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Abstract: The present study investigates the heat transfer
for the unsteady, incompressible, two-dimensional mixed
convective copper–water nanofluid flow in a lid-driven
square cavity in the presence of the magnetic field. The lid-
driven square cavity’s top and bottom walls are assumed to
be adiabatic. The nanofluid model is developed in ANSYS-
FLUENT using Boussinesq approximation. A pressure-based
solver with a Semi-Implicit Method for Pressure-Linked
Equations algorithm is used to simulate the governing equa-
tions of the model. The results obtained from the developed
fluid model are examined for the different influential phy-
sical parameters to enhance heat transfer from the cavity to
the flowing fluid. Qualitative and quantitative results for
nanofluid concentration, magnetic field parameter, and
Reynolds number are analyzed. A noteworthy observation
is that the velocity of the nanofluid reduces with improve-
ment in the magnetic field strength. The findings of the
attempt provide the capability of nanofluids in heat transfer,

which aids in creating innovative geometries with improved
and regulated heat transfer due to applied magnetic fields.
This attempt holds potential applications in solar collectors,
electrical devices, and the medical field manageable due to
the slower fluid flow (nanofluid).

Keywords: mixed convection, nanofluids, square cavity,
heat transfer, magnetic field

Nomenclature

α thermal diffusivity
β thermal expansion

coefficient
C concentration of fluid
Gr Grashof number
K thermal conductivity
μ kinematic viscosity
ϕ volume fraction
p

m
Prandtl number

Re Reynolds number
ρ density
( )ρCp s heat capacitance of metallic

nanoparticle
( )ρCp f base fluid heat capacity
( )ρCp nf nanofluid heat capacity
t time
T temperature of fluid
T1 temperature of upper wall

of tube
U, V velocity components in the

( )X Y, direction
Vp velocity of moving lid
Subscripts and superscripts
c cold wall
eff effective
f fluid
h hot wall
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nf nanofluid
s solid
0 reference value

1 Introduction

Mixed convective heat transfer in a lid-driven cavity finds
extensive applications in various fields, ranging from
cooling electronic devices to building high-performance
insulation, nuclear reactors for multi-shield structures,
solar power collectors, float glass production, furnaces,
and drying technologies [1–5]. Mixed convective flows in
heat transfer, where both forced and natural convection
mechanisms coexist, offer several advantages in various
engineering applications. Mixed convective flows often
result in higher heat transfer rates than pure forced or
natural convection. Mixed convective flows are adaptable
to different flow configurations, geometries, and boundary
conditions. Mixed convective flows promote temperature
uniformity in the fluid or around a heated surface and are
particularly effective in enclosed spaces or confined geo-
metries. The synergistic effect of forced and natural con-
vection in mixed convective flows improves energy effi-
ciency. Mixed convective flows exhibit adaptability to
changing operating conditions, making them a valuable
consideration in designing and optimizing heat transfer
systems in various engineering applications. Numerous
studies have analyzed convective heat transfers within
different cavity shapes, such as triangular, trapezoidal,
cylindrical, wavy, and square. These investigations are cri-
tical for developing a comprehensive understanding of
fluid dynamics inside cavities, contributing to thermal
enhancement and optimization. Researchers have pro-
posed various strategies to improve specific properties
and enhance heat transfer within cavities, which include
introducing multiple fins utilizing nanofluids into the
cavity [6,7]. A noteworthy study by Kumawat et al. [8] on
the flow of power-law nanofluid blood two-phase simula-
tions with an intensity of magnetic field through a curved
overlapping stenosed artery. Gandhi et al. [9] examined the
time-variant flow of blood through an artery multi-stenotic
mediated by hybrid nanoparticles. In a bifurcated artery
with gyrotactic microorganisms, Sharma et al. [10]
explored entropy formation in a ternary hybrid nanofluid.
Additionally, Sharma et al. [11] investigated the radiative
heat transfer for hybrid nanofluids in solar collectors.
Kumar et al. [12] focused on the heat transfer analysis for
magnetohydrodynamics (MHD) Jeffrey hybrid nanofluid
flow in conjunction with a bioconvection mechanism in

radiative solar collectors. These studies contribute to the
knowledge surrounding mixed convection flow and heat
transfer, offering insights into optimization techniques and
strategies for enhancing the thermal performance of var-
ious applications.

