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Heat transfer is commonly utilized in diverse industrial applications, including the 
manufacturing of paper, the cooling of electrical devices, and the synthesis of new 
substances. Hence, this study aims to investigate the effect of heat 
generation/absorption on the steady magnetohydrodynamic (MHD) flow and heat 
transfer of Al2O3-Cu/H2O hybrid nanofluids over a permeable stretching/shrinking 
wedge. By using similarity transformation techniques, the governing equations of the 
hybrid nanofluids are transformed into similarity equations. The similarity equations 
are numerically solved using the MATLAB software's built-in bvp4c package. The 
findings show that hybrid nanofluids are seen to improve thermal efficiency in 
comparison to conventional fluid. In relation to heat transfer rate, the increase of 
magnetic parameters from 0.00 to 0.10 and 0.15 contributes approximately 12.3% and 
18.8%, respectively. Meanwhile, as the heat generation parameter increases, the heat 
transfer rate decreases leading to an inefficient thermal system. The findings of this 
study are anticipated to contribute to the knowledge base of scientists and researchers 
in the field. 
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1. Introduction 
 

The properties of mono nanofluids can be customized by varying the ratio or concentration of 
the nanoparticles. However, mono nanofluids showed continuous thermophysical characteristics in 
a restricted range utilizing just one kind of nanoparticle (metallic or non-metallic). In recent years, 
hybrid nanofluids have been developed to improve the thermophysical and heat-transporting 
properties of fluids [1, 2]. Hybrid nanofluids are made by mixing a range of nanoparticles to improve 
the heat transfer fluid's thermal properties. The continuing development and significant 
advancements in thermal management are essential for the use of electronic devices in every 
element of human activity, including the manufacturing, heating, and cooling sectors. However, 
selecting the appropriate nanoparticles is still questionable [3]. Hence, investigating the maximum 
capabilities of this potent nanofluid combination needs continuous exploration. 
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The effectiveness of hybrid nanofluids as heat-transfer fluids in various flows and surfaces, 
including wedge-shaped surfaces, has recently been the subject of numerous investigations.  This is 
driven by its widespread applications in the industrial and chemical sectors, including the geothermal 
and aviation sectors [4, 5]. Previously, Falkner and Skan [6] initially suggested this kind of flow to 
illustrate how Prandtl's idea of boundary layers could be applied. The similarity transformation 
techniques were used to obtain the ordinary (similarity) differential equations. Zainal et al., [7] 
demonstrated that when the wedge angle parameter is enhanced, the concentration of chemical 
species in the boundary layer increases. According to Rehman et al., [8], the desired heat transfer 
rate can be obtained by choosing various and suitable nanoparticle proportions in the hybrid 
nanofluids over a wedge. Following the literature cited above, we believe that hybrid nanofluids may 
help to advance the thermal process of the stretching/shrinking wedge. 

The magnetic field effects are also recognized for their ability to modify the rate of fluid flow and 
heat transfer. The applications of MHD in various industries, medical settings, and natural 
environments are extensive [9]. The presence of such elements is also recognized for its ability to 
modify the behaviour of flow within the boundary layer. Hence, the incorporation of these effects in 
the investigation of fluid dynamics renders it more captivating and convincing. Ali et al., [10] 
investigated the impact of nanoparticle diameter in Darcy-Forchheimer MHD flow. It has been 
observed that the fluid has restrictions because of the weakened magnetic field caused by viscous 
forces, which also act in opposition to the aggressive forces. In another study, Ali et al., [11] 
performed a study using the finite element method to investigate the behaviour of magnetic 
parameters in a tangent hyperbolic nanofluid flow past a stretching wedge. The study also considered 
the influence of activation energy on the flow characteristics. There are various recent papers 
relevant to the above discussion that are now published in various fields [12-15]. 

