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1. Introduction

The assessment of convection heat transfer inside closed
chambers has various applications, such as cooling
electronic equipment, designing solar collectors, and
building air conditioning. Now, if the synchronic
examination of thermal conductivity with the convection
process is momentous (widely used in various industries,
including the construction of heat exchangers), it reveals
the necessity of this type of study. Since in reality and
industrial applications, the used fluids show non-
Newtonian behavior, it is very momentous to analyze the
influence of different parameters on the flow caused by
the presence of such fluids. Among the methods of
controlling flow power, the amount of heat transfer and
entropy is the use of active (energy consumption) and
passive  (without energy consumption) methods.
Examples of passive and active methods are chamber
inclination angle and applying the magnetic field,
respectively. The presence of magnetic field and heat
absorption/production, which are the tools for controlling
fluid flow, are widely used in many industries, including
the nuclear industry. The presence of an obstacle in the
path of fluid flow, sometimes by force or sometimes
voluntarily, leads to changes in the characteristics of the
flow by which the entropy value can be controlled.

2. Statement of the problem

Figure 1 shows the conjugate heat transfer process caused
by the free convection of electrically conductive fluid
with the power-law model inside the two-dimensional
chamber with LxL dimensions considered in the present
work. A conductive wall with a thickness of 0.1H is
assumed in the vicinity of the hot wall of the chamber,
which transfers heat from the wall to the fluid. A
rectangular obstacle is placed at temperature between the
cold and hot walls in the flow path, while uniform heat
absorption/production affects the fluid flow. The
magnetic field affects the chamber horizontally from left
to right in three different ways. The following are

assumed in this numerical simulation: 1) two-dimensional
flow; 2) incompressible and stable flow regime; 3)
absence of thermal radiation and viscous loss; 4) the use
of Boussinesq approximation for density; 5) non-surfaces
permeable and non-slip fluid on surfaces; 6) applying the
gravity field vertically.

Lattice Boltzmann Method (LBM) was developed for
modeling the non-uniform magnetic field in the presence
of heat absorption/production. Three separate distribution
functions for flow, temperature, and magnetic fields were
used for simulation.

Adiabatic

Figure 1. A view of the problem geometry under research

3. Results

Because non-Newtonian fluids used in real applications
have a high Prandtl number, Pr=50 was set to perform
calculations. Considering that LBM is based on square
grid, the solution domain was chosen 100x100 and the
bounce back model was used to model the boundary
conditions. The studied parameters are listed in Table 1.
Based on the results obtained: 1) in all modes, the
enhancement of the Hartmann number causes a decrease
in the flow velocity and consequently decreases the flow
power and the mean Nusselt number. On average, this
effect for the shear thinning fluid is about 32% more than
the shear thickening fluid; 2) the type of magnetic field
applied is a very momentous parameter in controlling the
amount of heat transfer, and this variable can be used to
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achieve flows with desired strength. Applying the
magnetic field in a uniform manner leads to a further
decrease in heat transfer and flow strength compared to
other cases.

Table 1. The variables along with the corresponding values

Variable Values
Hartmann number Ha=0,20,40,60
Type of magnetic field TMF1,TMF2, TMF3
Rayleigh number Ra=10%10°
Power-law index n=0.75,1,1.25
Angle of chamber inclination 2=-90°,0,+90°
Coefficient of heat
absorption/production -10,0.+10
Thermal conductivity ratio 0.5,1,10

The effect of changing the type of magnetic field
applied decreases with increasing power-law index; 3) an
increase in the power-law index leads to an increase in the
viscosity of the fluid and causes the ease of movement of
the fluid to decrease. Due to the low convection effects for
the shear thickening fluid, the influence of augmentation
of the Hartmann number for the shear thickening fluid is
much less compared to the Newtonian and shear thinning
fluid; 4) by changing the way the chamber is placed, the
amount of heat transfer and the flow power can be
controlled. By using this passive method, it is possible to
control the effect of the magnetic field in such a way that
the lowest value of the average Nusselt number, the
entropy production, and the effect of the magnetic field
are obtained for an inclination angle of +90 degrees. The
average Nusselt number for the zero angle is about 1.25
and 2.6 times higher than the angles of -90 and +90
degrees, respectively; 5) the lower the thermal
conductivity ratio, the lower the average Nusselt number
and the produced entropy. With the augmentation of this
variable, the impact of the magnetic field is more obvious
and the change of this parameter has a negligible effect on
the characteristics of the flow and heat transfer of the
shear thickening fluid and on the Ra=103; 6) in the heat

