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Abstract:  

Nanofluids improve heat transmission in a variety of sectors, including automotive 

production, medical care, solar power, and technology. In the presence of a magnetic field, 

a comparative examination of hybrid nanofluids is investigated. Porous media and heat 

radiation are the new issues that are being investigated in the present study. Thermal energy 

serves as the foundation of motivation for hybrid nanofluid delivery, which is discussed in 

this article. By applying the compatible similarity functions, the higher-order PDEs are 

renewed into a couple of ordinary differential equations. The MATLAB platform via bvp5c 

code is used for numerical technique. A trustworthy comparison with previously published 

literature is carried out in order to ensure the correctness and validity of the findings. The 

graphical results for various profiles, such as velocity and energy, are shown for various 

important active parameters. It is perceived that by increasing the magnetic parameters M 

and Pr, the velocity and temperature of the fluid decrease, respectively. Specifically, the 

results of this work contribute to the advancement of understanding in the field of MHD as 

well as heat transfer mechanisms. Furthermore, the learnings that were obtained have the 

ability to improve the effectiveness and performance of thermodynamic systems across 

different kinds of applications, including those in the industrial and medical fields. 
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1. Introduction 

Engineering and science are increasingly focused on controlling the small-scale and nanometer 

characteristics of the fluids that are used. During the 1990s, nanofluids developed. The most exacting 

uses of nanofluids are an important issue in the scientific and technical communities. Nanofluid 

simulations were studied from multiple perspectives by scientists due to the widespread use of 

nanotechnology in modern science. To create nanofluids, tiny particles with sizes ranging from 1 to 

100 nanometers have been suspended in a regular fluid. In terms of form, the tiny particles are 

spherical in shape. The dimension of tiny particles is intentionally kept so small due to the fact that, 

in comparison to big nanoparticles of identical weight, tiny particles have a larger surface region. 

This is the explanation for why particles are so tiny. Since we are aware that the amount of ion 

emission through the outermost region is proportional to the dimension of the surface, we may 

deduce that the bigger the cover area, the higher the electron emission [1] [2] [3]. The fact that tiny 

particles, despite their little size, discharge larger amounts of ions every unit mass than bigger 

particles gives them a greater antibiotic impact [4] [5] [6]. 
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Hybrid nanofluids, which are a combination of two different kinds of nanoparticles that are 

distributed over a base fluid, are an innovative contemporary form of nanofluid that is being 

launched in the industry later on. This nanofluid is acknowledged as having the ability to effectively 

increase heat transmission. The research conducted demonstrates that this novel type of fluid has a 

significant improvement in its ability to conduct heat transfer. It would seem that there are not a lot 

of studies that are conducted on hybrid nanofluids. As a result, the primary objective of this inquiry 

is to investigate the dynamics of a hybrid nanofluid in a deformable sheet, namely the stretching and 

shrinking of the nanofluid. Because their uses are widely known in manufacturing sectors, 

particularly in plastic preparation, optical fiber manufacturing, chilling and drying of paper, and 

many other sectors, it is essential to highlight that deformable sheets are not a new critical issue 

among researchers in the fluid area. This is something that should be taken into consideration [7] [8] 

[9]. 

Over the course of the last several years, a number of scientists and analysts have been motivated to 

conduct magneto-hydrodynamic investigations. Within this context, magnetohydrodynamics, often 

known as MHD, is the technical control that investigates the magnetic behavior of fluids that conduct 

electricity, such as plasmas, seawater, fluid metals, and ions. This kind of thinking is helpful in many 

fields, including magnetic resonance imaging, bloodstream expressing, RFA, tumor malignancy 

therapy, cooling processes in nuclear power plants, metalworking thermal safeguarding of acquiring 

and sending devices, magnetic electro-catalysis, and many more. The mechanism of heat 

transmission that occurs when instantaneous energy is released from a material that has a 

temperature that is greater than absolute zero is referred to as the transmission of heat radiation. Heat 

radiation may be divided into two categories: linear and nonlinear radiation. Many different types of 

manufacturing and space-related products and processes involving high temperatures rely on heating 

phenomena, including liquid-bed temperature reactors, spacecraft, rockets, sunlight, nuclear power 

plants, propellers for aircraft components, engines for combustion, solar panels, and shining 

structures. [10][11][12]. 

