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The Beginning 1883 to 1960

Cascade refrigerator with
Ethelene & 5 MPa pressure gas 1883 N, O, and CO Liquefaction

" ) 1895 Vacuum Insulated Dewar
1896 Hampton-Linde Cycle Refrigerator

Cascade refrigerator with LN, & 3 MPa H,=§ J. Dewar 1898 Liquefaction of H,

le Refri
1902 :Iaude Cycle Refrigerator —I— Radiation shield on Glass

Cascade refrigerator with LN, ===p H. Kammerlimgh Onnes 1908 Liquefaction of He

and LH, and with 3 MPa He
2 1911 H. Kammerlimgh Onnes Superconductivity

1935 W. F Giauque 1%t magnetic refrigerator to 0.25 K

1948 1+ Collins Claude cycle liquefier \ Iﬂ— 194? Multi layer insulation

* 1952 lvy test of the first H bomb
1956 15t Commercial Collins H, & He Refrigerator ‘



Cryostat and Liquefier Photos from before 1960

James’ Dewar Vacuum Dewar Leiden Helium Liquefier 1911 Sam Collins with an early Liquefier



Cryostat Advancement from 1961 to 1986

1959 1st GM Cooler Tested to 80 K 1961 an 8.8 T superconducting solenoid tested
1964 1% Pulse Tube Cooler Tested I === MLl Insulated cryostats used
. 1965 Dilution cooling to 0.01 K
1966 1% Turbine Expanders used m
u 1965-1969 Cryogenic and
1966 1st 2-stage GM Cooler Tested to 15 K Intrinsic S/C Stability
1969 2-Stage GM Cooler with J-T circuit 4.5 K *— Enhanced heat Transfer Leads
[l = Niobium RF Cavities
1969 300 W, 1.8 K Claude Cycle __
Refrigerator with wet expander 1970 Bath cooled accelerator Magnets
||
1970 Supercritical He Cooling in tubes ===
n 1972 Start of the 3 large Bubble Chamber Coils
1974 Claudet cyEIe for 1.8 K cooling 1978 Oriented Glass-fiber support Rods
1976 Two-phase He Cooling in tubes = 1978 Bundled Gas-cooled leads in Vacuum
|
1979 Oil Lubricated Screw Compressors 1981 Nb-Ti MRI Magnets \ Retractable Current Leads
» _ I Persistent Switches
1982 FNAL Tevetron Cooling System Low heat leak Cryostat

* 1985 FNAL Tevetron

1986 First HTS Material



1980 LBL Thin 1.5 T Solenoid 2 m ID
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Two ways of achieving Forced two-phase He Cooling

1973 Kfk 4.5 T Dipole of almost Accelerator Quality



Cryostat Advancement from 1987 to 2022

1982 Tevetron Cooling System
1986 1%t HTS Material

1987 HTS material Tc from 90 to 110 K

1990 High heat Capacity Regenerators
I 1989 HTS Current Leads Proposed

1998 GM & Pulse at 4 K coolers used
02 HTS leads continuously powers a

superconducting Magnet.

2012 MSU cyclotron gas stopper

(CAS) magnet starts fabrication
2013 LHC refrigeration operational I

2016 MSU CAS-magnet cools-down
and liquefied He

2023 More cooling from coolers expected. Where will magnet technology
Larger refrigerators will still be used. go from here?



Images from 1986 through 2020 Large Magnets

R, CTR 4

18 kW 4.5 K Refrigerator for LHC

CMS 4 T Magnet with 6-m Bore

2.4 kW 1.8 K Refrigerator for LHC



Images from 1986 to 2020 Cooler Cooled Magnets

Cryomech Coolers
Left A-325 GM Cooler
Right PT-415, Pulse Tube Cooler
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Free convection cooling loop to transfer
heat from He bath to the cooler head



Images from 1986 to 2020 Cooler Cooled Magnets

He Make-up
Cooler #1 XK} —Rupture Disc
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40 K Shield
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74— 80 K LN, Shield

,— Vacuum Vessel

|>T< Control Valve

X Xfer Line Ball Valve
vX Cryostat Relief Valve
v Cold Check Valve

Three PT415-RM coolers per cryostat.
The remote motors are separated

A
from the cooler cold heads by a 50 kV | oreressererareresiasrsraresesserrareseesel |
The MSU cyclotron gas-stopper magnet insulator to allow for bean extraction.
With 167 tons of iron for two poles. Cooling loop to cool-down and liquefy
Each pole has a cryostat with 3 coolers. He gas and keep cold at 4.5 K

Total cold mass is 2.3 tons.



Where do we go from here in 2023

Larger Coolers and Dilution Refrigerators for quantum computers

Hydrogen cooling for HTS
Magnets and other Uses
Such as;

Aircraft generators,
aircraft propulsion,

maybe power applications,
And levitated trains

New Cryomech PT-450 Cooler Dilution Refrigerator



