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§ 1. Stabilized Arcs in the Chambers of DC Plasma Generators

1°. It is known that an arc segment at right angles to the velocity vector of a flow of nonconducting gas will be
entrained in the direction of flow [1]. The radial segment of the arc in piasma generators of the type shown schematical-
ly in Fig. 1 is exposed to similar conditions. However, as practice has shown, if

®~ the electrode 2 is sufficiently long, the arc does not go beyond the limits of the arc
. v - chamber and is not quenched. The reasons for this may be determined by making a
f ?G /J /g study of the successive states of the arc,
p r b /p, A 5 ' As it moves along the channel and the arc, the gas entering the arc chamber
— i/ 7 is heated, with the result that the diameter of the positive column centered on the
“ ’ z axis increases. However, owing to intense cooling of electrode 2, the positive
i column can not expand to the wall of the arc chamber; they always remain separa-
e z,}_— ted by a layer of practically nonconducting gas. In this zone there occur processes
ZZJ which play a decisive part in the mechanism that controls the length-of the arc. The

most important of these are ionization of the gas as a result of collisions with elec-
Fig. 1. Successive states of arc in  trons accelerated in the electric field, particle excitation due to the high tempera-
arc chamber: 1 and 2) electrodes,  ture, photoionization, and the excitation of neutrals due to radiation from the arc.
8) arc, P) power source, v) direc-  All these factors considerably reduce the electric sirength of the gas [2, 3] and cre-
tion of motion of gas. ate favorable conditions for breakdown between the positive column and electrode 2,

We shall conventionally take the potential of electrode 1 as zero. In this case the potential of electrode 2 will be
equal to U,. We denote the arc potential in an arbitrary fixed section z by Ug(z). Then, in the section z, between the
positive column and electrode 2 there exists a potential difference

AU(Z):Ug-——-Ug(Z) . (1‘ 1)

At a given moment let the arc spot be located at a "point" A. As the spot moves away from point A, the length of
the arc and the potential of electrode 2 increase. Accordingly, AU(z) also increases, However, AU(z) can not increase
without limit. As soon as the AU(z) at some section becomes equal to the breakdown potential, breakdown occurs be-
tween the positive column and electrode 2 and a new conducting
channel is formed. Let us assume that breakdown occurs at the sec-
tion z, when the spot is at point B. As a result of the formation of { ;
a new, shorter radial arc segment the former conducting channel,

which lay between sections z, and z3 and had greater electrical re- fl—» ] ‘ — -3
sistance, is suppressed. The newly formed radial segment is also \\\\\\\\\\\\\\QI%\\‘[%@I%I& i
entrained by the flow and when it reaches section zg breakdown r g / 274567 4
(shunting) again occurs. It is these periodic breakdowns between the

positive column and electrode 2 that limit the length of the arc, Fig. 2. Plasma generator with segmented cathode:
1)- 7y cathode segments, 8) anode, 9) arc, 10) flow
of heated gas, Gy), Gp) gas inlets, P) power source.

The arc shunting mechanism described was investigated on
a plasma generator with a segmented output electrode-cathode,
as shown schematically in Fig. 2. Figure 3 shows typical oscillograms of the currents I5 and I passing through two adja-
cent (fifth and sixth) segments of the 8-mm thick cathode. These oscillograms were recorded with 2 single double-beam
OK-17M oscillograph. Just before the spot reaches the segments in question there are no currents. Then the current
through the fifth segment abruptly increases (downward deflection of line I5) to its maximum value. After a certain time
the cument [ through the fifth segment disappears, but then reappears in the sixth segment (upward deflection of line
Ig). Finally, the current Is also disappears and after a certain interval (~ 75 psec) the entire process is repeated.
In these experiments we simultaneously measured the instantaneous values of the currents through the six segments. Nu-
merous oscillograms, similar to those presented in Fig. 3, showed that the cathode spot, moving in the direction of mo-
tion of the flow, passes successively from one segment to the other. When the spot has moved through a distance equal
to the thickness of several segments, a new channel appears as a result of breakdown at the top of the flow (large-scale
shunting). This is confirmed by the reappearance of the current on the oscillogram (Fig. 8). All this proves the above-
mentioned hypothesis concerning the arc stabilization mechanism. Since the gas is a viscous medium, its velocity di-
rectly at the wall is zero. With distance from the wall the gas velocity increases. Accordingly, we may expect the arc
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itself to be deformed in conformity with the velocity profile, i.e., to take the form of a loop, as shown in Fig. 4. In
this case, so-called small-scale shunting of the loop is possible as a re-
sult of breakdown between points D and F. The mechanism of formation
of a new channel and suppression of an old one is analogous to that de-
scribed above.

