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The paper deals with the issues of mathematical modelling of turbulent flow of electric arc plasma in
straight and reverse polarity plasma cutting. It is noted that the main complexity of modelling reverse
polarity cutting arises at description of plasma flow in near-electrode regions. In view of that, it is proposed
to describe arc electromagnetic characteristics in the cut cavity proceeding from the known experimental
data. Detailed comparative analysis of the influence of plasmatron operating modes and arc polarity on arc
discharge electric characteristics, thermal and gas-dynamic characteristics of the plasma flow is performed
on the base of numerical modelling. 17 Ref., 1 Table, 5 Figures.
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Plasma cutting is currently widely accepted in
industry, primarily owing to high productivity
and accuracy of the cutting process, as well as
other factors, providing competitive advantages
over other thermal cutting processes [1, 2]. So,
for instance, laser cutting is inferior to plasma
cutting, because of the high cost, as well as sig-
nificant limitation on thickness of cut blanks (ap-
proximately 4 mm for metals), and oxygen cut-
ting is inferior to plasma as to cut quality, cutting
process effectiveness being largely determined by
oxygen purity. Here, wider application of plasma
cutting in practice is restrained by a number of
limitations, inherent to this technology, among
which we should, first of all, note the thickness
of blanks being cut, limited by approximately
70 mm for steels [1]. Therefore, the priority tasks
set for specialists involved in development of
plasma cutting technologies, are increasing maxi-
mum cut thickness, alongside increase of cutting
speed and blanks cutting-out accuracy, reduction
of specific energy consumption, etc. These tasks
can be solved by increasing the heat input in the
cut zone, as well as providing more uniform heat

distribution across the cut thickness, alongside
creation of favorable gas-dynamic conditions for
molten material blowing out.

Technological potential for equipment devel-
opment for straight polarity (SP) plasma cutting,
widely applied in practice, has practically been
exhausted that is related to physics of the proc-
esses occurring here. In this connection, plasma
cutting with application of reverse polarity (RP)
arc, is an urgent direction of this technology de-
velopment, fully meeting the modern industry
requirements [1-3].

However, despite the fact that RP plasma cut-
ting has been developed since 1970s, the process
is still insufficiently studied, that does not allow
designing reliable high-productivity cutting plas-
matrons. Now, development of plasma cutting
processes, alongside creation of the respective
equipment (plasmatrons), is closely connected
with deep and comprehensive study of physical
processes running both in such plasmatrons, and
in processed material. In particular, gas-dynamic,
thermal and electric characteristics of arc plasma,
generated by such plasmatrons, have a strong
influence on productivity, stability, as well as
resulting quality characteristics of plasma-arc
processes of material processing. Here, in view
of the complexity of these processes, mathemati-
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cal modelling methods are extremely important
in performance of research aimed at improvement
of plasmatron designs and selection of their op-
timum operation modes.

Development of mathematical model of arc
plasma, generated by cutting plasmatrons in their
operation both at straight and reverse polarity,
as well as its application for conducting numeri-
cal experiments, were exactly the objective of
this work.

There is a sufficient number of publications,
devoted to theoretical studies of gas-dynamic,
thermal and electromagnetic processes in plasma,
generated by plasmatrons operating at straight
polarity (see, for instance, [4-8]). Adequate
mathematical models of plasmatrons with both
transferred and non-transferred arc have been de-
veloped, allowing for a multitude of factors, in-
cluding geometrical parameters of plasmatron
working channel, turbulent nature of plasma
flow, non-uniformity of electromagnetic field
[9], etc.

These models are based on a system of Navier—
Stokes magnetogasdynamic (MGD) equations
[4-6], closed by additional equations, or rela-
tionships, describing the used turbulence model,
magnetic component of pressure, etc.

A simplified system of MGD equations in
boundary layer approximation can be used in
most of the cases, which is derived from the con-
dition of smallness of axial gradients of tempera-
ture and velocity of plasma, compared to radial
ones [10]. A simplified model is used here to
describe the arc electromagnetic characteristics,
which is based on the assumption of smallness of
radial component of electric current density,
compared to axial component (j, << 7,). In the
case of transferred-arc plasmatrons, in which part
of the arc is running in open space, Maxwell
equation [9] is applied for a more correct descrip-
tion of arc electromagnetic characteristics, for
the solution of which boundary conditions are
distributions of arc electromagnetic charac-
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teristics in near-electrode regions, which are as-
signed proceeding from experimental data. The
best studied here are the processes on refractory
(tungsten) cathode and in the near-cathode re-
gion of SP arc, running in different inert gases.

