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STUDY ON NUMERICAL ANALYSIS AND TURBULENCE MODELS
FOR ARC DISCHARGES IN HIGH-VOLTAGE INTERRUPTERS

J-C. Lee™

In this study, we calculated arc discharges and flow characteristics driven by arcs in a thermal puffer
chamber, which is one of most outstanding high-voltage interrupters, for understanding the complex physics and the
probability of thermal breakdown. The four main parts of arc model for this virtual-reality are radiation, PTFE
ablation, Cu evaporation, and turbulence. Among these important parts the turbulence model can be critical to the
reliability of computation results during the whole arcing history because the plasma flow is affected by high heat
energy and mass momentum. Two turbulence models, the Prandtl's mixing length model and the standard k- model,
are applied for these calculations and are compared with pressure-rise inside chamber and arc voltage between the

contacts as well as flow characteristics near current zero.
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Table 1 Definitions of variable, diffusion coefficient, and source term for governing equations

Equations 10) I, Sy
Continuity 1 0 0
Axial momentum W Tt ap/az -+ (Jx B)Z +wiscous terms
Radial momentum v Tt ap/or+ (Jx B)r +wviscous terms
Enthalpy h (kz"’kf,)/cp dp/dt+ o E*— q+viscous dissipation
Electrostatic potential © o 0
PTFE concentration - p(D,+D,) 0
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Turbulent Kinetic energy k (y+m) /o, p(P,—¢)
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Fig. 2 Evolution of the arc column in terms of temperature and flow pattern during arc history
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Fig. 3 Comparisons of pressure-rise inside the chamber(left) and arc voltage(right) with two different turbulent models
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(a) Prandtl's mixing length model (b) Standard k- model

Fig. 4 Temperature distributions and flow characteristics inside EV and between the contacts near current zero with two
different turbulent models
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