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The nonuniform dis tr ibut ion of the heat losses  and of e l ec t r i c - - cu r r en t  density in the profiled ehanneI of a 
coaxial pulsed e lec t romagnet ic  p l a sma  acce l e ra to r  was noted in [1]. 

It will be shown below that this nonuniformity is the main cause of high heat losses  in the channel. By 
reducing the nonuniformity in the d i scharge  distribution, we could experimental ly  reduce  losses  in the 
acce le ra t ing  e lec t rodes  and inc rease  the energy efficiency of the acce l e ra to r  f rom 45 to 60%. 

1. The experiments  were  pe r fo rmed  on apparatus  with the following pa r ame te r s :  the capaci tance of the 
capaci tor  bank C o = 1480 pF, working voltage V 0 = 2-5kV(the initial energy W 0 = 3.103 - 1 . 8 5  " 104 J). initial 
inductance of c i rcui t  L 0 = 60 nil, maximum discharge  cur ren t s  I m = 80-450 kA, cur ren t  ha l f -cyc le  1/2 T = 3.4 �9 10 -5 
sec, and mean p l a sma  veloci ty v = 4 - 8  �9 106 c m / s e c .  
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Fig. 1. Acce le ra t ing  e lec t rodes  and four vers ions  
of initial section: a and b) quartz  and teflon 
insulators  in neck; e and d) quartz  and teflon 
insulators  in quas i -cy l indr ica l  channel; 1, 2, 
and 3) light guides; 1' ,  2 ' ,  and 3') heat 

pickups; 4) keep-al ive  e lect rodes .  

The studies were  made under s ing le -d i scharge  conditions in a vacuum chamber  with working p r e s s u r e  P0 = 
=5 �9 1 0 - 5 - 1 0  -4 m m H g .  

The eros ion mater ia l  of the e lec t rodes  (copper or  Dural) and of the insulators  (quartz or  teflon) was used as the 
working medium. Discharge  in the channel was initiated by a special  keep-al ive  e lectrode,  to which was fed a high 
voltage pulse f rom a SFR high-speed mot ion-pic ture  camera .  

The following values were  measured  in the experiments;  the initial energy of the capaci tors  and the initial 
p r e s s u r e  in the working chamber;  the energy fed to the acce lera t ing  e lect rodes  (from osc i l lograms  of the total 
cu r ren t  and voltage drop a c r o s s  the electrodes);  the distr ibution over  the sur face  of the outer  e lect rode of the total 
(during the d i scharge  time) heat fluxes (with ca lo r ime t r i c  heat pickups [1]); the light pa t te rn  for the development of 
d ischarge  in the acce l e r a to r  (with a SFR high-speed mot ion-pic ture  c a m e r a  using flexible light guides); the energy of 
the p lasma  jet, i . e . ,  the energy efficiency* (with a ca lor imeter ) .  

The energy of the p lasma  jet determined with a t h r ee - sec t ion  cyl indrical  ca lo r ime te r  9 cm in d iameter  and 80 
cm Iong (20 + 40 + 20). The ca lo r ime te r  was installed 1 cm f rom the output sect ion of the acce lera t ing  electrodes .  

*Here, the energy efficiency is the rat io of the total energy of the p lasma  jet to the initial energy of the 
capaci tors .  
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The shape of the a c c e l e r a t i n g - e l e c t r o d e  channel is shown in Fig. 1. A fea tu re  of this  channel is the na r row neck 
in the initial  sect ion,  which b e c o m e s  a quas i - cy l ind r i ca l ,  c i r cu l a r  channel. This  prof i l ing  was used to s tabi l ize  
d i scha rge  in the init ial  sec t ion  and to ensu re  quas i - s t eady  p l a s m a  acce l e ra t ion  over  the en t i re  length of the a c c e l e r a t o r .  

