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In generalizing the volt-ampere characteristics and efficiency data 
for floating-arc plasmatrons, the diameter of the output channel is 
usually taken as the linear characteristic dimension. At present, the 

problem concerning the effect of the diameter on the plasmatron charac- 
teristic has still not been solved even for the simplest design schemes. 

This study deals with the effect of the diameter on the volt-am- 
pere characteristic and efficiency of a one-chamber plasmatron with 
any type of arc~stabilization. A description of the equipment and ex- 
perimental technique is given in [1]. 

For this study, geometrically similar plasmatrons were prepared 
with anode-channel diameters of 4, 8, 16 mm and a relative output- 
electrode length l i d  = 10 (d is the electrode diameter). 

Possible deviations from geometric similarity in the arc-channel 
system were not taken into account; deviations from hydrodynamic 
flow similarity in the eddy chamber had an insignificant effect on the 
arc-formation process. 

The table gives the basic experimental data for the tested plasma- 
iron. The similarity criteria were determined from the mean-mass 
temperature and the static pressure at the channel outlet, This meth- 
od of generalization which has been used before in [1] makes it pos- 
sible to allow approximately for the change in the physical properties 
with heating. 

The figure shows the generalized volt-ampere characteristic ob- 
tained from the experimental results. The experimental points on the 
figure correspond to the following pairs of experimental values for 
O (g/see) and Pz (mmHg): I (0.62, 760), 2 (0.82, 146-255), 3 (1.05, 
752), 4 (I.03, 84-106), 5 (1.78, 745), 6 (1.65, 42-44). 

With a spread of .~12%, the data fit the relationship [1] 

Ud { I ~ \ J A  -0.5 
-7 -  = l I ~ 1 7 6  nd �9 (i) 

Here Rd is the Reynolds number, I is the arc current, O is the gas 
flow rate, and U is the voltage. The experimental data cover the 
range of values 

R a ~ 4 .t02 --  I .10 a, I~/Gd .~. 0.3.10 s -- t .t0 s . 

The volt-ampere characteristic in this generalization is invariant 
with respect to the diameter. 
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in gas density was considered. Experiments with plasmatrons of var- 
ious diameters have made it possible to obtain a clear estimate of 
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the effects of this factor on arc formation. The figure also shows (1 - 
- ~)/~ as a function of Rd (K) I/z, where K is the Knudsen number. 

Clearly, the experimental data can be satisfactorily generaIized 
in this coordinate system. However, a more detailed consideration 

shows that there is evidently an additional weak effect introduced by 
the linear dimension of the plasmatron. This may possibly be due to 
some impairment in the internal geometric similarity with respect to 
the position of the electrode spot and eddy formation in the chamber. 

The physical meaning of the term Rd (K) 1/2 for a laminar boundary 

layer at the plasmatron chamber walls is sffli not quite clear. Formally, 
we can consider this term, for example, as representing the existence 

of some effective linear scale d* = (dA) z/2, where d is the controlling 
dimension and A is the mean free path. 

The thermal characteristic of these plasmatrons can be given by 
the expression 

( t  - -  n) l n =  7 . 2 ( n a  I / R )  -v ,  , (2) 

which is accurate to within • 
On the basis of the obtained relationship it is easy to analyze the 

effect of the anode diameter on the thermal losses under different 
conditions. 
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