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A method for the determination of the current-voltage characteristics of a one-chamber three-phase 

industrial-frequency plasmatron is considered. The form of the characteristics is set proceeding from general 

laws governing a gas flow past an arc; a numerical value of the coefficients entering these characteristics is 

calculated with account of the data obtained in the experiment. 

One of the main characterist ics of an electric-arc plasmatron in general ,  and  of a three-phase plasmatron 

in particular, is its current-voltage characteristics (CVChs).  In this case a special fea ture  of three-phase plasmatrons 

is the fact that direct measurement  of CVChs of them is impossible, because one can measure neither current  nor  

voltage on the arcs. Thus,  in p lasmatrons  of the "star" type the value of the voltage on the arc is indeterminate  due 

to the complexity of the de te rmina t ion  of a common point of the closure of arcs that  lies in the mixing chamber  on 

which phase plasmatrons operate  [ 1 ]. In a one-chamber  plasmatron such an impor tant  characteristic as the current  

of the arc is indeterminate.  Ignition, burning,  and extinction of the arc occur he re  between three electrodes situated 

in one chamber  [2 ]. By design, the chamber  is a converging cylinder with the electrodes positioned on the larger 

end surface. Stabilization of the zone of burning of the arcs is provided by tangential  supply of a plasma-forming 

gas which prevents by-pass of arcs to the walls of the chamber .  As is shown by the experiments,  not more  than 

two arcs burn simultaneously in the volume; with normal operat ion each electrode succeeds in changing the polarity 

twice during the period and the dura t ion of operation of the electrode as a ca thode  and  an anode is approximately 

[he same. 

The sys tem of energy supply of the three-phase plasmatron consists, as a rule,  of a power t ransformer  with 

the inductance as a ballast being int roduced to the secondary  winding, so that in combinat ion with the plasmatron 

the system is a connection of the "start-triangle" type with a nonlinear nonuniform load [3 ]. 

In [4 ] CVChs were de te rmined  experimentally by  switching one of the phases off, so that the value of the 

linear current  corresponded to the current  through the arc. However, on changing the  plasmatron over to a one- 

phase mode the gas-dynamic parameters  in the volume can change and the CVChs will not correspond to a three-  

phase mode of operation. 

The value of the current  in the arcs can be calculated with the value of l inear  currents and the data of 

h~gh-spced shooting,  which indicates  between what pairs of the electrodes arcs burn.  However, this method 

po~.~csses a number  of drawbacks: first, shooting of the electrodes is not always possible; second, a sys tem of 

f rame-by- f rame synchronizat ion with recording of l inear  currents  is required;  and  third,  the accuracy of the 

determination of the instant of ext inguishing and ignition of the arc is low, especially u n d e r  the conditions of diffuse 

burning without a clearly def ined  contour  of the phase-lock and the d iameter  of the arc. These methods  are 

inapplicable to systematic measurements  and control over the operation of the plasmatron.  

The form of the CVChs can be determined on the basis of general laws associated with a gas flow past an 

arc 15, 6 ]. So, in the absence of the outer  magnetic field the generalized CVChs for the fixed composition of the 

gas and the geometry  of the p lasmatron can be presented in the form 
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= A  + C  + B - - ,  i , j , k =  1 ,2 ,3 ;  i ~ j ~ k .  (1) 
Iid I I~i,J J li,f lid 

A generalized resis tance corresponding to each pair of the electrodes is in the left-hand side. 

The  first  te rm in the r ight-hand side is an expression similar to the amount  of convective heat  transfer.  

T he  choice of the  exponential  function is associated with the fact that,  on processing a large amount  of experimental  

data obtained for arcs in convective heat  t ransfer ,  this function has the best approximation compared  to o ther  

two-parameter  relations. The  value of the exponent  lies within the range 0 - 1 .  Here,  if 0 < n < 0.5, then in the 

cu r r en t -vo l t age  coordinates  the CVChs are  increasing, and within the range 0.5 < n < 1 they  are  decreasing. 

The  second term is stipulated by instabili ty of the combustion of the arc. Its effect reflects the fact of 

thermal iner t ia  which in this case depends on the characteristic time of the residence of the plasma within the 

volume of the plasmatron.  The  coefficient C is proportional to the ratio of the time of the res idence  of the plasma 

within the volume of the plasmatron to the characterist ic time of discharge L3p/Gtdisch . It is res t r ic ted  from above 

by either the t ime of re laxat ion of the arc plasma in its free decay or the loss of the emission of the  cathode. 

The  th i rd  term allows for the effect of simultaneous burning of arcs within the same volume. The  magnetic 

fields induced by  the arcs cause electrodynamic forces, the direction of the action of which u n d e r  the  conditions of 

a turbulent flow has an unstable random character .  One can judge Ihe efficiency of this effect by the covariation 

coupling between the voltages. The largest coupling is likely to correspond to burning of the arcs with a common 

portion carrying a current .  At large flow rates ,  i.e., at a small time of residence of the plasma within the volume, 

and with an insufficient effect of the burning arcs on each other, the CVChs correspond to a static characteristic.  

To de te rmine  the coefficients in relat ion (1) numerically, we solve the nonlinear Kirchhoff  equations written 

for a three-phase  circuit. The  value of the voltage on the arcs as a function of time is taken from the experiment.  