The acce l e r a t i ng  e lec t rodes  had the following dimensions:  length is  30 cm,  the outside e lec t rode  d i ame te r  is 
7 .5  cm; the inside e lec t rode  d i a m e t e r  is 2 cm; the neck d i a m e t e r  is 3 cm.  In the wall  of the outside e lec t rode  12 
light guides and 12 heat  p ickups in four  length sec t ions ,  with th ree  of each in each sect ion,  w e r e  instal led.  The i r  
a r r a n g e m e n t  is shown in Fig.  1. D i scha rge  was init iated by one of two keep -a l i ve  e lec t rodes  in the f i r s t  sect ion near  

the second sect ion.  

The shape  of the init ial  sec t ion  was va r i ed  and the m a t e r i a l  of the in te re lec t rode  insula tor  was chosen to control  
the d i s cha rge  dis t r ibut ion.  Fou r  v e r s i o n s  of the initial sec t ion  w e r e  studied (see Fig.  1): (at channel with na r row neck 
and quar tz  insula tor ;  (lo) channel with na r row  neck and teflon insulator;  (c) quas i - cy l ind r i ca l  channel with quar tz  
insula tor ;  (d) quas i - cy l ind r i ca l  channel with tef lon insula tor .  

The m e a s u r e m e n t s ,  which were  made in the initial  sec t ion  of the a c c e l e r a t o r ,  did not apprec iab ly  change i ts  

initial  inductance.  

2. Let  us  cons ider  in detai l  the expe r imen ta l  r e s u l t s  for  each ve r s i on  at V 0 = 3kV, (W 0 = 6600 J .  ) 
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Fig.  2. Dis t r ibu t ion  of specif ic  heat  r e m o v a l  
q ove r  su r f ace  of outer  e lec t rode  and energy  
of p l a s m a  jet  He over  sec t ions  of c a l o r i m e t e r  (K). 

V 0 = 3kV, W0 = 6600 J .  

The azimuthal and longitudinal distributions of heat removal, measured by the heat pickups, along with 
diagrams of the plasma-jet energy distribution over the sections of the calorimeter (I is the section nearest to the 
calorimeter) are shown in Fig. 2. Figure 3 shows SFR-grams of the discharge patern obtained with the light guides. 
Here, the four photographs correspond to the four versions of the initial section and contain 13 frames each, which 
were taken at a speed of 1 500, 000 frames/sec and cover the entire first current half-cycle. In each frame, the 
12 light points correspond to the 12 light guides. The four rows, from left to right, correspond to the sections, and 
each column, from top to bottom, corresponds to a heat pickup, which is situated on the circumference of the 

electrode, as shown in Fig. i. 

Version (a). With this version, the conditions and results were the same as in [i]. Additional information was 
obtained on the SFR-grams. The light pattern (Fig. 3, at shows that discharge occurs near the third light guide in 
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the f i r s t  sec t ion  (I-3) and the second and thi rd  light guides .in the second sect ion  (II-2,  II-3).  Then the p l a s m a  fi i is  
the ent i re  channel,  and luminescence  appea r s  in all light guides of the third and four th  sec t ions .  Owing to 
az imuthal  inhomgenei ty  of the d i scha rge  in the neck, light guides I-1,  I -2,  and I I - I  r e m a i n  da rk  dur ing the en t i re  
cu r r en t  ha l f - cyc t  e . 

Similar  conclus ions  can be drawn f r o m  the data  of the heat  pickups.  F r o m  the graph  of the heat~flux 
d is t r ibut ion  (Fig. 2, a) it is apparen t  that  the g r e a t e s t  heat flux is r e c o r d e d  in the f i r s t  sec t ion  by pickups I-2 and 
I-3,  be tween which is light guide I-3.  A c o r r e l a t i o n  between the read ings  of the heat  p ickups and the light guides is 
also obse rved  in the second sect ion.  

