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ABSTRACT 
The flow of thermoradiative nanofluids on an elongating surface is tested in this work using porous media. 

The flow dynamics are influenced by the combined effects of the thermally dependent and exponential 
heat sources. In addition, magnetic impacts have been applied to the inclined flow system. On the other 
hand, Darcy dissipation and a heat source have been used to study heat transfer in the unsteady MHD 
Nanofluid slip flow over an inclined stretching sheet. The study gains interest when the Soret number is 

present. The similarity transformation technique is used to transform the leading partial differential 
equations into a small number of ordinary differential equations. The reduced system is addressed using 
the 4th order R-K method with shooting technique. 
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1. Introduction 
    
Nanofluids are composed with combination of nanoparticles and pure fluid, where both are mixed 

together. The accumulation of nanoparticles significantly alters the thermal, optical, and rheological 

features of the base fluid, resulting in nanofluids with enhanced heat transfer capabilities associated to 
conventional fluids as noticed by Choi and Eastman [1]. Achieving stable dispersion and preventing 
particle agglomeration are critical challenges in nanofluid synthesis and application, often addressed 
through surface modification, surfactants, or stabilizers. Nanofluids ,which considering in several 

industries and  thermal management of electronics, heat exchangers, solar energy systems, automotive 
cooling, and biomedical devices, owing to their superior heat transfer performance and potential for 

tailored properties [2,3]. 
 

Hybrid nanofluid flow represents a cutting-edge area of research in thermal engineering, where the 
introduction of several kinds of nanoparticles into a pure fluid creates a composite fluid with enhanced 
heat transfer properties [4]. This innovative approach capitalizes on the synergistic effects of combining 
different nanoparticle materials, such as metallic and non-metallic particles, to tailor the fluid's thermal 

conductivity, viscosity, and other key characteristics for specific applications. The impacts of hybrid 
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nanofluid flow on heat transfer phenomena are profound and multifaceted [5,6]. Alharbi et al. [7] 
investigated the thermal management for nanofluid flow through the annular region affected by radiative 
and magnetized process. Animasaun et al. [8] discussed time-dependent trihybrid nanofluid flow on a 

stretching sheet with impacts of bio-convection and thermal conductance of nanoparticles. Bani-Fawaz et 
al. [9] discussed computationally the thermal flow phenomenon for radiated nanoparticles flow influenced 

by diameter of molecule and features of nanoparticles.Rawat et al. [10] used non-Fick and non-Fourier 
phenomena to investigate mixed convective MHD flow of liquid on a flat surface under convective thermal 

constraints at the boundaries. Abrar [11] discussed the production of entropy for dual diffusive tangential 
hyperbolic fluid flow on a stretchable sheet of Darcy medium with impacts of slip factors and viscous 
dissipation. Experimental and practical studies have established that the numerical and semi-analytical 
approaches on MHD Nanofluid flow in natural convection heated lid-driven square cavity filled with 
Fe3O4-water presented by scientists ([12]-[14]).M. Sheikholeslami et al. [15] have investigated the nanofluid 

flow with heat transfer between parallel plates assuming Brownian motion. Saleem et al. [16] inspected the 
perception of nanofluid flow by discussing the impacts of different kinds of nanoparticles and their shapes 

on fluid flow past a horizontal surface and have proved that growth rate of Brownian factor has resulted a 
reduction in thermal distribution. Cao et al. [17] simulated the dynamics of trihybrid nanoparticles flow 
and have noticed that with growth in concentration of nanoparticles there has been an augmentation in 
thermal distributions. Abrar et al. [18] inspected computationally the production of entropy for MHD 
Casson fluid flow on a wedge and have observed that velocity distribution of fluid has augmented with 
escalation in wedge angle factor and Casson parameter.  
 

