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 The aim of the current study is to investigate the heat transfer performance of 

𝐴𝑙2𝑂3 and 𝐶𝑢 nanoparticles suspended based in 𝐻2𝑂 nanofluids inside a partially 

heated C-shaped enclosure. The governing equations for heat and flow transfer are 

solved using the Finite Element Method. Heat transmission is affected by the type 

and form of nanoparticles. To study the improved heat transfer performance, four 

different shapes of nanoparticles-spherical, cylindrical, column, and lamina-have 

been used. The investigation showed that among the considered shapes of 

nanoparticles, the lamina shape of nanoparticles performed best. Considering 

lamina nanoparticles, in comparison to the simple nanofluids 𝐴𝑙2𝑂3 − 𝐻2𝑂 and 

𝐶𝑢 − 𝐻2𝑂 the hybrid nanofluid 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 provides the enhanced heat 

transfer rate. The heat transfer is governed by convection at a higher Rayleigh 

number. On the other hand, the heat transfer rate is decreasing by increasing the 

impact of the magnetic field. For the increased heat transfer rate, the best choice is 

lamina nanoparticles and hybrid nanofluid 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂. 

1. Introduction 

The importance of heat transfer fluids to the industry and 

the variety of applications in physics and engineering 

have led to an increased focus on their thermal properties. 

Numerous academic studies have shown that the low 

surface to volume ratio for heat transfer, which results 

from the poor thermal conductivity of the majority of 

convectional fluids used for heat transfer, such as oil, 

ethylene glycol, water, and many others, limits the 

increase of heat transmission [1-3]. When it comes to the 

regulation and augmentation of heat inside closed 

geometries, it is crucial to keep in mind that heat may be 

added to or eliminated from a system. However, fluid is 

the best source to control a system's heating or cooling 

capability. There are several researches in the literature 

that use Choi's theory to increase the rate of heat transfer 
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[4-7]. Recently, a new category of nanofluids known as 

"hybrid nanofluids" was created, where several types of 

nanoparticles might be integrated into the base fluid. A 

thorough overview of hybrid nanofluids was provided 

by Kshirsagar et al. [8]. In practical applications, a 

cavity's size and form are frequently asymmetrical. 

Therefore, research into complicated enclosures and 

various aspect ratios is greatly encouraged in the field of 

fluid mechanics. Numerous studies on heat transmission 

and fluid movement are been out using various 

geometries, for instance Ahmed et al. [9] considered a 

lid-driven square cavity with hybrid nanofluids being 

transported convectively. Usman et al. [10] studied 

forced convection utilizing hybrid nanofluids inside a 

square cavity. A study on 𝑇𝑖𝑂2   nanoparticles were 

carried out by Sreedevi et al. [11] to examine the effects 

of heat radiation and magnetic fields inside a square 

cavity. In a rectangular enclosure with heated wavy rods 

at either end, the natural convection of nanofluids was 

studied. Ullah et al. [12] analysis looked at the system's 

heat transmission and fluid flow parameters. Research 

on the transfer of heat and fluid flow inside cavities with 

an inner body have received significant attention 

recently because to their practical engineering 

applications, in addition to research employing 

nanofluids and diverse forms of cavities. Using hybrid 

nanofluids and various magnetic field strengths, Belhaj 

et al. [13] assessed the thermal performance of natural 

convection in a square container with an elliptical-

shaped barrier. In a lid-driven cavity, trapezoidal 

chambers and triangular-shaped barriers were used in a 

study by Khan et al. [14]. The study focused on the 

application of hybrid nanofluids, in the trapezoidal 

chamber with a rotating body inside. Job et al. [15] did 

computational experiment on magneto hydrodynamic of 

unstable convective flow. Studies on other complicated 

shape cavities has also been reported. Jiang et al. [16], 

studied the heat transmission and entropy production of 

magnetohydrodynamic (MHD) hybrid nanofluids were 

investigated in a cubic chamber with wavy walls and 

rotating blocks. Usman et al. [17] reported the effects of 

various obstacles and radiation over the convection heat 

transfer phenomenon. Hamid et al. [18] carried out 

mathematical study over the non-Newtonian Prandtl 

fluid over a horizontal surface with slip effects to 

examine the natural convection heat transfer. Readers 

are suggested the articles [19-25] for further reading on 

the behaviour of heat transfer. 

