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This paper investigates the heat and mass transfer characteristics of micropolar nanofluid contained within an enclosure
subjected to buoyancy force and magnetic field. The mathematical model is developed using governing equations mass,
energy, and momentum to assess the thermal efficiency of micropolar fluid. The objective of this research is to enhance the
effectiveness of heat and mass transfer in industrial heat transfer devices and heat recovery systems utilized in engineering
processes. The considered numerical study visualizes the magnetic hydrodynamic effect in two-dimensional natural
convection heat transfer occurring from a square enclosure. The fluid inside the enclosure travels in a laminar pattern,
incompressible and time-dependent. The research deals with micropolar fluid characterized by its Prandtl number (Pr=0.71).
The horizontal magnetic field is utilized in the system. To discretize the nonlinear paired dimensionless boundary value
problem the computation technique known as Versteeg and Malalasekera Finite Volume Method (FVM) is used.The
graphical representation illustrates the influence of crucial control parameters on streamline contours, isotherm contours, and
local Nusselt numbers. The convective flow and heat transfer within the cavity are affected by an elevation in the vortex
viscosity parameter. As a result, the streamlines and isotherms are largely invariant to a change in magnetic field orientation.
Moreover, it has been found, that the higher Rayleigh numbers may induce vortices and eddies, creating secondary flow
structures that enhance heat transfer and also the stronger buoyancy forces, driving more significant fluid motion and
convective heat, resulting in more pronounced variations in temperature. Also, the study investigates how the placement of
heat sources and the configuration of multiple heat sources impact the system, aiming to provide qualitative

recommendations for enhancing cooling system design.
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Introduction

Micropolar fluids have garnered significant attention
from researchers due to their diverse applications in
industries such as manufacturing, engineering, and
technology. Unlike Newtonian fluids, microscopic
fluids exhibit enhanced resistance to fluid motion.
Moreover, it has been observed that a higher
micropolar parameter value in fluid flow contributes to
increased overall viscosity. Micropolar fluids are
identified as the most suitable medium for laminar flow
in various physical phenomena. Eringen' introduced
the theory of micropolar fluids, which focuses on
describing the flow of fluids containing micro-
constituents that undergo rotation. Eringen's work on
micropolar fluids was further extended to include
thermo-micropolar fluids, exploring the microscopic
effects and micro-motion resulting from the local
arrangement of fluid components. The micropolar fluid
theory, proposed by Eringen, provides a framework for
comparing with other fluid models, both non-

Newtonian and Newtonian. This theory delves into the
study of liquid particle rotation by incorporating an
independent  kinematic vector known as the
microrotation vector.

Saleem et al.® conducted a numerical investigation
on convection energy transfer within a micropolar fluid
confined in a rectangular enclosure with heated and
cooled lower boundaries. The study considered various
values of Prandtl number, Rayleigh number, vortex
viscosity parameter, and cavity length. The researchers
analyzed the flow patterns and their impact on heat
transfer and skin friction. The findings revealed that,
under identical physical conditions, the heat transfer
rate from a heated surface in a micropolar fluid is lower
compared to that in a Newtonian fluid. Gibanov e al.’®
explored the natural convective flow and heat transfer
of a micropolar fluid in a wavy differentially heated
chamber, noting that an increase in the vortex viscosity
parameter (K) leads to an augmentation in
microrotation. Zadravec et al.* employed a boundary
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element approach to study natural convection of
micropolar fluid in an enclosure. Their work focused
on numerical simulations of natural convection in
micropolar fluids, specifically examining the flow of
suspensions with particles that rotate independently.
The results demonstrated that the micro-rotation of
particles in a general suspension diminishes overall
heat transfer from the hot wall. This aspect should not
be overlooked when estimating the heat and fluid flow
characteristics of micropolar fluids.