This force exerts a deflecting influence on the fluid flow, leading to alterations in velocity profiles, flow 
patterns, and shear stresses within the fluid. These changes, in turn, profoundly affect the mechanisms of 
convective heat transfer [19]. Forced convection, driven by external forces or pressure gradients, 
experiences modifications due to the Lorentz force induced alterations in flow direction and velocity 
distribution. Similarly, natural convection, driven by buoyancy forces resulting from temperature 
gradients, undergoes significant transformations with effect of inclined magnetic field [20]. Khan et al. [21] 
discussed transportation analysis for mixed convective squeezed flow of Casson fluid on an inclined 

stretchable surface using the impacts of dual stratifications. Recently, the huge development with greater 
impact of magnetic field on nanofluids has also been investigated by other eminent researchers (S.Nadeem 
et al. [22], C.S.K. Raju et al. [23], Kai-Long Hsiao [24], and S.S. Ghadikolaei et al. [25]). In such scenarios, 
slip alters the velocity profile near the boundary, influencing the convective heat transmission rate and 

temperature distribution within the liquid [26]. The presence of slip can lead to enhanced or reduced heat 
transfer rates depending on factors such as the slip length, fluid properties, and geometry. At micro- and 
nanoscales, where slip effects become increasingly significant, understanding the relationship between 
fluid flow with slip conditions and thermal transport is crucial for various applications. For instance, in 

microfluidic heat exchangers, slip-induced changes in flow behaviour can impact heat transfer efficiency 
and overall device performance. Similarly, in nanoscale thermal management systems, such as heat 
dissipation in electronic devices, slip conditions may affect temperature gradients and heat transfer rates, 
influencing device reliability and performance [27]. 
 

In Magnetohydrodynamics (MHD) with electrically conductive fluid flows, due to its frequent application 
in various fields like science, engineering and industrial sectors. It has been used in MHD power 
generation, MHD pumps, MHD flow in nanofluids, manufacturing and heterogeneous composition in 
food, atmospheric density stratification etc. In view of these widely applications drawn the attentions of 

some researchers (D.D. Ganji et al.[28], M. Hatami et al.[29], S.M. Ibrahim et al. [30], S.S. Ghadikolaei et al. 
[31] and  Umar Khan et al.[32]) to explore their perceptions, pondering, speculation and ideas in these 
directions. An inclined magnetic field refers to a field whose direction deviates from being perfectly 
horizontal or vertical. In such scenarios, the Lorentz force, arising from the collaboration between the 
conducted (electrically) fluid and magnetic field, becomes a dominant factor in determining the flow 
dynamics [33,34]. E.Haile et al. [35] have developed a nanofluid model for analysing the thermophoresis 
diffusion, thermal energy transport etc. with the Brownian motion of nanofluids. 
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The Outstanding and reliable techniques to address the high nonlinear problems , Partial differential 
equations are transformed into ordinary differential equations using the leading Similarity transformation, 

and numerical solutions are obtained using the fourth order Runge-Kutta method with shooting technique.  
This method has adopted to get through the numerical solutions of non-linear dynamic problems. Kar S. 

Senapati N., Swain B.K [36] reviewed critically the augmentation of thermal transmission for the flow of 
nanoliquid on a porous media using the mechanism of microorganism. 

 
Further, S.Kar et al. [37] have observed the analysis of fluid flow over an inclined plate with wall 
temperature and concentration. Chen CH et al.[38],[39]and S.Ahmed et al.[40] One common example is 
found in electronic devices, where the power dissipation within the device fluctuates due to varying 
operational conditions and computational demands. In this case, the heat generation not only changes over 

time but also exhibits spatial variations within the device, with certain regions experiencing higher heat 
fluxes than others   Most recently The Soret and Dufour effects on mixed convection boundary layer flow 

across a vertical surface in a porous medium containing a visco-elastic fluid have been observed by 
numerous researchers, reported by Senapati.N et.al [41] and Paul.A [42]. Moreover, T. Hayat et.al [43] have  
considered the effect of transpiration on coupled heat and mass transfer in mixed convection over a vertical 
plate embedded in a saturated porous medium. Yih.Ka. [44] in their experimental research based on the 
various numerical as well as analytical methods for the solutions on MHD flow of an incompressible 
viscous dissipative fluid in an infinite vertical oscillating plate with constant heat flux have been duly 
examined.    

