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CHAPTER I. 

I n trad uc ti on. 

The proteetion of transmission and distribution systems for electrical 

energy from short-circuits and overloads, is usual ly obtained by means 

of electro-mechanical switching devices, commonly known as circuit breakers. 

Al 1 electro-mechanical switching devices contaJn a pair of electrical 

contacts, of which usually one is movable, the other being fixed. When 

the cantacts are in the closed position, two electrical circuits are 

connected tagether via a smal 1 contact resistance. lf, forsome reason, 

the current exceeds a given value, interruption is obtained after separating 

the contacts. During this interruption process, a current wil 1 be conducted 

through the medium between the two cantacts (gas, oi 1 or vacuum. dependent 

on the type) of the circuit breaker . 

The current flows in the medium because, at the moment of separation of 

cantacts an electric discharge occurs with a certain electrical conductivity. 

The current in the circuit can be interrupted only by extinguishing the 

discharge in some way. The physical processes which take place during the 

interruption of the current should lead from a conducting medium to an 

insulating medium. 

The interruption of an alternating current normally occurs in a very short 

period of time near a current zero. During this short peri ad only a smal 1 

amount of energy per unit time is supplied to the discharge in the circuit 

breaker. During this short period, interruption of current can be achieved 

only when the energy dissipation of the discharge is so large that the 

electrical conductivity of the medium between the cantacts is reduced to 

such a level that the transient restriking voltage which appears between 

the cantacts as soon as the current is interrupted can be withstood. 

Under practical conditions, the whole interruption process takes a few 

hundreds of micros econds. lf one bears in mind that in modern electrical 

transmission systems voltages are applied of 50 to 80 kV r.m.s. per 

interruptor and that the r.m.s. short-circuit currents may reach values of 

tens of kA, and moreover, that the rate of rise of the restriking voltage 
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in these systems may be of the order of thousands of volts per microsecond, 

it wi 11 be apparant that very stringent requlrements must be satisfied by 

circuit breakers. The relevant physical processes occurring during the 

interruption (referred to as current zero proces ses) are nat yet ful ly 

understood, despite intensive research and many theoretica! attempts to 

explain the interruption process. 

This thesi s describes a study of the behaviour of a discha rge in a forced 

gas flow during the pre-current-zero process, that is to say, the investigation 

has been restricted to the period, the discharge shows a more or less stabie 

behaviour. 

In practical designs of gas-blast circuit breakers, the forced gas-flow is 

aften obtained by allowing a gas to expand from a high toa low pressure 

through a s ingle or double nozzle. The behaviour of a discharge during the 

pre-current-zero process is determined mainly by a number of physical processes 

which can be described by means of the energy balance. In discharges under the 

influence of a forced gas flow energy is dissipated by: convection, molecular

and turbulent-conduction, expansion and radiation. In order to discover the 

relative importance of the various dissipation mechanisms just mentfoned, 

one has to study theseparate mechanisms in detai 1. For thfs purpose, experi

mental conditions should be created i n such a way that only une or two disst

pation mechanisms dominate. One of the dissipation mechanisms most intenstvely 

studied is molecular heat conduction. Most of the exper fments were carrted 

out with long wali-stabil ized discharges with a very smalt gas flow. These 

discharges showthermal equilibrium at pressures of the order of one atmos

phere and higher (with t he pos s ible exception of the immediate vfc i ntty of 

the electrodes ). 

In these discharges the energy suppl ied per unit length is almast entirely 

dissipated radially to the wall by means of molecular heat conduction, with 

the exception of a smalt dissipation percentage as a result of radiation. 

lf the molecular heat conductivity of the gas is known as a function of 

temperature, then for g iven expe rimental conditions we are able to calculate 

the temperature di s tribution as a function of the radius of the dlscharge. 

Experimenta l verificat ion can be carried out. Converse ly, the expe rimental 
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For comparatlve purposes, fig . I 1-9 a lso includes the electr[cal conductivity 

of ni trogen at atmospfterlc press-ure as found experlmentally by Hermann and 

Schade [37] by measurements on cascade arcs. 

Thls shows a very good agreement wlth the values we have calculated for the 

electrical conductivity at temperatures higher than approxlmately 9000 °K. 
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In determining tne radtative energy transfer, a first approxrmation wi ll 

be given by: 

e 
\) 

u 
\) 

(optically thin radiation) 
( 111-8} 

lf the value of a' 
V 

lies between the two extremes mentioned above, the cal-

culation of q and a at a given point wil! require integration 
V V 

total volume of the medium emittlng the radiation. 

The calculation of the total radiatlve energy flux q(Jqvdv}; the 

emission e (fevdv) and absorption a (Javdv) of radiative energy 

volume and time wil l a lso require integration over the frequency 

the emitted radiation. 

over the 

total 

per unit 

range of 

In the special case of cylinder symmetry, equations (I I 1-4) and (111-5) 

can be simplifled considerably so that the calculation of q and a or q 
V V 

and a are rather less compl icated. (See chapter VI). However, it is essen-

tlal for the calculation of q and a that the coefficients e and a' from 
V V V V 

equation (I I 1-2) are known as a function of position in the medium. The 

following sections wi 11 deal with this in more detail. 

In a partially ionized gas containing atoms, ions and free electrons, photons 

are emitted and absorbed during transitions of electrens (free and bound) 

from one energy state to another. 

Emission of a photon occurs when an electron in a high energy state jumps 

toa lower state; in the reverse case, absorption of a photon occurs. 

A schematic diagram of the energy levels in an atom or ion is given in 

fig. 111-1. 

The zero energy level is fixed at the ground level (lowest bound state) 

of the atom or ion. The higher bound levels have a positive energy with 

respect to the ground level. The energy I- in fig. I 11-1 - Is the tonizatton 

energy which separates the free and bound statesof the electron. 

Al 1 the pP.rmitted "electrontc transtHons" which are accompanted by ab

sorption and emission of photons, can óe suódtvtded into three groups, 

as indicated by arrows in fig. I I 1-1: 








































































































































































































