
 
Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 105, Issue 1 (2023) 90-106 

 

90 
 

 

Journal of Advanced Research in Fluid      

Mechanics and Thermal Sciences 

 

Journal homepage: 
https://semarakilmu.com.my/journals/index.php/fluid_mechanics_thermal_sciences/index 

ISSN: 2289-7879 

 

Influence of Radiative Magnetic Field on a Convective Flow of a 
Chemically Reactive Hybrid Nanofluid over a Vertical Plate 

 

Rajakumari Rammoorthi1, Dhivya Mohanavel1,*  

  
1 Division of Mathematics, School of Advanced Sciences, Vellore Institute of Technology, Chennai Campus, Chennai-600 127, Tamil Nadu, India 
  

ARTICLE INFO ABSTRACT 
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This study pitch into the three different types of hybrids nanofluids flow across a semi-
infinite moving vertical plate exposed to the radiative magnetic field and are also 
implanted in a porous medium. The governing equations corresponding to the problem is 
a linear partial differential equation which are simplified by appropriate non-dimensional 
quantities and solved using Laplace transform technique. Exact general solutions for the 
dimensionless velocity and temperature, concentration fields as well as the accompanying 
skin friction, Nusselt number and Sherwood number are graphically derived. Increase in 
the parameters like permeability, Grashof number for heat and mass elevates the hybrid 
nanofluids velocity profile. When the magnetic parameter increases there is a retardation 
in the flow speed. Heat transfer rate slows down when the radiation increase. It reveals 
that Prandtl number lowers thermal boundary layer thickness. Intensification of chemical 
reaction lowering the concentration. Elevation of Schmidt number, accelerates the mass 
transfer. This study, also have a keen interest in determining which type of hybrid 
nanofluid provides the greatest enhancement in velocity and temperature. 
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1. Introduction 
 

Enhancing heat transfer is a challenge for contemporary technical fields like electronics, heat 
exchangers, chemical and biological reactors. Nanofluids are often viewed as effective media for 
enhancing energy transmission while hybrid nanofluids allow for the incorporation of two or more 
nanoadditives, which dramatically improves the transport processes more significantly. 

While discussing nanofluids, we also come across the term called “nanofluidics” to clarify that, 
nanofluids are a type of fluid that contain nanoparticles, whereas nanofluidics deals with the 
behaviour of fluids which are manipulated and controlled when contained within a nanometer-sized 
structures. Both nanofluidics and nanofluids can exhibit novel physical behaviours are usually not 
observed in larger structures, which make them potentially useful in many applications. Increased 
interest in studying nanofluidics and nanofluids has resulted due to its recent developments in 

 
* Corresponding author. 
E-mail address: dhivya.m@vit.ac.in 
 
https://doi.org/10.37934/arfmts.105.1.90106 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 105, Issue 1 (2023) 90-106 

 

91 
 

nanotechnology which are explained by Yuting Zuo [1], Ji-Huan He et al., [2] and Leigen Liu et al., 
[3].   

Currently, the study primarily focuses on nanofluids. The name "nanofluids" was coined by Choi 
and Eastman [4] who added a little amount of nanoparticle to the base fluid and discovered that 
thermal enhancement occurs more frequently in nanofluids than in other fluids. This finding has 
intrigued other researchers to help them examine their working fluid. Metals, non-metals, and 
metalloids can all be found in nanoparticles. Due to their characteristics and new uses in fields 
including optics, catalysis, electronics, medicine and biotechnology, metal nanoparticles have 
received a great deal of attention in this subject. Since metals have better thermal performance 
than non-metals and metalloids, so nanoparticles in this study are regarded as metals like aluminium 
(𝐴𝑙), silver (𝐴𝑔) and copper (𝐶𝑢).  