In the study of fluid dynamics and heat transmission, 

the Rayleigh number is a crucial variable, its capabilities 

include Designing heat transmission systems, predicting 

the commencement of convection, and researching fluid 

mechanics phenomena, for this reason numerous studies 

has been carried out, a few are citied below. Alumina 

and copper nanoparticles suspended in water were the 

subject of a numerical analysis by Parvin et al. [26] 

inside a chamber with a wavy-shaped cylinder.  The 

results show that increasing the concentration of the 

hybrid nanofluid and Rayleigh number significantly 

increases the rate of thermal transmission; however, 

increasing the Hartmann number has the opposite effect. 

Nag et al. [27] numerically studied triangular enclosure 

which is heated at the corner, with different inclinations 

using Magnetohydrodynamic nanofluids. Using 

nanofluids with various frequencies, Yadav et al. [28] 

examine the impact of sinusoidal heating inside a 

square-shaped cavity.  He also looked at a grooved 

enclosure that had a corner that was partially heated to 

look at low Reynolds number mixed convection of 

nanofluids [29]. In their research, Sen et al. [30] studied 

the behaviour of nanofluids with magnetohydrodynamic 

effects in a trapezoidal shaped enclosure subjected to 

irregular heating. The study considered the influence of 

the Rayleigh number, Hartmann number, and solid-

volume percentage of alumina nanofluid. Study on 

𝑍𝑛𝑂, 𝐹𝑒3𝑂4 and 𝐴𝑙2𝑂3 have been reported by Alam et 

al. [31] in which natural convection inside semi-circular 

cavity were considered. Rashid et al. [32] examined 

different shapes of nanofluids sphere, lamina and 

column in a square shaped enclosure with circular shape 

fin inside. The graphical outcomes show that Lamina 

shape nanoparticles perform better. Amine et al. [33] 

explored MHD effects of hybrid nanofluids inside in 

triangular cavity with quarter porous medium at one end, 

the obtained results show Rayleigh numbers increasing 

influence on heat transfer as well as the magnetic 

parameter's regulating function. Increases in the 

permeability and porosity of porous medium had a 

significant impact on how well heat was transported 

inside the enclosure. Hussain et al. [34] explored 

staggered cavity to see the MHD and Casson fluids 

impacts. Mohammad et al. [35] carried work on 

trapezoidal lid-driven cavity with different angle of 

inclinations using Hybrid nanofluids. Natural 

convection of hybrid nanofluids using lattice Boltzmann 

method was studied by Khan et al. [36]. Abdelaziz et al. 

[37] carried research on mixed convection of nanofluids, 

iconic nanofluids and hybrid nanofluids in a tube. 

Chabani et al. [38] considered a trapezoidal shape 

enclosure using hybrid nanoparticles the results of the 
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study revealed that in order to maximize heat 

transmission, Rayleigh number, solid-volume 

percentage, and Darcy should be raised, while Hartmann 

number must be decreased. In another study [39], he 

examined the impact of altering the Rayleigh number, 

volume fraction, speed of the revolving cylinder, and 

Hartmann number on a triangular cavity with zigzag and 

elliptic obstacles. 

The comparative analysis of heat transfer between 

simple nanofluids and hybrid nanofluids plays a crucial 

role in determining the optimal working fluid. Hence, 

this article focuses on conducting a comparative heat 

transfer analysis of 𝐴𝑙2𝑂3 − 𝐻2𝑂, 𝐶𝑢 − 𝐻2𝑂, 𝐴𝑙2𝑂3 −

𝐶𝑢 − 𝐻2𝑂 nanofluids flowing inside a c-shape 

enclosure which is partially heated. An electromagnetic 

field and a portion of heating are applied to the cavity's 

left vertical wall. The Finite Element Method is used to 

solve the governing equations, which are a collection of 

nonlinear partial differential equations. The paper is 

organized into several sections. Section 1 provides an 

introduction to the background and previous studies 

related to the problem. The mathematical framework is 

outlined in Section 2. The applied numerical procedure 

is explained in Section 3. A detailed discussion on the 

obtained results is presented in Section 4. Finally, a 

comprehensive conclusion is provided in Section 5. The 

references cited in the manuscript are listed at the end in 

the references section. 

