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Stefan blowing and chemical reaction influences on non-Darcian flow of Casson 

nanofluid over a stretched surface  
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Studying the magnetohydrodynamic flow, heat and mass transfer properties of a Casson nanofluid flow over an 

unstable stretched sheet with varying heat and mass fluxes while taking Stefan blowing parameter and non-Darcian porous 

medium into account is the goal of this paper. The motivation stanches from the prerequisite to comprehend progressive 

heat and mass transfer characteristics and their insinuations for science, engineering and industrial system. New aspects 

related to Brownian motion and thermophoresis with heat transfer are examined. The effects of chemical reaction, Eckert 

number, and thermal radiation are examined in this work. The critical partial differential equations that govern 

momentum, boundary conditions, concentration, and temperature transform a non-linear ordinary differential equations 

system by applying suitable similarity transformations. The outcomes of critical physical parameters are acquired by 

engaging the built-in bvp4c solver in the MATLAB computational software. Comparison shows that the present results 

are in excellent agreement with previous existing results. The profiles of temperature, velocity, and concentration as well 
as the related physiological traits used in the study are identified. When the chemical reaction rate manifests, the 

nanoparticle concentration profile decreases, but the Stefan blowing parameter exhibits the opposite behavior. The 

intricate relationship between the skin friction coefficient, Sherwood number, and Nusselt number, and their impact on 

mass and heat transfer characteristics, was a subject of extensive research in various fields, including fluid dynamics, heat 

transfer, and chemical engineering. 
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INTRODUCTION 

The Casson fluid model, first introduced by 

Casson in 1959, has become a popular choice for 
analyzing the rheological behavior of various non-

Newtonian fluids. This model is particularly suitable 

for describing the flow characteristics of fluids that 
exhibit yield stress, such as food processing, 

pharmaceuticals, cosmetics, and materials science. 

Its particular strength lies in its capacity to clarify the 

flow properties of materials that undergo a 
noticeable transition from a solid-like to a fluid-like 

state when exposed to applied stress [1-6]. The MHD 

flow of Casson fluid across an inclined permeable 
stretched surface was examined by Kumar and 

Srinivas [7] in relation to the combined effects of 

thermal radiation and Joule heating. Raja et al. [8] 
employed intelligent computing techniques to 

explore the magnetohydrodynamic (MHD) radiative 

drift of a Von Kármán Casson nanofluid through a 

Darcy-Forchheimer medium, incorporating 
activation energy considerations. In the presence of 

Stefan blowing or suction, Konai et al. [9] embarked 

the Casson nanofluid flow past a stretched surface. 
The analysis conducted by Sankari et al. [10] on the 

double stratification of Casson nanofluid over an 

exponential extending sheet demonstrates a 

comprehensive exploration, specifically delving into 
the characteristics of non-Newtonian fluids and the 

behavior of nanofluids. Elgendi et al. [11] explored 

the properties of a steady flow of an incompressible 
Casson fluid through a permeable stretched surface. 

In the presence of anisotropy thermal conductivity, 

Kumar et al. [12] embarked the Casson fluid flow in 

a permeable channel. Researchers have focused a lot 
of emphasis on studying MHD flows of non-

Newtonian fluids in porous media because of its 

many potential uses. These include processing of 
petroleum, and textile, biological systems, heat-

storage beds, irrigation problems, and polymer 

composite industries. Many researchers have 
investigated various aspects of 

magnetohydrodynamic flows of non-Newtonian 

fluids passing through a porous medium, providing 

valuable insights into the field [13-16]. A numerical 
study of magnetohydrodynamic boundary layer flow 

through a stretching surface was conducted by 

Pantokratoras [17].   The   MHD   dissipative   flow  
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across a shrinking/ stretching surface was examined 

by Mishra et al. [18] in relation to the combined 

effects of Joule heating and heat absorption. Haider 
et al. [19] examined the unsteady MHD nanofluid 

flow past a stretched surface when Stefan blowing or 

suction was present. Using heat absorption and 
thermal radiation considerations, Alqahtani et al. 

