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Preliminary FCC layout
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Preliminary FCC layout
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Motivation
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Mathematical modelling considerations:

N2 refrigeration unit (300 - 80 K)
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Mathematical modelling considerations:

Ne-He4 blend cryoplant (80 - 40 K)
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Mathematical modelling considerations:

Magnet design and half-cell layout
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T : Net rate of heat added to the fluid element
P : Convective transport
Q : Source term (heat exchange with the magnet)

Numerical method:
Finite-differences

Materials: 70% Iron (Fe) and
30% Stainless steel 316 (SS16)

Maximum thermal gradient:
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Results: Half-cell cooldown timescales (300 - 40 K)
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Results: FCC N2 consumption
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Mathematical modelling considerations:

Ne-He4 blend and He4 cryoplants (40 - 4.5 K)
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Mathematical modelling considerations:

Ne-He4 blend and He4 cryoplants (40 - 4.5 K)
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Results: Half-Cell cool-down timescales (40 - 4.5 K)
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Results: Half-Cell cool-down timescales (40 - 4.5 K)
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Mathematical modelling considerations:

Warm-up unit (4.5 - 300 K)
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Results: Half-cell warm-up timescales (4.5 - 300 K)
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Cool-down and warm-up timescales are comparable to those
of the Large Hadron Collider (LHC).

FCC LHC1

Cool-down:
300 - 4.5 K 10.9 days 11.0 days
Warm-up:
4.5 - 300 K 12.0 days 9.5 days
Sector filling: 6.1 days 2.0 days

The temperature gradients over the half-cell length comply
with the established requirements (≤ 50 K).

Nitrogen delivery by semi-trailers is not viable (12 trucks/hr).

1L. Liu et al. Numerical analysis of cooldown and warmup for the Large
Hadron Collider. Cryogenics, Vol. 43-6, Pag. 359-367, 2003.
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Results: pdischarge=40 bar, D=250 mm, m = 6.3kg/s
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Ne-He4 blend and He4 refrigeration units (40 - 4.5 K):
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T : Half-cell thermal inertia
Q : Net rate of heat extracted by the helium
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δρHeaders ≤ 2.7 kg/m3

Phase-change neglected



Results: Half-Cell cooldown timescales (40 - 4.5 K)
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