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Abstract. Dependence of energy-transfert mecsgha-

nisms on arc-burning conditions is considered.
Thermal turbulence is shown to be mainly respon-
sible for heat transfer in unstable maghetically-
Yropelled arcs, while heat transfer rate from a

ongitudinally blown arc to the cylindric dis-
chgrgffchamber wall is caused by conduction and
radiation.

Correlations of experimental data on current-voltage cha-
racteristics (CVC) of electric arcs show appreciable de-
Eendence of dominant energy transfer mechanisms on arc-

urning conditions. The conductive heat transfer is found
to be mainly responsible for CVC formation in the case of
long poorly blown arcs in cylindrical discharge chambers.
On the other hand, strong longitudinal blowing chan?es the
dominant transfer mechanism for convective one ([1]. The
attention was reentry confined to energy transfer by means
of thermal turbulence which can occur in electric arcs at
high electric-field strength [2]. This mode of turbulence
develops at the expense of thermal energy opposite to gas
dynamic one being powered from kinetic energy of a flow.
In arcs with subsonic flow thermal ener?y can be some or-
ders higher than kinetic one. For example in air plasma at
T=10* K'and M = 1 the ratio of kinetic energy to thermal
one amounts only to 7.5%. Therefore, gasdynamic turbulence
in subsonic arcs can be regarded negligible in comparison
with thermal one.

From this ﬁoint of view cross-flow arcs are the matter of
special interest since they are very gas¢¥namically un-
stable. But gasdynamic instability’ entails temperature
fluctuations which generate thermal” turbulence. Therefore,
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both turbulence modes take part in energy transfer process
in addition to convection mechanism. Their relative impor-
tance is a subject of great interest. The regression ana-
lysis can be used to treat CVC taken_in generalized _form.
ondimentional number ULo -1 (generalized resistance) can
be wused as function, while nconv=p°aih§L’B/Is;

n =p o h!*°L3/I® represent convective and thermal-
turb "o 0o o

turbulent heat transfer mechanisms respectively. On assum-
Etion that average plasma velocit{ and its r.m.s. pulsa-
ions are appreciably correlated the M ony DUMber ~takes

also account of heat transfer by gasdynamic turbulence.
Hence, the power expression UL o /1=

=C(p°a§hjL°B/13)“(poash;"Ls/Ialﬁ can serve as a generali-
zed CVC of a cross-flow arc.

CVC of unstable high-current discharges is approximately
parallel to the current axis. Then at dominant Teonvy’ e
effect of m, ., can be neglected and 8 X0, while o =1/3
since I in M, .., takes power -3 and in function its power
accounts for -1. On the contrary, at prevalent M ourpr OO
and 3*0.5 because power of current in n urp Squals to -2

tur

Therefore, ratios «/0.333 = 3a and /0.5 = Eg show the
{elat%ve importance of the convective and turbulent heat
ransfer.

rb

In order to estimate the relative importance of thermal
turbulence in energy transfer process we have analyzed
some experimental data on CVC "of magnetically-propelled
arcs. We have used the results of our experiments with
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Fig. 1. Exponents a, @ as Fig. 2. Exponents a € as
function of magnetic induc-  functionn of interelectrode
tion, 1,3- 3a,72,4- 28. 1, distance. Parallel electro-
e- ring elecfrodes; , 4- des: 1- 3a, 2- 28.

parallel electrodes.
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arcs rotating between concentric ring electrodes and these
of Adams [3] for arc Kropelled along parallel ones. Para-
meters variation of the rotating arc was: I = 100-G00 A,
B= 0.085-0.29 T, L = 3 and 6 mm while these of _the arc
between parallel electrodes changed over ranges: I = 100-
1000 A, B = 0.012-0,108 T, L = 12.7 - 38.0 mm. The arcs
burned in air in both cases.

The only factor stabilizing a magnetically-propelled arc
is jets of electrode-material vapor forming in arc roots
due to intensive heat flow rate in attachment points. Sta-
bilizing effect of the jets decreases with in erelectrode
distance rise and with arc velocity enhancement owing to
magnetic field augmentation. Gasdynamic destabilization of
electric arc must entail the rise of heat transfer by
thermal turbulence mechanism. Therefore, effect of =m, .

should increase with interelectrode gap and magnetic in-
gﬁction. gsccan verify this assumption by correlation of
e arcs

Variation of 3a and 2@ with magnetic field for arcs bur-
nin% between ring and parallel electrodes is shown in Fi?.
1. The character of exponents behavior is seen to comply
with prediction. Moreover, absolute values of exponents a
and B point to predominance of turbulent similarit{ num-
ber: so that convective heat transfer can be neglected at
bigh magnetic induction. The same result is obtained with
interelectrode Rap variation (Fig. 2). Therefore, we can
conclude that thermal turbulence is of important signifi-
cance for energy transfer in unstable magnetically propel-
led arcs. This evidence may be regarded as quite "reliable
since regression parameters are rather good: correlation
coefficients R-sq = 0.993 - 0.996, r.m.s. deviations in
natural logarithms o = 0.0008 - 0.0043, Fisher variances
ratious F="4986 - 13031. :