Sheikholeslami et al.’ employed the homotopy
perturbation method (HPM) to analyze micropolar
fluid flow and heat transfer in a permeable channel.
HPM, a technique for solving nonlinear equations, was
briefly explained and utilized to find solutions. A
comparison was made with numerical results obtained
using the Runge-Kutta method of order 4. In the
context of micropolar fluids, incorporating a transport
equation for local angular momentum conservation is
essential. This requires introducing new local
constitutive parameters in addition to the standard
equations for mass and momentum conservation. Javed
and Siddiqui® explored mixed convective energy flow
in a square container filled with micropolar fluid under
the influence of a constant horizontal magnetic field.
The study revealed that the frequency of streamlined
circulations increased with the Grash of (Gr) number
but decreased with the Hartmann (Ha) and Reynolds
(Re) numbers. Sheremet ef al.” conducted a numerical
analysis of natural convection in a right-angled wavy
triangular cavity filled with micropolar fluid. Utilizing
the Boussinesq approximation, governing equations
were developed in dimensionless stream function,
vorticity, and temperature.

Ariman et al.® emphasized the utilization of micro
continuum fluid mechanics in various applications,
including fluids with rigid non-spherical or
deformable microelements, micropolar fluids, polar
and dipolar fluids, couple stress fluids, anisotropic
fluids, and liquid crystals. In the above-mentioned
two comprehensive articles, the  distinctive
characteristics of micropolar fluids were thoroughly
examined, and the practical applications of this theory
were explored. Yashida and Hamano’ conducted a
numerical study on the dynamics of two-layer
Rayleigh-Benard convection with an infinite Prandtl
number and significant viscosity contrasts. Their
research delved into the distinctive features of this
convection phenomenon. Tso er al.'® presented an
investigation on the evolution of natural convection

cooling flow patterns in a rectangular cavity with
discrete heat sources at various orientations. They
employed numerical simulations in both 2-D and 3-D,
illustrating the development of flow and temperature
patterns at different inclination angles.

Aydm and Pop'' conducted an experimental study
on natural convection within a differentially heated
enclosure filled with micropolar fluid. Frederick'
statistically investigated natural convection in a
differently heated inclined square enclosure with a fin
connected to the cold vertical wall. Bilgen"
performed numerical simulations on natural
convection heat transport in a differentially heated
chamber with a horizontal fin attached to the hot wall,
demonstrating the significant impact of fin location on
heat transport within the cavity. In a previous study
by Hsu'* natural convection of micropolar fluids in a
heat-generating enclosure was explored, considering
single or multiple uniform heat sources. The effects of
heat source locations and various arrangements were
examined to provide insights for improving the
cooling design of the system. Gibanov et al'
discussed free convection in a trapezoidal chamber
filled with micropolar fluid, highlighting that an
increase in the vortex viscosity parameter reduces
convective flow and heat transfer inside the cavity.
Miroshnichenko e al'® investigated natural
convection of micropolar fluid flow in a trapezoidal
cavity, emphasizing the impact of local heat sources.
The computations involved relevant parameters such
as Prandtl number, Rayleigh number, and vortex
viscosity parameter. Basak er al.'’ presented the flow
of natural convection within a square enclosure with
uniform and non-uniform heated walls. Khanafer
et al'® analyzed unsteady mixed convection in a
driven cavity using an externally excited sliding lid.

Over the past decade, there has been significant
progress in the application of numerical methods to
simulate various complex medical problems,
particularly those involving intricate geometries.
Researchers have primarily employed the finite
element method (FEM) and the finite volume method
(FVM) for these simulations. The FVM, known for its
flexibility in handling diverse control modules and
unstructured meshes, has gained widespread use.
Despite advancements, generating unstructured
meshes for complex geometries remains a time-
consuming challenge, prompting ongoing research
efforts. A promising solution to this challenge
involves the use of Octree meshes, which offer
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advantages in processing resources and data structure.
The Octree approach utilizes normal cubes (volumes)
to represent intricate geometries, refining only in areas
requiring higher resolution while describing others
with larger volumes, resulting in a nonconforming
mesh. Researchers are particularly interested in
leveraging FVM to construct computational models
with complex geometries. Barth' explained the
significance of unstructured grids for Navier Stokes
Equations using finite volume. Huang et al”
introduced an advanced finite volume method for
solving non-conservative convection equations on
unstructured meshes. Their approach tackles both a
linear advection equation in its non-conservative form
and a time-dependent eikonal equation. Nishikawa®'
addressed the prevailing confusion surrounding the
QUICK system (Quadratic Upwind Interpolation for
Convective Kinematics), specifically whether it
qualifies as a second-order or third-order scheme. The
paper serves as a definitive reference, aiming to
eliminate any ambiguity regarding the third-order
accuracy of the QUICK scheme. Additionally, it lays
the groundwork for clarifying the principles behind
cost-effective high-order unstructured-grid schemes, a
topic to be further discussed in a subsequent paper. In a
related study, Patel”” delved into the examination of
unsteady state convection-diffusion flow using the
finite volume scheme. Busto et al® explored
Thermodynamically Compatible Finite Volume
Methods and Path-Conservative ADER Discontinuous
Galerkin Schemes for Turbulent Shallow Water Flows.
Cao and Huang ** investigated a Moving Mesh with an
Adaptive Conservative Finite Volume Method for
Poisson-Nernst-Planck (PNP) Equations. To enhance
numerical solution accuracy, two innovative monitor
functions were proposed for moving mesh partial
differential equations, supplementing the conventional
ones. Durlofsky e al® introduced an adaptive
local-global scheme for two-phase simulations,
employing a multiscale finite volume technique. This
method enables the efficient integration of approximate
global information derived from coarse-scale
simulations into multiscale basis functions. The
approach is formulated as a finite volume element
method and applied to simulate single- and two-phase
flow in channelized two-dimensional systems. Balaji et
al® explored the energy-efficient system under a
nanofluid-based intercooler. Prakash et al *
investigated the heat transmission effect of nanofluid
under natural convection.