Research on mixed convective flows from the enclosures
has attracted significant attention, primarily due to its
expanding applications. However, a noticeable gap exists in
the investigation of mixed convective heat transfer from enclo-
sures with nanofluids despite the acknowledged potential of
incorporating nanoparticles into afluid to address various heat
transfer challenges. Copper (Cu)–water nanofluids, consisting
of Cu nanoparticles dispersed in water, have gained significant
attention in heat transfer augmentation due to several advan-
tages. Copper nanoparticles have high thermal conductivity,
and when dispersed in water, they effectively increase the
overall thermal conductivity of the fluid. The presence of
Cu nanoparticles in the fluid promotes better heat transfer
between the fluid and the surrounding surfaces. This increased
heat transfer coefficient enhances the efficiency of various
industrial and electronic applications. The nanoparticles tend
to agitate and disrupt the fluid flow, promoting better mixing
and convective heat transfer. Cu nanoparticles generally
exhibit good thermal stability, maintaining their properties at
elevated temperatures, whichmakes them suitable for applica-
tions with high-temperature stability electronic systems. This
reduces energy consumption and operational costs in applica-
tions, whichmakes Cu–water nanofluids promising candidates
for various heat transfer applications across different indus-
tries. Introducing nanoparticles alters the fluid’s thermo-phy-
sical properties, adding complexity to mixed convection
dynamics by involving intricate interactions among inertia,
viscous, and buoyancy forces. Chaudhary et al. [13] explored
the radiation effect inMHDmixed convective flowwith Ohmic
heating, considering both thermal and mass diffusion effects.
Muthtamilselvan et al. [14] discussed using Cu-water nano-
fluids to increase heat transmission in a lid-driven enclosure.
Valipour and Ghadi [15] specifically examined the nanofluid
flow, focusing on the impact of nanoparticle volume fraction
on flow patterns. Their findings highlighted observable
changes in minimum velocity and recirculation length with
an escalation in nanofluid concentration. Sharma et al. [16]
investigated the minimization of entropy formation in MHD
mixed convective flow with endothermic/exothermic catalytic
reaction. Additionally, Sharma et al. [17] studied the combined
effects of thermophoretic diffusion and Brownian motion
across an inclined stretched surface with a chemical reaction
in mixed convective flow. These studies contribute to under-
standing mixed convection in nanofluid-filled enclosures, con-
sidering various factors such as radiation, nanofluid heat
transfer enhancement, and chemical reactions.
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Investigations into heat transfer under unsteady
regimes with different geometries offer several advantages
in understanding and optimizing thermal systems.
Unsteady heat transfer is prevalent in many real-world
applications, such as transient heating or cooling pro-
cesses, startup and shutdown of equipment, and rapid
changes in environmental conditions. Unsteady regimes
often involve transient phenomena, where temperatures,
velocities, and thermal gradients change rapidly.
Incorporating unsteady heat transfer into predictive
models allows for more accurate simulations and predic-
tions of system behavior. Heat transfer studies contribute
to the intensification of industrial processes. By optimizing
heat transfer under dynamic conditions, it becomes pos-
sible to enhance the efficiency of processes like chemical
reactions, material processing, and crystallization, leading
to improved productivity and resource utilization. Sarkar
et al. [18] examined the water-Cu nanofluid’s mixed con-
vective heat transmission through the cylinder. Their
observations revealed the enhancement in Strouhal
number with the rise in nanofluid concentration, reducing
vortex shedding. In a study by Gorla and Hossain [19],
mixed convection flows with nanofluids past a vertical
cylinder were explored, highlighting enhanced heat and
mass transmission with increased buoyancy ratio para-
meters. Valipour et al. [20] simulated Al O2 3-water nanofluid
in a forced convective fluid flow with heat transmission
about a square-shaped cylinder. Increments in drag coeffi-
cient, Nusselt number, recirculation length, and pressure
coefficient are noted with rising nanofluid concentration.
Pourmahmoud et al. [21] explored mixed convection heat
transmission using nanofluid in a lid-driven cavity, while
Bovand et al. [22] analyzed the impact of an Al O2 3-water
nanofluid on heat transfer and fluid flow across the equi-
lateral triangled obstacle with varying orientations. In
another study by Sharma et al. [23], unsteady MHD mixed
convection fluid flow with non-uniform heat source/sink
and Joule heating was examined. These investigations con-
tribute to understanding mixed convection fluid flows with
nanofluids, addressing factors such as unsteady regimes
with different geometries.