The phenomenon of arc shunting in plasma generators with water
stabilization of the arc was noted in [4]. Studies of arcs with gas stabili-
zation, made independently by other authors using other methods, aiso
point to the presence of the above-mentioned shunting mechanism [5-7].

In our experiments at a mean mass gas velocity of 850-900 m/sec
the axial component of the cathode spot velocity, determined as the ra-
tio of the segment thickness to the dwell time of the spot on the segment,
Fig. 3. Oscillograms of currents through the  was about 180 m/sec. This difference in the velocities is attributable to
fifth and sixth segments. Sweep time 250 shunting of the loop (Fig. 4). A number of authors have observed a simi-
usec, current 90 a, air flow rate 10.2 g/sec.  lar loop shunting effect in the case of arcs moving in flat channels [8].

The oscillograms presented show that the burning of a dc arc in the chamber of a plasma generator is a nonstation-
ary process. Large-scale shunting causes a variation in the length of the arc and large-scale
current and voltage pulsations. Moreover, the oscillograms revealed small-scale current 7>
fluctuations with a frequency of the order of 10° cps during the dwell time of the arc spot ™ F

on the segment. D)

The pulsations of the flow parameters and the length of the arc lead to a certain sta-
tistical distribution of the breakdown frequency along the cathode. Accordingly, the cur-  Fig, 4. Motion of radial
rent density (the ratio of the time-averaged current through the segment to the thickness segment of arc.
of the segment) is distributed along the length of the channel in accordance with the graph
shown in Fig. 5. The point z = 0 corresponds to the section in which the anode spot is located (Fig. 2). The graphs show
that, other things being equal, the maximum and minimum arc lengths I, and l;;, decrease with increase in current.
This is one of the reasons for the abrupt decrease in the potential drop across the arc with increase in current in ordinary
plasma generators operating at relatively low currents. The experiments also showed that the nature of the distribution
of the erosion of cathode material corresponds to the averaged current density distribution. Therefore it may be stated
that for given arc and gas flow parameters cathode erosion is caused by the
large heat fluxes through the cathode spot, and not by heat transfer from the

4; a/em ™ ye flow of heated gas.
! //f/ 4 Large-scale arc shunting leads to limitation of the potential drop
7 //; across the arc. The potential drop cannot rise above this limit, even if the
2 ‘ power source is capable of sustaining an arc with a higher potential drop.
/ // //4 \ \\ Thus, the power supplied to the flow and the temperature of the heated gas
'y are limited by breakdown between the positive column and the arc chamber
g Z // \1\ wall,
4 J 7o n 5 zcm .
—Imin - Inaz Let us consider a single-chamber plasma generator, in which the arc

chamber is a cylindrical channel consisting of the cathode, an interelectrode
Fig., 5. Average current density distribu- insert, and an insulator. If the distance between electrodes a is small, i.e.,
tion along length of cathode. Inside diam- a < g, the interelectrode insert has no effect on the arc burning condi-
eter of cathode 1 cm, G = 14 g/sec; curves tions. We will call such electric arc heaters plasma generators with uncon-
1, 2, 3, 4 correspond to values of the cur- trolled arc length, and denote by a, the minimum length of the arc. If a is
rent I = 14,7, 139, 127, 95 a, > a,, then, by varying the dimension a, we can also regulate the minimum