Acharya and Oztop™ analyzed entropy and
hydrothermal = behavior  of  buoyancy-driven
magnetized hybrid nanofluid flow in a semi-circular
chamber equipped with a triangular heater:
Implications for thermal energy storage in energy
management applications. Acharya® studied the flow
patterns and thermal regulation of radiative in natural
convective hybrid nanofluid flow within a square
enclosure featuring multiple heated obstacles of
different shapes. Also, Acharya® researched the
hybrid nanofluidic transport in magnetically driven
force. From the aforementioned articles, it is noted
that the Natural convection within a closed square
cavity has been a focal point in numerous
fundamental heat transfer analyses, playing a critical
role in various technological applications. Indeed,
buoyancy-induced convection within a sealed cavity
featuring differentially heated isothermal walls serves
as a prototype for numerous industrial applications.
These include the energy-efficient design of buildings
and rooms, the safe and efficient operation of nuclear
reactors, and convective heat transfer processes
associated with boilers.

In the literature review discussed earlier section of
this manuscript, it is evident that the exploration of
micropolar fluid dynamics has garnered considerable
interest among researchers, particularly in engineering
fields. In the present research, the selection of a
Prandtl number of 0.71 (representative of gases) for
micropolar fluids is likely based on a combination of
experimental  data, theoretical considerations,
numerical stability requirements, and comparisons
with similar studies. This choice ensures that the
numerical simulation accurately represents the heat
transfer behaviour of micropolar fluids under the
specified conditions. Building on this background, the
current  investigation focuses on numerically
simulating natural convection in a square enclosure
filled with micropolar fluid, with an unsteady state
incorporating both Magnetohydrodynamics (MHD)
effects and the Boussinesq approximation. Notably,
this study introduces a novel approach by considering
the combined influences of these effects with an
unsteady state filling a gap in existing research. This
comprehensive approach contributes to a deeper
understanding of how electronic devices, such as
microprocessors in  computers or electronic
components in mobile devices, generate heat during
operation. Efficient cooling systems are essential to
dissipate this heat and prevent overheating, which can
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lead to performance degradation or even component
failure. By studying the heat transfer characteristics of
micropolar fluids under the influence of MHD in a
confined cavity, researchers can gain insights into
how to optimize cooling systems to enhance heat
dissipation in electronic devices. This understanding
can aid in the development of innovative cooling
technologies that improve thermal management and
increase the reliability and performance of electronic
devices in real-world applications.

Mathematical Formulation

Problem configuration

List of relevant non-dimensional parameters is
shown in Table 1. The illustrated physical model is the
ongoing investigation of applying Boussinesq
approximation with micropolar effect. Consider the
system is unsteady and the working fluid is laminar,
incompressible, and natural convective flow of
micropolar fluid in a two-dimensional square enclosure
as shown in Fig. 1. The enclosure is a square with
vertical walls and horizontal walls, each having a
length of L. The top and bottom boundaries of the
enclosure are thermally insulated, while the vertical
boundaries are subjected to varying temperatures. The

Table 1 — List of relevant non-dimensional parameters

Pr v

a

BoL |2
o u

Prandtl number

Hartman nnumber Ha

investigation of micropolar fluid flow in MHD is
considered. The framework utilizes a horizontal
magnetic field and the gravitational force g acting
downwards of the domain. The working model employs
the Boussinesq approximation, which assumes that
density differences are negligible except in the buoyancy
term of the momentum equation. This simplification
allows the model to account for variations in density
only where they affect gravitational forces, making it
easier to analyze fluid flow and heat transfer.