 Nehad Ali Shah et al., [5] investigated an intensifying temperature and constant concentration 
of an electrically conducting incompressible fluid in an unstable magnetohydrodynamic-free 
convection flow across an infinite vertical plate and he also analysed about [6] the predominant 
hydrothermal and mass transport phenomena brought on by the convective flows of a remarkable 
non-homogeneous micropolar mixture over an impermeable horizontal electromagnetic surface, 
which is convectively heated in the presence of a particular changing heat source. Shah et al., [7] 
investigated the study using type I and type II hybrid models, the dynamics of hybrid nanofluids with 
an emphasis on the differences between the two. This research discusses the effects of 
simultaneous stretching and suction on hybrid nanofluid boundary layer flow. Constatin Fetecau et 
al., [8] addressed the concept of Newtonian heating along with mass diffusion, and chemical 
reaction of a hydromagnetic free convection flow across a rotating infinite vertical plate completely. 
Kiran Sajjan et al., [9] explored the presence of Fourier fluxes and Boussinesq quadratic thermal 
oscillations, the impacts of linear, non-linear and quadratic Rosseland approximations on the 
behaviour of three-dimensional flows with ternary hybrid nanoparticles of various shapes and 
densities and Dinesh Kumar et al., [10] has done with hybrid nanofluids. Rusdi et al., [11] 
investigated the nanofluid penetrable flow over an exponentially diminishing sheet with heat 
radiation and partial slip of silver (Ag) nanoparticles in water and kerosene. Prasad et al., [12] 
studied the radially stretched Riga plate transfers mass and heat from an unsteady, electrically 
conducting and viscous nanofluid. Using similarity variables from controlling flow equations, 
optimum Homotopy analysis was used to solve differential equations and also, he examined [13] 
magnetohydrodynamics flow and heat transfer in a nanofluid across a thin elastic sheet with 
changing fluid parameters. Translating non-linear governing equations into dimensionless form with 
proper boundary conditions, OHAM is utilised to solve the resulting equations. Prasad et al., [14] 
examined the axisymmetric mixed convective MHD flow of a Casson nanofluid over a stretched 
variable thickness rotating disc with a heat source/sink and velocity slip surface boundary condition 
also investigated the thermal buoyancy and viscous dissipation and the disk's margins have 
convective heat and zero nanoparticle mass flux. The Optimal Homotopy Analysis Method is used 
to solve highly nonlinear coupled ordinary differential equations that are formed via the Von 
Karman similarity transformation (OHAM) and he also investigated [15] the mixed convective 
Williamson nanofluid flow on a spinning disc with negligible mass flux. Vaidya et al., [16] analysed 
the electro-osmosis in peristaltic blood flow of MHD Carreau material with slip and changing 
material properties.  

Abbasi et al., [17] analysed the peristalsis phenomena of a water-based nanomaterial with 
temperature-dependent viscosity and thermal conductivity and standard nanoparticles in peristaltic 
motion, including copper, iron-oxide, gold and silver. Khashi’ie et al., [18] investigated the concept 
of Joule heating of a hybrid nanofluid flow on a moving plate with heat transfer subjected to 
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magnetohydrodynamics (MHD) and he also analysed the numerical solutions in hybrid nanofluid 
flow for various physical aspects and surfaces, such as moveable plates, cylinders and discs. Zainal 
et al., [20] analysed the heat transfer and MHD flow of a hybrid nanofluid towards a permeable 
moving surface while taking into account the thermal radiation effect. The authors demonstrate 
that there are dual solutions for both aiding and opposing flow within a given range of the 
movement parameters. Only one of the solutions is physically significant, according to a stability 
analysis. Aladdin et al., [21] seeks to identify the presence of suction over a moving plate in a 
magnetic field environment.  Khashi’ie et al., [22] contributes their research focuses on the effect 
of a hybrid nanofluid on a moving solid surface with melting heat transfer. Rosca et al., [23] 
discussed the problem of laminar axisymmetric flow of a hybrid nanofluid across a non-linearly 
stretching/shrinking permeable sheet with radiation influence, reported theoretical and numerical 
findings. Waini et al., [24] investigated the flow towards a stretching/shrinking cylinder near the 
stagnation point of a hybrid nanofluid. Farooq et al., [25] discussed the entropy formation of a 
hybrid nanofluid in the boundary layer flow across a nonlinear radially expanding porous disc in 
relation to suction/injection and viscous dissipation. 

Muthucumaraswamy and Kulandaivel [26] discussed the presence of uniform heat flux and 
variable mass diffusion of the flow, across an infinite vertical plate spontaneously. 
Muthucumaraswamy and Ganesan [27] studied the effects of thermal radiation under variable 
temperature and mass diffusion on a moving infinite vertical plate. Loganathan and Dhivya [28] 
numerically studied the flow of an incompressible viscous fluid along an impulsively semi-infinite 
vertical cylinder immersed in a porous material and also, they enquired [29] about the moving, semi-
infinite vertical cylinder contained in a porous media is subjected to the flow of a viscous, 
incompressible, energy-dissipating, electrically conducting, optically thin, and chemically reactive 
fluid in an unstable laminar free convective flow. Subhashini and Sumathi [30] used dual solutions 
to study the evolution of a mixed convection flow of nanofluids across a moving vertical plate. 
Loganathan and Deepa [31] studied about the casson fluid flow over a vertical permeable riga plate. 

