo” 13, —ARIREZRL T0D. SR
DFFETIE, bz HBE~ L L2 b OZ V.

(2) TS5 RARF7UOF2I—42DETIVE
BIEICIBNT, TR T I Fax—H OEN, R
HINTHHRIC 52 HD /e LT DOE;, =V RRAzRINHtiC
Hz6NATHAX E LT DOUE & W ) I T FEICE £
N5 xR Qo KON E(ET 7 F o m—F NI ED T
BT & BT MV EENENER L TCWA. £z D X&)
IR 2 MR CIRD L H IZR SN D.
D, = qc,refE;q/c _bery zny‘ ®)
T pa P,
ZIT, WE el 1IRFEEEL, glETFEST VYL (B
£) TH5. XLV, D.OYEISEWLT 7 Faz—205
TN Z B D EX WX LR O—RRFERIEIC BT 5
BEL DL THD. DFED, AEEORE IHKREV VR D, OfE
IIRE LD, DAIATTELEORE S ERF/NTA—ZLL
THWAERTE S, AFRICBON TS ANBEDOKRE 5454
DIZZD DERAWD Z LT 5. BANIZ D OfEE RO ST
Uort & Bt DIEERD DB DD, B I TN TEIEDO I
THIHIZRD DFNTE DDIZH LT Qe & 52 DT28OITITZER]
DOEMAEFHHEIC LY HEPUDH> T LERH D, L
DL, Qo DIEEFHI 2 OIXREECH B 720, AR CIE—4E
BT U CRBIFOHAS CAUF EAE LD E WD FNE 20 D, D
EEHHIENZMEE L TR HZ LIS 5.
WICEBRZRRZEAT 5 12120 M O OZEB 5547 23R 25 B
BN, ABFFECIE Suzen HIZ Lo TRES - KEHETF LS
Z Nz, 20 Suzen HIZ L HET UL D, OEE B HHE
T, HOBREEHEEOS HFHHENRIMF LY. Fig 3 12
Suzen HIZLHETNVOERET 5% 7T, D 13 OMEHE
%, HOWKENIOEEZR LT\, F2, AVERIIEE
BN, WIREBTHD. ZOFEFUIHORNKEITRT &
PRI D 1 EHIREINCIR D 2 DOKRE 72 FIHMEIK D
DI TH D,

Copyright © 2012 by JSFM



0 T

force magnitude

Tl 21424

Fig.3 Force image of Suzen model.
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Table 1. Plasma actuator parameters.

DBD foe f BR Fwe F' C. Dc

location [Hz] [HZ] [%] [%]
DBD-off N/A NA  NA NA NA NA NA NA
F=1 5% 6000 100 10 60 1 0.0086 1
F'=6 5% 6000 600 10 60 6 0.0086 1
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Table2 Aerodynamic coefficients.

C. Co LD
DBD-off 0427 0151 28
F=1 0.842 0069 122
F=6 0.895 0058 155
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Fig. 7 Surface pressure coefficient.
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Fig.8 Surface skin friction coefficient.

Table3 Separation and reattached locations.
Separation  Reattached  Recirculation

location location Region
DBD-off 2.8% N/A N/A
F=1 35% 24% 10-25%
F=6 33% 15% 10-15%
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