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It is a we?? known fact that the pre-
sence of copper vapors determines important
modifications in the properties of arc dis-
charges /1/. The studies reported in litera-
ture are usually concerned with low copper
proportions in the range 0.01-10 %, relevant
to low current « 100 A) conditions /2/. A
quite different situation is that of very
short (< 1 m ) or high current (-ь 1 000 A)
arcs, where copper proportions are so high
that it may be reasonable to assume that the
arc burns in a medium mainly composed of cop-
per species. The case of short arcs corres-
ponds to molten bridge arc triggering, in
which the local pressure may exceed conside-
rably atmospheric pressure. In the case of
high current arcs, the positive column has a
core with higher copper concentrations. Sin-
ce at these values of current the radiative
losses take a greater part in the energy ba-
lance, it is of importance to establish we-
ther they are determined by the host gas or
by the metal vapor.

The modelization of such situations re-
quires determination of the composition and
of the transport coefficients of such plas-
mas. This is reported in the present paper
as part of a more general study concerning
high power arcs and phenomena accompanying
the emission of copper vapors.

Plasma composition
Plasma composition of pure copper plas-

mas for different pressures has been deter-
mined 1n the temperature range 5000-15000°K,
for pressures between 1 and 50 Atm . The com-
putation program was adapted from an origi-
nal program used previously for N2-Cu mixtu-

res /1/. Figure 1 shows the compositions ob-
tained at 1 and 50 Atm .

Transport coefficients
Thermal and electrical conductivities

and viscosity have been determined by the
Chapman-Enskog method, using a program pre-
viously developped in the case of N,-SFg mix-
tures /3/, except for the determination of
charged-charged collision integrals, which
will be described in the following. The same
sets of data as in /4/ were used.
1 - Charged-charged collision integrals

Liboff's method, which was previously
used for the computation /4/, leads to the
following expression for Si' *s' : the colli-
sion integrals corresponding to charged-char-
ged interactions :

7 (1)

were superscript (1,s) refer to the order of
approximation in expansion of the distribu-
tion function 1n Sonine polynomials /5/. у is
Euler's constant and Ф a function of s, b Q

the so called mean value of least approach
distance and Л a dimensionless parameter. Z..
and Z, being the charge numbers of species i
and j :
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к, Т and e having their usual signification,
Л is then defined as

Л > 2p D/b 0
(3)

where Debye's length P D depends on the compo-
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sition of the plasma and, more precisely, on

its ionization degree end on pressure /6/.

Expression (1) is usually considered to hold

on the condition that Л » 1.

In our case Л has minimum values of 22

around 9 000"K at 1 Atm and of 7 around 10

000"K at 25 Atm . It is therefore to be ex-

pected that expression (1) yield more accura-

te values at the edges of our temperature

range, the divergence increasing with pres-

sure. This is what is observed on figure 2

which matches (I ' for singly charged ions,

as computed from (1),with the sets of data

given in /7/ and /8/ which are free from

the above mentionned condition. To give a mo-

re quantitative idea on the effect of this

divergence, figure 3 shows the values of

translational thermal conductivity of elec-

trons A. as computed by both methods at

pressures of 1 and 10 Atm . At 11 000"K and

10 Atm the values diverge by a factor of

2.8, whereas they come into better agreement

at the extremes of the temperature range.

2 - Thermal conductivi_ty

Total thermal conductivity A. t has

been computed as the sum of the translatio-

nal thermal conductivities of electrons and

heavy particles, of reactive and internal

thermal conductivities. Figure 4 gives At

for pressures of 1 and 50 Atm . For the sake

of comparison we have shown At t obtained

with Cu-N, mixtures having 90 and 100% cop-

per. It can be seen that, although the va-

lues of А { о 1 vary very little with copper

percentage above 9 000'K, the characteristic

peak in reactional thermal conductivity ap-

pearing between 6 000 and / 0001К /A/ still

makes the difference below 8 000 K.

3 - EJectrica! conductivityand viscosity

Electrical conductivity is shown on fi

gure 5 for 1 and 50 Atm and for copper pro-

portions of 90 and 100 . The curvos show ri

marked variation with copper percenldgp in

the low temperature range, due to the highur

ionization potential of copper rulativn I.»

that of nitrogen. Viscosity is «jiven on figu-

re 6 for 1 and 50 Atm ; a marked difference

with the other transport coefficients is ob-

served in that a strong variation with copper

proportion exists at high temperatures. This

might have important consequences for the de-

sign of circuit breakers and more particular-

ly under conditions where clogging effect is

present.

Axial temperature

To check for the validity of the assump-

tion that a column rich in copper can be mo-

del ized as a pure copper column, we have com-

puted the axial temperature and electric

field in the latter case, using the energy

balance equation of Elenbaas-Heller. Figure 7

shows the results obtained with a 6 mm diame-

ter arc at atmospheric pressure. Above 35 A

the temperature is above 8 000"K. Considering

that copper vapor lowers the temperature,

examination of figures 4, 5 and 6 shows that

above 35 A it is a realistic assumption to

consider the column of arcs rich in copper as

burning in pure copper, as far as viscosity

is not considered.Care should be taken in the

case of gas flow.
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Fig. 1 - Plasma composition.
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Fig. 2 - Charged-charged interactions.
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Fig. 3 - Electron trantlational thermal con-

ductivity.
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Fig. 4 - Total thermal conductivity.
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Fig. 5 - Electrical conductivity.
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