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ABSTRACT: 

In this paper multiple slip effects are investigated over inclined permeable extending 
lamina as well as on melting surface for the MHD non-Newtonian Casson fluid. We analysed 
the effect of first and second order velocity and concentration slip along with the Soret and 
Dufour effect. Viscous dissipation, nonlinear heat radiation from a nonlinear heat source is 
taken. The fluid is having a nonlinear chemical reaction. All the three governing equations of 
motion, heat and concentration are analysed and solved by bvp4c MATLAB solver. In this 
investigation we find the impact on different physical parameters and describe them in the 
form of graphs. Also the table is formed for the values of skin friction, Nusselt number and 
Sherwood coefficient. 
 
Keywords: Chemically reactive; Casson fluid flow; Magnetic field; Multiple slip; Porous 
media. 
 
 
 

1. Introduction  
The word MHD is used initially by 

the HannesAlfven in 1942. MHD is 
basically regarded as the steady of magnetic 
behaviour and properties of electro-
conducting fluid. It is widely used in the 
areas where heat transmission takes place 

through electrically conducting fluid like 
plasma propulsion, thrusters etc. Andersson 
et al. examined the effect of chemical 
reaction of diffusion of species [1]. Impact 
of viscosity of a MHD UCM fluid passing 
through extending lamina with internal heat 
absorption or generation is examined by 
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Prasad et al. [2]. Bhattacharyya analysed the 
effect of heat transfer of non-Newtonian 
(Casson) fluid flowing in the direction of 
extending lamina. An UCM Maxwell fluid 
is analysed for the effect of chemical 
reaction moving through extending sheet by 
Mukhopadhyay et al. [3]. The nano fluid 
over a two-dimensional expending lamina is 
analysed for different physical properties by 
Nadeem and Hussain [4]. Casson fluid is a 
non-Newtonian fluid which is considered to 
be a shear thing liquid having infinite 
viscosity when the shear rate is assumed to 
be zero. Casson fluid model is useful in 
many studies related to blood flow. It is also 
useful in the manufacturing of 
pharmaceutical products, coal in water, 
China clay, paints, synthetic lubricants, and 
biological fluids such as synovial fluids, 
sewage sludge, jelly, tomato sauce, honey, 
soup. Kumar and Gangadhar analysed the 
effect of viscous dissipation on MHD 
Casson fluid over a extending lamina along 
with the velocity and temperature slip [5]. 
Kumar and Gangadhar examined the effect 
of MHD on Casson fluid flowing over a 
extending lamina with heat transfer and 
mass transfer [6]. Properties of Casson fluid 
are studied under the effect of slip flow and 
Heat and mass transfer by Megahed [7]. 
Nadeem et al. detected the different 
properties of mixed fluid (water and 
kerosene) having nano particles of cu on a 
convective plane [8]. Slip boundary 
conditions are applied over Casson fluid 
and investigated the basic flows of fluid by 
Ramesh et al. [9]. Kataria and Patel studied 
Casson fluid flow with Soret and Dufour 
effect over a plate oscillating vertically 
placed in porous media [10]. Nagendramma 
et.al. studied the Maxwell fluid flow with 
heat and mass transformation and various 
properties [11]. 
Casson fluid with induced magnetic effect 
is analysed by Raju et al. [12]. Brownian 
motion is applied over a extending surface 
is examined for the MHD fluid (Newtonian-

