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Abstract: The present study contains examination on partial differential equations narrating heat 

transfer aspects in magnetized staggered cavity manifested with wavy insulated baffles. The 

nanoparticles namely Aluminium oxide are suspended in the flow regime within staggered enclosure 

having purely viscous fluid. The flow is modelled mathematically in terms of partial differential 

equations and the finite element is used to discretized the flow differential equations. The effects of 

several parameters such as Hartmann number (0 ≤ 𝐻𝑎 ≤ 100) , oolume fraction (0.00 ≤ 𝜙 ≤

0.08),  Rayleigh number (103 ≤ 𝑅𝑎 ≤ 105),  and angle of inclinaton (0𝑜 ≤ 𝛾 ≤ 60𝑜)  on the 

thermal flow and distribution of nanomaterials for natural convection are inspected. It is calculated 

how much Ha will affect velocities and isotherms wit h 𝑅𝑎 = 104 and 𝜙 = 0.02. With Ha = 20 and 

𝜙 = 0.02, the effect of Ra on velocity and isotherms is also estimated. The average Bejan number and 

average Nusselt number against Hartmann number are investigated. When the walls move in an 

opposite direction, line graphs of velocity distribution are created for both the u and v components. 

The presence of Hartmann number leads to increase in Bejan number while, opposite behavior can be 

observed in case of average Nusselt number. When the volume fraction is large, the velocity increases 

significantly. The flow strength is greater when the Rayleigh number is smaller. On the other hand, as 

Ra drops, or when 𝑅𝑎 = 104, flow strength drops. 
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Nomenclature 

𝐶𝑝  Specific heat (𝑘𝑗𝑘𝑔−1𝐾−1) 

𝐵𝑜  Magnetic induction (𝑇) 

𝑝  Pressure (𝑁𝑚−2) 

𝑆𝑀𝑎𝑔 Magnetic entropy (𝐽𝑚−3𝑠−1𝐾−1) 

𝑆𝑇ℎ𝑒𝑟 Thermal entropy (𝐽𝑚−3𝑠−1𝐾−1) 

𝑆𝑉𝑖𝑠  oiscous entropy (𝐽𝑚−3𝑠−1𝐾−1) 

𝑆𝑖  Total entropy (𝐽𝑚−3𝑠−1𝐾−1) 

𝑇  Temperature (𝐾) 

𝑥, 𝑦  Non-dimensional coordinates 

𝑢, 𝑣  Non-dimensional velocities (m𝑠−1) 

Δ𝑇  Temperature gradient 

𝑘𝑏  Boltzmann’s constant (J.𝑘−1) 

𝐻𝑎  Hartmann number 

𝐻  Cavity height (𝑚) 

𝑅𝑎  Rayleigh number 

𝐵𝑒  Bejan number 

𝑁𝑢𝑎𝑣𝑔 Average Nusselt number 

𝑃𝑟  Prandtl number 

𝑑𝑠  nanoparticles diameter (𝑚) 

𝑘  Thermal conductivity (𝑊𝑚−1𝑘−1) 

𝐵𝑒  Bejan number 

𝑐  Cold side 

𝑠  solid 

𝑜  Reference 

𝑎𝑣𝑔  Average 

Greek symbols 

𝛼  Thermal diffusivity (𝑚2𝑠−1) 

𝛽  Expansion coefficient (𝐾−1) 

𝜙  oolume fraction (%) 

𝜇  oiscosity (𝑘𝑔𝑚−1𝑠−1) 

𝜌  Density (kg.𝑠3) 

𝜓  Distribution irreversibility ratio 

𝜎  Electrical conductivity (Ω−1𝑚−1) 

𝛾  Inclination (rad) 
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Subscripts 

𝑓  fluid 

𝑛𝑓  nanofluid 

ℎ  Fluid hot side 

1. Introduction 

To examine the heat transfer aspects in various configuration having thermal engineering 

standpoints, the computational fluid dynamics (CFD) has played an essential role in overcoming the 

limitations faced by analytical and experimental approach. In CFD, Navier-Stokes has traditionally 

served as the governing equation. Over the past few decades, research on the fluid flow in Lid Driven 

