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Abstract 

The current research focuses on the impact of variable thermal conductivity on electro-

magnetohydrodynamic (EMHD) flow of a Sutterby nanofluid in a Darcy-Forchheimer porous media with 

a stretching sheet. The impacts of thermal radiation and Christov-Cattaneo heat flux model are also 

considered in the study. The similarity approach is used to transform the governing mathematical model 

into a set of nonlinear ODEs which are then numerically solved by applying the BVP4C method. The 

detailed parametric studies are performed to provide more insights into the fluid flow and heat transfer 

behavior. It is found that the increase in magnetic field and velocity slip parameters decreases the fluid 

velocity. Also, the rise in the variable thermal conductivity parameter increases the temperature profile. 

The impacts of several controlling parameters on the velocity, temperature, concentration, skin friction 

coefficient, heat transfer rate, and Nusselt number are discussed and illustrated graphically and in tabular 

form. 
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Nomenclature 

c      Positive constant ( )1s−  

Q      Heat source 

0B     Uniform magnetic field 

Ha    Magnetic parameter 

Ec     Eckert number 

De    Deborah number 

Le      Lewis number 

*F     Inertia parameter 

E      Electric parameter 

pk     Porosity parameter 

Re    Reynolds number 

*C      Concentration 

C     Ambient concentration 

WC    Concentration of the wall 

Nt      Thermophoretic parameter 

Pr      Prandtl number 

Nb     Brownian ratio parameter 

R       Radiation parameter 

1T        fluid temperature 

T      Ambient temperature 

WT      wall temperature 

*k     Mean absorption coefficient 

TD    Thermophoretic diffusion co-efficient. 

BD    Brownian diffusion co-efficient. 

0N     Slip length 

0K    Thermal jump length 
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bC    Drag coefficient 

2b     Consistency index 

,x y    Cartesian coordinates 

WU   Stretching velocity 

Greek letters 

      Thermal conductivity parameter 

      Dimensionless similitude parameter 

       Thermal relaxation parameter 

     Thermal diffusivity 

*     Thermal relaxation time  

    Stefan Boltzmann constant 

1    Chemical reaction parameter 

     Fluid kinematic viscosity  

     Dimensionless concentration 

      Fluid density 

      Thermal slip parameter 

*      Magnetic permeability 

       Dimensionless temperature 

      Nanoparticles to base fluid heat capacity ratio 

       Velocity slip parameter 

Subscripts 

f       Fluid 

       Ambient state 

W      On the sheet surface 
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1. Introduction 

Nanofluids are the colloidal suspensions of base fluid with nanoparticles. Nanoparticles are the particles 

of dimensions approximately 1-100nm in size [1]. Nanofluids are fluids that are considered to enhance 

thermal conduction and heat convective transmission. Due to their significant applications in bubble 

absorption technologies [2], reactors [3], coolants [4], pharmaceutical procedure [5], heat exchangers [6], 

and solar collectors [7], nanofluids have attracted huge interest in recent years. Nanofluids are the term 

used by Choi et al. [8] to describe the dispersion of tiny nanoparticles within the base fluid. Bachok et al. 

[9] analyzed two-dimensional nanofluid flow on top of an expanding sheet. The water-based nanofluids 

flow along a stretched surface signified by a magnetic field was analyzed by Ali et al. [10] and Hamad 

[11]. Ibrahim et al. [12] analyzed MHD stagnation point nanofluid flow across a stretching surface. 

Non-Newtonian fluids have recently piqued the interest of many analysts in the logical and design fields, 

as they have significant role in industrial and engineering mechanism. The Sutterby fluid [13] is a non-

Newtonian fluid, and Sutterby published the basic equations for it in 1966. Due to its dual nature, that 

describes the behavior of both pseudo-plastic and dilatant fluid, the Sutterby fluid model has attracted the 

attention of researchers. These fluids include methylcellulose, hydroxyethyl cellulose, and carboxy-

methylcellulose. A numeric investigation using Sutterby fluid theory with helical flow was presented 

by Eissa and Batra [14]. The mixed radiative and convective flow for squeezed Sutterby fluid through a 

squeezed channel was analyzed by Ahmad et al. [15]. The magnetic field influence of the Sutterby fluid 

combined with a mass and heat transition was described by Bilal et al. [16]. The Sutterby fluid was 

discussed in terms of entropy formation by Hayat et al. [17]. The impact of a linearly stretchy surface on 

the Sutterby nano-liquids flow is examined by Mir et al. in their study from [18]. On a stretching sheet, 

Bilal et al. [19] investigate a radiative Sutterby fluid with slip boundary conditions. 

