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Abstract. In the current study, a comparative analysis of two-dimensional heat transfer by the free convective flow of non-
Newtonian Casson and Carreau fluid in electro-conductive polymer on the outside surface of a horizontal circular cylinder under 
slip and radial magnetic field effects is regarded. The Casson and Carreau fluid model formulation were first developed for the 
problem of the boundary layer of the horizontal circular cylinder and by using non-similarity transformations, the combined 
governing partial differential equations are translated into ordinary differential equations. The differential equations obtained are 
resolved by the Keller Box Method (KBM). The impact of the key parameters, the rate of heat transfer and skin friction is evaluated 
through graphs and tables. The result reveals that an increase in magnetic number decreases the velocity field of both Casson and 
Carreau fluid also Casson fluid is higher values when compared to Carreau fluid in variation of magnetic number. 

Keywords: MHD, Casson-Carreau fluid, Circular cylinder, Porous medium, Keller-Box method. 

1. Introduction 

The non-Newtonian fluids are famous due to diverse classical properties. With complicated nature and distinct rheology, the 
interest of scientists is to explore more interesting features of such materials. The nature of non-Newtonian liquids are noticed to 
be entirely distinct as compared to the viscous liquids. The non-Newtonian liquids play one of the major contributions in various 
manufacturing industries, chemical processing and engineering. The real valuable examples associated with the non-Newtonian 
materials are observed like starch suspension, cosmetics, molten, medicine, paints, blood, etc. The characterization of such 
materials is usually presented in three types like rate type, integral and differential fluid types. Numerous advanced designing 
applications include the investigation of non-Newtonian liquids. This includes mud drilling for petroleum [1], biological gels [2], 
polymer [3] and food [4] processing. Also, the heat transfer flow of non-Newtonian fluid is of extraordinary impact in hot rolling, 
glass sheets blowing and paper production [5-7]. While basic, the Casson model is useful in simulating a variety of polymers, such 
as alcohol, flood polymers used in enhanced oil recovery [8]. Tassaddiq et al. [9] presented an application of Newtonian heating for 
Casson fluid flow by using a fractional operator. Ramzan et al. [10] explored the MHD Casson nanofluid flow in an elastic cylinder 
due to Newtonian heating. They found that the higher hotness happened with the case of Newtonian heating. The rheological 
properties of non-Newtonian liquids can be observed as no particular constitutive association among stress and pace of strain. 
Hence, there are quite a few non-Newtonian fluid models, but Casson liquid are the most straightforward model for rheological 
impacts of viscoelastic fluids. Nazeer et al. [11-12] imposed the analytical and numerical schemes for the convective flow of non-
Newtonian Eyring-Powell fluid in a porous canal. Ansari et al. [13] and Trivedi et al. [14] imposed the Quasilinearization scheme for 
the convective flow of Casson nanofluid and they originate that the speed and warmth display an opposite behaviour with 
Casson parameter. Temperature dependent viscosity of hybrid nanofluid due to porous plate/sheet was investigated by 
Venkateswarlu and Satya Narayana [15-16]. Their work performs biomedical and engineering applications like: drugs delivery, 
cancer therapy and cooling/heating process, etc.                 

The Casson liquid model was initially acquainted with portraying printing inks by Casson [17]. It is a viscoelastic liquid model 
which shows shear diminishing attributes, yield worry (beneath which no stream happens) and high shear thickness as 
expounded by Bird et al. [18]. This model keeps an eye on a Newtonian liquid at a high divider shear push, i.e. at the point when 
the divider stretch is far more noteworthy than yield push. To enhance and preparing of many sorts of polymers, various 
examiners have directed recreations of Casson stream flow utilizing numerous computational and diagnostic strategies. These 
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examinations have included warmth exchange (essential for warm treatment), mass exchange (basic to doping change of 
polymers), gooey warming, magnetohydrodynamics (for electro-conductive polymers) and numerous other marvels. Hayat et al. 
[19] examined the dissipative heat transfer characteristics of a Casson fluid through an elastic sheet by using homotopy analysis. 
Nasir et al. [20] analyzed the heat and mass and transfer between long parallel and vertical wavy walls under convective 
boundary conditions in the transient flow of Casson fluid. Venkateswarlu and Satya Narayana [21-22] carried out the shooting 
scheme for heat and mass transfer flow of Casson nanofluid and found that heat and mass transfer rates are controlled by the 
thermal conductivity parameter.  