arc length over a certain interval. Inthis case a is one of the independent
parameters determining the operating regime of the plasma generator, Depending on the function and design of the plas-
ma generator, the interelectrode insert may take a variety of forms, e.g., it may be an insulator, a metal with a pro-
tective cold gas supply at the required point, or simply an interelectrode gap filled with gas, etc. When there is no in-
sert, at sections z < ¢, it is possible to create breakdown conditions between the positive column and cathode artificial-
1y and to organize the burning of a shorter arc. In the general case the geometry of the cylindrical arc chamber is deter-
mined by two dimensions: a and d. Such plasma generators will be said to have an independent arc length. In [9, 10]
the properties of the arc and the flow of heated gas were regulated by using an interelectrode insert. Variation of the
length of the arc results in a qualitative and quantitative change in the arc characteristic. Thus, for example, for an ar-
gon flow of 0. 695 g/sec and d/a = 0. 221 the voltage-current characteristic of the arc forms an ascending branch, and
the arc burns stably without a ballast resistance. However, at the same rate of flow of argon and d/a = 0. 695 the vol-
tage-current characteristic forms a descending branch [10].
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2°.  Assuming that the pressure is close to atmospheric, we shall neglect the contribution of radiation to the ener-
gy balance of the arc [11]. The medium- in the arc chamber is a mixture of molecules of the starting gas, newly formed
molecules, atoms, ions, and etectrons. The important parameters for the arc burning process, which determine the phy-
sical properties of the mixture, are as follows: the mass of the molecules of the starting gass m,, the eleciron mass mg,
the masses of the newly formed molecules, atoms, and ions m; (i =1,

2 \\ . ?, ..., n), the ionization potential of the starting gas U, the potentials of
\ ionization, dissociation and excitation of the newly formed particles and
¥ molecules of the starting gas Uj (=1, 2..., m), the cross section for col-
10 ° lisions of molecules of the starting gas and molecules of the same kind Q4
‘ and electrons Q,,, the cross sections for all other collisions Qi (k=1, 2,
lyﬂ[l/ﬁ N ..., ), the electron charge e, the speciiic heat of the starting gas ¢y, and
\o\ the magnetic permeability v. We shall specify the kinematics of motion of
a8 = the gas by projections of its macroscopic velocity vector v, and V- In order
- \\ to define the arc burning regime it is also necessary to specify the current I,
16 [!ELzl 13\ the temperature of the inside wall of the channel Ty, the gas temperature 2t
T 47 37 i 45 the inlet to the arc chamber Ty, the characteristic static pressure p, and
the projections of the intensity vector of the external magnetic field H,, H,
Fig. 6. Generalized current-voltage H,. Neglecting the relatively small change in the cathode and anode poten-
characteristic of arc in air. tial drops Uy, and U, as a function of the current, we may include these too

in the system of characteristic parameters. The work functicn of the elec-
trons with respect to the electrodes ¢ is also an independent quantity and plays an important part in the mechanism of
heat losses through the arc spot. If the dimension of temperature is taken as the primary dimension, then the system of
characteristic parameters must also include the Boltzmann constant k. We shall assume, that the length of the arc cham-
ber is equal to the maximum length of the arc and is characterized by the two dimensions a and d.

Thus, the process is determined by (m +n + q + 23) independent quantities whose dimension can be constructed
from the four primary dimensions. In accordance with the pi-theorem of dimensional analysis, from these quantities one
can construct (m +n +q + 19) independent dimensionless power combinations.

We shall take the simplest of these combinations

m, m; Qae Qk UJ' .
“"n—a,%—a—(LzLZ,...,n),—Q—a,‘Q—a(k=1,2,..,,q),f—](i———i,Z,...,m)
Z./_a'. _[_[E ? el v k r Qaea KT 0.5 Hcp Hr
U U KT oy ey dvep RIS T T H,
dv,ve? dpQ, kT p Qal.sp. Ty Vo d_ ’ .9

Qae(mel“'TR)o'5 * kg ep®5d ’ —k_f’;—’ Ty’ Kyz -

All the other dimensionless parameters characterizing the process in question are functions of the dimensionless
combinations (1.2), which are the similarity criteria. '

The dimensionless quantities (1. 2) are different for different gasses, and therefore, in the general case, discharges
in different gasses are not the same. Henceforth, we shall consider arcs burning in gasses of the same kind. In this case,
the criteria

me/may mi/mm Qae/Qm Qk/Qa! Uy'/U’ k/’cvma

will be constant quantities and may be excluded from consideration.