Based on the literature, no investigation has been done to determine the impact of hybrid 
nanofluids in a moving vertical plate subjected to a radiative magnetic field embedded in a porous 
media. Utilizing the Laplace-transform method, the dimensionless governing equations are 
resolved.  By varying the physical parameters and examining each hybrid nanofluid's velocity, heat, 
and mass transfer rates, it is possible to compare the performance of various hybrid nanofluids to 
determine which one has the best enhancement in its combination.  
 
2. Mathematical Analysis 

 
This article illustrates the incompressible flow of chemically reactive water base hybrid nanofluids 

in a radiative magnetic field embedded in a porous medium. The relevant physical model is illustrated 
in Figure 1. The three different nanoparticles, Aluminium (𝐴𝑙), Copper (𝐶𝑢) and Silver (𝐴𝑔) are 
combined to form three different hybrid nanofluids: 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟, 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 and 𝐶𝑢 +
𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 . The references for these hybrid nanofluids are given in [32-38]. This is done in order 
to demonstrate the thermal performance of these hybrid nanofluids. After some time, when  𝑡′> 0, 
the vertical plate moves with a constant velocity, 𝑢0 which is initially at rest. Using boundary layer 
approximation, a two-dimensional boundary layer governs the natural convective flow of 
incompressible viscous chemically reactive hybrid nanofluids over a semi-infinite vertical plate. Based 
on the literature [5,8] the governing equations for the current study considered as follows  
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𝜕𝑢

𝜕𝑡′
=

1

𝜌ℎ𝑛𝑓
   (𝑔(𝛽𝜌)ℎ𝑛𝑓(𝑇′ − 𝑇∞

′ ) + 𝑔(𝛽∗𝜌)ℎ𝑛𝑓(𝐶′ − 𝐶∞
′ ) + 𝜇ℎ𝑛𝑓

𝜕2𝑢

𝜕𝑦2
− 𝜎ℎ𝑛𝑓𝐵0

2𝑢 − 𝜇ℎ𝑛𝑓

𝑢

𝜆∗)             (1) 

  
𝜕𝑇′

𝜕𝑡′
 =  

1

(𝜌𝐶𝑝)
ℎ𝑛𝑓

 
 (𝐾ℎ𝑛𝑓

𝜕2𝑇′

𝜕𝑦2
−  

𝜕𝑞𝑟

𝜕𝑦
)                                                                                                                       (2) 

                                       
𝜕𝐶′

𝜕𝑡′
  =  𝐷 

𝜕2𝐶′

𝜕𝑦2
 −   𝑘𝑟 (𝐶′ − 𝐶∞

′ )                                                                                                                                   (3) 

                                             
The physical initial conditions and boundary conditions to be satisfied 
 
𝑡′ ≤ 0; 𝑢 = 0; 𝑇′ = 𝑇∞

′ ; 𝐶′ = 𝐶∞
′   for all 𝑦 

 
𝑡′ > 0; 𝑢 = 𝑢0;  𝑇′ = 𝑇𝑤

′ ; 𝐶′ = 𝐶𝑤
′   at   𝑦 = 0 

 
𝑢 → 0;  𝑇′ → 𝑇∞ 

′ ; 𝐶′ → 𝐶∞
′   at 𝑦 → ∞                                                                                                                           (4)                            

 
where , 𝑢  is the velocity  in the directions of 𝑥 - axis,   𝑡′ is the time,  𝑇∞

′  , 𝑇𝑤
′  , 𝐶𝑤

′    𝑎𝑛𝑑  𝐶∞
′    as free 

stream temperature , wall temperature , free stream concentration and wall concentration ,  𝐷 is the 
mass diffusivity, 𝑔 is the acceleration due to gravity,  is the radioactive heat flux, 𝐶𝑝is the specific heat 

capacity, 𝛽 is the thermal expansion's volumetric coefficient, 𝛽∗ a concentration's volumetric 
coefficient of expansion , 𝐵0 is dimensional magnetic parameter , 𝜆∗  is the permeability medium , 
and 𝒌𝒓 is the chemical reaction parameter. To show unidirectional radiative heat flux, we utilize the 
Rosseland estimation which gives the accompanying radiative heat flux as 
 

𝑞𝑟  =  
−4𝜎∗𝜕𝑇′4

3𝐾∗𝜕𝑦 
                                                                                                                                                                   (5) 

 
where σ∗ denotes the Stefan-Boltzmann constant and 𝑘∗  denotes the mean absorption coefficient. 
For the situation of an optically thin grey gas, the local radiant is expressed where 𝑎* is the absorption 
coefficient. 
 
