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Current applications
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Ship Propulsion Wind generator Electric aircraft




Future applications
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Space propulsion




Racetrack coll Pancake coll

Application: Rotating machines, high field magnets



Motivation

Modeling superconductors is tough and time consuming
Complicated non-linear multiphysics (specially for quench analysis)
Need for a fast and efficient method

Development and benchmark of various numerical models

Collaboration between research teams within superconductor community
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Racetrack coill

r

2D cross
section

Application: Rotating machines



We consider infinitely long half-coil
for benchmark

Many turns/tapes
INn cross section



Tape geometry

Hastelloy
S tapes Silver
y
Homogenized C,, k, and p
X
Superconductor

Electrical insulation between turns via Stycast Stycast



Input : AC current (170 A and more, 5 Hz)

Total current in a tape [A]
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Pancake coill
(axisymmetric assumption)

Application: High field magnets



Tape geometry

Copper Hastelloy

S tapes
Width=4 mm
Initial temperature = 77 K

Silver

Critical temperature = 92 K
Initial J, = 1.875 x 101° A/m?
Homogenized C,, k, and p

Superconductor
Stycast

Electrical insulation between turns via Stycast



Input : Current ramp (1 A/s) up to 160 A and more
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Electrical and thermal properties

Material ~ Thickness [pm] k [Wm™'K™!'] C, [Jkg "K' p [Qm] Pm [kgm™?]
HTS 2 9 156.65 3x 1077 6390

Ag 4 400 235 1 x 1078 10500
Hastelloy 100 7 425 1.2 x 1075 8940
Stycast 50 0.8 138.6 1 % 1013 2200
Copper 20 489.56 195.98 2.288 x 107Y 8960

Considered constant for simplification



Numerical models

Benchmark results



Homogenization of layers

Include Stycast or not?

Detailed Homogenized

Stycast



Homogenized electrical properties

Total thickness

Normal conductivity
1 1 1 1 1
Thom — 75— I'-F*!:_f-ﬂ"!:? + —ii_ﬁig + dHﬂst + —dSEy:|
dr | paTS PAg PHast PSty

Parallel resistivity

if T'< T, and
it T > 1T, .

Comes from power law
E =ps(J)J (Electric field)



Homogenized thermal properties

Thermal capacity

C dHTSCU.HTS + d_ﬁlgcfv,_flg + dhusfcv,hasf + dstycv.sfy
‘v,hom — -

dr
Mass density Cp= C\/Pm

dHT.S'.-Om,HTS + d_ﬁlgpm._ﬁlg + dhustpm.hast + dsty.-om,sty
P hom = d
T

Anisotropic conductivity

k, =

dr
dsiy

dyTs dag dp st
(-‘i‘nTs + kag + khast + katy

_ duTs - kurs + dag - kag + dhast - Fhast + dsty - sty

ky, ar




Benchmark results



Different formulations and combinations

e H + FEM : For racetrack and pancake coils (Homogenized method).
e H-A, + FEM : For racetrack coil (Detailed and Homogenized methods).
e H-¢ + FEM : For racetrack and pancake coils (Detailed and Homogenized

methods). The racetrack coil results use GetDP and the pancake coil results uses

COMSOL for this combination.
e J-A, + FEM : For racetrack coil (Homogenized method).
e MEMEP + FD : For racetrack and pancake coils (Homogenized method).
e MEMEP + METEP : For racetrack coil (Homogenized method).

e T-A + Equivalent lumped circuit : For racetrack coil (Homogenized method).



Coupling

Time Loop

Electro-Thermal Electro-Magnetic
Solver Solver

Calculates T Calculates J
Maodifies J (T) Modifies q(J)
T.-T

JE(T} — JE(TN)

q(J) = E(J).J(T)

T. — Ty



Standard mesh and inputs

Mesh elements in tape thickness: 1
Mesh elements in tape width: 50

Time step per cycle: 200 (racetrack)
Time step per second: 20 (pancake)




Racetrack coil (Homogenized models)
Pancake coil (Detailed vs Homogenized models)



Racetrack coil
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Temperatures [K]

Only minimum temperature is affected
with Stycast in homogenization
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Very good agreement in maximum and average temperatures



Temperatures [K]

Maximum temperature matters for studies like quench
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Detailed model predicts quench slightly earlier?



Pancake coil (Detailed vs Homogenized models)



Avg Temperature [K]
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Avg Temperature [K]

170 A (cooling)
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Total Power [W/m]

Total Power
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Avg Temperature [K]

180 A (adiabatic)

Minor difference due to mesh
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Avg Temperature [K]

180 A (Cooling) Some homogenized models also predict

guench at 1.85 s, like detailed models!
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Differences arise between models
But why?




1 % difference in power accuracy
Initiates quench differently
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Total Power [W/m]

1 % difference in power accuracy
Initiates quench differently
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Avg Temperature [K]
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Pancake coll
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Adiabatic case

Quench is initiated faster due to tougher conditions
(even after including copper!)
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Avg Temperature [K]
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Cooling case

Quench is predicted slightly earlier than detailed model
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Conclusion



Various models are benchmarked for homogenized method
Very good agreement with detailed method
Very good agreement between each other

Including Stycast in homogenization only affects minimum temperature

Even 1-2% difference between models can affect guench prediction



Future work

More development of models and comparison with experiments

Publication of paper (stay tuned!)
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Questions?



Extras
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