2. Mathematical Formulation 

This article focuses on performing a numerical study of 

a viscous fluid flowing steadily and incompressible in 

two dimensions inside a partially heated C-shaped 

cavity. The cavity is filled with three different types of 

nanofluids: namely 𝐴𝑙2𝑂3 − 𝐻2𝑂, 𝐶𝑢 − 𝐻2𝑂 and 

and 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂. The left side of the cavity is 

kept at higher temperature while right side is at slightly 

lower temperature and all other sides are considered 

adiabatic. Fig.1 depicts the geometry of the described 

cavity. A transverse magnetic field is applied to the 

cavity, normal to its left heated boundary. Additionally, 

the consequences of viscous dissipation are also 

disregarded. The induced magnetic field is neglected 

due to low Reynolds number. Moreover, radiation and 

dissipation effects are also neglected. The following are 

the governing equations for the aforementioned criteria 

[40]. 

 

Fig. 1 illustrates a visual depiction of the physical problem 

𝜕𝑢.

𝜕𝑥.
+

𝜕𝑣.

𝜕𝑦.
= 0,..           (1) 

𝑢.
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𝜕𝑦.
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𝜇𝑛𝑓

𝜌𝑛𝑓
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𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢
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𝑢
𝜕𝑣

𝜕𝑥
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𝜕𝑣

𝜕𝑦
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1
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) (
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𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2)  
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𝑔(𝜌𝛽)𝑛𝑓

𝜌𝑛𝑓
 (𝑇∗ − 𝑇𝑐

∗) − (
𝜎𝑛𝑓

𝜌𝑛𝑓
) 𝐵0

2 𝑣,     (3) 

𝑢
𝜕𝑇∗

𝜕𝑥
+ 𝑣

𝜕𝑇∗

𝜕𝑦
=

𝑘𝑛𝑓

(𝜌𝐶𝑝)
𝑛𝑓

(
𝜕2𝑇∗

𝜕𝑥2 +
𝜕2𝑇∗

𝜕𝑦2 ) .                   (4) 

where 𝑢 and 𝑣 are the respective velocity components 

along the 𝑥  and 𝑦 − 𝑎𝑥𝑖𝑠 , 𝑝  is the pressure, 𝑔  is the 

gravitational force, 𝑇∗ is the temperature (𝑇ℎ
∗ > 𝑇𝑐

∗), and 

𝐵0 is the strength of magnetic field. Moreover, density 

𝜌𝑛𝑓 , dynamic viscosity 𝜇𝑛𝑓 , thermal expansion 

coefficient 𝛽𝑓 , electric conductivity 𝜎𝑛𝑓 , thermal 

conductivity 𝑘𝑛𝑓, and specific heat capacity 𝐶𝑝 are the 

thermophysical properties of nanofluid. These 

properties are computed using nano relations described 

in Table 1 and Table 2. (#)1, (#)2, and (#)𝑓 shows the 

property of nanoparticles 𝐴𝑙2𝑂3 , 𝐶𝑢 , and base fluid 

𝐻2𝑂, respectively and is described in Table 3. Thermal 

conductivity model involves the nanoparticles shape 

factor 𝑚, which is provided in Table 4. Moreover, the 

governing Eqs. 1-4 are coupled with the boundary 

conditions described in Table 5. Introducing the 

following nondimensional variables:          

𝑈 =
𝑢𝐿

𝛼𝑓
 , 𝑉 =

𝑣𝐿

𝛼𝑓
 , 𝑋 =

𝑥

𝐿
 , 𝑌 =

𝑦

𝐿
 ,

 𝑃 =
𝑝𝐿2

𝜌𝑓𝛼𝑓
2  , 𝑇 =

𝑇∗−𝑇𝑐
∗

𝑇ℎ
∗ −𝑇𝑐

∗  , 𝛼𝑓 =
𝑘𝑓

(𝜌𝐶𝑝)
𝑓

 , 𝜈𝑓 =
𝜇𝑓

𝜌𝑓

 ,

𝑅𝑎 =
𝛽𝑓(𝑇ℎ

∗ −𝑇𝑐
∗)𝐿3

𝜈𝑓𝛼𝑓
 , 𝑃𝑟 =

𝜈𝑓

𝛼𝑓
 , 𝐻𝑎 = 𝐵0𝐿√

𝛼𝑓

𝜇𝑓

 .

