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Investigation of Plasma Inducing Static Air Flow ~
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Abstract ;: In this paper, plasma inducing static air flow is investigated,in which the plasma is generated by
a high-voltage RF (radio frequence) actuator and the affection of different plasma actuator excitation in-
tensities,size and situation to the flow field are analyzed. The investigative results show that the plasma
actuator can induce and accelerate the static air flow,the flow accelerative character of the plasma actua-
tor is significant and can be used to control flow,such as drag-reduction and acceleration of the vehicle,
flow separation control of the engine inlet,or thrust-vectoring control of engine exit flow.
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1 Introduction

Plasma is an electrical neutral, highly ionized gas composed of ions,electrons,and neutral particles.
The plasma flow can be controlled by the MHD (magnetohydrodynamics) or EHD (electrohydrodynam-
ics)I™ 5o the plasma technology can be used to control flow separation of the engine inlet"! ,accelerate
the exiting flow of scramjet and accomplish thrust-vectoring control in aeroengine or scramjet”®, Plasma
technology is used widely in the AJAX (Russian Hypersonic Vehicle concept) plan of Russian™ and the
HVEPS (Hypersonic Vehicle Electric Power System program) plan of USA""'® | England, France and

some other country also appear great interested in plasma flow control technology™***,
In this paper,an plasma inducing static air flow scheme based on the control of plasma flow is pro-

posed. This scheme is to investigate the inducing capability of the plasma actuator in static air flow.

2 Mathematic and Physical Model

In this investigation,the CFD scheme is a finite volume method,where the conservation equations of
the flow field are Navier-Stokes equations. Momentum term F and energy items q, produced by the MHD
are added in conservation equations to investigate the character of plasma actuator inducing static air flow

by the simulant methods. In the flow field simulation, turbulence model is the standard two equations k—
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e model, the second-order upwind scheme is used to discretize the inviscid components of the equation
system. Boundary conditions are defined for velocity inlet, pressure outlet,and solid wall (no slip bounda-

ry). The basic equations are as follows.

(1) The continuity equations: %+ Vo (pU) =0.

(2) The momentum equations: a%pUerU « VU=—VP+uV?U+F, where p is density,p is effec-
tive viscosity coefficient,U={u,v,w},u,v,w are velocity of x, vy, z direction, F is the Lorentz force,

which can be expressed as F= ] X B,where J is electrohy density, B is magnetic intensity, ] ZLV X B,

where 4, is magnetic permeability.
The magnetic equations: aaf? —V X WUXB) — LVZB =0, where ¢ is electrohy permeability.
Ot m

(3) The turbulence equations:turbulence model is the standard two equations £—e model.

k equations: %(pfe) +poU -« VIk=V - [(/1+P

’ur’ )V k]+G—Cppk®? /L —¢l, e equations: %(pe) +
k

pU « V)e=V « [(u —Q—IJ;JTI) Vel + ki(ch* C:pe) —&i, » where G is the turbulent kinetic energy term

based on velocity gradient, y, is turbulence viscosity coefficient, e}, and &, are electromagnetic term,
which can bewritten asel, =C;0Bik,e;, =C,oBie, where 5,=1.0.,6,=1.3,0,=1.0,C,=1.44,C,,=1. 44,
C,=1.92,C;,=0.5,C,=1.0,C,=0.09,p,=C,0k" /e, Pr,=1.0,Pr.=1.3.

(4) The energy equations;

. oT . . e
wo S, e, U HT=Y [A(1+#PrzPr)VT]+qv, 10)

where ¢, is constant pressure specific heat capacity,A is thermal conductivity,and g, is heat source.
The momentum and energy items produced by the plasma are added to the flow field calculation

through the UDF interface.

3 Simulation Results and Analysis

In the simulation,the size of the plasma generator models is 3 X4 mm?*,and the excitation intensity
is selected as [ :3 kHz,4 kV, [I :6 kHz,4 kV. Figure 1 is the plasma actuator scheme. Figure 2 is the PIV
flow velocity vector tested by the University of Notre Dame. Figure 3 is the mesh scheme. Figure 4 is the
velocity vector of actuator 1. Figure 5 is the velocity cloud of actuator I and figure 6 is the velocity section
of actuator I. Figure 7 is the velocity vector of actuator [[ ,figure 8 is the velocity cloud of actuator I and

figure 9 is the velocity section of actuator]l.
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From the experimental results of the University of Notre Dame at figure 2, we can find that the plas-
ma generated under the conditions of high-voltage RF can affect the surrounding fluid.

By comparing the the simulant results at figure 4 and the experimental results at figure 2, we can
find that the simulant velocity vector is very similar with the experimental velocity vector tested by the
University of Notre Dame. So we can investigate the plasma inducing static air flow surrounding the actu-
ator by the simulant methods in this paper.

From the simulant results as figure 5 and figure 6, the inducing velocity of actuator I is about 5m/s,
the induce distance is about 25 mm, 10 times of the actuator size.

In figure 7.figure 8 and figure 9, We increase the excitation intensity 1 times as actuator [[ ,the in-
duce velocity of actuator ][I is about 10 m/s,higher than actuator 1. The induce distance is about 25 mm,

10 times of the actuator size,without change.

4 Conclusion

The plasma inducing static air flow surrounding the actuator has been investigated in this paper,the
follow conclusions can be drawn;

(1) the actuator can affect 10 times of the actuator size static air flow surrounding the actuator;

(2) excitation intensity increases, the inducing velocity of actuator increases, but the inducing dis-
tance is not changed;

(3) RF actuator can accelerate the flow field near the wall;

(4) increasing the voltage or the frequence of the RF actuator,we can increase the excitation intensi-
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ty of the actuator and get higher induce speed.
The investigative results show that the plasma actuator can induce and accelerate the static air flow,
the flow accelerative character of the plasma actuator is significant and can be used to control flow,such

as flow separation control of the engine inlet,or thrust-vectoring control of engine exit flow.
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