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Fig. 1. The thermodynamically ideal lJoule—Thomson refrigerator
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2.1 Simple Joule~Thomson Refrigeration

System
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2.3 Combined simple Joule—Thomsoﬁ
refrigerator and Gifford— McMahon

refirgerator
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Fig.3. The combined thermodynamically ideal
Joule —Thomson refrigerator and
Gifford- McMahon refrigerator
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Fig. 4. The combined Joule—Thomson refrigerator and Gifford— McMahon refriger—
ator (RMC Cryosystems Inc., Model No: LTS-3 C-4.2)

Table 1. Some physical properties of cryogenic refrigerants
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Helium 3 319 332 1.15 — - 589 | 4.6l 8.49
Heliumd4 | 4214 | 520 226 — 45| 1248 | 4.8 20.90
Hydrogen | 2027 | 332 1298 | 139 00711 25 10.79 | 968 | 443
Neon 2709 | 44 262 | 2454  0.427 250 | 1,206 1.83 85.9
Nitrogen | 77.36 | 1261 35 | 632 0127 621 8073 | 205 | 1993
Air 788 | 133 387 — 603 874 19 | 205
Flourine | 85.24 | 1440 50 | 535 0.00218 — | 1507 | 154 | 1663
Argon 87.28 | 150.7 483 | 838  0.679 722 | 1,394 1136 | 1619
Oxygen 90.18 | 1546 50.1 544 0.0015 761 | 1,141 16% | 213
Methane | 1117 | 1907 58 | 87  0.099 939 41 | 3461 | 5115
dugr], J-T #E2 FAHYeH, G-MsE - o Utk AL daudrsle 49y dasrlya
e 427, G-M dn@rl, FFANes o mgol Y53 Tolol gty ukahy
FAHAJT, dulzE J-T &3 dF, G- e og AL dundvls= &8l 80% ol
M &3 dFol} F4AE AR F glon, Add ol A dudr|2 wolEolA W =

Y 4ANME GM A= dES A3
Rt
31

J-T &8t

H»

J-T <382 J-T €187 (recuperative
heat exchanger type)s} J-T @Bz FAH

A dugsle g€ 90% ol4o] Hojok
T dugr|E2A AdTES EIY U =
AL dugrle Fei2E #3 (tubular type)
"ol ¢ #A¥(plate-fin type), w3 A
(perforated plate type) 5ol JA&d, I
du@rle oI ARRE & Qlow,

LA O
ERa-3



126/

s 13
WA
—WWAAV 14
MW
20
OZO 21
— 22
4 5 ——O 15
M —— - 8 7
<) 23
9 8 -—| 15
10 24 20
1 L. [ 3
" 19 18 Lo
12 25 _ {27 28
f) . P&
o
1.COMPRESSOR 10.CAPILLARY 19.RELIEF VALVE
2.FAN 11.SURGE BOTTLE 20.SAMPLE HOLDER
3.HEAT EXCHANGER 12.ACCUMULATOR 21.RADIATION SHIELD
4.0IL LINE FILTER 13.VENT FITTING 22 VACUUM SHROUD
S.ORIFICE PLATE 14.VENT VALVE 23.DISPLACER
6.0IL SEPARATOR 15.PRESSURE GAUGES _ 24 SKIRT .
7.ADSORBER 16.PRESSURE SWITCH (HIGH & LOW) 25.VALVE MOTOR HOUSING
8.INTERNAL RELIEF VALVE 17.CHARGE FITTING 28.POTENTIOMETER READOUT
9.0IL LINE FILTER 18.CHARGE VALVE '

27.0IL DIFFUSION PUMP
28.ROTARY PUMP

Fig.5. Datailed flow diagram of Gifford Mc Mahon refrigerator (Advanced
Products Division Cryogenic, Inc., Model No: CSA-~-202)
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Fig.6. Diagram of Expander Process of Gifford—McMahon refrigerator
(Advanced Products Division Cryogenic, Inc, Model No: CSA-202)
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