           (5) 
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where 𝐿  is the characteristic length of the heated 

boundary, 𝛼𝑓  is the thermal diffusivity, 𝜈𝑓  is the 

kinematic viscosity, 𝑅𝑎 is the Rayleigh number, 𝑃𝑟  is 

the Prandtl number, and  𝐻𝑎 is the Hartmann number. 

Utilizing the variables defined in Eq. 5, the Eqs. 1-4 

takes the following nondimensional form. 

𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
= 0,               (6) 

𝑈
𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑈

𝜕𝑌
= − (

𝜌𝑓

𝜌𝑛𝑓
)

𝜕𝑃

𝜕𝑋
+ (

𝜈𝑛𝑓

𝜈𝑓
) 𝑃𝑟 (

𝜕2𝑈

𝜕𝑋2 +
𝜕2𝑈

𝜕𝑌2), (7) 

𝑈
𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑌
= − (

𝜌𝑓

𝜌𝑛𝑓
)

𝜕𝑃

𝜕𝑌
+ (

𝜈𝑛𝑓

𝜈𝑓
) 𝑃𝑟 (

𝜕2𝑉

𝜕𝑋2 +
𝜕2𝑉

𝜕𝑌2) +

(𝜌𝛽)𝑛𝑓

𝛽𝑓𝜌𝑛𝑓
 𝑅𝑎 Pr 𝑇 − (

𝜌𝑓

𝜌𝑛𝑓
) (

𝜎𝑛𝑓

𝜎𝑓
)  𝐻𝑎2 𝑃𝑟 𝑉, (8) 

𝑈
𝜕𝑇

𝜕𝑋
+ 𝑉

𝜕𝑇

𝜕𝑌
=

𝛼𝑛𝑓

𝛼𝑓
(

𝜕2𝑇

𝜕𝑋2 +
𝜕2𝑇

𝜕𝑌2).                                (9) 

The corresponding non-dimensional boundary 

conditions are given in Table 6. The local and average 

heat transfer rates are given by the following Nusselt 

number expressions: 

𝑁𝑢𝐿𝑜𝑐 = −
𝑘𝑛𝑓 

𝑘𝑓

𝑑𝑇

𝑑𝑋
,         (10) 

𝑁𝑢𝐴𝑣𝑔 =
1

𝐿
∫ 𝑁𝑢𝐿𝑜𝑐

 

𝐿
𝑑𝑌           (11) 

Table 1 

Nano relations for nanofluid [40] 

 

Table 2 

Nano relations for hybrid nanofluid [41] 

Table 3 

Thermophysical. properties of base fluid 𝐻2𝑂 and 

nanoparticles. 𝐴𝑙2𝑂3 and 𝐶𝑢. [42] 

Property 𝐻2𝑂 𝐴𝑙2𝑂3 𝐶𝑢 

𝜌 (𝑘𝑔𝑚−3) 997.1 3940 8933 

𝐶𝑝 (𝐽𝑘𝑔−1𝐾−1) 4179 765 358 

𝑘 (𝑊𝑚−1𝐾−1) 0.613 40 400 

𝛽(𝐾−1) 21 × 10−5 0.85

× 10−5 

1.67×

10−5 

𝜎 (Ω−1𝑚−1) 0.05 1 × 10−10 5.96

× 10−7 

𝜇 (𝑘𝑔𝑚−1𝑠−1) 8.9 × 10−4 --- --- 

𝑃𝑟 6.2 --- --- 

Table 4 

Factor values of various shapes of nanoparticles 

Shapes Spherical Cylindrical Column Lamina 

Factor 

(𝑚) 

3 4.8 6.37 16.16 

Property Nano Relation 

Dynamic 

Viscosity 
𝜇𝑛𝑓 =

𝜇𝑓

(1 − 𝜙)2.5
 

Density 𝜌𝑛𝑓 = (1 − 𝜙1)𝜌𝑓 + 𝜙1𝜌1 

Coefficient 

of Thermal 

Expansion 

(𝜌𝛽)𝑛𝑓 = (1 − 𝜙1)(𝜌𝛽)𝑓 + 𝜙1(𝜌𝛽)1 

Specific 

Heat. 

Capacity. 

(𝜌𝐶𝑝)𝑛𝑓. = (1 − 𝜙1)(𝜌𝐶𝑝)
𝑓

+ 𝜙1. (𝜌𝐶𝑝)1 

Thermal. 

Conductivity. 

𝑘𝑛𝑓.

