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Abstract 

In this paper, Magnetohydrodynamic (MHD) flow of the Casson based nanofluid has been studied 

in presence of thermal radiation effect towards a linear stretching sheet. The governing equations 

are reduced in the form of the ordinary differential equations by using similarity transformations. 

The reduced equations are solved by shooting technique with Runge Kutta method MAPLE 

software implementation. In order to validate the accuracy of shooting method, numerically 

obtained results of the skin friction and the Nusselt number are compared with three-stage-

Labattoo-three-A-formula in bvp4c ODE solver and found in the excellent agreements. The effect 

of Casson, magnetic, thermal radiation,  the thermophoresis and the Brownian motion  parameters 

on the velocity, temperature and the concentration profiles have been taken in the account. The 

results reveal that thickness of momentum boundary layer declines as the values of magnetic, 

Casson parameters are increased. Furthermore, temperature of fluid increases when 

thermophoresis and the Brownian motion of particles are enhanced. In last, the values of skin 

friction coefficient, Nusselt as well as Sherwood numbers are gotten for the different values of 

applied parameters shown in the tables.   

Keyword:  Nanofluid, Thermal Radiation, Stretching surface, Revised Model. 
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Introduction 

Many researchers are attracted towards the investigation of the boundary layer, heat and mass 

transfer flows through stretching surfaces/sheets due to possessing vast applications in various 

engineering fields and industries. Some of the important applications are in aerodynamics, hot 

rolling, extrusion of the plastic sheets, artificial fibers, metal spinning, lubricant, paper production, 

drawing of the plastic films, wire drawing, glass fiber production etc. At first, the pioneering work 

on the stretching surface was performed by Crane [1], he worked on steady boundary flow due to 

linear stretching surface whereas Gupta et al., [2] studied Heat and mass transfer past over stretching 

plate surface. After that, the study over a different type of stretching surfaces was performed by 

many other researchers. The Grubka and Bobba [3] investigated the flow on the stretching surface. 

Furthermore, the studies concerned with stretching surfaces were performed by [4–6].  

Nowadays, it is noted that energy efficiency is a main important topic in view of the thermal 

conductivity enhancement, mostly researchers considered different base fluids along with nano-

sized various particles for this purpose. the researchers considered the involvement of nano-sized 

particles in the commonly used base fluid. The nanofluids might be utilized as a working fluid 

instead of simple common base fluids due to possessing high thermal conductivity. Choi [7] was 

the first investigator who prepared such fluid by suspending nano-size particles in the simple base 

fluid that are later named as nanofluid. It is proved that nanofluid possess higher thermal 

conductivity as compared to base fluids. Nanofluids can be used in various energetic systems like 

as natural convection in enclosures, radiators, cooling of the nuclear systems, etc. in the future 

modern science and technology.  Lee et al., [8] stated that the nanofluids possess outstanding heat 

transfer characteristics when they are compared to the common base fluids. Additionally, many 

other researchers [9–14] have shown that the nanofluids possess greater thermo-physical and heat 

transfer characteristics as compare to commonly base fluids. Buongiorno [15] proposed the 

nanofluid model to explore the properties of the enhancement of the heat transfer in the nanofluids. 

Recently, many investigators have used Buongiorno’s model successfully with necessary 

modification according to their study. Khan and Pop [16] analyzed the two-dimensional steady 

boundary layer nanofluid flow through the stretching sheet initially. The effects of the 

thermophoresis and the Brownian motion on free convection boundary layer flow on a porous 

vertical plate was examined by Nield and Kuznetsov [17]. Rana et al., [18] studied the Brownian 
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motion and the thermophoresis effect on mixed convection boundary layer steady nanofluid flow 

of on inclined porous plate numerically.  Makinde and Aziz [19] examined the effect of the 

Brownian motion, thermophoresis and the convective boundary conditions on two-dimensional 

steady boundary layer nanofluid flow past on stretching sheet. Afify and Bazid [20] analyzed the 

effect of the variable nanofluid properties along with the thermophoresis and the Brownian motion 

at a free convective boundary layer flow through the vertical plate. Recently, Makinde et al., [21] 

considered the effect of the variable viscosity, magnetic field and the thermal radiation on the 

convective heat transfer of the nanofluid through stretching sheet. Mustafa et al., [22] analyzed the 

boundary layer nanofluid flow through the exponential stretching surface by considering 

convective boundary conditions. 

