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Cool Magnets to Lower Their Resistance - and Their Power Consumption

We considered a 15-T, 20-cm-diameter, warm bore, pulse copper solenoid.

Would require 70 MW to operate at room temperature.

Favorable to operate at ~ 30 K, to reduce resistance by a factor of 30.

If go below 30 K, the very low heat capacity of copper leads to rapid temperature rise.
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Cooling Concept: He gas + LH, Heat Exchanger

The concept is simple - and we foresaw low-cost implementation using recycled components.

"Weathered" > Concept based on direct
Vent H, gas to 20,000 liter & 1' i cooling of aluminum and
a‘rmospher'e / LH, Dewar \ : copper magnet coils by

fl liquid hydrogen and liquid
M neon in the late 1950's.
Laer, RSI , 875 (1957)
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Choice of Cryogens

Only candidates are H,, He and Ne.
Magnets sometimes catch fire = don't cool directly with hydrogen.
Heat capacity per liter same for He and Ne gas, so use cheaper He gas.

Quality factor Q for the refrigeration of the circulating gas via liquid cryogen
consumption (boiling in the heat exchanger) was defined as

Q (kJ/$US) = AH,, - p_ - (1 m3/1000 liter) - (liter/$US).
That is, Q is a kiloJoule of heat-of-vaporization/$US at Typp.

Fluid Tnep AHy, pL Cost Q
K kJ/kg kg/m® | $US/liter | kJ/$US | (Costs from 2002)
He 4.2 20.3 124.9 3.00 0.85
H, 20.3 446.0 70.8 0.53 59.58
Ne 27.1 85.8 | 1207.0 | 173.00 0.60
N, 77.3 199.0 808.0 0.07 [2297.03

An operational cycle of the system involved a 10-s-long pulse of the 15-T magnet during
which 18 MJ = 18,000 kJ of energy was generated, followed by a 30-min cooldown.

LH, Cooling Cost = 18,000 / Q = $300 per pulse.
LHe Cooling Cost = (60/0.85) - (LH, Cooling Cost) = $21,000 per pulse.
LNe Cooling Cost = (60/0.60) - (LH, Cooling Cost) = $30,000 per pulse.
= Clearly, liquid hydrogen is favored economically. &
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What Came of This?

We developed a PT diagram and pr'esen‘red it fo the Lab Safety Committee.
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E951 Pulsed Solenoid Cryogenics

Notes:
1). Shown Cirulating GHe cooled with LHZ.
2). Mode coupling bayonets are “mutually exclusive”, and serve to
“secure” (isolate) the LHZ2, LNZ systems, see ‘A", “B” jumper.
3). LNZ2 and LN2Z pumped direct and LN2Z, LN2 pumped and LHZ cooled
GHe modes are supported, all cooling modes are supported.
! 4). Pulsed Magnet shown with MIT design vacuum (inner/outer shell) and
3 ! foam (ends, shell outer) insulation.
P ! 5). Structural detail of PSM, cryostat not shown.
) 6). “PS Liquid dump” pressurization sparger provisions are TED.
7). Blanked bayonet caps have bleed valves, pressure gauges, not shown.
8), VJ lines are indicated as —H—
9). The power leads and LNZ intercept piping are not shown.
! 10). GHe long run V] piping are connected by welded field joints.
! 11). The Circulator/HE LNZ shield is not shown.
% 12). 13). GNZ connection provided for slow cooldown (check parameters).
13). Not all the required relief valves are shown.
14). Note a Keep-Full valve keeps the very long LN2 service line wet.,
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But when an 8-MW power supply became avanlable we used it, along with liquid nitrogen
cooling of the magnet. oA,

(Thanks to F. Haug for the LN, cryo system of the CERN MERLT Experiment.)~ >
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