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A new method is presented for the determination of the temperature

distribution over the cross section of a cylindrical arc, as well as of

the volt-ampere characteristics, and these are compared with exper-
imental data,

The volt-ampere characteristic represents an im-
portant operational indicator for gas-electric devices.
A number of works [1-4] have been devoted to the cal-
culation of electric-arcvolt-ampere characteristics.
For arcs with approximately cylindrical symmetry
these characteristics are frequently calculated accord-
ing to formulas derived by Maecker [5] through solu-
tion of the differential energy-balance equation for an
arc, with consideration of heat transfer by heat con-
duction. This equation is written in the form

1 d ar -
= (rx(T) ?) L o(T)E = 0. (1)

The author of [5] linearizes the nonlinear differen~
tial energy-balance equation (1) for an arc by intro-
T
ducing the heat-conduction function S={ AdT, sub-
To
sequently carrying out the linear approximation of the
function o (S) according to the equal-area law. The
approximating straight line is written in the form
og=al8~8).
After the transformations Eq. {1) assumes the form

I (,«..&) + aSE* =0, (2)
dr

/

where 8, =5 - S_.

Having arbitrarily selected the quantity o (Sg) on
the curve of the function o(8), we obtain specific val~
ues of the coefficients « and S,, The author regards
the value of o, as having been taken on the discharge
axis and uses it as a boundary condition in the solu-
tion of Eq. (2). For each o, there will be specific val-
ues of the current I and the electric-field strength E.
To obtain the volt-ampere characteristic it is neces~
sary to carry out several approximations, making the
calculation more complex. In this connection, it is
important to develop a method for determining these
parameters of the arc with a single linear approxima-
tion of o from S, with an accuracy suitable for prac-
tical applications.

Unlike the Maecker method according to which the
temperature distribution in the arc is determined from
its axis to the periphery, we will calculate this distri-
bution in the opposite direction. This is necessary to
avoid having to specify the temperature on the axis of
the arc and to derive simpler formulas for the deter~

mination of its parameters. Moreover, this method
may be useful for the researchers engaged in measur-
ing the temperatures in the peripheral zones of the arc
and desirous of employing these measurements for a
theoretical determination of the temperature within the
central zones of the arc and on its axis.

In the peripheral zone of the arc, where noheatlib-
eration takes place, we take the energy equation in
its simplest form

1 4 / dS
= =0
roodr (f > @)

with the boundary conditions
S(R) =0, S(r) =S, (4)
A solution for Eg, (3) with boundary conditions (4)
is
In —
R (5)
T

In —L
R

S{n =S,

For the boundary conditions of Eq. (2} we take the fol-
lowing expressions:

1
rin i

{6)

Sl(rl) = 0, Slr (fl) = S*

The right-hand member of the last expression repre-
sents the magnitude of the derivative function (5) when
r=ry.

When E = const, we have the Bessel equation (2);
therefore, one of its solutions—having physical sense
and satisfying boundary conditions (6)—willbe the func-
tion

gy (ﬁ—r)
Sy(n) =8, ——te

pJi(p)In R

n

{7

The quantity E in this method is associated with r,
by the expression

afr— P —o, (8)

which ig derived from (2) after substitution intothe lat-
ter of function (7). We calculate the electric current
with the formula

=2 aErj' S, (r) rdr. ©)

0
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Fig. 1. Change in temperature radius of arc in argon (I= 60 A):
1) theoretical curve 2R = 0.6 cm (E = 6.7 V/cm; 1') experimental
curve 2R = 0.6 cm (E = 6.7 V/em); 2) theoretical curve, 2R = 0.5
cm {E =9 V/em); 2 experimental curve, 2R = 0.5 cm (E = 8.1
V/em); 3) theoretical curve, 2R = 0.4 cm (E = 12 V/em); 3') ex-
perimental curve, 2R = 0.4 cm (E = 11,2 V/cm).

It should be noted that the radius r, of the current-
conducting zone of the arc is not determined experi-
mentally, but selected arbitrarily from the interval
0 < ry < R. Here a given specific value of r; from Egs.
(8) and (9) is used to calculate I and E which are used
to construct the volt~ampere characteristic. This last
is compared with the volt-ampere characteristic de-
rived experimentally.