The non-Newtonian based nanofluids can widely be considered in different technological and 

industrial applications, like as, the dissolved polymers, paints, biological solutions, glues, and 

asphalt etc. Casson fluid model is classified as a sub-class of the non-Newtonian fluid. It is a 

rheological model for different fluids like chocolate and blood. Casson fluid model shows yield 

stress.  These fluid acts like a solid when the yield stress is greater than shear stress.  It starts 

deforming when the yield stress becomes lesser than shear stress. These types of fluids hold many 

applications in metallurgy, food processing, bioengineering operations, and drilling operations. 

The Casson in 1959 discovered this model which now known as a Casson fluid model especially 

to find the flow characteristics of the pigment-oil suspension [23]. Later on, many researchers [24–

25] considered the boundary layer Casson fluid flow of simply and the Casson nanofluid flow at 

various geometrical regimes. Mustafa et al. [26] analytically worked on unsteady boundary layer 

Casson fluid flow through the moving flat plate, to get an analytical solution he applied the 

homotopy analysis method. Nadeem et al. [27] found analytical solutions of convective boundary 

conditions for the steady stagnation-point flow of a Casson nanofluid. Makanda et al. [28] studied 

MHD Casson fluid flow on the stretching sheet saturated in the porous medium along with the 

effect of the chemical reaction numerically.  

The previously published work indicates that there has been given a little attention given to the 

non-Newtonian based nanofluids. The main purpose of this work is to extend the work of the Khan 

and Pop (2010) under consideration of thermal radiation effect on Casson type nanofluid. The 

main purpose of the investigation is to examine the steady MHD boundary layer flow of Casson 
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based nanofluid, using of Buongiorno model (2006), over linear stretching sheet along with 

thermal radiation. The governing partial differential equations along with subjected boundary 

conditions are reduced in the form of the ordinary differential equations by applying similarity 

transformations. Moreover, reduced ordinary differential equations are solved by applying 

shooting technique by the help of MAPLE software. The obtained numerical results are plotted 

and discussed to clarify the physical aspects of the problem. Skin-friction coefficient, the Nusselt 

number, and the Sherwood number have been discussed at the different values of applied physical 

parameters that are included in the present study. 

Mathematical Formulation 

There has been considered steady two-dimensional incompressible MHD flow of a Casson based 

nanofluid on a linearly stretching sheet along with radiation effect. Cartesian coordinates 𝑥𝑥 is taken 

along sheet with 𝑢𝑢  as a velocity component and y normal to the sheet with v velocity component. 

The flow is produced because of the stretching sheet. The sheet is stretched with a linear velocity 

𝑢𝑢𝑤𝑤(𝑥𝑥) = 𝑎𝑎𝑥𝑥 where 𝑎𝑎 is positive constant related to the stretching sheet, keeping the origin fixed. 

The momentum, temperature and the concentration equations following above-mentioned 

conditions are written as. 

𝜕𝜕𝑢𝑢
𝜕𝜕𝑥𝑥

+
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0    (1) 

       𝑢𝑢 
𝜕𝜕𝑢𝑢
𝜕𝜕𝑥𝑥

 +  𝜕𝜕 
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𝜕𝜕𝜕𝜕
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                      (4) 

