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Fully immersed in Hell: LHC-dipoles

NbTi - cable is:

2nd tape

- hon-impregnated

- Electrically insulated by partially
overlapping layers of Kapton

--> porous to helium




Fully immersed in Hell: LHC-dipoles

_Isobaric heating at P = 1.3 bar and given cable porosity
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The high thermal capacity of the helium inside the porous NbTi -
cable contributes to the stability

The order of magnitude is ~2 mJ/cm?3 per % of He volume
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Heat sources and heat-sinks

(aka -sficwrd de s 0)

In fully immersed magnets the heat generated in
the coil-pack must find its way out to the cold-

source via helium path-ways kept clear in the
cold-mass construct

In the example top left, of the LHC main dipole,
heat flows from the coil pack into the annular
space between beam-pipe and coil-pack and out

via space between the collar laminations
Cold-source

In the example bottom left, of the HL-LHC MQXF
guadrupole, heat flows from the coil pack into the
annular space between beam-pipe and coil- pack and
out via dedicated passages (8 mm diameter holes
every 50 mm along the length of the magnet)




Heat sources and heat-sinks

(aka -9@

_ Ina i d rmagnets the heat generated
Mechanical Concept CERN, CNAO,
INFN and MedAUSTRON on novel

in the coil-pack must find its way out to
. the cold-source via solid conduction
lon gantry concept

cooled magnet <

and solid-liquid interface

Yoke assembly clamps
mounted under yoking press

Epoxy-impregnated 2-layer coils
with inter-layer splice, wound with

1 34-strand 8.75 mm Nb-Ti cable
with braided glass insulation

5 Thermalisation at 4.5 K

Stiff austenitic steel collars with
0.15..0.2 mm thick spacers on
one side to follow the coill
curvature

Horizontally split laminated iron

yoke made of 1-mm-thick Si-steel
3 with b-staged resin coating.

Yoke sectors machined out of

cured lamination stacks.

End plates with axial loading
of coil ends (not shown)

Courtesy M. Karpinnen & Ch. Kokkinos Heat sink(s)




He Il channels
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Cable T excursions w.rt. helium NbTi cables showing the porousity w.r.t. helium

bath measured as function of
power deposit
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Nb3Sn cables, fully impregnated,
only conduction through solids




Fullv immersed in Hell
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Stack measurement results, all faces open,
showing the stark difference between porous and
fully impregnated cables

Nb;Sn measurements have since, the last 5 years, been
addressed in more detail (see [3])
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Fully immersed in Hell: LHC-dipoles
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All the extracted heat has eventually to flow across the tube wall, where it encounters three
thermal impedances in series:

A the limited solid conduction across the metal constitutive of the wall,
A the Kapitza resistances produced by the refraction of thermal phonons at the metal-to-helium
interfaces.

The overall transverse impedance was measured on fully wetted test samples at varying
temperature, so that the different temperature dependence of the solid conduction and Kapitza
terms enabled to resolve them. For tubes with a wall thickness up to about 1 mm, the Kapitza
resistance largely dominates below 2 K, and the use of high-purity, cryogenic-grade copper is not

required.

See ref[1. 2 . | Evaporation of two-phase, very low pressure, helium flow




Fully immersed in Hell: MQXF

(HL-LHC Nb,;Sn quadrupoles)

Following slides: courtesy P. Borges de Sousa | Revised estimates of temperature
margins in MQXF, see also ref[x]
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