With rising shear stretch speeds, the thickness of Carreau fluids is reduced and this model has discovered some renown in 
building reenactments. The movers of Carreau fluid and the diffusion of heat between two concentric cylinders were studied by 
Khellaf and Lauriat [23]. The MHD non-Newtonian Carreau fluid flow over a convective surface was studied by Khan et al. [24]. In 
Falkner-Skan Carreau liquid stream, the momentum and heat transfer through an isothermal wedge was investigated by Raju and 
Sandeep [25]. Theoretically, Akbar et al. [26] are researching MHD stagnation-point movement of Carreau fluid over a shrinking 
layer. Abbas et al. [27] have studied a Carreau fluid flow by homotopy analysis method. Azam et al. [28] and Song & Co [29] 
scrutinized the melting heat transfer of bioconvection nanofluid flow by carrying activation energy with thermo diffusion and 
Brownian motion. Malik et al. [30] presented heat transfer flow of Williamson fluid caused by cylinder spreading in the midst of a 
homogeneous-heterogeneous reaction. Activation energy analysis in an axisymmetric flow of Williamson nanofluid was 
presented by Azam et al. [31-32]. It is devoted that the nanoparticle volume fraction is rising by the cause of activation energy. 
Rehman et al. [33] explored dual convection of Williamson fluid with chemical reactions along an angled stretching cylinder. By 
considering multiple flow geometries and varying physical results [34-39] [34-38] studied the properties of non-Newtonian 
Carreau fluids. Santoshi et al. [40], Nagendra et al. [41] and Amanulla et al. [42] examined the non-Newtonian Casson-Carreau 
nanofluid by adapting convective conditions. The slip parameter plays vital role in the heat transfer rate, friction factor and 
velocity for both the fluid cases. Liu and Gehde [43] considered wall slip in thermal polymer manufacturing. The finite element 
formula and closed type solutions for the effect of wall slip in tapered dies on Power-law fluids along with pressure drop were 
proposed by Hatzikiriakos and Mitsoulis [44].  The first important study of laminar slip-flow thermal transfer for uniform heat 
flux pipes was reported by Sparrow et al. [45]. They noted that the momentum slip works to boost the flow of heat while reducing 
Shift of heat by thermal slip. Subba Rao et al. [46] exposed the slip effects of Casson fluids with buoyancy property on thermal 
convection boundary layer flow. Uddin et al. [47] used Maple software to conduct several slip effects on bio-convection flows of 3D 
nanofluids. Recently, many authors [48-50] studied the Casson-Carreau fluid flows in various geometrical approaches.  

The flow over a plane or parabolic or any other regions was the subject of all the above studies. In this work, we research the 
two-dimensional magneto-hydrodynamic Casson and Carreau fluid flowing past a circular cylinder under the slip effects. 
Graphically, the influence of various quantities of the thermal fields, flow of fluids, the skin friction and rate of heat transfer are 
seen. Tabular findings for wall friction and Nusselt number are recorded for.  

2. Formulation and Physical Model  

The magneto-hydrodynamic (MHD) steady free heat transfer flow of convection from the horizontal circular cylinder of 
Casson and Carreau fluid is studied. The flow model and related co-ordinate system are seen in Figure 1. Incompressible and a 
homogenous dilute solution is taken to be the nanofluid fluid. B0 is the magnetic field of strength and usually applied to the flow. 
From the lowest point, the x-coordinate is determined via the diameter of horizontal cylinder and the y-coordinate is determined 
normal to the surface, with 'a'  that denotes a horizontal cylinder radius. With respect to the vertical 0 π≤Φ≤  and /x aΦ =  is 
the y-axis orientation angle. The g acts downward with gravitational acceleration. The fluid and horizontal cylinder are both held 
in the similar heat initially. They are instantaneously elevated to warmth wT T∞>  that is the fluid's ambient warmth that stays 
unchanged.  