𝑘𝑓

=
𝑘1 + (𝑚 − 1)𝑘𝑓 − (𝑚 − 1)𝜙1(𝐾𝑓 − 𝑘1)

𝑘1 + (𝑚 − 1)𝑘𝑓 + 𝜙1(𝐾𝑓 − 𝑘1)
 

Electrical 

Conductivity 

𝜎𝑛𝑓

𝜎𝑓

= 1 +

3 (
𝜎1

𝜎𝑓
− 1) 𝜙1

(
𝜎1

𝜎𝑓
+ 2) − (

𝜎1

𝜎𝑓
− 1) 𝜙1

 

Property Nano Relation 

Dynamic 

Viscosity 
𝜇ℎ𝑛𝑓 =

𝜇𝑓

(1 − 𝜙1)2.5(1 − 𝜙2)2.5
 

Density 
. 𝜌ℎ𝑛𝑓 = (01 − 𝜙2)[(01 − 𝜙1)𝜌𝑓 + 𝜙1𝜌1]

+ 𝜙2𝜌2 

Coefficient 

of Thermal 

Expansion 

. 𝜌ℎ𝑛𝑓 = (01 − 𝜙2)[(01 − 𝜙1)𝜌𝑓 + 𝜙1𝜌1]

+ 𝜙2𝜌2 

Specific 

Heat. 

Capacity. 

𝜌𝐶𝑝)ℎ𝑛𝑓 = (01 − 𝜙2)[(01 − 𝜙1)(𝜌𝐶𝑝)𝑓

+ 𝜙1(𝜌𝐶𝑝)1]

+ 𝜙2(𝜌𝐶𝑝)2 

Thermal. 

Conductivit

y. 

. 𝑘ℎ𝑛𝑓

𝑘𝑏𝑓

=
𝑘2 + (𝑚 − 1)𝑘𝑏𝑓 − (𝑚 − 1)𝜙2(𝐾𝑏𝑓 − 𝑘2)

𝑘2 + (𝑚 − 1)𝑘𝑏𝑓 + 𝜙2(𝐾𝑏𝑓 − 𝑘2)
 

Where 
𝑘𝑏𝑓

𝑘𝑓

=
𝑘1 + (𝑚 − 1)𝑘𝑓 − (𝑚 − 1)𝜙1(𝐾𝑓 − 𝑘1)

𝑘1 + (𝑚 − 1)𝑘𝑓 + 𝜙1(𝐾𝑓 − 𝑘1)
 

Electrical 

Conductivit

y 

𝜎ℎ𝑛𝑓

𝜎𝑏𝑓

=
𝜎2 + 2𝜎𝑏𝑓 − 2𝜙2(𝜎𝑏𝑓 − 𝜎2)

𝜎2 + 2𝜎𝑏𝑓 + 𝜙2(𝜎𝑏𝑓 − 𝜎2)
 

Where 
𝜎𝑏𝑓

𝜎𝑓

=
𝜎1 + 2𝜎𝑓 − 2𝜙1(𝜎𝑓 − 𝜎1)

𝜎1 + 2𝜎𝑓 + 𝜙1(𝜎𝑓 − 𝜎1)
 



© Mehran University of Engineering and Technology 2024                                          38 

Table 5 

Dimensional boundary conditions 

Boundary 
Velocity 

Condition 

Temperature 

Condition 

. 𝑥 = 0, 0 ≤ 𝑦 ≤

0.25𝐿 and 

0.75𝐿 ≤ 𝑦. ≤ 𝐿. 

.𝑥 = 𝐿, 0 ≤ 𝑦 ≤

0.25𝐿 and 

0.75𝐿 ≤ 𝑦 ≤ 𝐿  

. 0 ≤ 𝑥 ≤ 𝐿, 𝑦 =

0.0 

. 0 ≤ 𝑥 ≤ 𝐿, 𝑦. =

𝐿. 

𝑢. = 𝑣. = 0  
𝜕𝑇∗

𝜕𝑥
= 0.  