Cavities (LDCs) has been a cornerstone of CFD, especially for developing innovative numerical 

schemes [1–7]. Nevertheless, double-driven staggered LDC has recently gained considerable attention 

from researchers. For anti-parallel as well as parallel lids motions, Kalita and Gogoi [8] performed 

study on the flow inside a two-sided staggered lid-driven hollow. The flow differential equations for 

this problem leading to the extended eigenvalue issue, were discretized using second and a fourth order 

temporally and spatially accurate compact scheme respectively. For various grids, estimates of 

essential parameters were discovered, and an intensive grid convergence examination was conducted 

to correctly identify them. The numerical results towards the critical Reynolds number were compared 

to existing ones, and first-rate agreement was found in all situations. The fluid flow in square cavity is 

mathematically modelled by Indukuri and Maniyeri [9]. In this attempt, finite volume method along 

with staggered grid scheme was used. For the situation of finite wall motion, the constructed computer 

model was first validated against the results of other researchers. After that, numerical simulations 

were run for upper wall oscillations towards Re and frequency combinations. Following such results, 

an ideal frequency was established, and then simulations were run to investigate the vortex behavior 

for parallel and anti-parallel wall oscillations. They determined from these simulations that Re = 1000 

was a good operating range for well mixing within enclosure both for anti-parallel and parallel wall 

oscillations. 

Nanotechnology is frequently used in industry because nanoscale materials have remarkable 

chemical and physical capabilities. Nanofluids are fluids with nanoscale particles added to them, and 

Choi was the first to use them in 1995. Natural convention, thermal conductivity, boiling heat transfer 

and convective heat transfer are some of the experimental and numerical investigations on nanofluids. 

Öztop and Abu-Nada [10] used nanofluids and several types of nanoparticles to examine the heated 

fluid flow towards an enclosure. The heater was flush placed and had a finite length on the left wall. 

The right vertical wall had a lower temperature than the heater, whereas the other walls were kept 

insulated. The finite volume method was used to solve the flow equations. Nanoparticles of various 

sorts were tried. For the whole range of Rayleigh numbers, the volume fraction of nanoparticles was 

observed to raise the mean Nusselt number. Heat transfer increases as the height of the heater rises. 

When employing nanofluids, it was discovered that the heater placement impacts the flow and 

temperature fields. The heat transfer increase with nanofluids was found to be more pronounced at 

higher aspect ratio. Besides this, Hinatsu and Ferziger [11] described a composite multigrid approach 

and how it was used to a geometrically difficult flow. The internal endpoint conditions treatment within 

a composite multigrid approach for a 1D model equation was thoroughly explained. The flow 
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equations were discretized using a staggered grid methodology and its effectiveness was demonstrated 

using lid-driven cavity flows. The double driven staggered lid driven cavities is a somewhat modified 

variant of the modest two-sided lid driven cavities, which was presumably initially extensively 

explored by Kuhlmann et al. [12] The flow field in rectangular enclosures was examined 

experimentally as well numerically in this article. Here, flow was created by tangentially stirring two 

opposing walls. The 2D flow was discovered to be not always be unique. It comprises of two distinct 

co-rotating vortices close to the stirring walls for low Reynolds numbers. If the difference in sidewall 

Reynolds numbers is considerable, we may have unstable flow. A second two-dimensional flow exists 

when aspect ratio is above the two or we have high Re. It appears as a single vortex that fills the entire 

cavity. In the current experiment, this was the preferable state. The instability was subcritical when 

they differed. The mechanism of destabilization was shown to be identical to the destabilization 

appliance operational in the strained vortices elliptical instability, based on 3D flow and energy 

analysis. The related examination in this regard can be reached in Ref. [13]. A backward-facing step 

and a lid-driven cavity are combined in a two-sided lid staggered cavity. It also possesses all of the 

key characteristics of a complicated geometry. Zhou et al. [14] and Nithiarasu & Liu [15] has 

introduced and analyzed non rectangular lid-driven cavities (two sided) as a potential benchmark 

challenge. Wavelet-based discrete singular convolution was utilized by Zhou et al. [14] to provide an 

answer for flow in a staggered two-sided lid-driven cavity. Nithiarasu and Liu [15] tackled a similar 

issue by utilizing the artificial compressibility and characteristic based split (CBS) scheme. 

Alsallami et al. [16] address the aspects of entropy generation for time-independent second-grade 

nanomaterials for disc flow that exhibits rotational behaviors. According to this study, the Bejan 

number and entropy generation exhibit the same pattern for the temperature and concentration 

difference parameters, but the fluid and magnetic parameters exhibit the opposite tendency. The focus 

of the Usman et al. [17] research is forced convection with a high Reynolds number of a water-alumina-

based nanofluid in a square cavity with a rotating disc revolving at a constant speed. 