The expression for Roseland term is given as (please provide one reference),  

  𝑞𝑞𝑟𝑟 =  − 4𝜎𝜎∗

3𝐾𝐾∗
𝜕𝜕2𝑇𝑇
𝜕𝜕𝑦𝑦2

,    (5) 
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where  𝜎𝜎∗ classifies the expression for Stefan-Boltzmann activated in the thermal layer in addition 

to   𝐾𝐾∗gives the mean absorption coefficient. Also, the streaming for the temperature diversity is 

classified as the streaming to be free 𝜕𝜕∞ and at local 𝜕𝜕 that is considered to be very small, the series 

expansions in 𝜕𝜕4 by means of Taylor expressions with 𝜕𝜕∞  by and discarding the higher indexed 

results for  

  𝜕𝜕4 = 4�𝜕𝜕∞3   �𝜕𝜕 − 3(𝜕𝜕∞4  )      (6) 

 After substituting equation (5) and (6), equation (3) reduces to;   

𝑢𝑢 
𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥

 +  𝜕𝜕 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 =  �𝛼𝛼 +
16𝜎𝜎∗

3𝐾𝐾∗(𝜌𝜌𝜌𝜌)𝑓𝑓
�  
𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2
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𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
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𝐷𝐷𝑇𝑇
𝜕𝜕∞

 �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕�

2

�     (7) 

The subject to boundary conditions  

𝜕𝜕 = 0;    𝑢𝑢 = 𝑢𝑢𝑤𝑤(𝑥𝑥) = 𝑎𝑎𝑥𝑥;     𝜕𝜕 = 𝜕𝜕 𝑤𝑤(𝑥𝑥);   𝜕𝜕 = 𝜕𝜕 𝑤𝑤(𝑥𝑥)   𝑎𝑎𝑎𝑎    𝜕𝜕 = 0 

                 𝑢𝑢 → 0;    𝜕𝜕 → 𝜕𝜕∞;   𝜕𝜕 → 𝜕𝜕∞  as 𝜕𝜕 → ∞        (8) 

here, 𝑢𝑢 and 𝜕𝜕 are velocity components along with respective directions x-axis and y-axis. The  𝜗𝜗 

is the kinematic viscosity, 𝛽𝛽 = 𝑘𝑘𝑐𝑐 �2𝜋𝜋𝐶𝐶  𝜏𝜏0�   indicates Casson fluid parameter,  𝜎𝜎  electrical 

conductivity, the thermal diffusivity is denoted by  𝛼𝛼 . Furthermore, T denotes the temperature at 

boundary layer, 𝜕𝜕𝑤𝑤(𝑥𝑥)  stands for the variable temperature of the surface and 𝜕𝜕∞  free stream 

temperature, 𝜏𝜏 =
(𝜌𝜌𝜌𝜌)𝑝𝑝

(𝜌𝜌𝜌𝜌)𝑓𝑓
�   indicates the ratio of the heat capacity of nano-sized particle to the 

heat capacity of base fluid. The 𝐷𝐷𝑇𝑇   and 𝐷𝐷𝐵𝐵  are the coefficients of the thermophoresis and 

Brownian diffusions respectively.   C denotes the concentration at the boundary layer, 𝜕𝜕𝑤𝑤(𝑥𝑥) 

stands for the variable of the concentration sheet and 𝜕𝜕∞ free stream concentration. The velocity 

components in term of stream functions are written as.  

                                                   𝑢𝑢 = 𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦

   and   𝜕𝜕 = −𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
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 where, 𝜓𝜓 = (𝑎𝑎𝜗𝜗)
1
2𝑥𝑥𝑥𝑥(𝜂𝜂)    in 𝑥𝑥(𝜂𝜂)    which indicate dimensionless stream function       𝜂𝜂 = �𝑎𝑎

𝜈𝜈
�
1
2 𝜕𝜕 

is similarity variable. According to given transformation the velocity components 𝑢𝑢 and 𝜕𝜕 are 

written as 

                                           𝑢𝑢 = 𝑎𝑎𝑥𝑥𝑥𝑥′(𝜂𝜂)   and 𝜕𝜕 = −(𝑎𝑎𝜗𝜗)
1
2𝑥𝑥(𝜂𝜂)                                                            (9) 