Fig. 3. S F R - g r a m s  of deve lopment  for  d i scha rge  in coaxial  channel of 
a c c e l e r a t o r .  V 0 = 3kV, W 0 = 6600 & 

It fo l lows  f r o m  the c u r r e n t  and vol tage o s c i l l o g r a m s  that  d i scha rge  in the a c c e l e r a t o r  is quickly extinguished.  
Only two cu r r en t  h a i l - c y c l e s  a r e  important ;  the main p r o c e s s e s  occur  in the f i r s t  ha l f -cyc le .  The c u r r e n t  m a x i m u m  
se t s  in 13 psec  a f te r  the beginning of d i scha rge  and is 250 kA, and the en t i re  cu r r en t  in a ha l f - cyc le  is 34 #see .  
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Fig.  4. Ene rgy  ba lance  in pulse  acce l e ra to r :  
~k is the energy  fed to the acce l e r a t i ng  
e lec t rodes ;  7?e is the ene rgy  eff ic iency of 
acce l e ra to r ;  ~n a r e  the lo s ses  to the 
e l ec t rodes  as de t e rmined  by the heat p ickups.  

Calculat ions of the energy  fed to the acce Ie ra t ing  e l ec t rodes ,  which were  made f r o m  o s c i l l o g r a m s ,  showed that 
64% of the initial ene rgy  s to red  in the capac i to r s  was fed to the e Iee t rodes  by the end of the f i r s t  ha l f -cyc le .  In the 
second ha l f -cyc le ,  about 9% m o r e  of the initial  energy  is fed to the e l ec t rodes .  In aI1, about 739~.of the initial  energy  
is fed to the e l ec t rodes .  In all,  about 73% of the initial  energy  was supplied to the e lec t rodes  in the exper imen t  with 
ve r s ion  (a). The r ema in ing  27% is los t  in the capac i to r s  and feed e l ec t rodes .  In all  f u r the r  expe r imen t s ,  w i t h  
a c c u r a c y  to a few pe rcen t ,  the l o s se s  in the capac i t o r s  and feed c i rcui t  r ema ined  constant  at about 2570. 
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The energy  eff ic iency of the a c c e l e r a t o r ,  as  m e a s u r e d  by the c a l o r i m e t e r ,  was 46% for  ve r s i on  (a). Along with 
the h e a t - r e m o v a l  graph,  Fig.  2, a, shows a graph  of the energy d is t r ibut ion  of the p l a s m a  je t  over  the sect ions  of the 
c a l o r i m e t e r ,  f r o m  which it can been seen  that  the g r e a t e r  p a r t  of the energy  is taken up by the l a s t  sect ion of the 
c a l o r i m e t e r ,  which has a f iat  bot tom,  i . e . ,  the p l a s m a  je t  has  na r row d i rec t iv i ty  and a smal l  expansion angle. 

Version (b). In this  case ,  the quar tz  insula tor  in the neck was r ep laced  by tef lon (Fig. 1 ,b) .  Here ,  as can  be 
seen  f r o m  t h e  g raphs  of the hea t - f lux  d is t r ibut ion  (Fig. 2, b) and the d i scha rge  dis t r ibut ion (Fig. 3, b), the 
az imuthal  nonnniformity  of the d i scha rge  in the neck is somewhat  compensa ted ,  as compa red  with ve r s ion  (a). 
However ,  the longitudinal nonuniformity  in the hea t - f lux  d is t r ibut ion  r ema ined  and the in tegra l  c h a r a c t e r i s t i c s  of the 
a c c e l e r a t o r  (total l o s s e s  in channel,  energy  eff ic iency,  etc.  ) w e r e  changed sl ightly.  

Ve r s ion  (c). To reduce  g r e a t  longitudinal nonuniformity  in the cu r r en t  d is t r ibut ion,  whose main  cause  was  
evidently the na r row neck, the quar tz  insula tor  was moved f r o m  the neck 5 cm into the quas i -cy l indr ica l  p a r t  of the 
channel (Fig. lc ) .  The p ickups  and light guides of the f i r s t  sec t ion  gave zero  read ings  in these  expe r imen t s .  
D i scha rge  was init iated in the second sect ion.  