Because of the numerous uses in industry and engineering, many experts have long been immersed in 

evaluating fluid flow across porous space. Darcy's theory is commonly used to simulate and evaluate any 

flow across a permeable medium. The fluid flow in a porous material turns non-linear at higher velocities, 

and so the inertia impacts may not be neglected. Whereas conventional Darcy's theory is adequate for 

lower porosity and velocity, it is inadequate for inertial and boundary impacts at higher flow rates. Hence, 

Forchheimer [20] incorporated these concerns into the Darcian velocity equation by inserting an extra 

term using square velocity. This important development within law created a brand-new field for study 

with porous medium. Muskat [21] named the additive term within the Darcy law the Forchheimer term. 
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Khan et al. [22] analyzed the consequence of viscous dissipation and ohmic heating on ferrofluid Darcy-

Forchheimer flow across a stretchable surface. Eid and Mabood [23] illustrated Darcy-Forchheimer 

motion on a dusty nanofluid over a expanding surface by using porosity media and magnetic field effect. 

Ramzan et al. [24] investigated the MHD Darcy Forchheimer flow of Williamson nanofluid along a 

stretching sheet.  

Heat transfer is a natural phenomenon that occurs as a consequence of a temperature difference in the 

same bodies and among the different bodies. In the past centuries, Fourier's principle of heat conduction 

was used to examine the characteristics in heat transport. One of the model's major flaws are that it creates 

a parabolic heat equation, which causes a minor disruption to be sensed quickly across the whole 

substance. To overcome such barrier, Cattaneo [25] modified Fourier law by incorporating thermal 

relaxation time that permits heat to get transmitted by the slow propagation of thermal waves. The model 

was recognized as CC heat flux model. Straughan [26] investigate the Christov-Cattaneo model using 

thermal convection. Zampoli and Tibulle[27] investigated the incompressible fluid flow with Christov-

Cattaneo heat flux model. Han et al. [28] used the Cattaneo model to examine the Maxwell boundary 

layer fluid flow. Hayat et al. [29] studied the effectiveness of Cattaneo model in flow across a expanding 

surface using varying thickness. 

The amount of heat transfer from any material is referred as thermal conductivity. Another important 

attribute of thermal conductivity is that it varies with temperature. It is utilized in a variety of applications, 

including steam generators, laminating, concrete heating, electrolytes, moulding blow, and catalysis. 

Chiam [30-31] analyze the variable thermal conductivity effect on energy transmission. Gbadeyan et al. 

[32] investigated the 2D Casson nanofluid variable thermal conductivity and diffusivity moving across a 

stretchable sheet.  Hamid et al. [33] employed the Galerkin technique to acquire the mathematical 

approximation for a nanofluid using variable thermal conductivity passing along a expanding sheet. 

Salawu and Dada [34] examine the impact of a magnetic field using varying thermal conductivity on an 

incompressible fluid passing through an expanding sheet. Abel et al. [35] analyze the thermal radiation 

effect on fluctuating thermal conductivity and temperature dependent thermal source. 

Electro-magnetohydrodynamics is the dynamic description of the interaction of electrically conducting 

fluids with the influence of magnetic and electric fields. Having its various uses in magnetic drug targeting, 

biomedical engineering, engineering, and geophysics and in many other areas, EMHD has gained 

considerable attention over the years. The idea of flow control with EMHD was firstly used by Resler and 
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Sears [36]. In micro-channel flow regulation Chakraborty and Paul [37] established a mathematical model 

to investigate the EMHD effect. Buren et al. [38] investigate the flow of EMHD Newtonian fluid with 

corrugated walls in a tiny parallel channel. The Shah et al. [39] explore the CNTs rotating EMHD flow 

using thermal radiation effect passing through a stretching surface. 

