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ABSTRACT
This article presents amodeling approach to predict the thermal nat-
ural convection inside a porous trapezium-shaped zone with baffles
installedon the adiabatic side-walls. The cavity is filledwithnanofluid
and exposed under the effect of a magnetic field. The equations
which govern the phenomenon have been solved numerically. For
various configurations of the installed baffles, temperature field, the
flow structure, heat exchange rate, and entropy production have
been characterized for sundry figures of parameters i.e. Rayleigh (Ra),
Hartmann (Ha), Darcy (Da), material’s porosity (ε), and nanoparti-
cles’ concentration (φ). In addition, a cost–benefit analysis of the
convection enhancement process within the system based on nano-
materials has been proposed. It has been ascertained that rising Ra,
Da, and ε while loweringHa improved the convective nanofluid flow.
The influence of porous medium properties (material’s porosity and
permeability) on the convective flow intensity is more effective at
moderate Ra. The average cooling rate increases with rising Ra, Da,
and φ and declining Ha and ε. Moreover, obtained results charac-
terize a positive economic feasibility of utilizing nanomaterials to
improve thermal natural convection in the presence or absence of
a magnetic field.
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p, P pressure and dimensionless one, respectively
φ volume fraction
(ρCp) specific heat capacity
(V ,U) dimensionless velocities
Ra Rayleigh number
K permeability
μ viscosity
ε porosity
ρ density
Da Darcy number
δ electrical conductivity
Pr Prandtl number
k thermal conductivity
Ha Hartmann number
Nu Nusselt number
β thermal expansion coefficient

Subscripts

eff effective
nf nanofluid
f base fluid
h hot
c cold
ave. average
s solid particles
loc local

1. Introduction

The endeavor of enhancing heat transfer HT inside thermal systems must be supported
by an entropy generation-based analysis through the second law of thermodynamics in
order to optimize exploitation and increase uptime while avoiding technical flaws of such
systems. Bejan was the first to propose the entropy generation minimization approach
[1,2], and there has since been a lot of research into how to extend it to various devices
and geometric domains [3–10]. It is widely known that porous materials can be used in
practice because of their large heat transfer area, which offers the opportunity for thermal
energy transmission enhancement [11–15]. Heat transfer within porous thermal systems
can be enhanced or controlled by using a variety of active or passive techniques, such
as using nanofluids as an effective heat transfer agent and applying an exterior mag-
netic field MF, or by changing the geometric configurations of the systems where ther-
mal energy is transferred. Investigations have been extended to include porous thermal
systems in their various configurations with nanofluids NFs and magnetic fields. For illus-
tration, Bondareva et al. [16] proposed a CFD-based study of magneto-thermal natural
convection NC inside a tilted undulated open area containing porous media-saturated
nanoliquid. They revealed that mutually increasing the intensity and orientation of the
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applied magnetic field reduces heat exchange and convective nanoliquid flow within the
system. Rashad et al. [17] explored the magneto-thermal NC of a NF-filled porous tilted
square region using the entropy generation approach. They tested the influence of heat
sink/source length and position in the presence of nanofluid. Unexpectedly, their findings
revealed that any growth of nanoparticles’ concentration lessens the heat exchange rates.
The magneto-thermal NC inside a NF-saturated porous arc-shaped area was explored by
Dogonchi et al. [18]. According to the findings of this study, the permeability, buoyancy
forces, and orientation of the magnetic field have a positive correlation with the inten-
sity of the convective circulation, while the intensity of the magnetic field has an inverse
correlation. Xiong et al. [19] utilized a non-Darcy technique for the porous medium and
different forms for the nanomaterials to simulate the nanoliquid MHD flow by thermal
NC in a wavy porous zone. The results of this study proved that the application of the
magnetic field has a positive efficacy on HT; the HT grows significantly with Rayleigh and
Darcy numberswhereas the nanoparticle formhas little influence. Alsabery et al. [20] evalu-
ated forced convective flow generated by a conducting rotating cylinder in a NF-saturated
porous region using the entropy generation approach. The porous media is represented
by the glass balls. The findings demonstrate that the angular velocity and rotational direc-
tion of the cylinder are important factors in controlling flow and heat exchange. Dogonchi
et al. [21] used hybrid nanofluid as heat transfer mediator to examine the second law
of thermodynamics of magneto thermal NC in a complex porous container having three
active cylinders. Alsabery et al. [22,23] attempted to understand the local thermal non-
equilibrium (LTNE) impacts of the porousmedia on thermal NC inside NF-saturated porous
cavities. The entropy generation-based analysis owing to magneto thermal mixed convec-
tion inside a lid-driven Gamma-shaped porous domain is computationally addressed in
the work done by Chamkha et al. [24]. As a heat transfer agent, water containing copper
nanoparticles were used. Internal thermal source/sink, as well as a discrete thermal source,
were all considered. Ghasemiasl et al. [25] employed Buongiorno’s concept to evaluate
the cooling performance by thermal free convection of nanofluid (Al2O3–water) in an I-
shaped lid-driven porous region with localized hot blocks of various shapes. Izadi et al. [26]
examine the influence of magnetic field characteristics and magnitudes as well as porous
media parameters for different buoyancy forces intensities on ferromagnet nanofluid flow
and heat exchange during thermal free convection in a porous domain exposed to two
varying magnetic fields. Biswas et al. [27] numerically investigated via CFD-base-finite vol-
ume technique code the magneto-thermal-free convection behavior in a wavy area with
hybrid nanoliquid-saturated porous medium. The results are addressed for different con-
figurations of the wavy left surface and cavity inclination beside other pertinent physical
parameters.

