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Model computations of the two-dimensional  motion of a shell in a noncylindrical  Z-pinch are  
ca r r i ed  out according to the scheme proposed in [1, 2]. In this two-dimensional  snowplow 
model the configuration of the shell is determined at each instant of time and the shell is as -  
sumed to be infinitely thin. The computations are in good agreement  with the available ex- 
per imental  data and permit  one to predict  the dimensions of the chamber  and inductance of 
the discharge c i rcui t  neces sa ry  for  an efficient use of the energy of the condenser  bat tery.  

1. Descript ion of the Model. In this model it is assumed that the cur rent  shell in a noncylindrical  
Z-pinch is symmet r i c  with respect  to the z axis. This makes it possible to cons ider  its motion only in the 
plane passing through the z axis (Fig. 1). Let X be the curvi l inear  coordinate along the shell in this plane. 
One end of the shell cor responds  to X= 0, and the other to X = X f ,  where X=~f(t) is the length of the entire 
shell .  Let ~ (t) denote the mass  density along the shell.  The total  mass  of the shell is equal to 

M (t) = iI ~ d~. 
0 

According to the ~"snowplow" model the gas is completely enclosed by the cur rent  shell and there -  
by increases  its mass .  If the shell is assumed to be sufficiently thin, then 

dp~/dt = 2~Rp (n.V) (1.1) 

where p is the initial density of the gas, RCA, t) is the radius of the shell, V (h, t) is the velocity of the shell, 
and n (X, t) is the normal  to the cur rent  shell directed into the plasma.  

The equation describing the motion of an element of mass  has the form 

d~V I~ (1.2) 
d t  - -  c~z~ n 

The magnitude of the cur rent  I (t) is determined by the equation of the circui t  

t 

t f dLI (1.3) Uo----g- Ida,= dt 
tl 
0 

Here U 0 is the initial voltage, c is the capacitance of the condenser  battery,  and L = L  0 +L t, where L 0 
is the initial inductance and L 1 is the variable inductance of the shell. 
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2. Computational Scheme. The equations obtained above were solved 
numerical ly  on a computer .  The initial configuration of the shell was spe-  
cified in the form of a semici rc le  AB and the straight  line segment BC (Fig. 
1). Arc AB was divided uniformly into not more than 200 computational 
segments .  An increase  of the number of computational points or  their  non- 
uniform distribution on arc  AB causes instability of the computational scheme.  

The impact  of the shell on the upper lid of the discharge chamber  was 
taken into considerat ion by the fact that in the equation of the circui t  the 
inductance of the shell corresponding to the space above the lid of the cham-  
ber  was not considered.  

3. Cri ter ion of Matching. In the study of Z-pinches a simple c r i te r ion  
of good operation of the equipment is the number  of neutrons forming after  
the discharge as a resul t  of thermonuclear  reaction.  It depends s imul ta-  
neously on such quantities as the density, temperature ,  volume, and life 
time of the plasma.  The dependence of the neutron yield on the voltage at 
the bat tery  and on deuterium p re s su re  inthe chamber,  obtained on "noncylin- 
dr ical  Z-pinch" equipment [3], is shown in Fig. 2. It is charac te r i s t i c  that 
with the increase  of the voltage the regime with la rges t  neutron yield gets 
displaced toward l a rge r  p r e s su re s .  This dependence is a consequence of 
the conditions of matching of the discharge t ime of the bat tery  with the time 
of motion of the current  shell, and it points out the significance of these con- 
ditions. 

In the model used here,  it is difficult to determine the temperature  
and the final radius of the pinch, since the s t ructure  of the shell is not con- 
sidered.  A sufficiently good cr i te r ion  of matching of the ex te rna l  c ircui t  
with the motion of the cur rent  shell may be the kinetic energy per  unit height 
of the pinch in the zone of focus during its compress ion  to a cer ta in  suffi- 

eiently small  "final" radius r f  (we shall denote this energy as w/l) .  Later ,  at the t ime of maximum com- 
press ion,  t h i sene rgy  gets converted into thermal  energy,  and therefore the quantity w/l is character ized 
by NT, where N is the number  of par t ic les  per  unit height of the pinch and T is the p lasma temperature .  

Since within the f ramework  of the present  model it is not possible to determine the final radius r f ,  
the resul ts  of the computations are given for two values of r f  differing by a fac tor  of 10. Numerical com-  
putations showed that the determination of the optimum has a weak dependence on r f  so that the exact value 
of r f  is not important.  

4. Effect of Gas P r e s s u r e  on Matching. In Fig. 3a the computed energy per  unit height of the pinch 
w/l is shown as a function of the initial p r e s su re  p of deuterium in the chamber  for the typical regime 
of the "noncylindrical Z-pinch" equipment [3] (U0=18 kV, W=93 kJ, L0=30 nil). 

It is evident that for the investigated variant  of the chamber  (anode radius 33 era) the equip- 
ment operates  in the matched regime (i.e., w// is maximum) for  p = l . 5  mm Hg D 2, This resul t  does 
not depend on the choice of r f .  In the "noncylindrical  Z-pinch" equipment the maximum neutron yield 
under the given conditions was observed at a p r e s s u r e  of 1.3 mm Hg D 2 (Fig. 2). 

