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Abstract:  
The primary interest of this study is to investigate the results of magnetohydrodynamics Casson and 

Carreau fluid heat via a porous medium at the aspect of a stretching sheet. Variable thermal 

physical phenomena and suction/injection parameter results are also taken into account. Similarity 

transformations are applied to convert the governing equations of the magnetohydrodynamics 

Casson and Carreau fluid glide model into dimensionless non-linear normal differential equations. 

The results on velocity, concentration, temperature profiles, surface drag, Nusselt number, and 

Sherwood number are discussed for various flow parameters and presented the results through 

plots and tables. The fluid flow is analyzed for every suction and injection case. From the analysis it 

is noted that the velocity profile reduces by increasing the magnetic parameter and the reverse 

trend is observed for increasing values of Weissenberg number in the case of suction and injection. 

The temperature space and heat transfer rate enhances by increasing the variable thermal 

conductivity and more in the case of suction. 

Keywords: Casson and Carreau fluid, suction.injection, variable thermal conductivity, magnetohydrodynamics, thermal 

radiation. 

 

NOMENCLATURE 

 

Greek symbols 

𝐵0 magnetic field (𝑇) 𝛤 characteristic time constant  

𝐶𝑝 specific heat (𝐽 𝑘𝑔−1𝐾) 𝜈 kinematic viscosity (𝑚2𝑠−1) 

𝑞𝑟 Radiative heat flux  𝜙 dimensionless concentration 

𝑊𝑒 Weissenberg number 𝜃 dimensionless temperature 

R radiation parameter 𝑘∗ Rosseland mean absorption coefficient 

DCT Soret kind diffusivity(𝑚2𝑠−1) 𝜇 dynamic viscosity (𝑘𝑔 𝑚−1𝑠−1) 

𝑀 magnetic parameter 𝜎 electric conductivity (Ω−1𝑚−1) 

𝑘 thermal conductivity of the fluid 

(𝑊 𝑚−1𝐾−1) 

𝜌 Density (𝑘𝑔 𝑚−3) 

𝐵0 magnetic field (𝑇) 𝜎∗ Stefan-Boltzmann constant (𝑊 𝑚−2𝐾4) 

𝐶𝑝 specific heat (𝐽 𝑘𝑔−1𝐾)  𝛾 Casson fluid parameter 

 

1. Introduction 
 

Non-Newtonian fluids have drawn significant attention in recent decades on account of their tremendous 

applications in the fields of engineering, environment, and geophysics. Also, the study of non-Newtonian fluid 

motion and heat transfer past a stretching sheet has renewed great attention from several researchers due to its 

significance in many industrial and engineering applications, like liquid crystal solidification, exotic lubricants, 

wire drawing, fibers spinning, petroleum production, continuous cooling, and glass-fiber production, etc, In 

recent decades, several researchers (2016,2017,2018) reported their work on flow past a stretching sheet under 

various circumstances.  
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The concept of magnetohydrodynamics (MHD) is adopted in the design of pumps, heat exchangers, space 

vehicles, thermal production, etc. Many researchers were interested in studying MHD non-Newtonian fluids 

flow through a permeable medium because of its potential uses in alloy and metal solidification, nuclear fuel 

debris treatment, and other fields ([2020,2021,2019,2020,2023,2022,2014]). In view of these applications and 

the importance of Soret together with Dufour on fluids that have a light molecular weight together with fluids 

with medium molecular weight, investigators have published many works whom Alam et al. (2005) examined 

the effects of Soret together with Dufour on free convection MHD as well as mass transport flow using 

numerical approach. Hasanuzzaman et al (2021) considered Soret together with Dufour on MHD unsteady 

mixed convection flow past a radiative porous vertical plate. Cheng (2011) has elucidated Soret together with 

Dufour’s impacts on mixed convection heat together with mass transport through a downward-pointing vertical 

wall. Sharma et al. (2014) examine the impact of Soret together with Dufour on heat as well as mass transport 

for MHD mixed convection flow with Ohmic heating. The problem of mixed convective flow together with 

incompressible flow under the action of buoyancy as well as transverse magnetic field simultaneously in the 

presence of Soret and Dufour effects has been examined by Makinde (2011).  

