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Magnetic Field Design for Improving Driving Pressure in a Heat-Transport Device Using Magnetic Fluid

Satoshi Deno”, Masataka Anazawa, Keisuke Kusaka, (Nagaoka University of Technology)

To address local heat concentration in WBG semiconductors, this paper proposes a novel heat-transport device using a

temperature-sensitive magnetic fluid (TSMF). Using theoretical equations, the ideal magnetic-field distribution for maximizing

driving pressure is derived, leading to a new electromagnet structure featuring a conical coil with a magnetic core. Coupled thermal-

magnetic finite element analysis and experimental evaluations were conducted to assess the performance of the proposed structure.

The results demonstrate that the proposed electromagnet increases driving pressure by 23.1% compared with conventional solenoid

structures, owing to the synergistic effects of a steep magnetic field gradient and reduced magnetic reluctance.
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Fig. 1. Driving principle of TSMF.
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Fig. 2. Characteristics of TSMF (TC3030S).
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Fig. 3. Heat transport device achieving high driving pressure.
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Fig. 4. Analysis models.
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Table 1. Physical Properties of TC3030S.

Variable Symbol Value
Saturation magnetic flux density
B, 30.0 mT
@25TC
Density @25C p 1.17x10° kg/m’*
Thermal conductivity @22 C A 0.143 W/(m'K)

Specific heat C, 1420 J/(kg'K)
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Fig. 5. Magnetic fields in each case.
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Fig. 6. Magnetic body forces in each case.
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Fig. 7. Driving pressures in each case.
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Fig. 8. Hand-wound electromagnet.
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Fig. 9. Experimental model for driving pressure measurement.
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Fig. 10. Experimental setup for driving pressure measurement.

& 80 1
£
&
& 70 A 73.4
e
% 60 -
a 59.6
on
£ 50 A
2
—
(=)
40
Case 1 Case 4

11 fEREE S REREDEEES

Fig. 11. Driving pressure of the conventional and proposed structures.
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