The use of a roughened surface to improve passive heat transmission in a duct or channel is one 

of the most successful methods. The creation of recirculation, flow separation, and impingement is 

induced by a baffled surface. The flow impingement in type of a high velocity jet is essentially liable 

for heat transfer improvement because of its profoundly compelling thermal boundary layer 

aggravation. A few scientists have examined impacts of rib geometries and baffle on the pressure drop, 

heat transfer enhancement and warm execution. Impact of three-sided wavy baffles on fluid flow and 

heat qualities in a channel is numerically examined by Eiamsa et al. [18] Al-Rashed et al. [19] 

considered the characteristics of thermal flow and entropy generation inside a 3D cavity loaded up 

with CNT (carbon nanotube)-water nanofluids for a scope of Rayleigh numbers from 10E3 to 10E5. 

Rehman et al. [20] provided a numerical results based on finite element method for flow fields in a  

staggered cavity. 

Reddy et al. [21] carry out a numerical analysis of the magneto-free convective flow in a square 

cavity with internal heat generation. It has been discovered that as the Rayleigh number's nanoparticle 

volume fraction rises, the global entropy generation declines. The flow of a hybrid nanofluid across a 

porous medium was explored numerically by Bhatti et al. [22] In a microchannel with a porous medium, 

Bhatti et al. [23] establish a mathematical model for laminar, steady-state, fully developed viscoelastic 

natural convection electro-magnetohydrodynamic (EMHD) flow. The third-grade fluid and the strong 

magnetic field impact greatly impede the mobility of the fluid. 

The novelty of present attempt is the examination of thermal flow regime within staggered 
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enclosure manifested with insulated wavy baffle. The flow field is further interacted with magnetic 

field and nanoparticles are suspended in the fluid. The simulation has done by implementing the 

Galerkin finite element scheme. Influence of Hartmann number, Rayleigh number, inclined angle and 

volume fraction of aluminum oxide on thermal flow are considered. The structure of draft is as follows: 

Section-1 holds limited motivational literature survey. The problem statement is debated in Section-2. 

Section-3 is devoted as Entropy generation. The adopted numerical scheme is debated in Section-4. 

The obtained results are analyzed in Section-5. The key outcomes of present attempt are offered in 

Section-6. 

2. Mathematical description 

A mathematical model for the inclined MHD nanofluid in a staggered enclosure with insulated 

baffles has been considered. The schematic diagram of the given problem is shown in Figure 1a. The 

vertical walls are thought to be heated while the horizontal walls have been taken as cold. To 

investigate the steady, incompressible and laminar flow field in staggered cavity the mathematical 

description of continuity, momentum, and heat equation [24] is as follows: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0,          (1) 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= −

𝜕𝑝

𝜕𝑥
+

𝜇𝑛𝑓

𝜌𝑛𝑓 𝛼𝑓

(
𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2) +
𝜎𝑛𝑓

𝜎𝑓
𝑃𝑟𝑓𝐻𝑎2(𝑣𝑠𝑖𝑛𝛾𝑐𝑜𝑠𝛾 − 𝑢𝑠𝑖𝑛2𝛾),  (2) 

𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
= −

𝜕𝑝
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𝜇𝑛𝑓

𝜌𝑛𝑓 𝛼𝑓

(
𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2) +
(𝜌𝛽)𝑛𝑓

𝜌𝑛𝑓 𝛽𝑓

𝑅𝛼𝑓𝑃𝑟𝑓𝑇 +
𝜎𝑛𝑓

𝜎𝑓
𝑃𝑟𝑓 𝐻𝑎2(𝑢𝑠𝑖𝑛𝛾𝑐𝑜𝑠𝛾 − 𝑣𝑐𝑜𝑠2𝛾),(3) 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

𝛼𝑛𝑓

𝛼𝑓
(

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2).       (4) 

Solid particles and base fluids are used to determine the density and thermal expansion coefficient 

of the nanofluid, as well as the coefficient of specific heat [24]. 