The goal of the present study is to examine the effect of variable thermal conductivity on the flow of 

EMHD Sutterby nanofluid passing through a stretching sheet. The numerical solutions is 

obtained using bvp4c approach built in MATLAB. The bvp4c method simply imposed the 3-stage Lobatto 

IIIa formula using a system of finite differences. This formulation used a collocation method having 

fourth-order accuracy and was widely accepted due to its strong stability properties [40-41]. The effect of 

various variables on velocity, temperature, and concentration profiles is depicted by employing graphs 

and tables. At last current findings are then compared to earlier research. 

2. Problem Formulation 

With the presence of Lorentz force the current study examines the 2-Dimensional EMHD 

(Electromagnetohydrodynamic) Sutterby nanofluid flow of Darcy-Forchheimer along a stretching sheet 

and the force is given as: 

( )( )* .F E J B= +   (1) 

The flow is on a sheet with stretching velocity WU cx= . 
WT  is temperature constant that is expected on 

sheet surface. In the vertical axis, a constant magnetic field is considered (see Fig. 1). 
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Fig. 1. Flow chart 

By using above assumptions, the equations are: 
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(6) 

Here the components of velocity are 1u  and 
1v . 

1M  represents the deportment index of flow, consistency 

index is 2b , 
*/bF C x k= denotes  inertia parameter, *k  represents  mean absorption coefficient, rk

denotes chemical reaction parameter, 
0E  represents the electric field strength,  *  is the permeability of 
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porosity medium, TD and BD   are the co-efficient of thermophoretic and Brownian diffusion, 
bC  denotes 

the drag parameter, ( )1   
 = +   represents the variable thermal conductivity,   denotes the fluid 

density, 
0Q  denotes heat source,   is the thermal relaxation time and 

1T  represents the fluid temperature.  

The boundary constraints are: 

*1 1
0 1 1 0 1, , 0,W W W

u T
U N u T T K v C C

y y

 
+ = = + = =

 
 at 0,y =  

*

1 10, ,u T T C C → → →  at .y →  

(7) 

Where the velocity of stretching sheet is WU cx= , 
WT  denotes the wall temperature, 0N  is the slip length 

and 0 0 0N K= =  is observed for no-slip flow. 

Using Similarity transformation: 

( ) ( ) ( ) ( )
*

1
1 1 .  ' , , , ,

W W

T T C C c
u cxf v c f y

T T C C
       


 

 

− −
= = − = = =

− −
 

(8) 

The transformed form of equations are: 

( ) ( )
22 2 * 21''' 2 ' Re ''' '' 2 ' 2( ') 2 ( ') 2 '' 0,

2
p

M
f Ha E f Def f k f f F f ff+ − − − − − + =  

(9) 
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2
2 22 2
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 

+ + − + + − =

 

(10) 

 1'' '' Pr ' 0.
Nt

Le f
Nb

    + + − =  
(11) 

The transformed boundary constraints are given as:: 

( ) ( ) ( ) ( )0, 1 ', 1 '' ' , 1f f f       = = + + = =  at 0, =  

' 0, 0, 0f  → → →  at . →  

   (12) 

The dimensionless variables occurring in equations 



Islamic University Journal of Applied Sciences VIII, (II), (2026) 326-345 

334 
 

( )
( ) ( )

( )

( )

3

0

*

*
2 2

0 1

2 2 2

0

0

4
Pr , , , , ,

, , , , , , ,

, , Re , .

f T W B W

p

T W r
p

B

b

p W

c D T T D C CQ T
Q R Nt Nb

k k k Tc c

D T T k
Nt c De b c Le Ha B k

T D c c c

C E cx c x
F E Ec

xB c c T Tk

  

 

   
  

  



 



 










− −
= = = = =

−
= = = = = = =

= = = =
−

 

(13) 

Skin shear stress, mass and heat transfer rate  having mass flux 
mj , shear stress w  and heat flux 

wq  are: 
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Equation ( 8) and (14), gives 
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(15) 

3. Numerical method of solution 

The computational findings of the problem are obtained by employing bvp4c technique in MATLAB 

coding and problem is converted into first order by defining the new variables. 