The transformations for the temperature and concentration is given by 

 

                                              𝜃𝜃(𝜂𝜂) =
𝜕𝜕 − 𝜕𝜕∞
𝜕𝜕𝑤𝑤 − 𝜕𝜕∞

 and ∅(𝜂𝜂) =
𝜕𝜕 − 𝜕𝜕∞
𝜕𝜕𝑤𝑤 − 𝜕𝜕∞

                                              (10) 

Where, 𝜃𝜃(𝜂𝜂)  indicate dimensionless temperature and ∅(𝜂𝜂)  stands for dimensionless 

concentration. By apply the relation given in (9) and (10) in the equations (2)-(7) and (4)  there 

has been obtained following reduced two-point boundary value problem.   

                            �1 +
1
𝛽𝛽�

𝑥𝑥′′′(𝜂𝜂) + 𝑥𝑥(𝜂𝜂)𝑥𝑥′′(𝜂𝜂) − 𝑥𝑥′2(𝜂𝜂) −𝑀𝑀𝑥𝑥′(𝜂𝜂) = 0                                    (11) 

            
1
𝑃𝑃𝑃𝑃 �

1 +
4𝑅𝑅
3 � 𝜃𝜃′′(𝜂𝜂) + 𝑥𝑥(𝜂𝜂)𝜃𝜃′(𝜂𝜂) + 𝑁𝑁𝑁𝑁𝜙𝜙′(𝜂𝜂)𝜃𝜃′(𝜂𝜂) + 𝑁𝑁𝑎𝑎𝜃𝜃′2(𝜂𝜂) = 0                           (12) 

                             𝜙𝜙′′(𝜂𝜂) +  𝐿𝐿𝐿𝐿𝑥𝑥(𝜂𝜂)𝜙𝜙′(𝜂𝜂) +
𝑁𝑁𝑎𝑎
𝑁𝑁𝑁𝑁

𝜃𝜃′′(𝜂𝜂) = 0                                                            (13) 

 Subject to boundary conditions 

                            �𝑥𝑥
(0) = 0, 𝑥𝑥′(0) = 1, 𝜃𝜃(0) = 1,𝜙𝜙(0) = 1 
𝑥𝑥′(𝜂𝜂) → 0,𝜃𝜃(𝜂𝜂) → 0,𝜙𝜙(𝜂𝜂) → 0 as 𝜂𝜂 → ∞                                                             (14) 

Where 𝑅𝑅  is radiation parameter, 𝑃𝑃𝑃𝑃 = 𝜈𝜈
𝛼𝛼

 Prandtl number, 𝑁𝑁𝑁𝑁 = 𝐷𝐷𝐵𝐵(𝜌𝜌𝐶𝐶)𝑝𝑝(𝐶𝐶𝑤𝑤−𝐶𝐶∞)
𝜈𝜈(𝜌𝜌𝐶𝐶)𝑓𝑓

  Brownian 

motion parameter, 𝑁𝑁𝑎𝑎 = 𝐷𝐷𝑇𝑇(𝜌𝜌𝐶𝐶)𝑝𝑝(𝑇𝑇𝑤𝑤−𝑇𝑇∞)
𝜈𝜈(𝜌𝜌𝐶𝐶)𝑓𝑓𝑇𝑇∞

  thermophoresis parameter and 𝐿𝐿𝐿𝐿 = 𝜗𝜗
𝐷𝐷𝐵𝐵

 Lewish 

number. The other physical quantities like as skin-friction coefficient, the local Nusselt and the 

Sherwood numbers are computed by the following equations. 
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𝜕𝜕𝑓𝑓 =
�𝜗𝜗 �1 + 1