Generalization of longitudinally-blown arcs was done b{
the theoretical method enabling to obtain nondimentiona

expressions for CVC, heat transfer rates, temperature and
geometric characteristics of an arc which were derived for
asymptotic re?ion in [4]. The model is based on power ap-
proximation o elegtroconductivity as a function of heat

flux potential S=f A dT with different magnitudes of expo-

o
nents for the lateral and longitudinal components which
roduct is applied at the variables separation. Reliabili-
y of the expressions obtained has been corroborated by
good agreement with experiment of the calculated E-1 cha~
facteristics for different working gases. Here we will
determine and compare with experiment generalized functi-
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ons for temperature frofiles and heat transfer rate to the
discharge chamber wall.

The formulae obtained in [4] are somewhat inconvenient
because of radius function being written in implicit form.
But one can obtain the explicit form for reciprocal func-
tion Po(r*,Kq,Ks) where KQ and Ks being parameters.

_ _ 0, 8K
P [1o,akrjc1+o,17i< rj)] s SN (1)
¢ InC1A,)
Using this exEression allows us to derivate compact and
convinient relationships for characteristics of the arc in
asymptotic region

— 0,8 Kg o
AS () = ——F-J (2,4 TF)) ; )
In(1/F) °
— ln(F?F;)
(P = K——*; (3
lnr*
1InC1/F "
= LI4 [1, * ] ; 4
kr* Ks
KS
(5)

T In(FF

The formulae (1-5) represent a system of nondimentional
equations where arguments Po,F and functions ASI, ASII,
I, T, are connected by radius of electroconductive zone
and the given parameters Kq, Ks'
The other parametric system of nondimentional equations

can be obtained when AS is applied as a given parameter
instead of r,. For this purpose, one may “express r, in

terms of AS = setting =0 in (2). So that
F, = exp(~ 0,8k/aS, ] . (6)
Substituting (6) into (1) - (5) we have
Po = {10,6 k exp(- 1,6K/AS, ]

— N

x [1+0,17K exp(-1,6k8s, )]} Bs,) N
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AS, () = S I, [2,4 Frexp(- o,sxS/EOO]] : ®

8S,, (P = -[1,25 &S, In F + K] )
— un —

I, = [0,74/k] [Ks/ASoo] exp[Ks/Asoo] : (10

I'Iq=1.25'A_§°° &5

Comparison of the theoretic profile AS, (8) with the expe-
rimental one for argon [8], with AS _ at the axis being

taken as a base value for AS (AS°°=1J, is given in Fig.

3 Rﬁpresentation of experimental data in coordinates
AS ( " r) is seen to give rather good correlation of tem-

Eerature profiles in an argon arc at current variation,
hough the discrepancy at the arc column Eeripher amounts
up to 100%. Representing experimental data in tlerms of
temperature profiles reduses the misfit down to 13% As
can be seen from (8), a lamination is also caused by

variation due to different gases application. But equation
(8) takes into consideration the distinction in Kg and,

therefore, describes similarity of AS profiles.

The condition AS = AS simplifies extremely eq. (11) and
we have for the heat flow-rate to the canal wall

ft,=1.25 (12
The comparison of this relationship with experiments for
argon, air, nitrogen and helium shows, that at I =20-300 A
R = 2-5 mm, the theory is in satisfacﬂory agreement with

experiment.
ASg
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The evidance obtained indicates that unification of formu
lae for approximately similar arcs still retains rather
acceptable accuracy,” informative capability of generalized
exgre551ons being appreciably higher than of scattered
data obtained in physical or numerical experiment.

Authors gratefully acknowledge the support of Belorus Fund
of Fundamental ReSearch.

Nomenclature
B- magnetic indication; E- electric field strength, h-
enthalpy; I- current; J,- zero order Bessel funktion; k-

constant; L -interelectrode distance; Q- vglumetric rate
of radiation loss; R- arc canal radius; S=[ A dT - heat

flux potential; AS= S-S, AS = AS/8S ; T-otemperature; A=

thermal conductivity; g- density; o- electroconductivity;

Po= " I*/R°0 AS K =QR°/AS, K =-AS /AS,  IL=ER°c_/I,
o 0’ Q o S 1 ° o

Hq=q1R/AS°— nondimentional numbers. )

Subscripts
% - electroconductive zone; o - scale value: oo- axis va-
lue, I, II -electroconductive and nonconductive zones:; 1-
wall value.
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