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Effect of Permanent Magnet Arrangement on the
Thermal-Flow Characteristics of Ferrofluid in a Rectangular Cavity
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ABSTRACT

Various researches have been performed to cool the device. However, dealing with cooling problems through structural
design changes becomes increasingly difficult. Therefore, more research on new cooling media and methods to increase heat
transfer efficiency is necessary. Particularly, ferrofluid is composed of nanoscale particles of magnetite, hematite, or some others.
And it has superior thermal properties compared with conventional heat transfer fluids due to the nanoparticles dispersed in the
base liquid. In addition, the heat dissipation method using ferrofluid is effective for local heat transfer because the flow can
be controlled through a magnetic field. In this study, flow and heat transfer characteristics of the ferrofluid in a rectangular
cavity, which vary depending on the arrangement of permanent magnets were investigated through computational fluid
dynamics(CFD). As a result, the enhancement of heat transfer due to the magnet arrangements was verified. The time-averaged

Nusselt number at the heat source surface was increased up to 9.6 %.
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Fig. 1 Schematic of rectangular cavity model

Fig. 2 Comparison of isotherms of (a) Chinnasamy et al.® with (b) present study at a fixed Rayleigh number(Ra=10") and

various nanoparticle volume fraction ¢
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Table 2 Arrangements of permanent magnet

Physical properties Water Fe;04 a/H (Magnet_left) b/H (Magnet right)
Density [kg/m’] 997.1 5200 Case 1 3/4 3/4
Heat capacity [J/kg * K] 4179 670 Case 2 3/4 12
Thermal conductivity [W/m - K] 0.613 6 Case 3 3/4 1/4
Thermal expansion coefficient [1/K] 20.7%10° 1.18%10° Case 4 12 1/2
Dynamic viscosity [Pa - s] 0.001003 - Case 5 12 1/4
Case 6 1/4 1/4
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Table 3 Physical properties of the EFH—1 ferrofluid

Saturation magnetization [kA/m] 35

Volume fraction [%)] 7.9

Particle diameter [nm] 10

Domain magnetization [kA/m] 446

Density [kg/m’] 1221

Dynamic viscosity [Pa - s] 0.006

Heat capacity [J/kg * K] 1840

Thermal conductivity [W/m - K] 0.19
Thermal expansion coefficient [1/K] 6.4%10™
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Fig. 6 (a) streamline, velocity contour, and (b) isotherms of
reference case at t=10800 sec
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Fig. 10 (a) streamline, velocity contour, and (b) isotherms
of magnet case 2 at t=10800 sec
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Fig. 12 (a) streamline, velocity contour, and (b) isotherms
of magnet case 3 at t=10800 sec
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Fig. 14 (a) streamline, velocity contour, and (b) isotherms
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Fig. 16 (a) streamline, velocity contour, and (b) isotherms
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Magnet case 59| ZZ1= Fig, 160] EASIA} 83 7

(b)
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