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Motivation and goal Coil geometry and model definition

 Quench-back through a co-wound normal- e 2D axisymmetric geometry, free triangular mesh with 34k elements with 150k DOF.

conducting secondary [1] couples electromagnetics, * Every turn resolved individually: 24 layers x 64 Nb-Ti turns and 24 x 20 Cu turns, adiabatic external

heat transfer and an external circuit on millisecond boundaries.

time scales. * Conductor unit cells meshed individually; inter-turn insulation is not meshed but imposed as
* The goal of this work is a predictive COMSOL model thermally thin layers, insulation inside the cell is homogenised by area fraction.

that reproduces a measured fast discharge without * Magnetic Fields (mf) A, with 0 = 0 in all domains, currents imposed as External Current Density

free fit parameters, using geometry, material

. . . , _ 5
oroperties from literature and the measured circuit Heat Transfer in Solids (ht) for T, Joule heating source Q = p(I/A4)“.
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Adiabatic hotspot as a function of quench load Simulation outputs

e p(B,T) from Wiedemann-Franz relation, using k for 300 —— RRR =100, Byox = 2.1T. Rer = 0.225Q + Effect of Energy-extraction circuit
Oxygen-free high conductivity (OFHC) copper [3], v Quench load from measurement resistance and diode forward

including magnetoresistance. voltage on adiabatic hotspot
temperature Tmax
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Voltages obtained by integrating
B-field solution, Currents fed back
as external current densities
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e Temperature dependent specific heat of
conductor unit cells found using area fraction.
Data for OFCE Cu and G-10 (approximated for all
insulation) from [3], Nb-Ti 49 wt% Ti from
Cryocomp.
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e Critical surface [4-5]: determines temperature
margin,when and where the primary transitions to

normal-conducting state, which drives the oF | l | | | | | | | Vi ? / pdV + — / 04, v
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Efficiency of quench-back:

Coil discharge behavior - Current and voltage over time Keeping quench load fixed, and
comparing to simple discharge
500 . Measured Iyp.7i EBE (it Sl » Measured Vyp.gj ~7TTTTTTTTTTT T over an external dump resistor:
Measured lcy 40 +  Measured Ve, Peak extraction voltage 43.7 V
400 |- Simulated Inp.7i ' Simulated V.7 instead of 713 V — A factor 16
Simulated /-, - Simulated V,
= < 30 | lower.
— 300 < !
= o | .
@ Fa0l | Model input
S 200 [ e e e e e = ‘
& > - parameters
100 \ 10 - Operating temperature 4.2 K
oo................... boiiiininnsn, "'vvvv"vvvvvvvvvv vy, .
o.................... ° —‘-M%AALLAAA‘AAAAAAAAAAAAAA
O @ | | | | S | O = | | | | | | | " lnom (Nb-Ti) at 4.2 K 200 A
0 2 4 6 8 10 12 14 16 b) 0 2 4 6 8 10 12 14 16
a) Time from contactor opening (s) Time from contactor opening (s) RRRwb-Ti 86
500 " 43.7 Vy Copper to non-copper 4:1
450 40 |- ratio for Nb-Ti conductor
400 B i v  Measured Vpp1i
. A Measured Vey Nb-Ti turn-to-turn 60 um
~ B —~ 30 — \ & . . .
< ool o Moasured In S resavy insulation thickness
e | B . .
= 250 - Mgasured lo, = Tvy, Cu turn-to-turn insulation | 120 pm
< N Simulated /Iyp-1i _ICE 20 'vvv .
FS 200 pecotfecas, Simulated /¢, E‘ "vvv thickness
@) i B vv"?'TTTvvvv : :
150 [ | AALA Layer-to-layer insulation 380 pm
100 dccecace, 10 — Simulated Vyp.ti )
_ '00..... - Simulated V¢, thickness
50 |~ ...”...e:ee:-A---e-A— i
. - ., 0 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAL RRRcy 190
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | .
~100 0 100 200 300 400 —100 0 100 200 300 200 | Magnetoresistance Se-11
C) Time from contactor opening (ms) d) Time from contactor opening (ms) Om/T

Fast discharge — simulation & measurement Conclusions and Outlook

 Fast discharge from lp = 200 A. Long (a,b) and short time-scales (c,d) A COMSOL-based multiphysics quench simulation model is presented and
«  Measured and simulated curves agree on peak current, peak voltage compared to experimental observations on a demonstrator solenoid.
and the onset of quench-back at t = 100 ms. * The method gives a favorable adiabatic hotspot temperature (32 K) and a low
) Nb-Ti current falls to 100 A within 100 ms and to a quarter of nominal peak discharge voltage (44 V).
by 300 ms, then decays to zero over 15 s. * Next steps: Conduction-cooled operation of magnet using a GM-cryocooler,
Y d) Peak V0|tage aCross the extraction System 44 V iﬂClUding implementing REBCO'hyb”d Current |eadS fOF magnet powering.
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