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Quench Analysis for the ITER CS Coil
*
Keiichi YAMAMOTO and Kiyoshi YOSHIDA

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received March 8, 1993)

The central solenoid (CS) coil for the International Thermonuclear
Experimental Reactor (ITER) is the large scale of the forced-flow
superconducting coil. At a coil quench helium pressure rises up
high value of several hundred bar. Therefore,the quench analysis 1is
one of the important matters for the coil design.

The quench analysis was carried out by means of the stability
analysis code "QSFC" developed by JAERI. One-dimensional fiuid flow
and energy transport equations are solved by means of the finite
differential method in QSFC. Analyses for some experimental results
are performed so that (QSFC is able to be adopted to the quench analysis.
The analysis results are in good agreement with the experiments.

In the ITER CS coil proposed in the engineering design activities
(EDA) the pressure rises up 138 bar for the damping time of ten seconds.
This value is one-third of the value evaluated by Miller's equation.
However, the pressure rises up higher wvalue for the damping time of

20 seconds. Therefore,the change of conductor design should be required.

~Keywords: Superconducting, Magnets, Quench Analysis, Fusion,
ITER, CS Coil

* Visiting Researcher from Toshiba Corporation
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Table 3.1 Calculate condition for HELITEX experiment.

Helium cross section 40  mm?
Hydraulic diameter 2.0 mm
Initial temperature 414 K
Initial pressure 1.0 bar

Table 3.2 Parameters of the conductor for Ando's experiment.

Cable configuration 3 x 6 x 0.98 mm NbTi/Cu strand
+1 mm Steel wire

Conduit inner dia. 5.74 mm

Conductor length 26 m

Void fraction 48.1 %

Hydraulic dia. 0.694 mm

Ratio of Cu/NbTi 3

Table 3.3 Calculate condition for Ando's experiment.

Cu cross section 10.0 mm?®
He cross section 134 mm?
Hydraulic diameter 0.694 mm
Perimeter 0.5 m
Magnetic Field 70 T
Cooling channel length 40.25 m
Initial pressure 10.0 bar
Initial temperature 42 K
Critical temperature 495 K
Current sharing temperature 495 K
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Fig. 3.2 Time variation of the heating power.
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Fig. 3.3 Helium temperature and pressure distribution as a function of

space and time.
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Fig. 3.6 Ando's experimental resuits. (reference 2 and 3)
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Fig. 3.7 Analysis model for Ando's experiment.
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Fig. 3.11 Comparison of the resistive voltage. Measured voltage is on tap No. 32-33,
of which length is 0.56 m. Calculated one is the voltage for the length of 0.5 m.
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Table 4.1 Parameters of the ITER CS coil used for the calculation.

H-grade Ml-grade  MZ2-grade L-grade
Mean radius m 2.1199 2.2996 2.4728 2.65665
Radial thickness m 0.15975 0.14985 0.1866 0.1778
Height m 12.0998 12,1008 12.1008 10.4994
Turn 594 648 960 912
Cooling channel length m 429-452 505-529 616-649

600-637

Table 4.2 Parameters of the H-grade conductor used for the calculation.

Rated current
Critical current
Superconductor
Conduit
material(first conduit)

kA
kA

material(second conduit)

outer dimension
Cable space

Quter diameter

Inner diameter
Center channel

Outer diameter
Non-Cu cross section
Cu cross section
Void fraction

Perimeter

mm

mrs

mm
mm
mm
%

419
83.8 (at 14.0 T)
(NbTi),Sn

Ti
SS
51.25x 3911

34.8
17.0

15.0
199.8
259.8
359
2.245
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Table 4.3 Calculate condition for the ITER CS coil .

Rated current

Cu cross section

He cross section

Hydraulic diameter
Perimeter

Half cooling channel length
Magnetic field

Initial pressure

Initial temperature

Critical temperature
Current sharing temperature

41.9
259.8
436.8

15.0

2.245
240.0
13.0
6.0
4.5
10.5
6.89

mm?2
mm?2
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Fig. 4.1

Helium temperature and pressure distribution as a function of

space and time for the damping time constant of ten seconds.
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Fig. 4.3 Time dépendencies of temperature of copper and helium for the damping time
constant of 10 seconds and 20 seconds.
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Fig. 4.4 Time dependencies of pressure for the damping time constant of 10 seconds
and 20 seconds.
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Fig. 4.5 Normal zone length vs. time for the damping time constant of 10 seconds
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