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ACTIVE COOLING OF STRUCTURES IMMERSED IN PLASMA 

 

TECHNICAL FIELD 

[1] This disclosure generally relates to fusion reactors 

and more specifically to active cooling of structures immersed 

in plasma.  

 

BACKGROUND 

[2] Fusion power is power that is generated by a nuclear 

fusion process in which two or more atomic nuclei collide at 

very high speed and join to form a new type of atomic nucleus.  

A fusion reactor is a device that produces fusion power by 

confining and controlling plasma.  Typical fusion reactors are 

large, complex, and cannot be mounted on a vehicle.  

Components of a fusion reactor may heat up during operation.  

In certain circumstances, these components may need to be 

cooled so that proper function of the fusion reactor is 

maintained. 

 

SUMMARY OF EXAMPLE EMBODIMENTS 

[3] According to embodiments of the present disclosure, 

disadvantages and problems associated with previous techniques 

for actively cooling structures immersed in plasma may be 

reduced or eliminated. 

 

[3a] According to a first aspect of the present 

invention, there is provided a fusion reactor comprising: an 

enclosure comprising: a centerline running down a center axis 

of the enclosure; a first end and a second end that is 

opposite from the first end; and a midpoint that is 

substantially equidistant between the first and second ends of 

the enclosure; two internal magnetic coils suspended within 

the enclosure and centered on the centerline, the two internal
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 magnetic coils each having a toroidal shape, the two internal 

magnetic coils comprising: a first internal magnetic coil 

located between the midpoint and first end of the enclosure; 

and a second internal magnetic coil located between the 

midpoint and the second end of the enclosure; a plurality of 

encapsulating magnetic coils centered on the centerline, the 

encapsulating magnetic coils having a larger diameter than the 

internal magnetic coils, the plurality of encapsulating 

magnetic coils comprising: at least two first encapsulating 

magnetic coils located between the midpoint and the first end 

of the enclosure; and at least two second encapsulating 

magnetic coils located between the midpoint and the second end 

of the enclosure; a center magnetic coil centered on the 

centerline and located proximate to the midpoint of the 

enclosure; and two mirror magnetic coils centered on the 

centerline and comprising: a first mirror magnetic coil 

located proximate to the first end of the enclosure; and a 

second mirror magnetic coil located proximate to the second 

end of the enclosure; and a cooling system for removing heat 

from one or more of the plurality of internal magnetic coils, 

the plurality of encapsulating magnetic coils, the center 

magnetic coil, and the plurality of mirror magnetic coils, 

wherein the amount of heat removed is sufficient to maintain a 

steady-state; and wherein the magnetic coils are operable, 

when supplied with electrical currents, to form magnetic 

fields for confining plasma within the enclosure. 

 

[3b] According to a second aspect of the present 

invention, there is provided a fusion reactor comprising: an 

enclosure comprising: a first end and a second end that is 

opposite from the first end; and a midpoint that is 

substantially equidistant between the first and second ends of 

the enclosure; two internal magnetic coils suspended within 

the enclosure, each internal magnetic coil positioned on an
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opposite side of the midpoint of the enclosure from the other 

internal magnetic coil; one or more encapsulating magnetic 

coils positioned on each side of the midpoint of the 

enclosure, each encapsulating magnetic coil being coaxial with 

the internal magnetic coils; and two mirror magnetic coils 

coaxial with the internal magnetic coils, each mirror magnetic 

coil positioned on an opposite side of the midpoint of the 

enclosure from the other mirror magnetic coil; wherein the 

magnetic coils are operable, when supplied with electrical 

currents, to form magnetic fields for confining plasma within 

the enclosure; and one or more cooling lines within each of 

the internal magnetic coils, the cooling lines carrying a 

coolant and operable to remove heat from the internal magnetic 

coils. 

