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oReport summary (English)

Principal investigator: Meiji University, professor, Tsuyoshi Kawanami
R & D title: Development of Magnetic Heat Pump with Layered Active Magnetic
Regenerator

1. Purpose of R & D

The demand for refrigeration and heat pump technology has been increasing in recent years, and
many applications have been proposed, such as air-conditioning of houses and offices,
air-conditioning of railway cars and aircraft, refrigeration in shipping containers, and snow melting
in cold regions. The magnetic heat pump, which is a high-efficiency innovative heat pump
technology that does not use CFC refrigerants, is expected to spread rapidly as a "green heat pump
technology" with low environmental impact and energy saving. In order to expand the temperature
range and improve the efficiency of magnetic heat pumps, we focus on a layered active magnetic
regenerator (AMR) as a breakthrough technology, and promotes research on the following items for
the practical application of the magnetic heat pump: (1) structural design and development of an
optimal AMR; (2) development of high-precision processing method for Mn-based magnetocalorific
materials; (3) development of a kW-class magnetic heat pump with a layered AMR.

2. Outline of R & D
(1) Contents:

The present study is aimed at the practical application of a magnetic heat pump using Mn-based
magnetocaloric materials. In particular, we are considering the development from the temperature
level for conventional refrigeration and air conditioning to the level of heating and heat recovery in
the range of 60°C to 90°C. In order to put a magnetic heat pump technology to practical use, a active
magnetic regenerator called an AMR is generally used in the operation of magnetic heat pump
systems. For the improvement of the performance of the magnetic heat pump system by AMR, it is
necessary to (1) investigate the optimal structure of AMR (Meiji University, Hokkaido Research
Organization), (2) develop new Mn-based materials and establish a synthesis method (Kyushu
University, Dyden Corporation), and (3) predict and evaluate the operating characteristics of the
system (Tokyo Institute of Technology, National Institute for Fusion Science, Sanden Advanced
Technology Corporation, and Railway Technical Research Institute). In this research project, the
research units were organized for the above items (1) to (3), and detailed investigations were carried
out to obtain various knowledge for the practical application of magnetic heat pumps.

(2) Achievements:

The following is a summary of the results obtained in this study:

— We found that the through-hole structure is the most suitable configuration for the AMR,

— We have developed Mn-based materials with a wide temperature range from Tce=—35°C to 85°C.

In addition, a technique to control the Curie point temperature was established,

— We developed a simulation code for predicting system characteristics and found the conditions to

achieve a temperature span of more than 30 K in experiments and analyses,

—Based on the results of the above elemental studies, a demonstration device was constructed and

its performance was evaluated.
(3) Future developments:

In the final fiscal year of the project, a demonstration device that simulates the actual system is
prepared, and the evaluation tests of the system and the research on durability including the material
are continued using the developed Mn-based magnetocaloric material. Currently, the remaining
challenges include the establishment of a mass production method for AMR prototypes, the
improvement of magnetic circuit performance, and the reduction of system costs. We will continue to
study the above issues after the completion of this project, with a view to applying for large projects
and Grants-in-Aid for Scientific Research in the next fiscal year and beyond. On the other hand,
we are also developing applications where magnetic heat pump technology can be applied, with a
view to developing it in the cryogenic region, such as hydrogen liquefaction, which is the core of the
next generation of energy problems.



