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Development of the Magnetic Pulse Compression Circuit for DBD-PA (Dielectric-

Barrier-Discharge Plasma-Actuator) and the Application for Dynamic Stall control.
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A nanosecond pulse-power supply has been developed for the nanosecond-pulsed-driven plasma actuator (ns-DBDPA ) with 1
m in length, which was applied to the flow separation control on periodically oscillated NACA 0012 airfoil. The pulse-power
supply consists of one saturable transformer and two saturable magnetic cores for the pulse compression and the special

attention was paid for the output cable and electrodes of the plasma actuator to reduce electromagnetic noise. In a wind-tunnel

experiment, the airfoil was oscillated with 4 Hz of periodic cycle and the ns-DBDPA was applied in 100 Hz of the discharge
frequency. The lift increase was mainly observed when the angle of attack decreased, which is possibly synchronized with the
vortex shedding induced by the ns-DBDPA actuation. The voltage amplitude applied to the ns-DBDPA did not affect the flow
control effectively, because the plasma actuator effect might be already saturated in the investigated conditions. It is possible to

optimize the pulse power supply in reducing its size and weight.
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Fig.1 Nanosecond pulse power supply circuit.
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Fig.2 Voltage and current waveforms for (a) primary side and (b)
secondary side of pulse-power supply at 1000 V of charge
voltage.
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Fig.3 (a) Experimental setup for wind-tunnel test and (b)
corresponding discharge emission of light of ns-DBDPA.
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Fig4 (a) Distribution of pressure coefficient around the airfoil
and (b) corresponding position of the differential pressure
gauge.
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Table 1 Experimental conditions.
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Fig.5 Electrode configuration of ns-DBDPA placed at the leading
edge of the airfoil.
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Fig.6 Applied voltage and discharge current waveforms.
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Fig.7 Dependence of the discharge energy on the peak voltage of
the applied pulse.

5 BITNAN B S &E NEEBRLG P EEIND. €D
72, (1) THEE L7 Cn & W TEEEWNEA, HEAL
B EAHEM L, BT 00— 7 TllE SN-EiRH, S
WHS 5 & THEERK T OADELZ1T).

(3) BT AV F—DHH

BERE & NEBRELEE 2 # &b, RS % 5
LHZEIZEYRELANVF—2H T 5.




DBDPA IR &JERME OV A IR O BASE & i Jesim vkl A~ OIS (8

0 L A M s b

8 BB A gL B 2 R A R iR
Fig.8 Enlarged view of the discharge emission of light at the
center of the airfoil.
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Fig.9 Dependence of lift force coefficient on angle of attack with
and without plasma actuation.

15 [ |—PAOFF
-=55kV
0-p
9.7 kV
- 10 Op
© [
05 [
oL . v
0 5 10 15 20 25

Angle of attack, « [degrees]

10 BifeEo ¥ — 7 BIEARFE
Fig.10 Dependence of lift force coefficient on the peak voltage of
the applied pulse.

Z 13 ns-DBDPA D BREJIZHE o TR S L7z ik K
ZHNERTHLEEZONL. 2O &) BRI AT
92 ¥ T47 - 72 ac-DBDPA (2 3513 % By Jeki ALl i 92
BTHHENTBY, RIFFEMARIZE D ns-DBDPA 123
VT b ac-DBDPA & [AIERIZ BN LR Tl & 2R L
BhERIHTE 2 Enbrot:.

UICHNEIE 2 2L & 728 H DR R % Fig.10 IR Y.
KRIFFETIEV, =55kV &£ 9.7kV D 27— AZDWTAIR
HEEELIT-72. ZNS7r — A TIRENEEIC L 5%
ROFEEIFIZEAER L, 55kV TTHHICHIBEITETW
BT EHURENS FATIRZE Y TIREIINERE O LA fE
WA HERD RO LA SR T E 720, AR THW
72 ns-DBDPA |2 B> CH HIINEE DA X 0 S il i
BETPRTT 2 envINA LaL, BBIETH
e L7 # P TIXFIINELE % 5.5 kV 205 9.7 kV I EIFTD
LIRS REOZIT R SN T, 55 kV OB CREIZT
DR ESESNTVE, 2D s, A
FECHA % IT 72 5.5 kV OR T TRE SRR ER) R A3
ML TWweEEZLN5. JATHI5E TH V272 ac-DBDPA
T, 79X BFHRLTFEESE, BTN



48 FEATFRRE 43k

DW/NERN BRI E § 2 2 & THEERNZHIHT 5 &
EZHNTWD Y —J7 Kif5E THV> 72 ns-DBDPA T3,
2V AN &) Bl T A MBS, BB L
FEESICL VRN RHHT 2L EZ oM Twa P,
AWFEIS BT 5.5 kV DEVINEE TR 457 S il
BEEGLIENTEZEV) 2 I, 55k ORETT
SRR OEFEIRE L CTRREL T2 L2 RIBL T
%. 2D X1, ac-DBDPA & ns-DBDPA T HEFELIE &
7% B W EE DR B 720, FIINERE RT3 2 &0t fl
REDARAF LR 72 2 2 LTRSS NS . AR TH W72
FBRSATALIATINGE 2 B 1) D ac-DBDPA D FEEF & 13k
2135 7% % 728, ac-DBDPA & ns-DBDPA |2 & 2 il fii 1
HEDE NI O WTHFI 2 I 21T T L IETE WS,
F B HINEBE S H SRR R LA TE .