𝜕𝑞𝑟

𝜕𝑥
 =  −4 𝑎∗𝜎∗ (𝑇∞

4  − 𝑇4 )                                                                                                                                            (6) 

 
In order to extend the Taylor series  𝑇4 about 𝑇∞ and disregard the second and higher order 
components, assuming a minimal difference between the fluid's temperature 𝑇 and the temperature 
of the free stream 𝑇∞. 
 

 𝑇′4
≅  4𝑇′3

𝑇′ − 3𝑇∞
′ 4

                                                                                                                                                (7)                     
 
Here   𝜌ℎ𝑛𝑓 , (𝜌𝐶𝑝)

ℎ𝑛𝑓
 , 𝜇ℎ𝑛𝑓 and   𝐾ℎ𝑛𝑓    are density, heat capacitance, dynamic viscosity and thermal 

conductivity of hybrid nanofluids then subscripts 𝑓, 𝑠1, 𝑠2 represents the basefluid, nanoparticle 1 and 
nanoparticle 2. The water-based hybrid nanofluid including distinguished nanoparticles combinations 
of 𝐴𝑙 , 𝐴𝑔  and 𝐶𝑢, the thermophysical properties of these are presented in Table 1. Table 2 represent 
the properties of hybrid nanofluid which is computed from the given formula using the thermo-
physical characteristics of base fluid and nanoparticles. 
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Table 1 
Thermo-physical characteristics of nanoparticles and water [17] 
Thermo-physical characteristics Nanoparticles 

 𝐻2𝑂 𝐴𝑙 𝐶𝑢 𝐴𝑔 
𝜌    (𝑘𝑔/𝑚3) 997.1 2700 8933 10500 
𝐶𝑝  (𝐽/𝑘𝑔1𝐾1) 4179 903 385 235 

𝐾   (W/𝑚1𝑘1) 0.613 236 401 429 
𝛽    (1/k) x 10-6   210 23 16.7 18.9 
𝛽∗   (1/k) x 10-6   214 69 50.1 56.7 

 
Table 2 
Hybrid nanofluids correlation [18] 

 
 

 
 
 
 
 
 
 
 
 

 
 

The three major equations mass, momentum and energy are the three governing equations for 
natural convection flow, which are linear partial differential equations. The necessary non-
dimensional quantities for the governing Eq. (1), Eq. (2) and Eq. (3) are introduced. 

 

𝑈 =
𝑢

𝑢0
;      𝑌 =  

𝑦𝑢0

𝜈𝑓
;       𝑡 =  

𝑡′𝑢0

𝜈𝑓
;       𝜃 =

(𝑇′ − 𝑇∞
′ )

(𝑇𝑤
′ − 𝑇∞

′ )
;       𝐶 =

(𝐶′ − 𝐶∞
′ )

(𝐶𝑤
′ − 𝐶∞

′ )
  

𝐺𝑟 =
 𝑔𝛽 (𝑇𝑤

′ − 𝑇∞
′ )𝜈𝑓

𝑢0
3 ;        Gm =

 𝑔𝛽∗ (𝐶𝑤
′ − 𝐶∞

′ )𝜈𝑓

𝑢0
3 ;        𝑀 =  

𝜎ℎ𝑛𝑓𝐵0
2𝜈𝑓

𝜌𝑓 𝑢0
2     

 
Using the non-dimensional quantities mentioned above and the Rosseland approximation Eq. (5), 

equations Eq. (1), Eq. (2) and Eq. (3) are simplified. The simplified equations in the form of Eq. (8), Eq.  
(9) and Eq. (10). 

 
𝜕𝑈

𝜕𝑡
= 𝛼1𝐺𝑟𝜃 + 𝛼2𝐺𝑚𝐶 + 𝛼3  

𝜕2𝑈

𝜕𝑌2
 –  𝛼                                                                                                                        (8)  

 
𝜕𝜃

𝜕𝑡
= ( 𝛼5 + 𝛼6)

𝜕2𝜃

𝜕𝑦2
                                                                                                                                                          (9) 

 
𝜕𝐶

𝜕𝑡
=

1

𝑆𝑐𝑓
 
𝜕2𝐶

𝜕𝑦2
 – 𝐾𝑐𝑓                                                                                                                                                                (10) 

 
where 

Properties Hybrid nanofluids 

Density (𝜌) 
 

𝜌ℎ𝑛𝑓 = (1 − 𝜙ℎ𝑛𝑓)𝜌𝑓 + 𝜙1 𝜌𝑠1
 + 𝜙2 𝜌𝑠2

 