On the other hand, there are no models, de-
scribing the characteristics of electric arc plasma,
generated by plasmatrons with RP arcs. In par-
ticular, during plasma cutting, RP electric arc
continuously changes its length, while interact-
ing with the gas flow, electromagnetic fields,
walls of the electrode, nozzle channel and cut
cavity, that makes the running processes complex
for mathematical description. In this connection,
at construction of mathematical model of cutting
plasmatron, it appears rational to apply Navier—
Stokes MGD equations together with the data
of measurement of integral and distributed char-
acteristics of arc plasma, generated by the plas-
matrons operating at reverse polarity. Data of
such measurements are given, for instance, in
[2], and, in fact, allow selection of distributions
of plasma parameters in near-electrode regions,
required for further calculations. Application of
these principles was exactly the basis for con-
struction of a mathematical model of cutting plas-
matrons with the arc of both straight and reverse
polarity.

Problem definition. To construct a mathe-
matical model of plasma arc at straight and re-
verse polarity air-plasma cutting, let us consider
plasmatron schematic, given in Figure 1. Let us
assume that constricted transferred arc runs be-
tween hollow electrode (anode or cathode, de-
pending on arc polarity) and metal being cut,
closing in the cut cavity. The arc runs both in
the inner regions — plasmatron channel and cut
cavity, and in the open section between plasma-
tron nozzle edge and surface of item being cut.
Hollow electrode with inner radius R,, is located
at distance Z, from plasmatron outlet nozzle edge
with the region of arc binding at z = Z,. Plasma
gas with flow rate G is fed swirled through an-

B B -
Z,. Z;-z ¥4

z=10 Za

Figure 1. Calculation schematic of cutting plasmatrons and cut item in straight and reverse polarity cutting (for desig-
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nular channel Z; <z<Z, at » = R,,. Then plasma
gas is heated and accelerated by the electric arc,
and passing through convergent tube (Z5 < z <
<Z,) and outlet nozzle of radius r = R, and
length Z, it flows out into the environment. The
arc expanding in the external area, then goes into
the cut cavity, becoming constricted by its walls.
Location of the arc basic spot in cut cavity (z =
= Z.) can change within the thickness of item
being cut, i.e. in region Z 4 <z < Z 5.

We will consider the simplest variant of a
stationary discharge in axially symmetric plas-
matrons, operating in plasma gas turbulent flow
mode, when the influence of electromagnetic fac-
tors on the nature of turbulence can be ignored,
i.e. it can be considered purely gas-dynamic. The
latter means that pulsations of current density,
magnetic field intensity, as well as electric con-
ductivity coefficient can be neglected, consider-
ing these values as averaged.

We will take the following assumptions for
mathematical description of arc plasma flow in
cutting plasmatron:

e considered plasma system has cylindrical
symmetry, and the processes running in it are
assumed to be stationary;

e disturbances, introduced into the flow, when
bypassing the ledges in channel expansion planes,
do not have any essential influence on the jet
thermal and gas-dynamic characteristics;

e plasma isin the state of local thermodynamic
equilibrium, plasma natural radiation is volu-
metric;

e main mechanism of plasma heating is Joulean
heat evolution (work of pressure forces and vis-
cous dissipation can be neglected), and energy
transfer in the plasma flow occurs due to heat
conduction and convection (natural convection
is disregarded);

e plasma flow is viscous, subsonic, flow mode
is turbulent;

e external magnetic fields are absent.

Tangential feeding of plasma gas into the plas-
matron working channel and its relatively high
flow rate should be also taken into account.

Basic equations. Allowing for the assump-
tions made, gas dynamic and thermal charac-
teristics of plasma flow generated by cutting plas-
matron can be described by the following system
of MGD equations (with gas swirling) in the
approximation of turbulent boundary layer for
time-averaged values of plasma temperature and
velocity [5, 6, 10]:

0 10 -
- - =0;
(0w + .~ rp0) ()
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Here, T is the averaged plasma temperature; v =
= (po + p'v') /p, where v is the averaged radial
velocity; p is the averaged plasma density; p’ and
v’ are the pulsations of density and radial velo-
city; u is the averaged axial plasma velocity; w
is the averaged azimuthal rotational speed; p is
the pressure; Cp is the specific heat capacity of
plasma at constant pressure; ¢ is the plasma elec-
tric conductivity; j is the vector of electric cur-
rent density; y is the volume density of natural
radiation power; i and  are the total coefficients
of dynamic viscosity and heat conductivity of
plasma, which are a sum of molecular and tur-
bulent viscosity and heat conductivity, respec-
tively; p, is the universal magnetic constant;

H(P:%Ezjordr )
0

is the azimuthal component of arc current mag-

netic field, where E, is the axial component of

electric field intensity.

