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ENERGY BALANCE OF SHORTFREE.n RNING ARCS
AND THEIR ELECTRODES"Y

C. TESAR?,J. PAUKERT®, Brno

The authors try to find €xperimentally, the component of heat absorbed by a Cu
electrode from a short free-burning arc at alternating current and low voltage. The other
electrode is made of graphite. Discussion of results is presented.

SHEPTETHYECKHN BANAHC KOPOTKOM CBOEOIHO TOPAMEN
SAEKTPHYECKOMW IYTH H EE SJNEKTPOABI

part of switchgear designing and it has been mentioned in the literature already [1]
to [7]. The problem ijs solved as one-dimensional heat conduction

3T_AdT
31 c3e :u_‘ (1)

with a marginal condition x =0, T = T. Some authors [3]. [4], [5] substitute for Ty



an electrode for higher currents, especially for short-circuit currents of 5@ order
kA and higher. For low currents (when the arc spot does not cover the whole front

been pointed out by Paukert [6].

This study has heen worked out with the ainr to gather experimental datq on
temperature distribution and energy balance in electrodes of free-burning arcg The
results can be used tg improve switchgear designing.
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Fig. 1. Experimental setup.

IL. EXPERIMENTAL SETUP

other of graphite. Both electrodes were provided with coolers, however, the inlet
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and outlet temperatures and the amount of cooling water were measured on the
copper electrode only. The arc was not longer than 1 or 2 mm so that the amount of
heat absorbed by air was minimal. The measured Cu electrode was provided with
a series of Fe-constantan thermocouples enabling to measure the temperature
distribution along the length of the electrode T=f(x). The thermal power
ransferred from the measured electrode to the cooling water (in the point x = L")
was evaluated from the differcnce of inlet and outlet temperatures and from the
amount of cooling water. The measurements were carried out after the steady state
of temperature rise had been reached.

III. RESULTS

The distribution of temperature along the length of the electrode, the electrical
input of the arc Qo and the thermal power transferred by conductance from the
electrode to the cooler (in the point x=L") Q, were determined directly from
experiments.

A further step was to calculate the energy balance in separate sections of the
electrode. Temperature distribution was linearized by a broken line. The method of

average temperatures was used.
The components of the energy balance were determined from the following

equations
— thermal power transferred by conductance Q,
2
0r=515T = 2L 395 _0.077,) T L Wm, Wn K Kom] ()

where d, S are diameter and cross-section of the electrode, A is thermal
conductivity [Wm™' K], T, average temperature of the rod [°C] T, = (T, + T2)/2,
Ti, T are temperatures at the end points of the section in question [°C}and [ is the
length of the section [m]. :

The thermal conductivity is approximated according to $orin [10] by the
empiric equation

A=(395-0.07T,) [Wm 'K, °C] 3)
— thermal power transferred by convection to the surrounding air Q,
Q:=ndla(T, - T,) [W] “)

where a is heat-transfer coefficient [Wm™K™"] and T, is the temperature of the
surrounding air [°C].

In the applied experimental conditions the coefficient a was variable along the
electrode length o = f (x). The reason lay in the variable temperature of the rod as
well as in the non-uniform speed of the air flow caused by the discharge itself. To
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calculate the component Q, the corresponding value a had to be determineq by
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The energy balance was compiled from relative components with regard to Q,,
ie.

_Q
=2

sections. The component of heat flowing to the graphite electrode Gc was evaluated
from separate series of experiments [8] to about qc =20 to 12%. ,

The components 4» (absorption in the surrounding air) and g, (evaporation of
electrodes) were determined as a complement to 100%.

o Q Q9 Q
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Fig. 3. Diagrammatic representation of energy balance of short a.c, ?nn-vcaasw arc and its electrodes.
Qo electric input supplied to the arc, Qr thermai power absorbed in the air, Qv thermal power for
evaporation of Cu electrode, Qc thermal power transferred to the graphite electrode, Q. thermal power
transferred to the copper electrode, Q; thermal losses from the surface of Cu electrode by radiation, Q,
thermal losses from the surface of Cy electrode by convention to the surrounding air, Q, thermal power

transferred by conductance from Cy electrode to the cooling water (in the point x = L)

es $
measured at the depth x=§ mm under the electrode face and by extrapolated

IV. DISCUSSION oF RESULTS AND CONCLUSION

Some conclusions, resulting from the data collected in Tab, 1, may be drawn
from the analysis of the general equation for heat conduction through a semi-infi-

Further it may be stated that with the increasing cross-section of the electrode
the components 41 and gq; show an increasing tendency as well and the components
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100 [%, w). 6)

cross-sections, enabling to remove higher heat flows Q, and Q,, which is also in
close connection with the decrease of components (Q, + Qv) in electrodes with

large cross-sections. . .
The results obtained with the electrode of the diameter 15.9 mm and the length

L"=165 mm do not quite fit in the described framework. The reason is that this
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