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ABSTRACT 

 

The magnetohydrodynamic (MHD) chemically reactive of Casson 

non-Newtonian nanofluid flow on a two-dimensional 

incompressible steady from stretched sheet in a porous quiescent 

medium with buoyancy effect is investigated numerically. 

Additional effects included in the originality of the model are the 

applied magnetic field and solar radiation effect. The Chebyshev 

collocation method (CCM) was used to solve the ordinary 

differential equations (ODEs) with MATHEMATICA 11.3 

software. The present tables and graphs show the performance of 

fluid physical quantities, momentum flow, energy distribution, 

nanoparticle concentration, and velocity for various values of 

applicable dimensionless numbers. The numerical outcomes 

demonstrate the effect of different physical parameters of the fluid, 

and it was observed that the velocity profile increased as the 

thermal and mass Grashof number increased due to an increase in 

buoyant force caused by heat transferred from the vertical plate to 

the fluid but decreased as the Casson parameter increased due to a 

decrease in its yield stress, porosity, and magnetic parameter. Also 

Analyses reveal that the thermal profile reduce with an increase in 

variable thermal conductivity parameter. This study will be of 

considerable economic value to marine engineers, mechanical 

engineers, physicists, chemical engineers, and others since its 

application will help them improve their operations. 

 

© Published at www.ijtf.org 

                                                                                                                       

1. Introduction 

Numerous academic researchers have 

been analyzing non-Newtonian fluids in recent 

years due to their applications in many areas of 

human endeavors, including science and 

technology, food processing and engineering 

practices, as well as petroleum products and 

exotic lubricants. However, it is necessary to 

investigate the flow behavior of non-

Newtonian fluids in order to have a 

comprehensive understanding of these fluids 

and their different uses. The intensity of  
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Nomenclature 

A heat source parameter '''q  heat sink/source 

A* heat sink parameter 
xRa  local Rayleigh number 

Bo applied magnetic induction 
hS  Shewood number 

b* empirical constant T  fluid temperature 

C fluid concentration 
wT  wall temperature 

Cp specific heat at constant pressure T
 free stream temperature 

Cw wall Concentration  
wU  reference velocity 

C∞ Free stream concentration ,u v  fluid velocity in x and y direction 

DB Brownian motion   kinematic viscosity 

DB(C) variable mass diffusivity   heat generation parameter 

DB∞ constant Brownian diffusion 

coefficient 
w  excess wall temperature ratio parameter 

DT thermophoretic diffusion coefficient   similarity variable 

Ec Eckert number   temperature profile 

Ea activation energy   concentration profile 

Fs Forchheimer parameter   Particles heat capacity to fluid heat capacity 

ratio 

f  velocity profile   electrical conductivity of the surface 

temperature 

Gc mass Grashof number '  constant depending on the electric fluid 

Gr thermal Grashof number   variation of electric conductivity parameter 

g acceleration due to gravity 
2  variable viscosity parameter 

Kp permeability coefficient 
4  variable thermal conductivity parameter 

Kr chemical reaction coefficient 
6  variable mass diffusion parameter 

K∞ constant thermal conductivity for the 

fluid 
f  fluid density 

K(T) variable thermal conductivity ( )B T  variable viscosity  

Le Lewis number   Casson Parameter 

M magnetic Parameter   constant viscosity 

N Thermal radiation   stream function 

Nb Brownian motion   latent heat of diffusion 

Nt thermophoresis parameter   chemical Reaction 

Nu Nusselt number 
T  thermal expansion coefficient  

Pp porosity parameter 
C  mass expansion coefficient 

Pr Prandtl number   boltzmann constant 

Qo  dimensional heat generation 

coefficient 
 o

 electrical conductivity of the fluid 

rq  radiation heat flux   

applied stress and the elastic deformation of 

non-Newtonian fluids do not have a linear 

relationship when applied tension is high and 

elastic deformation is low. When subjected to 

force, their viscosity can change from liquid to 

solid. Custard, toothpaste, cornstarch, paint, 

blood, melted butter, shampoo, mud, clay, 

polymer solution, magma, lava, honey, saliva, 

sperm, mucus, paper pulp, cement slurry, and 

other substances are examples. Fluids behave 

differently; some flow faster due to their lower 

viscosity and higher thermal conductivity, 

some move parallel in a streamline manner 

without mixing with other fluids along the 
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same path, some can easily be compressed 