Within the used boundary layer approxima-
tion, description of distributed electromagnetic
characteristics of the arc is performed under the
condition that j, << j,. In this case, addendum
j?/c in equation (4), describing energy evolu-
tion in the plasma due to electric current flowing,
becomes ]'g /. Here, the axial component of arc

electric field intensity is practically constant
across channel cross-section [6], and is found
from the condition of total current preservation:

R(2)

I=2nE, _[csrdr, (6)

0

where R_(2) is the radius of current-conducting
region.

Considering that plasma conductivity is prac-
tically zero outside this region, calculated region
radius can be used as upper limit of integration
in formula (6), i.e. in the channel (z < 0) it can
be assumed equal to channel radius R.(z) =
= R,(2), where R,(2) = R, at z < Z,, R,(2) =
=R,at Z, <z<0,and R,(2) = R, + ((z -
Z)/(Zs=Z))R,—R,) at 53 <z<Z,; in open
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region (0 <z <Z, )R (z) — Rs(z) =R, and in
cut cavity (Zy4 <z < Z,) — Ry (2) = R, (see
Figure 1).

Pressure distribution within the plasma-form-
ing channel (z < 0) is determined allowing for
magnetic component of pressure and gas swirling:

R(2)

dp,
D= Port —_[Edz +H0EZJGH¢d7_
z r

R,2)

—Ip&—’zdr,
. r

)

where p, ., is the ambient pressure.

Gas-static pressure gradient dp,./d, in bound-
ary layer approximation is also constant across
the channel section [10] and is determined from
the conditions of preservation of total mass flow
of plasma gas:

R (@)

poG = 2n J purdr , ®)

0

where p is the gas mass density under normal
conditions; G is the volume flow rate of gas. In
the open discharge region, as well as in the cut
cavity (z > 0) pressure is given by the following
expression:

R(2) R(2)
w
p:pext+H0Ez_[GH(pd7’__[p7d1’. )
7 7

System of equations (1)—(9) is complemented
by the following relationships:

x=xT, p);
v =y(T, p),

p=p(T, p);
n=n(, p);

C,=C,T, p);
c=o(T, p);

(10)

determining the dependencies of thermodynamic
characteristics, molecular transfer coefficients
and optical properties of plasma on temperature
and pressure. Detailed tables of the above values
for the used plasma gases are given, for instance,
in [6, 11].

In the section of currentless (inertia) plasma
flow, which under the described conditions can
occur in the cut cavity beyond the arc binding
region (z > Z,), the same system of gas-dynamic
equations can be used, assuming E, = H,=0.

Turbulence modelling. Coefficients of dy-
namic viscosity and heat conductivity of plasma
used in the above equations have the following

form:
N=n+ns L=%+% (10)

where n, y are the coefficients of molecular vis-
cosity, determined according to (9); n,, x, are
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the coefficients of turbulent viscosity and heat
conductivity.

Turbulent transfer coefficients were deter-
mined using k—¢ model [12], in which coefficients
of turbulent viscosity and heat conductivity are
given by the following expressions:

732
Cup(k) } 11)
nt: £ )
C
=n, L 12)
Xe =1 )
t tPrt

where & is the kinetic turbulence energy; ¢ is the
turbulence dissipation rate; C = 0.09 is the em-
pirical constant; Pr, is the turbulent Prandtl
number, which is selected according to recom-
mendations of [13], or is taken equal to a unity
[6]. Equation of turbulent viscosity is closed by
equations of transfer for kinetic energy of turbu-
lence and dissipation rate:

1 0 up G (13)
=——\rin+=—|—|+G - pg;
r or n Pr,| 5 p
[ 68+_6a)
u—+ov—|=
P z or
10 " | g 2 U0
t € €
=——|rin+— C.G=-C,p—.
”67[ [Tl PJ r ! 2pk

2
ou
Here, G =n, (a—] is the source term, and C,,
r

C,, Pr, Pr_are the constants of k—& model of
turbulence, equal to 1.44, 1.92, 1.3 and 1.0, re-
spectively.