Since most engineering processes frequently involve extremely high temperatures, the impact of 
heat generation and absorption should not be disregarded. Applications like semiconductor wafers, 
rocket thrusters, combustion models, electronic chips, and endothermic chemical reactions are 
among the useful ones that take heat generation in the flow field into account [16]. In boundary layer 
flows with heat transmission, the presence of heat generation is critical because heat generation 
affects boundary layer temperature, which in turn affects product quality. Based on the study 
conducted by Manohar et al., [17], the temperature of the hybrid nanofluids is consistently greater 
than the temperature of the nanofluids. Garia et al., [18] spotted that the heat generation parameter 
exhibits contrasting effects with suction, resulting in a decrease in the heat transfer coefficient on 
the temperature distribution. Rawat et al., [19] concluded that the thermal profile rises due to an 
increment in the heat generation parameter on titania–ethylene glycol nanofluid flow over a wedge. 
Negi et al., [20] investigated the effects of heat generation on the stagnation point of the MHD 
nanofluid flow past a stretching sheet while Yaseen et al., [21] performed a research investigation on 
the flow of ternary hybrid nanofluid over three distinct geometries, namely a flat plate, cone, and 
wedge. The study also incorporated the use of the Cattaneo–Christov Model and accounted for the 
presence of heat generation. According to the findings, the rate of heat transmission is highest as the 
flow moves towards the cone. 

In accordance with the previous reviews of relevant literature, the primary objective of this study 
is to address a gap in existing knowledge, specifically in the field of hybrid nanofluid flow, by 
investigating the impact of heat generation/absorption on a stretching/shrinking wedge surface. The 
key contribution of this paper involves the formulation of a novel mathematical model for hybrid 
nanofluids, incorporating the heat source/sink parameter as well as additional variables such as the 
magnetic field and suction effect. Additionally, this investigation observed the occurrence of many 
solutions. The study presented in this work demonstrates the application of a mathematical approach 
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in the thermal extrusion manufacturing process. More specifically, it focuses on the production of 
plastic films through drawing or the extrusion of polymer sheets from a die. The findings of this study 
are anticipated to contribute to the knowledge base of scientists and researchers in the field, 
specifically in the areas of boundary layer analysis and thermal systems, by providing valuable insights 
into the characteristics and behavior of this promising heat transfer fluid. 
 
2. Methodology  

 
A steady magnetohydrodynamics (MHD) Al2O3Cu/H2O hybrid nanofluids flow with the effect of 

heat generation/ over a stretching/shrinking wedge is studied which shown in Figure 1. The free-

stream velocity is given by m

e eu U x  with   m

w wu x U x  is the velocity of the stretching/shrinking 

wedge. Next, 
eU  is a constant, 0wU   and 0wU   denote as the stretching wedge and shrinking 

wedge, respectively. Further, we have  2m     where m  and   denoted as wedge angle 

and the Hartree pressure gradient parameter. The flow over a wedge is modelled 
mathematically when m  remains within the range of 0 to 1 [22,23]. Thus, m  is set to 0.1 
representing the acute wedge angle. The fluid's ambient temperature is represented by the 
stretching/shrinking wedge temperature, where both temperatures are set to be constant. In the 

y-direction, a magnetic field is set up with  1 2

0( )
m

B x B x


  where 
0B  is the applied magnetic 

field intensity. 
 

 
Fig. 1. The coordinate systems for (a) stretching wedge (b) shrinking wedge 

 
Based on the above assumption, the governing equations of the hybrid nanofluids mathematical 

model can be written as (Awaludin et al., [24]): 
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Meanwhile, the boundary conditions of the above mathematical assumption are given as follows 
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The heat generation/absorption variable is denoted as * ( 1)

0

m

eQ Q u x   with constant *.Q  The 

thermophysical characteristics of related fluids are portrayed in Table 1 while Table 2 demonstrates 
the correlation coefficient that applies to the hybrid nanofluids. 

 
Table 1 
Properties of the base fluid and nanoparticles (Oztop and Abu Nada [25]) 

Component 3(kg/m )  ( / )k W mK  (J/kgK)pC  

Al2O3 3970 40 765 
H2O 0.613 21 4179 
Cu 8933 400 385 

 
Table 2 
Nanofluids with hybrid thermal properties (Raza et al., [26]) 
Thermophysical properties Alumina-Copper/Water (Al2O3–Cu/H2O) 

Thermal conductivity, hnfk  
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The following similarity variables now presented as (Sparrow et al., [27]): 
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Thus, 
 

   1 2 1 21
.