 

[3c] According to a third aspect of the present 

invention, there is provided a fusion reactor comprising: two 

internal magnetic coils suspended within an enclosure; a 

center magnetic coil coaxial with the two internal magnetic 

coils and located proximate to a midpoint of the enclosure; a 

plurality of encapsulating magnetic coils coaxial with the 

internal magnetic coils, the encapsulating magnetic coils 

being operable to preserve the magnetohydrodynamic (MHD) 

stability of the fusion reactor by maintaining a magnetic wall 

that prevents plasma within the enclosure from expanding; and 

two mirror magnetic coil coaxial with the internal magnetic 

coils; and one or more cooling lines within the interior of 

the internal magnetic coils, the cooling lines operable to 

carry a coolant  and coupled to a system for moving coolant 

through the cooling lines to remove heat from the internal 

magnetic coils. 
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[4] In some embodiments, a fusion reactor is disclosed.  

The fusion reactor includes an enclosure having a first end, a 

second end, and a midpoint substantially equidistant between 

the first and second ends of the enclosure.  The fusion 

reactor includes two internal magnetic coils suspended within 

the enclosure and positioned on opposite sides of the midpoint 

of the enclosure, one or more encapsulating magnetic coils  
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WHAT IS CLAIMED IS: 

1. A fusion reactor (110) comprising: 

an enclosure (120) comprising: 

a centerline (115) running down a center axis of the 

enclosure (120); 

a first end (320) and a second end (330) that is 

opposite from the first end (320); and 

a midpoint (340) that is substantially equidistant 

between the first and second ends (320, 330) of the 

enclosure (120); 

two internal magnetic coils (140) suspended within the 

enclosure (120) and centered on the centerline (115), the two 

internal magnetic coils (140) each having a toroidal shape, 

the two internal magnetic coils (140) comprising: 

 a first internal magnetic coil (140A) located 

between the midpoint (340) and first end (320) of the 

enclosure (120); and 

 a second internal magnetic coil (140B) located 

between the midpoint (340) and the second end (330) of the 

enclosure (120); 

a plurality of encapsulating magnetic coils (150) 

centered on the centerline (115), the encapsulating magnetic 

coils (150) having a larger diameter than the internal 

magnetic coils (140), the plurality of encapsulating magnetic 

coils (150) comprising: 

 at least two first encapsulating magnetic coils 

(150) located between the midpoint (340) and the first end 

(320) of the enclosure (120); and 

 at least two second encapsulating magnetic coils 

(150) located between the midpoint (340) and the second end 

(330) of the enclosure (120); 

a center magnetic coil (130) centered on the centerline 

(115) and located proximate to the midpoint (340) of the 

enclosure (120); and 

two mirror magnetic coils (160) centered on the 

centerline (115) and comprising: 
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 a first mirror magnetic coil (160A) located 

proximate to the first end (320) of the enclosure (120); and 

 a second mirror magnetic coil (160B) located 

proximate to the second end (330) of the enclosure (120); and 

a cooling system (200) for removing heat from one or more 

of the plurality of internal magnetic coils (140), the 

plurality of encapsulating magnetic coils (150), the center 

magnetic coil (130), and the plurality of mirror magnetic 

coils (160), wherein the amount of heat removed is sufficient 

to maintain a steady-state; and 

wherein the magnetic coils (130, 140, 150, 160) are 

operable, when supplied with electrical currents, to form 

magnetic fields for confining plasma (310) within the 

enclosure (120). 

2. The fusion reactor (110) of Claim 1, wherein the 

cooling system (200) comprises one or more cooling lines (920) 

within each of the plurality of internal magnetic coils (140), 

the plurality of encapsulating magnetic coils (150), the 

center magnetic coil (130), and the plurality of mirror 

magnetic coils (160), the cooling lines (920) carrying a 

coolant (930) operable to remove heat from the magnetic coils 

(130, 140, 150, 160). 

 

3. The fusion reactor (110) of Claim 2, wherein the 

coolant lines (920) are coupled to a system for moving coolant 

(930) and extend from the interior of the plurality of 

internal magnetic coils (140), the plurality of encapsulating 

magnetic coils (150), the center magnetic coil (130), and the 

plurality of mirror magnetic coils (160), through one or more 

brackets (960) and one or more support stalks (950). 