The stress tensor of Carreau fluid is defined as 

2
0

( 1)
1 ( )

2ij ij

n
τ η γ γ

 − = + Γ    
ɺ ɺ , (1) 

where ijτ  is the additional stress tensor, 0η  is the viscosity of the zero shear rate, Γ  is the time value, n  is the power-law 

index and γɺ  is described as 

1 1

2 2ij ij
i j

γ γ γ= = ∏∑∑ɺ ɺ ɺ , (2) 

 

g 

Electro-conductive 

Casson-Carreau Non-

Newtonian 

B0 Radial magnetic field 

Cylinder 

� 

Darcy porous 

Tw surface condition 

� 

T
∞

 free stream 

condition 

� 

� 

 

Fig. 1. Physical model circular cylinder 
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Casson fluids have two-dimensional steady flows offered by (see Refs. [51-55]) 
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where ∏ is the second invariant strain tensor. Based on the above suppositions, the governing equations for continuity, 
momentum and energy (see Refs. [41-42]) are defined as  

0
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∂ ∂
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At the cylinder surface and in the free stream, the boundary conditions placed are  

at    0 00, , 0, w

u T
y u N v T T K

y y

∂ ∂
= = = = +

∂ ∂
, 

as   , 0, 0,y u v T T→∞ → → → ∞ , 

(7) 

Here 0N  is the speed slip factor, 0K  is the thermal slip factor and T∞  is the temperature of the free stream. One can retrieve 
the no-slip case for 0 00N K= = . 

The Cauchy-Riemann equations /u yψ= ∂ ∂  and /v xψ=−∂ ∂  define the stream function ψ  and the continuity equation is 
therefore immediately fulfilled.  

Appropriate non-dimensional quantities are defined as  

1 /4
1/ 4
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The transformed equations for energy and concentration in the boundary layer appear as 

( )2 21 3 sin 1
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, (10) 

The related dimensionless boundary conditions that have been transformed are 

1
0, (0) 1 , 1 (0) Tff f f S Sθ θ

β

 ′ ′′ ′= = + = +   
,   at 0η =  

0, 0f θ′ → → ,  as η→∞  

(11) 

and the skin friction and Nusselt number is reduce to 

3/ 4 21 3
( ,0) 1 ( 1) ( ,0)

2fGr C f n We fξ ξ ξ
β

−
   ′′ ′′ = + + −     

, (12) 

1/ 4 ( ,0)Gr Nu θ ξ− ′= − , (13) 

3. Keller-Box Implicit Method 

In a coordinate system, the coupled boundary layer equations remain highly nonlinear. Therefore, to solve the boundary value 
problem described by Eqs. (9)-(10) with boundary conditions (11), a numerical procedure the Keller-Box implicit difference scheme 
is implemented. In Cebeci and Bradshaw [56] and Keller [57], this approach was defined succinctly. However, very few of these 
articles have presented researchers with advice on customizing the Keller-box scheme for heat transfer problems. We also 
included descriptions of the method of discretization below. The following four steps include the application of the Keller scheme  

Decrease to N first order equations of the Nth order PDE system 
(a) Discretization of Finite Difference 
(b) Algebraic equations of Non-Linear Keller Quasilinearization 
(c) Elimination of LKAE by BT 
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Taking into account the subsequent alteration of variables 
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Eqs. (9) and (10) can be concentrated to the subsequent structure as 

21 3 1
1 ( 1) sin( )

2

fu
v f v n Wevv u s Mu u vξ ξ

β ξ ξ ξ

   ∂∂   ′ ′ + + + − − + − = −      ∂ ∂ 
, (15) 

1Pr
fs

t f t u tξ
ξ ξ

−
 ∂∂ ′ + = −   ∂ ∂ 

, (16) 

