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Cryostable Fusion Magnets Cooled with Hydrogen
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JA-DEMO TF caoil
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— Central channel

—Nb,;Sn wires: 1512
+ Cu wires: 906

Conduit(SS) cooled with SHe at 4.4 K
Cu wire (¢3.6) . ‘
Custrip— \_ Jou =80.2A/mm? J Jou = 99.4 AImm2 )«— ITER-TF & YL

[1] Presented by T. Mulder at WAMHTS-4, Barcelona, Spain, February 16, 2017
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DEMO-TF(13.9 T, 83 kA)EHHTS-CIC -
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(A) 14 Layers x 18 strands (B) 25 Layers x 9 (C) 11 Layers x 25
(I:: 108 KA, T.g: 30.3 K) (Ic: 111 KA, Tog: 31.0 K) (Ic: M8 KA, Trg: 33 K)
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(" Copper tape Copper str@ i Copper strip)

At
« : > HTS strand _
v \_ Jou = 80.2 A/mmZ/ \§ Jou = 62.5 A/mmzj g Jeu ~ 71.9 A/mmﬂ
O Larger wetted area of HTS Lower j., for the same conduit | Larger wetted area of HTS

Better Flexibility Better mechanical strength Better mechanical strength

2 Mechanical strength? KSmaIIerwetted area J Complex manufacturing
' Flexibility?




He A A1 &H, R HI O LL# (HTS-CIC Type (B))

Conductor Type (B) (jo, = 62.5 Almm2, Tcs =(31 K)at 83 kA, 13.9 T)
Cryogen H, at 21 K SHeat4.4K | Gaseous He at21K
Heat input (nuclear heat) 10 kW — —

Length of a cooling path 800 m — —

Inlet / outlet pressure 1.5/1.4 MPa 1.0 /0.9 MPa 1.5/ 1.4 MPa
Inlet / outlet temperature 21.0/21.84 K 44/583K 21.0/23.21K
Mass flow per path 5.18 g/s 8.61 g/s 3.89 g/s
Specific heat 9.45 J/g-K 3.88 J/Ig-K 5.6 J/g-K
Density 71.0 kg/m3 143 kg/m3 32.9 kg/m3
Viscosity coefficient 12.8 uPa s 4.3 uPas 3.7 uPas
Thermal conductivity 0.0998 W/m-K 0.0245 W/m-K 0.0262 W/m-K
Heat transfer coe. at bundle section 870 Wim?-K 378 W/m2-K 329 W/im?-K
Conductor temp. at /. /I = 1.0 (*1) (w} Ics (27 8 K} Tcs Thermal runaway

(*1) All strands and Cu wires are assumed at the same temperature.
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Type (A), (B), (C)® L&

Conductor Type (A) (14Lx18) Type (B) (25Lx9) Type (C) (11Lx25)

Critical currentat 13.9 T 108 kA 111 kA 118 kA

Current sharing temperature, Tcs at 83 kA 30.3 K 31.0K 32.7 K

Copper current density, j.,, 80.2 A/mm? 62.5 A/mm? 71.9 Almm?

Perimeter of bundle section 1025 mm 648 mm 1055 mm

Heat input / Length of a cooling path 10 kW /800 m “— —

Inlet / outlet pressure 1.5/1.4 MPa — —

Inlet / outlet temperature 21.0/21.50 K 21.0/21.84 K 21.0/21.76 K

Mass flow per path 8.73 g/s 5.18 g/s 5.76 g/s

Heat transfer coe. at bundle section 756 W/m2-K 870 W/mz2-K 815 W/m2-K

Conductor temperature at / /I = 1.0 30.7 K (> Tcs) 31.7 K (> Tcs) 28.9 K (< Tcs)

Conductor temperature at /.,// = 0.9 29.7 K 30.5 K 28.1 K
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Thermal
anchor

Testing coil(REBCO 3 turn coil)
3 External field coils (cusp field)
- Heater
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LH2, 20K, 21T

Voltage (mV), Current/10 (A)

Voltage (mV), Current/10 (A)
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REBCO coil (3 turn)
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1 Sensor cable
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Oxygen free
Cu (0.2 mm)
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REBCO (SuperPower
SCS4050-AP,100 um Cu)
Normex tape
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