Non-Newtonian)by Sulochana et al. [13]. 
Krishnamurthy et al. considered a MHD 
Non-Newtonian Williamson fluid on a 
upstanding lamina [14]. Non-Newtonian 
fluid is taken into consideration for various 
physical properties and explained their 
effect on fluid by Jain et al. [15-18]. Raju et 
al. analysed flow of a casson fluid on a 
sheet of variable thickness along with 
multiple slip [19]. Parmar scrutinised the 
effect of falkner-skan flow over a moving 
plate of a non-Newtonian fluid [20]. A nano 
fluid flow is examined by Rajni et al. for the 
effect of higher order chemical reaction and 
slip condition [21]. Ferro-fluid over a non-
linear porous sheet with multiple slip is 
examined by Sivakumar et al. [22]. MHD 
fluid flow over a upstanding moving 
permeable plate with chemical reaction is 
analysed by Arifuzzaman [23]. Casson fluid 
over a contracting plane are studied for the 
MHD flow with slip effect and suction in 
presence of chemical reaction by Yahaya et 
al. [24]. Ajala et al. analysed the effect of 
MHD nano fluid flow over a out cover of 
arevolutionary paraboloid [25]. Das et al. 
gives a study of heat and mass transfer 
effect on MHD Casson fluid flowing 
through porous channel in addition to 
double diffusivity [26]. Hybrid fluid with 
nano particles is studied by Waini et al. on a 
contracting lamina for analysing the effect 
of temperature transformation [27]. Asogwa 
and Ibe examined effect of heat and mass 
transfer on Casson fluid flowing through 
porous extending lamina [28]. 
Hafidzuddinanalysed slip boundary and 
suction effect on a MHD Casson fluid [29]. 
Khan et al. made research to study the 
effect of radiative three-dimensional flow of 
a liquid with alloy nano particles 
[30]. UCM fluid is analysed by Palani et al. 
over a extending lamina of variable 
thickness with applied magnetic effect [31]. 
Rassool et al. scrutinized the Darcy 
Forchheimer fluid with nano particle for 

6 4Ti Al V
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different properties like entropy analysis 
[32]. The researcher investigates the result 
on behaviour of Casson fluid flowing 
through exponentially extending lamina 
with heat and mass transfer and buoyancy 
parameters by Parvin [1]. Bilal et al. 
analysed the flow of a Newtonian fluid over 
a disk rotating with  velocity for the 
Heat and mass transfer effect [33]. Hussain 
et al. examined various time dependent 
properties of non-Newtonian liquid [34]. 
Jamshed et al. study the single-phase model 
of Casson fluid [35]. Lie scaling approach 
was used by Saleem for the MHD fluid over 
a stiff lamina [36]. Shoaib et al. go through 
the Re-Eyring fluid model [37].     

This particular investigation deals 
with Casson fluid model having two 
boundary conditions along with Soretand 
Dufour effect and applied magnetic field. 
This study is the extension of the problem 
proposed by Jain and Parmar [38]. The 
results are useful for the students interested 
in the study of manufacturing of 
pharmaceutical products and studies related 
to the blood flow model etc. 

 
2. Materials and Methods  
2.1 Mathematical formulation  

We investigate double-dimensional 
steady incompressible leaning MHD Casson 
fluid stream on a two unlike plane face 
likewise permeable and a liquefying plane 
with first and second order pace slip, non-
linear emission, non-even temperature 
source and non-linear chemical response. 
Let surface is extending along the x axis 
with extending velocity bx. The diagram in 
Fig. 1a. gives a pictorial view of this 
problem. 

The continuity, velocity, heat, and 
mass equations are given by 
 
 

 
Fig. 1a. Physical diagram of the problem 2.2 
Equations. 
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Corresponding boundary conditions 
are: 
(1) For porous surface [20, 37] 

(2) For melting surface [22, 32] 

 
 stretching velocity,  

suction/injection velocity,  non-uniform 
heat source  
 

 

in which  and  Space and 
temperature dependent heat source 
coefficients, respectively. For optical broad 
boundary surface, we use Rosseland’s 
dissemination appro. for the radiative heat 
current 
 

 

where  is the Stephan-Boltzmann 
 constant,  is the 

Rosseland’s mean amalgamation coefficient 
The expression due to emission 
represented by a function of temperature. 
So that  can be estimated by Taylor 
series along  after ignoring the higher 
order terms as  
Consequently, by putting 
 