Here, the primes imply distinction in relation to η  and sθ = . The boundary conditions (15) becoming, in terms of the 

dependent variables 

0, (0), 1 (0) , at 0

0, 0, as

Tff f S f S

f
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, (17) 

As seen in Fig. 2, a 2-D computational mesh is imposed on the plane of ξ η− . The method of stepping is described by  

01 , 1 , 0Jj j jh j Jη η η η η∞−= + ≤ ≤ ≡ = , (18) 
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Here, nk  is the step distance in the ξ  direction and jh  is the step distances in the η  direction. If n
jg  denotes the value of 

any variable at ( , )njη ξ , then the variable and derivative terms appeared in Eqs. (17) and (18) at 1/2
1 /2( , )n
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At the mid-point 1/2( , )njη ξ− , the finite difference approximations for the variables , ,u v t are given as 

( ) ( ) ( )1 1 1
1/2 1 1 /2 1 1 /2 1, ,n n n n n n n n n
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Consequently, the suitable discretized structure of Eqs. (17) & (18) are written as follows 
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Fig. 2. Boundary layer mesh and Keller Box element 
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Here, the following abbreviations are used 

[ ]
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The system of Eqs. (28) and (29) are solved subject to the following boundary conditions 

0 0 00,   1,  0,   0,  0n n n n n n
J J Jf u u vθ θ= = = = = = , (26) 

   By the way of Newton's method, the algebraic equations are linearized and then solved by the process of block elimination. 

The accuracy of computations is affected in both ways by different mesh points. A greater quantity of network points is chosen 

after playing with different grid sizes in the path, whereas slightly fewer mesh points are used in the path. The mathematical 

value of maxη  has been set to 10, defining a suitably huge charge at which the border line situation is met, while the partial value 

of maxξ  is set to 3 for the domain of this stream. Consequently, meshes autonomy is obtained in the existing computations. 

Using the K-B & F-D scheme with the help of MATLAB tools, the present problem is solved. 

   Assuming that 1
1

n
jf
−
− , 1

1
n
ju
−
− , 1

1
n
jv
−
− , 1

1
n
js
−
− and 1

1
n
jt
−
−  are designed for 1 j J≤ ≤ , the discretized Eqs. (25)-(29) make up a system 

of 5 5J+ equations, which is collected by the 5 5J+ unknowns 1
1

n
jf
−
− , 1

1
n
ju
−
− , 1

1
n
jv
−
− , 1

1
n
js
−
− and 1

1
n
jt
−
− , where 0 j J≤ ≤ . By means of Newton's 

method, the corresponding algebraic system is linearized and then resolved by using the K-B technique, which Cebeci and 

Bradshaw [56] have more specifically explained [57], Taking the initial relationship with a particular set of converged solutions at 
nξ ξ= . We first recommend a series of estimate for the functions , , ,f u v s and t that are categorically convergent to start the 

process with 0ξ = . Such profiles are then used with second-order precision in the Keller-Box scheme to determine the proper 

solution step by step along the state line coating. The iterative method is stopped for a given ξ  to give the final velocity and 

temperature distributions when the difference in the calculation of these functions becomes less than 5 10−  in the next 

procedure, i.e. 510ifδ −≤ , where the number of iterations is denoted by the superscript  i . 

   The convergence rate of Eqs. (25)-(29) solutions is quadratic for laminar flows, providing that the initial approximation of the 

optimal solution is relatively similar to the final solution. Four distinct spacing formulas demonstrate that the convergence rate of 

the solutions on behalf of initial profiles with standard iterations is quadratic in both situations. Due to fact that Newton’s 

approach is used to linearize the nonlinear system and the convergence rate of the solutions should be quadratic with the right 

preliminary guess nξ  normally obtained from a solution at 1 nξ − ; it can be used to evaluate the code for potential programming 

errors and to assist in the choice of space ξ∆  on the downstream track. 

