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   Two alternative designs of the Central Solenoid (CS) coil were proposed by EPFL-SPC, PSI Villigen and CEA Cadarache for the European 

DEMO tokamak. The DEMO CS coil consists of five modules, namely CSU3, CSU2, CS1, CSL2 and CSL3, the most demanding of which is the 

CS1 one. Our present work is focused on the thermal-hydraulic analysis of the CS1 module designed by EPFL-SPC at the normal operating 

conditions during the whole plasma scenario. We take into account the realistic magnetic field distribution, heat transfer between neighboring 

turns, and heat generation due to AC losses. The analysis, performed using the THEA Cryosoft code, was aimed at the assessment of the 

minimum temperature margin and at verification if the proposed design fulfills the acceptance criteria. Obtained minimum temperature margin in 

layers L1-L18 was sufficiently large, whereas in L19 was slightly below the 1.5 criterion. 

   GOAL
 ● Assessment of the minimum temperature margin and verification if the proposed 

design fulfills the acceptance criteria.

 ●  Provide the information for further optimization of the conductor layouts  . 

  BASIC  ASSUMPTIONS
 
   

 

Schematic layout of a (a) HTS, (b) LTS cable.

          RESULTS 
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CONCLUSIONS

● The hydraulic analysis of the CS1 coil (SPC design) was performed. The total mass flow rate in the 

CS1 module was assessed to be 337 g/s.

● Normal operation of the CS1 module was simulated using the THEA code during the whole plasma 
scenario (breakdown, burn and dwell phases). Time evolution of magnetic field profiles along the 
conductor, heat load due to AC coupling losses, inter-turn heat transfer and mass transfer between 
different channels of flow were taken into account.

● The temperature margin in the shorter conductor of each subcoil was calculated. The minimum 
value of temperature margin was typically achieved in the last seconds of the dwell phase.

● The computed minimum temperature margin in layers L1-L18 was sufficiently large, whereas in L19 
was slightly below the 1.5 criterion.  
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Conductors parameters used in the analysis: 3rd iteration of the EPFL-SPC Cs1 design [1]
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  THEA MODEL OF THE CS1 MODULE CONDUCTORS
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a) HTS: L1 - L3  b) LTS: L5 - L19
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Friction factor correlations 

Bundle region (LTS): the correlation based on the 
Darcy-Forchheimer momentum balance equation [6] 

 Bhatti-Shah correlation Colling channels (LTS):
for turbulent flow in smooth tube

 correlation of the EURATOM Bundle region (HTS):
LCT conductor [7]:
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ACu Strands
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Acore

 

(mm2) 
AHe

 

(mm2) 
D  h

(mm) 
Ajacket

 

(mm2) 

L1 972.4 1.89 94.6 75.7 7.19 188.7 188.7 151.2 1.52 2862.1 
L3 999.8

 

1.73 86.4 69.1 6.57 206.0 206.0 141.0 1.40 2817.9 

 LTS 
SC 

L 
(m) 

Ascon 

(mm2) 
ACu1 B

 (mm2) 
ACu2 B

 (mm2) 
AHe B

 (mm2) 
Dh B

 (mm) 
φ
  (-)

AHe side

 (mm2) 
Dh side

 (mm) 
AHe rect

 (mm2) 
Dh rect

 (mm) 
Astab

 (mm2) 
Ajacket

 (mm2) 
L5 1054 109.2 109.2 12.1 79.7 0.531 0.250 41.9 2.01 112.3 12.78 305.5 2727.4 
L7 1105

 

71.8 71.8 8.0 52.3 0.452 0.250 70.6 2.78 95.0 11.85 350.7 2589.7 
L9 1155

 

50.0 50.0 16.7 40.9 0.481 0.250 37.1 1.94 130.4 13.75 362.3 2509.1 
L11 1203

 

35.7 35.7 11.9 29.3 0.412 0.250 44.2 1.90 128.7 13.70 382.9 2455.7 
L13 1250 26.0 26.0 8.7 21.3 0.397 0.249 56.3 1.93 120.4 13.30 397.4 2420.0 
L15 1298

 

84.8 84.8 9.4 61.71 0.490 0.250 66.8 2.75 99.29 12.19 345.6 2675.9 
L17 1348

 

29.2 29.2 9.7 23.89 0.419 0.250 57.4 2.02 118.71 13.21 394.1 2436.9 
L19 1394

 

15.5 15.5 5.2 12.14 0.372 0.248 62.2 1.76 118.84 13.26 412.4 2383.1 

L1 - L4     : high magnetic field - Re-123 HTS  
L5 - L14   : medium magnetic field - R&W Nb Sn 3

L15 - L20 : low magnetic field - NbTi 

 

The EPFL-SCP CS1 design is based on 
a  layer-wound concept with superconductor 
grading. The winding pack is composed 
of 10 sub-coils (SC), each consisting of 
2 layers wound with cables of the same kind:
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Mass flow rate in each layer of Cs1 module

I  = 51.22 kA [1]max

I /I  = 57.14/-8.79 [2]max SOF

Assumed dwell duration: 10 min [3]

 

No heat deposition in conductors (isenthalpic flow)            1 bar,
  

Hydraulic analysis

Total mass flow rate in the CS1 module: 337 g/s
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For the given pressure drop mass flow rates are obtained from: 
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Helium properties are calculated at the reference conditions: 
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To assess coupling losses in DEMO conductors 
we use the      values taken from  ITER DDD [5],  the
namely for the CS cables       = 75ms  
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[4]

The coupling loss per unit length of conductor  in a field ramped at a uniform rate was calculated as:

The coupling loss per unit length 
of conductor during breakdown

Temperature (a) and temperature margin (b) profiles along conductors: 
L1 (HTS), L5 (Nb Sn), L15 (NbTi) during breakdown 3
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Minimum temperature margin  as a function of time in breakdown phase and dwell phase   
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The minimum value of the 
ΔT  is typically achieved margin

in the last seconds of the dwell 
phase, where it is slightly smaller 
than during the premagnetisation 
phase. The only problematic layer 
is L19, for which the computed 
values of the magnetic field at 
the both conductor’s ends are 
slightly larger than the design 
B  value indicated in [1]peakMinimum temperature margin  
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