 
Additionally, such understanding finds relevance in various natural phenomena and industrial processes, 
such as geophysical fluid dynamics, metallurgical processes, and the operation of MHD systems in fusion 
reactors and space propulsion technologies. Researchers strive to unravel the complex mechanisms 
governing liquid flow and heat transport in inclined magnetic field configurations, aiming to enhance the 
reliability, efficiency, and sustainability of diverse engineering systems and processes. Swain.B.K et al. [45] 
examined convective slip fluid flow with double diffusive behaviour for nanofluid on an asymmetric 

conduit. K.Saeed et al. [46] inspected magnetized squeezed flow of nonlinearly stratified fluid flow with 
convective features and have observed that concentration and thermal distributions have declined with 
augmentation in thermal stratification. Q.Khan et al., Amer.A.M and Srihari.K et.al [47-49] studied slip 
effects on liquid flow due to elongating sheet with permeable impacts and have revealed that slip flow 

constraints significantly affects the flow phenomenon of the system. The study by B.K.Swain et al. [50] 
focused on time-dependent nanofluid flow influenced by slip conditions. 
 
This study is diving head-first into the boundary layer flow over an elongated, stretchy sheet to figure out 

what's happening with thermal radiation, chemical reactions, the Soret effect, and even joule heating. We're 
using the snazziest numerical shooting technique around, complete with the fourth-order Runge-Kutta 
scheme, to crack the code of this particular physical model. 
 
Now, let's talk parameters! We're unpacking everything from the diffusion coefficient to thermal 

conductivity, and even throwing in the magnetic field parameter for good measure. There's also radiative 
heat flux, mutual chemical reactions, and more porous media than you can shake a stick at. Unsteadiness 
parameter, Schmidt number, and Prandtl number also make the list, along with the Eckert number, thermal 
Grashof number, Solutal Grashof number, and last but not least, our pal, the Soret number. Let’s not forget 

velocity, temperature, concentration, and a special shout-out to skin friction and the Nusselt and Sherwood 
numbers. We're exploring all these parameters more thoroughly than a detective in a mystery novel, using 
graphs and tables to lay it all out neatly. 
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2. Formulation of Problem 
 
In this problem we’re dealing with two-dimensional unsteady MHD free convective flow of a viscous, 

incompressible, and radiating fluid prancing around on a stretching sheet. This performance features a cast 
of characters including external magnetic and electric fields, heat generation and absorption, thermal 
radiation, chemical reactions, viscous dissipation, and the legendary joule heating. Density changing with 
temperature and concentration, but only when it comes to body force. It's like density is a diva, only 

accepting roles where it can induce a buoyant force, causing all sorts of shenanigans with temperature and 
concentration levels A uniform magnetic field makes a daring entrance, striding perpendicularly to the 
stage. I mean, the surface of the stretching sheet. We’ve got a first-order chemical reaction partnering with 
thermal radiation take into consideration in this flow. 

 

 
 
Figure 1: Graphical view of the flow phenomenon. 
                          
                                               
Let  ��(�, �) be the velocity of the stretching sheet in the direction force F applied along in x-axis and the 

mass transfer ��(�) normal to the stretching sheet. We also assumed that surface temperature and 
concentration of the sheet are ��(�, �) and ��(�, �) respectively, in addition with �� and �� are the uniform 
temperature and concentration far from the sheet. We've got thermal conductivity and molecular 
diffusivity as linear functions of temperature. Imagine them strutting down a runway. And to top it off, 

we've got the Soret effects taking center stage with their fabulous characteristics of Soret effects are 
described.    

 
The governing boundary layer equations are given below:- 

  
��

��
+

��

��
= 0                                                                                            (1) 

��

��
+ �

��

��
+ �

��

��
=   �∗ ���

��� −
�∗

�∗ � −
���

�

�
� + ���(� − ��)���� +  ���(�−��)����          (2)                                               

��

��
+ �

��

��
+ �

��

��
 = 

�

���

�

��
��(�)

��

��
� −

�

���

���

��
 +

�

���
�

��

��
�

�

+
�

���

��

�∗ + �∗(� − ��)               (3)                                                                        

��

��
+ �

��

��
+ �

��

��
=  

�

��
��(�)

��

��
� − ��(� −  ��) + ��

���

���                                            (4) 

By using Boundary conditions 

� = ��(�, �) =
��

����
   , 

� = ��(�)   , 



M. Mallick, and S. Kar  

 

122              Bulletin of Pure and Applied Sciences- Math & Stat. / Vol.43E, No.2 /July-December 2024 

� = ��(�, �)  ,  
� = ��(�, �)   ,                                                                   ��   � = 0  
� → 0  , 