The  calculation is made  proceeding from the minimization of the function I Ui, j - UT/xPl 2 for  each a r c  burning 

between the pair  of electrodes.  In the solution we use the method of least squares with account  on ly  for the first 

term in the r igh t -hand  side of (1) and then  the method of quickest descent with account for the remaining terms 

[7]. 

The  solution of the equations of the three-phase  circuit for the determination of the coefficients of (1) on 

transition of the current  through zero does not cause difficulties. For  plasmatrons with a semi-se l f -mainta ined 

discharge the conductivi ty of the interelectrode gap is known a priori or is selected as a resul t  of the calculation 

because it is produced by  the work of the preionizer.  In this case the error  in the determinat ion of the conductivity 

on transition of the current  through zero is not  very substantial. The  calculations show that a two-order  change in 

the conductivity has an effect on the form and  value of current and voltages at nei ther  descending  nor  ascending 

CVChs. For  plasmatrons with a self-maintained discharge in the presence of peaks of ignition of the arcs the 

conductivity of the interelectrode gap is de te rmined  from the condition of equality of voltages Uid = U~/,~ p preceding 

the ignition. 

The  above-descr ibed  method was used to calculate currents and to obtain the CVChs on t~DP plasmatrons 

[8 ], for which a t ransverse  gas flow past the arcs is typical. In this case the design of the p lasmat ron  is such that  

each arc has its own region of burning, which does not overlap the region of burning of the neighbor ing arc. T h e  

presence of a t ime shift between the burning arcs, in one of which the current increases and in the  other  of which 

it decreases, is essential.  An analysis of a mutual ly  covariational function of voltages showed that  the  covariational 

coupling is small. T h e  normalized coefficient of mutual covariation does not exceed 0.1, so in first  approximation 

the interaction of covariation can be neglected.  Pulsations of voltage on the arcs are such that  the  spatial integral 

scale of these  pulsations is not higher than  the characteristic distance between the regions where  the current  is 

carried. In o the r  words,  burning of the arcs is separated in space and time. As a result of processing of the 
P 

experimental  da ta  of CVChs of the EDP plasmatron with end electrodes, which operates on ni t rogen at a pressure 

close to a tmospher ic  and  flow rates of from 30 to 60 g/sec,  is satisfactorily described by one relat ion for the range 

of current of 3 0 0 - 8 0 0  A 
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Fig. 1. Current in the arcs: a) normal mode; b) abnormal mode. 
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The distance between the electrodes is taken to be a characteristic size. The effect of a nonstationary term is not 
substantial here. 

Figure la presents the form and value of the current in the arcs for one of the operating modes of the 

plasmatron. As is seen from the figure the arc discharge between the electrodes is replaced by nonarc transfer of 

the current and at each instant of time not more than two arcs burn, which is in correspondence with the data of 
high-speed shooting. The form of the current is close to triangular. 

Since the characteristic time in the arcs is of the order of 10 -6 - 10 -4 sec, this makes it possible to calculate 

currents in the arcs in nonstationary, transient modes of operation of the supply system of the plasmatron. So, use 

of the power source with a low active resistance for a descending CVCh of the plasmatron can lead to the fact that 

the current between the two pairs of the electrodes will substantially surpass the current between the third pair. 

This abnormal mode of operation of the plasmatron is shown in Fig. lb. In this case the nonuniformity of heat 

release generates additional transverse pulsations of the parameters in the plasmatron. 

The technique suggested allows one to determine the value and form of the current in the arcs of three- 

phase one-chamber plasmatrons and, consequently, to correctly calculate mean and instantaneous power, and the 

obtained results of the calculation of CVChs can form a basis for systematization of the design of these plasmatrons. 

N O T A T I O N  

u, voltage, V; I, current, A; ), velocity of a change in the current, A/sec; L, characteristic size, m; p, 
characteristic density, kg/m3; G, gas flow rate, kg/sec; t, time, sec; A, B, C, n, empirical constants. Super- and 

subscripts: i, j, k, refer to different electrodes; exp, experimental; disch, discharge. 

R E F E R E N C E S  

, 

2. 

3. 

. 

. 

6. 

, 

8 .  

A. S. Koroteev, Plasmatrons. Design, Characteristics, Calculation [in Russian ], Moscow (1993). 

I. A. Glebov and F. G. Rutberg, Powerful Generators of Plasma [in Russian ], Moscow (1985). 

F. G. Rutberg, A. A. Safronov, V. N. Shiryaev, and V. E. Kuznetsov, in: Physics of  Low-Temperature Plasma, 
Proc. of Conf., Petrozavodsk (1995), pp. 422-423. 

M. A. Grigor'ev and F. G. Rutberg, in: Powerful Generators of Low-Temperature Plasma and Methods of Study 
of Their Parameters [in Russian ], Leningrad (1979), pp. 43-51. 

S. S. Kutateladze, Similarity Analysis in Thermal Physics [in Russian ], Novosibirsk (1982). 

M. F. Zhukov, A. S. Koroteev, and B. A. Uryukov, Applied Dynamics of Thermal Plasma [in Russian ], 

Novosibirsk (1975). 

V. N. Vypnik (ed.), Algorithms and Programs for Reconstruction of Relations [in Russian ], Moscow (1984). 
G. G. Antonov, A. N. Brattsev, and F~ G. Rutberg, Promyshl. Teploe'nergetika, No. 4, 90-93 (1997). 

717 


