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recommends that DEMO should be an ITER-like tokamak, using as much as possible technologies that will Conductor (CICC)

. . -~ ! Conduct t 111560 A : :
be tested in ITER. For that reason, CEA has proposed a TF magnet design consisting of pancake wound & S;:ﬂzzgni:gfn 1024 mm Steel R Jacket temperature evolution —__ The point where the ~ maximum
double channel CICC with Nb3Sn superconducting strands and a wind & react fabrication process, much NS Number of Sc. strands ' 1029 Cable 'S Wraps ar 210 E’ temperature of 99.551 K is reached is
like ITER. The main difference is the absence of radial plates, compensated by an increase of the conductor NSC Number of Cu strands 344 Jacket thicknese® 11.1 — T1-D1 at s, = 28.641 m (first turn, in the
jacket thickness, for mechanical purpose. This point is of particular interest when studying quench o ) LC“ Cable size (square) 48.64 mm middle of the quench initiation location).
behaviour of a coil, as the hotspot criterion focuses on the jacket maximal temperature, and in case of a thick OO V& Jacket thickness 11.1 mm " AT =39.879K @ 47,35
i i ignifi ioni i ' Jack : » nsulation thickness=Zmm = . .
jacket, thermal gradlept can t_)e significant, questioning the 1D approach usually retained. On DEMO, the g%gggggg%gg%g AV, Max voltage to ground 5154V Insulation thickness = 2 The maximum temperature difference
150 K ITER hotspot criterion is used. 8%%8888%88%8 N Number of pancakes 16 * the iacket thicki is 21.904 K
In order to ensure consistency of the work performed in the different European laboratories, a common 0O00000000000000 N"k Number of turns 3 Steel jacket w _ over the jacket tnIckNness 1S 21. .

guideline for the design and analyses was issued. In this document, it is recommended to take into
consideration the transverse thermal coupling, which cannot be done with the standard version of THEA, the
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The maximum temperature difference

through the 2 mm insulation thickness
is 39.879 K.

code that we use for the modeling of conductors. Two strategies to implement such transverse coupling will
be presented and analyzed in this study. The first one is based on a stationary method using thermal
resistances, this is the method suggested in the common guidelines. The second one, called TACTICS, after
THEA-Cast3M-SimCryogenics (the latest is not used in the present study), is based on a transient Finite

Quench simulations i

QUENCH MODEL

Elements Model (FEM) with Cast3M using code coupling. Quench initiated at By . ON the central CW pancake. e Outlet
. Perturbation = 2 * MQE applied for 0.1 s over 1 m length. (MQE = 1963 W/m) - B
Presentation of TACTICS Quench detection not considered: FSD triggered 3 s after the disturbance. of \“““””’ -
oW 8
COUPLING METHODOLOGY m o \\\
,,,,,,,,,,,,,, . THEA components : : : . ) S viddle of the 77,
j niiaisation § Code coupling for transient pseudo-3D - Caseohcon ponents The (j:ack:;e’:vlls cor(;sm‘erled ! helrlm,ally . S perturbation et g, )
| CastaM —i—@—)CasBM Cast3M simulation - TACTICS: = g Th(;rmall components ll[‘IHEAaStt an . 1(?ect{rl]ca y II’; - E )
1 H . . ha Hydraulic components -
o T: ﬁ] « THEA for 1D thermohydraulics in T i =h 1o -account Tor the curren Al = =3
‘: ol i ! o 2 - bl | Electric transfer redistribution during a quench. = ) -
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? //g ﬁ) / ‘ + Cast3M for 2D finite element transverse s Heattransfer o b =
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SET OF INTERFACE CONDITIONS Hotspot temperatures for each component for the different models. il E §
+ THEA: heat fluxes as boundary conditions RESULTS COMPARISON Model Component T [K]  Time[s] — so. [m] 'a S B
Neumann Dirichlet Neumann Fourier HH N,
Interface eoc (Neumann condition). - hi Sc. strands 117972 20285 28584 o “ N o
: * Cast3M:  prescribed  temperature  (Dirichlet EA?TICS_' lt(ugher strands tempera;ure THEA ‘% 7 \\\\\
condition) or convective coupling (Fourier TL:ngei jacket tter?pt)ﬁratdq]r: cgmptqre 0 (caseb) Copper strands ~ 118.929 28.555 28.584 . figg i ““\\ N
. condition). -~ -> Impact of The diiusion fime in Jacket 100.304 100 28.604 T
the jacket (more time for the strands to fiel h 'r'] | K .
For the simulation of fast transients (e.g. quench), the heat up by joule effect). ACTICS Sc. strands 126.987 29.195 28.503 Temperature field map over the whole pancake (100 cross sections) at 100 s.
| .  Neumann Fourier set of interface conditions is the THEA i | (Casea) ~ Copperstrands  127.999 28665 28513 LSS L2255 testsrs - TIK]
Direct coupling with a thin layer Convective coupling with the interface . - . 9.
of the jcket modeled n THEA being e mer et e ket MOSE appropriate. 1t is more stable and allows non- because T;grt:or;'ingovgir t;gm?it:?tut[]ersr; Jacket 94.942  75.402 28.643 I“
uniform temperature profile on the inner side of the . . . o
jacket P P (quenched) by the second turn is THEA Sc. strands 111.973 26.225 28.524 Temperature field map in the jacket -
' instantaneous (infinite diffusion), which is interturn and insulation of the two first turns E
' pper strands 113.197 25.495 28.524 X o
STEADY STATE APPLICATION not realistic. (Case cy) of the pancake at the middle of the |e
Jacket 90.632 64.070 28.464 quench initiation. ;i