Other relevant papers on thermalNC insideporousmedia influencedbyMFandNFsmay
also be found in the previous literature [28–33].

According to this brief review, the combination of heat transfer enhancement and sec-
ond law evaluation is a new topic. The current computational study’s purpose is to look
into thermal NC and entropy production within a porous trapezium-shaped zone with baf-
fles installed on the adiabatic sidewalls. The cavity is occupied with NF and exposed under
the effect of a MF. We can find a possible application of the proposed geometric configu-
ration in some energy operations such as solar drying, solar distillation, air conditioning in
buildings, thermal storage systems, and so on.
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2. Governing equations

Let us consider aporous trapezium-shapedcavity inwhichnatural convectionofAl2O3-H2O
nanoliquid could be happened (Figure 1). This cavity possesses three baffles located in its
left and right sides and may be affected by a magnetic field. The porous medium may be
simulated by Forchheimer-Brinkman extended Darcy model. Three differing cases i.e. Case
A, Case B, and Case C are considered to explore the lack/existence of some baffles on the
hydrothermal features. Taking Boussinesq theory into account, the governing equations
may well be ascertained as [34–35]:

∂xu + ∂yv = 0 (1)

ρnf

ε2
(u∂xu + v∂yu)

= −∂xp + μnf

ε
(∂xxu + ∂yyu) −

⎛
⎜⎜⎝

μnf

K
u

+ 175 × 10−2

1501/2K1/2ε3/2
ρnf u

√
u2 + v2

⎞
⎟⎟⎠

+ B20δnf

(
cos(γ ) sin(γ )v
− sin(γ ) sin(γ )u

)
(2)

ρnf

ε2
(u∂xv + v∂yv)

= −∂yp + μnf

ε
(∂xxv + ∂yyv) + ρnfβnf g(T − Tc)

−

⎛
⎜⎜⎝

μnf

K
v

+ 175 × 10−2

1501/2K1/2ε3/2
ρnf v

√
u2 + v2

⎞
⎟⎟⎠+ B20δnf

(
cos(γ ) sin(γ )u
− cos(γ ) cos(γ )v

)
(3)

(u∂xT + v∂yT) = εkeff
(ρCp)nf

(∂xxT + ∂yyT) (4)

Here ρ, ε, μ, δ, K demonstrate density, porosity, viscosity, electrical conductivity, and
permeability, respectively. The effective thermal conductivity keff , knf , ρnf , δnf , andμnf may
be expressed as [36–37]:

keff = km + εknf − εkm,
knf
kf

= 1 + 2.944φ + 19.672φ2,

μnf

μf
= 1 + 4.93φ + 222.4φ2, (ρβ)nf = −(φ − 1)(ρβ)f + φ(ρβ)s,

ρnf = −ρf (φ − 1) + ρsφ, (ρCp)nf = −(ρCp)f (φ − 1) + (ρCp)sφ, (5)

σnf

σf
= 1 +

3
(

σs
σf

− 1
)

φ(
σs
σf

+ 2
)

−
(

σs
σf

− 1
)

φ
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Figure 1. The considered geometries.