 

4. The fusion reactor (110) of Claim 2, wherein the 

system for moving coolant (930) through the cooling lines 

(920) comprises: 
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a pump for actively circulating the coolant (930) through 

the cooling lines (920) to a device external to a vacuum where 

heat is removed. 

 

5. The fusion reactor (110) of Claim 1, wherein the 

cooling system (200) comprises a system for moving coolant 

(930) through the interior of the magnetic coils (130, 140, 

150, 160), wherein wires (1070) in the interior of the 

magnetic coils (130, 140, 150, 160) are bathed in a coolant 

(930) and the coolant (930) is cycled through the interior of 

the plurality of internal magnetic coils (140), the plurality 

of encapsulating magnetic coils (150), the center magnetic 

coil (130), and the plurality of mirror magnetic coils (160) 

using a system for moving coolant(930). 

 

6. The fusion reactor (110) of Claim 1, wherein the 

coolant (930) comprises one of liquid nitrogen, helium, and 

FliBe.      

 

7. The fusion reactor (110) of Claim 1, wherein the 

direction of current in the center magnetic coil (130), the 

plurality of encapsulating magnetic coils (150), and the two 

mirror magnetic coils (160) is the same and wherein the 

direction of current in the two internal magnetic coils (140) 

is opposite the direction of current in center magnetic coil 

(130), the plurality of encapsulating magnetic coils (150), 

and the two mirror magnetic coils (160).  

 

8. The fusion reactor (110) of Claim 1, wherein the two 

internal magnetic coils (140) are surrounded by, and shielded 

from, the plasma (310) and suspended within the enclosure 

(120) by at least one support.  
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9. A fusion reactor (110) comprising: 

an enclosure (120)comprising: 

a first end (320) and a second end (330) that is 

opposite from the first end (320); and 

a midpoint (340) that is substantially equidistant 

between the first and second ends (320, 330) of the 

enclosure (120); 

two internal magnetic coils (140) suspended within the 

enclosure (120), each internal magnetic coil (140A, 140B) 

positioned on an opposite side of the midpoint (340) of the 

enclosure (120) from the other internal magnetic coil (140A, 

140B); 

one or more encapsulating magnetic coils (150) positioned 

on each side of the midpoint (340) of the enclosure (120), 

each encapsulating magnetic coil (150) being coaxial with the 

internal magnetic coils (140); and 

two mirror magnetic coils (160) coaxial with the internal 

magnetic coils (140), each mirror magnetic coil (160) 

positioned on an 
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opposite side of the midpoint (340) of the enclosure (120) 

from the other mirror magnetic coil (160); 

wherein the magnetic coils (130, 140, 150, 160) are 

operable, when supplied with electrical currents, to form 

magnetic fields for confining plasma (310) within the 

enclosure (120); and 

one or more cooling lines (920) within each of the 

internal magnetic coils (140), the cooling lines (920) 

carrying a coolant (930) and operable to remove heat from the 

internal magnetic coils (140). 

10.  The fusion reactor (110)  of Claim 9, wherein the 

coolant lines (920) extend from the interior of the internal 

magnetic coils (140), through one or more brackets (960) and 

one or more support stalks (950), to a system for moving 

coolant (930) through the cooling lines (920). 

11. The fusion reactor (110) of Claim 9, wherein the 

system for moving coolant (930) through the cooling lines 

(920) comprises: 

 a pump for actively circulating the coolant (930) 

through the cooling lines (920) to a device external to a 

vacuum where heat is removed. 

  

12. The fusion reactor (110) of Claim 9, wherein the 

coolant (930) is selected based at least in part on the 

superconductive properties of one or more materials forming 

the internal magnetic coils (140). 

 

13. The fusion reactor (110) of Claim 9, wherein the 

coolant (930) comprises one of liquid nitrogen, helium, or 

FLiBe. 