Assuming that the processes in a plasma.generator are described by a system of equations of magnetohydrodynamics
and by the conditions for breakdown of the gas, we assign to the similarity criteria the forms obtained from an examina-
tion of these equations.

If we use the expression for the electrical conductivity
0=2e2Qg. "l 7 (3mkT) 05
we can represent the criterion dvzuezQae _l(mekTR)‘°'5 in the form ¥ 32"'R,,; here x is the degree of ionization of the
gas, and R, the magnetic Reynolds number.

The R number characterizes the influence of a moving conducting medium on a magnetic field [12]. It can be
shown that
E(eymg)™ =1 — 1, v ()t =71 (v — 1) M~
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Here M is the Mach number, and y is the ratio of specific heats.

The criterion dan(kTRf1 is equal to the reciprocal of the Knudsen number K. Below we make use of a combina-
tion of the criteria

dpQq (kT R)7, mavs? (kT'p)?

in the form

dpQq (kT )15 (mavH™®

which is proportional to the Reynolds number R.

If we express v, in terms of the mass flow of gas per second G, then the criterion
12Qgea (d,e2p) ™ (mekT p)™®
can be written in the form
alfe (Ga%)™, oy = mimg Qqeme’® (kT p) ™% (46972,

Using the expressions for the electrical conductivity and specific heat of the gas, we can show that this criterion is
proportional to the ratio of the arc power to the internal energy of the mass flow G at the characteristic temperature Tp.
The quantity kTR(epo'sd)”1 is proportional to the ratio of the Debye shielding distance to the channel diameter. The cri-
terion Qal' 5p( kTR)'1 is equal to the ratio of the sum of the volumes of the gas molecules-to the volume in which they
are located, The remaining criteria are quite simple, and their physical significance is obvious.

3°. Analysis of the starting criteria (1. 2) shows that complete similarity of the arcs in chambers of different di-
mensions is impossible to realize, With the object of selecting dimensionless complexes taking into account only the
most important integral energy properties of the arc and the flow, we shall reduce the number of criteria to a minimum,
bearing in mind the special characteristics of arcs burning in plasma generators of the above-mentioned type. In this case
we make the following assumptions,

(1) Ry <1, i.e., the effect of the flow on the magnetic field may be neglected. For plasma generators this con-
dition is satisfied with a high degree of accuracy, Thus, for example: R ) = 1,11 10 ° when o = 10¥ sec™, v=10%cm
sec™, d=1cm, v=111- 10" sec?em2

(2) The kinetic energy of the flow may be neglected as compared with its thermal energy. For example, for nitro-
gen at T = 7500°K and a velocity 10° cm/sec the kinetic energy of the flow is not more than 2% of its thermal energy.

(3) The gas is a perfect gas,

(4) The wall temperatures of the plasma generators compared are the same (usually the electrodes of plasma gen-
erators of the type in question are made of metal and, to prevent erosion, are strongly cooled; the electrode tempera-
tures are below the melting point and vary only in a narrow interval).

(5) The gas temperatures at the inlets of the plasma generators compared are the same.

(6) Like electrodes of the plasma generators compared are made of the same materials and have the same termi-
nal polarity,

(7) The effect of variation in Debye shielding distance on the energy balance of the arc may be neglecred.

(8) For the plasma generators compared the condition v(pvz‘1 = idem is satisfied.