� → ��  , 
� → ��   ,                                                                           ��    � → ∞                        (5) 

 
The Roseland's approximation, which is provided below, is used to model the radiation heat flux (   ��)  
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Substituting, the result of ��  from equation (8) into equation (6) 
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The fluid concentration at the sheet's surface, ��(�, �) and its temperature at the sheet's surface, ��(�, �) 
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Similarity Transformation technique:  partial differential equations (PDEs) in equations (2), (4), and (11)—
we're giving them a makeover into ordinary differential equations (ODEs), Introducing the dimensionless 
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and the relations given by (14):                                                                                        
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Where  �∗ =  
�
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  is the free stream kinematic viscosity, �(�, �) is a stream function which defines the velocity 
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  �(�)  by using those results, continuity equation (1) satisfied. Where as �(�) 

represents injection and suction with the dimensionless space variable. 

 
Additionally, θ(η) and ϕ(η) are dimensionless of the fluid's temperature and concentration, respectively. A 

function depicted in (15) allows the thermal conductivity of the nanofluid K(T) to change linearly with 
temperature: 

K (T) = ��  �1 +
��

��
(� − ��)�                                                                                                   (15) 
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and in terms of dimensionless temperature equation (15) reducing to equation (16) : 
K (�) = �� (1 + ���)                                                                                                                  (16) 
 

Where K(�) is the variation thermal conductivity with regard to dimensionless temperature. 
��is the fluid's thermal conductivity distance from the heated sheet, and  

��is a tiny parameter that varies depending on the fluid's characteristics and indicates how quickly thermal 
conductivity changes with temperature. 

 
Now the diffusion coefficient D (T) as a linear function of temperature shown below: 

 D (T) = ��  �1 +
��

��
(� − ��)�                                                                                                  (17) 

 
It may also be written in the form of dimensionless temperature as below:    
D (�) = �� (1 + ���)                                                                                                                    (18) 

 
Where D (�) is the variation diffusion coefficient with regard to dimensionless temperature. 

�� is the fluid's diffusion coefficient far from the heated sheet, and �� is a tiny quantity that varies 
depending on the fluid's characteristics and indicates how quickly chemical diffusivity changes with 
temperature. 
  
Now substituting the equations (12)-(14), (16) and (18), in equations (2), (4), (11) and (5) the following 
ordinary differential equations are obtained: 
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The initial and boundary conditions in dimensionless forms are  
�(0) =��  , ��(0) = 1  ,�(0) = 1 ,(0) = 1 ,                                           at � = 0  

��(�)  ⟶ 0   ,   �(�)  ⟶ 0 ,  �(�) ⟶ 0  ,                                             as � ⟶ ∞                    (22) 
 

The non-dimensional parameters A, Kp, M, Gr, Gc, Pr, R, Ec, Kr, Sc, and So are presented. According to the 
definition given in, these parameters stand for the following: unsteadiness, porous medium, magnetic, 

thermal, Grashof, solute, Prandtl, thermal radiation, chemical reaction, Eckert, Schmidt, and Soret 
numbers, respectively. 
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3. Numerical Solution by Runge-Kutta Scheme 
 
By employing the most efficient method i.e, fourth order Runge-Kutta scheme with shooting technique, 

from eqn. (19)-(21) we have a set of first order differential equations with seven initial problems of seven 
unknowns. Possible substitutions are as follows 
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The reduced equations are 
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Corresponding Boundary conditions are given by  
��= 0, ��=1, ��=? 

 �� =1, ��=? , ��=1, ��=? 
��=0,  ��=1, ��=? , y4 =1, ��=1, ��=? , ��=?   at �=0 
�� →0, �� →0, �� →0,   at � → ∞ 
 
4. Results and Discussion 
 
This part dives into the wild world of colorful graphs and mind-boggling numbers, all relating to the non-
dimensional physical parameters of the boundary value flow problem we're tackling. 
 
All the heavy lifting in the computational department is handled by our ‘MATLAB’ Software. When it 

comes to cracking that transformed differential equation, we employ the super-effective numerical 
shooting technique paired with the fourth-order Runge-Kutta Scheme. 

