ROKBE LR AT O K% kAt i

B KEE— kB L EAa &H* - HILERE
HEENK « AHE— - EFHEE - HRF*x
(1958 €2 5 13 B < 1)

Hydrogen Liquefiers of the Institute of Science
and Technology, University of Tokyo.

Shinji Fukvil, Keichi OsHiMA, Hiroshi NAGANO, Ren SHISHIKURA,
Noriaki HURUE, Masamitsu Nizuma, Kiichi IsHi,
Akihiko KURIHARA and Hideo Ai1zawa

(Received February 13, 1958)

ABSTRACT: As a part of the activities of the research committee for cryogenics
of Institute of Science and Technology, two hydrogen liquefiers were developed;
one with product rate of liquid hydrogen by 1 liter per hour, and the other larger
one by 8 liters per hour. The small liquefier which was developed both as a pro-
totype for the larger one and as a convenient portable liquefier operating from
commercial hydogen in cylinder is shown in Fig. 2, and Fig. 3. The regenerative
heat exchanger was made by one 1.5x2.5mm high pressure tube and one 2.5x
3.5mm low pressure tube soft soldered side by side. To reduce thermal conduc-
tion along the tubes, 802 Cu-202% Ni Cupro-Nickel was used for the material, and the
total length of the heat exchanger was 230cm. This worked quite well, producing
about 1 liter of liquid hydrogen from a commercial cylinder.

The larger liquefier which was constructed to satisfy liquid hydrogen demand of
the institute is shown in Fig. 4 and Fig. 5. The capacity of the hydrogen com-
pressor was 30 m®*/hour with operating pressure of 150atm. For most tubes, especially
those which work in the temperature range below liquid nitrogen, Cupro-Nickel
was used for the material. Fig. 6 shows the cross section of the regenerative heat
exchanger which was made from one high pressure and six low pressure tubes soft
soldered together. One of the low pressure tubes is to purify the feeded hydrogen
gas. The total length of the exchanger was 500cm. The tubes were made of
the 80-20 Cupro-Nickel.

The level of liquid nitrogen and of hydrogen was measured by Hampson type
levelers shown in Fig. 7. For liquid hydrogen, differential manometer with water
and liquid paraffin was employed. (Fig. 7 (b)).

For thermal insulatidn, vacuum of 10->mmHg was maintained inside the casing
by an 8in. oil diffusion pump and a rotary pump of speed 1200!/min.
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For purification of hydrogen the feeded gas was first passed through the puri-
fication curcuit surrounding the regenerative exchanger and impurities solidified
were separated by a small cyclon. And during operation, it was purified by pas-
sing through a charcoal purifier cooled by liquid nitrogen under reduced pressure

of 300~400mmHg.

For production of liquid hydrogen, the pressure of liquid nitrogen bottle was
reduced to 100~150mmHg., that is, the temperature of 64~66°K. '

At the early stage of operation, hydrogen gas, compressed to 150atm was
expanded to 0.5atm and by-passed by the by-pass valve in order not to return
through the regenerative exchanger till the temperature at the expansion valve

reached below 90°K.

‘When this temperature was attained, by-pass valve was shut and regeneration

was started.

the performance data is shown in Fig. 8.

After 20min., liquefaction of hydrogen started.

One example of

The production rate of liquid hydrogen was about 8 liters per hour, and

liquefaction efficiency was about 21 %.

The consumption of liquid nitrogen in

the bottle was about 1.2 liter per 1 liter of liquid hydrogen produced. -
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Fig. 1 The theoretical liquefaction coefficient,
g, as a function of the precooling temperature
for various values of the input pressure.
[From Keyes et. al., reference (6)]
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Fig. 2 Photograph of the small
hydrogen liquefier

Fig. 3 Cross sectional drawing of the small hydrogen
liquefier. 1. liquid nitrogen in;. 2. low pressure
hydrogen out; 3. high pressure hydrogen in;
4. evaporated nitrogen out; 5. to vacuum pump;
6. liquid hydrogen out; 7. upper heat exchanger;
8. liquid hydrogen draw off tube; 9, liquid nitro-
gen; 10. glass Dewar vessel; 11. regenerative
heat exchanger; 12. Joule-Thomson valve;

liquid hydrogen bottle.
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Fig. 5 Photograph of the large
hydrogen liquefier
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Fig. 6 Cross section of the regenerative
heat exchanger.
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Fig. 7 Hampson meters for liquid
nitrogen bottle (a) and liquid
hydrogen bottle (b).
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a
l—‘_—l b Junction numbers (see Fig 4)
300 . | —o—o— Low pressure output of -
i SO FL‘ regenerative heat exchanger
- 1\, (i 2 —x—x— Joule- Thomson valve
- . 3 —o—o— High pressure output of
250}~ \ upper heat exchanger
- l | 4 High pressure input of
A regenerative heat exchanger
. , 5 —e—o— Liquid hydrogen bottle
200~ : 6 ——— Radiation shield
i |
c X
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2 150
3
4; B o
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=% - , , ,
g x| b b b
= } | |
100 ' B ‘ " gt g
80t
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00 1 A | i L

— Time (hour)

Fig. 8 An example of data of liquefaction
a: pouring of liquid nitrogen into radiation shield; b: pouring of liquid nitrogen into
nitrogen bottle;  b’: supplying of liquid nitrogen into nitrogen bottle; c: starting
of circulation of hydrogen gas;  d: starting of evacuation of liquid nitrogen bottle;
e: shutting of by-pass valve; f: drawing off of liquid hydrogen
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