   The calculations were conducted in range 0 0.4 ξ≤ ≤  with consistent spacing  ξ∆  corresponding to 0.01 , 0.02 , 0.04  

and  0.08  to research the influence of space  ξ∆  on the convergence rate solutions. The results obtained with 0.08ξ∆ = , at 

each ξ  station, the convergent rate of the solutions was basically quadratic. A tread dimension starting 0.02 to 0.04  is 

appropriate to give reliable and equal findings in most laminar boundary layer flows. In reality, we can also go up to 0.1ξ∆ =  in 

the present problem and still get reliable and comparable outcomes. Merkin [58] has also effectively used this particular attribute 

of 0.1ξ∆ = . 

    In favor of laminar flow calculations, mainly in the laminar state line stratum, an identical network from corner to corner the 

boundary is fitting. However, the Keller-Box solution is special in which separate spaces in both ξ  and η  guidelines be able to 

use. 

4. Outcome and Explanation 

Throughout the analysis, these values are preserved as constant except for the different quantities like: magnetic field 

parameter ( M ), velocity and thermal slip parameters ( fS , TS ), Prandtal number (Pr) , Darcian porosity ( )Da , Forchheimer inertial 

drag parameter ( )Λ  on the velocity and temperature fields along with the heat transfer rate ( Nu ) and skin friction coefficient 

( fC ) as mentioned in the figures and tables. The red and green lines represent the cases of 1n =  and β  over a cylinder in this 

analysis. 

In order to check the exactness of the K-B solutions and calculations, earlier results stated by Merkin [58], Molla et al.[59] and 

Javed et al.[60] are compared with the coefficients of skin friction ( fC ) and heat transfer ( Nu ) of Newtonian fluid (i.e. 0)We= , 

respectively, for different parameter ξ  values in the case of Pr 1.0, 0TfS S M= = = = . Table 1 summarizes the findings of this 

comparison. There is a very close correlation between the effects of the Keller-Box estimation and the solutions of Merkin [58], 

Molla et al. [59] and Javed et al. [60]. The K-B numerical code used in this analysis thus contributes to numerical findings that are 

very reliable. 

Both the Casson and Carreau fluid cases, Fig. 3(a-b) indicate the influence of the magnetic field parameter ( )M  on the velocity 

and temperature fields. It is apparent that with growth M  in the temperature fields are increased and velocity fields are 

decreased. An increase of M  in the physical point of view produces a resistant form of opposing force in the direction of flow that 

causes the velocity boundary layer to decrease. The magnetic field, thus serves as a retarding force along with the slip effect and 

regulates the velocity of the fluid, which is useful in various applications such as electromagnetic cable insulation, MHD power 

generation and metal, etc.  
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Table 1. Comparison of skin friction and Nusselt number with those of Merkin[58], Molla et al. [59] and Javed et al. [60] while 

Pr 1.0= and 0.0
f T

M S S We= = = =  

ξ  f
C  Nu  

[58] [59] [60] Present Solutions [58] [59] [60] Present Solutions 

0  0.0000 0.0000 0.0000 0.0000 0.4214 0.4216 0.4215 0.4218 

/ 6π  0.4151 0.4139 0.4150 0.4247 0.4161 0.4163 0.4163 0.4165 

/ 3π  0.7558 0.7527 0.7557 0.7559 0.4007 0.4006 0.4009 0.4011 

/ 2π  0.9579 0.9526 0.9578 0.9576 0.3745 0.3741 0.3747 0.3752 

2 / 3π  0.9756 0.9677 0.9555 0.9551 0.3364 0.3355 0.3355 0.3354 

5 / 6π  0.7822 0.7717 0.7822 0.7821 0.2825 0.2810 0.2824 0.2839 

π  0.3391 0.3238 0.3388 0.3385 0.1945 0.1911 0.1943 0.1954 

 

 
 

  

(a) (b) 

Fig. 3. Effects of magnetic field parameter on the (a) velocity (b) temperature 

 

  

(a) (b) 

Fig. 4. Effects of velocity slip parameter on the (a) velocity (b) temperature 
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In Fig. 4(a-b) for both the Carreau and Casson fluid cases, the variance in velocity and temperature fields due to the effect of 

velocity slip ( )fS is presented. A progress in fS , the findings indicate a decrease in velocity and an increase in temperature fields, 

is noted. The flow velocity is then decreased by a slip parameter near the sheet and the temperature is increased. In fact, 

expanding upsides of slip parameter makes the less hotness move to the surface and it might be the justification behind 

diminishing sense in the velocity. 