Magnetic fields influence heat transfer in certain mate-
rials through MHD. MHD studies the influences of mag-
netic fields on electrical conductive fluids. The magnetic
field generates Lorentz force in the electrical conductive
fluids, which changes the flow patterns due to the magnetic
field induced by electric currents. MHD convection alters
the temperature distribution within the fluid, impacting
heat transfer processes. In this process, a magnetic field
changes a material’s magnetic entropy, causing it to absorb
or release heat. As the magnetic field is varied, the material

undergoes a cyclic process of magnetization and demagne-
tization, leading to changes in temperature. The study of a
magnetic field in fluid dynamics for augmenting system
performance has become a burgeoning area of research.
Several studies have discussed thermal boundary condi-
tions in conjunction with a magnetic field on natural/
mixed convection [24–29]. Rashidia et al. [30] specifically
investigated the unsteady Al O2 3-water MHD nanofluid flow
about a triangled obstacle. Their findings revealed that the
higher strength of the magnetic field minimizes the recir-
culation wake and stabilizes the nanofluid flow. Zhao et al.
[31] conducted a computational study on on-chip viscoelas-
ticity sensor for biological fluids. Sharma et al. [32] intro-
duced the heat transfer characteristics of nanofluids pas-
sing over the wall of a heated square cylinder, explicitly
altering the front stagnation point by introducing nano-
fluids. In a numerical study, Sharma et al. [33] analyzed
entropy generation for blood flow through a curve-shaped
artery with the hall effect for power-law MHD fluid. Kumar
et al. [34] discussed the electromagnetohydrodynamic
(EMHD) Jeffrey nanofluid flow in Cu-polyvinyl alcohol/
water fluid with an exponential heat source. Khanduri
et al. [35] conducted a sensitivity analysis using response
surface optimization of electroosmotic MHD fluid flow
through a curve-shaped stenotic artery. Furthermore,
Sharma et al. [36] investigated the radiative heat transfer
for EMHD Jeffrey nanofluid flow with Joule heating.

In recent years, nanofluids have gained significant
attention in heat transfer studies due to their enhanced
thermal conductivity compared to conventional fluids. Cu
nanoparticles have the potential for improving heat
transfer, especially in configurations involving mixed con-
vection, where both forced and natural convection phe-
nomena are present. External magnetic fields influence
the nanofluid flow control, as magnetic fields dampen fluid
motion by affecting heat transfer. Previous studies have
examined nanofluid behavior in various configurations,
such as channels and cavities, but often without sufficient
focus on the combined effects of magnetic fields and lid-
driven cavities. This study addresses these gaps by investi-
gating heat transfer behavior in an unsteady, incompressible,
two-dimensional Cu-water nanofluid flowing through a lid-
driven square cavity under the influence of a magnetic field.
A computational model was developed to simulate this com-
plex flow system using the Boussinesq approximation in
ANSYS-FLUENT. A pressure-based solver with the Semi-
Implicit Method for Pressure-Linked Equations (SIMPLE)
algorithm was applied to simulate the governing equations.
Flow parameters like nanofluid concentration, magnetic field
strength, and Reynolds number are analyzed, affecting the
cavity’s heat transfer and flow velocity.
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1.1 Novelty and originality