[20] investigated the magnetohydrodynamic flow of

a Casson hybrid nanofluid through a Darcy-
Forchheimer medium using intelligent computing

approaches. Thenmozhi and Rao [21] investigated

the magnetohydrodynamic micropolar fluid through

a Darcy-Forchheimer medium using the predictor-
corrector FDM technique. In the presence of velocity

slip, Ouyang et al. [22] embarked the

magnetohydrodynamics ternary nanofluid flow over
a stretching or shrinking surface. The effects of

viscous dissipation and Joule heating on

magnetohydrodynamics-hybrid nanofluid flow
across non-isothermal stretching or shrinking

surfaces were investigated by Idris et al. [23].

In many industrial and technical processes, the 

understanding of mass and heat transfer in chemical 
reactions is crucial. These processes are widely used 

in many industrial applications, including food 

processing, ceramic or glassware manufacturing, 
and polymer production [24-29]. The squeezing flow 

of Casson nanofluid across a stretched surface was 

examined by Noor et al. [30] in relation to the 

combined effects of chemical reaction and Joule 
heating. Manjunatha et al. [31] discussed the 

importance of convective heat transfer and Stefan 

blowing in nanofluid flow across a curved stretched 
sheet with chemical reaction. Abbasi et al. [32] 

engaged in a comprehensive discussion regarding 

the potential applications of Casson nanomaterials in 
a radiative binary reactive flow near an oblique 

stagnation point. This exploration involved 

considering how these unique materials could be 

utilized in scenarios where radiative heat 
transference and chemical reactions play significant 

parts, particularly regarding activation energy 

applications. Using nonlinear chemical reaction and 
Joule heating considerations, Khan et al. [33] 

investigated the magnetohydrodynamic flow of a 

Casson fluid via a permeable moving wedge using 
clever computing techniques. The MHD flow of a 

Casson nanofluid across an inclined permeable 

stretched surface was examined by Srinivas et al. 

[34] in relation to the combined effects of chemical
reaction and Joule heating. Saleem et al. [35]

investigation focused on numerical simulations,

bolstered by an advanced computing framework, to
analyze the intricate chemical reactions occurring

within Casson nanofluids. These fluids are

recognized for their non-Newtonian behavior and 

incorporation of suspended nanoparticles. The 

impact of ultrasonic waves on a turbulent flow with 
chemical reactions was numerically investigated by 

Shateri et al. [36]. The study by Razzaq et al. [37] 

emphasized the crucial role of Ohmic dissipation and 
chemical reactions in the Casson nano liquid flow 

across a extending surface. A complex and 

multifaceted area of research with significant 
implications for various engineering and industrial 

applications is presented by Hasan et al. [38] 

investigation on the numerical study of MHD 

nanofluid flow and heat transfer, especially when 
taking exothermic chemical reactions and radiative 

heat flux into account. Using chemical reaction and 

thermo–solutal Marangoni convection, Challa et al. 
[39] investigated the effects of gyrotactic

microorganisms on Powell–Eyring nanofluid over

an inclined stretched surface.
The use of chemical reactions in the magnetized 

flow of Casson nanofluid through an overextended 

sheet has not received much attention. Studying 

flow, heat, and mass transfer in a stretched surface 
with a porous layer saturated with a Casson fluid is 

the aim of this work.  The study explores the thermal 

conduction of nanofluids, taking into account the 
effects of thermal radiation, as well as the properties 

of thermophoresis parameter and Brownian motion. 

Motivation 

Some motivation points are described as: 

• The rising demand for enhanced thermal
efficiency in industrial and engineering applications, 

such as cooling systems, biomedical devices, and 

energy technologies, underscores the importance of 
studying the heat transfer properties of nanofluids. 

• Despite the wide applicability of non-

Newtonian fluid models, the Casson fluid model 

remains underexplored in scenarios involving 
unsteady stretched surfaces and Stefan 

blowing/suction, necessitating further investigation. 

• Phenomena such as Brownian motion and

thermophoresis significantly impact the thermal and 

concentration profiles of nanofluids but require a 
deeper understanding in the context of complex fluid 

models like Casson. 