   For both the Carreau and Casson fluid cases, Fig. 5(a-b) illustrates the influence of thermal slip ( )TS  on the velocity and 

temperature profiles. The improvement TS  is shown to contribute to temperature drop, but the coefficient of thermal 

accommodation increases. Because of temperature changes, this will decrease the thermal diffusion in the flow area and even get 

thinner. 

The results of Prandtl number (Pr)  on the velocity and temperature profiles for both the Carreau and Casson fluid cases are 

shown in Fig. 6(a-b). The graphs demonstrate that as the Pr values rise, the temperature and speed decrease. The ratio of 

momentum diffusivity to thermal diffusivity is signified by the Prandtl number. Because of the fact that the higher Prandtl liquid 

has poor thermal conductivity, which lowers conduction and hence the thickness of the thermal boundary layer and reduces 

temperature as a result. 

 
 

  

(a) (b) 

Fig. 5. Effects of thermal slip parameter on the (a) velocity (b) temperature 

  

(a) (b) 

Fig. 6. Effects of Prandtl number on the (a) velocity (b) temperature 
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The Carreau and Casson fluid situations, the variance in velocity and temperature fields due to the effect of Da  are seen in 

Fig. 7(a-b). With the increase of the Darcy number as seen in Fig. 7(a), the velocity is obviously dramatically decreased greater 

permeability of the regime leads to a decrease in Darcian drag strength. With the increasing of Da , the velocity peaks near the 

cylinder surface are often observed to be dis-placed further from the wall. As seen in Fig. 7(b), the temperature rises very 

significantly with an increase in Da . The gradual decrease in solid fibers with high Da  values in the porous medium serves to 

decrease the heat transfer of thermal conduction in the system. 

For different estimations of the Forchheimer inertial drag parameter ( )Λ  with spiral arrangement η , Fig. 8(a) describes the 

velocity field ( )f ′  response. In the dimensionless energy conservation condition (9), the Forchheimer drag drive concept is 

quadratic and with an expansion in Λ  (which is literally associated with the geometry of the permeable medium) and it would 

increase. Fig. 8(b) reveals that temperature ( )θ  persistently spreads from the cylindrical surface with an expansion in Λ  across 

the boundary layer. Through way of heat conduction and convection, the heat would be diffused more viably with stream 

deceleration. Subsequently, with expanding Λ , the boundary layer administration will be warm and the thickness of the border 

stratum will be increased, contrasted and the thickness of the velocity boundary layer being diminished.  

 

  

(a) (b) 

Fig. 7. Effects of Darcy number on the (a) velocity (b) temperature 

  

(a) (b) 

Fig. 8. Effects of Forchheimer parameter on the (a) velocity (b) temperature 
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The effect of the stream wise (tangential) coordinates ξ , on the distributions of velocity and temperature is seen in Fig. 9(a-b). 

A poor deceleration in the flow of the boundary layer is experienced with better ξ , i.e. principles among a progressive space from 

the lower stagnation point ( 0)ξ =  along the cylinder surface, as seen in Fig. 9a. Therefore, with ξ  values, momentum boundary 

layer thickness is elevated slightly. Conversely, in Fig. 9b, with increasing ξ  values, a weak rise in temperature is measured. 

Therefore, the thickness of the thermal boundary layer is improved as we advance upward from the minor stagnation point on 

the plane of the cylinder along the periphery of the cylinder. 