𝜌𝑛𝑓 = (1 − 𝜑)𝜌𝑓 + 𝜑𝜌𝑠,        (5) 

(𝜌𝛽)𝑛𝑓 = (1 − 𝜑)(𝜌𝛽)𝑓 + 𝜑(𝜌𝛽)𝑠,       (6) 

(𝜌𝑐𝑝)𝑛𝑓 = (1 − 𝜑)(𝜌𝑐𝑝)𝑓 + 𝜑(𝜌𝑐𝑝)𝑠,      (7) 

𝜇𝑛𝑓

𝜇𝑓
=

1

(1−𝜑)2.5.         (8) 

It is evident that Eq (8) relates to the Brinkman model in terms of viscosity. The Maxwell model is 

used to calculate electric conductivity [25]. 

𝜎𝑛𝑓

𝜎𝑓
= 1 +

3(
𝜎𝑠
𝜎𝑓

−1)𝜑

(
𝜎𝑠
𝜎𝑓

+2)−(
𝜎𝑠
𝜎𝑓

−1)𝜑

,        (9) 

for thermal conductivity Lee et al. [26] model is used. 

𝑘𝑛𝑓 = 𝑘𝑓 (1 +
𝑘𝑠 𝐴𝑠

𝑘𝑓 𝐴𝑓
+ 𝐶𝑘𝑠Pe

𝐴𝑠

𝑘𝑓 𝐴𝑓
).       (10) 
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Here C = 2.5× 104. The following are the values for the parameter Pe and 
𝐴𝑠

𝐴𝑓
: 

Pe = 
𝑢𝑠 𝑑𝑠

𝛼𝑓
, 

𝐴𝑠

𝐴𝑓
=

𝑑𝑠

𝑑𝑓
 

𝜖

1−𝜖
.         (11) 

As shown above, a water molecule's diameter is represented by 𝑑𝑓, measured in 2A, and the solid 

nanoparticles diameter is own as 𝑑𝑠. By using the parameter 𝑢𝑠, Brownian motion velocity (BMo) of 

the nanoparticles, which is a function of temperature, is determined which is given by [27], we can 

determine the BMo of the nanoparticles. 

𝑢𝑠 =
2𝑘𝑏𝑇

𝜋𝜇𝑓𝑑2
𝑠
,          (12) 

Boltzmann’s constant is represented by 𝑘𝑏. 

Figure 1(a). Physical domain of the problem. 

In this case, the boundary conditions are as follows: 

i) 𝑇ℎ = 1, at the vertical walls (red color); 

ii) 𝑇𝑐 = 0, except the vertical walls (black color); 

iii) 
𝜕𝑇

𝜕𝑛
 = 0, at the wavy baffles; 

iv) The no-slip criterion is implemented as u = v = 0 at all the walls. 

3. Entropy generation 

Analyzing irreversibility involves adding conjugated fluxes and produced forces to measure local 

entropy production. The non-dimensional local entropy in a convective practice with the influence of 

a magnetic field is given by: The measurement of local entropy production derived by adding 

conjugated fluxes and produced forces is referred to as irreversibility analysis. The non-dimensional 

local entropy production in a convective process and under the effect of a magnetic field is given by: 

𝑆𝑖 =
𝑘𝑓𝑓

𝑘𝑓
[(

𝜕𝑇

𝜕𝑥
)

2
+ (

𝜕𝑇

𝜕𝑦
)

2
] + 𝜓 [2 (

𝜕𝑢

𝜕𝑥
)

2
+ 2 (

𝜕𝑣

𝜕𝑦
)

2
+ (

𝜕𝑢

𝜕𝑦
+

𝜕𝑣

𝜕𝑥
)

2
] +

𝜎𝑓𝑓

𝜎𝑓
𝐻𝑎2𝜓(𝑢𝑠𝑖𝑛𝛾 − 𝑣𝑐𝑜𝑠𝛾)2,(13) 
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𝑆𝑖 = 𝑆𝑇ℎ𝑒𝑟 + 𝑆𝑉𝑖𝑠 + 𝑆𝑀𝑎𝑔,       (14) 

where, 

𝑆𝑇ℎ𝑒𝑟 =
𝑘𝑓𝑓

𝑘𝑓
[(

𝜕𝑇

𝜕𝑥
)

2
+ (

𝜕𝑇

𝜕𝑦
)

2
],         (15) 

𝑆𝑉𝑖𝑠 = 𝜓 [2 (
𝜕𝑢

𝜕𝑥
)

2
+ 2 (

𝜕𝑣

𝜕𝑦
)

2
+ (

𝜕𝑢

𝜕𝑦
+

𝜕𝑣

𝜕𝑥
)

2
],      (16) 

𝑆𝑀𝑎𝑔 =
𝜎𝑓𝑓

𝜎𝑓
 𝐻𝑎2𝜓(𝑢𝑠𝑖𝑛𝛾 − 𝑣𝑐𝑜𝑠𝛾)2.       (17) 

Here 𝑆𝑖, 𝑆𝑇ℎ𝑒𝑟 ,  𝑆𝑉𝑖𝑠 and 𝑆𝑀𝑎𝑔represents the local entropy generation, heat transfer irreversibility, 

entropy generation due to viscous irreversibility and the irreversibility due to magnetic field respectively. 

