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1. Introduction

One of the most important problems in industry is the control
of heat transfer. Based on the available studies nanoparticles
can help to improve and increase the heat transfer of the base
fluid. A channel with a backward-facing step can be a sample
to study the flow separation phenomenon. The flow separation
and reattachment phenomenon that is occurred due to the
sudden expansion of the cross-section of a channel is one of
the important applied cases.

The idea of adding nanoparticles to a fluid to increase heat
transfer was first introduced in 1873. Most of researchers have
expressed that adding nanoparticles with higher thermal
conductivity to the base fluid leads to the enhancement of the
thermal performance of the obtained nanofluids.

The flow of an electrically conducting fluid under a
magnetic field which is called Hartmann flow was widely
investigated after experimental research of Hartmann on
mercury flow in a tube under a magnetic field. A limited
number of researches have been carried out on the laminar
nanofluid flow in a channel with one-sided sudden expansion.
Nevertheless, the impact of the magnetic field on the nanofluid
flow in this geometry has not been investigated for flows with
low velocities (low Reynolds numbers). In this study, the
impact of a uniform magnetic field perpendicular to the flow
direction on the hydrodynamics and heat transfer of Cu-water
nanofluid flow in a microchannel with one-sided sudden
expansion at a low Reynolds number is investigated
numerically.

2. Modeling and numerical methods

Figure 1 shows that the geometry of the problem is a
backward-facing step microchannel which has a length of 0.25
m, an outlet height of 0.001 m, and a step height of 600 pum.
The length of the wall upstream of the step and expansion ratio
are 0.1 m and 2.5, respectively. The angle of the magnetic
field is 90°. A heat flux of 500 W/m? is applied on the wall that
is downstream of the step.

The governing equations include mass, momentum, and
energy conservation equations in incompressible cases. The
effect of the magnetic field is added as a source term to the
right side of the momentum equation. These equations are
solved using the finite difference method. Temporal,
convection and diffusion terms are discretized using 3"- order
Runge-Kutta, second-order upwind, and second-order central
approximation, respectively. The projection method is used to
solve the flow equations. The homogenous model is employed
to apply the effect of nanoparticles. In this model, nanofluid is
considered a homogenous fluid and only its properties are
modified based on the concentration of nanoparticles.

3. Results
In this section, the impact of the magnetic field on the
hydrodynamics and heat transfer of Cu-water nanofluid at a
low Reynolds number (Re=1) is investigated.
Figure 2 indicates the velocity distribution for various
Hartmann numbers at a volume fraction of 0.02. It is observed
that under the magnetic field, the average velocity of nanofluid
is reduced and the velocity gradient on the channel wall is
increased.

Figure 3 presents the average friction coefficient versus
volume fraction for different Hartmann numbers. At zero
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Fig. 1. Geometry of the problem
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Figure 2. Velocity distribution at volume fraction of 0.02
(x=0.01m)

Hartmann number, the increase of volume fraction has a slight
impact on the friction coefficient. According to Figure 2, by
increasing of wvolume fraction wvelocity gradient and
consequently shear stress on the wall increase. On the other
hand, by increasing volume fraction at a constant Reynolds
number, due to the increase of nanofluid kinematic viscosity,
velocity and consequently dynamic pressure increase. The
increase in shear stress is almost negated by the increase in
dynamic pressure and therefore no change occurs in the
friction coefficient. Under the magnetic field, the friction
coefficient reduces by increasing the volume fraction. In this
case, the increase in fluid dynamic pressure is higher than the
increase in wall shear stress.

Figure 4 indicates the impact of the magnetic field and
volume fraction on the average Nusselt number. At a Reynolds
number of 1, by increasing of volume fraction temperature
gradient on the wall decreases, and the thermal conductivity
coefficient increases. Nevertheless, the reduction of the wall
temperature gradient is dominant and as a result, the Nusselt
number decreases. It is noteworthy that at high Reynolds
numbers, the Nusselt number increases with an increase in
volume fraction. According to Figure 4, the applied magnetic
field has no remarkable effect on the Nusselt number. At
Reynolds number of 1, the effect of convective heat transfer is
slight and the conduction mechanism is dominant. Therefore,
the magnetic field has no important impact on temperature
distribution. This finding is in contrast with the results of
previous studies for higher Reynolds numbers which show the
increase of Nusselt number with Hartmann number.

4. Conclusion
In this study, the impact of a magnetic field on the
hydrodynamics and heat transfer of laminar flow of Cu-water
nanofluid in a channel with one-sided sudden expansion at a
low Reynolds number was investigated. The governing
equations include mass, momentum, and energy conservation
equations. The homogenous model was used to apply the
effect of nanoparticles.

By increasing the magnetic field intensity, the nanofluid
velocity decreases and the velocity gradient on the wall
increases. Under a magnetic field, the friction coefficient

decreases with volume fraction and increases with magnetic
field strength.

At low Reynolds numbers, contrary to high Reynolds
numbers, by increasing the volume fraction the Nusselt
number decreases. Moreover, contrary to high Reynolds
numbers, in this case, the magnetic field has no effect on the
Nusselt number. At low Reynolds numbers, applying a
magnetic field improves the overall performance of the
system.
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Figure 3. Effect of magnetic field on average friction
coefficient
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Figure 4. Effect of magnetic field on average
Nusselt number
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Simulation of Nanofluid Flow at Low Reynolds Number in a Microchannel with One-Sided Sudden
Expansion under the Effect of a Magnetic Field

Foroozan Moradi Pedram Pournaderi

Abstract In this study, the magnetic field effect on the hydrodynamics and heat transfer of the laminar flow of a nanofluid
in a microchannel with one-sided sudden expansion at a low Reynolds number is investigated. The governing equations
including mass, momentum, and energy conservation equations are discretized and solved on a staggered grid using the
finite difference method by developing a Fortran code. The simulation results show that at a low Reynolds number, no
vortex is formed after the step. In the presence of a magnetic field, the friction coefficient decreases with volume fraction.
At a volume fraction of 0.04, this reduction in comparison with water at Hartmann numbers of 20 and 40 is 25 and 18
percent, respectively. By applying the magnetic field, the friction factor increases. For nanofluid with a volume fraction
of 0.04, the enhancement of average friction factor in comparison with water at Hartmann numbers of 20 and 40 is 176
and 337 percent, respectively. At a low Reynolds number, the magnetic field effect on the Nusselt number is negligible.
The Nusselt number decreases with volume fraction. At a volume fraction of 0.04, a reduction of about 12 percent is
observed in the Nusselt number in comparison with water. Examining the performance evaluation criteria shows that
applying a magnetic field improves the system's performance. At a Hartmann number of 20 and volume fraction of 0.04,
an enhancement of about 11 percent in performance coefficient is observed in comparison with the case that the magnetic
field is absent.

Key Words Nanofluid, Microchannel, Sudden expansion, Magnetic field, Low Reynolds number.
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