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An experimental research carried out to investigate the convective heat transfer in a water based magnetizable nanofluid by 
natural convection is reported. The hot wall was a flat disk, heated from below. The open air played the role of the cold wall, as 
the upper surface of the fluid was free, at atmospheric pressure and temperature. Comparative tests were conducted using 
distilled water and water based magnetizable nanofluid. Several heating regimes were tested. The addition of nanoparticles in 
a usual heat transfer fluid as water led to a decrease in the heat transfer performance by natural convection.  
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1. Introduction 
 
The use of magnetic nanofluids (widely known as 

ferrofluids or magnetic fluids) – a special class of 
nanomaterials, as heat transfer fluids, had become a topic of 
intensive research starting about a decade ago [1-9]. The 
possible applications envisaged the use of phase-change heat 
transfer (boiling/condensation) or forced convection heat 
transfer modes. Both terrestrial and microgravity 
applications were taken into consideration due to the 
possibility to replace the gravitational field by the magnetic 
field in micro-g environments. Examples of such possible 
applications are: cooling systems for electric transformers, 
magnetocaloric heat pipes, pulsating heat transfer tubes and 
heat sinks. It should be noted also that, opposite to usual 
magnetic liquids prepared for their traditional applications 
(sensors, sealings etc), the magnetizable nanofluids for heat 
transfer should have a low concentration of magnetic 
nanoparticles in order to make them competitive with the 
non-magnetic nanofluids. On the other hand, an advantage of 
using magnetizable nanofluids, beside the possibility of control 
by an applied magnetic field, is the vast experience in 
preparation of such complex fluids gained over more than three 
decades [e.g. 11-14].  

Recent results presented in the open literature state that 
among the possible mechanisms that may affect the 
convective heat transfer in nanofluids (similar to the case of 
magnetizable nanofluid in zero magnetic field) are the 
transport mechanisms associated to the relative (slip) 
velocity developed by the nanoparticles with respect to the 
carrier fluid, such as: inertia, Brownian diffusion, 
thermophoresis, Magnus effect, fluid drainage and gravity. 
A model proposed by Buongiorno [15] for convection 

transport in nanofluids states that, when the turbulent 
transport of nanoparticles dominates, the particles are 
carried by turbulent eddies, while if the opposite case 
occurs, Brownian diffusion and thermophoresis may 
become important slip mechanisms. Also, several other 
mechanisms are related to the larger increase in the 
effective thermal conductivity for a very low volume 
fraction (Φ ≤ 1%) of solid nanoparticles of less than 10 nm 
in size, like ballistic transport of energy carriers within 
nanoparticles, formation of nanoparticle structures through 
agglomeration (in fractal-like shape), clustering and 
networking [16]. 

Natural convection in usual heat transfer fluids was 
widely studied both experimentally and numerically, for 
various types of configurations. However, for various 
reasons (like low heat transfer coefficient, uniqueness of the 
problem in closed cavities configuration), in the case of 
nanofluids this heat transfer mode was less approached [16]. 
Our work has as final target a new type of heat exchanger for 
automotive thermal management applications using a 
magnetizable nanofluid as working fluid and an applied 
magnetic field to control the heat transfer process. The study 
reported here envisaged the evaluation of the natural 
convection heat transfer characteristics for a magnetizable 
nanofluid of low concentration in comparison with the 
carrier fluid, for a certain configuration of cavity that may be 
suitable to accomplish our target.  

 
2. Experiment 
 
The water-based magnetizable nanofluid tested in this 

work is part of a series of magnetizable nanofluids 
(water-based and hydrocarbon-based) specially prepared 
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and characterized within the framework of our research 
project [14,16]. The sample properties at 20 ºC are as follows: 
density ρMNF = 1082 kg/m3, viscosity ηMNF= 2.4·10-4 Pa·s, 
specific heat capacity cp,MNF= 3863.044 J/kgK, saturation 
magnetization Ms = 50 Gs, volume fraction of magnetite (Fe3O4) 
nanoparticles Φ = 1.02 %. In Fig. 1 is shown the 
experimental setup used to analyze the natural convection 
heat transfer in a tube, heated from below. 

 

Fig. 1. The setup for the natural convection experiment. 
 
The experimental cell (3) is a cylinder made of acrylic 

resin (dint = 16 mm, H = 50 mm). The heating surface (9), 
made of aluminum (dsurf =18 mm) is placed at the bottom 
side of the cell. A nickel heater (10) of resistance R = 0.14 
Ω powered by a power supply (8), is used to heat the 
surface. The temperature inside the magnetizable nanofluid 
(7) and in the heating surface was monitored by K-type 
thermocouples (1,2). The cell and aluminum bar were 
insulated by acrylic resin (12), while the resistance heater 
was placed in a ceramic insulating frame (11). The effect of 
an applied DC magnetic field generated by a coil (5) can be 
also studied using the same setup. The coil is powered by a 
power supply (8). The experimental data were collected 
using a data acquisition system NI 6042E (4), embedded in 
a PC using a dedicated LabView program. A SCXI 1000 
amplifier was used to achieve high accuracy temperature 
measurements. 