𝛽𝛽�
𝜕𝜕𝑢𝑢
𝜕𝜕𝜕𝜕�𝑦𝑦=0

𝜌𝜌𝑢𝑢𝑤𝑤2
,  𝑁𝑁𝑢𝑢 =

−𝑥𝑥 ��16𝜎𝜎∗𝜕𝜕∞3
3𝐾𝐾∗ + 𝑘𝑘� 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�𝑦𝑦=0
(𝜕𝜕𝑤𝑤− 𝜕𝜕∞) , 𝑆𝑆ℎ =

−𝑥𝑥 �𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�𝑦𝑦=0
(𝜕𝜕𝑤𝑤− 𝜕𝜕∞)                 (15) 

Using Eq. (7) in (13), we get 

𝜕𝜕𝑓𝑓(𝑅𝑅𝐿𝐿𝜕𝜕)
1
2 = �1 +

1
𝛽𝛽�

𝑥𝑥′′(0); 𝑁𝑁𝑢𝑢(𝑅𝑅𝐿𝐿𝜕𝜕)−
1
2 = −�1 +

4
3
𝑅𝑅𝑅𝑅� 𝜃𝜃′(0); 𝑆𝑆ℎ(𝑅𝑅𝐿𝐿𝜕𝜕)−

1
2 = −∅′(0)         (16) 

where 𝑅𝑅𝐿𝐿𝜕𝜕 = 𝑎𝑎𝑥𝑥2 𝜗𝜗⁄  is the Reynolds number. 

 

Fig 1. Physical model of Casson nanofluid. 

Result and Discussion 

The non-linear steady boundary layer, heat and the mass transfer of laminar incompressible Casson 

nanofluid flow past over a linearly stretching sheet has been considered. In order to examine the 

physical significance of the  problem, the numerically obtained values concerned to the velocity 

profile  𝑥𝑥′(𝜂𝜂), temperature profile 𝜃𝜃(𝜂𝜂) and the concentration profile 𝜙𝜙(𝜂𝜂)  are computed for 

pertinent parameters such as, Casson parameter 𝛽𝛽,  Magnetic parameter 𝑀𝑀, the Prandtl number 𝑃𝑃𝑃𝑃, 

the Brownian motion parameter 𝑁𝑁𝑁𝑁, the thermophoresis parameter 𝑁𝑁𝑎𝑎, radiation parameter 𝑅𝑅 and 

the Lewis number 𝐿𝐿𝐿𝐿  respectively. For the validation, the numerically obtained results are 

compared for skin friction values to the already reported by Ferdows, et al., [29] and Khan and 
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Pop [11] in Table 1. The results show good agreement to the newly obtained results given thereby 

that develops confidence of the accuracy related to the present method. Table 2. shows the values 

of Skin friction co-efficient and heat and concentration transfer rate.  

 

 

Table 1. Comparison of our results with previously published results when 𝛽𝛽 → ∞,𝑀𝑀 =

0,𝑎𝑎𝑎𝑎𝑅𝑅 𝑅𝑅 = 0.  

Nb=Nt [29] [16]  Present results 
0.1 0.9524 0.9524 0.9525 
0.2 0.3653 0.3654 0.3653 
0.3 0.1351 0.1355 0.1356 
0.4 0.0490 0.0495 0.0497 
0.5 0.0178 0.0179 0.0179 

 

Table 2: Results of skin friction, heat transfer rate and Sherwood number for different values of 

applied parameters.  

𝛽𝛽 M Pr Nt Le Nb R 𝑥𝑥′′(0) −𝜃𝜃′(𝜂𝜂) −𝜙𝜙′(𝜂𝜂) 
Infi       -1.0000625 0.49544974 0.2618206 
0.5        -0.5785731 0.56967455 0.3574765 
1 0      -0.70759669 0.54667844 0.3259349 
 0.5      -0.86606416 0.51871496 0.2896679 
 1 1     -1.00000419 0.49549108 0.2619126 
  3     -1.00000419 0.85112745 -0.0098374 
  7.5 0.2    -1.00000419 1.152318325 -0.2497082 
   0.3    -1.00000419 1.024225832 -0.4904840 
   0.5 1   -1.00000419 0.81038916 -0.7268871 
    2   -1.00000419 0.54656577 -0.4157432 
    3 0.2  -1.00000419 0.43245605 1.0189915 
     0.3  -1.00000419 0.30073026 1.22866042 
     0.5 0 -1.00000419 0.13436465 1.31006171 
      0.5 -1.00000419 0.24044606 1.20981252 
      1 -1.00000419 0.29857379 1.14797155 
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Fig. 2 shows that enhancement in Casson parameter 𝛽𝛽 increases fluid viscosity due to applied 