Heat Capacity(𝜌𝐶𝑝) (𝜌𝐶𝑝)
ℎ𝑛𝑓

= (1 − 𝜙ℎ𝑛𝑓)(𝜌𝐶𝑝)
𝑓

+ 𝜙1 (𝜌𝐶𝑝)
𝑠1

 + 𝜙2 (𝜌𝐶𝑝)
𝑠2

 

 
Dynamic Viscosity (𝜇) 
 

𝜇ℎ𝑛𝑓

𝜇𝑓

=  
1

(1 − 𝜙ℎ𝑛𝑓)2.5
 

 
Thermal conductivity ( 𝐾) 

𝐾ℎ𝑛𝑓

𝐾𝑓

=

( 
𝜙1 𝐾1  + 𝜙2 𝐾2    

𝜙ℎ𝑛𝑓
) + 2 𝐾𝑓 + 2(𝜙1 𝐾1  + 𝜙2 𝐾2   ) − 2𝜙ℎ𝑛𝑓 𝐾𝑓

( 
𝜙1 𝐾1  + 𝜙2 𝐾2    

𝜙ℎ𝑛𝑓
) + 2 𝐾𝑓 − (𝜙1 𝐾1  + 𝜙2 𝐾2   ) − 𝜙ℎ𝑛𝑓 𝐾𝑓
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  𝛼 =  𝛼4𝑀 +
𝛼5

𝜆
                                                                                                                                                                     

𝛼1 =  

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

(𝛽𝜌)𝑠1

(𝛽𝜌)𝑓
 + 𝜙2 

(𝛽𝜌)𝑠2

(𝛽𝜌)𝑓 

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

𝜌𝑠1

𝜌𝑓
 + 𝜙2 

𝜌𝑠2

𝜌𝑓
 

                               𝛼4  =  
1

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

𝜌𝑠1

𝜌𝑓
 + 𝜙2 

𝜌𝑠2

𝜌𝑓
 
                                             

 𝛼2 =  

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

(𝛽∗𝜌)𝑠1

(𝛽∗𝜌)𝑓
 + 𝜙2 

(𝛽∗𝜌)𝑠2

(𝛽∗𝜌)𝑓

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

𝜌𝑠1

𝜌𝑓
 + 𝜙2 

𝜌𝑠2

𝜌𝑓
 

                         𝛼5 =  
𝐾ℎ𝑛𝑓

𝑃𝑟𝑓𝐾𝑓  
  

1

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

(𝜌𝐶𝑝)
𝑠1

(𝜌𝐶𝑝)𝑓
 + 𝜙2 

(𝜌𝐶𝑝)
𝑠2

(𝜌𝐶𝑝)𝑓
 

 

𝛼3 =  
1

(1 − 𝜙ℎ𝑛𝑓)2.5{(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

𝜌𝑠1

𝜌𝑓
 + 𝜙2 

𝜌𝑠2

𝜌𝑓
} 

          𝛼6 =  
16𝜎∗ 𝑇∞

3

3 𝑘∗   
1

𝑃𝑟𝑓𝐾𝑓  
  

1

(1 − 𝜙ℎ𝑛𝑓) + 𝜙1 

(𝜌𝐶𝑝)
𝑠1

(𝜌𝐶𝑝)𝑓
 + 𝜙2 

(𝜌𝐶𝑝)
𝑠2

(𝜌𝐶𝑝)𝑓
 

 

 
For the following non-dimensional Eq. (4), the appropriate initial conditions and boundary 
conditions are expressed as an Eq. (11) 
 
𝑡′ ≤ 0; 𝑈 = 0;  𝜃 = 0; 𝐶 = 0  for all 𝑌 
𝑡′ > 0; 𝑈 = 1 ;  𝜃 = 1; 𝐶 = 1  at   𝑌= 0 

𝑈 → 0 ; 𝜃 → ∞ ; 𝐶 → ∞ at 𝑌 → ∞                                                                                                                                            (11) 
 
where 𝑈 is the dimensionless velocity in the axial 𝑋 – coordinate,  𝜃 is the dimensionless temperature, 
𝐶 is the dimensionless concentration, 𝐺𝑟 and 𝐺𝑚 are Grashof number for heat and mass transfer 𝑃𝑟, 
𝑆𝑐,   𝐾𝑐𝑓

 ,   𝑀 and 𝜆 which represent the parameters Prandtl number, Schmidt number, chemical 

reaction, magnetic and permeability. 
 