when subjected to higher pressure, and some 

do not obey Newton's law of motion; one of 

these is a Non-Newtonian Casson Fluid. The 

Power Law model, Bingham plastic model, 

Hershel Buckley model, and Casson model are 

compared to determine the best model to 

describe a non-Newtonian fluid, and it was 

discovered that the Shear thickening fluid, 

Shear thinning fluid, Bingham plastic, 

Rheopectic or anti-thixotropic, provides a 

better insight in the low shear rate condition 

but is insufficient when high shear rate is 

considered Ref. [1]. Despite the fact that the 

idea of yield stress has been questioned in the 

model Ref. [2] the Hershel Buckley model 

produced a correction to the Bingham plastic 

model when shear rates are low or maximal, 

the Bingham plastic model does not give 

appropriate fluid behavior when shear rates are 

low or maximal. Casson's rheological model 

provides more information on non-Newtonian 

fluids at low and high shear rates, with the 

addition of a correction factor for yield stress 

and plastic viscosity making it a more accurate 

model than others. Ref. [3] is a reference. 

Several academic have studied the influence of 

buoyancy on fluids, and they have discovered 

that the stronger the buoyant force in a fluid, 

the greater the fluid velocity Refs. [4] and [5]. 

The Impact of buoyancy force and heat 

radiation on hydrodynamics flow across a 

stretched porous sheet was studied using the 

homotopy analysis in Refs. [6]. The Blasius-

Rayleigh-Stoke variables with fall effect were 

used in ref. [7] to investigate the convective 

flow of nanofluids. Ref. [14] investigated the 

mathematical study of Casson fluid flow via 

elastic tube with applications to blood flow, as 

well as the effects of arterial elasticity and 

blood's non-Newtonian behavior on medically 

important flow parameters. It was discovered 

that when blood yield stress grows, blood 

velocity and flow rate decrease dramatically, 

yet frictional resistance to flow increases in the 

opposite direction [7-25]. 

The content and amount of chemical 

components are altered by a chemical reaction 

see refs. [38] and [39]. Internal structure is 

only conveyed whenever the chemical link 

within electrons is broken. One of the most 

significant determinants of reaction rate is the 

direction in which the chemical reactions take 

place. Using chemical processes, heat and 

mass transfer may be used to carry out key 

technical tasks including evaporation, thermal 

dissipation, and moisture distribution in the 

industrial business. Many mathematical 

models were developed to take into 

consideration the effects of chemical processes. 

The activation energy, defined as the minimum 

amount of energy required to activate a 

chemical reaction, was proposed by Arrhenius. 

As part of transition-state theory, the activation 

energy is a result of the variation in energy 

output between atoms and molecules in an 

activated or transitional form and their original 

configuration, according to the findings of ref. 

[17]. Melting effect on Cattaneo–Christov and 

thermal radiation features for aligned MHD 

nanofluid flow comprising microorganisms to 

leading edge was considered by ref. [28]. 

Finite difference approach was used to analyze 

the flow model. Ref. [29], consider the 

analysis of bio-convective MHD Blasius and 

Sakiadis flow with Cattaneo-Christov heat flux 

model and chemical reaction. A comparative 

study of unsteady MHD Falkner–Skan wedge 

flow for non-Newtonian nanofluids 

considering thermal radiation and activation 

energy was examined by ref. [30]. Insight into 

significance of thermal stratification and 

radiation on dynamics of micropolar water 

based TiO2 nanoparticle via finite element 

simulation was carried out by ref. [31]. The 

crucial features of aggregation in TiO2-water 

nanofluid aligned of chemically comprising 

microorganisms was studied by ref. [32], using 

FEM approach. Ref. [33] considered the Finite 

element analysis on the thermo-convective 

non-isothermal nanofluid flow in MHD Hall 

generator system with Soret and Dufour effects. 

Thermal radiation influences on MHD 

stagnation point stream over a stretching sheet 

with slip boundary conditions was considered 

by ref. [37]. The effect chemical reaction and 

activation energy on forced convective non-

Newtonian with temperature and slip boundary 

condition was studied by ref. [16]. Their 

results show that Increases in the heat 

production parameter, Prandtl number, Eckert 

number, chemical reaction, and radiation-

conduction tend to raise the fluid temperature 

and lower wall shear stress but increases in the 
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Casson parameter tend to boost it. Some recent 

studies on nanofluid flows are mentioned in 

the references [20-25]. Thermal radiation is 

electromagnetic radiation in the infrared region 

of the electromagnetic spectrum, although 

some of it is in the visible region. Thermal 

radiation is one of the three basic forms of heat 

transfer (conduction, convection, and 

radiation), being a basic property of matter 

depending on its temperature. From a 

microscopic point of view, thermal radiation is 

caused by the random motion of particles, 

which is caused by the temperature of the 

material. This causes the electrons and protons 

to speed up or oscillate as dipoles. Thermal 

radiation is the emission of electromagnetic 

waves from all matter that has a temperature 

greater than absolute zero. Thermal radiation 

reflects the conversion of thermal energy into 

electromagnetic energy. Thermal energy is the 

kinetic energy of random movements of atoms 

and molecules in matter. 

