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1. Introduction 

 

 The cold components to be cooled down to 

cryogenic temperatures in the KSTAR tokamak are the 

SC magnet system with its supporting structure, the 

current feeder system (SC busline and current lead(CL) 

system) that transfers the current from the power supply 

to the magnets, the thermal shield(TS) system that 

protects the SC components and the cryogenic part of 

the CL system from ambient radiation. The SC magnet 

system consists of 16 toroidal field(TF) coils, 4 pairs of 

central solenoid(CS) coils, and 3 pairs of outer poloidal 

field(PF) coils [1]. All coils, structures and ICBs are 

cooled down with the 4.5K supercritical helium(SHe), 

and all TS are cooled down with the 55K gaseous 

helium(GHe). The fundamental notion of pipe design is 

to minimize thermal loss. So all components are cooled 

and acted well. And the in-cryostat helium line is routed 

to not interface with the other cold component and 

theirs helium line [2]. 

 

2. In-cryostat helium line 

 

2.1. Helium flow diagram 

 

In-cryostat helium are to be supplied from the helium 

facilities through two transfer lines connected to the 

transfer ports C-AuC-00 and C-AlC-00 located at 

KSTAR main cryostat. In each transfer ports, there are  

 

TableTableTableTable 1. In-cryostat helium line 

Port Subject Size No. 
Total 

No. 

C-AuC-00 
(1200mm) 

TF Coil In 

TF Coil Out 

TF Structure In 

PFU Coil In 

CS Structure In 

CSU34 Coil Out 

CTS, VVTS In 

VVTS Out 

TF Bus In 

TFR Bus In 

PFU Bus Out 

32A 

65A 

32A 

20A 

32A 

32A 

65A 

32A 

20A 

1/2” 

32A 

4 

1 

4 

7 

1 

1 

2 

2 

1 

1 

1 

25 

C-AlC-00 
(770mm) 

TF Structure Out 

PFL Coil In 

CSL34 Coil Out 

PF15 Out 

PF67 Out 

CTS Out 

PFL Bus Out 

TR Out 

OCB TS In 

65A 

20A 

32A 

65A 

32A 

32/40A 

20A 

1/2” 

20A 

1 

7 

1 

1 

1 

3 

1 

1 

1 

17 

many helium lines as shown in table 1. There are 4 

helium manifolds for supply SHe to 16 TF coils and the 

supply helium are returned to one manifold. The 

returned helium cooled down again to 4.5 K at a thermal 

damper by heat exchanging with liquid helium. The heat 

exchanged helium are supplied again to TF coil 

structures through 4 SHe manifolds and returned to one 

manifold. TF structure consists of case and outer inter-

structure (OIS). TF structure inlet manifold supplies 

SHe to TF case, and each TF case outlet manifold is 

connected to TF OIS cooling line. Each PF coil SHe is 

supplied from one manifold. The two outlet manifolds 

of PF03,4 upper/lower coil are returned to U/L cryostat 

ports, respectively shown in Fig 3. The returned helium 

of PF03,4 coil pass through thermal damper and the 

helium line is connected to CS structure. SHe cooled 

down the PF01~05 coil and CS structure are returned to 

one manifold. And PF06,7 coil SHe are returned to 

another manifold. GHe for CTS(VVTS) are supplied 

from one manifold and returned to 3(2) manifolds. SHe 

for OCB TS is supplied from one manifold and returned  
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FigureFigureFigureFigure 1 . TF coil flow diagram 
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FigureFigureFigureFigure 2. TF structure flow diagram 
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FigureFigureFigureFigure 3. PF coil & structure flow diagram 
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FigureFigureFigureFigure 4. TS flow diagram 
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FigureFigureFigureFigure5. TF & PF Busline flow diagram 

 

to CLB. SHe for TF busline is supplied from one 

manifold and returned to CLB. SHe for TF return 

busline is supplied and returned with one manifold. TF 

return busline outlet manifold is connected to toroidal 

ring inlet manifold. SHe for PF busline is supplied from 

CLB and returned 2 manifolds. 

 

2.2. In-cryostat helium line routing 

 

TF helium lines are mounted on upper plate of PF6U 

structure, CS helium lines are on CS coil lead support 

structure. PF 05 helium lines is mounted on cover plate 

of PF05 structure, and PF06, 07 helium lines are on wall 

plate of PF 06, 07 structures, respectively. TS inlet 

manifolds and VVTS outlet manifolds are mounted 

under the cryostat lid TS, and CTS outlet manifolds are 

on cryostat bottom TS. The in-cryostat helium lines for 

each component are mounted on the support structure of 

the same components in order to minimize the influence 

of movement. 

 

3. Conclusion 

 

KSTAR in-cryostat helium line consists of 42 

manifolds and four hundreds channels. Fig 6 is shows 

the 3D drawing the KSTAR in-cryostat helium line 

routing.  

 

 
FigureFigureFigureFigure    6. In-cryostat helium line routing 3D 

drawing 
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