1 2 3 1, ' , '' , ''' ,f y f y f y f yy= = = =  (16) 

 

4 5 2, ' , '' ,y y yy  = = =  

 

(17) 

 

6 7 3, ' , '' .y y yy  = = =  

 

(18) 

The transformed form of ordinary differential equation is obtained by using equations (16-18) into 

equations (9-11) 
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(20) 

( )3 2 1 7 1 6Pr. .
Nt

yy yy Le y y y
Nb

= − − −  
(21) 

Transformed boundary constraints are: 

( ) ( ) ( ) ( ) ( ) ( )1 4 5 2 3 60, 1 , 1 , 1y y y y y y       = = + = + =  at 0, →  

( ) ( ) ( )2 5 70, 0, 0y y y  = = =  at . →  

(22) 

4. Results and discussion 

This segment depicts the various physical variables impact on various profiles.  

  

Fig. 2a:  Velocity profile ( )'f   for varying 

Ha  

Fig. 2b: Velocity profile ( )'f   for varying 
pk  
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Fig. 3a: Velocity profile ( )'f   for varying De  Fig. 3b: Velocity profile ( )'f   for varying   

 

 

Fig. 4: Velocity profile ( )'f   for varying Re  

 

  

Fig. 5a: Velocity profile ( )'f   for varying   Fig. 5b: Velocity profile ( )'f   for varying   
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Fig. 6a: Temperature profile ( )   for varying 

Nb  

Fig. 6b: Temperature profile ( )   for varying 

Nt  

 

 

Fig. 7: Temperature profile ( )   for varying Q  
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Fig. 8a: Concentration profile ( )   for 

varying 1  

Fig. 8b: Concentration profile ( )   for varying 

for Le  

 

Fig 2a. and Fig 2b depict the effect of both the magnetic field parameter Ha  and porosity parameter 
pk  

on ( )'f  . It is observed that as the magnetic field variable increases, velocity profile shows decreasing 

trend (see Fig. 2a). The reason is that the Lorentz force rises physically when Ha  increases. Hence 

increased in resistance to fluid motion that decrease the velocity of fluid. Furthermore, ( )'f   decelerates 

as value of 
pk  is increased (see Fig. 2b). The reason is that porosity parameter is inversely proportion to 

porous medium permeability. Thus, the lager value of  
pk  gives greater resistance. The influence of De  

and velocity slip parameter on the ( )'f   is depicted in Fig.3a and Fig. 3b. The Deborah number 

measures the material’s viscoelastic properties. The larger value of De , means solid substance, the lower 

value of De means fluid substances. In the figure it is seen that by accelerating the values of De velocity 

profile decreases (see Fig. 3a). Similarly, velocity profile decreases when the slip factor increases (see 

Fig. 3b). The reason is that the velocity of fluid along the stretching sheet are not same with the stretching 

velocity of sheet due to the slip phenomenon. The impact of Reynolds number Re  on ( )'f  is depicted in 

Fig. 4. The velocity profile rises as the Reynolds number accelerates. This is due to fact that the Reynold 

number describes the relationship of inertial and viscous forces, hence the larger value of Reynold number 

accelerates the velocity profile because of dominance of inertial forces. 

In Fig. 5a and Fig. 5b the coefficient of variable thermal conductivity   and the thermal relaxation   

impact on ( )   is depicted. In Fig. 5a it is observed that ( )   rises by increasing the value of the variable 

thermal conductivity parameter. Increased thermal conductivity implies greater kinetic energy among 

molecules, leading to a higher number of molecular interactions and, as a result, a direct link among 

temperature and kinetic energy. Conversely, as the inputs of   accelerates ( )  decelerates. This is due 

to raising thermal relaxation parameter allows material particles to take larger time to exchange heat with 

nearby particles (see Fig. 5b). In Fig. 6a and Fig. 6b it is noticed that the fluid temperature accelerates as 

inputs of the Nb and Nt  enhances. The reason is that the by enhancing the Brownian motion parameter 

intensifies the nanofluid thermal conductivity hence temperature profiles increase (see Fig. 6a). In the 

same way as the value of Nt  increases, the thermophoresis force accelerates, leading the nanoparticles to 
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migrate from hot to cold region hence the temperature profile to accelerate (see Fig. 6b). In Fig. 7 the 

temperature profile fluctuates as the value of heat source parameter Q accelerates. The reason is that when 

heat generation increases the fluids temperature rises. 

