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The flow-fields controlled by DBD plasma actuator on burst mode around the NACAO0015 airfoil are simulated with
implicit large eddy simulation (ILES) using compact difference scheme, and the burst frequency effect of DBD plasma
actuator on the control of separated flow over the airfoil is discussed. The Reynolds number based on chord length is
set to 6,3000 and the angle of attack is set to 14 [deg]. The DBD plasma actuator is installed at the 0 % and 5 % chord
length from the leading edge, and actuated in burst mode. For the burst mode, the nondimensional burst frequency is
set to 1 and 6. Through the present analysis, the two mechanisms of separation control are discussed. The first
mechanism enhance the vortex shedding from the separation shear layer and avoid the massive separation from the
leading edge on burst mode with nondimensional burst frequency of 1. The second mechanism improves the airfoil
performance by suppressing the separation region on the burst mode with nondimensional burst frequency of 6. In
addition, it is clarified that the first mechanism is more sensitive to the location of DBD plasma actuator than the

second mechanism and it is associated with large fluctuation of lift.
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Figure 6 Computational grids near the leading edge: Zonel (blue), Zone2
(red) and model grid (green).
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Table 1. Plasma actuator parameters.

DBD  fiue BR f F*
location  [Hz] [%] [Hz]
DBD-OFF N/A N/A N/A N/A N/A
BM 5p F6 5% 6,000 10 600
BM 5p F1 5% 6,000 10 100
BM 0p F6 0% 6,000 10 600
BM 0p F1 0% 6,000 10 100

— QN =

3. HEHRERUEZR

(1) BtEFEDWEEE

FENTTHEORGEEAT O 72012, HBERIEIZTT > TRV O
FERIY L FR O SRS AT 2 Figure TWRT. F58 M UUSERAS
LESIZE DR AR L TEY, AERV=ATBOT 1y M nFHRiER
ZRLTWA, MR, oo T EEE THEE HIsBWN
—HERLTWBONDNE. £, o=14TlE FROEFHR T
CIEOENB BN, SR, HEL BITEII0AR T 7 Y M
iz LV, BRTENOOFEEL CWATNE L Ze> TV D, Aa|
DR Tl A=A FEREW =TI A= T/ Fax—H k5
HIBERIBN I T, =2 NEEE & R L O, 2ok
TR L TSGR 21T 5 2 B E 35720, BIEDME
WREI T THDEE2D.

Copyright © 2010 by JISFM



LES alp4 H
LESalpl4 |
O  Exp.alp4
/\  Exp.alpl4

Figure 7 C, distributions of the computations and experiments
ato=4, 14 deg.

(2) ERFNiE

KHBEr—AD AT 5 AT HA & 72 D HIBERIE 24T > T
RIBE OB O TR TERL . FEERIE TR WA
(DBD-OFF) iflMfy 14° CTOREIFAEN % Figure 8 12759
R D IXa— FEAMOBEEEZR L TRV, FREBoRLTH
B0 8, AT A S HANC T LTS, AL CldmT]
BB OFIEERI 2 %5 8 LTRY, #KiHEr—2 %1794
14° CIIRHFDIEIcHE L, Fm LR E 2R -
TWDHDNH%. Figure 9 (ZHIBEHIEZAT - TORWEE O
WiIEZ R, WROEEY Ta— FEHm & 7w o
BEAFRL, BERIDEEART YNV OE L RERICa— FR)
O THED LTS, HEAELT >V VO 2 FIEEDTED
fEIE 2R L TR Y, EEREEHE D ARG L a5 Ta,
TAUTERHRO ORI L, STKTEZERL, 20D A0 HH
R OIRE T LT D 003003 5. ZOMIE TRt s
WOV L, NGB E A kT 5. E-Z o
LOB OB L 2 — FRIZES < BRGTEEET 0.6 ~
0.8 FLEETZH) L TV D DOAFER S -

o IS H | Tl o3
wa.,
Figure 8 Time averaged chord direction velocity distributions and stream

lines at o= 14 deg.

-10 X-vorticity 10
I m
0 uwa.,, 0.3

Figure 9 Iso-surfaces of 2nd invariant of the velocity gradient tensors and
chord direction velocity distributions
(iso-surface is colored by x-vorticity).