4. 8

RIFFE CIEBI IS T AR T 5 F / FB L 28 7
WEFH LTI A7 7 F 2T —% (ns-DBDPA)
OGS EMEZ AL 72002, SV ARBE XL, B
9 G ALK 9 2 JAH R & AT o 72, 79V A5
2BV, WA 7 & 7220 ARG R 2 24
L, WMERESH 1 m® DBDPA BIZA L T+ &IE
RENC& % 2 & 2R L7z, JRIRSEERLZ B\ TR
40 m/s (2B T, B AR L 7208 ) o224 % [l E
L, DBDPA O BREfIs & SEBRE R O 51 2 i <7z, Al
FEERIZ X VAN P IORT.

-0 A2 13 ns-DBDPA DI 1) & E L TR
Dz,

- WA T FERR 12 ns-DBDPA |2 X A il IR T 1L IR AR &
R L CPEMIcH IR RE . £72, Hi2iE
IREBH GBI S N8, S AT - T34
L7-kEz6N5,

- B O%h R

FIIMFEE 5.5 kV & 9.7 kV Tl ns-DBDPA D% H 1 Fll
TNFEFE (ZAKA L 72 . ns-DBDPA O %) 5 (& FI I £
55kV CREICEFIL CWclzo s EZ 6Nb. ZD7
¥, ns-DBDPA Tl & D IRWEIINEE T4 = sh B
WircE L PHEEN, SV AEEE L) NEEL
T&bLEZLNS.
PEoKFIZX D, ns-DBDPA (28T BATHIZET
115472 ac-DBDPA & [EA# BB S v & Hl H sk %
ZEATRENTZ. BEOERIZB W, BEFHIZT
> 7258 D E D 5 ac-DBDPA & ns-DBDPA D fE
TR T 5 LIXTE R oS, SHRRNEE
T2 EHEFHIT 2 2 812X 0 IEREZR AT 2

Lk

%175 (2019)

HENIRDBLDEEZSND. AW THE SN/ R

I,

DBDPA % i\ 7B Sl Ukl 2 47 5 12 72

BRORELEERH L TOEELAATH 5.

SEXH

1))

2)

3)

4)

5)

10)

11)

12)

L. N. Cattafesta and M. Sheplak: Actuators for Active Flow
Control. Annu Rev Fluid Mech., 43 (2011) 247-272

E. Moreau: Airflow control by non-thermal plasma actuators.
J. Phys. D: Appl. Phys., 40 (2007) 605-636

A. J. Lombardi, P. O. Bowles and T. C. Corke: Closed-Loop
Dynamic Stall Control Using a Plasma Actuator. AIAA J. 51
(2013) 1130-1141

K. Mitsuo, S. Watanabe, T. Atobe and H. Kato: Lift
Enhancement of a Pitching Airfoil in Dynamic Stall by DBD
Plasma Actuators. ATAA paper, ATAA (2013) 2013-1119
AR, LB, WE Ot D R H'EoTR,
R FF, KR, B e AHh, Rl B IR
Yy F ¥ ZRIE ) OB LET B % DBD 7
TART 7 Fa T HEMEOLE. 528 BEHT
KAy 2 RY 7 4 (2014) Bl12-3

A. Komuro, K. Takashima, K. Konno, N. Tanaka, T.
Nonomura, T. Kaneko, A. Ando and K. Asai : Schlieren
Visualization of flow-field modification over an airfoil by
near-surface gas-density perturbations generated by a
nanosecond-pulse-driven plasma actuator. J. Phys. D: Appl.
Phys. 50 (2017) 215202

J. Little, K. Takashima, M. Nishihara, I. Adamovich and M.
Samimy: Separation Control with Nanosecond-Pulse-Driven
Dielectric Barrier Discharge Plasma Actuators. AIAA J. 50
(2012) 350-365

S. B. Leonov, I. Adamovich and V. R. Soloviev: Dynamics of
near-surface electric discharges and mechanisms of their
interaction with the airflow. Plasma Sources Sci. Technol. 25
(2016) 063001

A. Singhal, D. Castaneda, N. Webb and M. Samimy: Control
of Dynamic Stall over a NACA 0015 Airfoil Using Plasma
Actuators. AIAA J. 56 (2018) 78-89

C. L. Kelley, P. O. Bowles, J. Cooney, C. He and T. C. Corke:
Leading-Edge Separation Control Using Alternating-Current
and Nanosecond-Pulse Plasma Actuators. AIAA J. 52 (2014)
1871-1884

K. Takashima, Y. Zuzeek, W. R. Lempert and 1. Adamovich:
Characterization of a surface dielectric barrier discharge
plasma sustained by repetitive nanosecond pulses. Plasma
Sources Sci. Technol. 20 (2011) 055009

A. Komuro, K. Takashima, K. Suzuki, S. Kanno, T. Nonomura,
T. Kaneko, A. Ando and K. Asai : Gas-heating phenomenon in
a nanosecond pulse discharge in atmospheric-pressure air and
its application for high-speed flow control. Plasma Sources
Sci. Technol. 27 (2018) 104005