production mode, the lowest value of the mean Nusselt
number is seen, but the influence of the magnetic field is
the greatest in this state. The flow power increases with
the increase of heat absorption/production coefficient.
The heat absorption/production effect is the least for the
shear thickening fluid; 7) in general, the largest
contribution of the entropy produced for the shear
thickening fluid in all cases belongs to the entropy
produced due to heat transfer. By increasing the thermal
conductivity ratio, increasing the Rayleigh number,
decreasing the power-law index, and decreasing the
Hartmann number, the Bejan number decreases
(according Figure 2 (A-C)); 8) it was observed that in the
case of heat production, the total entropy produced
increases by about 20% with the increase of the Hartmann
number, and in return, the increase of the Hartmann
number leads to a decrease in entropy produced for

HAPC<O0.

4. Conclusions

The motivation of the existing numerical simulation was
evaluating and analyzing the conjugate heat transfer and
entropy generation by the power-law fluid inside the two-
dimensional chamber with a variable placement angle
containing an exothermic barrier under effect of non-
uniform  magnetic  field and uniform  heat
absorption/production based on the 1st and 2nd laws of
thermodynamics. Simulation was done by writing
computer codes in Fortran language using LBM. The
results showed that LBM is a suitable alternative for
solving problems in CFD due to its special features such
as: 1) replacing quasi-linear equations instead of complex
and nonlinear equations; 2) having a simple algorithm;
and 3) explicitness of the equations. Using a separate
distribution function to model the magnetic field results in
higher accuracy compared to the case where two
distribution functions are assumed for the flow field and
the temperature field and the magnetic field is applied as
a source term.

HAPC=-10 HAPC=0 HAPC=+10
(A)
n=0.75
()
9=+90°
(©)

Figure 2. Distribution percentage of the share of each of the entropy

production factors in the total entropy production
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Non-Newtonian Conjugate Heat Transfer under the Impact of Uniform and Non-Uniform Magnetic Field Along with
Heat Absorption/Production Inside a Two-Dimensional Chamber Containing a Block; an Entropy Analysis by LBM

Mohammad Nemati Mohammad Sefid

Abstract In the existing work, the amount of entropy produced due to power-law fluid conjugate heat transfer within an
inclined 2D chamber under the influence of magnetic fields in different forms with absorption/production of heat has
been evaluated. According to the research findings, flow power, heat transfer value and entropy production decline with
enhancing Hartmann number, decreasing Rayleigh number and enhancing fluid power-law index. The increase of the
Hartmann number to the maximum value reduces the value of the mean Nusselt number by about 52% for shear thinning
fluid and by about 18% for the shear thickening fluid. The higher the Hartmann number, the more obvious is the change
in the type of applied magnetic field, and this effect is the least for the shear thickening fluid. By applying the magnetic
field in a uniform mode, a current with a lower power and a smaller Nusselt number can be achieved. If the thermal
conductivity ratio increases, the highest mean Nusselt number is obtained, and in this case, the effect of increasing the
Hartmann number and Rayleigh number becomes more noticeable. The lowest amount of heat transfer, current strength
and magnetic field effect is obtained when the chamber is placed at an angle of +90 degrees, in which case the mean
Nusselt number is about 82% less than the zero angle. Bejan number enhances with the increase of heat
absorption/production coefficient, increase of Hartmann number, decrease of Rayleigh number and decrease of thermal
conductivity ratio, and the highest value of Bejan's number is obtained at +90 degree angle.

Keywords Conjugate heat transfer; Power-law liquids; Uniform and non-uniform magnetic field; Entropy generation;
Uniform heat absorption/production; Inclination angle of chamber.
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