 

 

in the energy Eq. (2.3) we get the 
subsequent equation:   
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The corresponding transformed boundary 
conditions are 
(1) For porous surface 

 
(2) For melting surface 

 
 

where  first order velocity slip 

parameter,  second order 

velocity slip parameter,  

temperature slip parameter,  

concentration slip parameter,  

Prandtl number,  radiation 

parameter,  thermal radiation parameter,  

 Eckert number,  

 magnetic field parameter,  

Casson fluid parameter Schmidt 
number,  the heat capacity of the solid 

surface,  chemical 

reaction parameter,  the latent heat of the 

fluid,  temperature difference 

parameter,  thermal conductivity, 

 porosity parameter, 

 dimensionless 

melting parameter, temperature of the 
melting surface where , 
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3. Results and Discussion 
The system of ode (2.1) to (2.4) with 

corresponding boundary conditions are 
solved numerically using bvp4c method in 
MATLAB. All the results are found 
accurate as they satisfy the final boundary 
conditions and are compared with the 
results of Jain et al. [15].The fixed values of 
the governing parameters are taken as 

 
 and   

Figs. 1, 2, and 3 depict the effect of Casson 
parameter on velocity, temperature, and 
concentration profiles. It is found that the 
velocity and temperature profile reduce but 
concentration profile increases as the 
Casson parameter increases. It is observed 
that as the Casson parameter increases the 
boundary layer thickness also increases so 
the resistance in velocity appears for both 
boundary conditions. Figs. 4-6 indicates 
that as Dufour parameterincreases all three 
profiles and shows increment with both 
boundary conditions. Figs. 7-9 shows that 
with both the boundary conditions 
increment in Eckert no. give rise to all three 
profiles. It is seen that as the Eckert number 
increases. It is significant the internal 
friction and this  
 
 

gives rise to the self-heating of the fluid and 
the temperature profile rises. Figs. 10-15 
depict that in presence of both boundary 
conditions increment in thermal Grashof 
number give rise to velocity profile but 
temperature and concentration both profiles 
decrease. it is due to as the thermal Grashof 
number is high it gives add in thermal 
energy which give relation to the inter 
molecule bound and the velocity profile 
rises. In Figs. 16-17 and 18 showing the 
effect of permeability parameter along with 
melting and porous surface boundary 
condition on all three-velocity heat and 
mass profiles but it retarded the 
concentration profile. Figs. 19-21 signifies 
the effect of magnetic parameters on all 
three profiles in presence of both the 
boundary conditions. It shows that 
increasing the value of magnetic parameter 
leads to the decreasing velocity but rise in 
both temperature and concentration profile. 
It is due to the rise in magnetic field that 
gives birth to a resisting force called 
Lorentz force which restricts the fluid 
motion. Figs. 25-26 describes the impact of 
increment of Soret number on velocity and 
temperature profiles and shows that as we 
increase the solid number velocity profile 
also increases but temperature profile is 
reducing.

 

Table 1.  For Porous surface. 
         

 

1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 
2 0.5 0.1 0.1 0.2 0.1 0.1 -0.6821 -0.6734 -1.642 
5 0.5 0.1 0.1 0.2 0.1 0.1 -0.7055 -0.6304 -1.547 
1 0 0.1 0.1 0.2 0.1 0.1 -0.6163 -0.7238 -1.775 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 
1 1.5 0.1 0.1 0.2 0.1 0.1 -0.7014 -0.6715 -1.567 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 
1 0.5 0.5 0.1 0.2 0.1 0.1 -0.4897 -0.7286 -1.695 
1 0.5 1.5 0.1 0.2 0.1 0.1 -0.5444 -0.7476 -1.907 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 
1 0.5 0.1 0.5 0.2 0.1 0.1 -0.6444 -0.7123 -1.755 
1 0.5 0.1 1.5 0.2 0.1 0.1 -0.6212 -0.7208 -1.906 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 
1 0.5 0.1 0.1 1 0.1 0.1 -0.6611 -0.3076 -1.777 
1 0.5 0.1 0.1 2 0.1 0.1 -0.6578 -0.1997 -1.896 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 

