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Fig.2  The effect of plasma actuation on mach Fig. 3 Effect of plasma actuation on airfoil surface pressure
number distribution ( Ma =0. 73 ,a =3. 46°) coefficient distribution(Ma =0.73,a =3.46°)
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Fig.4  The effect of plasma actuation on mach number Fig.5  Effect of plasma actuation on airfoil surface pressure
distribution (Ma =0. 81,0 =3.46°) coefficient distribution(Ma =0. 81,0 =3.46°)
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Tab. 1 Effect of different freestream mach number on drag reduction

ATIRE ORISR Sy AR MR R R BIME PR FT 3 L

Ma =0.73 0.021 53 0.019 61 0.001 92 8.92
Ma =0.78 0. 045 01 0. 040 01 0. 005 00 11. 11
Ma =0. 81 0. 057 07 0. 049 32 0.007 75 13.58
Ma =0.85 0. 081 52 0.072 21 0. 009 31 11. 42
Ma =0. 89 0.117 29 0.102 13 0.015 16 12.92
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Tab. 2 Effect of actuation temperature on drag reduction

TP 25K W=1 500 K W =2 000 K W =2 500 K W =3 000 K
SEMIES 4 0. 040 01 0.039 82 0.039 75 0.039 71
BH T8 M 0. 005 0.005 19 0. 005 26 0.005 3
WBHE 43 Lt 11.11 11.53 11. 69 11.77
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Tab. 3 Effect of actuation location on drag reduction

TS5k D=5 mm D =10 mm D =15 mm D =20 mm

ST i 0. 040 01 0.039 61 0. 039 27 0. 039 08
BH 98 M 0. 005 0. 005 4 0. 005 74 0. 005 93
B A 43 Lk 11. 11 12 12.75 13.17
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Numerical Simulation of Plasma Aerodynamic Actuation
for Airfoil Transonic Drag Reduction

LIN Min', XU Hao —jun', LIANG Hua’, SUN Quan'
(1. Engineering Institute, Air Force Engineering University, Xi’an 710038, China; 2. Training Center, The Fifth
Flight College of the Air Force, Wuwei 733003, Gansu,China)

Abstract : Plasma flow control has potential applications in shock wave control for improving aircraft/thruster per—
formance obviously. Numerical simulation of plasma aerodynamic actuation reducing transonic drag of RAE2822
airfoil was presented. Based on phenomenological modeling viewpoint, the discharge plasma aerodynamic actuation
was simplified as thermal energy injection into flow, which was initialized from experimental data and added in the
flow N = S equation as thermal source term. The effect of plasma aerodynamic actuation on the airfoil drag charac—
teristic was investigated under different conditions. The results show that plasma aerodynamic actuation can reduce
airfoil transonic drag availability. The drag reduction depended on the freestream parameters, which was 13.58%
at Ma =0.81. The drag reduction responded to source term temperature rarely, which was 11.77% at W =3 000
K. The drag reduction responded to the distance between the location of plasma actuation and shock wave, which
was 13.17% at D =20 mm.

Key words: arc discharge; plasma aerodynamic actuation; transonic; drag reduction



