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Divertors of Linear Systems 
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Some of Norman’s contributions to fusion energy:  
 
 

1960s:  Test-particle approach to fluctuation theory 
 
  Plasma rotation in theta-pinches 
 
1970s  Relativistic electron beams 
 
  High-power ion beams  
 
1980s Collective ion acceleration 
 
  Gas-puffs and wire arrays 
 
1990s Non-thermal fusion reactors 
 
  Colliding beams and alternative fusion concepts 
 
  Field-Reversed Configurations 
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A direct continuation of this work is an FRC-based linear system 
that is being developed by the TAE (Binderbauer, M. W.; Tajima, T.; 
Steinhauer, L. C. andTAE Team. A high performance field-reversed configuration 
PHYSICS OF PLASMAS  Volume: 22, Article Number: 056110 , MAY 2015 ) 
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Any (successful) fusion system needs to find solutions for the heat-exhaust 
problem 
 

This problem is quite severe for the tokamaks 

 
In various design studies, the values of the heat loads of ~ 30-60 MW/m2 were 
found for future commercial reactors (energy flux at the surface of the Sun is 60 
MW/m2). The present technological limit is 5 (10) MW/m2  
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This problem has a natural solution for the linear fusion systems 
 

 
By using absorbers  of 5 m radius, one can reduce the heat load on the 
end plates to a comfortable level of 1-1.5 MW/m2  
(S=πr2~80 m2, 100 MW per end) 
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An issue of too high electron heat loss along the open field lines is often 
mentioned as a show-stopper for the linear confinement systems 
 
This is actually not an issue for the pulsed, high-density linear system: 
use large expansion tanks, so that the plasma would not reach the ends 
for the time sufficient for the energy release 
 
We, however, are interested in steady or quasi-steady systems – the 
reason for this talk 
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OUTLINE  
A reference case of a zero secondary emission 
Large secondary emission   
Non-negligible gas pressure in the end tanks  
Summary 
  



 8 

 



 9 
 



 10 

 
 



 11 
 



 12  



 13 

 
 



 14 

 



 15 

 
 
 



 16 

On the GDT facility at Novosibirsk an electron temperature of 
0.9 keV is achieved, at the density 2×1013 cm-3. 
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SUMMARY 
The exhaust power density can be made comfortably low in linear fusion 
devices (including the ones with aneutronic fuel) 

In the absence of the secondary emission from the end wall, parallel 
electron heat losses are modest and perfectly compatible with good 
overall energy balance 

Substantial (η~1) secondary emission may increase electron heat loss 

However, there are several ways of reducing the detrimental effect of the 
secondary emission (tilting the end plates, increasing the length of the 
end tank, exploiting the beam-plasma instabilities, or using the 
suppressor grid). 

Specific technique would depend on the parameters of a particular 
device. Constraints on the neutral gas density in the end tanks do not 
look insurmountable 