 
Fig. 1. Physical model of the problem 

 
3. Analytical Solution 
 

Many researchers in applied science, mathematics, engineering and benevolent calibration of 
integral differential, circuit systems and mechanical systems employ the Laplace transform. The 
Laplace transform is used to solve linear differential equations of second or higher order. The Laplace 
transform, its characteristics and its numerous applications were discussed by Bhullar and Malkeet 
[19]. A typical Laplace transform approach has been used to extract velocity 𝑈, temperature 𝑇 and 
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concentration 𝐶 in order to resolve the unstable, dimensionless overseeing conditions Eq. (8) to Eq. 
(10) under the boundary conditions Eq. (11). Using the formula, 

 

𝐿−1 (
ⅇ−𝑌 √𝑝+𝑏  

𝑝 − 𝑎
) =  ⅇ−𝑌 √𝑎+𝑏  ⅇ𝑟𝑓 𝑐 (

𝑌

2√𝑡
– √(𝑎 + 𝑏)𝑡)  + ⅇ𝑌 √𝑎+𝑏  ⅇ𝑟𝑓 𝑐 (

𝑌

2√𝑡
+  √(𝑎 + 𝑏)𝑡) 

ⅇ𝑟𝑓 𝑐(𝑥) = 1– ⅇ𝑟𝑓(𝑥) =  
2

√𝜋
∫ ⅇ−𝑡2

𝑑𝑡 

∞

𝑥

 

 
Let us consider  
 

𝑁1 =
𝛼1𝛼3(𝛼5+𝛼6)

𝛼3−𝛼5−𝛼6
                                    𝑁2 =

𝛼7(𝛼5+𝛼6)

𝛼3−𝛼5−𝛼6
        

𝑁3 =
𝛼1𝛼3

𝑆𝑐𝑓𝛼3 − 1
                                            𝑁4 =

𝑆𝑐𝑓𝑘𝑐𝑓
𝛼3 − 𝛼

𝑆𝑐𝑓𝛼3 − 1
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𝑌
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2√𝑡
 + √𝐾𝑐𝑓

𝑡)                                (13) 

 

𝜃 = ⅇ𝑟𝑓 𝑐  (
𝑌

2√(𝛼
5

 +  𝛼6)𝑡
 )                                                                                                                                                           (14) 

 

 
The expressions for Nusselt and Sherwood numbers are given by 
 

𝑁𝑢 = −
𝜕𝑇

𝜕𝑌
|

𝑌=0

=  
1

𝑡√𝜋√ⅇ + 𝑓
                                                                                                                                     (15)      
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𝑆ℎ = −
𝜕𝐶

𝜕𝑌
|

𝑌=0
=  

ⅇ−𝐾𝑐𝑓𝑡

√𝜋√𝑆𝑐𝑡
−  

1

2
ⅇ𝑟𝑓 𝑐 ( √𝐾𝑐𝑓

𝑡) √𝐾𝑐𝑓
𝑆𝑐𝑓  

1

2
 −   

1

2
(ⅇ𝑟𝑓 𝑐 ( √𝐾𝑐𝑓

𝑡) − 2) √𝐾𝑐𝑓
𝑆𝑐𝑓         (16) 

 
The skin friction coefficient is given by 
 

𝐶𝑓 = −
𝜕𝑈

𝜕𝑌
|

𝑌=0
                                                                                                                                                                      (17) 

 
4. Results and Discussions 

 
The flow behaviour  depicted by Eq. (12)-(14), are based on the values obtained through MATLAB 

programming. Figure 2 demonstrates the effect of permeability parameter in velocity profile. It has 
been observed that the velocity and thickness of the boundary layer emerge with large values of 𝜆. 
The boundary layer thickness determines how far the flow has travelled from its surface boundary to 
the point at which it has attained free-stream velocity. The porous medium construction enhances 
velocity distribution at higher permeability parameters. Larger pores in the porous media cause bulk 
fluid motion, which boosts velocity. We may infer  that   𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟 has superior enhancement. 
The hybrid nanofluid  𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 retards the fluid flow than any other hybrid nanofluids.  

An appropriate magnetic field can be used to influence the boundary layer behaviour. By varying 
the structure of the boundary layer, the MHD principle may be used to regulate the flow field in the 
desired direction. The magnetic parameter (𝑀) determines the strength of the applied magnetic field. 
The physical magnitude of the applied magnetic field and the electrical conductivity are dependent 
on the magnetic parameter. If the magnetic field is taken in the direction opposite to that of the flow 
field, then the magnetic parameter (𝑀) is considered to be negative which elevates the velocity of 
the flow. It is in proportion to density and viscosity of the fluid. Figure 3 depicts the magnetic impact 
on the velocity profile of three separate hybrid nanofluids. When the magnetic parameter is negative, 
the velocity distribution is substantial, and when it is positive, the distribution is minimal. 𝐶𝑢 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟 magnetic effect is slightly weaker than the other two.  𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟  dominates 𝐴𝑙 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟 that can be seen in Figure 3. Aluminium dominates in both situations. We may deduce that 
when the magnetic parameter is altered,  𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟 performs better. 