 

14. The fusion reactor (110) of Claim 9, wherein an 

amount of heat removed through the cooling lines (920) is 

sufficient to 
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maintain a steady-state within each of the at least one 

internal magnetic coils (140). 

 

15. The fusion reactor (110) of Claim 9, wherein the 

cooling lines (920) comprise channels or pipes. 

 

16. The fusion reactor (110) of Claim 9, wherein the 

cooling lines (920) are isolated from a vacuum by compression 

fittings, metal walled pipes, or channels. 

 

17. The fusion reactor (110) of Claim 9, wherein the 

direction of current in the center magnetic coil (130), the 

plurality of encapsulating magnetic coils (150), and the two 

mirror magnetic coils (160) is the same and wherein the 

direction of current in the two internal magnetic coils (140) 

is opposite the direction of current in center magnetic coil 

(130), the plurality of encapsulating magnetic coils (150), 

and the two mirror magnetic coils (160).  

 

18. The fusion reactor (110) of Claim 9, wherein the two 

internal magnetic coils (140) are surrounded by, and shielded 

from, the plasma (310) and suspended within the enclosure 

(120) by at least one support.  
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19. A fusion reactor (110) comprising: 

two internal magnetic coils (140) suspended within an 

enclosure (120); 

a center magnetic coil (130) coaxial with the two 

internal magnetic coils (140) and located proximate to a 

midpoint (340) of the enclosure (120); 

a plurality of encapsulating magnetic coils (150) coaxial 

with the internal magnetic coils (140), the encapsulating 

magnetic coils (150) being operable to preserve the 

magnetohydrodynamic (MHD) stability of the fusion reactor 

(110) by maintaining a magnetic wall that prevents plasma 

(310) within the enclosure (120) from expanding; and 

two mirror magnetic coil (160)  coaxial with the internal 

magnetic coils (140); and 

one or more cooling lines (920) within the interior of 

the internal magnetic coils (140), the cooling lines (920) 

operable to carry a coolant (930) and coupled to a system for 

moving coolant (930) through the cooling lines (920) to remove 

heat from the internal magnetic coils (140). 

       

20. The fusion reactor (110) of Claim 19, wherein the 

system for moving coolant (930) through the cooling lines 

(920) comprises: 
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 a pump for actively circulating the coolant (930) 

through the cooling lines (920) to a device external to a 

vacuum where heat is removed. 

  

21. The fusion reactor (110) of Claim 19, wherein the 

coolant (930) is selected based at least in part on the 

superconductive properties of one or more materials forming 

the at least one internal magnetic coil (140), the at least 

one encapsulating magnetic coil (150), and the at least one 

mirror magnetic coil (160). 

 

22. The fusion reactor (110) of Claim 19, wherein the 

coolant (930) comprises one of liquid nitrogen, helium, or 

FLiBe. 

 

23. The fusion reactor (110) of Claim 19, wherein an 

amount of heat removed through the cooling lines (920) is 

sufficient to maintain a steady-state within each of the 

internal magnetic coils (140). 
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24. The fusion reactor (110) of Claim 19, wherein the 

cooling lines (920) are isolated from a vacuum by compression 

fittings or metal walled pipes or channels.  

 

25.   The fusion reactor (110) of Claim 19, wherein 

the two mirror magnetic coils (160) comprise first and second 

mirror magnetic coils (160A, 160B) disposed on opposite sides 

of the center magnetic coil (130).  

 

26. The fusion reactor (110) of Claim 19, wherein the 

direction of current in the center magnetic coil (130), the 

plurality of encapsulating magnetic coils (150), and the two 

mirror magnetic coils (160) is the same and wherein the 

direction of current in the two internal magnetic coils (140) 

is opposite the direction of current in center magnetic coil 

(130), the plurality of encapsulating magnetic coils (150), 

and the two mirror magnetic coils (160).  

 

27. The fusion reactor (110) of Claim 19, wherein the 

two internal magnetic coils (140) are surrounded by, and 

shielded from, the plasma (310) and suspended within the 

enclosure (120) by at least one support.  
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