According to the current literature, the simultaneous effects of MHD, porous medium, and heat 

generation across a stretching surface have been illustrated, and all are considered in the model. As 

per the author's knowledge, this kind of model has not been examined before. Equations in the form 

of PDEs are generated as a result of this process. With the help of self-similarity transformation, the 

PDEs are converted into ODEs. We used water as a foundation fluid in our investigation, and the 

hybrid nanofluids that we use are Al2O3-Cu. After applying transformations, for graphical purposes, 

we have used the numerical method, which is the bvp5c procedure in the MATLAB solver. Various 

graphs representing physical importance are provided in the results and discussion parts. Practical 

applications in the water purification industry have made use of the present study. 

2. Mathematical model 

A steady 2D flow of hybrid nanofluid with thermal heating induces by stretching surface is 

investigated. Following assumptions are deliberated:  

❖ Induced magnetic field 𝐵 is perpendicular to the sheet.  

❖ (u,v) are velocity components.  
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❖ MHD and Porous medium are considered in flow problem.  

❖ The behavior of the flow is linear. 

❖ For motivation the MHD and thermal radiation is studied.  

❖ Two distinct kinds of nanoparticles, namely Al2O3-Cu, are suspended in the base fluid Water 

which is considered in the present investigation. 

 
                                          Fig−1. Flow geometry of the problem. 

The mathematical flow equations are [13], [14], [15] 
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By applying the Taylor’s series expansion of 4T  about T and neglecting terms having higher order, 

we obtain 
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By substituting Eq. (5) in Eq. (3), converted form is 
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The corresponding boundary conditions are:                                                             
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Thus, when (8) is substituted, Equations (2, 6, and 7) have the following nondimensional form 
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The dimensionless boundary conditions are: 
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The dimensionless form of Eqs. (13–14) are converted as 
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Where rRe is the local Reynolds number. 

3. Numerical scheme 

To solve the highly non-linear ODE system of Eqs. (10)–(11), along with the boundary conditions 

(12), we have used the Bvp5c technique in the MATLAB solver. Firstly, Eqs. (10)–(12) is converted 

as a set of associated 1st-order equations so that Bvp5c may be employed in the MATLAB (R2020b) 

solver. In this particular investigation, the numerical findings are shown for a variety of distinct 

values of the variables that have been taken into consideration. 
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Fig−2. Flow chart of the present investigation problem. 

                            

Fig−3. Impression of M on ( )f  .                                        Fig−4. Impression of K on ( )f  . 

                         

Fig−5. Impression of M on ( )  .                                         Fig−6. Impression of Rd on ( )  . 
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Fig−7. Impression of Ec on ( )  .                                          Fig−8. Impression of Pr on ( )  . 

                             
Fig−9. Impression of K and M on CF .                     Fig−10. Impression of Rd and M on NU . 

            
Fig −  11. Streamlines for different values of (a) M = 0.5 (Green), (b) M=1.0 (Red). 
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Table 1. Thermophysical properties of Water, Cu-Al2O3 hybrid nanofluid [16]. 

Parameter  3
ρ (kg / m )  p

C (J / kgK)  k (W / mK)  -1
σ (Ωm)  Pr  

Water ( )2H O  997.1 4180 0.613 0.05 6.20 

Copper ( )Cu  8933 385 401 659.6 10   

Aluminium oxide ( )2 3Al O   3970 765 40 635 10   

 

4. Results and discussion 

The non-dimensional controlling flow model (10)–(11), which is subject to the boundary conditions 

(12), may be solved numerically with the assistance of the Bvp5c scheme in MATLAB solver. We 

took the values of non-dimensional parameters and evaluated them. Table 2 provides accurate 

solutions, which demonstrate the variations in the Prandtl number. The results of both examinations 

were found to be reasonably accurate, according to the results. 