stress that ultimately decelerates the flow of nanofluid along the x-direction. Therefore, velocity 

and boundary layer thickness are decreased. The same trend of the result is observed in Fig.3 when 

the value of the magnetic parameter M is increased. Actually, as the effect of magnetic parameter 

M rises, the Lorentz forces become stronger along the direction perpendicular to x-axis that offers 

more resistance in the flow of the nanofluid as a result velocity of nanofluid reduces. It is noted 

that velocity of the nanofluid decay at the short distances from sheet in both cases, either 𝛽𝛽 or M 

is increased. 

The Figs. 4 and 5 indicate that the increment in Casson fluid parameter 𝛽𝛽,  temperature, and the 

concentration distribution profiles are increased. Physically this happened due to that the greater 

values of 𝛽𝛽 indicate stronger molecular motion as well as interactions that ultimately increases the 

fluid temperature and concentration rate. In result, the thickness of the thermal and the 

concentration boundary layers are increased. Where the same type of effect is observed in Figs. 6 

and 7, when Magnetic parameter M is increased due to rising Lorentz forces, both the profiles 

temperature and concentration are increased respectively, and thermal and concentration boundary 

becomes thicker. 

In Fig. 8, the temperature distribution profile for the different values of Prandtl number Pr are 

calculated. As by definition Pr is inverse proportional to thermal diffusivity, the increasing value 

of the Pr indicates a decay in the thermal diffusivity that ultimately reduces the temperature, 

therefore, the thermal boundary layer becomes thinner. 

Fig. 9 indicates that the temperature of the nanofluid arises when Brownian motion parameter Nb 

is enhanced. Whereas, a reverse trend is examined for a concentration profile that is plotted in Fig. 

10. Consequently, the thermal boundary layer thickness increases and converse to it the thickness 

of the concentration boundary layer decreases. This is because of the fact that Brownian motion 

takes place in the zig-zag path, so the kinetic energy of particles increases that consequently shows 

an increase in the collision of particles. 

Effect of thermophoresis parameter over temperature distribution profile 𝜃𝜃(𝜂𝜂) can be seen in 

Fig.11. Due to thermophoretic influence, the nano-sized particles are moved away from hotter 

stretching sheet to the colder fluid at ambient due to the effect of the temperature gradient. 
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Therefore, the temperature profile 𝜃𝜃(𝜂𝜂) is the increasing function of the thermophoresis parameter 

Nt. The strong thermophoretic effect invades a larger extent of the fluid with suspended nano-sized 

particles, so the thermal boundary layer thickness is enhanced. The result of Fig. 12. indicates that 

the concentration of nanoparticle is directly proportional in thermophoresis parameter Nt. That is 

because of the diffusion penetrates deeply in the fluid when Nt is increased that causes the 

increasing of the thickness in both thermal and the concentration boundary layers. 

Fig. 13 is drawn to check the influence of radiation parameter R at temperature distribution profile  

𝜃𝜃(𝜂𝜂). It is seen that the temperature 𝜃𝜃(𝜂𝜂) increases because of the increase in radiation parameter 

R. Actually, it is because of the reason that at the larger value of R, the mean absorption coefficient 

𝐾𝐾∗ is decreased that develops divergence of radiative heat flux. The radiation parameter R always 

releases heat energy in the flow region. Therefore, the rate of the radiative heat transfer rises to 

nanofluid and in a result, the nanofluid temperature is increased. 

