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Build a simple motor whose propulsion is Y
based on corona discharge. Investigate how
the rotor’s motion depends on relevant
parameters and optimize your design for
maximum speed at a fixed input voltage.
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Basic concepts

A corona discharge is an
electrical discharge
brought on by the
ionization of a fluid such
as air surrounding a
conductor that is
electrically charged. A
corona discharge may
occur in highly
inhomogeneous electric
fields near the electrodes
with a high curvature of
the tip.
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Driving force
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r — curvature of the tip

1 — distance from the tip to the outer electrode
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Driving force: calculation of the electric field

Theory

Parameters:
r=0.0002 m
=296 K
P=10°Pa
p=32kV
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COMSOL calculation
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Driving force: calculation of the electric field
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Driving force: calculation of the volume charge density
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Charge density
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Driving force
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[ — distance from the tip to the outer electrode

r — curvature of the tip

[= NI, where N — number of tips
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Measurement of the driving force
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Angular velocity

. rad/s

700

600

500

400

300

200

100

Experimental setup

L s

Theory

Optimization

16



Drag force torque
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Angular velocity

R — gas constant (8.314 J/mol-K)

T — air temperature (296 K)

C_—drag coefficient (0.8 for the cylinder)
P — ambient pressure (1 atm)

Zym w M — air molar mass (29 g/mol)
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Relevant parameters: arm length
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Relevant parameters: arm diameter
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Relevant parameters: drag coefficient
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Conclusion

] The operation principle of the corona discharge electrostatic motor is
explained.

] The device was constructed

1 A theoretical model, which determines the driving force, torque, angular
velocity of the rotor was developed;

1 The relevant parameters, which determine the angular velocity of the
rotor, were revealed at a fixed applied voltage. There are: the arm length,
the number of arms, the cross section of the wire.

] The angular velocity was maximized at a constant applied voltage. The
maximal value was 1510 rad/s.
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Thank you for your
attention!




Driving force: calculation of the volume charge density

at?

x(t) = xg + vot + =
at®? Ft? vyet?
O == o = 2
—
(x) I 2m

X p—

P x2QV ye

Experimental setup

=

t(x) =x

[ —current (2 - 10* A)
x — distance to the tip
2 — solid angle (~2.5 m)

xo = 0; vg<< v(£); E(x) = g
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y = 2500 V-m — parameter of the approximation
e=1.6-10" C
m=2.41 - 10?°kg — average mass of the air ions

Theory

Optimization

24



Efficiency
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Drag force
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Drift area
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Positive corona discharge
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