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Magnetic Refrigeration at Near-Room Temperature

Yasushi KANAI  Shin-ichi NAKAJIMA

This paper describes the magnetic refrigeration at near-room temperature. First, sphere
of Gadolinium (Gd), 0.6 mm in diameter, was prepared as a magneto-caloric medium and
the temperature change of Gd versus applied field was investigated. It was found that the
linear temperature rise/fall was found for applied field. Then, magnetic circuit was designed
by the finite-element magnetic field analysis. The magnetic circuit consisted of NdFeB
permanent magnet, iron yoke stator, and vessel for Gd sphere, with moving stage was made
as a trial. A heat-exchanger circuit using coolant was constructed with water pump and
solenoid and the system was tested with regard to heat-exchanging ability. The obtained
temperature change was very small due to low magnetic field applied to the Gd sphere and

small Gd volume. The future work was also noted.

Key words: Magnetic refrigeration, magneto-caloric effect, magnetic circuit, finite element

analysis
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Fig.1 Mechanism of the reciprocal magnetic refrigerator.
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Fig.2 Overview of the reciprocal magnetic refrigerator.
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Fig.4 Heat-exchanger circuit for the magnetic refrigerator.
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Fig.5 Water-supply system (feed pump and solenoid valves).
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Fig.6 Magnetic circuit for measuring magnetic field.

WIZ, (G20 b(&EF HOBKER T, ¥ X vy 7HICGAEFRELEZT 7 I (4T (4
£ 1lmm AR 6.5mm) HLAN L CREELEZRE L. % Fig7 IO~ T. BEREREOX
¥ v FENEL L, BMREBEZKE S TTREEMIIPPCREL 2DH, T THELIE
0.5CRETHS.

C C
17 ] ] ] i 17 ] .
R [X ? N
16| ﬁ"ﬂ ] 16 N ijl,[ﬁH'
; T W : i v
i ‘ ' i ' : : i i . :
15 L ' 15 S R 15 S
<+ < > <+
1 min 1 min 1 min
(a) open magnetic circuit (b) closed magnetic circuit (c) closed magnetic circuit

with a dummy yoke

Fig.7 Temperature change of Gd for various magnetic circuits.
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Fig.8 Temperature change of Gd for step-like change of magnetic field.
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Fig.9 Experimental results of the magnetic refrigerator
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Fig. Appendix 1 Modell: Gd-permanent magnet gap = 1 mm, yoke thickness = 50 mm

40


kuwahara
タイプライタ
40


Magnetic flux density [T]

0 10 20 30

Location [mm)]

(a) Flux distribution along line A-B for various assumed Gd permeabilities
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(b) Flux contour =1000

Fig. Appendix 2 Calculated results of modell
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(a) plan view

(b) 3D view
Fig. Appendix 3 Model2: Fe rotor yoke-permanent magnet gap = 0.5 mm, yoke thickness
=50 mm
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(a) Flux distribution along line A-B for various Gd permeabilities
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(b) Flux contour pr=1000

Fig. Appendix 4 Calculated results of model2
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Fig. Appendix 5 Model2-2 Fe stator width = 50 mm, see model2 for other dimensions Fe

yoke-permanent magnet gap = 0.5 mm, yoke thickness = 50 mm
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(a) Flux distribution along line A-B for various Gd permeabilities
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(b) Flux contour pr =1000
Fig. Appendix 6 Calculated results of model2-2
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Fig. Appendix 7 Flux distribution along line A-B for Gd permeability pur=1000

Stator Fe yoke width = 10 mm, other dimensions see model 2
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