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Abstrace: The radial temperature distributions of the arc burning in air in
the vertical water-cooled tubes of 10, 12, 16 and 20 mm diameters and the
electron density dependence on temperature were determined. Experimen-
tally determined and theoretically calculated radial temperature distributions
agree. The arc burning in the tubes of 10, 12 and 16 mm diameters be-
have as the stabilized one, which is not the case in the tube of 20 mm
diameter when heat convection is necessary to be taken into consideration.
The values of the electric field strength have been calculated also.

1. Introduction

The characteristics of the electric arc: the temperature in the arc axis, the
radial distribution of the temperature, the strength of the electric field in the arc
and the current intensity, depend mainly on the nature of the gas in which the
arc is burning, the pressure and the potential applied.

To simplify the calculations of the arc characteristics, we considered a regu-
lar shape model of the arc with the most simple symmetry, known as the cascade
one, constructed and described first by Maecker!. The channel diameter in this
arc is defined by the cascade plates that make the arc plasma cylindrically sym-=
metrical.
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Applying the Elenbaas-Heller equation and having in mind that the LTE
conditions can be fulfilled in the investigated arc plasma?), it is possible to calcu-
late the characteristics of the arc on the basis of the known value of the thermal
and electrical conductivities of the atmosphere in which it burns.

In our work we investigated the characteristics of the arc burning in the ver-
tical water-cooled metal tubes of different diameters and- compared them with
those of the free-burning arc.

2. The stabilized arc

For the arc in the stationary state characterized by equilibrium between the
electric power fed in and the energy loss due to the thermal conduction the energy
balance can be expressed by Elenbaas-Heller equation

;1 d /[ dT\ _
oE +7d—r(“‘d_r)_°’ 0

where o is the electrical conductivity, E the glectric field strength, r the distance
from the arc axis, » the thermal conductivity, T the absolute temperature.
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Fig. 1. Experimentally determined electron density in air in the temgerature range frcm 5500 K
to 7250 K.

The method for calculation of the electrical conductivity in air is given in
Ref.®. In this paper we used our experimentally determined electron densities,
given in Fig. 1, the curve of the electrical conductivity as the function of tempe-
rature and obtained shown in Fig. 2. The thermal conductivity is taken from the
Ref.4). Both, the electrical and thermal cenductivity are functions of the gas com-
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position, its temperature and pressure. Data concerning the thermal conductivity
cited in Refs5 67 are not quite consistent, but deviations in the temperature
range from 1000 K to 7000 K, in which we examined the arc plasma, are not $0
essential as to influence our conclusions.
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Fig. 2. Electrical conductivity of air as a function of temperature.
If we assume that the pressure is constant during the burning of the arc.
than ¢ and # of air, are depending on the temperature only.

Introducing the heat function S, defined as

T
S(T) = fx(T)dT 2)

Twan
the Elenbaas-Heller equation may be written in the form

1d/ds
o (T)E? = —TE(r?). 3)

.
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Since the axial component of the electric field strength E is independent of
7, the electrical conductivity ¢ can be expressed as the function of S. The procedures
for the approximative solutions of this equationi are given in Refs.® 19, In this
work we applied the Schmitz and Uhlenbusch method® 1?. The whole region
of the arc can be divided into three zones. In the outer zone the electrical con-
ductivity might be neglected. The other two zones conduct the electric current
and the function ¢(S) can be approximated by two straight lines. If the relative

. r . . . . .
radius o = R (where r is the radial coordinate and R is l,:he distance between the

arc axis and the tube wall), and T, (the absolute temperature of the wall) are in-
troduced, the Elenbaas-Heller equation for these three zones might be written as

_.:Ta%(gg)=0, Sy <S5 <S8,

d :
_%._ad_é(ed—g)=Als+Bl, Sl <S<SZ) (4)
‘%d% (Q‘:l_j) — A,S+B,,  S:<S<S

The solutions of these equations are

Ing, 1>0>00

K
S{e)=§, +Tn[AlIO (11_\2_) —4; N, (7-1 i)]s 01 >0 >0z (5)
21 15}

K B
S@=3l(tZ)-7 02 >0 >0,

where 4,, 45,4 ,, 4,, K are constants obtained from the relations citedin Refs.® 1,
Iy, I, are the first order and Ny, N, the second order Bessel functions.