The thermo-physical features of H2O and Al2O3 could be viewed in Table 1 [38,39]. Some
parameters must be represented to convert the initial governing equations to their non-
dimensional form:

(V ,U) = (v, u)L
αf

, θ = T − Tc
Th − Tc

, P = pL2

ρfα
2
f

, (Y , X) = (y, x)
L

(6)
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accordingly, we would have:

1
ε2

(U∂XU + V∂YU) = − ρf

ρnf
∂XP + μnf/μf

ρnf/ρf

1
ε
Pr(∂XXU + ∂YYU)

−

⎛
⎜⎜⎝

μnf/μf

ρnf/ρf

Pr
Da

+ 175 × 10−2

1501/2Da1/2ε3/2

√
U2 + V2

⎞
⎟⎟⎠U

+ δnf/δf

ρnf/ρf
PrHa2

(
cos(γ ) sin(γ )V

− sin(γ ) sin(γ )U

)
(7)

1
ε2

(U∂XV + V∂YV) = − ρf

ρnf
∂YP + μnf/μf

ρnf/ρf

1
ε
Pr(∂XXV + ∂YYV)

+ (ρβ)nf

ρnfβf
Pr Raθ −

⎛
⎜⎜⎝

μnf/μf

ρnf/ρf

Pr
Da

+ 175 × 10−2

1501/2Da1/2ε3/2

√
U2 + V2

⎞
⎟⎟⎠ V

+ δnf/δf

ρnf/ρf
PrHa2

(
cos(γ ) sin(γ )U

− cos(γ ) cos(γ )V

)
(8)

U∂Xθ + V∂Yθ = ε
keff/kf

(ρCp)nf/(ρCp)f
(∂XXθ + ∂YYθ) (9)

Where Da = K/L2, Ra = gβf (Th − Tc)L3/αfνf , and Ha = B0L/
√

σf/ρfνf
Boundary conditions may well be ascertained as:

θ = 0 on top and bottom surfaces ∂θ/∂n = 0 on left and right surfaces
θ = 1 on baffles U, V = 0 on all walls

(10)

The Nusselt number on top wall could be revealed as:

Nuloc. = −
[
keff
kf

]
∂Yθ , Nuave. =

[
1
S

] ∫ s

0
Nuloc.ds (11)

Entropy generation (EG) which may be a significant factor in inspecting the NC is also
explored in this paper and it could be determined as:

EGlocal = μnf

μf

�

Da
[U2 + V2] + μhnf

μf
�[2(∂YU)2 + 2(∂XU)2 + (∂XU + ∂YU)2]

+ keff
kf

[(∂Yθ)2 + (∂Xθ)2] + δnf

δf
�Ha2(U sin(γ ) − V cos(γ ))2 (12)

EGtotal =
∫
V
EGlocaldV. (13)

Accordingly, Bejan number might be specified based on the EG:

Belocal = EGlocal,HT/EGlocal

Bemean =
∫
A
BelocaldA/

∫
A
dA (14)
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Table 1. Thermo-physical attributes of Al2O3 and H2O [38,39].

Cp(J/kg K) ρ(kg/m3) k(W/mK)

Al2O3 765 3970 40
H2O (Pr = 6,2) 4179 997.1 0.613

3. Economic scrutiny

This is not to say that thermal transfer rate could be enhanced by adding nano-materials
to the normal fluid, but the cost of nanoliquid could be raised by boosting nanoliquid’s
volume fraction that must be taken into account. The nanoliquid’s total cost (CT) may well
be demonstrated as [40]:

CT = CBase−fluid + CNanoparticle + Cother (15)

here CBase−fluid, CNanoparticle, and Cother manifest the cost of fluid, nanoparticles, and cre-
ating nanoliquid, sequentially. In this article, the last term is ignored and the second term
might be expressed as:

CNanoparticle = Cunit ×m (16)

wherem and Cunit signify the mass and unit cost of nanomaterials (e/gr), respectively. The
former may well be demonstrated as:

m = φ × ρ × V (17)

here φ, ρ, and V represent the nanoliquid’s volume fraction, density of nanomaterials
(gr/cm3) and volume of enclosure (cm3), respectively. According to [40], the considered
amounts of CBase−fluid and Cunit would be 0.07076e/dm3 and 2.721e/gr (Al2O3), respec-
tively; however, these amounts must be updated for 2021 with considering interest rate
which is 10%as theymight be valid for 2017. Hence, the updatedCBase−fluid andCunit would
be as:

Cunit, new = (1 + 0.1)4 ×2.721e/gr = 3.9838161e/gr

CBase - fluid, new = (1 + 0.1)4 ×0.07076e/dm3 = 10.3599716 × 10 - 2e/dm3

= 10.3599716 × 10 - 5e/cm3

The CT for differing amounts of φ could be displayed in Table 2. Moreover, Seyyedi et al.
[40] proposed a criterion (Cr) with the aim of investigating thermal efficiency of adding
nanomaterials to normal liquid against its costs which may well be characterized as:

Cr = Nuave(φ) − Nuave(φ = 0%)

Nuave(φ = 0%)
/
CT (φ) − CT (φ = 0%)

CT (φ = 0%)
(18)

4. Numerical method and validation

Finite element method (FEM) is exerted with the aim of acquiring an exact solution of this
problem. In FEM, the studied domain is split into many elements which are triangular and
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Table 2. CT for differing amount of φ.

φ CNanoparticle (e) CBase−fluid (e) CT (e)

0.00 0 0.077 0.077
0.01 118.618 0.077 118.695
0.02 237.236 0.077 237.313
0.03 355.854 0.077 355.931
0.04 474.472 0.077 474.549

Table 3. Validation with the outcomes of [38].

Nuave,

Ra φ(%) this work [38]

105 0 4.7208 4.722
5 5.1036 5.066

106 0 9.1322 9.23
5 9.9529 9.962

unstructured and Galerkin method may be utilized to create residual equations of every
node inside the elements. Then, Newton–Raphson method may well be applied to solve
these equation [22]. In order to determine the method’s reliability, a comparison with a
previously published paper by Kahveci [38] was performed regarding mean Nusselt num-
bers for different Rayleigh number and nanoparticles’ concentrations that is illustrated in
Table 3. This table reveals a reasonable compromise with the results of [38].

5. Results and discussion

A numerical investigation was carried to evaluate magneto thermal NC of Al2O3-H2O NF
developing in a porous trapezium-shaped region due to heated baffles located on its left
and right sides and horizontal magnetic field. For the considered configurations shown in
Figure 1, the effects of numerous parameters, including Ra, Ha, Da, ε, and φ, have been
examined.

The streamlines and isotherms patterns are portrayed in Figure 2, showing the flow and
thermal field variations with respect to Ha and Ra parameters at ε = 0.5, Da = 10−1 and
φ = 0.02. The heated baffles in the enclosure produce a temperature difference between
it and the cold horizontal walls causing the nanofluid to move due to buoyancy forces,
resulting in a pair of counter-rotating buoyancy-flow vortices. When the buoyancy param-
eter, Ra, is increased, the central cores of these vortices rise to the top of the domain, and
their strength increases, whereas the opposite occurs when the magnetic parameter, Ha,
is increased. Hence, we can see how the Ra and Ha parameters affect the strength of natu-
ral convective flow. Furthermore, raisingHa elongates the streamlines, letting themoccupy
more space in the cavitywhile losing strength.We also note that the isotherms crowd in the
vicinity of hot baffles and the top wall when Ra rises and Ha declines, supplying more ther-
mal energy from baffles to the nanofluid and a high heat exchange rate between nanofluid
and topwall. Moreover, the bottomof the cavity remains less hotwhich establishes an inert
zone there.

Figure 3 confirms the rotational feature of the flow inside the domain where the posi-
tive and negative figures of the velocities express the NF flow orientations. Big amounts of
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Figure 2. Influence of Ha and Ra on� and θ at ε = 0.5, Da = 10−1 and φ = 0.02: Case A.

Figure 3. Influence of Ha and Ra on U and V at ε = 0.5, Da = 10−1 and φ = 0.02: Case A.

vertical velocities (V) were recorded on the baffles’ extremities upward and in the cavity’s
center downward. While the large values of horizontal velocities (U), to the left or to the
right, were discovered at the baffles’ edges and at the bottom of the cavity. Raising Ra and
lowering Ha causes both horizontal and vertical velocities to rise, with a stronger effect of
these two parameters on vertical velocities, according to the motion equations described
above for γ = 0. The velocities values also show that the flow tends to be more powerful
at the top of the cavity with increasing Ra and decreasing Ha leaving an inert zone at the
bottom.

Figures 4 and 5 depict the role of Da on the thermal and dynamic characteristics of the
nanoliquid within the domain for various Ra values. As portrayed by the amounts of U, V
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Figure 4. Influence of Da on� and θ at varied Ra, ε = 0.5, Ha = 0 and φ = 0.02: Case A.