                   

In the non-Newtonian fluids regime, a substantial amount of research has been done, and many more are needed 

in a range of non-Newtonian models. Since the power-law model is quite simple, few researchers are used to 

investigating non-Newtonian effects. However, due to the limits of the power-law model, this model has 

limitations, particularly for high and low shear rates. To investigate non-Newtonian effects, we can use various 

viscosity models. The Carreau fluid is a generalized Newtonian fluid in which fluid viscosity is dependent on 

shear rate. The Carreau fluid model is useful for describing fluid flow behavior at high shear rates. This model 

was first introduced by Pierre Carreau in 1972. Salman et al. (2018) have discussed the effect of variable 

thermal conductivity, and suction/injection on Carreau fluid flow past a stretching sheet. Under various 

conditions, the flow and heat transport characteristics of MHD Carreau fluid are examined by Shah et al.(2017). 

The flow and heat transport characteristics of MHD Carreau fluid past a permeable stretching sheet are studied 

by Reddy and Sandeep (2018) and they noted that Dufour and Soret parameters regulate the rate of heat and 

mass transfers. Madhura et al. (2022) have examined the effect of nonlinear thermal radiation on the MHD flow 

of micropolar Carreau fluid.  Casson fluid is a plastic fluid that produces shear stress in constitutive equations. 

Soup, jelly, honey, paints, tomato sauce, coal in water, concentrated fruit juice, blood, and other fluid models are 

examples of Casson fluid models. Casson (1959) developed this model to estimate the flow behavior of printing 

ink pigment oil suspensions.  

 

Priam and Nasrin (2022) have carried out a numerical study to examine the time-dependent peristaltic duct flow 

of four different Casson fluids and they noticed that 14.05% magnification of thermal distribution and 64.91% 

diminishment of total entropy due to rising internal thermal radiation from 0.5 to 2. Sohail et al. (2020) have 

analyzed the effect of variable thermal conductivity on MHD Casson fluid flow past a nonlinear stretching 

surface with entropy generation.  The radiative heat transfer effect on a mixed convective flow of Casson fluid 

past a permeable sheet is discussed by Waqas et al (2017). The impact of couple stresses on mixed convective 

flow of Casson fluid through microchannel is studied by Felicita et al. (2016). Extensive researchers examined 

the nature of Casson fluid under various situations to analyze the flow and heat transfer characteristics 

(2020,2014, 2016).  Raju and Sandeep (30) have examined the effect of nonlinear thermal radiation on the three-

dimensional flow of Casson Carreau fluid in the presence of homogeneous–heterogeneous reactions. 

                 

The significance of non-Newtonian fluids flowing through a stretching sheet is explained by the literature 

review described above. In this study, the magnetohydrodynamics Casson and Carreau fluid (CCF) model was 

taken into account when analyzing the flow behavior. The primary goal of this work is to investigate the heat 

transfer properties of MHD CCF flow past a stretching sheet via a porous media. The study includes the effects 

of thermal radiation, fluctuating thermal conductivity, and suction/injection. The nonlinear dimensionless 

governing equations are numerically solved using the shooting method to examine how embedded parameters 

affect processes for mass, heat, and fluid transport. The findings are displayed using plots and tables. 

 

2. Flow Analysis and Mathematical Formulation  
 

Consider two-dimensional steady, MHD boundary layer flow of viscous, incompressible Casson and Carreau 

nanofluid over the heated permeable porous elongated sheet in the presence of chemical reaction were 
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examined. The sheet is taken into consideration within the x-axis with stretching velocity ,wu ax  wherein 

0a  is a constant. It was assumed that the flow of magnetic Reynolds variety is very small in liquid metals and 

partially ionized and the results of polarised prices are not taken into account.  So, a prompted magnetic field is 

negligible in assessment with an applied magnetic area. The cartesian coordinate gadget has been utilized in a 

manner that the x-axis is along the stretching sheet, y-axis is ordinary to the sheet, the beginning is positioned 

at the space, and the flow inside the place is considered. The geometry of the drift phenomena is depicted in 

Fig-1. 

 
Fig-1.  Schematic diagram of the flow 

  

The governing equations for the fluid flow of the model are formulated as [2022]: 

0x yu v  ,           (1) 
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In this study we incorporated the variable thermal conductivity, and it is expressed as  

  1
w

T T
k T k

T T
 



  
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. 

In this analysis, the radiative heat flux is assumed to be >>ry rxq q  since the heat flux diverges only towards y -

direction. Hence, the heat flux ryq  dominates the fluid flow. Considering that the difference in temperature 

throughout the flow is small in a way that 
4T  is evaluated as a linear function of the ambient temperature T . 