0.5, 1, 0.1, 0.2, 0.1,M Sr Pr Dub = = = = =
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1 0.5 0.1 0.1 0.2 0.5 0.1 -0.6554 -0.3662 -1.934 
1 0.5 0.1 0.1 0.2 1 0.1 -0.6423 2.636 -2.47 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6637 -0.7004 -1.685 
1 0.5 0.1 0.1 0.2 0.1 0.5 -0.6595 -0.7785 -1.144 
1 0.5 0.1 0.1 0.2 0.1 1 -.6545 -0.9095 -0.2152 

 
Table 2.  For melting surface. 

 

         
 

1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
2 0.5 0.1 0.1 0.2 0.1 0.1 -0.6537 -0.3357 -0.9623 
5 0.5 0.1 0.1 0.2 0.1 0.1 -0.6912 -0.2554 -0.8491 
1 0 0.1 0.1 0.2 0.1 0.1 -0.6192 -0.4249 -1.149 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
1 1.5 0.1 0.1 0.2 0.1 0.1 -0.6839 -0.3271 -0.8874 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
1 0.5 0.5 0.1 0.2 0.1 0.1 -0.6832 -0.3798 -1.043 
1 0.5 1.5 0.1 0.2 0.1 0.1 -0.5265 -0.4739 -1.295 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
1 0.5 0.1 0.5 0.2 0.1 0.1 -0.5902 -0.4136 -1.097 
1 0.5 0.1 1.5 0.2 0.1 0.1 -0.5284 -0.4485 -1.25 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
1 0.5 0.1 0.1 1 0.1 0.1 -0.6128 -0.1398 -0.9396 
1 0.5 0.1 0.1 2 0.1 0.1 -0.5909 -0.7899 -0.8592 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
1 0.5 0.1 0.1 0.2 0.5 0.1 -0.6109 0.1395 -0.9361 
1 0.5 0.1 0.1 0.2 1 0.1 -0.5922 0.6301 0.8653 
1 0.5 0.1 0.1 0.2 0.1 0.1 -0.6291 -0.3829 -1.02 
1 0.5 0.1 0.1 0.2 0.1 0.5 -0.6266 -0.4102 -0.902 
1 0.5 0.1 0.1 0.2 0.1 1 -0.6237 -0.4512 -0.7079 
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4. Conclusion 
The remarkable points of this study 

are as follows: 
1. Velocity profile shows increment 

when temperature slip parameter, 
concentration slip parameter, 
 Dufour Number,  Eckert 

number,  concentration Grashof 
Number,  velocity  Grashof 
Number,  porosity parameter, 

 Schmidt number,  sorret 
number increases  and reduces 
wheh  inclination angle,  
Casson fluid parameter,  
chemical reaction parameter,  
first order velocity slip parameter, 

 magnetic parameter,  
dimensionless melting parameter, 

 Prandtl number,  radiation 
parameter,  porous surface 
parameter for both the boundaries. 

2. Energy profile increases with the 
increment of  Dufour Number, 

 Eckert number,  porosity 
parameter,  magnetic parameter 
and shows reduction with increment 
in  Casson fluid parameter,  
concentration Grashof Number,  
velocity GrashofNumber,  
dimensionless melting parameter 
and  sorret number for both the 
boundaries. 
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3. Mass profile rises when  Dufour 
Number,  Eckert number,  
Casson fluid parameter and  
magnetic parameter rises whereas 
this profile reduces with increase in 

 concentration Grashof Number, 
 velocity  Grashof Number ,  

dimensionless melting parameter 
and  porosity parameter for both 
the boundaries. 
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