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ABSTRACT:  
The results of particles velocity measurements of two-phase supersonic plasma flow are presented. 
Heterogeneous plasma flow was formed by the electric arc gas heater of the linear scheme. This setup was 
developed in the Heat and Mass Transfer Institute for the testing of thermal shielding materials of space 
crafts.  A powder of SiO2 was used as a disperse phase. The size of the particles was not more than 50 
microns. The dispensing device was used for the powder injection into the plasma flow. The results indicate 
the velocity field of one of the stable operation mode of the electric arc gas heater with the power of 1.5 MW. 
For the velocity measurements the high-speed camera and the two-pulse Nd:YAG laser were used. Particles 
velocity field was measured in the entire observed area. Velocity on the axis of the plasma flow reaches the 
value of about 1800 m/s. 

 

1 Introduction 
The important application area of electric arc gas heaters is the modelling of spacecraft entry in 
planetary atmospheres [1–4]. Electric arc gas heaters are the only way to produce high-enthalpy flows 
over a long time interval [1]. These flows are necessary for modelling of impact on the materials when 
entering the planet atmosphere at hypersonic speeds. High-enthalpy flow in the plasmatron is created 
by passing the gas through the arc and the subsequent output from converging or diverging nozzle. The 
study of parameters of high-speed two-phase flow and their thermal erosion of the structural elements 
of the thermal protection is of great practical interest. 
The aim of this work was to perform measurements of the velocity of the dispersed phase in a 
supersonic heterogeneous plasma flow formed by the electric arc gas heater developed for the study of 
heat-shielding materials in the Heat and Mass Transfer Institute [5]. 

2 Electric arc gas heater 
The two-phase flow of the electric arc gas heater of the linear scheme with gas-dynamic and magnetic 
stabilization was investigated. Schematic representation of the setup is presented in figure 1. The 
equipment needed for operation of the plasmatron includes a high voltage power supply, the gas supply 
system and a liquid cooling system. The total electrical power of the two power sources is 6 MW. 
Electrical power of plasma torch may vary in the range from 200 to 1500 kW. The power supply 
voltage is up to 2.3 kV and arc current is up to 1 kA. The bulk mean enthalpy of air is 15-20 MJ/kg. 
The pressure in the chamber of the plasma torch is up to 30 bar. 
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At the exit of the electric arc gas heater the special nozzle was mounted to provide supersonic gas flow 
velocity. The particles were fed into the plasma flow through the channels after the critical section of 
the nozzle.  

 
Fig 1. Schematic representation of the electric arc gas heater with the supersonic nozzle. 

To inject particles into the plasma flow, a rotary table feeder that operates at overpressure has been 
developed. For the current experiments the powder of SiO2 was used as the dispersed phase. The size 
of the particles was not greater than 50 microns. The average particle diameter of the SiO2 powder is 
14.2 µm. Figure 2 shows the function of the particles size distribution. 

 
Figure 2. The SiO2 particles size distribution. 

 

Method 
PIV-method [6] was used to measure the velocity of the SiO2 particles in the plasma flow. The two-
pulse Nd:YAG laser with Q-switching (Lotis Tii LS-2134D) was used as a laser light source. This laser 
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generates pair pulses of 12 ns duration at a wavelength of 532 nm. The high-speed CCD camera with 
image intensifier (PCO DiCam-Pro) was used for plasma flow registration. The mode of two frames 
was used in which a pair of images can be recorded with a small time interval. For the recording, the 
«Nikor» lens with a focal length ranging from 80 to 400 mm was used. 
Figure 3 shows a schematic diagram of the measurements. The velocity of the dispersed phase was 
measured in the plane passing through the axis of the plasma flow. The laser sheet illuminates particles 
in the region of ~120 mm along the axis of the plasma flow. The thickness of the laser sheet was ~ 0.5 
mm. 

 
Fig 3. Representation of the measurements schema. 

The registration of the plasma flow was carried out by the camera in a mode of two frames with 
external synchronization by the laser pulses. An interference filter was used to prevent registration of 
the high-temperature gas-plasma structures emission on the camera. 
 

Results 
Particles speed measurements were performed in the range of observed laser sheet with dimensions of 
approximately 100×100 mm. Paired laser pulses were repeated at a frequency of 10 Hz to illuminate 
the flow. In the corresponding moments of time the pairs of images were recorded. During the 
experiments the set of 30 image pairs was obtained. The time interval between the images in the each 
pair was 500 ns. The exposure time was 100 ns. Figure 4 shows a characteristic image.  
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Fig 4. Characteristic images of the SiO2 particles in the supersonic plasma flow. 

The processing of the experimental data was performed in Matlab. Processing of PIV data was carried 
out with the window of 32 px width. This size corresponds to the spatial resolution of 3mm for the 
velocity data. As an example, figure 5 shows the results of the SiO2 particles velocity calculations for 
two pairs of images registered during the operation of electric arc gas heater. Presented results show 
significant instability of the flow of the particles. 

 
Fig 5. The distribution of the velocity of SiO2 particles measured from different recorded images 

 of the same experiment. 
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The resulting particle velocity field was averaged over the all data measured during the recording of the 
experiment. Figure 6 shows vector field with isolines for the velocity component u  parallel to the axis 
of the plasmatron for the averaged particles velocity. 

 
Fig 6. The averaged SiO2 particles velocity field recorded during the experiment. 

Values of the perpendicular to the flow axis velocity component v  is insignificant in comparison with 
the component u . Figure 7 presents the standard deviation for the calculated velocity field based on the 
values of individual images velocity measurements. 

 
Fig 7. Standard deviation for both components of the particles velocity. 

 
Figure 8 shows the distribution of  velocity component for cross sections of the plasma flow for 
distance of 50 mm and 100 mm from the exit of the electric arc heater. 
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Fig 8. The distribution of the  velocity in the cross sections at a distance of 50 mm (left)  

and 100 mm (right) from the plasmatron exit. 

Figure 9 shows the variation of the averaged particle velocity on the axis of the plasma flow. The 
confidence interval corresponds the standard deviation values of the velocity measurements. 

 
Fig 9. Variation of the dispersed phase velocity along the axis of the plasma flow. 

Conclusion 
During the experiments, the dispersed phase velocity measurements were performed for the supersonic 
mode of the electric arc gas heater operation. This mode of operation corresponds to the marginal 
functional conditions for such model of plasmatron. In this case, the electric power of the plasma torch 
reaches a value of 1.5 MW. The results of the velocity measurements of SiO2 particles in high-
temperature supersonic plasma flow are presented. The results show that the time-averaged velocity of 
the particles reaches the value of ~1800 m/s in the observed region of the heterogeneous flow. The flow 
is essentially non-uniform and the magnitude of the root-mean-square deviation for the  component of 
the velocity reaches 30% of its maximum value. 
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