Simplifying 
4T  in Taylor’s approach in T  and forgone terms of higher order to obtain:  

4 3 44 3T T T T   .          (6) 

 Utilizing Rosseland approximation [26], the heat flux in terms y  gives  

4

04
=

3
r

T
q

ke y

 



,           (7) 

here 0  signifies Stefan-Boltzmann constant and ke  signifies mean absorption coefficient. Since the 

Rosseland approximation is utilized in this analysis, the tangent hyperbolic liquid is assumed to be optically 

thick liquids. Linearizing the (7) above and utilizing the outcome on the energy equation to obtain  
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The governing equations (2),(4),(8) and (5) are transformed into ordinary differential equations by introducing 

the dimensionless variables are given by : 
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The stream function velocity   can be defined as ,y xu v    so that equation (5) satisfies the continuity 

equation.  f  denote the injection and suction,  is the dimensionless space variable,     and     are the 

dimensionless of temperature and concentration of the fluid respectively. 

In view of the above-mentioned transformations equations (2), (4) and (8) are reduced to the following ODEs: 
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The transformed boundary restrictions as:                

  
, 1, 1, 1 at 0,
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where ,  and f    are the dimensionless velocity, temperature and concentration respectively,  The prime 

denotes differentiation with respect to .  

where the physical parameters are: 
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The skin friction fC  , local Nusselt number xNu  and Sherwood number xSh  are the important physical 

quantities they can be defined as follows 
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Using (9) and (12), the above quantities can be transformed form are: 
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  is the local Reynolds number. 

3. Numerical Computation: 
 

The non-dimensional governing boundary layer equations (10)-(12) subject to the boundary conditions of (15) 

are solved numerically by using the Runge-Kutta fourth-order method in conjunction with the shooting 
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technique. First, the higher-order non-linear differential equations have been converted into simultaneous linear 

differential equations of first order and are further transformed into the initial value problem and it is solved 

numerically by applying the Runge-Kutta fourth order along with the shooting technique. The Skin-friction, the 

Nusselt and the Sherwood numbers have been discussed in detail and various physical parameters have been 

illustrated graphically. 

 

4. Validation: 
 

Skin friction coefficient values for different Hartmann numbers are compared in Table 1 with the work 

presented by Salman et al. [5] for analyzing the accuracy of our results which are showing close agreement 

with each other.  

 

5. Results and Discussion 
 

The main goal of this research is to investigate and discuss a complete analysis of the steady, MHD boundary 

layer CCF flow past an infinite stretching sheet embedded with porous media. Similarity and shooting schemes 

were employed to obtain the solutions for velocity, temperature, and concentration profiles. Thermal radiation, 

suction/injection, and variable thermal conductivity effects are considered in the study. The variation of non-

dimensional fluid motion, concentration, and temperature is discussed in detail for different physical parameter 

values, including the magnetic parameter, Weissenberg number, porous parameter, Carreau fluid parameter, 

Casson fluid parameter, radiation parameter, Prandtl number, chemical reaction parameter, modified Dufour 

parameter, and Dufour solutal Lewis number is discussed in detail. The variation in fluid flow, temperature, 

and concentration are observed for the two cases 𝑆 > 0 and 𝑆 < 0.  In plots, 𝑆 > 0 indicates the suction with 

the solid line, and 𝑆 < 0 is for injection with dashed lines. Physically 𝑆 is utilized to control the fluid flow in 

the channel. Figure 2 shows the impact of magnetic parameters on dimensionless velocity profiles for both 

cases of suction and injection. Increasing 𝑀  values promote diminution in fluid flow for both cases. Physically 

𝑀 corresponds to Lorentz force because of which greater values of 𝑀 enhance Lorentz force and this force is 

one type of resistive force acting against the motion of the fluid therefore fluid velocity decreases. In plots, the 

value of power law index n value is fixed as n=1.5 and n=1.6, because the considered CCF fluid is non-

Newtonian. Generally, the power law index which categorizes the fluids into pseudo-plastic or shear thinning 

non-Newtonian for 𝑛 < 1, Newtonian fluid for 𝑛 = 1, and dilatant or shear thickening non-Newtonian fluid for 

𝑛 > 1. The range of physical parameters considered in this study is as follows: 0 ≤ 𝑀 ≤ 4, 0.71 ≤
Pr ≤ 7,  0 ≤ 𝑅 ≤ 3, 0.1 ≤  𝑁𝑑 ≤ 0.5, 0.1 ≤  𝐿𝑑 ≤ 0.5, 0.1 ≤ 𝛽 ≤ 3, 1 ≤ 𝑊𝑒 ≤ 4, 0.1 ≤ 𝛾 ≤ 0.5,   0.1 ≤
 𝐾𝑟 ≤ 2, −0.5 ≤ 𝑆 ≤ 0.5, 0.5 ≤ 𝐾 ≤ 4. 
 

