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A_ study on the construction characteristic of bath cryostat
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ABSTRACT

The bath cryostat of cryogenic apparatuses which are generally used to study physical phe-
nomena under low temperature and ultra low temperature has been desigened and constructed.
The practical use of the cryostat is verified by the measurement of the storage life of liquid
helium and liquid nitrogen vessels. The cryostat consists of triple structure of high vacuum
environment in order to minimize the evaporation rate of liquid helium and liquid nitrogen

by thermal conductivilty and radiant heat.

The minimum thickness which can stand against

inner and outer pressures is calculated from considering the strength of the material.
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Fig. 1. Enthalpy of helium under 1 atm.
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Table 1. Thermal conductivity of typical materials for low temperature

inwatt/cm K

Range of T2=300K | T2=300K | T2=300K | T2=77K | T2=77K | T:=20K Te=4K
temperature Ti= 77K [ Ti= 20K | Th= 4K | T1i=20K | Ti= 4K | Ti= 4K T1=2K
Stainless steel
(18% Cr:8-9% Ni) 0.123 0.109 0.103 0. 055 0. 045 0. 0097 0. 0022
Nickel Silver
(47Cu : 41Zn : 9Ni : 0.20 0.19 0.18 0.14 0.12 0.039 0. 005
2Pb)
Brass
(70 Cu:30 Zn) 0.81 0.70 0.67 0.31 0.26 0.078 0.015
Copper
(OFHC) 0.91 1.71 0.63 0.95 0.80 0.25 0.07
Copper i
(electrolyte-cu) 4.1 5.4 5.7 0.7 9.8 10 4
Monel annealed
(66 Ni:2 Fe:2 0. 207 0.192 0.183 0.133 0.113 0. 040 0.007
Mn:30 Cu)
Monel hard
(72 Ni:14~17 Cr: 0.125 0.111 0. 106 0. 061 0.051 0.012 0. 003
6-10Fe)
Pyrex glass 0. 0082 0.0071 0. 0068 0. 0028 0. 0025 0.0012 0. 0007
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Table 2. Emission coefficients of typical

materials.
Material & -
Au 0.01
0.02 (300K)
Ag
0.008 (77K)
Cu, electrical 0.018~0. 008
-polished
polished 0.03
Oxidized 0.2~0.8
Brass, polishing 0.03
Al, electrical 0.03 (300K)
-polished
0.02 (77K)
Oxidized 0.3~0.8
Stainless steel 0.05
gold-plated 0.03
Glass, Teflom, > 0.9
Nylon
Super-insulation 1~ 0.02
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Fig.2. Schematic diagram of bath cryostat.

Table 3. Consumption of coolant for refrigeration of metals.

Consumption in Liter LHe/Kg-metal by utilization of
Start-, end- vaporized heat (and of cold gas-enthalpy)
temperature Aluminium Stainless steel Copper
LNz : 300K — 77K 1.06 (0.63) 0.53 (0.33) 0.46 (0.28)
LHe : 300K — 4. 2K 66.40 (1.60) 33.60 (0.80) 31.60 (0.80)
77K - 4.2K . 3.20 (0.22) 1.44 (0.10) 2.16 (0.16)
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Table 4. Typical materials used for

373

cryostat

2
S

T

N 3

Vacuum chamber

Stainless steel (STS 303, STS 304, STS 316)
Al 9 Al 8z, Glass fiber-%38 =z}AE

LN2 and LHe Vessel

Stainless steel (STS 303, STS 304, STS 316)

Cu, Glass fiber
Radiation shields, -
7 —
evaporlator, probe holder Cu, Al (Brassx 7+5)
Thermal bridge Cu, Copper-Beryllium, Phosphor bronze
Supports Stainless steel tube, Nylon, Teflon, Quartz
Cold sealings Indium (%3 Al, Cu, Ag, Teflon)

Super Insulator

Al-vapor deposition Mylar-and Hostaphan-foils,
Al-foil with glass fiber paper or nylon nets

etc, -aerated plastics
Heater Constantan, Carbon resister
electric lead wires/insulators Cu, Constanten/Sapphire, Quartz
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Fig.5. Heat transfer of cryostat.
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