In Eq (13) the formula for distribution irreversibility ratio (𝜓) is given below in Eq (18). 

𝜓 =
𝜇𝑓𝑓𝑇0

𝑘𝑓
(

𝛼𝑓

𝐻∆𝑇
)

2
.         (18) 

Here 𝑇𝑜 represents the average temperature calculated as 𝑇𝑜 =
𝑇ℎ+𝑇𝑐

2
. 

In addition, the non-dimensional Bejan number (𝐵𝑒) described as the ratio of thermal entropy 

𝑆𝑇ℎ𝑒𝑟 and local entropy 𝑆𝑖 which is given as 𝐵𝑒 =
𝑆𝑇ℎ𝑒𝑟

𝑆𝑖
. In order to achieve accuracy, we use both 

rectangular and triangular elements to create a hybrid mesh (shown in Figure 1b). Using various 

nanofluids, Figure 1c illustrates vertical velocity profile along the middle of the cavity. The results 

show the good agreement with Öztop work [10]. 

Figure 1(b). Hybrid mesh at coarse level. 
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Figure 1(c). Comparison of present study with Öztop [10]. 

4. Numerical approach and validation 

It is important to note that the energy equation and momentum equation cannot be solved 

analytically due to the equation’s nonlinearity and the plastic viscosity of the non-Newtonian fluid; 

hence, a numerical scheme was used to solve the equations. In order to determine a more accurate 

approximation, the finite element strategy is used. One of the most impressive numerical techniques 

and commonly utilized way to deal the boundary value issues is the finite element method. The 

underlying discrete nonlinear system of equations was linearized using the Newton’s method, and the 

linearized inner systems were solved with PARDISO, a direct solver that uses LU matrix factorization, 

which minimizes the number of iterations required to get the appropriate level of convergence. As a 

result, the number of iterations required is reduced [28–36]. This method can be used to describe and 

simulate many physical processes in interconnect architectures. The six key steps in the finite element 

approach are as follows: 

i) Domain discretization; 

ii) Create local finite element equations; 

iii) Assemble local contributions to obtain global matrix; 

iv) Incorporate the boundary and/or initial conditions; 

v) Solve the developed system; 

vi) Post Processing. 

In order to achieve accuracy, we used both rectangular and triangular elements to create a hybrid 

mesh shown in Figure 1b. 

5. Results and discussion 

The viscous fluid flow within a staggered enclosure is investigated numerically by using finite 

element method. An inclined magnetic field is applied along with the suspended nanoparticles in the 

flow regime. Table 1 reveals the properties of nanofluid particle and base fluid. The outcomes are 

detailed by using contour plots and line graphs. In detail, for varied values of volume fraction (𝜙) and 

with constant Hartmann number (𝐻𝑎 = 20) and Ra=104, the effects on velocity (left) and isotherms 

(right) are shown in Figure 2. For 𝜙 =0.00 indicates the base fluid. 
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Figure 2. Impact on velocity and isotherms for different 𝜙 with 𝐻𝑎 = 20 and 𝑅𝑎 = 104. 

Table 1. Physical characteristics of the base fluid and nano-particles.[24]. 

It can be seen that the when the value of volume fraction increases, isotherms move towards to 

the heater wall. Clearly, heated fluid strength is increased towards higher volume fraction 𝜙  of 

nanoparticles, based on the isotherms. The magnitude of velocity enhanced as well towards 𝜙 of 

nanoparticles. Figure 3 shows the Impact on velocity and isotherms for different 𝑅𝑎  with fixed 

 

Nano-particles 

ρ Cp k β 

kgm−3 Jkg−1K−1 Wm−1K−1 K−1 

H2O 997.1 4179 0.613 21E-5 

Al2O3 3970 765 25 0.85E-5 
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𝐻𝑎 = 20 and 𝜙= 0.02. 