The S F R - g r a m  of the d i scha rge  (Fig. 3c) shows that  in this  case  the d i scha rge  o r ig ina tes  be tween the  secondand  
th i rd  sec t ions ,  without being held in the initial sec t ion  of the channel,  and moves  to the ends of the e lec t rodes .  This  
also follows f r o m  the g raph  of the h e a t - r e m o v a l  d is t r ibut ion  (Fig. 2c). The total  heat  l o s s e s  in the channel w e r e  
reduced  by app rox ima te ly  10%, and the ene rgy  eff ic iency was co r respond ing ly  inc reased .  As can be seen  f r o m  
Fig.  2e, however ,  the eff ic iency was inc reased  due to an i n c r e a s e  in the energy  reach ing  the f i r s t  sect ion of the 
c a l o r i m e t e r .  In this  case ,  for  the g r e a t e r  pa r t  of the c u r r e n t  ha l f - cyc le  the p l a s m a  is a cce l e r a t ed  not within but at the 
ends of the e l ec t rodes  and flows out in a widely  d ivergent  je t  with t h ru s t  l o s se s .  

Version (d). In this  ve r s ion ,  the quar tz  insula tor  in the quas i - cy l ind r i ca l  channel is r ep laced  by teflon (fig. ld) .  
Teflon is eas i ly  vapor ized ,  and with it it is poss ib le  to " t ie"  the d i scha rge  to the initial  sec t ion  in the quas i -  
cy l indr ica l  channel.  The S F R - g r a m  (Fig. 3d) and the h e a t - r e m o v a l  d is t r ibut ion  (Fig. 2d) show that  both the 
az imuthal  and longitudinal cu r r en t  d i s t r ibu t ions  a r e  f a i r ly  un i form in this case .  The energy  eff ic iency was inc reased  
to 60%, and the l o s se s  in the channel w e r e  reduced  by app rox ima te ly  10%. The un i fo rm d i scha rge  dis t r ibut ion over  
the ent i re  length of the a c c e l e r a t o r  made it poss ib le  to i n c r e a s e  the energy  eff ic iency to 60% while p r e s e r v i n g  the 
na r row d i rec t iv i ty  of the outflowing jet .  It can be seen  f r o m  Fig.  2d, that  mos t  of the energy  of the p l a s m a  je t  was  
r e c o r d e d  in the l a s t  sec t ion  of the c a l o r i m e t e r .  

3. The r e s u l t s  of numerous  expe r imen t s  p e r f o r m e d  under the conditions cons idered  above but for  va r ious  
ini t ial  vo l tages  a r e  shown in Fig.  4. T h e  vol tage is  plot ted on the axis  of the a b s c i s s a s ,  and the energy fed to the 
acce l e r a t i ng  e l ec t rodes  7/k, the e n e r g y  eff ic iency of the a c c e l e r a t o r  ~e, and the total  l o s ses  to the e lec t rodes  ~n a r e  
plot ted on the axis  of the o rd ina tes  as  pe r cen t ages  of the initial  energy.  The total  heat  t r a n s f e r  to the e l ec t rodes  was 
found a s suming  that  the heat  f luxes to the outs ide (anode) and inside (cathode) e l ec t rodes  w e r e  the s a m e  [1]. 

F r o m  the g raphs  for  the energy  ba lance  the following is apparent :  1) In all  c a s e s ,  70-80% of the init ial  ene rgy  
of the capac i t o r s  is  supplied to the e lec t rodes ;  the r ema in ing  energy  (30-20%) is los t  in the capac i to r s  and the feed 
circui t ;  2) in the in i t i a l -vo l tage  r ange ,  V 0 = 2 - 5  kV (initial energy  W 0 = 3 -18 .5  kJ) ,  all  energy  c h a r a c t e r i s t i c s ,  the 
ene rgy  eff iciency,  l o s s e s  in the channel,  and the ene rgy  fed to the e l ec t rodes  a r e  sl ightIy dependent on voitage; 3) 
with convers ion  f r o m  a prof i led  channel with a nar row neck to a quas i - cy l ind r i ca l  channel,  the energy  eff ic iency is 
i nc rea sed  f r o m  40-45% to 55-60% with s imul taneous  reduct ion  of the heat  l o s s e s  to the acce l e ra t ing  e l ec t rodes .  
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