The visual representation of the velocity is shown to be affected by M in Figure 3. There is a 

declining trend on the velocity graph, which indicates that M is increasing as it increases. In physical 

terms, the velocity of the fluid slows down as the force known as Lorentz is created by an increase in 

M. The Lorentz force makes it hard for liquids to accelerate, so the flow speed slows down because 

of additional resistance. This makes the field of motion smaller. Figure 4 shows that increasing the K 

values enhances the velocity profile. In practice, this is because a material that is porous gets harder 

to move through whenever the K values are raised, which retards the movement of fluids. A 

diminution in the size of the outermost layer of boundary walls is an instant and immediate impact of 

behavior. 

Figure 5 shows the impact of M on the energy outline. An increase in the M parameter was found to 

result in an improvement in the energy contour. This improvement is a result of the fact that the 

incorporation of a M into a material that is electrically conductive results in the production of a force 

called Lorentz, which is resistance. There is the potential for such a type of force to cause the internal 

temperature of the liquid to increase. Consequently, this is the explanation why the temperature 

profile increased. Figure 6 illustrates the impact of the radiation parameter on the energy profile. 

This influence can be seen in the figure. The temperature picture will become more favorable as the 

amounts of the energy parameters continue to increase. From a physical standpoint, there is a 

connection between the greater amount of energy and the depth of the boundary layer of heat. This 

connection corresponds to another relationship, so that’s why the energy profile increased. Figure 7 

illustrates the impact of the Ec on the temperature profile. The effect can be clearly seen in the graph. 

According to what is stated in it, an increase in the Ec values might result in an increased tendency in 

the energy profile. When viewed from a physical perspective, Ec is accountable for the production of 

pressures that come about by friction and ultimately result in an increase in the kinetic energy of the 

liquid. The impact of Pr is presented in Figure 8. According to our understanding, Pr has a negative 

impact on the value of the energy profile. The line graph on the diagram of the temperature profile 

shows a decreasing trend as the Pr value increases. According to our understanding, it is an 

occurrence of the speed of heat exchange between a liquid that is moving and a solid structure. 
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Fig. 9 demonstrate that the effects of the M and K on the CF. The figure indicates that decreased 

when increases the porosity values, because it acts as to decrease the fluid movement by the 

frictional forces. While the opposite trend we noticed when increasing the Rd vales which is 

presented in Fig. 10. The streamlines are plotted for different values of M (0.5, 1.0), which is 

demonstrated in Fig. 11. 

Table 2. Validation table for different Pr of the present investigation. 

Pr Ali et al. [13] Present results 

0.7 0.4560 0.455561 

2.0 0.9113 0.910026 

7.0 1.8954 1.895692 

5. Conclusion 

The present investigation work explored the numerical solution for MHD of Al2O3-Cu mixed 

nanofluid over a stretching surface. The bvp5c technique was used to solve the issue of velocity, 

temperature and the outcome was really the solution to the problem. And also, in order to validate 

the active impact of important parameters, outlines are plotted. The results are presented in nemours 

kinds of profile types, including a 2D plot, contours and streamlines. 

The following list includes the study’s noteworthy results: 

❖ Velocity outline declined for the higher values of the M parameter, on the other hand we 

noticed the opposite tendency in energy outline. 

❖ Enhancement in radiation parameter will enhance the temperature profile. 

❖ The skin friction factor decreases for the larger values of the porosity parameter. 

❖ The Nusselt number profile increased, for the higher values of the Rd parameter. 

❖ Streamlines have an oscillating character, which is necessary for magnifying the various 

values of M. 
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