When the Rayleigh number is lower, the flow strength is higher. Conversely, flow strength 

decreases for lower values of Ra for instance 𝑅𝑎 = 104. Isotherms show almost same distribution due 

to closer value of thermal conductivity of Al2O3 given in Table 1. In Figure 4, the impact of velocity 

(left) and isotherms (right) for different Hartman number (Ha) with fixed Ra=104 and 𝜙= 0.02 is 

described. It can be seen that when the value of 𝐻𝑎 increases the cell are very close to each other. By 

examining how nanoparticles influence flow and isotherms, it becomes apparent that nanoparticles 

influence both. Line graphs of velocity distribution are constructed for both u and v components when 

the walls move antiparallel. Figure 5 illustrates in more detail the u-velocity and v-velocity line graph 

studies towards 𝐻𝑎 = 20 and 𝑅𝑎 = 104 with different values of 𝜙 and 𝛾. It can be observed that all 

the u-velocity and v-velocity graphs are starts from zero, the graphs are increasing first, then sharply 

decreases after that again gradually decreasing. It can also be observed that when the value of volume 

fraction (𝜙)  increases, the graph of u and v velocities decreases. In short for u -velocity, a small 

sinusoid fluctuation is found. 

Figure 3. Influence of 𝑅𝑎 on velocity and isotherms with 𝐻𝑎 = 20 and 𝜙 = 0.02. 
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Figure 4. Influence of 𝐻𝑎 on velocity and isotherms with 𝑅𝑎 = 104 and 𝜙 = 0.02. 
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Figure 5. Impact on velocity components for different 𝜙 with 𝐻𝑎 = 20 and 𝑅𝑎 = 104. 

For v-velocity graphs, it can easily be found that the velocity is greater on center and minimum 

on surfaces, gradually obtaining the shape of parabola. For 𝛾=60∘, a perfect parabola shape is obtained. 

The effects of various values of volume fraction (𝜙) and inclination angle 𝛾 on Bejan number with 

Ha=20 and 𝑅𝑎 = 104 are shown in Figure 6. It can be seen that for 𝛾=0∘ and 𝛾=30∘, the curves show 

almost the same behavior. While, in case of 𝛾=60∘, the curve is changing its shape. This indicates that 

the Bejan number will be higher for a lower volume fraction 𝜙. The Bejan number accomplishes its 

greatest worth inside the above half cavity, though for most 𝜙 , it acquires the minimum value in the 

bottom half cavity. Additionally, it is clear that the graphs of u and v velocities grow as the volume 

fraction 𝜙 increases. Figure 7 show the impact on average Bejan and average Nusselt number against 

Ha. In Figure 7a the graph of Bejan number against 𝐻𝑎 is analysed and in Figure 7b the graph of 
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𝑁𝑢𝑎𝑣𝑔 against 𝐻𝑎 are analysed. In case of Bejan number, the curves are increasing and then intersect 

each other at Ha=30 while in case of average Nusselt number the curves are decaying. 

Figure 6. Impact on Bejan number for different 𝜙 with 𝐻𝑎 = 20 and 𝑅𝑎 = 104. 

Figure 7. Impact on 𝐵𝑒𝑎𝑣𝑔 and 𝑁𝑢𝑎𝑣𝑔 against 𝐻𝑎 for based fluid and nanofluid. 
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6. Conclusions 

A thermal case study is designed to investigate the effect of inclination on MHD nanofluid on 

thermal flow field in a staggered cavity in presence of insulated baffles. Simulations have been 

carried out on various scales of the volume fraction (0.00 ≤ 𝜙 ≤ 0.08),  Hartmann number 

(0 ≤ 𝐻𝑎 ≤ 100) , Rayleigh number (103 ≤ 𝑅𝑎 ≤ 105),  and inclination (0𝑜 ≤ 𝛾 ≤ 60𝑜) . The 

obtained results can be concluded as: 

• While keeping other parameters constant, raising the Rayleigh number 𝑅𝑎 improves heat 

transmission and flow strength. 

• For larger values of volume fraction (𝜙) velocity admits significant increase. 

• Isotherms reflects higher magnitude change towards positive variation in volume fraction 

(𝜙). 

• Increasing Hartmann number 𝐻𝑎 leads to increase in average Bejan number 𝐵𝑒. 

• Average heat transfer rate 𝑁𝑢𝑎𝑣𝑔 is decreasing function of Hartmann number 𝐻𝑎. 
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