Governing equations

Based on the preceding arguments, the conservation
equations are written in Cartesian coordinates as
follows™'.

a_u v

ox 5 =0 (1)
(au . du 4 au) _ Op B
at " “ox ”ay o

0“u 0°u
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Boundary conditions
The following initial boundary conditions are
prescribed at the walls of the enclosure:

Rayleigh number Ra 9B (T, — THL?
(ay)
Vortex Viscosity K k
Parameter u
Magnetic __/———’_B__?___ .
field
T=T,

u=v=0
y

]

Micropolar
= Fluids

S

OS.E 2 0 QLIRS LR CA SN J o B AL TR g Lo A TEN I X
u=v=0

— L

Fig. 1 — Schematic diagram of the physical model
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t=0 u=v=T=N=0 for0<x<1
and0<y<1

a—T—N—O ty=0,1
(')y_ -ray=5
u=v=0T=T, N=0at x=0
u=v=0,T=T, N=0 at x=1

t>0u=v=0,

.. (6)

To transform the Eqs (1)-(5) into non-dimensional
form, the following non-dimensional quantities are
addressed'*.

_tx X_x Y_y U_uL V_vL

T_Lzr _LJZ _Lr _o(l _oci

g =T =01 (7
Ty,—c o«

The interpreted equations are given as follows:
—+ 5 =0 cee (8)

9 +UaU+VaU— aP+(1+K)
ot 0X ay aX

62
Prs+ aY2]+KP .. 9)
NS aP+(1+K)
ot " oX ay ay
v 2
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2KNPr + KPr (6—X— 3 (1)
626 020

Nusselt number
Along the heated wall, the local Nusselt number is
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As a result, the local Nusselt number along the left
wall can be specified as

T),~T, 86

_kL6X

.. (15)

Numerical simulation for FVM and grid independent study

The conservation Eqs (8) - (11) which are
dimensionless using the boundary condition (6) would
have been established with Versteeg and Malalasekra®
Finite Volume Method (FVM). To ensure a stable and
convergent solution, a staggered grid design is
employed. In the current computation, a uniform grid
system is utilized (Fig. 2), where the distance between
nodes is maintained as a consistent length (h).

wall

Discretized X-momentum convection term

U)e— (U)W

a(uU) a(UV)
[, (o + 55 dv = [P 2
(UV)n (UV)s
T] AVAt .. (16)
Where,
Ue_Ui+1'£+Ui’j’ Un_Ui'j+;]i'j+1,
Us_Ui'j+;]i’j_1’ %_Vi.j"';/in,j, VS_Vi.j—l"';/iHJ—l (17

The nodes e, w, n, s represents the directions east,
west, north, south respectively.

In the preceding statement, the subscripts i and j
designate the grid locations in the X and Y directions,
respectively.

Applying Eq. (17) into the X-direction momentum
conservation Eq. (16) leads to the following:

11, (B2 + 229 gy = w(u, U, — U, U, +
defined as:
UV, — UVy) .. (18)
hL
Nu = * o (13) Discretized X-momentum diffusion term
Here, & represents the heat transfer coefficient that
can be denoted as (g—;')e—(g—}'?)w
_q (ﬂvax( ) ffvay( )) av = ory, T
h= —— ... (14) (aU)
) -
where q is the rate of heat flux for unit area. Syu ] AVAt -+ (19)
L N
Uy —> ’l_. Ue
® L L 2
W W P & E
Ax

Fig. 2 — Grid generation
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Where,
(O_U) _ Uiv1j-Uij (6_U) _UijUi-1j
0X/e Ax 0X/w Ax

oU\ _ Uij+a—Uij (0U\ _ Uij—Uij
(aY)n Ay (OY)S Ay - (20)

The correct predicted velocities of X-momentum
equation,

1 _ gyx Pit1—Pij

Uptt = Up — At (FH2) . 21)

Combining the convection and diffusion terms of
Eqns. (18), (19) and (20) we obtain the following final
X-momentum conservation equation.

