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Abstract – There was measured the potential of 
plasma jet from an electroarc plasmatron and was 
shown that it is numerically equal to the voltage of 
the end part of flow of the plasmatron arc. The 
potential distribution over the plasma jet cross-
section is similar to the temperature distribution. 
  The potential of effluent plasma jet from the 
electroarc plasmatron was studied in works [1, 2], 
there was noted its maximum value is 45 V for air 
plasma and 50 V for air plasma with an addition of 
natural gas. There was also shown that the curve 
trend of the potential distribution over the plasma 
jet cross-section is similar to the curve trend of the 
temperature distribution. Therefore, there was 
studied the plasma jet probing for the purpose of 
data accessing about the processes in it. 

1. Experimental facility 

The experimental facility consisted of plasmatron 
EDP-104 of power 10–27 kW, connected with a nor-
mal polarity, which heated the air to bulk mean tem-
perature Tmean = 3000–5500 K with flow Qair = 1–3 g/s. 
To measure the potential of the plasma jet perpendicu-
larly to it there was moving a steel plate of thickness 3 
mm at a distance of 17–37 mm from the plasmatron 
nozzle at a speed of 7 mm/s. To study the potential 
distribution over the cross section of plasma jet there 
was used electric probe (1) representing the tungsten 
wire with diameter of 0.8 mm, placed in a porcelain 
insulator, from which it protruded for 1 mm length 
(Fig. 1). 

The speed of the probe movement was 7–16 mm/s, 
the distance from the probe tip to the plasmatron noz- 
 

zle was 35–85 mm. The potential of the probe through 
voltage divider R1–R2 was fed to high-speed recorder 
H-338 (4) with input resistance of 2 MOhm. The resis-
tance of divider was either R2 = 1.5 kOhm, 
R1 = 15 kOhm, or R2 = 153 kOhm, R1 = 1670 kOhm. 
In some experiments on the plasmatron nozzle 
through sprayer (3) there was fed the cold air in quan-
tity of 1 g/s at a speed of 150 m/s, so that the ratio of 
dynamic pressures of the cold air and the plasma jet 
was equal to 2. 

2. Measurements of plasma jet potential 

The potential of the plasma jet relating to the grounded 
anode is negative and approximately formed 20% of 
the arc volts (the Table). The dependence of the poten-
tial of the plasma jet from the orifice gas flow and arc 
current of the plasmatron is similar to the dependence 
of the same parameters of arc voltage. This permits to 
put forward the hypothesis that the source of negative 
potential of the plasma jet is a part of the voltage drop 
that was burning between the cathode and the anode. 
Apparently, on the plasma jet, which is an ionized gas 
flow, there was fed the potential from the most ex-
treme part of the arc flow. The potential value can be 
determined according to the qualitative picture de-
scribing the arc shunting in work [3]: 

0.5 (1 1/ sin )jU Er= + α , 

where E is the electric field on the arc, r  is the radius 
of the anode of the plasmatron, α  is the angle be-
tween segment of the arc from the anode spot and the 
anode of the plasmatron. 

 
Fig. 1. Experimental facility for probing of plasma jet and potential distribution over the cross section: a – Rd = 1823 kOhm,  
l = 35 mm; b – Rd = 16.5 kOhm, l = 35 mm; c – air-feeding to the plasmatron nozzle Rd = 1823 kOhm, l = 85 mm (1),  
  l = 65 mm (2), l = 45 mm (3) 
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Potential of the plasma jet 

Ipl, А 50 50 50 50 80 100 100 100 100 
Upl, V 200 220 260 310 200 170 190 230 270 
Qair, g/s 1.0 1.5 2.0 3.2 1.5 1.0 1.5 2.0 3.2 
Тmean, К 3800 3300 3100 2700 3900 5400 4400 4100 3500 
Uj, V 40 50 60 70 42 35 40 50 55 

 
The potential of the plasma jet pulses at a fre-

quency ripple of the voltage arc of the plasmatron [3] 
from Er  to / sinEr α . At the borders of the plasma 
jet with temperature drop the degree of ionization de-
creases and the electrical resistance increases and is 
comparable with internal resistance of the voltmeter. 
Therefore, the voltmeter readings begin to fall. This 
assumption was verified by the instrumentality of the 
voltmeter with variable internal resistance. When 
switching to a lower internal resistance value of the 
potential on the borders of the plasma jet decreased. 

