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ABSTRACT: This study aims to enhance the thermal dis-
sipation efficiency of magnetocaloric refrigeration systems
by integrating passive heat transfer devices such as heat
pipes and vapor chambers. The limitations of conventional
vapor-compression refrigeration, including high energy
consumption and environmentally harmful refrigerants,
motivate the exploration of magnetocaloric cooling, which
leverages the adiabatic temperature change (AT ad) in-
duced by magnetic field variation. Magnetization data from
peer-reviewed journals were digitized and processed in
MATLAB to calculate the magnetic entropy change
(AS_M) using the Maxwell relation and to estimate AT ad
based on literature heat capacity values. A 2D steady-state
heat transfer analysis of heat pipe and vapor chamber struc-
tures was conducted using MATLAB PDE Toolbox, with
boundary conditions reflecting natural convection heat
transfer coefficients and magnetocaloric material surface
temperatures. The results show that optimized vapor cham-
ber geometries can significantly accelerate heat rejection
without active fans, thereby improving system coefficient
of performance (COP) and internal temperature stability.
The proposed design approach provides a reproducible
methodology for selecting optimal magnetocaloric materi-
als and passive thermal dissipation structures for eco-
friendly refrigeration applications.
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