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Lightning protection of overhead power lines up to 35 kV

20 kV 35 kV
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1 – silicone rubber length;
2 – intermediate electrodes;
3 – arc quenching chamber;
4 – discharge channel.
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Lightning overvoltage 
imposed
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QUENCHING TEST SCHEME

LIGHTNING
IMPULSE
GENERATOR

POWER LINE
VOLTAGE 
GENERATOR

8/50 µs f = 50 Hz

Investigation of impulse arc quenching in multi-chamber systems.

= 3÷30 kA = 2÷30 kV
= 1÷10 kA
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Type #1

Type #2
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Optimal geometry?
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Magnetohydrodynamics equations (MHD)

ARC DISCHARGE MODEL
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• CFD

• Electrodynamics

• Radiation Transport
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Outlet

Preheated channel (~10 kK)

ARC DISCHARGE MODEL

Heat source
Joule Heat+Radiation

Joule Heat Radiation
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Electrodynamics
ARC DISCHARGE MODEL

Terminal Ground

8/50 µs

= 3÷30 kA
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Radiation transport
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Radiation transport

Two-band model
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Material properties
ARC DISCHARGE MODEL
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Grid voltage

Current

Gas flow

ARC DISCHARGE MODEL
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Steel electrodes

ARC MODEL VALIDATION

Open spark gap
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8/50 µs

= 3÷30 kA

Finite element simulation of impulse arc discharge
.



SIMULATION RESULTS

30 kA

Temperature, K

COMSOL CONFERENCE 2018

Finite element simulation of impulse arc discharge
.



SIMULATION RESULTS

30 kA

COMSOL CONFERENCE 2018

Pressure, Pa
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Discharge simulation: pressureFast-imaging record of  plasma jet
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Type #1 Type #2

Type #1 is better than Type #2
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CONCLUSIONS:
 Conventional approach to thermal plasma modeling based on 

MHD is applicable for the case of impulse arcs caused by 
lightning overvoltage to some certain extent

 However current model is lacking some important physics

 It could be electrode erosion, chamber geometry deformation, 
Lorentz force influence, something else

 Still numerical simulation is considered as a promising tool for 
development of future lightning protection devices 
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