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Comparison of capabilities of DBD plasma actuator and synthetic jet for airfoil-flow separation control
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The capabilities of DBD plasma actuator (PA) and synthetic jet (SJ) devices are compared on a separated-flow
control over an NACAO0015 airfoil of the chord Reynolds number 63,000. The two devices are compared in the
following viewpoints. 1) Induced fluctuation using SJ and PA is clarified by the existence of momentum in a
freestream direction, locality of the induced velocity, three-dimensional vortex structures, and the wave forms in

a time direction. 2) Both devices show an optimum actuation frequency to be approximately within F'+ = 6 to
15 (normalized by chord length and velocity of freestream), where a laminar separation bubble is formed near
the leading edge. 3) In both devices, the momentum exchange (evaluated by Reynolds shear stress) near the
airfoil surface is mainly caused by turbulent mixing, which is entrained by large vortex structures generated in
the actuation frequency F; in addition, the KH instability modes are detected near the leading edge in all the

controlled cases using linear stability analysis.
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1: Configuration of SJ and PA
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2: Schematic diagram of time history of the cavity
depth ((a)SJ); and signal modulation for a burst mode
((b)PA)
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4: Computational grids

i) (W AE 5 ) % vz, ERITR R 7 v
T1E20x1074 &L, A7 —7 VED 1.8 EICR S
K ICEE L 7. Bk L 72 S RIEE 7 « vy — 23, Bl
M RS SR T o 2 D R DI 0 A & TEEIRIIC LD B
(EBZ, BBy 77 )y FAT—IVETIVEEAL
W ILES A L. &8 ST OFtE TIRFEICIE
UCEET T2 50, BXRIBEETDOFTH%
fIERRAE R 2 i R T 2 s, SFMEERX LY v 2 %
FV@3) 0 SRR 3BT O 1 ST 5 4R (HF
TNE—IRRENCEE) &7V, BEH BTl E S %
WH L7, 602, AV ISR S % w
L7z, BUifiFHREIZEER IR 0 < tuse/cn < 28 TITLY,
HENZ 16 < tuco/cp, < 28 DRICIT o7, F/DITTIE
20 < tuoe/cp < 28 ZHEEFIRE EEL, ZOKXHT
R fiE 2 51 L 72,
4. ST EPAICKH>TEASNZEIELDEWN

PA IZ Ko THRIN LWL Z T &, &
HEM D & P EMA & D) Hratkz ol e &%
AL —75, ST IR E L LW AL Z B D RS 2,
V72 i L Ol 7o B A GEEB R IZBARIIZ 0 e 5. R
FTix, 75 A6 FA SN2 EEL% i T 2 5
& LT, BHICH SN 2 )RR C, (Sec.2.2,2.3
TER) ZWHAT 3. STICBIT S O, DERIZIEAHT)
B L 72 ZBRRHEE V2 — 77T, PAICBIT S EH
IAHE ) ORFERPEAMEEZ V2 LW I EVDRH S, 2
Dk, C, %A 2T H FEBRIEA I N2 WELOR X DB
ICEEL K R LHEEMEIRER 228, AfRciEimdT 23 H D #H
HERNDOFIEIERE D I IZRER WRE L EZ o N B,
ZOMOIBEEE LT, 7354 A% BRET 2 A c b i
FUVX—ZHELET2ROAREEZ SN DD, AfET
FED b, DUNORIST, ST & PAICKDRAZ
NZBROECZHERT 5.

(A) REIZH ) HAOFEROFE (SJ:x, PA:O)
(B) RO (SJ:0O, PA:A)

Copyright (© 2015 by JSFM



(C) gD A v izl (SJ:0, PA:X)
(D) FFEERORHEIZAL (PA CTIE5R & R SY)

4.1 EHEISHSHROFEROFE

B 5(a)(b) 2, STDAY 7 4+ ANDHAH « A2 FFIaF-
L (RARSPY X BRE R B T 123D <) Ujer, Wier
ZRT., ZNEFN (a) ®ENCEESF (4 7 4 AT
JJ5) Ay e, (b) B ) i (A ) 7 4 Az
Yz 751m) aThh, K5(d) DAY 7+ ANDRKFRIC
oM Th 5. £, RHREHL oM A
% 52T, MoV SAR DI 2R TR T, &,
Ft=6.0 & LIBIREH O, 13 48D OREREZRT,
TN — A S BN ) J718 DTS 13 B 2 T
HIDEITD 10% FRETH Y, STICBIT 2 ABHIIH
[ I FEE T DT DRI TH 5. —75, BEREICIHR D
FIADFHEENK E W PA 1%, EFJ5 A EEHES) R %
BAT BN ST LD HREV, W2 IHEBIRRE C,
DR E LY, SJ EDEBNS EFREINS (Sec.5.1
Z) . B, K5(a)(b) ITB W TRVGIARKFZA Y 7 4
AWD RN - 7oA 2 K038, Zudshiiia
DETH S,

0.2

015
01
0.05

Ujet/ Uit
wla/umf

0
-0.05

-0.1

-0.15
-0.003 -0.002 -0.001 0 0001 0.002 0.003

Xorifice/Sh Xorifice/h

(a) Wall-normal velocity (b) Wall-tangential velocity

0.005

0.004

0.003

v ia/um,

0.002

0.001

o L_£= =
0003 0002 -0001 O 0001 0002 0003
Xorifice/h

(d) Vortex structures inside
the cavity (C, = 2.0 X
1073, FT = 6.0)

5: Phase-averaged velocity profile inside the orifice of
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(a) wall-normal velocity; (b) wall-tangential velocity;
(c) spanwise fluctuation; (d) instantaneous vortex struc-
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(c) Spanwise fluctuation
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the airfoil surface in separation control. The straight
line with gray color shows Kolmogorov’s 5/3 law in each
figure.
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8: Schematics of induced flow near the leading edge
by SJ (left) and PA (right); grey region shows a zoomed
view of the leading edge of an airfoil; red arrows indicate
the induced flucuation; black dotted lines show separa-
tion streamlines.
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9: Aerodynamic coefficients arranged by F'™. Blue
and red solid lines show SJ results of C,, = 2.0 x 1073
and 2.0 x 107%; blue and red dashed lines indicates PA
results of C,, = 2.0 x 1073 and 5.15 x 107°, respectively.
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10: Time averaged fields of u/u, for 0.0 to 1.5.
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11: Reversed flow region near the leading edge:
red lines show the case with C, = 2.0 x 1073; blue
lines show the case with C,, = 2.0 x 107° for SJ and
C,, =5.15 x 107° for PA.
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(a) SJ, C,, = 2.00 x 1073, F* = (b) PA, C,, =2.00 x 1073, FT =
1.0 1.0

(c) SJ, € = 2.00 x 1073, F+ = (d) PA, C, = 2.00 x 1073, FT =
6.0 6.0

12: Instantaneous flow field: contour plane is colored
by chordwise velocity u/u~ for 0.0 to 1.5 ; isosurfaces
is the second invariant of the velocity gradient tensor
(colored by chordwise vorticity).
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13: Spatial distribution of Reynolds shear stress
—u/w’ /u?,. Reynolds shear stress is decomposed into
periodic and turbulent (nonperiodic) components.
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14: The black contours show the second invariant of
the velocity gradient tensor, and the contour is colored

by Reynolds shear stress —(u/w’) /u? at ¢ = 27/20.
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