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single-phase model. This research aimed to increase heat transfer by
applying a magnetic field in a tee duct. In this conduit, the outer surface
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ﬁzy;veot;‘;i N anofluid and 4% iron oxide nanoparticles (Fe; 0,) were added to it. The change
Fergroﬂuid of parameters such as the dimensionless number of the magnetic field

intensity and the dimensionless Reynolds number on heat transfer
were investigated. Magnetic field effects were added to the governing
equations of magnetic nanofluid flow in AnsysFluent software by
writing codes in C++ language. According to the obtained results, the
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which caused the penetration of the cool boundary layer in the central
parts of the duct.
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EXTENDED ABSTRACT

Introduction

Increasing heat transfer and heat transfer fluids have been the subject of many
researches in recent decades. With the progress of science, the production of nanoparticles
from various materials has become possible. One of the properties of materials in nano
dimensions is their high surface-to-volume ratio, which has given them special capabilities.
Laminar flow and displacement heat transfer for a magnetic nanofluid containing water and
4% by volume of Fe;0,in a tee channel subjected to a variable magnetic field was
investigated. The channel wall was at a constant temperature and the magnetic nanofluid
entered the channel from two points, the exit height of which was twice the height of the
entrance of the channel. In the present work, magnetic nanofluid (water and 4% iron oxide)
containing spherical particles flowed as a hot ferrofluid in a tee channel. The effect of the
cross non-uniform magnetic field on the hydrodynamic and thermal behaviour of the
ferrofluid flow were investigated.

Methodology

The geometry of the problem was generated and gridded in 3D, and the 3D nonlinear
differential equations governing the problem were solved using Ansys Fluent software
based on the finite volume method. Due to the lack of support of this software for
ferrohydrodynamics (FHD) problems, relation (1) related to applying the magnetic field in
the present work was added to this software by writing subroutines in C++ language. For
the tee channel, the Kelvin force was added as two spring terms to the momentum equations
in the x and y directions. In the finite volume method, first the physical field related to the
problem was divided into the volume of discrete controls. Then, the governing equations
were integrated on each control volume to obtain algebraic and discrete equations. In the
next step, the obtained discrete equations were linearized. The system of discrete and
linearized equations was solved simultaneously. It should be noted that the non-uniform
transverse magnetic field, such as the non-uniform axial magnetic field, had very little effect
on MHD. Therefore, the term related to MHD in the momentum equations was omitted.

Fferromag = ugMVH 1)

The magnetic field was created by a thin wire carrying electric current placed parallel to
the longitudinal axis of the channel (z-axis) in a position under the channel, with a certain
distance and close to it, and the current inside the wire flowed in the positive direction of
the z-axis. The wire carrying electric current created a non-uniform magnetic field across
the entire length of the channel and perpendicular to the ferrofluid current flowing in it.
Furthermore, it was investigated by applying different magnetic fields. The thermophysical
properties of the used magnetic nanofluid included water and 4% volume of Fe;0,, which
flowed inside the tee channel which is shown in Table 1.
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Table 1. Thermophysical properties of materials.
. w j kg kg
Materials k (m. k) cp (kg. k) p (W) u (E)

(p) Fe;0, 6 670 5200 =
Water (f) 0.6 4182 9982 0.001003

Results and discussion

The wire carrying the electric current produced a non-uniform cross magnetic field in
the x and y directions. This field was perpendicular to the direction of the ferrofluid flow.
With the increase in the intensity of the magnetic field, the force generated in the
intersecting plane increased and caused the creation of secondary currents, which created
two vortices. Considering that the magnetic force is always in the direction of increasing the
magnetic gradient, the resulting axial velocity profile will change due to the presence of this
force. Because of the application of non-uniform cross magnetic field, two vortices were
formed. These vortices transferred the ferrofluid from both sides of the channel section (in
the x-y plane) towards the walls. These two vortices were completely symmetrical with
respect to the x-axis. Moreover, as can be seen, due to the introduction of the Kelvin force,
the flow lines moved away from the bottom of the channel (near the current carrying wire).

Conclusion

In this research, the flow of magnetic nanofluid in a tee channel under variable magnetic

field was investigated numerically and the following results were obtained:

1- Increasing the Reynolds number has a great effect on heat transfer. By increasing the
Reynolds number; they increase the heat transfer (Figure 1).

2- Applying a non-uniform cross magnetic field creates Kelvin force in the direction
perpendicular to the ferrofluid flow and leads to an increase in the Nusselt number
of the ferrofluid. As the intensity of the magnetic field increases, the improvement of
heat transfer increases (Figure 2).

3- Applying a non-uniform cross magnetic field causes a pair of vortices to form inside
the channel, which directs the fluid to the walls from both sides and ultimately leads
to improved heat transfer (Figure 3).

4- Applying a non-uniform cross magnetic field causes the penetration of the cool
boundary layer into the hot ferrofluid, and with the increase in the intensity of the
magnetic field, it causes the temperature of the ferrofluid to decrease.
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Figure 2. Nusselt number diagram for different magnetization number.

Figure 3. Streamline in the x-y plane.
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