Uz=UD + At [—l(U U, — Uy Uy, + UV, — UsV) +
P (Ug + Uy + Uy + Us = 4Up) + fin] .. (22)
Similarly,
Discretized Y-momentum convection term

a(UV) O(VV) (UV)e=(UV)w
[, (P52 + 257) dv = [t o
v, ("V)S] AVAt (23)
Where,

UL','+U,:" Ui- J +U;— Jj Vi,'+Vi i
Ue_ J ]+1, Uw_ 1,j+1 1], I/e_ ] . +1],
b= ey Sutn -y Tt (g

2

Applying Eq. (24) into the X-direction momentum
conservation Eqn. (23) leads to the following:

ff (a(uv) ag;v)) av

A'A)

= h(U,V, — UV, + VV, —

.. (25)

Discretized Y-momentum diffusion term

(T 30Ge)+ [ 35() )

_ [(Z;V() (ax) +(ay) ( V),

.. (26)

o7 57, ] AV At

Where,

(B_V) _ Vitj=Vij (B_V) Vij=Vi-1,j (BV)
0X/e Ax X Ax ay
_ Vij+1-Vij (6_V) _ Vi,j—Vi,j—1

- o) =% .27

The correct predicted velocities of Y-momentum
equation,

1 vr* Pi+1—Pij
VRl =y — A (T’) .. (28)

Combining the convection and diffusion terms of
Eqns. (25), (27) and (28) we obtain the following final
Y-momentum conservation equation.

V=V + A [—%(Veve = ViVhy + VaYho = Vo) +

(1+K)Pr
(Ve + Vo + Vy + Vs = 4%) + o] .. (29)
Dlscretlzatlon of Mlcro-rotatlon Equation
Convection term
ff (G(UN) a(VN)) dV = [(UN)e—(UN)w+
6xy

e [V . (30)

5xy
Where,
Ue_Ui+1,;‘+Ui,j’ U :Ui—l,j+1+Ui—1,j’ VS:Vi,j+;/i,j—1,
Vn_Vi,j+Vi+1,j N :Ni,j—l‘ZHVi+1,j = Ni,j+;Vi—1,j’
N,= Ni,j+Ni,j+1’ N,= N;j+Nij—1 .. (31)

2 2
Diffusion term
ANy _(ON

(056 + 15 ) v = [

Vox V oy 5xy
aN aN
GG, ]
—L—=1AVAt .. (32

57e (32)
(O_N) _ Nitaj—Nij (B_N) _ Nij=Niaj
0X/e Ax 0x/w Ax
ONY\ _ Nijy1—Nij (O_N) _ Nij=Ni-1j-1
(OY)n Ay oY /g Ay - (33)

Applying Eq. (31) and (33) into the micro-rotation
Eq. (4) the final combined equation leads the following:

N=NJ + At [= 2 (UeN, = Uy Ny + VyNyy = ViNg) +
(“")”T (Ng + Ny + Ny + Ns = 4N) + fon| .. (34)
Discretization of Energy Equation
Convection term
a(uo) 6(V9) (UB)e—(UB),
Jl, (55 + 55 av = [R5 e+
VO)n (V9)s
T] AVAt .. (35)
Ui, Uy Vijs1
v, = .. (36)

2 )
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Diffusion term

(5 & E)ar = [ 8

Sxy

(57),~(5)
M] AVAt ...(37)
Syu
(@) _ Biv1j=0i; (@) _ 9ij=0i-1; (ﬁ)
0X/e Ax 0X/w Ax aY/n
_ Bij+1-0i (%) _ 0ij=0i-1,j-1 (38)
Ay oy/g Ay

Applying Eq. (36) and (38) into the energy Eq. (5)
the final combined equation leads the following:
0;=07 + At |~ 1 (U8, — Uy By, + VB — V305) +

1+K)P
G (05 + 0 + Oy + 05— 40,) + fog| .. (39)

Validation of numerical results

To validate the numerical results utilized in the
present analysis through the finite volume method,
accuracy and validity checks are essential. Table 2
shows the average Nusselt number values, computed
for varying Rayleigh numbers are displayed alongside
comparisons to values reported by other researchers.
Upon reviewing the tables, it is evident that there is a
strong agreement between the results. Thus, these
favourable comparisons significantly gives confidence
in the reported results.