2
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v U x S


              (6) 

 
For further details, S  in the Eq. (6) is the parameter of constant mass flux and in this study, we 

only considered the positive values where 0S   which represents the suction parameter. By utilizing 
the similarity variables Eq. (5) and Eq. (6), the subsequent ordinary differential equations are then 
developed. These equations are known as similarity equations such as 
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Where 2

0f f eM B U   is the magnetic coefficient, Pr f f  is the Prandtl number, and 

w eU U   represents the stretching/shrinking wedge parameter. The heat generation/absorption 

parameter is denoted as   * .p f
H Q C  The physical quantities related to this study is declared 

as 
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. Then, we get 
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Where  Rex e fu x x  . 

 
3. Numerical Procedure 
 

The modified similarity systems in Eq. (7) – Eq. (8) were solved numerically to the desired level of 
accuracy using the bvp4c tools in MATLAB software. Due to its consistency and precision, this 
technique is chosen and has attracted the attention of many researchers. For additional information, 
a comprehensive discussion on this approach can be found in the work of Shampine et al., [28]. In 
order to start up the bvp4c routine, Eq. (7) – Eq. (8) must be transformed into a set of first-order 
ordinary differential equation which can be rewritten as  
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Meanwhile, the boundary conditions Eq. (9) is declared as 
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where the subscript  and a b  reflect the condition as 0 and t t  , respectively. 
 
4. Results and Discussions 
 

In this section, the results obtained from the numerical approach is discussed thoroughly. The 
results' reliability is compared with Sparrow et al., [27] and Ishak et al., [29] as provided in Table 3. It 
is found that the present findings are very much in line with previous investigations. Hence, we are 
confident that the intended mathematical model can accurately anticipate the behaviour of dynamic 
fluid flow for this particular study.  

A diverse application of   is carried out to differentiate between the conventional heat transfer 

fluid and the hybrid nanofluids. Furthermore, a diversity of parameter value specifications is made 
to the prior scope where the angle of the wedge and suction parameter are fixed to 

0.1,  and 2.0m S  , respectively, while the magnetic are set within 0.0 0.05M   and the heat 

generation/absorption parameter is classified in the range of 0.0 0.5H   to ensure that the 
solutions that were found are compatible with one another. This study employs a Prandtl number of 
6.2, which is consistent with a nanofluid based on water (except for comparisons to earlier data). It 
should also be noted that to accomplish the desired outcome, the supplied parameter values must 
be used to generate a precise computation of the outcome. 

 
Table 3 

Approximation values of  0f   by certain values of S when 1 2 0,  and Pr 1M H m          

S  Present result Sparrow et al., [27] Ishak et al., [29] 
1.0 1.889313 - 1.8893 
0.5 1.541752 - 1.5418 
0.0 1.232589 1.2310 1.2326 
 0.5 0.969231 0.9697 0.9692 
 1.0 0.756576 0.7605 0.7566 

 

Figure 2 describes the influence of nanoparticles concentration when   is varied as the wedge 

shrinks. When 
1 20.00, 0.01   , the alumina-water nanofluid (Al2O3/H2O) is formed, meanwhile 

1 20.01, 0.00    denoted the copper-water nanofluid (Cu/H2O) and the combination of 

1 2 0.01    produced the alumina-copper/water hybrid nanofluids (Al2O3Cu/H2O). The 

improvement in the skin friction coefficient   0f   trend is obvious as the value of   improves over 

the shrinking wedge, as illustrated in Figure 2(a). According to the findings, the Al2O3Cu/H2O 

displayed the dominant trend of   0f  , followed by Cu/H2O and Al2O3/H2O. This process allows 

the boundary layer separation to proceed at a slower rate because of the frictional drag that is being 
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exerted upsurges in the Al2O3Cu/H2O. The improvement in the heat transfer rate coefficient 

 0   corresponds to the increment in   is accessible in Figure 2(b). It is proven that the Al2O3

Cu/H2O shows better performance in heat transfer efficiency, followed by Cu/H2O and Al2O3/H2O. 
Aluminium is inferior to copper in terms of processor cooling since copper has better thermal 
conductivity. But due to its lower density as compared to copper, aluminium can radiate heat into 
the air more effectively. As a result, the combination of these heat conductor fluids performs better 
than a monofluid. 