The unique contribution of this study lies in its examination of
how magnetic fields modulate heat transfer in nanofluid sys-
tems, specifically for the lid-driven square cavity geometry.
This focus on magnetic field applications provides insight
into the potential use of nanofluids for controlled heat transfer
in practical settings like solar collectors, electronic cooling sys-
tems, andmedical applications. The research demonstrates the
application of magnetic fields that regulate the nanofluid flow,
leading to applications that require precise thermal manage-
ment, thus providing a basis for innovative heat transfer solu-
tions in technology and medicine.

Understanding the intricacies of heat transfer in nano-
fluids is crucial for optimizing thermal performance in var-
ious applications. One such application that stands out is the
biomedical field, where the manipulation of blood flow
during surgeries is a critical factor. The observed reduction
in nanofluid velocity under a magnetic field could revolutio-
nize surgical procedures, offering a controlled and manage-
able environment for medical interventions. The primary
objective of this attempt is to advance the current under-
standing of fluid flow associated with heat transfer phe-
nomena about a bluff body, employing nanofluid. The
research involves a numerical exploration of mixed convec-
tive heat transmission for Cu-water nanofluid within a lid-
driven square-shaped cavity subjected to the influence of
an external magnetic field. The investigation explicitly
emphasizes nanoparticle concentration’s impact on the fluid

dynamic characteristics and the heat transmission aspects
within the square cavity. By elucidating the interplay of these
factors, the objective is to identify conditions that maximize
heat transfer from the cavity to the surrounding nanofluid
under varying mass fractions and magnetic field parameters.

2 Physical assumptions

Consider a square cavity featuring two-sided lids driven by
motion consisting of nanofluid, as depicted in Figure 1. The
nanofluid consists of a water-based fluid with Cu nanopar-
ticles. The nanofluid is a homogeneous mixture made from
the dispersion of Cu nanoparticles in water. The physical
properties of Cu nanoparticles and the water base fluid are
assumed to be constant. All physical properties of the
nanofluid for the respective concentrations are outlined
in Table 1. The cavity is bounded by four walls, with the
top and bottom walls taken to be insulated, non-conduc-
tive, and resistant to mass transmission. The side wall
temperatures are considered constant, as illustrated in
Figure 1. In Scenario I, the left wall (cold) moves upward,
while the right (hot) moves downward. In Scenario II, the
left wall moves downward, while the right one moves
upward. In Scenario III, both walls move upward. It is
important to note that the moving walls share the same
speed in all three scenarios, and the direction of gravitational
force is parallel to the moving walls. The schematic diagram
of the whole setup is depicted in Figure 1. The investigation

Figure 1: Schematic diagrams for the different cases of the square cavity with two-sided lids and moving side walls filled with nanofluid: (a) left wall
moves upward and right wall moves downward, (b) left wall moves downward and right wall moves upward, and (c) both left and right walls move
upward.
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incorporates the application of continuity, momentum, and
energy equations to elucidate the dynamics of an unsteady,
two-dimensional flow involving a Newtonian fluid character-
ized by a constant Fourier property. Moreover, the study
posits the negligible influence of radiation heat transfer
between surfaces associated with the other heat transfer
modes. The following assumptions underlie the analysis:
• The nanofluid inside the enclosure is assumed to be a
two-dimensional incompressible Newtonian fluid flow in
a laminar pattern.

• Assumptions include uniformity in shape and size for the
nanoparticles, nanofluid concentration is taken as con-
stant with various defaults, and the nanofluid mixture is
also assumed to be homogeneous.

• Both the fluid and nanoparticle phases are assumed to be in
the same phase of thermal equilibrium, flowing with the
same momentum and dispersed uniformly in the base fluid.