Boundary conditions. To close the described
system of equations, it is necessary to assign the
boundary and initial (input) conditions, corre-
sponding to the considered conditions of plasma
cutting (see Figure 1).

The following conditions were assumed to be
valid on the system axis of symmetry (r = 0):

or  ou ok

=0;—=0;2=0 —:0;@:0.

or or or or

On plasmatron walls, i.e. at z < 0 and » =
= R,(2), «sticking» condition is set and cooled
Waﬂ7 temperature T, is assigned, i.e.

T =Teo. (16)

u=v=w=0;

To assign k and ¢ values near the channel wall,
it is necessary to apply the near-wall function
[12, 14], determining the above values as follows:
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2 3
* . = Uy (17)
\/C_, kO(RC—r)’

where k, = 0.41, and w. is the solution of tran-
scendental equation (logarithmic wall law):

. 1 {Apu*(RC - r)}
Pl s R
where A = 9.0 is the wall roughness parameter.
Expressions (17), (18) are used for correct
allowance for viscous underlayer at determina-
tion of % and ¢ in near-wall region, i.e. at y*" =
= p(R, —ru«/n <", where f" is selected in the
range of 20—-100 [14]. Equations (13), (14) of
fully developed turbulent flow are used to de-
scribe the flow inner region (y* > f).
Conditions of smooth coupling with the envi-
ronment are selected on the external boundary
of calculated region (open section):

(18)

T=T u=v=w=0. (19)

ext’

Considering the complexity of mathematical
description of the region of plasma flow near the
arc basic region in plasmatron discharge chamber,
initial conditions were set in z, = Z; section:

o(r, zg) = 0;

w(r, zg) = wy(r);

u(r, zg) = uy(r);
T(r, zy) = Ty(r).

(20)

Used as initial conditions uy(7), wy(r), To(r)
was the solution for arc in plasmatron channel
I}a oTe—dimensional approximation (at o = 0 and

v

=0, where v = {T, u, 7, rw}):

0z
0|—0 0
l—(n—uJ—p=0; 1)
T or or 0z
2
13(,—@}_1__WZ )
T or or) °©
I, A
300
200
100
0 20 40 60 z, mm

Figure 2. Change of total current of plasma arc along the
cut cavity at straight (1) and reverse (2) polarity cutting
at I =315A, G=34m°/h, Zy — Z,; =70 mm, R, =
= 5.5 mm

14

complemented by empirical distribution of azi-
muthal rotational speed [6]

w(r)=A1 — eikrz)/r, (23)
where A and k constants are related to maximum
speed and its coordinate 7,

k=1.25/r";

m’

A=1.4r, w

m=m’

T = R/3.

Equations (21)—(23) were closed by expres-
sions for arc current (6), plasma gas flow rate
(8), as well as boundary conditions on the axis
of symmetry (15) and walls of plasmatron chan-
nel (16). Solution of equation (21)—(23) was
determined for assigned arc current I and plasma
gas flow rate G, = €G, where ¢ was taken equal
to 0.05.

Volumetric flow rate of plasma gas through
plasmatron working channel was determined al-
lowing for vortex feeding of plasma gas via an-
nular channel Z, <z < Z,:

0,z<24,

z -7y
G = ﬁG1’Z1<Z<22’

G1,22<2<O,

(24)

where G, is the volume fraction of plasma gas
fed into plasmatron working channel.

And, finally, in cut cavity (Z, < z < Zz)
conditions (15), (16) were set, and arc current
distribution along the cut cavity was assigned:

I, =1.2), (25)

which was determined proceeding from experi-
mental data.

Current distribution along the cut cavity. To
assign distribution of arc current of straight and
reverse polarity along the cut cavity during plas-
matron operation, experimental data [2] were
used, which were the basis for construction of
interpolation polynomial. Here, considering that
the results of [2] were obtained for working cur-
rent of 90 A, current values in the cut cavity
were determined in proportion to cutting plas-
matron working current I, used in calculations.
Figure 2 gives current distributions in the cut
cavity, plotted for arc current of 315 A.