The effect of the Lewis number Le at nanoparticles concentration profiles 𝜙𝜙(𝜂𝜂) at different values 

of Le is drawn in the Fig.14.  It is examined that as the Lewis number Le increases, the 

concentration boundary layer thickness decreases. Actually, the greater value of Lewis number 

increases the concentration rate of the nanoparticles in the nanofluid, so in the result, the 

concentration profiles are decreased. The combined effect of radiation parameter R and Lewis 

number Le on concentration profile is plotted in Figs. 15. From this plot, it is clear that the rate of 

concentration decreases as the rate of the radiation parameter R and Lewis number Le increase. 

Therefore, the concentration boundary layer becomes thinner. 

Fig. 16-17 show the influence of thermophoresis parameter on heat and concentration transfer rate. 

As thermophoresis increases, rate of heat decreases. On the other hand, Concentration rate 

enhances when thermophoresis increases. The effect of Brownian motion on heat and 

concentration transfer are shown in Fig. 18-19. It can be seen that heat transfer rate decreases when 

Brownian motion increases while opposite trend has been noticed for concentration rate.  

Conclusion 
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The boundary layer Casson nanofluid flow over linear stretching surface is examined. The 

numerical computations are performed by using the shooting approach along with fourth order 

Runge-Kutta method. The main findings of the present study are presented below:     

(i) By increasing the value of Casson fluid parameters β and magnetic parameter M , the 

velocity of the flowing fluid is decreasing but the rate of the heat transfer and rate of 

concentration both are increasing. 

(ii) Increasing Prandtl number Pr, decreases rate of heat transfer. 

(iii) Increasing rate of thermal Radiations R, increases the rate of temperature distribution. 

(iv) Increasing thermophoresis parameter Nt and Lewis number Le increase the rate of 

temperature distribution and rate of concentration. 

(v) Combined effect of the Lewis number Le and radiation parameter R increases the rate of 

the heat transfer. and reverse to it decreases the rate of concentration or  volume fraction. 

(vi) Increasing Brownian parameter Nt, increases the temperature and reverse to it, decreases 

the rate of concentration.  

(vii) Along the variation of Nt or Nb at different values of the Nb or Nt the rate of the heat 

transfer is increasing but rate of the concentration decrease. 
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Fig:2. The velocity profile at different values of the of 𝛽𝛽. 

 
Fig: 3. The velocity profile at different values of the of Magnetic parameter M. 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 4, April-2019                                                               335 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

 
Fig: 4. The temperature profile at different values of the of 𝛽𝛽. 

 
Fig: 5. The nanoparticles concentration profile at different values of the of 𝛽𝛽. 
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Fig: 6. The temperature profile at different values of the of Magnetic parameter M. 

 
Fig: 7. The nanoparticles concentration profile at different values of the of Magnetic parameter 

M. 
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Fig:8. The temperature profile at different values of the of Prandtl number Pr. 

 
Fig: 9. The temperature profile at different values of the of Brownian motion parameter Nb. 
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Fig: 10. The nanoparticles concentration profile at different values of the of Brownian motion 

parameter Nb. 

 
Fig:11. The temperature profile at different values of the of Thermophoresis parameter Nt. 
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Fig:12. The nanoparticles concentration profile at different values of the of Thermophoresis 

parameter Nt. 

 
Fig: 13. The temperature profile at different values of of Radiation parameter R. 
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Fig:14. The nanoparticles concentration profile at different values of of Lewis number Le. 

 
Fig:15. The nanoparticles concentration profile at the different values of of Le and R. 
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Fig:16 The effect of Nb along variation of the Nt on non-dimensional heat transfer rate. 

 
Fig: 17. The effect of Nb along variation of the Nt on non-dimensional heat transfer rate 

 
 
 

 
Fig: 18. The effect of Nt along variation of the Nb on the non-dimensional heat transfer rate. 
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Fig: 19. The effect of Nt along variation of the Nb on mass transfer coefficient. 
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