• The physical properties of the nanofluid remain con-
stant, excluding density variation in the buoyancy force,
which is modeled using the Boussinesq approximation.

• Negligible radiation heat transfer is considered from the
sides compared to other heat transfer modes.

The Lorentz force easily controls the dynamics of con-
ducting fluids due to a magnetic field, and it has a signifi-
cant role in heat and mass transfer. The Lorentz force FL is
exerted on a charged particle due to electric and magnetic
fields when applied to a continuum (such as MHD in a
conducting fluid), introduced in the momentum equations
that account for the electromagnetic forces.

2.1 Derivation of Lorentz force term

The Lorentz force FL for a conducting fluid in the presence of

an electric field →
E and a magnetic field →

B is given by:

→ = → × →
F J B ,L

where →
J is the current density vector, →

B is the magnetic
field vector. Relationship between current density and
electric field using Ohm’s law for a conductive fluid, the
current density →

J can be expressed as

( )
→ = → + → × →
J σ E u B ,

where σ is the electrical conductivity of the fluid, →
u is

the fluid’s velocity field. Substituting →
J in the Lorentz force

expression, the Lorentz force per unit volume can be written
as

( )
→ = → + → × → × →
F σ E u B B .L

However, for fluid flows with high conductive properties, a
small magnetic field can produce a significant Lorentz
force that can control the flow dynamics easily; therefore,
there is no need for an electric field. In this case,
the Lorentz force produced due to the applied magnetic
field is

( )
→ = → × → × →
F σ u B B .L

Based on the above considerations, the governing equa-
tions for continuity, momentum, and thermal energy in
the laminar pattern are expressed as
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where
( )

=α
K

ρC
nf

eff

p nf,0

,U andV are the horizontal and vertical
velocity components, respectively, T is the temperature, g

is the gravity, P is the pressure, μ
eff

is the dynamic

Table 1: Physical properties of nanofluids and their components with respective mass fraction

Properties Water (base fluid) Copper 0% (mass fraction) 1% (mass fraction) 2% (mass fraction)

Density 998.2 8,978 998.2 1796.18 2594.16
Specific heat 4,182 381 4,182 2282.11 1023.4
Thermal conductivity 0.6 387.6 0.6 0.8 1.047
Viscosity 0.001003 — 0.001003 0.00131 0.00175
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viscosity, ρ
nf

is the nanofluid density, β is the thermal
expansion coefficient, suffixes p and f denote the nanopar-
ticle and heat transfer fluid, respectively, and ( )ρCp nf is the
nanofluid heat capacity. In cases where the various proper-
ties of both the metal nanoparticles suspended and base fluid
are known, it becomes necessary to compute the physical
properties of the nanofluid. The subsequent equations facil-
itate this calculation. The symbol nf denotes the nanofluid’s
effective properties, derived based on the nanoparticle con-
centration in the base fluid. The nanofluid dynamic viscosity
is determined using the Brinkmann model [37], while the
thermal conductivity is computed using the Maxwell model
[38–40]. The expressions employed to evaluate the nanofluid
properties are discussed below.

The relationship for effective viscosity in this context, as
provided by Brinkman [37], is utilized and expressed as
follows:

( )
=

−
μ

μ

ϕ1

.
nf

f

2.5

The mathematical expression for the nanofluid den-
sity is

( )= − +ρ ϕ ρ ϕρ1 .
nf f p

And the specific heat capacity is evaluated by the
relation

( ) ( )( ) ( )= − +ρC ϕ ρC ϕ ρC1 ,p nf p f p p

as presented by Xuan and Li [7].
The determination of the thermal conductivity of a

nanofluid involves the application of Maxwell-Garnett’
approximation model (MG model). Specifically designed
for a two-component system comprising nanoparticles
with a spherical shape, the MG model provides the fol-
lowing expression:
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For the above assumptions, the boundary conditions of
the fluid model are
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(5)