 

 
Fig. 2. (Solid lines – 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟; Dashed lines – 𝐴𝑙 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟; Dotted lines – 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟) 
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Fig. 3. (Solid lines – 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟; Dashed lines – 𝐴𝑙 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟; Dotted lines – 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟) 

 
Grashof number  is described as the proportion of the buoyancy forces to the viscous forces that 

are present in the fluid. Since buoyancy forces are the driving forces behind the natural convection, 
this is essential for the current investigation. Natural convection caused by heat transfer at a solid 
surface submerged in a liquid 𝐺𝑟 and 𝐺𝑚, is a non-dimensional quantity used in the analysis of heat 
and mass transfer. Figure 4 illustrates the effect 𝐺𝑟 on the flow distribution in a velocity profile. An 
increase in 𝐺𝑟 indicates an increase in temperature gradients, which in turn  increases in the velocity 
distribution. Figure 5 depicts the effect of the 𝐺𝑚,  the velocity profile is observed to be improved by 
the increase in 𝐺𝑚. It is clearly seen that the 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟 has an elevated in 𝐺𝑟 and 𝐺𝑚.    Figure 
6 demonstrating the three different hybrid nanofluids velocity profile with pertinent parameters. By 
demonstrating all of the physical parameters like permeability, magnetic parameter, Grashof number 
for heat and mass and deciphering the graph, we analysed that aluminium and copper dominates in all 
the parameters. We are able to make the prediction that the velocity profile of 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟 is 
superior than other hybrid nanofluids. 
 

 
Fig. 4. (Solid lines – 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟; Dashed lines – 𝐴𝑙 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟; Dotted lines – 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟) 
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Fig. 5. (Solid lines – 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟; Dashed lines – 𝐴𝑙 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟; Dotted lines – 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟) 

 

 
Fig. 6. Velocity profile for hybrid nanofluid (𝑡= 0.01, 𝑁 = 2, 𝑃𝑟 = 6.2, 
𝑆𝑐 = 0.6, 𝑘𝑐 = 6, 𝑀 =0, 𝜆 = 0, 𝐺𝑟 = 5, 𝐺𝑚 = 3) 

  
Investigated the concentration of hybrid nanofluids where all the three hybrid nanofluids behaves 

the same because the Eq. (13) do not contain physical properties such as density, specific heat capacity, 
thermal conduction and viscosity. Figure 7 illustrates the effect of chemical reaction parameter in the 
concentration profile. When the rate of chemical reaction increases, the particle breaks  and the  liquid 
gets  diluted which weakens the concentration. Figure 8 demonstrates the effect of Schmidt number, 
increase in the Schmidt number increases the concentration of the hybrid nanofluids this is due to the 
increase in mass diffusion rate in the concentration term. Figure 9 exhibits mass transfer rate for 
different Schmidt numbers. Regardless of fluid, higher 𝑆𝑐 values increase mass transfer rate related 
with concentration gradient. 
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Fig. 7. The effect of chemical reaction parameter in the 
concentration profile 

 

 
Fig. 8. The effect of Schmidt number, increase in the Schmidt 
number increases the concentration of the hybrid nanofluids 
this is due to the increase in mass diffusion rate in the 
concentration term 
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Fig. 9. Mass transfer rate for different Schmidt numbers 

 
Figure 10 illustrates the effect of Prandtl number. As 𝑃𝑟 increases, thermal diffusivity decreases, 

results a thinner thermal boundary layer.The region of fluid flow characterised by a temperature 
gradient is referred as thermal boundary layer. The distance from the surface to the point where the 
temperature of the flow is identical to the temperature of the free-stream determines the thickness 
of the thermal boundary layer. Figure 11 illustrates the effect of radiation parameter in the 
temperature profile. High-energy electrons decline in energy during radiation energy transit, which 
results in the temperature drop. In this study, 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 has better enhancement comparing 
to other hybrid nanofluids. Figure 12 depicts the Nusselt number for various Prandtl number values. 
The permitted 𝑃𝑟 parameter improves the transfer of energy from a high-temperature area to a low-
temperature area. It can be seen from the graphs that 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 has the better enhancement 
in temperature profile. This is due to the fact that silver has a higher thermal conductivity than copper 
and aluminium. The temperature profile of the hybrid nanofluids 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 and 𝐶𝑢 + 𝐴𝑔 ∕
𝑤𝑎𝑡ⅇ𝑟 that contain silver nanoparticles has been improved, whereas 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟   does not 
have a better profile because of a lack of silver nanoparticles.    