. 𝑥 = 0.5𝐿, 

0.25𝐿 ≤ 𝑦 ≤

0.75𝐿 

. 0.5𝐿 ≤ 𝑥 ≤ 𝐿, 

𝑦 = 0.25𝐿 

. 0.5𝐿 ≤ 𝑥 ≤ 𝐿, 

𝑦 = 0.75𝐿 

. 𝑢 =. 𝑣 = 0  𝑇∗ = 𝑇𝑐
∗  

. 𝑥 = 0, 0.25𝐿 ≤

𝑦 ≤ 0.75𝐿 
𝑢 = 𝑣 = 0  𝑇∗ = 𝑇ℎ

∗  

Table 6 

Non-dimensional boundary conditions. 

Boundary 
Velocity 

Condition 

Temperature 

Condition 

. 𝑋 = 0, 0 ≤ 𝑌 ≤

0.25 and 0.75 ≤ 𝑌 ≤ 1 

. 𝑋 = 1, 0 ≤ 𝑌 ≤

0.25 and 0.75 ≤ 𝑌 ≤ 1  

. 0 ≤ 𝑋 ≤ 1, 𝑌 = 0 

. 0 ≤ 𝑋 ≤ 1, 𝑌 = 1 

𝑈. = 𝑉. =

0.  

𝜕𝑇

𝜕𝑋
= 0.  

. 𝑋 = 0.5, 0.25 ≤ 𝑌 ≤

0.75 

. 0.5 ≤ 𝑋 ≤ 1, 𝑌 = 0.25 

. 0.5 ≤ 𝑋 ≤ 1, 𝑌 = 0.75 

𝑈 = 𝑉 = 0  𝑇 = 0  

. 𝑋 = 0, 0.25 ≤ 𝑌 ≤

0.75 
𝑈 = 𝑉 = 0  𝑇 = 1  

3. Solution Procedure and Validation 

The well-known numerical method known as the Finite 

Element Method (FEM) utilizing the Galerkin approach 

is used to solve the governing Eqs. 6–9 and the 

accompanying boundary conditions. The procedures for 

applying FEM in simulation are as follows: 

i. The space domain is discretised into triangular 

elemental mesh 

ii. Derivation of elemental equations 

iii. Assembly of elemental equations 

iv. Applying boundary conditions 

v. Solution of assembled equations 

The fundamentals and procedure about the approach 

is well described by Dechaumphai [43] and Taylor and 

Hood [44]. The pressure term 𝑃 may be eliminated from 

the Eqs. 7, 8 by the following continuity constraint 

equation: 

𝑃 = −𝛾 (
𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
)            (12) 

For large values of 𝛾 (𝛾 = 107)  equation for 

continuity is satisfied. The space domain is discretised 

into the finite number of triangular elements (see Fig. 

2(a)). The impact of number of nodes on the average 

Nusselt number can be seen from Fig. 2(b). To validate 

the applicability of the obtained solutions, the code is 

tested on the experimental results published by Calcagni 

et al. [45] (Fig. 3).  Strong agreement between the results 

shows the validity of the presented solutions. 

 

Fig. 2. (a) Triangular mesh, and (b) mesh sensitivity curve  

 

Fig. 3. Comparison of present work with existing 

experimental work when 𝐿𝑇 = 0.4, 𝜙 = 0 , 𝑎𝑛𝑑 𝑅𝑎 =

1.85 × 105 

4. Results and Discussion 

The Finite Element Method is used to find the numerical 

solution. Mathematical framework of the considered 

problem gives rise to physical parameters, such as 

Rayleigh. number. and Hartmann. number, which 

greatly affect the flow and heat transfer. The simulation 
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is performed for the ranges 104 ≤ 𝑅𝑎 ≤ 106  and 0 ≤

𝐻𝑎 ≤ 100 . The distribution of flow and temperature 

inside the cavity is determined from the results. To 

further analyse the behaviour of heat transmission at the 

heated length of the cavity, the local and average Nusselt 

numbers are determined. Isotherms and streamlines are 

used to demonstrate the flow and temperature 

distribution. While the line graphs are used for Nusselt 

number computation.  