2.2 Heat transfer

The heat transfer is calculated by the Nusselt number
along the heated wall of the cavity

=
h H
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3 Numerical procedure

The numerical procedure utilized an advanced computa-
tional framework, ANSYS-FLUENT software, which
leverages the Finite Volume Method (FVM), a suite of
sophisticated techniques for simulating nanofluid flow.
ANSYS-FLUENT is a renowned commercial CFD software
known for its versatility and robust capabilities in hand-
ling complex flow problems to solve the governing equa-
tions, typically the Navier-Stokes equations, which follow
the conservation of mass, momentum, and energy within a
fluid. The steps involving modeling the fluid model and the
solution process are presented with the help of a Flowchart
as shown in Figure 2.

The spatial discretization aspect of the methodology is
achieved by applying the second-order upwind scheme to
enhance accuracy by considering the directional charac-
teristics of fluid flow. The coupling of velocity and pressure
is fundamental in fluid flow simulations. A pressure-based
solver is employed in this numerical procedure, and the
coupling is managed using the SIMPLE algorithm. The
SIMPLE algorithm is an iterative approach that alternates
between solving for velocity and pressure fields, ensuring
a consistent and physically meaningful solution. This itera-
tive process is critical for capturing the intricacies of the
pressure-velocity coupling, which is essential for accu-
rately representing fluid dynamics. Convergence criteria
play a pivotal role in determining the accuracy and relia-
bility of the numerical solution. The specified error
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tolerances of −
10

7 for the continuity and momentum equa-
tions and −

10
8 for the energy equation act as thresholds for

the iterative solution process. Convergence is declared
when the changes in these variables lie below the stipu-
lated tolerance values. This meticulous convergence con-
trol is crucial for affirming the stability and accuracy of the
obtained solution. This numerical procedure combines the
computational power of ANSYS-FLUENT with the precision
of the FVM second-order upwind scheme, and the sophis-
tication of the SIMPLE algorithm for pressure-velocity cou-
pling. The stringent convergence criteria ensure that the
simulation results meet high accuracy standards and pro-
vide a reliable and physically meaningful representation of
fluid flow phenomena. This comprehensive approach is

essential for tackling complex fluid dynamics problems
in various engineering and scientific applications.

3.1 Validation

After implementing the methodology mentioned above, the
numerical outcomes obtained for the current investigation
are validated with the existing attempt of Alsabery et al.
[41] from the available literature. The numerical results
are validated by neglecting the extra assumptions and
parameters of the study of Alsabery et al. [41]. The novel
assumptions and parameters that differ from the existing

Figure 2: Flow Chart presenting the modeling and solution procedure.
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attempt are considered zero for validation purposes. The
numerical outcomes for the Nusselt number are validated
and are shown in Figure 3, which reveals that the outcomes
agree with the validation. Then, the simulations proceeded
further to perform the parametric analysis of the article.

4 Graphical results

The investigation encompasses a range of parameters cru-
cial for understanding heat transfer characteristics in the

nanofluid-filled cavity. The nanofluid concentration, mag-
netic field parameter, and Reynolds number are key vari-
ables. The Nusselt number, a fundamental indicator of heat
transfer by convection, is analyzed concerning these para-
meters to quantify the system’s thermal performance. This
section shows the numerical findings related to the mixed
convective fluid flow and characteristics of heat transfer
for Cu–water nanofluid within a lid-driven square cavity
subjected to an applied magnetic field. The analysis per-
tains to the third scenario, wherein both vertical walls
move upward, resulting in the synergy of buoyancy and
shear forces along the right wall. In contrast, the left wall
experiences the contrary effect. Consequently, it is antici-
pated that the predominant circulation will occur on the
right side of the cavity. The defaults of the considered
influential physical parameters are Ri = 0.1, Gr = 10

4,
Pr = 0.67, ϕ = 0, 1, 2%. The graphs for the same have
been shown below.

