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1. INTRODUCTION 

 A Newtonian fluid is defined as a fluid whose viscosity 
remains unchanged when shear stress is applied at a constant 
temperature. This indicates a direct linear relation between 
viscosity and shear stress for these fluids. Conversely, non-
Newtonian fluids exhibit viscosity that is influenced by factors 
beyond temperature. In these cases, the viscosity alters in 
response to applied shear stress. The connection between 
stress and shear rate in these fluids can differ and may even 
change over time. The nonlinear connection between stress 
and shear rate in these fluids complicates the formulation of a 
single constitutive equation that can explain all their 
characteristics. As a result, multiple models for non-
Newtonian fluids have been developed, each based on 
different physical characteristics [1].  Among these models, 
the Casson fluid is the most widely recognized [2]. 

The Casson fluid is defined as a liquid that exhibits shear-
thinning behaviour. At a shear rate of zero, it is deemed to 
have infinite viscosity, while at an infinitely high shear rate, it 
is characterized by zero viscosity. This fluid functions in a 
way comparable to elastic solids and its constitutive equation 
includes a yield shear stress. Numerous experiments  

 

conducted on blood indicate that its behaviour aligns closely 
with that of a Casson fluid [3]. Specifically, the Casson fluid 
model provides a more precise representation of blood flow 
characteristics, particularly at low shear rates and within 
narrow blood vessels [4]. The Casson fluid model has proven 
to be relevant in the development of blood oxygenators and 
hemodialysis systems.  

The concept of the stretching sheet problem was first 
introduced by McCormack and Crane in 1973 [5]. This 
problem has become important in various engineering 
applications and industrial sectors, including fluid dynamics, 
magnetohydrodynamic flows, porous situation and the study 
of heat. The combined heat and mass movement represents a 
critical challenge in fluid dynamics. This phenomenon is 
applicable in various engineering and industrial processes [6]. 

The equations governing the boundary layer for unsteady 
flow were elucidated by [7]. The dynamics of flow and heat 
transfer in a thick environment were analyzed by [8].  MHD 
flow along a vertical plate was studied by [9]. However, they 
did not consider Soret effect. Dufour impact in conjunction 
with MHD flow was addressed by [10]. A study by [11] 

This study aims to investigate the unsteady flow behaviour of Casson fluid over a 
stretching surface in the presence of a magnetic field. The effects of magnetic field, 
Casson parameter and chemical reaction are also accounted for in this model. A Casson 
non-Newtonian constitutive model is utilized to describe the fluid transport. By employing 
appropriate similarity transformations, the model equations are reformulated as ordinary 
differential equations. Then the reduced differential equations are solved numerically 
using the Nachtsheim-Swigert shooting technique along with a sixth-order Runge-Kutta 
method. The graphical representation illustrates the influence of key physical parameters 
on flow characteristics. It is indicated that fluid velocity declines with a rise in the 
unsteadiness parameter and temperature significantly decreases due to this unsteadiness. 
Moreover, increasing chemical reaction parameter diminishes both velocity and 
concentration field. Again to validate the accuracy of the developed code, the results are 
compared with those from earlier research, demonstrating good agreement. 
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emphasized exponential profiles for surface flow fields. The 
micropolar fluid flow across an exponentially varying surface 
was discussed by [12]. The slip impact on stretching sheet was 
explained by [13]. Then the non-steady magnetohydrodynamic 
flow past a vertical plate was examined by [14]. Another study 
conducted by [15] focused on convective movement and heat 
transfer along perpendicular plate.  

Due to the common presence of non-Newtonian fluid in 
different areas, no considerable efforts have yet been made to 
examine the unsteady flow of Casson fluid. Previous research 
has made significant progress in understanding the behavior of 
Newtonian fluids and chemical reactions separately. Yet, the 
combined influences of Casson model, unsteadiness and 
chemical reaction phenomena have not been thoroughly 
investigated. Moreover, a number of researchers disregard the 
non-Newtonian characteristics of Casson fluids, which are 
essential for the accurate modeling of materials such as blood 
and ink.This study intends to fill this void in the literature. It 
focuses on the chemically reactive unsteady flow of Casson 
fluid over a stretching surface in presence of magnetic field. 
Numerical methods are employed to solve the dimensionless 
equations and the impacts of different physical factors on flow 
characteristics are illustrated and examined through graphical 
representation. 

 

2. CASSON FLUID MODEL 
The Casson rheological model [16, 17] is given by  
 

𝜏𝜏𝑖𝑖𝑖𝑖 = 2 �𝜇𝜇𝑏𝑏 +
𝑃𝑃𝑦𝑦
√2𝜋𝜋
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and 𝑖𝑖, 𝑗𝑗 = 𝑥𝑥,𝑦𝑦. The rate of strain tensor is  
 

𝑒𝑒𝑖𝑖𝑖𝑖 = �
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Then stress tensor is 
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(5) 

 
Here 𝜇𝜇𝑏𝑏 be the plastic dynamic viscosity, 𝑃𝑃𝑦𝑦 be yield 

stress,  𝛽𝛽 be Casson fluid parameter.  Again the yield stress 
𝑃𝑃𝑦𝑦 = 0 for Newtonian case. 