(9) There are no external magnetic fields,

When these conditions are satisfied, the criteria

Ud /U, Uy | U, eU | kT, T,/ Trand v, / v,

degenerate into constants, while the criteria

Ry, KT g (ep™5d)™, Q1% (KT'p)t

may be discarded as unimportant,



Thus the dimensionless quantities characterizing the properties of the arc and the flow are functions of the criteria

., cal® d G ¢
Kl = llpG . KZZT! R='cs-—d-, =-a%. (1.3)

Here ¢y, ¢y, c3 are dimensional constants. The dimensionless complex K;" in the form
fi = nd?bab? (4e,G)?

was presented in [13]. Here ¢ = bTy, T, is the temperature, and c_ the specific heat of the gas at constant pressure. It is

easy to show that f; is only a modified form of K;" P

: (J’td“leF,' )2 4a I2q _cal®
1= 4 qe,T,GaPb ~ e pT*G — Gd? *

In the special case when the geometry of the chamber is determined by the single dimension d, it is better to use
the combination® of criteria K;" and K, in the form Ky = cllz( Gcdy™,

Let us consider in more detail the case in which the Knudsen number is constant and the Reynolds number varies
over a very narrow range. Analysis of the experimental material shows that in this case the arc characteristics are satis-
factorily generalized with the aid of the criteria K;' and Ky, i.e., the approximate similarity of the arcs is determined
by the conditions K" = idem and Ky = idem.

We write the dimensionless potential drop across the arc ug in the form

Ugd e (1. 4)

=5 = = (mhkTp) %%,
Ug 7 &> € Qe (me R)

In accordance with our assumptions about Tp, the dimensional coefficients cy and & are constant quantities, There-
fore, the relation ug = ug(Kl', Kg') may be replaced with the simpler expression
U.d 2 5
g 1. 5)
7 f Ky, Ka) Klz’é?i °

Figure 6 presents the corresponding current-voltage characteristic for the data of [14].

It is clear from Fig. 6 that the generalized characteristic is quite well described by an expression of the form
U g I )
lg —75—(1 =a—Blgar .

The table presents values of o and 8 obtained from an analysis of the experimental material using the method of

least squares,

Medium o 8 6 Type } d, cm \G, g/sec™t I, a
Air 3.500 0.853 — 1 1 1 1—3 100—300
Air 2.940 0.761 — 2 1 8—15 60--150
Air 2.792 0.655 — 3 1 815 60—450
Air 2.583 0.567 — 4 ! 8—12 60—120
Argon 1.56 0.456 0.225 5 0.8 0.346—2.11} 60—180

when the Reynolds number changes over a wide range, it is necessary 1o take into account its effect on the gener-
alized characteristics of the arc. Thus, for example, analysis of the experimental data of [10] revealed the possibility of
representing the generalized current-voltage characteristic, with allowance for the variation of R, in the form

U I? G
lg-—lézu—ﬂlgm—e lgg-

The values of . B, and 6 are presented in the table. [Types of plasma generators: 1) single-chamber with special
cathode spot stabilization; 2) two-chamber, subtractive polarity; 3) two-chamber, additive polarity; 4) two-chamber
with interelectrode insert, K, = 0. 057, additive polarity; 5) single-chamber with interelectrode insert, Ky = 0,221, sub-

tractive polarity].

*In [21], which appeared after the present article had gone to press, the criterion Ky was obtained in a somewhat

different form.



In our opinion, the effect of the Knudsen number on the properties of the arc should be investigated in greater de-
tail, As is known from Paschen's work [2], the breakdown potential of a gas is a function of the Knudsen number. There-
fore, the length of the arc, and also its other properties, must depend on this number. However, we still have no experi-
mental data over a wide range of variation of the Knudsen number.

4°, We shall now consider the case in which the convective heat transfer may be neglected as compared with con-
ductive heat transfer. Such arcs are realized in high-temperature plas-
ar ma generators intended for research into the properties of plasma [15].
‘\ .In this case practically all the energy supplied is carried away by ordi-
nary radial heat conduction (Reynolds number small and no turbulent
mixing), i.e., the arc is cylindrical. With account for the physical

£2? :
205 T \\ o d=dfcm properties of the gas, the similarity criteria for a cylindrical arc with a

Y-cm — ° g=4fcm low degree of ionization may be written in the form [16]

d2E? 0-5 U
7] K= SR K= - @D
g 100 200 Jgra-cm ™t QueP™” Tx R

Fig. 7. Generalized current-voltage charac- Here € is a constant dimensional coefficient. Since the quantities
teristic of arc in argom. Tgs E» and d are insufficient for the unique determination of the pro-

blem [17}, in order to distinguish similar processes it is necessary to
specify one more condition. This is the condition that the signs of dE/dI be the same for the processes compared. When
arcs in gases of the same kind are studied, the constant dimensional quantities may be discarded, and the similarity con-
dition will be

Ky = d2E2p "5 = idem.