The velocity profile for various mass fractions is illu-
strated in Figure 4. As the intensity of the applied magnetic
field increases, the velocity decreases for each mass frac-
tion. Notably, this effect is most pronounced when the
mass fraction of Cu is at its highest value. This implies
that a stronger magnetic field corresponds to a more sig-
nificant decrease in velocity. Also, the velocity of the nano-
fluid decreases with an increase in the nanofluid concen-
tration. This is due to the effect of viscosity influenced by
the concentration of the nanoparticles. A higher concentra-
tion of the nanoparticles enhances the viscosity of the
nanofluid, and highly viscous fluid exhibits lesser
momentum in the fluid flow.

Figure 3: Validation plot for the numerical outcomes of the current
investigation with existing literature by Alsabery et al. [41].

Figure 4: Velocity profile for different values of mass fractions.
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Additionally, Figure 5 displays the velocity trend for all
cases studied. The observed outcome can be readily under-
stood, as the left wall’s upward and the right wall’s down-
ward motion result in a gradual shift of fluid velocity in the
y-direction from positive to negative as we traverse from x =

0 m to x = 0.5 m. Moving on to a pivotal aspect of the current
investigation, we delve into the variation in heat transfer

rate concerning mass fraction and magnetic field. The
depicted trend illustrates the change in the Nusselt number
within the square cavity, a direct indicator of the heat
transfer rate. A more significant Nusselt number corre-
sponds to a greater heat transfer coefficient, indicative of
increased heat transfer. The behavior of the Nusselt number
for different input parameters is presented in Figure 6. The

Figure 5: Y-velocity trend for different mass fractions.

Figure 6: Nusselt number variation with mass fraction and magnetic field.
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Figure reveals that the magnetic field to the enclosure
supresses the velocity profile due to the Lorentz force, which
results in a notable decrease in convection intensity. Conse-
quently, the Nusselt number shows a declining trend with
the magnetic field parameter enhancement. The escalation

in the thermal boundary layer due to mass fraction is attrib-
uted to the higher thermal conductivity of the nanofluid.
Increased thermal conductivity corresponds to higher
thermal diffusivity, leading to reduced temperature gradi-
ents and an enlargement of the boundary thickness.

Figure 7: Velocity contour for mass fraction 0% and magnetic field 0 T.

Figure 8: Velocity contour for mass fraction 0% and magnetic field 150 T.
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Although the escalating thermal boundary layer thickness
drops the Nusselt number, it is important to note that the
Nusselt number is the product of the temperature gradient
and the heat transfer coefficient. It is observed that the
lesser thermal gradients due to the presence of nanoparti-
cles are significantly smaller than the thermal conductivity

ratio-consequently, an increase in mass fraction results in a
reduction in the Nusselt number.

Figures 7–9 depict velocity contours corresponding to
various levels of magnetic field strength. The magnetic
field intensity values considered are 0, 150, and 300 T,
accompanied by 0% mass fraction. Notably, a discernible

Figure 9: Velocity contour for mass fraction 0% and magnetic field 300 T.

Figure 10: Velocity contour for mass fraction 10% and magnetic field 0 T.
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reduction in fluid velocity is observed with the augmenta-
tion of the magnetic field. This observation aligns with
existing literature, validating the consistency of the simu-
lation outcomes with prior research. The phenomenon can
be elucidated as follows: as water possesses diamagnetic
properties, it inherently resists the influence of the applied

magnetic field, resulting in a gradual decrease in velocity
as the magnetic field strength escalates.

The findings about a 1% mass fraction of Cu nanofluid
are elucidated in Figures 10–12, incorporating velocity con-
tours. The flow velocity at each instance is explicitly deli-
neated, with specific reference to the movement of the left

Figure 11: Velocity contour for mass fraction 10% and magnetic field 150 T.

