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Development of Magnetic Refrigeration at Temperature of Hydrogen Liquefaction
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Liquid hydrogen is being used not only as rocket fuel but as clean energy. When hydrogen demands increase, a major
issue will be the reduction of liquefaction cost. Magnetic refrigeration is expected to be more efficient than gas cycle
refrigeration for liquefaction. We studied a thermal siphon type heat pipe for hydrogen liquefaction as an absorption heat
switch in the magnetic refrigeration cycle and conducted an experimental study of magnetic refrigeration operating in a
Carnot cycle. Liquefaction rate of 3.55g/h (50cc/h) or refrigeration power of 0.4 W at 20.3 K was achieved. We could
indicate the possibility of practical hydrogen liquefaction by magnetic refrigeration.
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Cross sectional view of magnetic refrigera-

tion test apparatus
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Schematic details of magnetic material and heat
switches
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Calculated results of gas velocity relative to liquid film
velocity and heat capacity losses of the magnetic material
according to gap width change
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Magnetic refrigeration process

ZHEETIEE Vol 36 No. 6 (1999-11)




58 -

—e— T8 BB B ROE
_____ sty 0.35T/s 1
< ps— 11 !
2 ol L3R T i
=] 1
= 1
3 |
| 54
u
a
£
A
H
IS
A
0]
(O]
48 - o : : - J
18 20 22 24 26 28
2 E (K
(a) ERBERLHERROLE
58 | :
| ESHIRGEE !
< —e— :035T/s :
> 56 .
] -4- 10.08T/s
1S I
3 |
| 54
u
o
£
A 52
H
S
3
8 s0
48 - - +
18 20 22 24 26 28

& & K
(b) HIEHIHLREDORE

6 EERIC JZ')'C LNEHSARYA oL GGG oilEzy
Fobe—i iz, KBTS oL =Y, 7L ESRT,
Experimental results of magnetic Carnot cycle on T-S
diagram of GGG

(ZEEIINEH A 0.36 T/sDE E 18 % TH Y, BAAMNIZ L B¢
WH IR T7 T T4 > TOWEHIRCHZ LN T 5 &3
251, b= L TR PEDIERTH -2 Z L E2IRL T
5.

4.2 WERARYMILHER

TR 5 T, BEBIMEHEE 0.08 T/sH 5 0.36 T/s, HE#E
EE2SK & LGB ZFEML 72, F72, EREMLE2 /ST 4—7F
EUCW A 7S RERLZ2Y, R6 (@) 3 EBREUHINICL -
THELMEYA 7102 GGG i —x > b o E—igE FizoR L 72
LOTHD, FEHMEFETHA 7B L F—HT 52 & MU
HEANDFTABRDEEN L 5T A 7LD O T AIZ/NENT EHTHE
FEX7:. 6 (b) I REETIBLEEE A A 7 s TR F R8s
DORTL MEGEESR WSS, Y 2 LT AAAEC,
PRSI T2 & & Lis, HBRcsT sy bob—
fLuW/,(UNMU#%TTé.l7uﬁkm%faT,mﬂﬁ
A2 KICHEL, Mg E s 2 b3 e 2oiid it Gift

327

O REkfE
1 @IEtHEfE

R =)

(W)
L J
KERILR (ccrh)

EBERHBEELLNTX—7)

. RARSE 15T
ﬁiﬁﬂmf“ 25K
0 oo 1 s L 2 L L L 0
0.05 0.1 0 5 1

RSB ERGERE (T/s)

®7 AEHHOERELHBENLE AT 4 7 LTS
Uzl ) ORHERALRY) & e B DR & KB - 5T YT
i YA BPAL i’ SN I
Experimental and calculated results of magnetic refrigeration
power at various ramp rates

it) TR AR ERL Twd, FEBRARILIZITR S & —3L
TH Y, EERHEIZLTHL L4270 T 5, Wi,
JEGEEE 0.36 T/sDe &, fK0.4WHHbnrz, Ziuddidbsa:
25595 & 3.55g/h (50 ce/h) 1cAHB L, AN/ —FRIE 37T %
Th-12.

5. FEHESHRDER

WAAATELEHENT & LT, BEHEEMT 2 Al v kF iz o
W, ZOFEE E BT OBFEIRDUC DTk~ 72, KN R
R—ZA TV — 2 & BRI F SR, TN o R4
Hlf~ D ALK BT, fAOKEOTELImML, KEHE
22 MERZX ST, REMEEFTETERIC L L EbN 5.

72, A=A VLB L TR ENRTWERT v a
AFEoEGERE LT, 1 t/d o5 lEE s HEEncns®
Y, REEEEEEbICIE, BMEK, RS 7 Ay P FOREERK
MDHERSWLETH Y, 4he LFRHEFIIBH T (HEZLTH
5.

& F X K
(1) Ohira, K. et al., An Experimental Investigation of Film-
Condensation Heat Transfer of Hydrogen in a Vertical
Tube, Adv. Cryog. Eng., Vol.35 (1990) p.421
(2) PIBIERNIZA, ZAHEAY A4 7 1 v OIRFEGEROFITHYET 7
(AL & IR RBRHEOBHIZDWT), HABEMES
FacH: Volel No.591 (1995) p.303
(3) Ohira, K. et. al., The Characteristics of Magnetic Refriger-
ation Operating at the Temperature of 20K, 16th ICEC
Proceedings (1996) p.403
(4) Numazawa, T. et al, Carnot Magnetic Refrigerator
Operating Between 1.4 and 10K. 6th International
Crvocooler Conference Vol.II (1990) p.199
(5) Waynert. L. A. et al,, Production of Slush Hydrogen using
Magnetic Refrigeration, Cryog, Process Equip (1989) p.9

ZHETHM Vol 36 No. 6 (1999-11)