Different models to be compared at the end of a

burn scenario :

+ Casea: TACTICS

» Case b: standard THEA model (no transverse
coupling)

» Case c,: thermal resistance. Coupling jacketto | -
jacket, using only the insulation part in the »

Caseb Casec,
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Sa‘l"'l Normal length

2.
2
1
14

1.
64

Because of the absence of radial plates, the jacket thickness is increased on DEMO compared to ITER

(11.1 mm instead of 1.6 mm). On ITER, the 150 K hotspot criterion in the jacket can be checked with

( an 1D approach since the transversal thermal gradient are negligible; but on DEMO, the jacket

thermal resistance. 2 transverse thermal diffusion: thermal gradient can reached up to 21.904 K, so an 1D approach is not sufficient to check the
@, [W/m] = 4T, Ainsur * L : « At 41.783s with TACTICS compliance of the design with the hotspot criterion.

acket 12 - 10
. : 2 * Cinsut L7 . At18.425s with THEA interturn
* Case c,: thermal resistance. Coupling bundleto | ', CONCLUSION
bundle, using the jacket and insulation in the ! The initiation of the quench by transverse diffusion
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Quench initiation on the second turn because of the

thermal resistance, as well as the convective o' \ Quenchtontr I I happens faster with the thermal resistance model | Two different ways of implementing the transverse thermal coupling during a quench have been presented,
y thermal resistance. ur \\ II \\ II because the diffusion is not accounted for. So the |and the impacts on the hotspot temperature and quench propagation have been compared to standard 1D

w - helium 162 " f . : THEA calculations. It was shown that the method with thermal resistances that considers steady thermal
v i [ /m] 1 + 2 * €jacket | 2 * el + 1 © \ / - hypothesw of a r_]egllglble tl_me anstant of the coupling without diffusion does not match a detailed FEM analysis. The point of the thermal resistance
. hy *L " Ajacker * L Amsur ¥ L~ hy * L ® \\ II — \\/’ diffusion through _Jaf:ket and insulation makes the strategy is to take into consideration transverse exchanges, but by doing so with a stationary approach; the
) ] ) ) o “ \ | 1_3ec0nd quench initiation happen 23.359 s sooner than | res;its” can be even less accurate than the standard 1D model without transverse coupling. Such a

. Case ¢, is compliant with the finite element model | * it should. methodology may thus be not conservative and should be considered with precaution.
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