Figures 3(a) and 3(b) depict the velocity profile  f   and temperature profile  0  , 

respectively. Figure 3(a) appears to indicate that the boundary layer thickness of the first solution 
increases as the nanoparticle volume concentration   in Al2O3Cu/H2O increases. However, the 

second solution showed a reduction trend as   increases. The same characteristic trend is observed 

in the temperature distribution profile     which presents an upward trend in the first solution, 

while a downward trend is displayed in the second solution of the shrinking wedge, as exhibited in 
Figure 3(b). As can be seen, the thickness of the thermal boundary layer declines in both profiles. In 
general, the velocity and temperature distribution profiles were able to meet the requirements of 
the far-field boundary conditions (13) asymptotically when 10   is employed.  

The impact of magnetic effect M  in Al2O3Cu/H2O is available in Figure 4(a) and 4(b) with 

respect to  0f   and  0  , respectively. Figure 4(a) displays that as M  improved,  0f   

increases in both solutions. On the other hand, Figure 4(b) illustrates an increasing pattern of  0   

when M improves in the first solution, hence we can conclude that the thermal performance quality 
has progressed as the magnetic parameter enhances. Also, it should be noted that the proliferation 
of M  has increased the solutions range as seen in Figure 4, hence granting for a prolonged delay in 
the process of boundary layer separation. From a fundamental standpoint, the magnetic field created 
a drag/resistance Lorentz force that delayed the velocity of the fluid and retarded the separation of 
the boundary layer. 

Figure 5 illustrates the effect that the heat generation/absorption parameter has on this problem 

with the entire system. Figure 5(a) shows the variations of  0   for H  such that 0.0,0.3,0.5H   

while the temperature distributions profile     is displayed in Figure 5(b). It has been observed 

that H  has a significant effect on the temperature of the working fluid. To a significant extent, 

 0   improves whenever there is an increase in the heat generation as a result of the existence of 

extra heat supplied by the working flow, hence slow down the heat transmission of the system. This 
is due to the fact that a greater amount of heat is produced and then released into the flow, which 
has the effect of improving the thickness of the momentum boundary layer. The temperature of the 
hybrid nanofluids rises because of the thermal diffusion layer that formed when heat is generated, 
and this rises in conjunction with a decrease in the thermal rate. 
 



CFD Letters 

Volume 16, Issue 6 (2024) 146-156 

153 
 

 
 

          (a)       (b) 

Fig. 2. Different values of   with   (a) reduced skin friction coefficient (b) reduced heat transfer 

coefficient 
 

  
          (a)       (b) 

Fig. 3. Different values of  with (a) velocity profile (b) temperature profile 

 

 
 

          (a)       (b) 

Fig. 4. Different values of M with   (a) reduced skin friction coefficient (b) reduced heat transfer 
coefficient 
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          (a)       (b) 

Fig. 5. Different values of H with   and   (a) reduced heat transfer coefficient (b) temperature 

profile  

 
5. Conclusions 
 

Recent research verified a numerical simulation of the Al2O3-Cu/H2O hybrid nanofluid's response 
to heat generation/absorption impact along a shrinking wedge with the addition of other governing 
parameters. Apparently, raising the magnetic parameter and nanoparticle volume fraction 
concentration may boost thermal efficiency. In relation to heat transfer rate, the increase of magnetic 
parameters from 0.00 to 0.10 and 0.15 contributes approximately 12.3% and 18.8%, respectively. 
This demonstrates that the Al2O3-Cu/H2O hybrid nanofluids have better thermal conductivity than 
Cu/H2O and Al2O3/H2O when the magnetic and suction impacts incorporate in the working flow. In 
contrast, due to the formation of the thermal diffusion layer, the thermal performance of the working 
fluid degraded as the heat generation parameter increased, which dissipated the extra heat into the 
working flow. 
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