The simulation examines the local Nusselt numbers 

for a variety of nanoparticle shapes, including spherical, 

cylindrical, column, and lamina particles. The lamina-

shaped nanoparticles outperform other shapes in heat 

transfer, according to the numerical analysis results, 

which are depicted in Fig. 4(a). The lamina shape has an 

average Nusselt number of 21.42, followed by column 

shapes with 12.86, cylinder shapes with 11.20, and 

spheres with 9.19. Moreover, average Nusselt number is 

shown in Fig. 4(b) which shows the values for three 

different types of nanofluids: 𝐴𝑙2𝑂3 − 𝐻2𝑂 , 𝐶𝑢 −

𝐻2𝑂 𝑎𝑛𝑑 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 hybrid nanofluid. It is 

important to emphasize that water is used as the base 

fluid in these tests. The graph makes it very evident that 

the 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 hybrid nanofluid has the highest 

Nusselt number values, coming in at 18.43. On the other 

hand, it is revealed that the values of average Nusselt 

numbers for the other nanofluids, namely 𝐴𝑙2𝑂3 −

𝐻2𝑂 𝑎𝑛𝑑 𝐶𝑢 − 𝐻2𝑂 are 9.65 and 8.26, respectively.  

These findings show the considerable impact of 

nanoparticle shape and type of nanofluid on heat 

transmission properties. Compared to the other forms 

examined in this work, laminate-shaped nanoparticles 

exhibit greater heat transmission performance. 

Additionally, the 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 hybrid nanofluid 

has the greatest average Nusselt number, indicating 

improved heat transmission capability. Designing 

effective heat transfer systems requires a thorough 

understanding of the effects of various nanoparticle 

shapes and nanofluid compositions on heat transmission. 

The study's findings progress the development of 

improved systems that use particular nanoparticle sizes 

and formulations of nanofluids to increase heat transfer 

rates. In conclusion, these findings highlight the 

importance of choosing the right nanoparticle shape and 

nanofluid for enhancing heat transfer performance. 

Based on these findings, future research and 

optimizations can be made to investigate new 

nanoparticle forms and varied nanofluid compositions, 

ultimately improving the efficiency of heat transfer in a 

variety of applications. 

 

Fig. 4. Average Nusselt number under the impact of (a) 

nanoparticles of different shapes, and (b) different nanofluids 

4.1 Impact of increasing the values Rayleigh 

number considering the of 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 hybrid 

nanofluid 

Fig. 5(a) and (b) use streamlines and isotherm plots, 

respectively, to show how the Rayleigh number affects 

the flow and temperature distribution. Conduction is the 

primary mode of heat transfer at low Rayleigh numbers, 

and the flow field is weak. The effect of increasing the 

Rayleigh number intensifies the flow field, indicating a 

shift towards convective heat transfer. When the value 

of Rayleigh number is kept low then the isotherm plots 

shows that the temperature distribution is uniform, 

primarily influenced by conduction. However, when the 

values of Rayleigh numbers are set to a higher number, 

the isotherms become twisted and exhibit significant 

fluctuations, indicating the effect of convective heat 

transport and non-uniform temperature distribution. 

Furthermore, Fig. 5(a)-(c) demonstrates that the flow 

field inside the C-shaped cavity, revealing a distinct 

difference in flow field intensity between the top and 

lower regions. This variation can be attributed to the 

placement of higher temperature source on the left 

vertical wall of the cavity which ultimately causes the 

heated fluid to rise and concentrate the flow in the upper 

section, while the cooler right wall attracts the hot fluid, 

resulting in a flow concentration towards the right. Fig. 

5(d)-(f) depict the effect of the increasing the values of 

Rayleigh number on temperature distribution within the 

cavity, showing that when the values of Rayleigh 

number is set to a higher value, the distribution of 

temperature becomes more influenced by convective 

effects, causing the isotherms to deviate from their 

initial parallel orientation. 

Additionally, Fig. 6(a)-(b) presents the line graphs 

illustrating the relationship between the Rayleigh 

number, Nusselt number (characterizing convective heat 

transfer), and temperature. The graphs demonstrate that 
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higher Rayleigh numbers facilitate more effective 

convective heat transmission within the enclosure. 

Moreover, the rate of heat transmission is non-uniform 

along the partly heated wall and the mean horizontal 

route, with variations between the upper and lower 

sections of the enclosure. In conclusion, the images shed 

light on the fluid's behaviour within the C-shaped cavity 

by emphasizing the impact of the heat location and 

Rayleigh number on the flow pattern, temperature 

distribution, and heat transfer properties. According to 

the findings, buoyancy effects have a major impact on 

the flow field and temperature distribution within the 

cavity, changing from a dominantly conductive mode at 

low Rayleigh numbers to a dominant convective mode 

at higher Rayleigh numbers. 

