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ABSTRACT

Dielectric barrier discharge (DBD) plasma actuator was designed to reduce aerodynamic drag in
a cylindrical model and wind tunnel test was performed at various wind velocities. In addition,
computational fluid dynamics (CFD) analysis and flow visualization were used to investigate the
effect of the plasma on the flow stream in the cylinderical model. At low wind velocity, the
plasma actuator had no effects because flow separation did not appear. The aerodynamic drag
was reduced by 14% at 14 m/s and by 27% at 17 m/s, respectively. It was confirmed by CFD
analysis and flow visualization that the DBD plasma actuator decreased in pressure difference

around the cylindrical model, thus decreasing the magnitude of wake vortex.
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:‘»\_\ Electric wind Table 1. Wind tunnel dimensions.
Upper electrode Body force Symbol Value
Height I 20
High votage _ _ (mm)
power supply Dielectric barrier width | 100
Ground electrode (mm) ¥
lgﬁl)l 1 430
Fig. 1 Basic configuration of DBD plasma actuator.
wind velocity U 1~17
(m/s) "
Outlet
Plasma actuator
DBD actuator Light
/ Test section
U. — ——fl/ T -
7 -1t

High speed camera

High voltage
amplifier

Function
generator

o

Fig. 3 Schematic of experiment setup for flow

Fig. 2 Wind tunnel experiment setup. visualization.
PVCSl FAE 450 molel, 488 AL ) AHgste] FEe ek Sekzvt fEA 0l
AxAol $5¢ FE At T8 A% AP 1417 m/s9 FHAM FAHYOH, F
2 5 mmO]tt] FRAFI SHRAST ALl g=zul FE7E 102 A2 ez FA9
AL 2 mmzE 95RDS uyste A3 114 oz 49 9 g Aols F& FH
< 43890 e wasdnh B8, w540 ARE sHA

A
s}st7] 918 Fig. 33 o] fE7HA8 AAE
20 FEAH TASE Y. 234 Fh H(MotionXtra HG-LE)

stz frEAlolE 3 FHAREAE A g ol &3ty 5% Tk 0.01% 7t g FYEA
<8t7] A TSAFZAE Fig 29 2ol 74 o dERdaAM AAS wed o FFe 4
st dF BE¥L T TEFEA AXGA i AA AAETI] ==t 7E71E o83t
o, o FFo FHolA F=F LA of FFAVE FAFA 7€ dTNAM EF
% 2y fFEAANAZHRE v E Table 29

Zstgoem, ZF%o =H7|E Table 13

2ol #o] DBD Z&t=vl 357 2MEE 9% %@
80x100x430 mmo]™ EZFNA BALT F JdE S 2HE 4RV APEHE =657} HES AT
F242 1~17 m/so|th. Z=n 5 AojE & of gRot el AASHATH10,11]. —t-:—’“
g FHALS A4S T A4S, Sg=vt Y A m/soll A LA} SFH719) & AFe} Fep=r
TAQ ] 93 AF o]z gL HjA| S} TE719 HAH AARS st PAHRYGL 7
fate] A71d AE5E AEEA @E 2=4E KV, BT R s 500 Hz2 AAstglo
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Table 2. DBD plasma actuator operating condition.

Test condition Value
Up-downstream flow 2 set
control
Applied voltage 6~7 kV
frequency 500 Hz
a 65°

3 & A EE
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Fig. 4 Comparison of the velocity profile between
experiment and CFD result (V=55 KV, f=1
kHz).
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Fig. 5 lonic wind velocity as discharge voltage and
the corresponding momentum in CFD result.
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Fig. 6 CFD analysis result of 2D DBD plasma actuator.
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Fig. 7 Visualization result of cylinder model (a)
plasma off (b) plasma on (V=7.0 kv, =500

Hz, U=2 nys).
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Fig. 8 Drag reduction ratio as wind velocity (V=7.0 Fig. 9 Drag reduction ratio as discharge voltage
KV, =500 Hz). (U=17 mys, =500 Hz).
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Fig. 10 Velocity contour at the downstream of the
oylinder (a) plasma off and (b) plasma
actuator on (U=18 mys).
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