To ensure a grid-independent solution, a sensitivity
analysis of the grid was conducted. The grid-
independent solution was attained by configuring the
solution for unsteady free convection within a square
cavity containing a micropolar fluid under the
conditions: Ra =10, Pr=0.7, K = 0.5, Ha=50.

Table 2 — Comparison of the average Nusselt number of the hot

wall

Ra K Aydin &  Zadravec Sheremet Present
Pop'! etal’ etal’ study

10° 0 1.118 1.118 1.118 1.117
0.5 1.057 1.059 1.059 1.058

2.0 1.016 1.017 1.016 1.019

10* 0 2234 2.263 2.245 2.265
0.5 1.947 1.986 1.977 1.988

2.0 1.545 1.578 1.566 1.566

10° 0 4.486 4.540 4.529 4.479
0.5 4.033 4.067 4.081 4.043

2.0 3314 3.377 3.348 3.327

10 0 8.945 8.742 8.841 8.857
0.5 7.984 8.229 8.187 7.983

2.0 6.673 6.714 6.875 6.672

Results and Discussion

Extensive work has been conducted through Finite
Volume Method (FVM) simulations to illustrate the
transport characteristics within the enclosure. The
relevant parameter values are set within the specified
ranges as follows: Rayleigh number 103 < Ra <
10°, Hartmann number 0 < Ha < 50 and Vortex
viscosity parameter (0 < K < 5). For all simulations
the Prandtl number (Pr = 0.71) is considered. Flow
patterns are observed through the visualization of
streamlines, while temperature fields are depicted
using isotherm contours.In addition, Fig. 3 shows the
modelling and numerical simulations comparisons to
Asadi et al*® work to confirm the micropolar fluid
effects. In this comparison for two different values of
vortex viscosity parameter (K =0.5 & 1) This ensures
that the results of present study strongly agree to the
existing work.

Influence of Hartmann number on streamlines and isotherms

Figs 4(a)-(d) depict the influence of the magnetic
field parameter. The Hartmann number has a
substantial impact on fluid movement and heat
convection. Fig. 4(a) shows that when Ha is absent,
convection is increased. In Fig. 4(b), when Ha=10 the
streamlines are largely symmetric and the profiles
formed are very closer at the top of the cavity while
the profiles symmetrically enlarged towards the
bottom of the wall. The temperature in the middle of
the cavity seems colder and the heat generates at the
bottom of the cavity. The left wall, kept at a high
temperature, generates a vortex at the lower-left
corner. The results remain consistent at all stages as
the Hartmann number increases. With increasing
Hartmann number, the streamlines and eddies remain
unchanged. However, when analyzing the isotherms,
as the Hartmann number increases, the eddies in the
cavity stretch more towards the top of the cold
vertical wall. Additionally, as the temperature
decreases, the size of the isotherm lines within the
eddies continuously decreases downward towards the
vertical bottom wall.

Influence of Rayleigh number on streamlines and isotherms
Fig. 5 depicts the related flow fields and
temperature distribution of streamlines and isotherms.
In Fig. 5(a) the emergence of convective core areas
are colder and the profiles formed in the enclosure are
enlarged and the temperature increases gradually
towards the bottom wall of the cavity. The regimes
are closer together on the top vertical wall. Additionally,
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Fig. 3 — Comparison for streamlines between present work (right column) and Asadi e al.*® (left column) for K = 0.5 and K = 1 at

Ra = 102, Pr=0.71

Streamii Streamline:

Isotherms.

