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Overview

=  Motivation
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Motivation for STEAM-BusBarQuench (BBQ)

For a circuit with a known discharge quench integral:

= What is the time required to detect and validate a quench?

= What is the total quench integral that the superconducting
conductors see?

= What are implications of cooling to the helium bath?

= How long does it take for a normal zone to traverse a given
conductor length, also considering local field variations, joints,
Inhomogeneous cooling conditions etc.?

= What is the hotspot temperature of a conductor quenching at a
given circuit current?

- STEAM-BBQ

Multi-functional barbecue grill
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Some tool basics

STEAM-BBQ [1]: FEM-based Comsol simulation tool for % | | | : ,
calculating the quench-related properties of individual conductors Hotspot 20 e []
such as superconducting busbars, with inspiration from previously (emperature at= el

developed 1D quench propagation tool [2] t=02s

Temperature (K)

= Calculation of quench-related conductor properties:
= Quench propagation velocity v, | |

—_— . w-coordinate (m)
Development Qf voltage after quench origination for Temperature-development along
guench detection

length of conductor
= Hotspot temperature as a function of quench integral

[+] = [+3] [++]
i T T T

‘ — Conductor current ‘ i

= For circuit with known discharge quench integral:

= Time-dependent current (Exponential decay after
guench detected)

= Time-dependent hotspot temperature

Conductor current (A)
[
w
o

[1] M. Mentink and M. Maciejewski, “STEAM-BBQ User manual”, EDMS nr. 2159478, (2019) ° ? Y oimete ’ +o
2] D. Paudel, CERN thesis 2015-090, June 30t (2015 . . .
2] (2015) Circuit current discharge
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Thermal aspects

Conductor (Cu/Nb-Ti), Conductor (Cu/Nb-Ti),
heat capacity thermal link

/‘\/ o o /
Insulation,

/ heat capacity

)

Insulation,
thermal link

Optional thermal link
: ,/ to helium bath

Thermal layout: 1+1D dimensionality

Adiabatc ~ Regular = ©
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Axial layout: Adiabatic region (left) +
regular busbar with axial + transverse

heat propagation

= Tool dimensionality: 1+1D
= Longitudinal heat transfer along length of conductive
busbar (For example: Cu / Nb-Ti conductor)
= Transverse heat transfer from conductive center to six
insulation layers

= Optional heat transfer to helium bath, Kapitza cooling +
film boiling

= Tool simultaneously calculates the busbar hotspot temperature in
two ways:
= ‘Adiabatic hotspot temperature’: No longitudinal heat
propagation, perfect transverse heat propagation without
cooling to bath
= Regular hotspot temperature, with longitudinal heat
propagation and transverse heat propagation

= Uses STEAM material library for user-selected material properties
(with cross-checked temperature and magnetic-field dependence)
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4 _'. Quench Detection Events (ev)
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“Voltage over the conductor (V)

b ]i_. Quench Detection State

p ]:;_ Quench Detection Transition

» [ Quench Detection Event

b |& Quench Validation State

p E_. Quench Validation Transition

b ¥ Quench Validation Event
3 Equation View

"
Name
QuenchDetection

"
Name

I QuenchValidation

Model states

glv,vtvitt) Initial value (uD)  Description
VBusbar-VThreshold 0 Busbar voltage exceeding threshold
0 0

glv,vtvttt) Initial value (u0) Description

hasQuenched*((t-tValidation-tDetection)) 0 Voltage crossing threshold for duration tValidation

Flexible feature for switching model states. Here: Circuit discharge once
VThreshold is exceeded for duration tValidation

Global: Woltage over the conductor (V)

o

‘ —— Voltage over the conductor ‘ ’
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Voltage over conductor

10

500

asol — Conductor current | |
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Conductor current (A)
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Circuit discharge

All model equations are
visible to the user, to allow
user to understand
underlying physics and give
high tool flexibility

Model state with Comsol ev
module: Module switches
from constant current to
discharge upon meeting
condition

Here: Circuit discharge once
total voltage exceeds
VThreshold for duration
tValidation
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Example: Calculation of initial voltage development in MCBRD

Magnetic field B [T]

Blocal(x) o

Voltage [V]

I I
4] 0.2 0.4 0.6 0.8 1

Position x [m]

= Text to be added
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0.04 —— highFieldLowFieldToggle=1, 10=100 |
—— highFieldLowFieldToggle=1, 10=200
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Experimental observations on MCBRD
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= Text to be added
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Comparison, simulations vs. experimental results

Voltage development after training quench
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= Text to be added
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Temperature (K}

Line Graph: Temperature (K)

User interface
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= Text to be added

Name

aFilmBoili..

