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Abstract. The thermal conductivity of magnetic nanofluids in a constant
magnetic field is investigated. The concentration dependence of the
thermal conductivity coefficient of magnetic fluids based on water and iron
oxide nanoparticles Fe;O, in a constant magnetic field is obtained. The
dependence of the thermal conductivity coefficient of nanofluid on the
nanoparticles size in a magnetic field is obtained. The temperature effect
on the thermal conductivity of magnetic nanofluid in a constant magnetic
field is studied.

1 Introduction

Recently, ferromagnetic nanofluids are actively investigated (carrier fluid + iron oxides
nanoparticles). A distinctive feature of ferromagnetic nanofluids is responsiveness to an
external magnetic field. In the works of other researchers, the effect of increasing the
thermal conductivity was observed. For example, in [1] was a 23 % increase in the thermal
conductivity of nanofluid based on kerosene and Fe;O, nanoparticles (10 nm in size and a
7.8 % volume concentration), and 300 % in the absence of a magnetic field. The authors of
[2] investigated water-based nanofluids with Fe;O4 nanoparticles (10 nm in size and 5 %
volume concentration) under the magnetic field action and observed a more than triple
increase in thermal conductivity.

2 Experimental apparatus and procedure

Within the framework of our study we measured the ferromagnetic thermal conductivity of
nanofluid in a constant magnetic field. Fe;O4 nanoparticles were used (nanoparticles
powders of the «Plasmotherm», Moscow). Distilled water was base fluid. A standard two-
step method was used to prepare nanofluids.

Measurement of thermal conductivity of nanofluids was carried out by the hot-wire
method with a Wheatstone bridge circuit. Detailed description of the test bench and testing
technique is given in [3]. Wheatstone bridge was used as the basis of the test bench
instrumentation to measure an unknown electrical resistance of hot wire. Principle of
measuring the thermal conductivity by the hot-wire method is based on a linear dependence
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between the temperature rise of hot wire and the logarithm of heating time of the wire. A
copper wire with a length of 200 mm and a diameter of 75 microns was used in the
experiments. The wire was immersed in a vessel of diameter 32 mm containing 200 ml of
the fluid under study.

Two permanent neodymium magnets with dimensions 50%30%10 mm were used to
create a magnetic field. The magnetic field intensity around the magnet was measured with
a milliteslameter TPU-02. The distribution of the magnetic field induction over the magnet
is shown in figure 1. The maximum value of the magnetic induction near the magnet is of
the order of 0.3T. In experiments, the magnets were located in the immediate vicinity of the
measuring cell. Two cases of a magnetic field were considered (see figure 2): a magnetic
field created by a single magnet (low magnetic field intensity) and a magnetic field created
by two magnets (high magnetic field intensity).
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Fig. 1. The magnetic field induction over the magnet (mT).
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Fig. 2. The arrangement of magnets near the vessel.

3 Results and discussion

The effect of volume nanoparticles density on the thermal conductivity of nanofluid was
studied. Fe;O4 nanoparticles of 50 nm average size were used. Two volume nanoparticles
density in water of 1 and 2% are considered. It is found that the influence of magnetic field
intensifies with increase of nanoparticles concentration. As a result of measurements the
thermal conductivity of magnetic nanofluid is increased under the influence of magnetic
field. For magnetic nanoparticles 2.2 and 2.8 times enhancement in thermal conductivity is
achieved for 2 % nanoparticle concentration by the application low and high magnetic field
intensity, respectively (see figure 3a). The thermal conductivity of magnetic nanofluid
intensifies with increase of magnetic field intensity (see figure 3a). It should be noted that
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with increasing magnetic field intensity, an increase and decrease in the thermal
conductivity of a magnetic nanofluids can be observed [5, 6].
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Fig. 3. Dependence of relative thermal conductivity coefficient of nanofluids on nanoparticle
concentration (a) and on nanoparticle size (b).