The magnetic parameter ( )M  effect on the shear stress and the rate of heat transfer is shown in Fig. 10 (a-b). Important loss is 

caused by a higher magnetic field in skin friction (Fig.10a), leading to a delay in boundary layer movement. Therefore, maximal 

skin friction is obtained only in the deficiency of a radial magnetic field, i.e. 0M = . For 1M< , the viscous hydrodynamic force in 

the regimen is surpassed by the magnetic body force. For 1M> , the reverse is the case. The decrease in the heat transfer rate 

with higher M  values means that the heat transfer from the boundary layer to the wall (cylinder surface) is decreased. Physically 

means that more heat is transferred to the fluid from the cylinder surface, which describes the higher temperatures in the earlier 

computations consistent with intense magnetic fields (Fig. 4b). Thus, in electrically conducting polymer dynamics, the magnetic 

field is a powerful mechanism for controlling thermal and velocity characteristics.    

 
 

  

(a) (b) 

Fig. 9. Effects of  on the (a) velocity (b) temperature 

  

(a) (b) 

Fig. 10. Effects of MHD parameter on the (a) skin friction (b) Nusselt Number 
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The results of velocity slip on skin friction coefficient and number distributions of Nusselt are described in Fig. 11(a-b). It is 

noted from these graphs that the increasing velocity slip parameter decreases the wall velocity, but for the wall temperature, the 

opposite pattern is observed. Physically, it can be perceived that the resistance between the liquid and sheet is decreased for 

higher slip parameter values, and liquid behaves like inviscid liquid leading to full slip. 

Fig. 12a-b provides the effect of thermal slip on skin friction coefficient and Nusselt number profile. From Fig. 12a, it is clearly 

observed that the wall velocity decreases as an increase in the thermal slip parameter. You will see the same results in Fig. 12b for 

the Nusselt number. On the wall, the greatest impact is detected. 

Fig. 13(a-b) demonstrates the effect of Darcian porosity ( )Da  on the distribution of the skin friction coefficient and heat 

transfer volume. If the parameter of Darcian porosity is Da→∞ , the Darcian drag force disappears in the momentum equation 

(15) in that case. In relation to Da  (which reflects dimensionless permeability, i.e. hydraulic conductivity), however, the porosity 

parameter exists in Eq. (15) in a variety of terms. As expected, increasing Da  (Fig. 13a) reduces the amount of solids present to 

withstand the flow and accelerates the coefficient of skin friction and heat transfer rate as well (Fig. 13b). Thermal boundary 

layers are thus decreased with higher porosity in thickness and are thickened for materials that engulf low-porosity. 

The skin friction coefficient and Nusselt number profiles are analyzed from Figs. 14(a-b) for the Forchheimer parameter 

inciting value. It can be shown that with an increasing value of the Forchheimer parameter, both the velocity and temperature at 

the wall are reduced. 
 

  

(a) (b) 

Fig. 11. Effects of velocity slip parameter on the (a) skin friction (b) Nusselt Number 

  

(a) (b) 

Fig. 12. Effects of thermal slip parameter on the (a) skin friction (b) Nusselt Number 
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(a) (b) 

Fig. 13. Effects of Darcy number on the (a) skin friction (b) Nusselt Number 

  

(a) (b) 

Fig. 14. Effects of Forchheimer parameter on the (a) skin friction (b) Nusselt Number 

 
 
 

Table 2. Values of 
f

C and Nu  for different Pr  and β  

Pr  
1.0β =  3.0β =  5.0β =  

fC  Nu  fC  Nu  fC  Nu  

7 0.2048 0.3076 0.1893 0.3098 0.1839 0.3109 

10 0.1978 0.3597 0.1844 0.3624 0.1795 0.3638 

15 0.1889 0.4266 0.1781 0.4326 0.1737 0.4344 

25 0.1763 0.5295 0.1691 0.5342 0.1654 0.5402 

50 0.1573 0.7072 0.1553 0.7103 0.1528 0.7133 

75 0.1448 0.8360 0.1442 0.8372 0.1440 0.8388 

100 0.1355 0.9397 0.1344 0.9401 0.1281 0.9491 
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Table 3. Values of fC and Nu  for different Pr  and We  