The present study seeks to examine the 

heat and mass transfer of chemical reactions 

and activation energy on two-dimensional 

incompressible MHD non-Newtonian Casson 

nanofluid flow over a stretched sheet 

embedded in Darcian porous media with 

buoyancy effect. The now-Newtonian Casson 

nanofluid flow over a stretched sheet through a 

porous medium has gotten a lot of interest in 

the last several decades because of its diverse 

industrial and biological uses. However, 

relatively few studies have been conducted on 

non-Darcian porous media with a two-

dimensional incompressible MHD Casson 

nanofluid flow across a stretched sheet. In this 

literature, all the scholars that worked on 

Casson nanofluid flow over a stretched sheet 

through a porous medium ignored the 

influence of buoyant force. The ODEs were 

solved using MATHEMATICA 11.3 software 

and the CCM. 

2. Model Formulations 

The equations that control the isotropic as 

well as incompressible Casson flow are as 

follows [34]: 

2 ,
2

2 ,
2

y

B ij c

y

B ij c

c

P
e

ij P
e

  

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
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 
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 

 
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 


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 

  

where ij  , B , yP , ij ije e  , ( , )ije i j th , c  

are respectively the Stress tensor, dynamic 

viscosity of the Non-Newtonian fluid, Fluid 

yield stress of the liquid, product of the rate of 

strain tensor with tensor, component of the 

deformation rate, critical value of the product 

based on the non-Newtonian model. A double 

dimensional incompressible MHD on 

Newtonian nanofluid flow over a stretched 

sheet embedded in Darcian porous medium 

was investigated (Fig. 1). where x signifies the 

sheet length and y indicates the sheet width, as 

defined in [15].The fluid's properties remain 

constant. The symbols T and C for fluid 

temperature and concentration are t and c, 

respectively, while the symbols for ambient 

temperature and nanoparticle volume fraction 

are T  and C , respectively. The sheets surfaces 

are made to allow slip flow, and the flow’s 

governing equations, including velocity, 

energy, and mass transfers, are as follows: 

 

Fig 1: The physical geometry flow. 
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The stream function is defined as: 
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Now, by Roselland approximate for 

radiation given by: 
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Equation (1) is identically satisfied, 

substituting (6) and (7) into (2) to (4), we have: 
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The derivative with regard to is denoted 

by the prime that goes with each profile and 

the boundary condition (5) becomes: 
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The evolving physical parameters in (8) – 

(11) are: 
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These are the Porosity, Forchheimer, 

Magnetic, Thermal Grashof, Mass Grashof, 

Brownian motion, Thermophoresis, Heat 

production, Thermal radiation, Eckert, Prandtl, 

Lewis, Chemical Reaction, and Excess wall 

temperature ratio parameters. 

3. Nusselt and Shewood numbers 

The parameters of significant interest for 

the present problem are the local Nusselt 

number Nu and the mass transfer rate hS

which are given by [34]: 
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Using the similarity variables of equation 

(7) into (12), gives: 
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is the local Rayleigh number.

 
4. Numerical Approach by using CCM 

The MHD chemically reactive of Casson 

non-Newtonian nanofluid flow equations, the 

Chebyshev collocation scheme was used to 

make an approximation solution. The basic 

functions used in the process of solving the 

governing ODEs are described as a Chebyshev 

polynomial. The following components make 

up this technique: Assuming that the 

coefficients of the functions that depend on the 

Chebyshev collocation scheme solutions in the 

differential equations are unknown, the 

predicted results are substituted into the 

expressions that govern the scheme in order to 

generate residuals or errors. The assumed 

results are substituted into the expressions that 

control the scheme in order to generate 

residual errors. Subsequently, the scheme of 

collocation is utilized in order to minimize the 

residual errors. An algebraic expression must 

be generated and then computed in order to 

find the unknown coefficient values. The 

accuracy of the expression was improved by 

making a mapping for shifted Chebyshev from 

[0, 1] to [0, ∞] [35 and 36]. CCM is used here 

to numerically solve the boundary value 

problem in )8( - )11( , where the following 

assumptions are made about the solutions for 

unknown functions )(),( f and )( for the 

sum of the Chebyshev base function: 


