In this case the condition Ip’* ®/Ed? = idem is also observed; this follows from

-

R
rzanS ordr. (L. 8)
0

Therefore, the similarity condition may be specified in the form IE = idem or Id 1 p™ *®= idem (in this case the

condition TR = idem is understood to be satisfied). A similarity condition in the form IE = idem is known from a number
of studies [11].

Figure 7 shows the generalized current-voltage characteristic of the arc for small rates of flow of argon; the exper-
imental points are taken from [15]). These points were obtained at the same chamber pressures; therefore in constructing
the generalized characteristic pressure was not taken into account,

It should be noted that the generalization of the characteristics of arcs in inert gases without allowance for radia-
tion is valid only for small values of the pressure, current, and channel diameter, since as these increase the part played
by radiation become important,

§ 2. Motion of an Arc in a Magnetic Field

We shall briefly consider the application of similarity criteria (1, 2) to the description of the properties of an arc
moving in an undisturbed gas between parallel electrodes under the influence of a trans-
verse magnetic field (Fig, 8). The difference between this problem and the preceding

one consists in that in the given case the velocity of the arc relative to the medium and e ————g ]
the velocity of the medium conditioned by the motion of the arc are parameters to be é/ '\'{ ! v
determined, Therefore the dimensionless combinations v;/cVTR, V¢ /vy must be elimi- X}
nated from the system of criteria. The quantity v, can be eliminated from the remain- J y _,;- T ;f
ing criteria by multiplication or division by the complexes & = .,
W
v/ ¢y Tgy dv, ve? (mg kTg)08 Q Thg, Fig. 8. Motion of arc be-

: . tween parallel electrodes.
We shall assume that the arcs compared burn in gases of the same chemical comp- P

osition and that the conditions in the interelectrode space are such that the assumptions of § 1, except for assumption (9),
hold true. Then the conditions of approximate similarity may be written in the form

I
K = idem, pyri idem,
il d @D
ke idem, — =idem.



Here the criterion 1/aH was obtained from the combination of dimensionless complexes (1. 2) and is proportional
to the ratio of the inwrinsic magnetic field of the arc to the external magnetic field. The criterion 1/aH may also be ob-
tain directly from Maxwell's equations.

At a fixed temperature of the electrode surface the heat processes inside the electrodes have almost no perceptible
effect on conditions in the interelectrode space. Moreover, the effect of the thickness of the electrodes, which is linked
with the current distribution in them, is indirectly taken into account in the quantity H, since here H is the intensity of
the magnetic field external in relation to the arc. Therefore the ratio a/cy is not included amongst the criteria, The
assumption concerning Ty imposes a constraint on the region of applicability of criteria (2. 1): they are applicable only
in the region where vaporization and melting of the electrodes may be neglected and where there are no metallic bridg-
es between them, The dimensionless quantities characterizing the arc are functions of crireria (2. 1).

We shall represent the dimensionless velocity of the arc V, in the form avnpo‘ 5Ly 8, Figure 9 shows the depen-
dence of the dimensionless velocity on the criterion K= 1/aH for the data of [18].