The relationship among the individual forms of energy at the time of cumulation at the axis (I - mag-  
netic energy,  II - energy in the plasma, II - energy in the condenser  battery) is shown in Fig. 3b. In the 
matched regime the energy remaining in the condenser  bat tery  does not exceed 1% of the initial s tored 
energy.  This means that on varying p, the ma• of w/l is attained for the mos t  complete utilization 
of the condenser  bat tery .  

5. Effect of Inductance of External Circuit  on Matching. The energy per  unit height of the pinch w/t 
is shown in Fig. 4 as a function of the inductance of the external  c ircui t  L 0 for  the typical regime of the 
equipment (C =576 pF,  U0=18 kV, R = 3 3  cm, p = l  mm Hg) {I for r f = 0 . 1  cm, II for  r f = l  cm). The presence  
of the maximum is explained by the fact that for a very large  inductance a significant par t  of the energy 
remains  in the external  circuit ,  while for too small  values of L 0 much of the energy is given out at the 
very  beginning of the discharge,  and the shell gets "weak" by the time it reaches  the axis of the chamber .  
The value of L 0 at which w/l  is maximum is related to the inductance of the shell in the compressed  state 
L f  through the relation 
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Thus, for  example ,  in F ig .  4 (curve I) the max imum of w / l  occurs  for  L 0 =nil ,  while the inductance 

of the shel l  at the t ime of c o m p r e s s i o n  with r f = 0 . 1  cm is 108 nil .  F o r  the c o m p r e s s i o n  of the shel l  to r f =  
1 cm i ts  inductance is equal to 90 nil,  and the matched r eg ime  is obse rved  for  L 0 =40 nH (curve II in Fig.  4). 

E~de to the fact  that in the region  of the m a x i m um  the dependence of the energy  p e r  unit height of the 
pinch on L 0 and p is  weak, in p r ac t i ce  it is  convenient to opera te  at inductances  L 0 of the c i r c u i t  somewhat 
s m a l l e r  than the optimum, which lowers  the voltage in the c ha m be r  at the t ime of c o m p r e s s i o n ,  and at 
s m a l l e r  p, which gives  a somewhat  l a r g e r  ra te  of convergence of the shel l  than in the matched r e g i me .  

6. Fffect  of Dimensions  of Chamber  on Matching.  The main  g e o m e t r i c a l  p a r a m e t e r  affect ing the 
matching of the s y s t e m  is the rad ius  of the inner  e l ec t rode  R. The dependence of w/ l  on R is shown in 
Fig .  5 for  C = 576 # F, U 0 = 18 kV, and p = 1 m m  Hg. It is  evident  that for  given p a r a m e t e r s  of the d i scharge  
c i r cu i t  and for  a g iven p r e s s u r e  p the equipment  ope ra t e s  in the matched r eg ime  for  the radius  of the node 
equal to 30-40 cm.  The second max imum on the curve of w / l  c o r r e s p o n d s  to the case  where  the max imum 
c o m p r e s s i o n  occurs  in the second ha l f -pe r iod  of the d i scharge  cu r r en t .  In th is  case ,  the rad ius  R of the 
node must  be ~ 65 cm.  However, usual ly  the equipment  is not opera ted  at the second max imum due to the 
d e c r e a s e  of the ra te  of c o m p r e s s i o n .  

Computat ions show that  for  a chambe r  with the height of the in su la to r  equal  to 12 cm and the dis tance 
between the node and the l id  of the chambe r  equal to 14 cm, the matched r eg ime  in deu te r ium is  obtained 
for  the rad ius  of the chambe r  

= (0.088 CUop-'/~) ~ (6.1) 

where  R is in cm, C in # F, U 0 in kV, and p in m m  Hg. The change of the height of the e l ec t rode  and the 
dis tance between the e l e c t r o d e s  does not have a s ignif icant  effect  on the matching condition.  It follows f rom 
(6.1) that in an equipment  with the ba t t e ry  energy  equal to 10 MJ and the voltage equal to 50 kV in o r d e r  to 
obtain matching at 1 mm Hg D2 the radius  of the node of the c ha m be r  must  be equal to ~ 2.5 m. 

In conclus ion the author thanks N. V. F i l i p p o v a n d  V. V. Pru t  for  d i scuss ion  and help. 

2. 

3. 

L I T E R A T U R E  C I T E D  

G. Basque, Ao Jo las ,  and 5. P. Watteau,  "Compar i son  to two-d imens iona l  snowplough with expe r imen t , '  
Phys .  F lu ids ,  11, No. 6 (1968). 
C. Patou, A. Simonnet, and 5. P. Watteau,  )TDynamics and neutron e m i s s i o n  of a noncy l ind r i ca l  
foca l iz ing  e l e c t r i c  d i s c h a r g e , "  Jo Phys . ,  29, No. 11, 12 (1968). 
V. I. Agafonov, G. V. Golub, L. G. Golubchikov, V. F.  D,yachenko, V. D. Ivanov, V. S. Imshennik,  
Yu. Kolesnikov,  ~,. B. Sv i r sk i i ,  N. V. F i l ippov,  and T. I.  F i l ippova ,  " Inves t iga t ion  of nonc ly indr i ca l  
Z -p inch  at c u r r e n t s  l a r g e r  than 1 MA," P l a s m a  Phys i c s  and Contro l led  Nucl.  Fus ion  Res . ,  Vet. 2, 
Vienna (1969), pp. 21-37.  

281 


