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Hydrogen Liquefaction by Active Magnetic Regenerative Refrigeration

Koji KAMIYA™ ¥, Takenori NUMAZAWA "', Koichi MATSUMOTO, Shinji MASUYAMA ", Akiko T. SAITO™,
Hiroyuki TAKEYA™, Kyohei NATSUME ", Tsuyoshi SHIRAI"' and Akira UCHIDA"

Synopsis: The article summarizes the research and development of magnetic refrigeration for hydrogen liquefaction, and the Active

Magnetic Regenerative Refrigeration (AMRR) developed by National Institute for Materials Science (NIMS). The NIMS-AMR consists

of optimized AMR beds, a superconducting solenoid with correction coils, and a dedicated liquid hydrogen vessel with a liquid level

sensor. This article also reports the first successful demonstration of hydrogen liquefaction with the AMRR.
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Fig. 1 Hydrogen liquefaction process by Claude cycle”.
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Fig. 2 Principal of magnetic refrigeration.
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Fig. 3 Classification of magnetic refrigeration.
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Fig. 4 Picture (left) and cross section view (middle) of CMR.
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Fig. 5 Liquefaction principal and the experimental result of
hydrogen liquefaction by CMR.
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Fig. 6 AMR cycle consisted of the following four processes: (1)
Demagnetization, (2) Gas flow from the hot temperature end to
the cold temperature end, (3) Magnetization, and (4) Gas flow
from the cold end to the hot end.
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Fig. 7 Cross sectional view of CMR and AMR.
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NbTi wire specification
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Main solenoid design Sub solenoid design
parameter parameter

and model 54843 Inner diameter 130 mm Inner diameter 146 mm

Bare diameter 05 Outer diameter 184 mm Quter diameter 181

Insulated dia 0.54 mm Length 162 mm Length 41 mm
Cu: NbTi ratio 131 Inductance 254H Inductance 29H
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Fig. 8 Specification of NbTi superconducting wire and design
parameters of the magnet for the AMR, and the calculated spatial
distribution of magnetic field.
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Fig. 9 A picture of the AMR system is shown (left). Cross
sectional view of the AMR system and an enlarged view of two
AMR beds in which HoAl, stamped particles are filled, and the
cold stage are shown in the middle and on the right. HEX is a heat
exchanger.
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Fig. 10 A schematic of the AMR beds and the H, liquefaction
vessel in the cold stage. The enlargement of the liquefaction vessel
is shown in the balloon. The liquefaction vessel has alternating
notched fins to increase thermal contact of helium. Three level
sensors are vertically installed in the vessel to detect the liquid in
sequence. Right is a picture of the level sensors.
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Fig. 11 An example of hydrogen liquefaction experiment. It is
seen that output voltage of silicon diode level sensors rise in
sequence from the bottom in response to increase of liquid level.
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