(B) Ha=10 (D) Ha=50

Fig. 4 — Streamlines and isotherms for Pr = 0.71,Ra = 103, K = 1 and different values of Hartmann number (a) Ha=0, (b) Ha=10,

(c) Ha=25 and (d) Ha=50
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Fig. 5 — Streamlines and isotherms for Pr = 0.71, Ha = 10, K=1
10* (C)Ra = 10°

the flow regimes near the left vertical corner wall are
narrow within the cavity, while those near the bottom
left corner wall are laterally elongated. In addition,
For Ra = 103 the isotherm profiles are colder at the
top of the eddies and gradually move closer to the
bottom of the walls. In Fig. 5(b) for Ra = 10%, the

; Isotherms

0.9

08

0.7

08 1

0 02 04 06

=105

and different values of Rayleigh number (4)Ra = 103(B)Ra =

streamlines generate symmetric contours and seems
uniformly throughout the region. According to
isotherms the lines distorted, curved and twisted
more at the corner of the walls when comparing to
the center of the cavity. When Ra = 10>, Fig. 5(c)
shows new streamline cells evolving at the center
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Fig. 6 — Streamlines and isotherms forPr = 0.71,Ha = 10, Ra = 103and different values of Rayleigh number (A)K =0 (B)K =

1 (O)K=3 (D)K=5

with cool temperature and two cells newly formed
on top of cold cells while another one at the bottom
of the cold cell. When considering with isotherms
the contours distorted completely.

Influence of Vortex viscosity parameter on streamlines and
isotherms

Fig. 6 illustrates the impact of the vortex viscosity
parameter on the flow patterns within the cavity, as
represented by streamlines and isotherms for various
values of 0 < K < 5. In the lack of vertex viscosity
for K=0 (Fig. 6a) the isotherms contours are spreads
from hot wall to cold walls and the streamlines
formed in the eddies are symmetric and uniform. As
increasing the vortex viscosity parameter, i.e., K=I
(Fig. 6b) the eddies generated nearby in the top of the
cavity can be observed reaching from one side to the
left vertical wall. When K=3, 5 (Fig. 6¢c & 6d) the
contour of the streamlines seems similar and the
values of those streamlines increase gradually. When
taking isotherms for K=0 (Fig. 5A) the profiles
generated at the top of the wall and elaborated and
suddenly it narrows down towards the bottom of the
wall. For K=1, 3, 5 (Fig. 6b-d) the contour approaches
similar results and developing symmetric lines in the
cavity.

Conclusion

In this study, numerical simulations using the Finite
Volume Method were employed to model the
magnetohydrodynamic natural convection flow within
a  two-dimensional, unsteady, laminar, and
incompressible micropolar fluid confined within a
square cavity. The investigation reveals that a stronger
magnetic field results in a decrease in both the flow
rate and the rate of heat distribution. The above
correlation provides the magnetic field influence on the
Rayleigh number and the associated fluid dynamics
and heat transfer processes The vortex viscosity
parameter significantly influences the flow dynamics
and heat transfer characteristics of micropolar fluids.
Higher values of the vortex viscosity parameter
enhance the coupling between micro-rotational effects
and the translational motion of fluid particles. The
presence of the vortex viscosity parameter influences
the configuration and curvature of streamlines in the
fluid flow domain. Higher values of the vortex
viscosity parameter enhance the coupling between
micro-rotational effects and the translational motion of
fluid particles, leading to improved heat transfer and
altered fluid behaviour. These findings provide
valuable insights for the design and optimization of
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industrial heat transfer devices and heat recovery
systems. This research underscores the importance of
integrating these advanced fluids and magnetic field
techniques to achieve superior thermal efficiency and
operational stability in real-world industrial settings.

Nomenclature

Symbol

AR ZN® oW

=
« 9

~NET

HEC AT O e ST

Description

Induced magnetic field
Specific heat
Gravitational acceleration

Temperature at cold wall

Dimensional microrotation angular velocity
Vortex viscosity parameter

Length of the enclosure

Rayleigh number

Dimensionless microrotation angular velocity
Hartman nnumber

Dimensionless vortex viscosity parameter
Prandtl number

Time

Temperature

Non-dimensional coordinate in horizontal direction
Dimensional velocity component in X-direction
Non-dimensional velocity component in Y-direction
Cartesian coordinate in vertical direction
Non-dimensional velocity component in X-direction
Pressure

Non-dimensional coordinate in vertical direction
Dimensional velocity component in y-direction
Temperature at hot wall

Cartesian coordinate in horizontal direction
Grid location in X, Y directions

Local Nusselt number

Geek Letters

Spin-gradient viscosity

Fluid density

Dynamic viscosity

Non-dimensional time

Thermal diffusivity

Non-dimensional temperature

Non-dimensional angular momentum

East, West, North, South — Nodes

East, West, North, South —faces
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