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MODELLING OF PROCESSES OF HEAT-, MASS-
AND ELECTRIC TRANSFER IN COLUMN

AND ANODE REGION OF ARC
WITH REFRACTORY CATHODE

I.V. KRIKENT1, I.V. KRIVTSUN2 and V.F. DEMCHENKO2

1Dneprodzerzhinsk State Technical University, Dneprodzerzhinsk, Ukraine
2E.O. Paton Electric Welding Institute, NASU, Kiev, Ukraine

Numerical analysis of thermal, electromagnetic and gas-dynamic characteristics of plasma of free-burning arc in argon
at atmospheric pressure with tungsten cathode and copper water-cooled anode was performed in the anode region and
column of welding arc based on self-consistent mathematic model of processes of heat-, mass- and electric transfer. Results
of calculation of current density on the anode and heat flow in the anode are compared with the available experimental
data. It is shown that considering of the anode potential drop in the model provides more accurate predictions of the
characteristics of heat and electric interaction of arc plasma with anode surface.

K e y w o r d s :  fusion welding, electric arc, refractory cath-
ode, arc characteristics, modelling of heat-, mass- and electric
transfer

Information about thermal, electric and dynamic ef-
fects of arc on welded metal is necessary for efficient
application of the electric arc as a heat source in fusion
welding. Investigation of welding arcs using the
mathematic modelling methods [1—8] seems to be rele-
vant since experimental determination of charac-
teristics of the welding arc important from techno-
logical point of view such as density of electric current
and heat flow over the surface of welded part is com-
plicated due to high values of temperature of arc
plasma and metal surface temperature, small geometry
of region of arc fixation and series of other factors.

Let us consider the electric arc with refractory
cathode burning in inert gas at atmospheric pressure.
The main attention will be given to the processes tak-
ing place in a column and anode region of the arc
since theory and mathematic models of cathode phe-
nomena, including processes in a near-cathode plasma,
were developed in sufficient details for such an arc
[9—12]. Study [13] proposed a self-consistent mathe-
matic model of indicated processes for conditions of
nonconsumable electrode welding and plasma weld-
ing. The aim of the present work is a verification of
given model by means of numerical investigation of
distributed characteristics of plasma of column and
anode region of a free-burning arc with tungsten cath-
ode and copper water-cooled anode and comparison
of obtained results with available experimental data.

Two interconnected models are included in the
self-consistent mathematic model of the processes of
energy-, mass- and electric transfer in the column and
anode region of the welding arc with refractory cath-
ode in accordance with approach applied in [13]:

• model of arc column describing interaction of
thermal, electromagnetic, gas-dynamic and diffusion
processes in multicomponent plasma of the arc column;

• model of anode region which allows determining
characteristics of thermal and electric interaction of
arc with anode surface (part), necessary for analysis
of thermal, electromagnetic and hydro-dynamic proc-
esses in welded metal.

Model of the anode region of arc with evaporating
anode proposed in study [13] allows calculating dis-
tribution of anode potential drop Ua = —Δϕ along the
anode surface and density of heat flow qa, being en-
tered in the anode by arc, depending on current density
on the anode ja, temperature of electrons of plasma
near the anode Tea as well as temperature of its surface
Ts. Distribution of ja and Tea along the anode surface
can be determined with sufficient accuracy in model-
ling of the arc with refractory cathode based on the
model of arc column with self-consistent boundary
conditions on the anode.

Comparison of calculation value Δϕ with one ex-
perimentally measured for the case of application of
the arc with tungsten cathode and copper water-cooled
anode burning in argon at atmospheric pressure (arc
current 200 A, 10 mm length) was carried out for
verification of conformity of selected model of anode
processes. The following experimental data [14, 15]
were used in calculations: ja = 3.5⋅106 A/m2, Tea =
= 9840 K, Ts = 720 K, that provides Δϕ = 4.04 V.
Obtained calculation value complies with experimen-
tally measured Δϕ = 4.01 V [15] with high accuracy.
Figures 1 and 2 show applied in further calculation
dependencies of Δϕ and qa on temperature of electrons
in the near-anode plasma and density of electric cur-
rent on the anode for the free-burning argon arc with
refractory cathode and copper water-cooled anode.
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