Computer modelling results. Defined prob-
lem was solved numerically, by the method of
finite differences [15, 16]. Main difference
scheme for integration of systems of equations of
the type of boundary layer equation was used
[17]. Second-order differential equations (2),
(3), (13), (14) were approximated by implicit
two-layer six-point difference scheme, and first-
order equation (1) — by explicit four-point
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Figure 3. Distribution of axial values of plasma velocity (a) and temperature (b) along the axis of constricted arc
generated by cutting plasmatron at its operation at straight (7) and reverse (2) polarity

scheme. Derived algebraic system of difference
equations was solved by sweep method using lay-
ered iterations over z, with which global itera-
tions over pressure were used to obtain a solution
in cutting plasmatron channel.

Proceeding from the developed physico-
mathematical model, corresponding to computa-
tional scheme and software for is computer re-
alization, numerical analysis has been performed
of the characteristics of turbulent flow of arc
plasma generated by the cutting plasmatron at
different modes of its operation, both at straight
and at reverse polarity.

During calculations, geometrical parameters
of cutting plasmatron (internal dimensions of
hollow anode, swirler, outlet nozzle) were as-
signed as follows (see Figure 1): R, = 2 mm,
Z,=-8mm, Z3=-13 mm, Z, = —17 mm, Z =
=-18.5 mm, zZ,= —58.5mm, R,= 7 mm. Distance
to item being cut Z,., was assumed to be equal
to 12 mm, thickness of cut item Z, — Z, =
= 70 mm, cut cavity diameter — 11 mm. The
following parameters were used as the main pa-
rameters of cutting plasmatron operation: arc
current I =315 A, plasma gas (air) flow rate G =
= 3.4 m3/h. Ambient pressure was atmospheric.

Let us, first of all, consider the results of cal-
culation of distributed characteristics of plasma
flow, generated by cutting plasmatron at its op-
eration at straight and reverse polarity. Calcu-
lated distributions of the values of plasma tem-
perature and velocity along the plasma jet are
given in Figure 3.

Proceeding from the presented results, plasma
behaviour in the considered plasmatron, as well
as in the open region and in cut cavity, can be
presented as follows. Cold plasma gas entering
the plasmatron via annular channel Z, < z < Z3
is gradually drawn into the flow. On the other
hand, plasma flow core starts forming gradually
in this flow section. However, annular near-wall
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flow of cold gas prevents expansion of heated
plasma regions, resulting in formation of quite
narrow current-conducting region, in which
plasma temperature reaches the values of 15—
24 kK at quite low flow velocities.

Further plasma flow in plasmatron working
channel is associated with expansion of flow core
in the region Z, <z < Z3 and plasma temperature
drop on the axis. Then, passing into the conver-
gent tube Z3 < z < Z,, the plasma flow is com-
pressed, plasma velocity and temperature rising
significantly. By the moment of entering plas-
matron outlet nozzle Z, < z <0, the plasma flow
practically completely fills the channel section.
Being squeezed by relatively narrow walls of
plasmatron outlet nozzle, the flow is intensively
accelerated and heated by the electric arc, reach-
ing the values of plasma velocity and temperature
of the order of 5000 m /s and 20 kK, respectively,
on plasmatron nozzle edge.

Then plasma arc flows into open region 0 <
<z <Z,, in which the plasma flow is somewhat
expanded, that leads to lowering of the values
of plasma velocity and temperature in the open
region. Here, plasma in the flow is still exposed
to electromagnetic forces, being in the region of
electric arc impact. Then, penetrating into the
cut area, the plasma arc is squeezed by its walls.

Differences in plasma flow parameters at
straight and reverse polarity cutting are ob-
served, primarily, in the cut cavity, that is asso-
ciated with the nature of current distribution
along the cut length in different arcing modes.

At SP cutting, plasma velocity and tempera-
ture decrease quite intensively, when going
deeper into the cut cavity. In this case, the largest
heat flow will come to subsurface regions of the
item being cut. Now, at RP cutting distribution
of plasma velocity and temperature along the cut
cavity is of a more uniform nature; therefore in-
tensive heat evolution in the arc occurs over the

15




, SCIENTIFIC AND TECHNICAL

Arc voltage in plasma cutting at straight and reverse polarity

U, V, at
Polarity U,, V (experiment) | U,, V (calculation)
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Figure 4. Dependencies of voltage drop across different parts of constricted arc column on current (@), plasma gas flow
rate (b), radius (c), length (d) of plasmatron outlet nozzle and distance to cut item (e): 1 — total arc voltage drop;
2 — voltage drop inside hollow electrode; 3 — in plasma-forming channel; 4 — in arc open section; 5 — in cut cavity
at plasmatron operation at reverse (7', 5') and straight (1", 5"") polarity