Figure 12: Velocity contour for mass fraction 10% and magnetic field 300 T.
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vertical wall (hot, 343 K) in the positive y direction at a rate
of 0.00316 m/s, and the right vertical wall (cold, 300 K) in
the negative y direction, also at a speed of 0.00316 m/s. The
velocity contour analysis reveals a predominant clockwise
recirculating eddy encompassing a significant portion of
the cavity. Concurrently, a secondary eddy manifests in a
counter-clockwise direction at the right corner of the

bottom. With an escalation in magnetic field intensity,
the secondary eddy gradually enlarges while the primary
eddy diminishes in size. Isotherm representations indicate
that the magnetic field exerts a suppressive influence on
the convective heat transfer mechanism. This is attributed
to the emergence of uniformly distributed isotherms
within the cavity, particularly at the bottom.

Figure 13: Velocity contour for mass fraction 2% and magnetic field 0 T.

Figure 14: Velocity contour for mass fraction 2% and magnetic field 150 T.
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The velocity contours for a nanofluid with a mass con-
centration of 2% under varying magnetic field strengths
are illustrated in Figures 13, 14, 15. The contours depict a
prevalence of shear effects attributed to the motion of the
upper lid without a magnetic field. A predominant clock-
wise recirculating eddy characterizes the fluid flow at 0 T,
indicating that the flow is primarily propelled downward
by the movement of the top lid. With the introduction of a
magnetic field (150 T), the primary recirculating eddy shifts
its position, moving closer to the moving wall while gaining
strength. Upon further increase in the magnetic field to 300 T,
a counter-clockwise recirculating eddy emerges along the
bottom wall. The observed reduction in nanofluid velocity
for varying magnetic fields opens up avenues for innovative
applications in themedicalfield. Controlled blood flow during
surgeries is critical for ensuring precision and minimizing
risks. The findings of this study, if validated experimentally,
could contribute to the development of advanced medical
devices and procedures, making surgeries more manageable
and enhancing patient outcomes.

5 Conclusion

The current attempt investigates the heat transmission for
the unsteady, incompressible, two-dimensional mixed con-
vective Cu–water nanofluid flow with the influence of a

magnetic field over a lid-driven square cavity. By compre-
hensively examining the impact of mass fraction, magnetic
fields, and Reynolds number, the study provides a holistic
understanding of the factors shaping convective heat
transfer in Cu–water nanofluids. These insights are pivotal
for developing novel geometries to harness enhanced and
controlled heat transfer, with applications in diverse fields
such as solar collectors and electronic devices. The model
is developed using ANSYS-FLUENT for a lid-driven square
cavity, and the key findings are summarized as follows:
• The enhancement of Rayleigh number escalates the
Nusselt number, i.e., heat transfer rates.

• An escalation in the magnetic field’s intensity reduces
the velocity profiles for constant mass fractions.

• The fluid velocity reduces with augmenting the mass
fraction of the nanofluid.

• Fluid temperature increases with an escalation in the
nanofluid concentration.

• The magnetic field absence dominates the shear effect in
contour plots.

• Nusselt number diminishes with an improvement in
magnetic field strength for all mass fraction ratios.

• Nusselt number drops with an increase in nanoparticle
concentration in the nanofluid.

The results of this investigation provide crucial infor-
mation about the behavior of nanofluids in heat transfer.
These findings can be instrumental in making novel

Figure 15: Velocity contour for mass fraction 2% and magnetic field 300 T.
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geometries to achieve controlled and improved heat
transfer, particularly for applications in solar collectors
and electronic devices. This research endeavors to advance
our understanding of mixed convection heat transmission
in a lid-driven square cavity with Cu–water nanofluids
under the effect of a magnetic field. The findings have
potential implications in biomedical applications, offering
a novel avenue for the controlled manipulation of nano-
fluid flow. Furthermore, the study contributes to the
broader field of nanofluid research by providing valuable
insights that can inform the design of innovative geome-
tries for enhanced and controlled heat transfer in various
technological applications.
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