The experiments were carried out at constant heat flux. 
To determine the heat flux and the heated surface 
temperature, a set of three thermocouples were placed in the 
axis of the aluminum bar at known distances (3, 5 and 5 
mm), close to the heated surface. The heat flux was 
estimated from the Fourier law, based on the temperature 
gradient between two thermocouples (Tp1 mounted at 13 
mm and Tp3 at 3 mm, from surface): 
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where λAl = 235 W/m·K is the aluminum thermal 

conductivity  and x = 10 mm is the distance between the 
position of thermocouples in the axis of the bar. 

The heated surface temperature was determined using 
the indication of the thermocouple placed nearest to the 
surface (at 3 mm) and the heat flux given by Eq. (1):  
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where δ = 3 mm. 
The average liquid temperature at stationary conditions, 

far from the surface (T∞), was determined from the readings of 
the set (2) of thermocouples in Fig. 1 (Tl1 and Tl2): 
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The heat transfer coefficient, h, was determined based 

on the Newton’s law: 
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where AQq && =  and 42

intdA π= . 
The experiments were run at first with distilled water, 

for several regimes of heat flux (heating of the surface) to 
test the experimental cell and compare the results with 
known empirical correlations. Then, there were repeated 
using the sample of water-based magnetizable nanofluid for 
the same heat flux conditions.  

 
3. Results 
 
The results obtained for the natural convection heat 

transfer using distilled water were compared with a known 
correlation from literature. In this type of heat transfer 
mode the deciding factor is the Rayleigh number: 
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where g is the gravitational constant, β is the volume 
expansion coefficient, l is the characteristic length                    
(l = 0.9dint), ν is the kinematic viscosity, α is the thermal 
diffusivity. There are a considerable number of empirical 
correlations in literature for natural convection heat 
transfer, for different types of geometries and fluids. Most 
of these have the form:  
 

nCRaNu =           (6) 
 
where Nu is the Nusselt number ( λhlNu = ), C and n 
being constants, depending on the value of Ra.  

In Fig. 2 is shown a comparison between the 
experimental results and a well known correlation for 
natural convection from a plate heated from below [17]: 
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Fig. 2. Comparison of experimental results for distilled water 
with correlation (7). 
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Fig. 3. Comparison of experimental results of water and 

magnetizable nanofluid at steady state conditions. 
 
 

One can observe that the present experimental results 
are well described by Eq. (7). 

In Fig. 3 are shown the experimental results for water 
and the magnetizable nanofluid sample at steady state. It 
was found that, for the same input of heat flux, the heat 
transfer coefficient of the magnetizable nanofluid is lower 
in comparison with that of water. Thus, the effect of 
addition of solid metallic nanoparticles in water is negative 
for natural convection heat transfer, similar to other 
experimental results using non-magnetic water-based 
nanofluids (Ti-O2 nanofluids, CuO nanofluids) [18,19]. 

 
 
4. Discussion 
 
The analysis of our experimental results, using 

measured or estimated values of the thermophysical 

properties of the magnetizable nanofluid and literature data 
for water to calculate the Grashof and Prandtl numbers 
show an interesting behavior, for the same average 
temperature: 
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Fig. 4. The influence of the thermophysical properties of the 

magnetizable nanofluid and water on Gr·Pr. 
 
 

As shown in Fig. 4, the value of Gr·Pr is in average 103 
times higher for the magnetizable nanofluid but, also due to 
a higher thermal conductivity of the magnetizable 
nanofluid, the value of Nusselt number is lower than that 
for water. It means that in order to obtain a value of the 
natural convection heat transfer coefficient for the 
magnetizable nanofluid similar to that of water, in the same 
working conditions, the turbulence should be further 
increased. That is, what actually “makes the difference” 
(influence the convective heat transport) in nanofluids are 
their thermophysical properties.  

The application of a time-varying (e.g. rotating) 
magnetic field in the case of a nanofluid with particles 
having rigid dipole moment might give a solution to the 
problem.  

 
5. Conclusions 
 
The goal of the present research is the development of 

a new type of heat exchanger for automotive thermal 
management system using a magnetizable nanofluid as heat 
transfer fluid of low concentration, specially prepared for this 
application. This paper presents the results of the evaluation 
in the case of natural convection heat transfer. 

We have tested the heat transfer performance of a 
magnetizable nanofluid (Φ = 1.019 %) for a certain range of 
heat flux density and surface average temperature that are 
of interest for our case and using a configuration suitable 
for this purpose. 

In the explored range of heat flux density, we obtained 
lower values of the heat transfer coefficient for the 
magnetizable nanofluid than those for the carrier fluid 
(water), the relative difference between the corresponding 
coefficients ranging from 4 to 16%. These results agree 
with other experimental data for non-magnetic water-based 
nanofluids, in the case of natural convection heat transfer  
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mode [18,19]. 
The influence of the addition of nanoparticles in the 

carrier fluid on the thermophysical properties reflected in 
the values of the characteristic numbers Grashof and 
Prandtl, for the same average temperature of the nanofluid 
and carrier fluid, is determined.  
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