 



1
2

)(,1
2

)(
00 L

Tb
L

Taf
N

i

ii

N

i

ii







and 











1
2

)(
0 L

Tc
N

i

ii


    (15) 

To calculate the values of undetermined 

coefficients, equation )15(  is substituted into 

)8( - )10( and becomes then 

  

 

  01
1

1

1

1
1

1

2

22

2

2

22322

















































FFFP

GGF
M

FF

FFF

sp

cr
   (16) 

For 1,,2,1  Nj   
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1
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222
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4242
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


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
















































AAFFFEP

FEPPN

FEP

F
MEP
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scr
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r

 (17) 

For 1,,2,1  Nj   

0)1(
)1(

2

6262






















w

E

m

w

b

t eLe
N

N

LeF

    (18) 

For 1,,2,1  Nj  While the boundary 

conditions becomes. 





























0)(,0)(,0)(

,1)0(,1)0(,

1
1)0(,)0(












F

FSF

     (19) 

Residues  iif baR ,, ,  iii cbaR ,,, and 

 iii cbaR ,,,
are obtained by plugging into 

equation (16), (17), (18) and (19). Using the 

collocation approach, the residues are reduced 

to the smallest 

For  




 

 k
otherwisek




,1

,0
   (20) 

   

   

   

1,,2,1

,0

1,,2,1

,0

1,,2,1

,0

0

0

0



















Njfor

RdR

Njfor

RdR

Njfor

RdR

j

L

k

j

L

k

jf

L

kf
















     (21) 

Where 

















N

jL
j


 cos1

2
is the shifted 

Gauss-Lobatto point. 

In this manner, equations )16( to )21(  

form a system of 33 N algebraic equations 

with 33 N unknown constant coefficients, 

ii ba , and ic . The resulting algebraic equations 

were solved, and the values of constant 

coefficients are found using the 

MATHEMATICA version 11.3 program. The 

value of L is set to 12 to ensure that all 

numerical solutions accurately respect the far-

field asymptotic. 

5. Results and Discussion 

To get a clear understanding of the 

magnetohydrodynamic (MHD) chemically 

reactive of Casson non-Newtonian nanofluid 

flow. In this section, the numerical solutions of 

velocity, heat propagation, and plate wall heat 

gradient are presented. Figure. 2 indicate that 

increasing the thermal Grashof number 

increases the speed of the fluid flow. The flow 

is accelerated by an increase in buoyant force, 

which corresponds to an increase in the 

thermal Grashof number. Positive thermal 

Grashof numbers correspond to natural 

convection cooling of the plate. As a result, 

heat is transported from the vertical plate to the 

fluid, increasing the temperature and buoyancy 

force. Furthermore, when the thermal Grashof 

number increases, the velocity nears the plate 

and then gently decays to the free stream 

velocity. The influence of various mass 

Grashof numeric values on the velocity field is 

seen in Figure 3. The proportion of the 

concentration buoyancy effect to the viscous 

hydrodynamic pressure is defined as the mass 

Grashof number. As the mass Grashof number 

grows, the velocity seems to increase. The 

impact of porosity on velocity profile is shown 

in Figure. 4, which reveal an increase in 

porosity as a result of an increase in fluid 

viscosity, a drop in fluid flow velocity due to a 

decrease in the accelerating surface's stretching 

rate or a fall in permeability near the edge. 

Because of this, the velocity distribution is 

altered. Figure 5 depicts the combined 

influence of the chemical reaction parameter 

and the variable viscosity parameter. An 
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increase in the temperature differential 

 TTw , which reduces the fluid's dynamic 

viscosity, may raise the fluid's velocity by 

increasing the variable viscosity parameter and 

the chemical reaction parameter, respectively. 

As a result, the fluids velocity rises. The yield 

stress is seen in Figure 6 to be suppressed 

when the Casson parameter is increased. 

Lorentz force is a drag force that acts to slow 

down fluid flow, hence raising the magnetic 

field parameter reduces flow velocity because 

it induces a Lorentz force that acts to slow 

down fluid flow. As a consequence, the 

combined effect of the Casson and magnetic 

field parameters causes the velocity profile to 

drop. The effect of the Casson parameter and 

electric conductivity on a temperature profile 

is seen in Figure. 7. Increases in the Casson 

parameter lower flow but encourage 

temperature rise; also, increases in the fluid's 

electric conductivity tend to raise the 

temperature profile of the flow. Figure 8 

examines the influence of Ec and      on the 

temperature distribution. The temperature 

profile is seen to reduce as the variable thermal 

conductivity values rise. As a result, the 

temperature profile is reduced as the fluid's    

rises, resulting in faster heat transfer from the 

fluid to the wall and thereby lowering the 

temperature. In Figure. 9, the effect of Ra and 

the Pr on the temperature distribution is 

examined. The figure indicates that the growth 

in thermo-physical properties tends to decrease 

the temperature distributions. The Prandtl 

number has an impact on the relative thickness 

of the movement and thermal boundary layers. 