  
Fig. 2.  Velocity profile versus magnetic parameter. Fig. 3. Velocity profile versus Weissenberg number 

 
The influence of the Weissenberg number 𝑊𝑒 on the velocity profile is shown in Figure 3. The fluid motion 

improves as the Weissenberg number is increased. In terms of physics, the Weissenberg number is the ratio of 

relaxation time to fluid viscosity. The viscosity of the fluid decreases as the Weissenberg number rises, and the 

fluid motion rises as a result. The velocity profile is reversed when the porous parameter  𝐾 is increased and is 

depicted in figure 4. The increase in the porosity parameter of the fluid is owing to an increase in the viscosity 
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of the fluid, or a drop in the permeability at the edge, or a decrease in the stretching rate of the accelerating 

surface, resulting in a progressive decrease in the fluid's flow velocity. 

 

In Figure 5, the velocity profile is plotted against the Casson fluid parameter 𝛾. Increased  𝛾 slowed the fluid 

flow in the direction of the stretching surface. This is because of the fall in yield stress at greater values of the 𝛾 

which leads the fluid to behave more like a Newtonian fluid, resulting in a decrease in fluid velocity. Figure 6 

shows the impact of the nonlinear thermal conductivity parameter 𝛽 on the thermal profile. The temperature 

rises as a function of 𝛽. This is due to the fact that the higher the thermal conductivity, the higher the kinetic 

energy of the fluid particles, which raises the fluid temperature. 

 

  
Fig. 4. Velocity profile versus porous parameter. Fig. 5. Velocity profile versus Casson fluid parameter. 

  
Fig. 6.  Temperature profile versus thermal conductivity parameter. Fig. 7.  Temperature profile versus radiation parameter. 

 
Figure 7 displays temperature curves for various radiation parameter values. The radiation parameter 𝑅 

specifies how much conduction heat transfer contributes to thermal radiation transfer. It is evident that 

increasing the radiation parameter causes the temperature within the boundary layer to rise. Figure 8 depicts the 

impact of Prandtl's number 𝑃𝑟 on the temperature field. The numerical results reveal that when the Prandtl 

number increases, the temperature decreases. A rise in the Prandtl number is associated with a decrease in the 

thickness of the thermal boundary layer and a lower average temperature within the boundary layer. Because 

lower 𝑃𝑟 values imply higher thermal conductivities, heat can diffuse away from the heated surface more 

quickly than with higher 𝑃𝑟 values. As a result, the boundary layer is thicker, and the rate of heat transmission 

is lowered in the case of smaller Prandtl numbers. 

 

Figure 9 shows the impact of the Dufour number 𝑁𝑑 on the fluid's temperature. Variation in the Dufour 

number has only minor effects on the fluid temperature, according to this diagram. The Dufour effect is 

magnified, which results in a modest increase in the fluid's temperature because the viscosity of fluid decreases 

and particles take momentum and the average temperature of fluid enhances and also noticed that the 

decrement in heat transfer rate. Since Dufour number and heat transfer rate are inversely related, i.e.,  𝑁𝑑 ⋉
1

𝑇𝑤−𝑇∞
. So by rising 𝑁𝑑 temperature gradient and thermal potential decays due to which heat flux reduction. 

Figure 10 depicts the effect of the Dufour solutal Lewis number 𝐿𝑑 on the solute profile. With an increase in 
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the number of Dufour solutal Lewis, the solute distribution increased. Within the solute boundary layer, 

increasing the 𝐿𝑑 increases the fluid concentration. 

 

  
Fig. 8. Temperature profile versus Prandtl number. Fig. 9. Temperature profile versus modified Dufour parameter. 

  
Fig. 10. Concentration profile versus Lewis number. Fig. 11. Concentration profile versus chemical reaction parameter 

 
Fig. 12. Concentration profile versus modified Dufour parameter. 

 

The influence of a chemical reaction parameter 𝐾𝑟 on dimensionless concentration profiles is depicted in 

Figure 11. The concentration of the fluid is suppressed as the  𝐾𝑟 is increased. Higher 𝐾𝑟 values result in a 

decrease in chemical molecule diffusivity. As a result, they are obtained by species transfer. The species 

concentration decreases as 𝐾𝑟 rises. With an enhancement in the 𝐾𝑟, the concentration distribution decreases at 

all places of the flow field. The influence of the Dufour solutal Lewis number 𝐿𝑑 on concentration is shown in 

Figure 12. This parameter enhances the thickening of the solutal boundary layer while it reduces that fluid 

concentration. 

