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0 Calculation of the maximum temperature rise in the magnet with the superfluid
helium during AC losses.

0 Calculation of magnet’'s thermal — flow behavior during the quench detection
event.

0 Implementation of superfluid helium in commercial software - ANSYS CFX.
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0 Density of superfluid helium p = Py + ps (1)
0 Density flux pU= pyU, + psUs (2)
o Continuity equation % + V- (ppu, + psug) =0 (3)

o Momentum equations for the total fluid

d
7 (Prun + psis) = =V - (prunuy, + psusus) — Vp + U[Vzun + %V(V ' un)] + 09 (4)

o Momentum equations for the superfluid component
Jug

1 n
97 — _(us ) V)us +SVT—;VP +§_pvlun _uslz +Apn|un _uslz(un _us) +9g (5)

0 Entropy equation

a A n Sl n— S|4
a(ps) = —V-(psu,) + Pnl ; v (6)
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0 The momentum equation for the superfluid component is simplified to the form

_ | 2
sVT = _Apnlun _ usl (un _ us)
(the thermomechanical effect term and the Gorter-Mellink mutual friction term are larger than the other)

Superfluid component:

Normal component:

w, =u+2 —u)=u—(p;3s) VT
n p -8 A p3pu|VT|?

Momentum equation

2/3
) VTvT

Ju [pn Ps

1
e —pu-Vu—-Vp—"V- 2 {\72 VT) +=7 V-VT}]
P53 p(u-V)u—"Vp p (Aanle +n[ u+17( )+3 v-v)

+pg
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0 Continuity equation
g—€+7-(pu)=0 (1)

0 Momentum equation:

2/3
ou Pn Ps
— = — -Vu—-Vp—-V- VivT
po=—pu-Vu—"rp [ >\ 2o VT +
V2u+iv(v-u) — ("+35)1/3 {v2vr) + v -1} + 2
77 u 3 u Ap3pn|VT|2 3 pg ( )
where:
2/3
v [p" ps( > 2) |7T|7T] - the convectional acceleration;
p  \Apnp|VT]|
3 1/3
(Ap3zZTVT|2) {VZ(VT) + § v(v: V)T} - the viscous effect.
0 Energy equation:
oT 1 1/3
pep - = —pc,(u-V)T -V - {(f(T)IVTIZ) VT} (3)
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1. For He 1l domain (fluid domain)

b). d
) O a—’; +V-(pu)y=20
AN 2/3
U _ Ny U . |PnPs (S
a i opt=—p(u-Vu-Vp-" [ - (Apn|vr|2) VTVT]
E fc o |v2u 4 Svr-w
oT_nll == nviut g Viv-u
0| Hell [|ZT=0 L
domain p3s { , 1 }
| | | Y (R o — V2(VT) +=V(V - V)T
| | | YYEPRIZAE (VT +5V(V-"Tg| +pg
Solid domain oT 1 \1/3
Kapitza PP = —pep(u- VT = V- {(f(T)IVTIZ) VT}
resistance | | 2. Insulation (solid domain)
] |
TITTTITTTT Solid domain
oT 0 oT d oT d oT
& = const B psotia ¢p(T) 5- = [a (k(T) a) +355 (k(T) @) + 5(16(71) 5)]

3. Kapitza resistance R, is a function of temperature

With boundary conditions
oT

on left and right — adiabatic condition = 0
on the top — constant temperature T,=1.95K
on the bottom — constant heat flux g=const
1/3
_ _ p3s
on all walls u, =0 and u = (A p3pn|\7T|2) (vT),
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General view of velocity distribution with the streamlines of the total velocity the superfluid, and the normal
components in the region near the bottom and the top of He II domain for the heat flux of 20877 W/m?
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The comparison between analytical and numerical maximum temperature for applied heat flux at the bottom of solid
domain and the temperature profiles along symmetry axis obtained from analytical solution and ANSYS CFX

vy 2.15 ———q =20877 W/m"2 - analytical
_ _ — = q = 13918 W/m"2 - analytical
Applied Maximum temperature - o 21 + q=6973 W/m"2 - analytical
heat flux Analytical Numerical é 205 -=q= 12;3;31787\/\\//\/// m:22 -AAnSYSCCFF;( /
. -+ == Q= m - Ansys
W/m? K K % £ q= 6973 W/m"2 - Ansys CFX —
20877 2,1500 2,1371 0,602 g— 2 =
13918 1,9823 1,9823 0,002 I-S ——
6959 1,9540 1,9540 | 0,000 1.95 -/. | . i
0 0.05 0.1 0.15 0.2