• Magnetic fields and unsteady flow

conditions are crucial in regulating fluid dynamics in 
advanced applications, but their combined influence 

on Casson nanofluid systems remains an open 

question. 

Research questions 

The following research questions are described 

below: 



M. G. Reddy et al.:  Stefan blowing and chemical reaction influences on non-Darcian flow of Casson nanofluid …

87 

• How do the unique thermal and flow

properties of Casson nanofluid enhance heat transfer 

efficiency in engineering systems subjected to 

unsteady stretched surfaces? 

• What is the impact of Casson fluid
parameters on velocity, temperature, and 

concentration profiles under the influence of Stefan 

blowing/suction? 

• How do Brownian motion and 
thermophoresis affect the thermal conductivity and 

nanoparticle concentration in Casson nanofluid 

flows? 

• What is the combined effect of magnetic
fields and unsteadiness parameters on the flow 

behavior and heat transfer characteristics of Casson 

nanofluid? 

FORMULATION OF THE PROBLEM 

Fig. 1. Geometry of the problem. 

Consider the unsteady hydromagnetic flow of 

electrically conducting Casson nanofluid across a 
stretching sheet. Magnetic field B0 is applied 

perpendicularly to the surface. The schematic 

diagram presented in Fig. 1 depicts a complex 

network of interconnected elements, each playing a 
vital role in the overall functionality of the system. 

We may represent the dynamics of this system using 

a variety of techniques if we assume that a sheet 

starts stretching along the x-axis at time t=0 with 

velocity ( ),
1

ax
U x t

t
=

−
where the y-axis is 

orthogonal to the sheet. We consider the impacts of 
Lewis number and Stefan blowing/ suction. 

Chemical reactions, thermophoresis, and thermal 

radiations are closely intertwined phenomena that 
play an important part in many scientific and 

industrial applications. The Casson nanofluid [10, 

26] rheological model is given by:
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where 
ij , 

ij , 
yP , and

b are deformation tensor, 

stress tensor, yield stress and plastic dynamic 

viscosity of the Casson fluid, respectively. The 

governing boundary layer equations under these 
presumptions can be written as [7, 9]: 
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Boundary condition: 
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Here the velocity components in the x- and y-axis 

directions are denoted by u and v, respectively, DB is 
the coefficient of Brownian diffusion, 

0( ) (1 )k t k t= − is a time-dependent permeability 

parameter, ( ) 1(1 )rk t k t −= − is a chemical reaction 

parameter, k is a constant, t  denotes time, α is 

positive constant, a>0 be any constant, μ is dynamic 

viscosity, ν is kinematic viscosity, 
*

2b c

yP

 
 =

 is 

Casson fluid parameter, σ is electrical conductivity, 

DF is coefficient of thermophoresis diffusion,   is 

thermal conductivity, ( )p pc  is heat capacity of the 

nanoparticle material, Cb is a form of drag 

coefficient, c is the critical value of  , 
2

ij = is 

the result of multiplying ij by itself, ( )p fc is heat 

capacity of the fluid, C is concentration, ῤ is density 

of the fluid, 
* 44

3
r
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y
q
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 is radiative heat 

flux, 
*  is Stefan-Boltzmann constant. 
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4 3 44 3T T T T  −  (Higher-order terms are 

neglected), T is temperature, Tw is surface 

temperature, Cw is surface nanoparticle 
concentration,   is Rosseland mean absorption 

coefficient, T∞ and C∞ are the temperature and 

nanoparticle concentration distant from the exterior. 

On simplifying Eq. (4), we get: 
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The skin friction coefficient (Cf), and the rates of 

mass and heat transfer ( ),x xSh Nu  can be described as: 
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The surface mass and heat fluxes, shear stress 
near the wall are: 
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Now, we present the similarity variable   and 

the dimensionless functions g ,  , and   as: 
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where   stands for stream function and is 

represented by the relationship that follows: 
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Substituting Eqs. (10) and (11) into Eqs. (3), (7), 

and (5), we obtain the nonlinear ordinary differential 
equations: 
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The renovated boundary constraints are: 
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(Stefan blowing parameter) where S0 < 0 

and S0 > 0 correspond to suction and blowing, 
respectively. 

