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Abstract. In this article, natural convection of a magnetic fluid in a cubic cavity
with a heat generating object inside and under a uniform magnetic field is simu-
lated by the lattice Boltzmann method. Results obtained from the present simula-
tions are shown to be agreed well with our experimental measurements, and reveal
more of effects of the magnetic field on the flow and heat transfer of the magnetic
fluids.
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1 Introduction

Magnetic fluids are super paramagnetic fluids formed by a stable colloidal suspension
of ferromagnetic nanoparticles dispersed in carrier liquids such as water or kerosene
[1]. Among various magnetic fluids, there is a so-called temperature-sensitive mag-
netic fluid (TSMF), whose magnetization strongly depends on the temperature. Becau-
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se of its being operated easily in the room temperature range, the TSMF is consid-
ered as a promising fluid in energy conversion and heat transport systems with small
length scale or under microgravity environment [2, 3]. Due to the important role of
the convection mechanism in the energy conversion and heat transportation, a thor-
ough understanding of relations between the applied magnetic field and the resulted
convection is necessary.

Flow behaviors as well as the heat transfer characteristics associated with the
natural convection of the TSMF have been studied by many researchers in the past
years [4–8]. Finlayson [4] first studied the thermomagnetic convection of the TSMF
and showed that there exists a critical parameter beyond which the thermomagnetic
convection occurs. Schwab et al. [5] conducted an experimental investigation of the
convective instability in a horizontal layer of the TSMF and characterized the influence
of the magnetic Rayleigh number on the Nusselt number. Krakov and Nikiforov [6]
addressed the influences of the relative orientation of the temperature gradient and
the magnetic field on thermomagnetic convection in a square cavity. Yamaguchi et
al. [7, 8] performed experiments and numerical analyses in a square enclosure and
characterized the heat transfer in terms of the magnetic Rayleigh number.

However, in most of practical situations, a container with heat generating objects
inside is often encountered, and studying the convection of such a case is fewer but
nontrivial in both academics and engineering. For this reason, in our recent study [9],
the natural convection of the TSMF in a cubic container with a heat generating square
cylinder object inside was investigated under a uniform magnetic field experimentally.
The experimental results showed that the heat transfer characteristic of the TSMF is
enhanced when the magnetic field is applied. The stronger the magnetic field, the
better the heat transfer characteristic can be achieved.

As a compensation of the above experimental research, and in order to disclose
more physics behind the experimental findings, in this paper the natural convec-
tion of the TSMF in a cubic cavity with a heat generating object inside under a uni-
form magnetic field is numerically carried out by using the lattice Boltzmann method
(LBM) [10, 11]. The LBM [10, 11] is formulated based on a derived scalar magnetic
potential advection-diffusion equation at the first-order time accuracy. By defining an
effective velocity, which is a function of the temperature gradient, a lattice Boltzmann
scheme for the magnetic field is straightforwardly constructed in a similar fashion
of that of modeling the temperature transport equation. To ensure the scheme close
to the original elliptic scalar potential equation, the time derivative in the advection-
diffusion equation is multiplied by an adjustable preconditioning parameter. In the
present study, using the LBM [10, 11], we particularly focus on investigating the ef-
fects of the magnetic field on the characteristics of the flow and heat transfer as well
as the temperature behaviors in the considered flow field.

The rest of the paper is organized as follows. In Section 2, the LBM [10, 11] with
numerical implementations is introduced briefly. Section 3 is devoted to results and
discussions of the present study. The results obtained are compared to experimental
measurements conducted in our labs. A conclusion is given in Section 4.


