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We determine the thermal  state of the s t ructure  elements and est imate the energy dis tr ibu-  
tion in a coaxial plasma injector operating under pulsed conditions. It is demonstra ted that 
the insulator temperature  affects the main pa ramete r s  of the plasma jet. 

The operation of pulsed plasma acce le ra to r s  entails considerable energy losses [1, 2]. It is of in ter-  
est to est imate the distribution of the energy and the amount of the loss in such a system. 

An analytic determination of the energy loss is made difficult by the complexity of the p rocesses  in 
the acce le ra tor ,  and an experimental  es t imate  under single-pulse conditions is hindered by the short  dura-  
tion of the accelerat ion process .  

We have investigated the distribution of the energy in a coaxial plasma acce le ra to r  of the erosion type 
using integral methods, and determined at the same time the influence of its temperature  state on the ac -  
ce lera tor  pa ramete r s .  

1. Experimental  Setup and Measurement  Procedure .  The experimental model of the erosion- type 
plasma acce le ra to r  consisted of two coaxial e lectrodes separated by an organic-g lass  insulator (Fig. 1). 

The internal electrode was made of copper, and the external one of steel with wall thickness 3 ram. 

The acce le ra to r  electrodes were fastened direct ly to the corresponding leads of a 134/~F capacitor 
having a self- inductance 0.01 ttH. 

The acce le ra to r  together with the capacitor  were placed in a vacuum chamber and mounted on one 
end of a torsion pendulum, making it possible to measure  the draft  force and pract ica l ly  eliminating the 
leakage of heat from the system by heat conduction. 

The p res su re  in the chamber was initially 2 �9 10 -G torr ,  and did not exceed 2 �9 10 -5 to r r  during the 
course of operation. The plasma acce le ra to r  operated periodical ly and the discharge was initiated with 
the aid of the system described in [3]. During the course of the acce le ra to r  operation, we measured  the 
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Fig. 1. Diagram of coaxial 
plasma acce le ra tor :  a) ex- 
ternal electrode; b) internal 
electrode; c) insulator. 1-7) 
Locations of thermocouples  on 
the s t ructure  elements.  

draft  force and the tempera ture  of the s t ructure  elements with the aid 
of Ch rome l -A lume l  thermocouples  (the numbers  1-7 in Fig. I indicate 
their location in the acce lera tor ) .  The mass flow was determined by 
weighing the s t ructure  elements before and after  the acce le ra to r  opera -  
tion, and the data obtained were averaged overthe number of discharge 
pulses.  From the measured  values of the draft  and mass flow we de- 
termined the average plasma velocity and calculated the kinetic energy 
of the jet. The total plasma energy was measured with a ca lo r imete r  
[4]. 

2. Measurement  Results .  Figure 2 shows the measured  t em-  
pera tures  of the s t ructure  elements as functions of the number of d is -  
charge pulses N when operating in the periodic mode. As follows from 
the curve, the magnitude of the thermal fluxes in the s t ructure  elements 
is pract ica l ly  independent of the number of discharges  when N > 103 is 
reached.  
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TABLE 1. Main P a r a m e t e r s  of Coaxial P l a sma  Acce le ra to r  (N = 3500 d ischarges)  

Discharge volt- Operating fre- Energy consmnp- Flow per second, Average velocity Kinetic efficiency, 
age, kV quency, Hz tion, W Draft, g g/sec cm/sec % . 

2.0 1.2 322 0.28 I 0.13.10 -3 I 2.5.106 t 10 

1234 5 6 7 

/5o I \ t \ ~1 t _ _ . . ~ ,  " - - " - -  i 

o zooo zooo ~ooo N 

Fig. 2. Dependence of the temperature t (~ of the 
accelerator structure elements on the number of 
discharge pulsesN (cycles). The capacitor charg- 
ing voltage is 2 kV, and the discharge repet i t ion 
frequency is 1.2 Hz. (Curves 1-7 cor respond to the 
numbered  thermocouples  in Fig. 1). 

at  different  points of the corresponding e lements .  

It was es tabl i shed that the cha rac t e r  of hea t -  
ing of the a c c e l e r a t o r  e lements  is p rac t i ca l ly  inde- 
pendent of the f requency of the d ischarge  pu lses ,  and 
is de termined only by the total number  of d i scharges .  
Table 1 l i s ts  the main p a r a m e t e r s  charac te r iz ing  the 
coaxial p l a sma  a c c e l e r a t o r  a f te r  N = 3500 d i scharges .  
In the same r eg ime ,  an es t imate  was made of the d i s -  
tr ibution of the energy  (per unit t ime,  in W) fed to 
the capaci tor  plus a c c e l e r a t o r  sys tem:  

Initial capac i to r -bank  energy 322 
Total p l a s m a  energy  110 
Kinetic energy  32 
Internal  and the rma l  energy  78 
Energy supplied 

to inner e lec t rode  100 
to outer  e lect rode 70 

Energy  r e l ea sed  in capaci tor  42 

The the rmal  fluxes in the s t ruc ture  e lements  
were  de te rmined  f rom the measu red  t e m p e r a t u r e s  

The internal  and the rma l  energy  of the p l a sma  were  de-  
t e rmined  as the difference between the total energy  m e a s u r e d  by the ca lo r ime te r  and the kinetic energy of 
the jet. The loss  in the capaci tor  was de te rmined  f rom the change of its t empera tu re .  To l imi t  the heat  
flux f rom the a c c e l e r a t o r  to the capaci tor ,  the e lec t rodes  of the d ischarge  chamber  were  connected to the 
leads of the capaci tor  with eight RK-3 coaxial cables 0.7 m long. This hardly  changes the cha rac t e r i s t i c s  
of the d ischarge  circui t ,  but there  was p rac t ica l ly  no heat flow to the capaci tor .  

The invest igations have shown that the total p l a sma  energy  and the draf t  do not depend on the number  
of d ischarge  pulses  in the s e r i e s .  However,  the t e m p e r a t u r e  of the s t ruc ture  e lements  of the a c c e l e r a t o r  
inc reases  with increas ing number  of d i scha rges ,  causing an apprec iable  increase  in the evapora ted  mass  
of the insulator ,  so that the ave rage  p l a s m a  veloci ty and the kinetic eff iciency of the sys tem a re  dec reased  
(Fig. 3). 

Starting with N = 103 pulses ,  the velocity and the kinetic eff iciency p rac t i ca l ly  cease  to vary  with in- 
c reas ing  N. 

Thus,  the exper imenta l  investigations have made it poss ible  to es t imate  the heat fluxes in the s t r u c -  
ture e lements  of a coaxial p l a sma  a c c e l e r a t o r  and to es tabl i sh  the energy  distr ibution when the a c c e l e r a t o r  
opera tes  per iodical ly .  
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Fig. 3. Dependence of the draf t  
P (in g), of the mass  flow per  
second Arose c .  10 -1 (mg/sec),  the 
velocity V (km/sec) ,  the energy  
eff iciency ~E (%7, and the kinetic 
eff iciency ~K (%7 on the numberN 
of d i scharges  (cycles) in the s e r i e s .  
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The influence of the t empera tu re  state of the acce l e ra to r  on its integral p a r a m e t e r s  has been de t e r -  
mined. 
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