It is established that the influence of magnetic field intensifies with increase of
nanoparticles concentration. The thermal conductivity coefficient intensifies by 5% with an
increase the nanoparticles concentration from 1 to 2% without a magnetic field, while
increase amounts to 30% under the influence of the magnetic field (see figure 3a).

The nanoparticle size effect on the thermal conductivity of nanofluid in a magnetic field
was investigated. The study was carried out for Fe;O, nanoparticles. The volume
nanoparticles density in water was 1%. Nanoparticles powders of 50 and 100 nm average
size were considered. It is found that the thermal conductivity of nanofluid increases with
the nanoparticles size, both under the influence of the magnetic field and without it. It was
shown for the first time that the thermal conductivity coefficient of nanofluid increases
under the influence of a magnetic field with increasing particle size.

The influence of nanoparticle size on the thermal conductivity of nanofluid in magnetic
field is studied. The volume nanoparticles density in distilled water was 1%. Figure 3b
shows the dependence of the relative thermal conductivity coefficient of the nanofluid (the
ratio of the thermal conductivity coefficient of nanofluid to the thermal conductivity
coefficient of base fluid) on the nanoparticles size in water.

It is obtained that the thermal conductivity coefficient of nanofluid increases with the
nanoparticles size, both under the influence of the magnetic field and without it. Similar
behavior was noted earlier for other nanofluids [4]. In absence of magnetic field the
addition of nanoparticles with 50 nm average size to water increases the thermal
conductivity by 8% in comparison with the thermal conductivity coefficient of water, and
nanoparticles of 100 nm size increase by 13%. Increment becomes larger with the
application of magnetic field. The thermal conductivity of nanofluid with nanoparticles of
size 50 nm at low magnetic field intensity is 70% higher than the thermal conductivity of
water, and 11% with 100 nm nanoparticles. In a magnetic field intensity created by two
magnets, the growth is 2.27 times for fine nanoparticles (50 nm) and 3.28 times for large
nanoparticles (100 nm). Thus, it was shown for the first time that the thermal conductivity
coefficient of nanofluid intensifies with an increase particle size under the influence of the
magnetic field.

The temperature dependence of the thermal conductivity of nanofluid in a magnetic
field is studied. The investigation was carried out for Fe;O4 nanoparticles (50 nm). The
range of the investigated temperatures is 25-50°C. The dependence of the relative thermal
conductivity coefficient of nanofluid on temperature is obtained (see figure 4): the relative
thermal conductivity coefficient of a nanofluid without a magnetic field is 1.08 at a
temperature of 25°C, it increases linearly with temperature rise and reaches a value of 1.15
at 50°C.
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Fig. 4. Dependence of the relative thermal conductivity coefficient of nanofluid on temperature.

The magnetic field effect on temperature dependence of thermal conductivity of
magnetic nanofluid is studied. It is shown that the magnetic field effect on thermal
conductivity of magnetic nanofluid increases with temperature rise of nanofluid. It should
be noted that in [2, 6] it was shown that with increasing temperature, the coefficient of
thermal conductivity decreases.

4 Conclusions

The thermal conductivity of magnetic nanofluids in a constant magnetic field is
investigated. The concentration dependence of the thermal conductivity coefficient of
magnetic fluids based on water and iron oxide nanoparticles Fe;0, in a constant magnetic
field is obtained. The dependence of thermal conductivity coefficient of nanofluids on the
nanoparticles size in a magnetic field is obtained. As a result of measurements the thermal
conductivity of magnetic nanofluid is increased under the influence of magnetic field. The
thermal conductivity of magnetic nanofluid intensifies with increase of magnetic field
intensity (see figure 3).

The magnetic field effect on temperature dependence of thermal conductivity of
magnetic nanofluid is studied. It is shown that the magnetic field effect on thermal
conductivity of magnetic nanofluid increases with temperature rise of nanofluid (see

figure 4).
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