Pr  
0.0We =  1.0We =  3.0We =  

fC  Nu  fC  Nu  fC  Nu  

7 0.1740 0.3129 0.1337 0.3127 0.0499 0.3128 

10 0.1702 0.3659 0.1317 0.3661 0.0440 0.3662 

15 0.1653 0.4360 0.1290 0.4364 0.0392 0.4371 

25 0.1582 0.5416 0.1250 0.5421 0.0353 0.5427 

50 0.1472 0.7139 0.1183 0.7212 0.0325 0.7209 

75 0.1399 0.8463 0.1138 0.8485 0.0309 0.8486 

100 0.1343 0.9473 0.1102 0.9491 0.0289 0.9500 

 

Table 4. Values of fC  and Nu  for different Λ  

Λ  
Newtonian fluid Casson fluid Carreau fluid 

fC  Nu  fC  Nu  fC  Nu  

0 0.1740 0.3130 0.2048 0.3076 0.1621 0.3126 

1 0.1738 0.3125 0.2045 0.3073 0.1618 0.3122 

5 0.1728 0.3103 0.2031 0.3051 0.1610 0.3104 

10 0.1715 0.3082 0.2014 0.3051 0.1599 0.3082 

50 0.1632 0.2931 0.1895 0.3034 0.1527 0.2932 

100 0.1555 0.2795 0.1778 0.2905 0.1459 0.2797 

300 0.1376 0.2527 0.1481 0.2503 0.1301 0.2530 

500 0.1283 0.2376 0.1308 0.2354 0.1218 0.2376 

5. Conclusion 

This finding agrees with the slip effect by porous medium on the MHD Casson-Carreau liquid stream past a circular cylinder. 
We have found the numerous slip effects to make the action of the flow more entertaining. Along with wall skin friction and local 
Nusselt numbers, the effects of various dimensionless parameters on momentum and thermal fields are explored with the aid of 
charts and tables. The findings of the present review are as follows:  

 In Casson fluid, the rate of heat transfer is higher relative to the case of Carreau fluid. We may infer from this, the Casson 
fluid is very useful for higher heat transfer appliances. The wall thickness parameter depreciates temperature field for 
Casson and Carreau fluid cases.  

 The increasing values of the velocity slip parameter boost the temperature fields, while the velocity profiles are 
depreciated.  

 Compared with the case of Casson fluid, the thermal boundary layer is strong in Carreau fluid. This proves that in 
supporting temperature fields, the Carreau fluid is very helpful.  

Time-dependent and mass transfer (species diffusion) effects, which are also significant in polymer production, have been 
ignored in the current study and will be studied in the future. 
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Nomenclature 

B0 

Cf 

f 

Externally imposed radial magnetic field Skin 

friction coefficient 

Non-dimensional stream function  

 

α  

β  

Greek Symbols  

Thermal diffusivity 

Thermal expansion coefficient 
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Gr 

g 

k 

K0 

Nu 

M 

Pr 

N0 

Sf 

ST 

T 

u,v 

We 

x 

y 

Grashof number 

Acceleration due to gravity 

Thermal conductivity of fluid 

Thermal jump factor 

Local Nusselt number 

Magnetic body force parameter  

Prandtl number  

Velocity (momentum) slip factor  

Velocity slip parameter 

Thermal jump parameter 

Temperature  

Velocity components along x,y directions 

Weissenberg (viscoelasticity) number’ 

Stream wise coordinate 

Transverse coordinate  

η  

ν  

θ  

ρ  

σ  

ξ  

ψ  

 

 

 

w 

∞  

 

 

Dimensionless transverse coordinate 

Kinematic viscosity 

Non-dimensional temperature  

Density viscoelastic fluid 

Electrical conductivity of viscoelastic fluid  

Dimensionless steam wise coordinate 

Dimensionless stream function 

 

Subscripts 

Time-dependent material constant  

Conditions on the wall 

Free steam conditions  
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