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1. Background 2. Model Set-up

. _ . . A fully-coupled 2D axisymmetric model was built in COMSOL 5.5 using the H-formulation to model the 1} 50 10
To avoid thermal oscillations in coupled finite element models (FEM), the _ _ _ , _ _ , B o '
. . . . . superconducting (SC) domain. Non-SC domains were modelled using either the H- or A-formulations. The mesh density
maximum allowable element size (e._) is a function of the size of the i the oC d e adiusted < the discretirati der for th Ny 4 th " ohve
timestep taken (At), thermal conductivity (k), mass density (p) and within the omain is adjusted, as is the discretization order for the magnetic an ermal physics. D
specific heat (C) [1
P () 1] A measured J (T,B) and specific heat capacity are used, whilst the thermal properties are assumed k,, = 20,k =4 @ Bulk
o _ |6KAt W/m.K. A finite coil is used to apply the magnetising pulse of 4.5T with a 13ms rise time. Cooling is applied viaan | A
max \ pC infinite sink at constant temperature from the bottom surface, with all other faces perfectly thermally isolated from the
. . \
For high temperature superconductors (HTS) during pulsed-field surrounding domains. o S ColdHead .

Results are compared to those for the linearly discretized case with a mesh size of 62.5/50um, which is assumed
closest to the true solution.

3. Results and Discussion

Relative Probe Errors For the tested linear meshes with elements greater than 100um, small spatial thermal oscillations (~1K)

magnetization (PFM) it is common for spatial thermal oscillations to occur
due to low conductivity and small timesteps to solve within the required
error tolerances.

2D axisymmetric model configuration

In finite ring-shaped samples, flux propagates from both the inner and
outer edges [2] which induces a numerical singularity at the point where

30 7 _ : : : : e
these collide, after which the flux density within the bore of the ring < [;1 a Temperature Error| & were seen as early in th.e.5|mulat|on, V\{hlch grew to 30K as the z-component of the magnetlc.fleld at .the
suddenly increases. FEM solvers necessarily reduce the timestep taken to §25 ") X Field Error 5 5 inner edge becomes positive. Small oscillations (~1K) were also seen for meshes of 50um, but induce field

. . . . .. 4 20 o . 19 ively.
compensate for the singularity, breaching the stability condition unless very S B10 Al 48 and temperature errors of 0.06 and 1.1% respectively
fine meshes are used. The required mesh sizes for stability often render the 515 g 0 3 8 dratic h | d the i bili th < oscillati : h 9 drati
oroblem computationally intractable. g0 5 AL L8 Qua .ratlc eat e e.men.ts worsened the instability, with pea OSFI ations of 85K observed. Quadratic
X © 9 o , = Mmagnetic elements, with linear heat elements, allows the mesh density to be relaxed by up to a factor of 8
d O ° . . ° ° ° . .
Here we investigate options to accelerate the modelling of PFM in ring- > » . 14k Al o3 OU_E without thermal oscillation. Case C1 allows a 7.5x improvement in run-time for < 0.5% error in the solution.
shaped HTS using COMSOL Multiphysics whilst avoiding thermal oscillations %, z% 02 0330005 With the exception of case D1, all configurations qualitatively reproduced the measured propagation
within the solution. Solve Time [s %  profile, which may allow for rapid initial studies.
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Simulated field and temperature dynamics during PFM of a Temperature and Magnetic field profiles around field
ring-shaped GdBCO sample reversal at the inner edge
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