Q) BHETERNIG

AR CIIAFE T — A CORBERREZAR OB 2 Sh 7= Iz
IFEEAIA OV g 5. AT A S AN b %)
LTWS. 77 Fax—F 2 ST TS —RIZB L TiEH)
WHERINS T T X~ T 7 F ao—F 2 EH SEFHE 2T 12
Figure 10 [2&3HE/r— A 21— RG] (x HlA) TREE & Fidia =
T WPTIDS—Z % DBD-0FF 04— AT TR H DF|
B 2 3OS, S BT TV B 7 —A D
THINBOREF VD Lo > TV, b FIEEEEAY N &
< 72> TWAHDIEBM 0p F1,BM 5p F6,BM 0p F6D3 7 —AT
AR & SRR THOT MR L TN D02 D2 N TUHEHE
I~ T2 & e > Td. BM 5p Fl O — A TIEEREN D
DR E 72 FHME TN S OOIALITEE COWHER (FOEEE) 2
Hirh, B COWFTER MO — R ZHARTREN

Figure 11 {Z&FEr— A COEIHRE M %773, TROBRILH]
72 Losr—A (DBD-OFF) %, HXF'=6 D7 —2A, #HIF=I
D —RA%RLTWA, Fio, FRLDIZT 7 Fax—F%5%
CHRD T35, fIDNOERR-T 0 SONIEIH Y () 7= %
RLTW5. DBD-OFF D4 — AIIHIET R~ AR HHED H
BELCRY, HEED S5 %DHIZ0 1E 7T v Meifizm LT
%. Fiz, B C, Ol 0 2 HAEMS T TR Y, Ak
ez & CIZiin B A O C, 73z & > T%. —J7 Burst mode
DA — AT DN TUTABR OB T ik ~72A-IZBM_5p_F1 O/
— A E RO CTHRANCHBEREI T2 TR Y, R omEsh
TRAUC E VESNAAIEDOE— 2 IR E MR L > TV D, HF
2 F'=6 D7 —2130 %, 5 %DV FTIVOAETEY T b Al
DHEFEDOE—7 ZHD, BAROHREEZGIEHL TS LEXD
%, BM 5p Fl O —A 2B L CIIERRROAIED v — 27 13
FFCE T 5 b OO CIXRIED HREE LT-ho Cp /31T
LTV, ZORRIZ BM 5p Fl D4 — AN BANCFIBE R © =
TWDIEE & FIBERIE L COZRVES & ORI 2r -
TWD2, ZOHBISRETCHAT 5.

Figure 12 135 FE 7 — A OBEREHRE i 2 7R LT\ 5. i
AT RER CEEROUE LTI, R, Mt BE R S
Oy, 71y FLTWA. E£72, @B CIERICHTZD
50 %05 40 %DNBAER L TWD.  EIARE SRR I35
ITHHED 5 %Il T 7 F 2 —F & LIE, T 0 %L
BEICGRE LTAER L QW 5. (a) DEFFFOME TIIer—A
EHIEDME (—RERAIA) & L o> TWB D FBRIEICH > T
LHETRL TN, G i Tl DAED &= BIRE DTz

Copyright © 2010 by JISFM



r—2A (BM_5p_F6, BM_Op F6) s DRKIEIZ D 7 — R
HEERTREL 25TV, (0)D 5 %DAE TIET_TOr—AT
WL TWDA, ()25 (e)i22F T BM 0p F6, BM 5p F6,
BM 0p_F1,BM_5p Fl DIRIZIEDfEE & 5 & 51272 0 FEfiaE LT
W5, FRHT F'=6 Dr—R3T7 7 Fax—Z DMEN 0 %, 5 %D
WTNOEEIT S FIED T RN RIBERIEIA T2 TV D0
Wons. 12, T Fax—F OO HFRIEIZE L TR—%

MEERWBIES, F'=1 D7 —237 7 F 22— F OFEBENED
BB A R T < RATRKIICE L= 3-8 OB HERHIERIE S B S
7o, ZOFISERA4) T F'=1 2RO A I HBERER S RS
nigiofc kI —Bt 5.

BIBIZEFRr —ZATBIT D LA VRIS HI DS T
s . Figure 13 (IFKHE S —AD LA VAR D Bu'w’
D55 TR L TWND. LA VRS D-u'w A TR DIE S D
FRVMIE CRE2RMEE &0, —FRih D O RO %
FLTWD, ZORS LA I IVRISISHRLT 7 F 2o—F D
PREMENFECHOLY b, [F UBRESEO S O CHEmBMETH
LONDND. F=6 D —ATIERATHERD D 10 %0>5 20 % (T
WCEF LT LA VRIS HBEEEN B 5 D bn5 . F'=6
D —A2D 9% BM Sp F6 DOIRNEHZ-OWTITFEL < 3k
ANANIFELTH DD, D7 —RIZBWT LA S ILVRIEH DS
HDNFRFEDNEITENT DO I—R MEE S B DS TR
\ZARHRDORE IR zlED, EOMNBN TR~ LT <z
L7z THEL, 3 Yoth7Zaiiieiia 2 < A=A 3ok R
THEDIID-TEY, AN HRORSEET HALETLA
IVARTEINIFHIRLS 7e o TN B,

(2) BM_Op_F1 (b) BM_5p Fl1

g ///”///,/”’ﬂ'

(c)BM_0p_F6 (& BM_5p_F6

ollN T T o3
W,
Figure 10 Time averaged chord direction velocity distributions and stream
lines at o= 14 deg.
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Figure 12 Velocity profiles at the upper airfoil surface.
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