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LES of separated-flow controlled by DBD plasma actuator at Reynolds numbers 104-10°
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Large-eddy simulations on the separated-flow with control by the DBD plasma actuator over NACA0015 airfoil in wide
Reynolds number range have been conducted. Reynolds numbers based on the chord length are set to be 63,000, 260,000,
and 1,600,000. For natural flow structure, the laminar-separation near the leading edge occurs at Reynolds number 63,000
and 260,000, while the turbulent-separation at 15% of the chord length occurs at Reynolds number 1,600,000. The
characteristics of the separation shear-layer are greatly different in each Reynolds number region. From the effects of the
operating conditions of the plasma actuator on the separation control, the effective burst frequency, which is non-
dimensionalized by the chord length and freestream velocity, changes with the Reynolds number. On the other hand, the
effective burst frequency non-dimensionalized by the characteristics of the separated shear-layer seems to be the

consistent value among each Reynolds number case.
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Fig.1 Schematic of DBD plasma actuator.
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Fig. 2 Force distribution of the Suzen model.
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Fig. 3 Schematic diagram of burst wave.

A VB —EAER U708, IR 2 K 3 MBI
PSRRI 5 (912 AXL7= ADI-SGS [afigihz Fiv -1,

BED LES THIUIBGAI YT 7Y v RAr— VBT /VINEL
THDHN, SENFEROY T 7Y v KA —/L BT /L ORIIR]
WLTe7 A VE =319 LB R, BT T /L% HIV 20 Implicit
LES Z vz, SNBSS A — RN EE L, BRI
0 4 L OB A AV, ETRTEE 2 RoTIBIRZR DGl
O M LE RS & Uz,

2—3. DBD IS5 AR 7 FaI—2DETIULEHRHEM

DBD 7T A~7 J Fat—H Il L HHEEHEOTIL, Suzen
BEOET L TRENTAE(X 2, BT %ZH U
HO&E RN —RIEE LTINAD 28 TET. nd5
IHEHORE X3, V—AEZ U CHNET T A —4 D&
THZEILE > TR EEETWA.

T I F am—H OBRESARY, T F 2m— & ZERANZERE)
SH DR MR & RO EREN S5 ) —~ UBREh A F
K2 ZRBREhES 6 U CRIT 24T - TN DS, AR CldElo S—
A MEFBHOFRERIT OV ORT. X 3 13/3—R MBI BT 7
Fax—Z DN AT 7T LERL TS, ZIT, fI—2

NEWEL, T 13 AC BBED base A THD. To/T IZ3—A b
W — AR OBREFOEIA 27~/ 3—2 RHEBR)TH D, AHF
JETIY, =R NEREEZRa— NE & —HnEE AV CiERoT
(b U728k T S— A N ERE(F=foluws) & BB 723G/ ST A—2 D
125 LTHWS. &L A JIVEED LES IZRBWT/RT A—F L
LCTHW=T'T X<T 7 F 2 m— X OFGEHHHIR G E SR X
IO 73T A—F 3T 7 F = m— B (B @R
5O, ko S—A MEWRE(FY), /3>—A REBR), FVINET
T A—H(Dy), base JHETHD.

No control

Control on

High(10°)

Fig.4 The instantaneous flow-fields for no control and controlled cases in each Reynolds number.
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Fig.5 Liftand drag coefficients with angle of attacks for each Reynolds number case.
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Fig.6 The instantaneous flow-fields in side view for no control cases.
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Fig.8 Distributions of time- and spanwise averaged chordwise
velocity(left) and TKE(right) at Re 10
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Fig.9 Mean pressure coefficients along the airfoil.
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Fig. 10 Power spectrum densities of the chordwise velocity at Re10%.
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Fig. 11 Power spectrum densities of the chordwise velocity at Re10°.
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Fig. 12 Effect of the burst frequency on Iitt coetricient, drag coefficient and lift-drag ratio.
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Fig. 13  Spatial developments of the momentum thickness.
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