On simplifying Eq. (8), we get: 
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where Reynolds number is denoted as Rex
Ux


= . 

NUMERICAL SOLUTION 

In our MATLAB computational approach, we 
utilized the bvp4c algorithm to solve dimensionless 

non-linear differential equations (12-14) alongside 

their corresponding boundary constraint (15). This 
involves employing the bvp4c solver within the 

MATLAB environment to derive numerical 

solutions for the ordinary differential equations. We 

first transformed the dimensionless non-linear ODEs 
into a first-order initial boundary value problem to 

streamline this process. The ensuing procedure 

delineates the necessary steps for obtaining the 

numerical solution: 
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Boundary conditions are: 
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RESULTS AND DISCUSSION 

Chemical reaction and non-Darcian porous 

medium were taken into consideration while 

analyzing the Stefan blowing effect in a Casson 

nanofluid via stretched sheet. Numerical techniques 
and similarity transformations were used to define 

and solve the governing equations. The findings 

were displayed in tables and graphs that show how 
important factors affect the profiles of temperature, 

velocity, and concentration. The influence of Casson 

fluid parameter β* on the velocity field is shown in 
Figure 2.  The observed augmentation in the velocity 

profile, concomitant with an increase in the Casson 

nanofluid parameter, unveils a complex interplay of 

rheological characteristics and momentum transport 
within the fluid system. Figure 3 delineates that a 

rise in Forchheimer number creates a resistance in 

fluid flow which results in abatement on velocity. 
The velocity significantly decreases when the 

magnetic field parameter M increases, as Figure 4 

illustrates. This is because of the Lorentz force 

which opposes the fluid motion by acting as a 
resistive drag. The fluid's velocity decreases more 

dramatically as the magnetic field intensity rises 

because the opposing force also gets greater. Figure 
5 depicts that the speed of the liquid rises for 

dissimilar rising data for the Stefan suction/blowing 

parameter S0 for both steady and unsteady flows. The 
injection of miniature rudiments throughout the edge 

regenerates the dispersion of species. On the other 

hand, the transfer of miniature rudiments slows 

down dispersion, so increasing values of injection 
cause an enlargement of the speed of the liquid.  

Fig. 2. Velocity fields with rising β*. 

Fig. 3. Velocity fields with rising Fs . 

Fig. 4. Velocity fields with rising M . 

Fig. 5. Velocity fields with rising 0S .

Figure 6 illustrates that the temperature 
distribution rises when the Casson fluid parameter 
* increases. Thickening of the thermal border 

coating takes place owing to amplification in the 

elasticity stress parameter. As seen in Figure 7, the 
temperature progressively rises as the Brownian 

motion parameter Nb  increases. The random 

movement of nanoparticles is enhanced by 

Brownian motion which accelerates thermal energy 

transfer and raises the temperature. A rise in the 



M. G. Reddy et al.:  Stefan blowing and chemical reaction influences on non-Darcian flow of Casson nanofluid …

90 

radiation parameter dR , as Figure 8 illustrates,

causes the temperature field to increase. This is 

because stronger radiation makes the fluid more 
capable of absorbing and releasing thermal energy, 

which boosts the temperature distribution and total 

heat transfer.  

Fig. 6. Temperature fields with rising β*. 

Fig. 7. Temperature fields with rising Nb . 

Fig. 8. Temperature fields with rising dR .

The influence of unsteady parameter A  on the 

concentration field is shown in Figure 9. The 
unsteadiness increases mass diffusion, which raises 

nanoparticle dispersion and causes concentration to 

rise dramatically. These impacts demonstrate how 

uneven flow alters the dynamics of mass movement. 
Figure 10 shows that a large drop in the 

concentration field occurs when the chemical 

reaction parameter   increases. This is because 
chemical species are consumed more quickly at a 

higher reaction rate, which lowers the concentration 

of those species overall in the border layer. Figure 
11 demonstrates that a large drop in the 

concentration field occurs when the Lewis number 

Le  is increased. One can observe that ϕ is a 

decreasing function of Le. This may be due to the 

fact that increasing of Lewis number increases mass 
transfer rate and hence nanoparticle concentration 

decreases. Figure 12 illustrates how a minor increase 

in the Stefan blowing parameter 0S raises the 

concentration. A slow increase in concentration 
results from the improved mass transport close to the 

surface.  

