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Fig.1 Optical micrographs on the cross-section of JR wires heat
treated at 750°C for 100h (1.2mme).
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Fig.2 Non-J. versus magnetic field curves of wires with

different diameter and Nb sheet thickness. Heat treatment :

750°C for 100h. Nb;Sn areal fraction is inserted in the figure.
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Fig. 1. New TCD(Ti-base Compound Dispersion) Bronze
(Cu—18.5wt%Sn—2.5wt%Ti)
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Fig. 2. 228 filaments/TCD Bronze(Cu—18.5wt%Sn—2.5wt%Ti)

composite wire( Dia. : 0.7 mm, Cu ratio : 1.0)
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Fig. 1 Normalized critical field as a function of intrinsic strain [1].
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Fig.2 Normalized critical current density as a function of
intrinsic strain for various Al5 compounds with different
degree of atomic ordering [2].
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Fig.3 Cross—sections of (a) externally Ga diffusion

processed Nb,Sn, and (b) modified powder—in—tube processed
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Table.1 Composition of mixed powders used.

Cu-26.1at%Sn-21.0at%Ga
Cu-31.6at%Sn-14.9at%Ga
Cu-35.8at%Sn-10.2at%Ga
Cu-40.4at%Sn-5.1at%Ga
Cu-45at%Sn

Cu Stabilizer

_ GaRich Layer

Fig.1 Cross sections of Cu/Ta/Nb/(Cu—35at%Sn—10.2at%Ga)
wire reacted at 750°C for 240h.
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Fig.3 J, versus magnetic field curves for Ga doped
Nb,Sn wires reacted at 750°C for 240h.
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Fig.1 The applied axial strain dependence of /. for the
CuNb/Nb3;Sn wires measured by Pacman type strain
measurement apparatus(solid symbols) and the cam
type apparatus(open symbols).
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Fig.2 The relationship between the apphed axial strain
and lateral strain. v is the ratio of the lateral strain to
the axial strain.
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Fig.3 The applied axial strain dependence of the
calculated upper critical field. The solid lines are
calculated result by invariant strain function. The
symbols are results of this experiment.
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Three—dimensional strain state and superconducting properties in Nb,Sn wires
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Fig.1 The tensile strain dependence of the deviatoric strain for
the prebent (PB) and as-reacted (AR) CuNb/Nb;Sn wires at 7
K.
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Fig.2 The tensile strain dependence of the hydrostatic strain for
the prebent (PB) and as-reacted (AR) CuNb/Nbs;Sn wires at 7
K.
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Fig.1 Thermal conductivity of Ho Er; N (x =0, 0.25, 0.5, 1)
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Fig.2 Thermal diffusivity D of Ho,Er; N (x =0, 0.25, 0.5, 1)
(The D of HoCu, was calcurated by using the x of stainless
steel.)
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1. Introduction

Magnetic refrigeration, making use of the magnetocaloric
effect (MCE), is an environmentally attractive alternative to
vapor compression refrigeration that shows no Ozone
Depletion Potential (ODP), small Global Warming Potential
(GWP) and high efficiency.

One of the most common designs for magnetic refrigeration
today is the AMR which makes possible the wide temperature
spans with high efficiency and high cooling power. It is
considered that there are 3 ways to optimize AMR system, the
choice of material, the design of regenerators and magnetic
array, the choice of heat exchanges and heat pump. Two kinds
of regenerator geometries are widely used in AMR system, the
flat plate regenerator and porous media regenerator. In this
paper, 1 dimension model and Entropy Generation
Minimization (EGM) method have been used to compare the 2
models. This not only includes a comparison of the 2 models
but also discussion detail the various parameters of AMR
models and how they affect the performance of AMR.

2. Approach
(1) 1 dimension model

1 dimension model has been constructed which can simulate
various regenerators with no geometry limitation.

The fluid and magnetic material are modeled using equation
(1) and (2).

oT . oT o’
L =m0, L hyad (- 1)+ =L ()

G e
ot 2p, A d,
or, o'T asop  (2)
(1-&)p. C, P A= kyA.(1-¢) [}x; +hya A (T-T)+(1-&)p,T, EEA‘
Period Cold side Hot side
Cold 1o hot o=, er, féx =0
Hotto cold T, féx =0 I.=T,,

Table 1 The boundary conditions in AMR cycle

(2) Entropy Generation Minimization (EGM)

\ .

S gen.ve S g
Viscous 8 pon Finite
dissipation heat
P Entropy )
h i transfer
Generation
though heat
and fluid flow

8 gen.ce Axial thermal conduction
Fig.1 Basic considering of entropy generation in regenerator

In AMR systems, irreversibility is related to: heat and fluid
flow in regenerator; pump inefficiency; the magnetization
system; the process of magnetization and various heat leaks.
Heat transfer between the fluid and the magnetocaloric
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material is the major loss mechanism in AMR systems. In order
to maximize AMR performance, it is critical to understand
heat transfer processes and minimize the entropy generation
though heat and fluid flow in the regenerator.

3. Result & discussion

Aspect ratio 2 Aspect ratio 14
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Soo3l | T8 003l | 0o
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5 ,
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z J
£ 001 J 0.01
i . : _
ey | 0 M./Tii/—:i =)
0 0.2 0.4 0.6 0 02 04 06 08

Plate thickness (mm)

Fig.2 Entropy generation corresponding to the different plate
thickness at frequency 0.25Hz, 0.5Hz, 1Hz in the flat plate
model.
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Fig.3 Entropy generation corresponding to the different
particle size at frequency 0.25Hz, 0.5Hz, 1Hz in the porous
media model.

Since the heat transfer mechanism in the AMR is same as
that in the ordinary thermal regenerator except for the steps
involving changing magnetic fields. EGM, which is widely used
in heat exchanger optimization, can be used to optimize
geometry and dimensions of regenerator. The 1 dimension flat
plat model and porous media model have been constructed and
compared with entropy generation, cooling capacity,
coefficient of performance by changing plate thickness and
sphere size at frequency 0.25Hz, 0.5Hz, 1Hz, aspect ratio 2,
7, 14. The result shows that the optimized sphere size will be
around 0.2mm to 0.3mm. On the other hand, 0.1mm to 0.2mm
thickness plate will be more efficient. Compared the 2 models,
flat plate model can get a smaller entropy generation and
achieve a higher cooling capacity. But sphere model is favored
by lower cost and simplicity of construction.
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Fig.2 Magnetizaion of La(Fe, 4Si, ), and
La(Fe, 45Gay 025 12)15 at 2T and 0.1T.
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Fig.1 Image of LCGT (Large—scale Cryogenic Gravitational
wave Telescope). The purpose of the LCGT is detection of
gravitational waves and pioneering a new field of astronomy. A
construction of the large interferometric GW detector with
cryogenic mirrors has been started. The LCGT will be
installed in the Kamioka mine.
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Fig.1 An example of resonance frequency of the 8 K inner

shield in the LCGT cryostat by the modal analysis.

Fig.2 3D cut model of LCGT Cryogenic System.
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Fig.1 Cross sectional view of the cryo—cooler unit with an
anti—vibration stage.
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Fig.2 Performance of the proto—type cryo—cooler unit with an
anti—vibration stage.
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Fig. 1  Schematic diagram of the cryogenic suspension
system of the LCGT. Heat is conducted from the test
mass (sapphire mirror) to the intermediate mass by the
sapphire fibers, from the intermediate mass to the plat-
form and from the platform to the inner shield by the
aluminum heat links. The inner shield is connected to
the 2nd stages of the four cryocoolers.
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