16 10/2015




W, kW

140

120

100

80

240 360 I, A

100 L L

2.5 R., mm

SCIENTIFIC AND TECHNICAL t

W, kW
160 |
1
140 |
2
20p ]
100 1 1 I ]
3 4 5 6 7 G, m3/h
b
140
/
1
130 |
120 |
/
110 | ?
100 1 1 1
6 d 7 8 9 Z4, mm

Figure 5. Dependencies of plasmatron total electric power on arc current (@), plasma gas flow rate (), radius (¢) and
length (d) of plasmatron outlet nozzle at operation at reverse (1) and straight (2) polarity

entire depth of cut cavity that promotes increase
of cutting process effectiveness.

Calculated total arc voltage, as well as voltage
in arc individual regions, compared to experi-
mentally measured voltage at cutting of 70 mm
thick steel sheet in the considered plasmatron
operation mode, are given in the Table.

Estimation of the value of total voltage drop
across the cutting arc was performed under the
following conditions: it was assumed that voltage
drop near the regions of arc cathode and anode
binding was equal to 10 V in sum; voltage drop
in hollow electrode (Z, <z < Z;) was evaluated
using experimental findings, in keeping with
which at SP cutting the arc binding is performed
near the hollow electrode farther wall (Z, = Z; ~
~ 40 mm), and at RP cutting — near the channel
of plasma gas feeding (Z, = Z; ~ 10 mm).

Let us now consider the results of calculation
of integral electric and energy characteristics of
the plasmatron at different sets of parameters of
the process of straight and reverse polarity
plasma-arc cutting (Figures 4 and 5).

As follows from Figure 4, a, calculated volt-
ampere characteristic of the arc is a falling one
in the considered plasmatron. Contrarily, de-
pendence of arc voltage on plasma gas flow rate
at constant I, = 315 A is a rising one. One can
see from Figure 4, b that at increase of plasma
gas flow rate (above 5-6 m3/h) restructuring of
plasma flow in plasmatron channel occurs, that
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affects the change of flow parameters in the ex-
ternal region and in the cut area and, in its turn,
leads to a change of the nature of voltage drop
in these regions.

Influence of such geometrical parameters on
arc voltage drop, as configuration of plasmatron
working channel and distance to the item being
cut, is given in Figure 4, c—e. It is shown that
increase of arc column length leads also to in-
crease of voltage drop value. Now, expansion of
current channel, associated with increase of plas-
matron outlet section diameter, leads to lowering
of arc voltage.

Figure 5 gives the calculated dependencies of
plasmatron electric power on its operation modes
and geometrical parameters of working channel
at plasmatron operation both at straight and at
reverse polarity of the arc. Plasmatron electric
power grows practically linearly at increase of
arc current, as well as plasma gas flow rate (Fi-
gure 5, a, b). Drop of plasmatron power values
occurs at increase of plasmatron outlet nozzle
radius (Figure 5, ¢). This is related to increase
of current channel dimensions and smaller volt-
age drop in the section, which corresponds to
plasmatron working channel.

On the whole, derived results are indicative
of the good prospects for application of the pro-
posed approach to mathematical description of
electric arc plasma, generated by cutting plas-
matrons at their operation both at straight and
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at reverse polarity, as well as the possibility of
application of the developed mathematical model
and software for its computer realization, when
retrofitting the design and selection of optimum
operation modes of such plasmatrons.

Conclusions

1. A mathematical model of thermal, gas-dynamic
and electromagnetic processes in arc plasma gen-
erated by cutting plasmatrons at their operation
both at straight and reverse polarity was pro-
posed. This model can be used for calculation of
distributed and integral characteristics of arc
plasma flow, generated by such plasmatrons in-
side the working channel, in open region of the
arc, as well as in the cut cavity. The model allows
conducting numerical analysis in broad ranges of
variation of arc current and plasma gas flow rate,
as well as geometrical parameters of plasmatron
working channel and cut cavity.

2. Results of numerical studies of charac-
teristics of arc plasma, generated by cutting plas-
matron at reverse polarity, showed that these
characteristics are significantly influenced by ra-
dius of plasmatron outlet nozzle, thickness of
item being cut, as well as plasmatron operation
parameters.

3. Thickness of item being cut has an essential
influence on integral electric and energy charac-
teristics of plasma arc. Therefore, cutting of thick
items should be performed with application of
power sources, providing operation in a broad
range of working powers (up to 200 kW) and
voltages (100-500 V).
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