3. Potential distribution over the plasma jet cross 
section 

Measurements showed that the potential distribution 
over the plasma jet cross section, measured by the 
tungsten probe (Figs. 1, a, b), depends on the resis-
tance divider Rd = R1 + R2. If the resistance of the 
voltage divider and the recording voltmeter had been 
equal to infinity, then, obviously, the value of the po-
tential would have been the same at all points of the 
jet. But as it has a defined finite value, so the voltage 
divides proportionally to resistances of the divider and 
part of the plasma jet from the anode to the tip of the 
probe Rpl. 

 plj dU IR IR= + ,  (1) 

where I is the current of the probe. 

  If Rpl << Rd, then Uj = IRd = U'j,  (2) 

  if Rpl >> Rd, then Uj = IRpl.  (3) 

As Rpl = f(Tpl), where Тpl is the temperature of the 
plasma, the resistance of the plasma jet part is mainly 
concentrated in the region, which is adjacent to the 
probe (as the cold and, consequently, the least con-
ducting region), so under condition (3) there can be 
evaluated the temperature of the plasma jet by the 
readings of the recorder. Then from (1) 
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Thus, the curve of the potential distribution over 
the plasma jet cross section will repeat the curve of the 

temperature distribution only under condition (3). For 
example, curve 1 in Fig. 1, c. Under condition (2) it 
turns that U'j = Uj = const, as can be seen in Fig. 1, a 
as well. Trend of the potential curve doesn’t conform 
to trend of the temperature curve and only in extreme 
regions of the plasma jet by b > 12 mm condition (3) 
holds for the case in Fig. 1, a and by b > 10 mm 
Fig. 1, b. In the air side feed (Fig. 1, c) there is also 
observed the shift of the potential maximum relative 
to the plasmatron symmetry axis. 

Figure 2 shows the results of the potential measur-
ing and the temperature measuring over the plasma jet 
cross section. It is seen that the curves of the potential 
and the temperature are the same (except for border 
regions) with l = 35 mm and do not the same with 
l = 85 mm. Consequently, when moving away from 
the nozzle of the plasmatron and cooling the plasma 
jet “degenerates” into usual thermal jet. 

Thus, the temperature determination by the poten-
tial measuring of the plasma jet is permissible, starting 
from a certain distance (temperature). 

The advantage of this method of temperature 
measuring is noninertia. In addition, measuring the 
potential of the plasma jet, one can measure the fol-
lowing quantities: 

 

– speed of the plasma jet and its distribution over 
the cross section of the jet;  

– pulsations of rectified voltage of the plasmatron 
power source;  

– hydrodynamic pulsations of the plasma jet;  
– region of cold gas mixing with the plasma jet;  
– region of heat absorption in chemical reactions;  
– thickness of the boundary layer in the plasma 

heating of the metal surface. 
 

By measuring the potential there can be found the 
region of the non-degenerate region plasma jet, that is 
the boundary beyond which the plasma, containing 
charged particles, jet is going into a usual thermal jet. 

The shown examples give hope that the method of 
diagnosis of plasma jets by passive electric probe will 
play a definite role in the studies of low temperature 
plasma jets. 

Thus, the temperature determination by potential 
measuring of the plasma jet is allowed starting from 
some distance (temperature). The advantage of this 
method of temperature measuring is noninertia. The 
above-listed facts allow us to hope that the new 
method of diagnostics of plasma jets will play a defi-
nite role in the studies of low temperature plasma jets. 



Poster Session 

763 

 
a                                                                                   b 

Fig. 2. Curve shape of temperature (1) and potential (2) over the plasma jet cross section: Rg – 16.5 kOhm, Upl – 240 V, Ipl – 
  50 А, l – 35 mm (а), l – 85 mm (b) 
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