 

Fig. 5. Effect of Increasing Rayleigh number under the 

influence of 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 Hybrid Nanofluid 

 

Fig. 6. Effect of Increasing Rayleigh number in mean path 

and heated length under the influence of 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 

hybrid nanofluid 

4.2 Impact of increasing the values Hartmann 

number 

The effect of magnetic field strength, as measured by the 

Hartmann number (Ha), on the flow field and 

temperature distribution inside a cavity is examined in 

the section that follows. These impacts are examined 

using streamlines, isotherm plots, and Nusselt number 

profiles. A stronger flow field results from raising the 

Hartmann number, as seen in Fig. 7(a)–(c). When 𝐻𝑎 =

0, streamlines are parallel to the borders and the flow 

core is centered within the cavity. The flow field, 

however, extends and covers a larger area of the cavity 

as the Hartmann number rises, as seen in Fig. 7(c) for 

𝐻𝑎 = 100 .  Convection is the main method of heat 

transport, as evidenced by the temperature distribution 

in Fig. 7(d)–(f). As seen in Fig. 7(d), convective heat 

transfer from the heated area on the left vertical wall 

causes the upper half of the cavity to grow hotter. Heat 

transfer rates decline with increasing Hartmann numbers, 

and conductive heat transfer takes over with a Hartmann 

number of 100. 

The Nusselt number profiles are shown in Fig. 8, 

which shows how the heat transfer rate fluctuates in 

relation to the Hartmann number. As the Hartmann 

number rises, the heat transmission reduces, as shown in 

Fig. 8(a). As a result, conduction is the main mechanism 

by which the fluid surrounding the heated portion warms 

up. Furthermore, the passage briefly mentions the 

behaviour of flow velocities at different points within 

the cavity. The horizontal velocity near the heated wall 

decreases with increasing Hartmann number, primarily 

due to the magnetic field's constraining effect on the 

flow. Conversely, at locations farther from the heated 

area, an inverse behaviour is observed, indicating an 

increase in horizontal velocity, likely caused by flow 

redistribution induced by the magnetic field. The 

vertical velocity profiles exhibit asymmetrical 

behaviour, suggesting that the vertical velocities on both 

sides of the cavity follow a similar pattern, indicating the 

influence of comparable elements or mechanisms. 

In conclusion, the impact of magnetic field strength, 

as measured by the Hartmann number, on the flow field 

and temperature distribution inside a cavity is covered in 

this section. The streamlines and isotherm plots show 

that the flow field weakens with increasing Hartmann 

number and switches from convective to conductive 

heat transfer. The Nusselt number profiles show that 

when the Hartmann number rises, the rate of heat 

transmission decreases. The chapter also addresses the 

asymmetric behaviour seen in vertical velocity profiles 

and fluctuations in horizontal velocity near the heated, 

wall.  
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Fig. 7. Effect of increasing Hartmann number under 

the influence of 𝐴𝑙2𝑂3 − 𝐶𝑢 − 𝐻2𝑂 nanofluid 

 

Fig. 8. Temperature and Nusselt Number along mean 

position and heated length 

5. Conclusion 

This study compared the heat transfer properties of 

𝐴𝑙2𝑂3 𝑎𝑛𝑑 𝐶𝑢 nanoparticles suspended in water-based 

nanofluids. The flow was taken into consideration inside 

the magnetically exposed, C-shaped enclosure that had 

been partially heated. The Finite Element Method with 

Galerkin Approach is used to find the solution to the 

governing equations. To achieve improved heat transfer 

performance, a thorough investigation is carried out for 

a variety of new physical characteristics, including the 

Rayleigh number (𝑅𝑎) and Hartmann number (𝐻𝑎) for 

different forms of nanoparticles. The study concludes 

that in comparison to simple nanofluids 𝐴𝑙2𝑂3 −

𝐻2𝑂 and 𝐶𝑢 − 𝐻2𝑂  , the hybrid nanofluid 𝐴𝑙2𝑂3 −

𝐶𝑢 − 𝐻2𝑂 provides the enhanced heat transfer behavior. 

Moreover, lamina shape of nanoparticles works best to 

obtain the maximum heat transfer rate. At lower values 

Rayleigh numbers, heat transfer primarily occurs 

through conduction, while at higher values of Rayleigh 

numbers, convection becomes the dominant heat 

transfer mechanism. Higher values of the Hartmann 

number equate to a stronger magnetic field, resulting in 

less fluid movement. 
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