 

 

 

Figure 1: Effects of So on Velocity profiles     
When A=0.5, Kp=0.5,M=0.5,Gr=0.01,Gc=0.1      
 

Figure 2: Effects of Sf on Velocity profiles 
when A=0.5, Kp=0.5,M=0.5,Gr=0.01,Gc=0.1 
 

 
The Soret number (So) is like the scale that measures the drama between temperature and concentration. 
The larger the Soret number, the more of a diva your temperature is, flaunting a bigger difference and a 

steep gradient. 
 

As the soret number increases, the velocity flow increases in the current figure 1. We may draw the 
conclusion that fluid flows more quickly when there is a greater temperature differential. 

 
Again it has perceived that the alteration in velocity for several values of soret number is more exceptional 
at � =1 to �=3. 
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Fig .2. The velocity distribution in relation to the slip parameter 'Sf ' is illustrated. It is evident that the flow 
velocity decreases as the first-order slip parameter increases. Consequently, the slip factor becomes 
particularly significant when a low velocity is desired.  
 
 

Figure 3: Effects of Thermal radiation Parameter 
on Velocity profiles.                               

Figure 4. Effects of Porous medium parameter 
Velocity profiles. 
 

 
In Fig 3. Velocity profiles are illustrated for varying values of the heat source parameter 'Q'. At first, the 
results may seem ambiguous, but once η = 1, there is a notable increase in velocity with larger heat sources. 
A greater heat source leads to higher velocity, indicating that the heat source acts as an assisting force. 

 
Fig. 4 The variation in velocity profiles for different magnetic parameter values ‘M’ is depicted here, both 
with (Sf=1) and without (Sf=0) velocity slip. Thus, when the magnetic parameter is increased, the fluid flow 
velocity decreases. This indicates that magnetic force acts as a resistance to flow. For scientific or practical 

purposes, magnetic forces can be utilized to diminish flow velocity. Additionally, it is noted that the 
inclusion of the slip factor (Sf=1) considerably decreases the velocity compared to flow scenarios without 
slip. 
 

Figure 5: Effects of Porous medium Parameter 
on Velocity profile                               
 

Figure 6: Effects of Eckert number on Velocity 
profiles. 
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The velocity profiles for different porosity parameter values (kp) are shown in figure 5. A trend similar to 
that in figure 4 can be observed, where higher kp values lead to a decrease in flow velocity. Fig.6 exhibits 
velocity profiles for different values of Eckert number. Ec’ it is found that higher value of Eckert number 

enhances the velocity. But it is not so significant.              
 

  
Figure 7: Effects of Slip condition on 
Temperature profiles                                           

Figure 8: Effects of Prandtl number on   
Temperature profiles                                                                          

                                                    
 

Figure 9: Effects of Porous medium parameter   
on Temperature profiles                                               

Figure 10: Effects of Eckert number on 
Temperature profiles.   

 
The temperature distribution for the various prandtl number (Pr) values with and without velocity slip is 

shown in Fig. 7. It has been discovered that, with or without velocity slip, rising prandtl numbers lower 
the temperature. The ratio of momentum diffusivity to thermal diffusivity is known as the Prandtl number. 
Thus, it evaluates the relationship between a fluid's thermal transport capacity and momentum transport. 
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Higher values of Prandtl number represents lower thermal diffusivity and also the momentum transport 
dominates over the heat transport, which makes the fluid a poor choice for heat conduction. Therefore, 
lower temperature is obtained. 

 
Further, it is clearly noticed that in presence of velocity slip, the temperature is more as compared to 

temperature without the slip factor. Therefore; velocity slip can be neglected when a cooling system is 
required. 

 
From Fig. 8 and Fig. 9, it is observed that increasing values of both porosity parameter (kp) and Eckert 
number (Ec) reduce the temperature. In case of Ec, reduction of temperature is not so significant. 
 
Fig.10 depicts the temperature profiles for some values of heat source parameter. As the heat source 

parameter increases, temperature increases, which is obvious.  
                             

 
 

Figure 11 :Effects of Soret number on 
Concentration profiles 

Figure 12: Effects of Slip condition on 
Concentration profiles 

 

 
The concentration profiles for a few Soret number (So) values are shown in Fig. 11. Due to the involvement 

of the temperature gradient, this figure indicates that the fluid's concentration rises as the Soret number 
increases.  
 