Surface drag, heat, and mass transfer rates of the model are discussed in detail with the help of Tables 2-3. In 

point of physics, these quantities have great significance due to their vast applications in engineering and 

industrial fields. From Table 2, it is clear that surface drag is an increasing function of the magnetic parameter, 

Weissenberg number, porous parameter, and Casson fluid parameter. Heat and mass transfer rates are rises 

with the rise in thermal conductivity parameter, radiation parameter, and chemical reaction parameter, and  heat 

transfer rate is decreasing function of modified Dufour number. 
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Table 1. Comparison of the skin friction for various values of M, and Pr = Nd = Ld = Le  = We = n ==0 

 

M Salman et al.(2012) Present Study 

0 1.0000 1.00000 

0.5 -1.1181 -1.118012 

1 -1.4142 -1.414189 

 

Table 2. Variation of friction drag for different values of 𝑀, 𝑊𝑒, 𝐾, and 𝛾 

 

 

 

 

 

 

M We K 𝜸 S Skin friction 

1 0.3 2 0.5 

-0.5 

0.966957 

2       1.355020 

3       1.822203 

4       2.309703 

1       

0.5 

1.134600 

2       1.516732 

3       1.977366 

4       2.457719 

 
1 

  

0.5 

0.698427 

  2     0.764641 

  3     0.847183 

  4     0.939871 

      

  1     

-0.5 

0.626586 

  2     0.675865 

  3     0.733013 

  4     0.790057 

  1 
 

-0.5 

0.609604 

    2   0.815128 

    3   0.981782 

    4   1.124990 

    1   

0.5 

0.785761 

    2   0.986217 

    3   1.149899 

    4   1.290979 

   0.1 

0.5 

0.448695 

      0.2 0.604424 

      0.3 0.716865 

      0.4 0.803702 

      0.1 

-0.5 

0.401367 

      0.2 0.517181 

      0.3 0.596134 

      0.4 0.654575 
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Table 3. Impact of different physical parameters on heat and mass transfer rates: 

 

 R Kr Ld Nd S 
Nusselt 

number 

Sherwood  

number 

0         

0.5 

0.855719 0.686429 

1         0.954112 0.735279 

2         1.10133 0.761286 

0         

-0.5 

0.371158 0.699791 

1         0.372821 0.69994 

2         0.381621 0.700731 

0.1 0 0.5 0.3 0.1 

0.5 

0.266182 0.705174 

  1       0.287431 0.706006 

  2       0.325364 0.70641 

  0       

-0.5 

0.495053 0.746041 

  1       0.610984 0.774109 

  2       0.847285 0.812811 

    0.5     

0.5 

0.29759 1.232912 

    1     0.319851 1.259533 

    1.5     0.345339 1.290779 

    0.5     

-0.5 

0.704927 0.693342 

    1     0.992564 0.996611 

    1.5     1.215909 1.232086 

      0.1   

0.5 

0.37583 0.700602 

      0.2   0.376263 0.70267 

      0.3   0.376662 0.704927 

      0.1   

-0.5 

1.354313 0.511013 

      0.2   1.342295 0.60333 

      0.3   1.330601 0.693342 

 

 

6. Concluding Remarks 
 

MHD boundary layer flow, heat, and mass transport characteristic of CCF are studied numerically. Thermal 

radiation, suction/injection, and variable thermal conductivity effects are taken into account in the study. The 

significant outcomes of the study are drawn as follows: 

 The fluid motion decreases for an enhancing value of the magnetic parameter, porous parameter, and 

time constant parameter, while intensifies for the Weissenberg number. 

 The increase in thermal radiation parameter, variable thermal conductivity, and Dufour number leads to 

an increase in temperature in both suction and injection cases, on the other hand, fluid temperature 

decreases with an increase in Prandtl number. 

 The fluid concentration decreases with an increase in chemical reaction parameter and increases with an 

increase in Dufour number and Dufour solutal Lewis number. 

 The surface drag is intensifying with enhancing values of 𝑀, 𝑊𝑒, 𝐾, and 𝛽. 

 Heat transfer is an increasing function of variable thermal conductivity and thermal radiation and 

decreasing function of Dufour number. 
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Further, the impact of various physical phenomena on the CCF model can be discussed and also one can obtain 

the advantages of CCF flow through irregular channels in science concerning problems. 
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