On the basis of the expressions for the functions S (g) obtained in this way
and the Equ. (2), it is possible to calculate the curve of radial temperature distri-
bution.
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The electric field strength can be obtained from the relation

24

E= RVA, - or (6)

and the current density from the equation

1
1=2nER2fa [T (@]ede. Q)

0

3. Experimental

The changes of the following arc characteristics: the radial temperatufé
distribution, the electron density distribution and the axial electric field strength,
due to the arc discharges in water-cooled tubes of different diameters were in-
vestigated. Vertical metal tubes with diameters of 10, 12, 16 and 20 mm were
used. All tubes had the side openings covered with quartz plates. The radial tempe-
rature distribution in the arc was determined by means of the spectroscopic two-
-line method based on ‘the 1nten31ty ratio of the lines Znl 307,20 nm and Znl
307,59 nm. The electron density was determined on the basis of intensity ratio
of magnesium lines Mgl 279,6 nm and MgII 285,2 nm as well. The Zeiss PGS-2
spectrograph was used; the slit width was 40 x4 and its height 14 mm. A 9-amp
dc-arc between graphite electrodes at the air pressure of 1 at, was burning. By
using a Dove prism the drc image at the slit was turned by 90°: A cross-section at
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Fig. 3. Experimentally determined radial temperature distribution of 9 emp dc arc’burnig in
tubes of 10, 12, 16 and 20 mm diameter, in air at normal pressure, compared with the radial tem-
perature distribution .of the free-burning arc.
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the center of the electrode gap was observed. The transition probabilities were
taken from Ref.! Y. The radial distribution of the radiation density was determined
according to Abel integral equation. The calculation was made with the aid of
tables! 2, Ilford N30 Ordinary plates were used.

The experimental results of the radial temperature distributions of the arc
burning in the tubes of 10, 12, 16 and 20 mm diameters compared with the one
of the free-burning arc, are represented in Fig. 3.

4. Discussion

To calculate the theoretical values of the arc characteristics it is necessary
to know the electrical and the thermal conductivity of the atmosphere in which

the arc is burning.
From the experimental data given in Fig. 3 it can be seen that the arc in

the most narrow tube has the highest axial temperature and that the gradient of
the radial temperature distribution of the arc burning in the tubes of different
diameters is not the same.

The complete theoretical radial temperature distributions from the arc axis
to the tube-wall were calculated according to Schmitz’s and Uhlenbusch’s
method. The theoretically calculated radial temperature distribution curves for
the arc burning in the tubes of 10, 12, 16 mm diameters (Fig. 4) are in accordance
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Fig. 4. Theoretically calculated radial temperature distribution for 9 amp dc arc burning in
tubes of 10, 12 and 16 mm diameter, in air at normal pressure. Results of experimental determi-
minations are represented with dotted curve.
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with the experimentally determined ones, in the corresponding investigated tempe-
rature regions. Meanwhile, for the arc burning in the tube of 20 mm diameter,
the radial temperature distribution (Fig. 5) differs considerably from the one
calculated according to the Elenbaas-Heller equation.
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Fig. 5. Theoretically calculated radial temperature distribution for 9 amp dc arc burning in 20

mm diameter tube, in air at normal pressure. Results of experimental determinatior.s arerepresen-
ted by circles.

This shows that the arc burning in the tubes of 10, 12 and 16 mm diameters
can be considered as stabilized where the transport of the heat by the
convection can be neglected. In these cases the experimental conditions can be
expressed with the equation (1), but when the arc is burning in the tube of 20 mm
diameter, these conditions are not fulfilled. The comparison between the curve
of the radial temperature distribution for the arc in the tube of 20 mm diameter
and for free-burning arc shown in Fig. 1 points out to the similarity of these two
curves. This is not the case with the arc burning in more narrow tubes.

The calculated values for E (the electrical field strength) according to the
equation (6), are in the Table.

TABLE
. . the temperature in the arc
the tube diameter in mm EV/cm axis in K
|
10 32,6 7250
12 27,3 6950
16 24,5 6850

Since the experiment is carried out at the constant electric current intensity
of 9 amp, the decrease of the tube diameter causes the increase of the electrical
field strength. This fact enables to explain the changes of the temperature in the
arc axis in dependence on the tube diameter. The higher electric power in the
more narrow tubes causes an increase of the temperature in the arc axis.
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KARAKTERISTIKE ELEKTRICNOG LUKA KOJI GORI U VAZDUHU U
CEVIMA RAZLICITIH PRECNIKA

N. IKONOMOV, B. PAVLOVIC i D. PETROVIC
Prirodno-matemariéki fakultet, Univerzitet u Beogradu, Beograd
Sadrzaj

Merena je radijalna raspodela temperature i elektronske gustine u luku koji
gori u vazduhu, u vertikalnim cevima pre¢nika 10, 12, 16 i 20 mm, ¢iji su zidovi
hladeni vodom. Na osnovu podataka za toplotnu i izracunatu elektri¢énu provod-
ljivost vazduha teorijski je odredena radijalna raspodela temperature u luku, pri-
menjujuci Elenbaas-Heller-ovu jednadinu. Dobijeno je slaganje teorijski izraéuna-
tih i eksperimentalno izmerenih raspodela temperature u luku koji gori u cevima
pre¢nika 10, 12 i 16 mm $to ukazuje da se luk u ovim sluéajevima ponasa kao stabi-
lisan a $to nije slucaj za luk koji gori u cevi pre¢nika 20 mm. Teorijski su izra¢unate
vrednosti jacine elektri¢nog polja u luku.