Adnsul

highField
D

IDesign
lenBusbar
meshsize
muTlnit
nkap

ol

p2
perinsul
QKapLimit
Quenchin
RRR
sigmaTlnit

symmetry..

turnlength
tValidation
TVQReF

VThreshold

widthAdia..,

withCooli...
wslot

Expression
200[W/(m*2*K]]
wSlot#2-ABusbaralnsul
200

0T

1
3.1/400[T/A]
0825e-3[m]
11323

IDesign
400 [A]

23 [m]

0 [m]

1

0.4%lenBusbar
0.6%lenBusbar
0.5(pi*Dstrand+4"wSlot)
35E3[W/m”2]
4600(A"2%5]

220

001 [m]

2
2*QuenchintegralAtDesignCurrent/IDesign”2

Alnsul/perlnsul
2009

13K
QapLimit/aK
400 K]
0614[m]

de31s)

81K

1000 (V]

01[m]

0

1e-3[m]

niap:

(1/nKap)

Value

200 W/im*K)
46504E-T m*
20

0T

1
0.00775 5 Afkg
82564 m
043478

1
0A

1004

2

0002m
om

n

08

12
00032959 m
35000 W/m*
4600 5.4
20

001 m

2

005755
14264 m
0K

19K

2702

400K
0614m
00045

8K

1000 v
01m

0
0001 m

Description
Coefficient a for the film boiling calculation in Helium T
Insulation thickness (approximate formula?)

Coefficient a for the Kapitza cooling calculation in Helium I
Background magnetic field

Magretic field scaling coefficient
Fraction of superconductor

Initial current (how do currents correlate?)

Design current (how do currents correlate?)

Busbar length

Size of mesh

Average value of the quassian profile of the initial peak temperature in the bush
Exponent for the Kapitza cooling calculation in Helium I

First point to calculate quench velocity (should be far from the initial quench sp
Second point to calculate quanch velocity (should be far from the initial quenck
Insulation perimeter

Limit of heat transfered by the Kapitza cooling in Helium I (once reached transr

Residual Resistivity Ratio of Copper
Variation of the gaussian profile of the inital temperature

Time constant of the exponential current decay following quench detection.
Insulation thickness

Maximum value of the gaussian profile of the initial temperature

Minimum (aperating) value of the gaussian profile of the initial temperature
Temperature limit for the Kapitza cooling in Helium T

Temperature limit for thermal calculations determined by validity range of mate

Quench validation time (after detection of voltage exceeding VThreshold)
Reference temperature for the quench velocity calculation
Quench detection voltage

Comsol user interface
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Demonstration

Time (s) Busbar current (A) State variable QL (1) Adiabatic hotspot temperature (K} Hotspot temperature (K) Total voltage at the busbar tern  Quench velocity cz tDetection
0.46000 |500.00 011500 34473 31723 0082546 0.0000 0.0000
0.46500 |500.00 011625 34603 31.857 0083799 0.0000 0.0000
047000 |500.00 011750 34734 31.990 0.085064 0.0000 0.0000
047500 |500.00 011875 34.865 32124 0086338 0.0000 0.0000
0.48000 |500.00 012000 34995 32.257 0087624 0.0000 0.0000
0.48500 |500.00 012125 35126 32.389 0.088921 0.0000 0.0000
0.49000 |500.00 012250 35257 32522 0090230 0.0000 0.0000
0.49500 |500.00 012375 35388 32,655 0.091550 0.0000 0.0000
0.50000 |500.00 012500 35518 32.787 0.092881 0.0000 0.0000
0.50500 |500.00 012625 35649 32919 0094225 0.0000 0.0000
051000 |500.00 012750 35780 33.051 0.095579 0.0000 0.0000
0.51500 |500.00 012875 35912 33.183 0.096946 0.0000 0.0000
0.52000 |500.00 013000 36.043 33315 0098325 0.0000 0.0000
052500 |500.00 013125 36174 33.447 0099717 0.0000 0.0000
0.52956 |500.00 013240 36294 33.567 010100 0.0000 0.0000
052956 |500.00 013240 36.294 33.567 010100 0.0000 052956
0.53000 |500.00 013251 36306 33.579 010113 0.0000 052956
0.53044 |500.00 013262 36318 33.590 010125 0.0000 052956
053132 |500.00 013284 36341 33614 010151 0.0000 052956
0.53307 |500.00 013328 36387 33.660 010201 0.0000 052956
0.53654 |500.00 013414 36478 33751 0.10300 0.0000 052956
0.54000 |500.00 013501 36569 33842 010399 0.0000 052956
0.54500 |500.00 013626 36701 33974 010543 0.0000 052956
054978  |500.00 013745 36828 34.100 0.10682 0.0000 052956

= Text to be added
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= Text to be added

Summary
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