 

 
Fig. 10. 𝑃𝑟1 – Prandtl Number for 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟;  𝑃𝑟2 – Prandtl Number 
for 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟; 𝑃𝑟3 – Prandtl Number for 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇr 
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Fig. 11. (Solid lines – 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟; Dashed lines – 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟; 
Dotted lines – 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟) 

 

 
Fig. 12. The Nusselt number for various Prandtl number values 

 
Table 3 examines the viscous drag of the fluid flow. As the flow rate increases, the skin friction 

coefficient drops. When the permeability parameter increases, there is a decrease in the skin friction 
coefficient owing to the fact that fluid flow is elevated as permeability increases. It can be evidently 
seen that there is an increase in viscous drag as 𝑀 increases.  
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Table 3 
Skin friction coefficient for different values of 𝑁, 𝑀,  and 𝜆 with 𝑃𝑟 = 6.2 ,  𝑆𝑐 = 0.6, 
𝑘𝑐 = 6 , 𝐺𝑟 = 5, 𝐺𝑚 = 3  and 𝑡 =  0.08;   
𝐶𝑓1

=  Skin friction coefficient of 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟   

𝐶𝑓2
=  Skin friction coefficient of  𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 

𝐶𝑓3
=  Skin friction coefficient of 𝐶𝑢 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 

𝜆 𝑀 𝑁 𝐶𝑓1
 𝐶𝑓2

 𝐶𝑓3
 

0.2 1.8 2.0 0.44919 0.56515 0.82837 

0.2 1.9 2.0 0.49713 0.61571 0.87534 

0.3 2.0 0.5 -2.90953 -2.67998 -2.17127 
0.3 2.0 1.0 -1.79930 -1.60587 -1.18075 

0.3 2.0 1.1 -1.63377 -1.44574 -1.03312 

0.3 1.0 1.2 -2.12822 -1.923106 -1.48813 

0.3 1.5 1.2 -1.87758 -1.68132 -1.25499 

0.3 2.0 1.5 -1.08649 -0.91633 -0.54508 
0.3 1.8 2.0 -0.70933 -0.55144 -0.21037 

0.3 1.9 2.0 -0.64425 -0.48853 -0.15157 

0.4 1.8 2.0 -0.96312 -0.79564 -0.45497 

 
5. Conclusions 

 
The impact of convective flow of three different chemically reactive hybrid nanofluids in a porous 

material exposed to a radiative magnetic field has been examined in this research. Analytical solutions 
for the non-dimensional governing equations of momentum, energy and concentration are found 
using the Laplace transform. Graphical representations show the velocity, temperature and 
concentration profiles of different parameters of three hybrid nanofluids. Results include the 
following 

 
i. In Comparison with other hybrid nanofluids, 𝐴𝑙 + 𝐶𝑢 ∕ 𝑤𝑎𝑡ⅇ𝑟 has better performance 

and enhancement in the velocity profile. The profile of the velocity term is raised as the 
magnetic parameter shifts to the negative. When the values of 𝑀 increase, the flow 
velocity of hybrid nanofluids considerably reduces throughout the fluid domain. 

ii. Increase in 𝐺𝑚 and 𝐺𝑟, improves the velocity profile of hybrid nanofluids. It can be 
concluded that the permeability parameter causes the velocity profile of hybrid 
nanofluids to grow. 

iii. The radiation parameter can be changed to exhibit different temperature profiles. The 
proportion of conduction heat transfer to thermal radiation transfer is defined by the 
radiation parameter. Conduction heat transfer will rise as radiation does, improving 
temperature profiles. Increase in Prandtl number results in a downward shift in the 
temperature profile. 𝐴𝑙 + 𝐴𝑔 ∕ 𝑤𝑎𝑡ⅇ𝑟 has better performance and enhancement in the 
temperature profile. 

iv. The physical factors do no affect the hybrid nanofluids concentration term, it is the same. 
Schmidt number, 𝑆𝑐 and chemical reaction, 𝑘𝑐 all have an effect on concentration term. 
The link between the rates of mass diffusion and viscosity is represented by the Schmidt 
number. When the Schmidt number rises, the rate of mass diffusion will likewise 
decrease, which will result in a rise in the and viscosity is represented by the Schmidt 
number; when the Schmidt number rises, the rate of mass diffusion will likewise decrease, 
which will result in a rise in the concentration profile. When the chemical reaction 
parameter 𝑘𝑐 is reduced, the concentration of the hybrid nanofluids increases. 
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