The concentration profiles for various chemical reaction parameter (Kr) values with and without velocity 
slip are shown in Fig. 12. It has been discovered that, in both situations—with or without velocity slip—
increasing the chemical reaction parameter results in a decrease in concentration. However, compared to 

the concentration profile without velocity slip factor (Sf=0), concentration is found more when slip factor 
is present (Sf=1), 
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Figure 13: Effects of Thermal radiation Parameter 
on Concentration profiles.                                         

Figure 14: Effects of Chemical reaction Parameter 
on Concentration profiles.                     

 

Figure 15: Effects of Porous medium parameter  
on Concentration profiles         

Figure 16: Effects of Eckert number on 
Concentration profiles 

 

  
The concentration profiles for various values of the heat source parameter "Q" and the porosity parameter 
"Kp" are shown in Figures 13 and 15, respectively. In contrast to the porosity parameter, which is directly 
proportional to the concentration, the heat source parameter is inversely proportional. 
 
Fig. 16 shows how the concentration profile is affected by the Eckert number (Ec). It has been observed that 
concentration improves with an increase in Eckert number.                                                         
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Table 1:  Comparison of �′(0) when values of Kp = M =0.5, Gr=0.1, Gc=0.1, ��=0.012, �� =0.01,Pr =0.72,  
R =0.01, Kr=0.1, Ec=0.03, Sc=2. 
 

     A        ��         Pr    Gr       Ishank et.al    Sandeep 
 et.al  

B.K Swain 
et.al [50] 

Present      
Study 

   0 -1.5  0.72   0   0.4570   0.4566   0.4570   0.4533 

   0 -1.5  1   0   0.5000   0.5001   0.5001   0.5000 

   0 -1.5  10   0   0.6452   0.6451   0.6451   0.6450 

   0    0   0.01   0   0.0197   0.0192   0.0197   0.1772 

   0    0   0.72   0   0.8086   0.8082   0.8086   0.8122 

   0    0   1   0   1.0000   1.0001   1.0000   1.0001 

   0    0   3   0   1.9237   1.9231   1.9239   1.9233 

   0    0  10   0   3.7207   3.7202   3.7207   3.7206 

   0  1.5   0.72   0   1.4944   1.4945   1.4944   1.4943 

   0  1.5   1   0   2.0000   2.0001   2.0000   2.0000 

   0  1.5   10   0 16.0842 16.0837 16.0842 16.0841 

   1    0   1   0   1.6820 ----------   1.6820   1.6818 

   1    0   1   1    1.7039 -----------   1.7037   1.7038 

 
5. Conclusion 
 

 The flow's velocity increases as the Soret number rises. From a physical point of view, fluid flows faster 
when the temperature differential is greater. It is evident that the velocity change for varying Soret 
number values is more pronounced at η = 1 to η = 3.  

 As the first order slip parameter increases, the flow's velocity decreases. Therefore, whenever a low 
velocity is required, the slip factor is of great interest. A higher magnetic parameter lowers the fluid 
flow's velocity. Thus, magnetic force functions as a force that resists. Magnetic force can be used for 
physical or scientific purposes to lower the flow velocity. It has been discovered that a higher Eckert 
number increases velocity.  

 With or without velocity slip, the temperature drops as the Prandtl number rises. The ratio of 
momentum diffusivity to thermal diffusivity is known as the Prandtl number.  

 Lower thermal diffusivity and momentum transport predominate over heat transport are indicated by 
higher Prandtl numbers .Increasing values of both porosity parameter (Kp) and Eckert number (Ec) 

reduce the temperature. In case of Ec, reduction of temperature is not so significant. 

 Due to the influence of the temperature gradient, the fluid's concentration rises as the Soret number 

does. 

 It is found that increasing values of chemical reaction parameter lead to lower concentration in both 
the cases i.e. with or without velocity slip. But concentration in the presence of slip factor (Sf=1) is 
found more as compared to the concentration profile without velocity slip factor (Sf=0). 

 The porosity parameter has a direct relationship with concentration, while the heat source parameter 
has an inverse relationship with concentration.   
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