Figure 5. Influence of Da on U and V at varied Ra, ε = 0.5, Ha = 0 and φ = 0.02: Case A.

and � , as well as the features of the isotherms, the natural convective flow strengthens as
Da increases owing to a growth in the permeability of the porous medium allowing the NF
to recirculate more freely within the cavity under the buoyancy forces effect, resulting in
higher flow intensity. We can also note through the values associated with the strength of
the flow that Darcy has a stronger effect at moderate Rayleigh values.

The mutual impacts of Ra and ε on the flow structure and temperature fields at given
Ha, Da and φ are depicted in Figure 6. Setting Ra, the augmentation of material’s porosity
reduces the resistance of the solid matrix to nanofluid flow resulting in improved convec-
tive flowwithin the domain. Consequently, streamlines values becomemore powerful with
increasing the porosity. In fact, when the porosity increased from 0.5 to 0.7, the |�max|
strengthens by 35.90% at Ra = 104 and 34.35% at Ra = 106 versus 38.24% at Ra = 105.
This implies that the porosity influence is more effective at moderate Rayleigh parameter.
The results in Figure 7 show that themaximummagnitude of horizontal and vertical veloc-
ities grows with enhancingmaterial’s porosity; the higher the velocity of the nanofluid, the
greater the convection advantage. Furthermore, at any Ra value, ε appears to have nearly
the same effect on |Umax| and |Vmax|.

In order to determine the role of the hot baffles positioned symmetrically on the side-
walls on the natural convection mechanism, we show in Figures 8 and 9 thermal and
dynamic fields for different geometric configurations of the installed baffles for varied Ra
at ε = 0.5, Ha = 0, Da = 10−1 and φ = 0.02. Case B is the optimum configuration in terms
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Figure 6. Influence of ε on� and θ at varied Ra, Da = 10−1, Ha = 0 and φ = 0.02: Case A.

Figure 7. Influence of ε on U and V at varied Ra, Da = 10−1, Ha = 0 and φ = 0.02: Case A.

of flow strength. The adoption of only two hot baffles at the bottom of the system leaves
more place for the nanoliquid to progress freely in the top of the cavity, as well as reduces
baffles’ resistance to nanofluid recirculation under the buoyancy effects, which becomes
increasingly apparent as buoyancy forces increase with Ra. Isotherms lines, on the other
hand, show that it is denser on the upper wall in cases A and C than in case B, indicating the
highest heat exchange between the nanofluid and the cold top surface.

Themutual impacts of Ra, Ha, andDa for a given ε andφ on the relationship between the
entropy produced by thermal efficacies and the total entropy production in the domain,
which is quantified by local Be number (Beloc), are depicted in Figure 10. Thermal effects
irreversibility contributes to the majority of the entropy created in the domain during the
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Figure 8. The alteration of � and θ for differing cases at varied Ra, ε = 0.5, Ha = 0, Da = 10−1 and
φ = 0.02.

Figure 9. The alteration of U and V for differing cases at varied Ra, ε = 0.5, Ha = 0, Da = 10−1 and
φ = 0.02.

HT process by NCwhen the buoyancy forces are modest at weak Ra amounts, as expressed
by the big Beloc figures. Except in the system’s core, whereweak Beloc valueswere recorded,
indicating that viscous dissipation,magnetic andporousmedia effects, which are all related
to flow velocity, predominate in entropy formation due to the relatively high flow velocity
in that region. When convection may be remarkable at higher Ra and Da and lower Ha,
the system’s irreversibility is mainly owing to flow impacts. It should also be noticed that
thermal impacts irreversibilities continue to dominate in the inert zone at the bottom of
the cavity. It seems from Figure 11 that the nanofluid flow irreversibilities tend to be larger
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Figure 10. Influence of Da, Ha, and Ra on Belocal at ε = 0.5 and φ = 0.02: Case A.
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Figure 11. The alteration of Belocal for differing cases at varied Ra, ε = 0.5, Ha = 0, Da = 10−1 and
φ = 0.02.

for the configuration B compared to the other two configurations due to the increase in the
flow velocity as we mentioned earlier.