Since the Prandtl number has a low thermal 

conductivity, it serves to decrease boundary 

layer thickness; also, as the thermal radiation 

parameter increases, less heat is carried, and 

less radiative heat is conveyed due to a 

significant reduction in temperature 

distribution. The effect of variable mass 

diffusion and magnetic parameters on the 

concentration profile is depicted in Figure. 10. 

The graph demonstrates that when both 

parameters grow, so does the concentration 

profile. Increased variable mass diffusion 

improves the concentration profile. Similarly, 

when the magnetic parameter increases, the 

effect of velocity fluctuation has a major 

influence on the concentration profile. The 

effect of Nt and the Nb on the concentration 

profile is seen in Figure 11. The influence of 

Brownian motion and the thermophoresis on 

the concentration profile is seen in Figure 11. 

Increased Brownian motion causes heat 

diffusion from the surface to the boundary 

layer, which favors concentration increase. 

However, increasing the value of the 

thermophoresis parameter result in stronger 

thermophoretic force, which draws particles 

from the fluid to the wall surface, raising the 

temperature and hence lowering the 

concentration profile. The comparison results 

of the Nusselt number of some existing 

literature: Khan and Pop [26], Makinde and 

Aziz [27], under some certain conditions 

(




 



,0

42

A

AFPMS SP
and 

absence of nanoparticles) were tabulated on 

Table.1. Table.2 illustrated the behaviour of 

Nusselt number and Sherwood number for 

different parameters. 

Table 1 

Comparison table for values of Pr 

Pr (-θ′(0))  

Present Study 

(-θ′(0)) [26] (-θ′(0))  [27] 

0.2 0.1734 0.1691 0.1691 

0.7 0.4539 0.4539 0.4539 

2.0 0.9114 0.9114 0.9114 

Table 2 

Nusselt number  NuRax

25.0  and Sherwood number 

 ShRax

25.0  for different parameter values. 

Nt Nb A A*  NuRax

25.0   ShRax

25.0  

1.0    2.401162 1.288832 

1.5    2.552038 1.325120 

2.0    2.558877 1.658279 

 1.0   1.643716 4.863222 

 1.5   1.547902 3.287746 

 2.0   1.328745 2.372643 

  0.1  2.046715 1.348907 

  0.2  2.115544 1.371841 

  0.5  2.182293 1.3940962 

   1.5 2.646401 1.548805 

   2.5 2.733752 1.5779164 

   3.0 2.814041 1.604682 
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5. Conclusions 

In this article, the numerical investigation 

of the MHD chemically reactive Casson non-

Newtonian nanofluid flow on a two-

dimensional incompressible steady from a 

stretched sheet in a porous quiescent medium 

with buoyancy effect is presented. The current 

CCM demonstrates a high numerical efficiency 

in producing quick, accurate results with a low 

simulation effort and less iteration 

performance. The PDEs were converted with 

the help of a similarity variable, and the 

resulting non-linear ODEs were solved using 

CCM with the help of the MATHEMATICA 

11.3 program. The influence of the following 

factors on the velocity, temperature, and 

concentration profiles is taken into account. 

The following are the resulting conclusions. 

(1) The temperature profile rises as the 

Casson parameter and electric conductivity rise.  

(2) Velocity profiles are increased when 

the thermal and mass Grashof number are 

increased. Consequently, both parameters 

contribute to the buoyancy effect of the fluid. 

(3) The velocity profile is reduced when 

the Porosity, Casson, and magnetic parameters 

are reduced. 

(4) The temperature profile is increased 

with a greater Eckert number, but it decreases 

with an increase in the variable thermal 

conductivity parameter. 

(5) The temperature profile drops as 

thermal radiation and the Prandtl number 

increase. 

(6) Increase the concentration profile by 

increasing the magnetic parameter and the 

variable mass diffusion parameter. 

(7) Grater Brownian motion parameter 
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values promote the concentration profile, while 

larger Thermophoresis parameter values 

depreciate it. 
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