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Abstract:- In this numerical simulation, we have proposed
to study the natural convection of air in a bounded domain
between two rectangular parallelepipeds of square straight
sections for a Rayleigh value Ra = 108, The internal cavity
is subjected to a heat flow of constant density while the
external cavity is kept at a constant temperature. The air
fluid is subjected to a magnetic field oriented at an angle 0
= 45° with respect to the horizontal. To overcome the term
pressure in the equation of motion, we have used the
vorticity formalism as a function of current. The equations
obtained were discretized with the finite volume method
and were solved by the SIMPLE algorithm. The results
obtained through the commercial calculation code Ansys
Fluent, in the absence of the magnetic field, show us, for
isothermal lines, a stable flow which is manifested by high
and low temperatures and for current lines the formation
of two recirculation zones of high intensity and rotating in
opposite directions. When applying the magnetic field with
a Hartmann number Ha = 0.75, we have noted the
formation of four recirculation zones for current lines and
standardization for isothermal lines.
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. INTRODUCTION

For some time, the numerical study of natural convection
in closed cavities was at the heart of much research both
experimentally and theoretically. The numerical study of
natural convection in rectangular cavities of square straight
cross-section in the absence of a magnetic field is almost
impossible to find in the literature. Despite the rarity of
subjects identical to ours, we can find similar cases as [1]
working with two cavities without Hartmann number, [2], [3],
[4] studied natural convection with a single square cavity.

Other researchers, however, have studied the effect of the
magnetic field on convection [5], [6]. To better understand this
phenomenon, we have proposed to study natural convection
for two cavities with a Hartmann number Ha = 0.75 for a value
of the Rayleigh number Ra = 10°.
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1. METHOD AND MATERIAL NUMERICAL

In this paper, we have proposed to study the natural
convection of an air fluid between two rectangular
parallelepipeds of square straight sections whose internal
cavity Hi is heat flow of constant density and the external
cavity He is maintained at a constant temperature. The fluid is
subjected to a magnetic field oriented at an angle to the
horizontal Hartmann value.

Ha =0.75. Figure 1
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Fig 1: Diagram of the problem

To free oneself from the term of pressure which is a
primitive variable, we have used the vorticity formalism
function of current [7]. Since our flow is two-dimensional,
incompressible and laminar, we have the Boussinesq
approximation [8].

The dimensionless transfer equations are written:
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To characterize the interaction between the cavity and the
fluid, we have introduced a parietal quantity called the Nusselt
number. The expression of the mean Nusselt number is given

by:
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We have used the finite volume method for discretizing
these transfer equations implanted in a commercial Ansys
Fluent calculation code [9], [10] [11]. The resolution
procedure used is SIMPLE algorithm giving an easy speed
estimate [12].

For any scientific study, the results must be validated.
For this, we have compared our study on the right (b) with that
of M.K Kane [7] on the left (a) with a single cavity whose
magnetic field is omitted. (figure 2)
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Fig 2: Comparison of vertical velocity contours
IIl.  RESULTS AND DISCUSSIONS

The validation allowed us to make a discussion of our
results which relate to isothermal lines, current lines and the
Nusselt number for a Rayleigh value Ra = 106 without
magnetic field and with a Hartmann number Ha = 0.75.

A. Evolution of isothermal lines without magnetic field

There is a stable flow materialized by high and low
temperatures and loosening of the isotherms. These
oscillations observed on the upper internal cavity are due to
the fact that the buoyancy force is greater at this level. (Figure
3)
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Fig 3: evolution of isotherms for Ra = 10°

B. Evolution of current lines without magnetic field

Regarding the current lines, we note two areas of
recirculation that increases in intensity and circulating in
opposite directions but also the formation of small cells on the
upper inner cavity a cell at the bottom due to a decrease in the
density of heated particles. (Figure 4)
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Fig 4: evolution of the current lines for Ra = 10°

C. Effect of magnetic field on isothermal lines and current
lines

For the isothermal lines figure 5 (d) there is a
standardization as one moves away from the hot cavity and an
acceleration on both sides according to the direction of the
magnetic field while for the current lines figure 5 (e) we have
noted the formation of four zones of recirculation and
formation of small cells following the direction parallel to that
of the magnetic field.

@) (e)

Fig 5: evolution of isothermal lines (d) and current lines (e)
for Ha=0.75
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D. Evolution of the Nusselt number on the upper internal
cavity
To study the interaction between the fluid and the cavity,
we introduced a parietal quantity that the nusselt number.

In the absence of a magnetic field (Figure 6a), there is a
stable flow with oscillations showing strong and low
temperatures and a beginning of instability as soon as the
middle of the cavity is exceeded. This confirms the behaviour
of the isotherms.

When the magnetic field (Figure 6b) is applied with a
Hartmann number Ha = 0.75, there is a change in the thermal
plane due to the Lorentz force causing disturbances in the same
direction as the magnetic field.

Fig 6a: Evolution of the Nusselt number on the upper internal
cavity Ra = 10°

Nusselt 6

: 015 020 o025 030 035 040 0‘,45 050 055
X (m)
Fig 6b: Evolution of the Nusselt number on the upper
external cavity for Ra = 10%, Ha = 0.75

IV. CONCLUSION

In this paper, we have studied the numerical study of the
natural convection of air between two rectangular
parallelepipeds of square straight sections for a value of
Rayleigh number.

Ra = 10° and subjected to a magnetic field of Hartmann
number Ha = 0.75.

Results showed in the absence of magnetic field,
decelerated isothermal lines with formation of oscillations on
the upper internal cavity and for current lines, the formation of
two recirculation zones. In the presence of a magnetic field,
for isotherms there is standardization and for current lines the
formation of four recirculation zones. The Nusselt number
reflects the thermal behaviour of the isotherms.
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