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Momentum characteristic of dielectric barrier discharge
plasma aerodynamic actuation

ZH AO Xiaohu, LI Yinghong, LI Yrweén, YUE Tar peng, WANG Xue de
(The Engineering Institute, Air Force Engineering University, Xi an 710038, China)

Abstract: Momentum characteristic of dielectric barrier discharge plasma actuation was
studied from induced arflow velocity_and body force. T-heformer one under different actua-
tion parameters was measured and.analyzed;~and thelatter one was compared by the meas-
ured and caleulated values to consider the-variable regular and key factors for body force.
Results show that the ‘reference velocity ean be enhanced by plasma actuation, but the accel
eration effect is weakened with theTise of incoming velocity; the body force values increase
linearly with the rise of actuation voltage or frequency, but increase more with the former
one; increasing low-layer electrode width can enhance body force better than inner electrode

distance.
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Fig. 3 Configuration diagram of plasma actuator
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Table 1 Parameters of plasma aerodynamic-actuator

1 2 3 4

d/mm 2 2 2 2 4
Ad/ mm 0 0 1 0 4
d>/mm 2 2 2 4
D/ mm 10 ’
: 0 ,
b v 0.5~ 1.5mm ,
, 0;
. | ,2~ \ | .
: 1 3.2
12kV, .
2.4 u 0, 8m/s 15m/s , 1
x = Smm x = 15mm
13 5 . ’
3 DSY-]JB 5 : s
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kPa, 0.1% FS,



1794 25
4r 14 r
—o—U=11kV, f=23 kHz —oO0— Plasma off
= %7 —A— U=12kV, f=23 kHz 20 —A— U=11kV, f=23 kHz
10k —v—U=13kV, /=23 kHz 0l —v—U=12kV, =23 kHz
y —o—U=13kV, /=23 kHz
\E 8 Y \é 8 |
= =
B 6t 26 7
[ <
== T
! \Q}\ N %
/
2+ \ 2r /U /o
(=] V- u} yo
SSA \ D/ A«/;'
0 _ﬂ T 1 1 1 1 ] 0 I 1 1 L 1 1 1 &
0 0.5 1.0 1.5 2.0 25 3.0 0 1 2 3 4 E) 6 7 8 9
Velocity/(m/s) Velocity/(m/s)
(a) u=0m/s, x=5 mm (b) u=8 m/s, x=5 mm
14r 14
—0o0— Plasma off
12 —A— U=11kV, /=23 kHz b ¥ —0—U=11kV, =23 kHz
o =12 KV 1= —A— U=12kV, f=23 kHz
v— U=12kV, f=23 kHz I ;
10+ —o— /=13 kV,f=23 kHz 10 F —w—U=13 kV,fZZ"; kHz
g \
E E 8¢ %&Y\
= =
[ <
= B \
u]
4+ \\V
5 g
. A\\‘?\VN
i A
/
1 1 | 0 s T | 1‘7/ 1
12 14 16 0. 0.5 1.0 1.5 2.0
Velocity/(m/s) Velocity/(m/s)
(c) u=15 m/s, x=5 mm (d) u=0 m/s, x=15 mm
14 14 ¢
F —0o0— Plasma off —8= Plasma off
12+ —A—=T=11kV, f223 kHxz 12+ —A—U=11kV, f=23kHz
So— U=12 kV, f=23 kHz —v— U=12kV, f=23 kHz
10 | —o— U=13kV, f=23kHz 10 + —o— U=13kV, =23 kHz
E 8 b £ 8 ]
Tl F of
i =
4 | 4+ /lj
L / /D
2+ D/;//A 2 | T
0 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 0 2 4 6 8 10 12 14 16
Velocity/(m/s) Velocity/(m/s)
(e) u=8 m/s, x=15 mm (f) u=15 m/s, x=15 mm
4
Fig.4 Profile of airflow velocities under incoming flow while actuation voltage changes
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Fig. 5 Profile of airflow velocities under incoming flow while actuation frequency changes
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