Influences of Da, Ha, and Ra on local heat exchange rates between the flowing nanofluid
inside the cavity and its top cold wall at ε = 0.5 and φ = 0.02 for Case A are represented
in Figure 12. The highest Nuloc values are found at the wall’s extremities where the highest
temperature gradients are observed, while the lowest values are found in the middle of
the wall where the lowest temperature gradients are recorded owing to the creation of
the descending thermal plume. With rising Ra and Da and decreasing Ha, the rate of HT
along the wall decreases. At lowmagnetic field strengths, the action of Da on Nuloc is more
efficient.

As depicted in Figure 13, the local heat exchange rate reduces as ε grows due to the
porous medium’s effective thermal conductivity decreasing. This is more obvious with
larger Ha values because the magnetic field’s effects are on the nanofluid rather than the
solid matrix.

Figure 14 illustrates the role of Ra, Da, and ε, as a function of Ha on the overall HT rate on
the top wall of the domain. The graphs show an increase in heat exchange rate with rising
Ra and Da and declining Ha and ε. Furthermore, a change in Da is more effective at lower
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Figure 12. Influence of Da, Ha, and Ra on Nuloc at ε = 0.5 and φ = 0.02: Case A.

Ha values, while a change in ε is more effective at higher Ha values. The application of a
magnetic field is also found to be more effective at higher values of Da.

In Figure 15, the first configuration of baffles (Case A) provides the highest overall heat
exchange rate for all Ra evaluated, followed by Case C. This is because increasing the
exchange surface between the baffles and the NF grows the quantity of heat gained, which
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Figure 13. Influence of ε on Nuloc at varied Ra, Ha, ε = 0.5, Da = 10−1 and φ = 0.02: Case A.

raises the temperature discrepancy among the NF and the cold surface and so improves
the heat exchange rate. This preference order is unaffected by the use of a MF.

Comparing the figures of the total entropy generation in Figure 16, we can see the
total irreversibility exacerbates in the domain with Ra, regardless of Ha and Da. Besides, it
declines with Ha and rises with Da when convection is moderate. Conversely, the opposite
occurs when convection is at its highest. Furthermore, when theMF is absent, the action of
Da is more noticeable.

Table 4 shows that, in the presence or absence of aMF, inserting nanoparticles promotes
heat transfer rates. We also introduce an economic indicator (Cr) that reflects the cost of
enhancing heat transfer rates by including nanomaterials into the normal liquid. The pur-
pose is to improve this indicator. Cr has been discovered to improve as φ and Ha increase,
as illustrated in Figure 17, indicating a positive thermo-economic efficiency of this system
by employing NF in the presence or the absence of MF, as the HT rate enhancements are
more than the total estimated cost.

6. Conclusion

The outcomes of this study were as follows:
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Figure 14. Influence of Da, Ha, ε, and Ra on Nuave: Case A.

Figure 15. The alteration of Nuave for differing cases at varied Ra, Ha, ε = 0.5, Da = 10−1 and
φ = 0.02.
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Figure 16. Influence of Da, Ha, and Ra on EGave: Case A.

Figure 17. Cr for differing amounts of φ and Hawhen Ra = 104.
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Table 4. The alteration of Nuave.with
φ when Ra = 104.

Ha φ Nuave.

0 0 3.4216
0.02 3.4995

20 0 3.4083
0.02 3.4890

40 0 3.3944
0.02 3.4773

− Rising Ra, Da, and ε while lowering Ha improved the convective nanofluid flow
within the domain;

− The influence of porous medium properties (material’s porosity and permeability)
on the convective flow intensity is more effective when the convection is moderate
(at Ra = 105). In fact, enhancingDa from10−3 to 10−1 enhanced |�max|by 174.45%
at Ra=104, 350.03% at Ra=105, and by 74.24% at Ra=106. Also, when the porosity
increased from0.5 to 0.7, the |�max| strengthens by 35.90% at Ra = 104 and 34.35%
at Ra = 106 versus 38.24% at Ra = 105.

− The average cooling rate within the cavity raises with rising Ra, Da, and φ and
declining Ha and ε.

− The arrangement of the heated baffles on the sidewall is an effective factor in con-
trolling the convection inside the cavity. The strongest convective nanofluid flow
strength is shown in Configuration B, while configurations A and C, in that order,
had the best heat transmission rates;

− It was found the total irreversibility exacerbates with Ra. Moreover, when the con-
vection is moderate, the application of a magnetic field or a decrease in the perme-
ability of the porous material reduces the global irreversibility in the system. In the
case of strong convection, the opposite is true;

− The incorporation of nanomaterials to improve thermal NC in the presence or
absence of a MF demonstrate a positive economic feasibility of the system.
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