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PLASMA DIAGNOSTICS OF AN ELECTRIC
ARC BURNING IN AN ENCLOSED SPACE
FILLED WITH SF p

GROSS, B.,') VAVRA, Z..") Brno

H._.a paper Qmwol_“xwm the determination of lemperature in the plasma axis of an arc
.c:E.:m inan wx:nmimizm chamber model. The arc may be considered freely burning
in a space with a pressure higher than atmospheric pressure, Equidensitometric
evaluation of photographs of the arc taken with a high-speed camera determined the
temperature in the plasma axis and the form of the radiating plasma region.

L. INTRODUCTION

The study of the .ﬁnovn&ow of the switch arc on extinguishing orchmn
models forms the basis of an economical design of a HV and EGV switchgear.

Boc:.o.nm in their course the variations of both electrical and non-electrical
quantities that characterize the rupturing process. The model allows the filming
of the rupturing process with a high speed camera, thus supplementing the set

of the ‘:woriom_ University in Brno where also the evaluation of the pictures
.mSE the high speed camera on an equidensitometer designed and implemented
in the same Department was carried out.

II. DETERMINATION OF ARC PLASMA TEMPERATURE

‘;.n plasma temperature is determined by utilizing the dependence of the
electrical mummam conductivity on temperature, the variations of arc voltage and
current with time and the equidensitometric determination of the arc radius,
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The current density of the current flowing through the arc plasma is given by
Ohm’s law

J=0cE (H

where J is the current density vector, E is the electric field intensity vector and
o is the specific electrical conductivity.

Since in the plasma under consideration both vectors have the same direction,
in further computations only their absolute values need to be taken into con-
sideration,

The total current flowing through a plasma with a circular cross section of
a radius R is

i= Nai o(T)rdr 2
0

where r is the radius of a cylindrical plasma layer with the thickness dr. After
substitution and rearrangement, while taking into account the dependences of
electric conductivity on temperature, we obtain

i ; |
— h AT rdr 3

where A, (k = 1;2; ... n) are the coefficients of the polynomial with which the

temperature dependence of electrical conductivity was approximated.
Assuming parabolic radial temperature variations, after the integration of 3)

there is obtained the equation

P =

=) AT “

27ER ;<o :

where A are the coefficients of the polynomial after integration. From equa-
tion (4) are determined the sought temperatures T, since the quantities on the
left-hand side of the equation are known (instantaneous value of current i) or
can be determined, respectively. The electric field intensity E is determined from
the instantaneous magnitude of the arc voltage u, and the arc length

E= (5

~ l:::

When applying the above relationship the voltage drops on the electrodes are
neglected. This simplification is possible due to the fact that drops are negligible
with regard to the voltage on the arc.
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The arc radius can be determined by equidensitometric evaluations of pic-
tures of the arc from the recording with the high-speed camera. The procedure
the oottt . In ::m way also the shape of the marginal region of

adiating plasma was determined, the temperature of which is relatively low
&ﬁ as a consequence of this an almost zero current is flowing through this
region. 3.05 .En practical point of view we are concerned with a so-called
mixing region in the sense of [5). An example of the results in presented in F ig. 1,

,;nnmm::mo::n ooEvEm:.ozmnamross_.: Fig. 2 where there is plotted the
dependence of temperature in the plasma axis on time for various spacing from
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the bottom electrode. If from further deliberations we have eliminated the
plasma regions adjacent to the electrodes, whose temperature influences the arc
plasma temperature, it can be stated that on a refatively large length of the arc
the temperature is almost constant. This fact allows to consider. in the first
approximation the entire event as isothermic which significantly simplifies the
physical and the mathematic modelling of phenomena during the burning of an
electric arc.

IIT. CONCLUSION

The results presented serve to complete the description of phenomena asso-
ciated with the burning of an electric arc in the accumulation space of a switch
with SF¢ that operates on the self-blast principle. The application of optical
methods of arc plasma diagnostics and the subsequent physical and mathemati-
cal processing of the results allows thus to obtain a both quantitatively and
qualitatively more exact information about the course of the switching process.
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AVIATHOCTHUKA IVIAZMBI SJEKTPUYECKO AYTH, FTOPAIER B 3JEFA30BO
KAMEPE

B craTbe onucan croco6 ONpEACICHHA TEMIIEPATYPhI IIa3Mbl BIONb OCH SNEKTPUHECKOH Iyru,
ropsiiei B 3erasopoit Ayroracsieit kamepe. [peanonaraercs, yto ayra cso60;40 ropuT B npo-
CTPAHCTRE C NOBHIUCHHBIM JABACHHEM IO CPABHCHHID ¢ aTMocdepHsiM fannennem. Ha ocHose
IKBHACHCUTOMETPHUYECKOTO AHANM3A CHUMKOB AYTH, CACNAREBIX NPY DOMOLM anmapara s
CKOPOCTHOM KMHOCREMKH, ONpEAencHa TEMIEpATypa MAa3Mbl HA OCH AYTH u hopma o6nacTi
CBETHICHCS MIa3IMEL
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