Distance, [m]

The comparison between applied and calculated (from difference between normal and superfluid components) heat
fluxes at the bottom and top of He Il domain

Applied (u, —uy) g=psST(u,-uy) Error
heat flux at bottom at top at bottom at top at bottom | at top
W/m?2 m/s m/s W/m? W/m? % %
20877 0,624 0,193 20826 20877 0,25 0,000
13918 0,132 0,129 13935 13918 0,12 0,000
6959 0,066 0,065 7078 011 71 0,007
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Steady state modeling

0 Modeling of thermal — flow process during AC losses in Nb;Sn magnet
o Description of Fresca 2 magnet;
o 3D computational region, assumptions and boundary conditions;
o Mesh;
o Numerical results.
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shrinking cylinder

horizontal pad

MAGNET SPECIFICATION

* type: block coil, 156 conductors in one pole;
» free aperture: 100 mm;

+ total length: 1600 mm;

+ outside diameter: 1030 mm;

* magnetic field: 13 T;

OPERATING PARAMETERS

» coolant: superfluid and/or saturated helium;
* temperature: 1.9 K and/or 4.2 K;
* temperature operating margin: 5.84 at 1.9 Kand 3.54 K at 4.2 K
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3D computational region, assumptions and
boundary conditions

D ——— = = Kapitza resistance Assumptions
‘ ~.
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Dm \\ Tb sides:
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The simplified geometry of the Fresca 2 magnet a) general view with applied external
boundary conditions, localization of the heaters and numbering of double-pancakes b) the

details of geometry and mesh, c) the cross-section along the z-direction through solid and

helium domains.
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Details of temperature map in the
conductors
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Details of temperature map in the
conductors for solid model (S.

The contour of temperature field for the bath temperature of 1.9 K Pietrowicz, B. Baudouy, Thermal design
de Rapper, W. M., "Estimation of AC loss due to ISCC losses in the HFM conductor and coil”, CERN of an Nb;Sn high field accelerator
TE-Note-2010-004, 2010:; magnet, CEC Conference, 2011,
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The streamlines and the velocity field for a) the total velocity, b) the superfluid and c) the

normal-fluid components.
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Unsteady state modeling

0 Modeling of thermal process during quench heating
o Geometry and mesh;
o Numerical results.

S.Pietrowicz, B. Baudouy, Thermal models of the dipole, CEA Saclay, 27.02.2013
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Assumptions

* Two types of boundary conditions:

1. Constant temperature of the bath and
Kapitza resistance on walls;

""""""""""""""""""""""""" Heater

S
=

Tol

I\

2. Symmetry;

>N

Base of heaters

100 um

 Thermal conductivity and capacity as a
function of temperature;

Heaters

» Perfect contact between solid elements;
* Bath temperature 1.9 K

 Heating power of quench heaters 50
W/cm? (the magnet is heated 25 ms after
qguench detection)

S b
=
“
=  [~heating time -
The details of applied quench heaters and their localization B
T
25 30
Detection Time, ms
of quench
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0 He Il simplified model is running under ANSYS CFX software
o Steady state and transient calculation implementations
o Model benchmarked against analytical solution within a few percent

o The model has already been extended to forced flow of He Il region (the manuscript is
already finished)

0 Thermal modeling of Fresca 2
o AT=193 mK for the AC losses given by the CUDI model
o The transient code is operational

o As expected, adding He Il to the structure of
the magnet reduces the temperature rise by
17% in comparison to ,full conduction” model. (.) A
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