In Fig. 8a and Fig. 8b. the impact of scaled chemical reaction parameter 1  and the Lewis number Le  on 

the concentration profile is depicted. By changing the values of 1 , decelerates the ( )  . This is due to 

fact that rising the impact of 1  accelerates the intermolecular mass transfer rate which causes the 

volumetric reduction in nanoparticles (see Fig. 8a). Moreover, as the Lewis number rises then 

concentration profile diminishes (see Fig. 8b).  The fact is that the rate of mass transfer rises as the Lewis 

number accelerates. 

Tables 1, 2 and 3 demonstrate the impact of different physical variables on Nusselt number, skin friction 

and mass transfer rate.  In Table 1 it can be noticed that skin friction coefficient accelerates for 
pk , Re  

and De , but reduces for M . In Table 2 it is noticed that heat transfer rate accelerates by accelerating the 

values of R  but decelerate with Nb and Nt . In Table 3 it is discovered that ( )' 0−  increases for ,Nt Le  

but decreases for Nb . 

                                   Table 1: Impact of 
pk , De  , Re , M  on 

1

2Rex fC . 

De  Re  M  pk  1

2Rex fC  

- - - 0.1 0.7280 

0.1 0.1 0.1 0.2 0.7401 

- - - 0.3 0.7575 

- - 0.1 - 0.7382 

0.1 0.1 0.2 0.1 0.7348 

- - 0.3 - 0.7296 

- 2 - - 0.7310 

0.2 3 0.1 0.1 0.7490 

- 4 - - 0.8140 

0.2 - - - 0.7480 

0.4 3 0.1 0.1 0.7721 

0.6 - - - 0.7939 
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Table 2: Impact of ,Nb Nt and R  on 1/2Rex xNu −  

Nt  Nb  R  1/2Rex xNu −  

- 0.1 - 0.164715 

0.2 0.2 0.2 0.163103 

- 0.3 - 0.161498 

- - 0.1 0.170202 

0.1 0.1 0.2 0.172369 

- - 0.4 0.175646 

0.1 - - 0.168343 

0.2 0.2 0.1 0.166608 

0.3 - - 0.164880 

 

Table 3: Impact of ,Nt Le  and Nb  on ( )' 0−  

Nt  Le  Nb  ( )' 0−  

- 0.1 - 0.23388 

0.1 0.2 0.1 0.244731 

- 0.3 - 0.255486 

- - 0.1 0.260419 

0.1 0.1 0.2 0.237574 

- - 0.3 0.229952 

0.1 - - 0.234226 

0.2 0.2 0.2 0.248435 

0.3 - - 0.264422 
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5. Conclusions 

In this study, the impact of variable thermal conductivity on two-dimensional EMHD flow of Sutterby 

nanofluid by considering Cattaneo Christov heat flux model in the presence of porous media over a 

stretching sheet was analyzed. The graphical outcomes are examined by varying the input variables. The 

findings are: 

• The effect of Hartmann number Ha  , velocity slip parameters , Deborah number De   and 

Porosity parameter 
pk  decreases the velocity profile. 

• The velocity distribution accelerates by increasing the Reynold number Re . 

• The accelerating values of   declines the temperature of fluid but the larger input of , ,Q Nt Nb

and   increases the temperature. 

• The concentration profile decelerates by using the larger inputs of Le  and 1  . 

• The skin shear stress accelerates by enhancing the values of 
pk , Re  and De  but decelerates with 

accelerating values of M . 

• The Nusselt number diminishes by rising the inputs of Nb and Nt  but rises as radiation parameter 

increases. 

• Sherwood number increases for Nt and Le , but decrease with increasing value of Nb .  

6. Limitation and Future work 

Present study has the following limitations  

❖ Present study is two dimensional, with no slip boundary conditions. 

❖ Other thermophysical quantities are not taken variable. 

❖ Grid independent study is not carried out in the presence analysis.  

The present study can be extended to: 

❖ Carry out the sensitivity analysis. 

❖ Convergence analysis to verify the authenticity of the numerical solution obtained. 

❖ The electroosmotic flow can be considered as the electric and magnetic field are both applied.  
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