Fig. 9. Concentration fields with rising A . 

Fig. 10. Concentration fields with rising  . 
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Fig. 11. Concentration fields with rising Le . 

Fig. 12. Concentration fields with rising 0S .

Table 1. Values of -g”(0) for different values of 

Casson fluid parameter β*. 

β* Prasad et 

al. [26] 

Konai et al. [9] 
for 0 0AS = =  

Present result 
for 0 0AS = =  

1.0 0.707107  0.707220 0.707109 

2.0 0.816497  0.816540 0.816544 

5.0 0.912871  0.912889   0.912883 

β*=∞   1.000000 

(Newtonian 

fluid) 

1.000010  1000030 

Table 2. Values of 0.5Ref xC , 0.5Rex xNu −  and 0.5Rex xSh −

with 0.2M = ,Pr 21= , 0.1Nb = , 1.5Le = , 0.1Nt = , 0.1dR =

, 0.5, = 0.4,Fs =  and 0.1Ec = . 

Parameter Value 0.5Ref xC
0.5Rex xNu − 0.5Rex xSh −

S0 

0.1 -1.064138 -0.351360 -1.129400 

0.3 -1.024300 -0.289400 -0.982365 

0.5 -0.988634 -0.186962 -0.923577 

A 

0.1 -0. 548820 -0. 406490 -0. 600590 

0.2 -0. 555342 -0. 380746 -0. 537396 

0.3 -0. 573670 -0. 342618 -0. 470684 

β* 

1.0 -0. 805948 -0.450407 -0. 592327 

2.0 -0. 855042 -0.396210 -0.575154 

3.0 -0. 901867 -0. 376084 -0. 559645 

The comparison shown in Table 1 validates the 
computational technique by demonstrating great 

agreement between the current numerical results and 

earlier research. Moreover, the findings in Table 2 

demonstrate how important factors affect the 
gradients in temperature, concentration, and 

velocity. The rising temperature and concentration 

gradients show that increasing the Stefan blowing 

parameter 0S promotes heat and mass transmission 

while modestly increasing velocity. The rising mass 
and heat transfer rates show that increasing the 

unsteadiness parameter A  promotes heat and mass 

transmission while modestly decreasing velocity. 

Likewise, the Casson fluid parameter β* indicates a 

general improvement in thermal and solutal 
transport by strengthening the velocity gradient and 

slightly raising temperature and concentration 

levels.  

CONCLUSIONS 

This work explores the behavior of a Casson 

nanofluid flowing over an expanding surface, 

looking at mass transference and heat transference 
rate via physical experimentation and numerical 

simulations. The heat transfer rate also displays 

notable variability in response to alterations in the 
Stefan blowing parameter. Numerical results are 

derived using the bvp4c by MATLAB software to 

solve the ordinary differential system. Stefan 

blowing parameter   indicates a qualitative similarity 
between velocity and concentration profiles. For 

greater Fs, g’(ῃ) indicates a diminishing tendency, 

but for Casson fluid parameter β*, the reverse trend 
is observed. The concentration field of the boundary 

layer could change significantly as a result of a 

chemical reaction. The thickness of the solutal 

boundary layer significantly decreases as the 
chemical reaction increases. The intricate interplay 

between chemical reactions and boundary layer 

dynamics constitutes a pivotal area of research with 
profound implications across diverse scientific and 

engineering domains. Higher Lewis numbers Le 

indicate a dominance of thermal diffusivity over 
mass diffusivity, resulting in faster heat transfer but 

slower concentration adjustments. This finding 

underscores the importance of controlling the Lewis 

number Le to balance thermal and mass transfer in 
practical applications. Skin friction decreases for 

fluid parameter β* and boosts up for the Stefan 

blowing parameter S0. 

Future directions 

The work can be modified by adding the 

impact of motile microorganisms, different 

nanoparticles, activation energy, thermal 

radiation and shaped change. 
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