27 The experiments described in [18] were carried out at atmospheric pressure and
O\l\ therefore a change in H leads to a change in the criterion vH?/p. However, it is
24 s | O ‘ clear from Fig. 9 that in the given range of variation of I and H the dimensionless
5 g2 _ velocity depends only slightly on the criterion vHE/p. Neglecting this weak effect,
1z ‘3‘%\\&\ for K = const we can construct a single general dependence of the form
46 ; g
| s Va=o(ag)- .2
%y 74 7% '
If the field H is created by inductances connected in series with the arc, then the
Fig. 9. Dependence of dimen- criterion 1/aH for @ = const degenerates into a constant quantity. Hence it follows
sionless velocity of arc on ¥ = that the current dependence of the arc velocity must be linear. This is well known
=1g 10001 /aH from studies of arcing in switchgear [1]. As may be seen from the above, the es-

tablishment of this fact, on the basis of the theory of dimensional analysis, does not
require any additional assumptions about the shape and dimension of the cross section of the arc and the current density
distribution.

A more accurate formula for calculating V| would take into account the dependence of V, on the criterion vH?/p
and could be obtained by analyzing the same expenmental material. However, on the basis of the considerations out—
lined above, it may be said that for approximate modeling of the arc velocity it is sufficient that the condition T(aH) ™
=idem, da != idem be satisfied. At present, we still have very little experimental material on the determination of the
yoltage of an arc moving in a magnetic field and certainly not enough for a generalization in criterial formi.

§ 3. Free Arc

We shall assume that the arcs compared burn in an undisturbed gas of glven composition and temperature Tp, the
following conditions being satisfied:

(a) The pressure is close t© atmospheric and the effect of radiation on the energy balance of the arc may be ne-

glected.

(b) Like electrodes are made of the same material and the following condition is fulfilled:

dy [ a = idem, dy/a=idem,
where d and d, are the cathode and anode diameters, and a is the interelectrode distance. Erosion of the electrodes may
be neglected.

(¢) The arcs are similarly oriented with respect to the force of gravity (g is the gravitational acceleration).
(d) There are no external magnetic fields.

Under these conditions the heat of the arc is dissipated by ordinary heat conduction and free convection condi-
tioned by the arc itself; the effect of the convective fluxes on the intrinsic magnetic field may be neglected and the gas

may be assumed perfect. The basic similarity criterion is taken in the form
I*ay 5¢”%%rTR ,
Then the similarity conditions are as follows:
B apQ,

o = idem, —m— = idem. 3. 1)
al'sgo'SMRTR kTR
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Here wp is the heat conductivity of the starting gas at the temperature Tp. Conditions (3. 1) show that exact mod-
eling of the arcs is not feasible. However, as shown by the analysis of a large number of current-voltage characteristics
for arcs at aumospheric pressure, the criterion aan/kTR depends only slightly on the dimensionless potential drop.

Thus, for approximate similarity of the current-voltage characteristics the first of conditions (3. 1) must be satis-
fied.

We put the dimensionless potential drop across the positive column ug, in the form U a® %™ */1, where U_= Ug —
~ Uy — Uk Then we may write

r ) (6.2

U, = U | T
c c (al‘sgo‘f‘%RTR

or, discarding the dimensional constants,

Uca0.5 B <—£
7 =1 al.-“)) (3. 3)
¢ ’
”8%0_
Cres
“be% g‘A
-0
2 mag& -
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g R o
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Fig. 10. Generalized current-voltage characteristic of
free arc: 1) for I= 0,5-7.0 a, @ = 2 cm, electrodes cop-
per [19]; 2) for 1= 0.5-4.5 a, a = 2-6 cm, electrodes

iron [19]; 3) for I = 0.55-6.5 a, a =2 cm, electrodes alu-
minum [19]; 4) for I = 200-750 a, @ = 0.35-0.95 cm,
cathode carbon, anode iron [20]; §) data of G. Ayrton [11].

Figure 10 shows the generalized dependence of the potential drop across the arc based on a large number of ordina-
ry current-voltage characteristics, This graph confirms the possibility of representing u. in the form of a function of the
similarity criterion I*/a® %% SxgTR. Since for 1?/a" ® = idem we have Ucaﬁ‘ 5/1 = idem, the condition

I UL IU .
g == idem
al-o i a

must also be satisfied,

In other words, for similar free arcs the averaged (along the length) powers per unit length are the same.
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