2

1

!00 aof r
Fig. 2. Volt-current
characteristic of an
arc: 1 and 1') theore-
tical and experimen-
tal curves for 2R =
= 0.6 cm; 2 and 2")
theoretical and exper-
imental curves for 2R =
= 0.5 cm; 3 and 3"
theoretical and exper-
imental curves for 2R =
= (.4 cm.

However, the radius r; can be eliminated from Eqgs.
(8) and (9), so that for I weobtain thefollowing expres~
sion:

S
Ein REVa ~
P

I=2n {10)

The value of E in this case is regarded as given,
with 1, being the sought quantity. To determine S(r)
from (5) and {7) we must know themagnitude of r; which
is determined from the value of E in formula (8).

We find the temperature T{r) on the basis of S(r)
from the S{T) curve which is determined by the inte-
gration of MT) with respect to T within limits from Ty
to T.

Let us examine several variants for the determina-
tion of the coefficients a and S, and let us ascertain the
feasibility of using these with the given method.

L. If the coefficients a and S, are determined by the
equal-area law [5], then in a calculation—according to
the proposed method—the guantity oy must be located
on the discharge axis. This is possible only after se-
lection of several values of 2r; (or several values of E,
with I defined according to Eq. (10)). In this case we
obtain only a single point on the volt-ampere characte-
ristic. We note that this problem is analogous to the
Maecker problem, but carried out in the opposite di-
rection. We have to repeat the Maecker problem in
reverse sequence for better clarification of the dis-
tinction between the proposed method and that of
Maecker, as well as todemonstrate thatthis difference
is meaningful for the further development of the method
to calculate the arc parameters.

2. If the coefficients ¢ and S_ are defined according
to the law of least squares [6, 7], we are not bound in
the calculation based on the proposed method to speci-
fy oy on the discharge axis. For each value of the dia-
meter 2r; {or for one value of E) we therefore obtain a
uniquely defined value for the current I. Schmietz [7]
solved the problem earlier with this approximation,
but he, as did Maecker, didthe calculationfrom the
axis of the arc to its periphery.

3. In addition to the above-cited methods of linear-
izing the nonlinear energy-balance forthe arc, we fre-~
quently employ numerical methods for its solution
[4]. The differential equation is transformed into an
integral equation and is solved by the method of suc-
cessive approximations, with given radius of the arc
and gas temperature on the axis. Among the short-
comings of this method is the fact that theoretical for-
mulas cannot be derived, and the actual solution is
presented in the form of curves. This is a cumbersome
method and not considered here for that reason.

The indicated methods of determining the coefficients
a and S, are laborious and these coefficients are there-
fore most simply found graphically, assuming the ac-
curary needed for the calculations, not exceeding 10%.
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Fig. 3. Circuitfor measuring arc temperature: 1)fila-
ment lamp SI-6-100; 2) lens; 3) arc; 4) lens; 5) spectro-
graph ISP-5; 6) cathode; 7) anode; 8) thermocouple.
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The arc parameters were calculated in accordance
with the proposed method. The results of the calcula-
tion are given in Figs. 1 and 2 (with experimental data
shown here as well), and we can see from these that
the divergence in the results is very small. This last
fact is significant and confirms the feasibility of doing
the calculations by the simpler method.

The experiments were carried out on an installa-
tion whose basic design is shown in Fig. 3. The arc
temperature was measured from additions of hydrogen
(the H, line) and from the absolute intensities of the
4300 angstrom unit Ar line. The graphs show the dia-
meters and combustion regimes for the arcs, with a
gas flow rate not exceeding 0.001g/sec.

The theoretical section was developedby V. E. Ionin;
the experiments were carried out by N, G. Shesterkin
and V. S. Popenko.

NOTATION

A(T) ig the thermal conductivity; o(T) is the electri-
cal conductivity; r is the instantaneous radius; R is the
channel radius; ry is the radius of current-conducting
channel; E is the intensity of the electric field; S, is
the value of the heat-conduction function at T = T,;

T, is the wall temperature of a channel having radius
R; T, is the value of the temperature for ¢ Z0;ais
the proportionality factor for the linear function ¢ (S);
p = 2.403 is the least root of the equation Jy(x) = 0,

J; (p) = 0.521.
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