 

3. MATHEMATICAL REPRESENTATION 
Two-dimensional unsteady flow viscous Casson fluid 

over a stretching surface affected by a chemical reaction is 
considered here. The fluid is electrically conducting and 
incompressible. The 𝑥𝑥-axis is aligned with surface direction 
and 𝑦𝑦-axis is perpendicular to it. A uniform magnetic field of 
strength 𝐵𝐵0 is applied in y-direction.  Our interest lies in the 
study of the effects of the applied magnetic field on fluid flow. 
In this scenario, the magnetic Reynolds number is 
considerably less than one. Thus the induced magnetic field's 
influence is viewed as minor relative to that of the applied 
magnetic field. It is also considered that 𝑇𝑇𝑤𝑤 and 𝐶𝐶𝑤𝑤 are 
constant surface temperature and surface concentration and  
𝑇𝑇∞ and 𝐶𝐶∞ are at a distance from the surface.  Then the main 
equations for the unsteady flow of Casson fluid are 

𝜕𝜕𝜕𝜕
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The corresponding boundary conditions are   

𝑢𝑢 = 𝑢𝑢𝑤𝑤 ,𝑣𝑣 = −𝑣𝑣0(𝑥𝑥),𝑇𝑇 = 𝑇𝑇w, C = Cw  at    𝑦𝑦 = 0
 𝑢𝑢 = 0,                          𝑇𝑇 = T∞, C = C∞  at  𝑦𝑦 → ∞  � (10) 

  
where 𝑢𝑢 and 𝑣𝑣 be the velocity components in 𝑥𝑥 and 𝑦𝑦 

directions respectively, 𝜐𝜐 = 𝜇𝜇𝑏𝑏
𝜌𝜌 

 is kinematic viscosity for 
Casson fluid, 𝑔𝑔 is acceleration due to gravity, 𝛽𝛽𝑇𝑇 and 𝛽𝛽𝐶𝐶  are 
volumetric co-efficient of thermal  and concentration 
expansions, 𝜌𝜌 is fluid density, 𝐶𝐶𝑝𝑝  is specific heat, 𝜅𝜅 is thermal 
conductivity, 𝜎𝜎 is electric conductivity, 𝑄𝑄0 is volumetric  rate 
of heat generation,  𝐷𝐷𝑚𝑚 is chemical molecular diffusivity, 𝐾𝐾 is 
reaction rate, 𝑢𝑢𝑤𝑤 is the tangential velocity, 𝑣𝑣0 represents the 
velocity component at the wall, with a positive value 
indicating the presence of suction.   

 

Fig. 1. Schematic of flow configuration  
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       By introducing the following similarity variables, 
it is possible to convert the governing equations (6) to (9) into 
a dimensionless form. 

𝑢𝑢 =
𝑐𝑐𝑐𝑐

1 − 𝜆𝜆𝑡𝑡 𝑓𝑓
′(𝜂𝜂), 𝑣𝑣 = −�

𝑐𝑐𝑐𝑐
1 − 𝜆𝜆𝑡𝑡 𝑓𝑓

(𝜂𝜂), 𝜂𝜂 = 𝑦𝑦�
𝑐𝑐

𝜗𝜗(1 − 𝜆𝜆𝑡𝑡)
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,𝜙𝜙(𝜂𝜂) =
𝐶𝐶 − 𝐶𝐶∞
𝐶𝐶𝑤𝑤 − 𝐶𝐶∞ ⎭

⎪⎪
⎬

⎪⎪
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 (11) 

  
where 𝜓𝜓 be the stream function,  𝜂𝜂 be the dimensionless 

distance normal to the surface,  𝜃𝜃 be the dimensionless 
temperature and 𝜙𝜙 be the dimensionless concentration. 

Using equation (11) the above governing equations become 

�1 +
1
𝛽𝛽
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� − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 0 (14) 

 
The reduced boundary conditions are 

   𝑓𝑓 ʹ = 1, 𝑓𝑓 = 𝑓𝑓w,𝜃𝜃 = 1,𝜙𝜙 = 1 at    𝜂𝜂 = 0
     𝑓𝑓 ʹ = 0,               𝜃𝜃 = 0,𝜙𝜙 = 0  at    𝜂𝜂 → ∞

 � (15) 

 
where 𝐴𝐴 = 𝜆𝜆

𝑐𝑐
  is the unsteadiness parameter, 𝑀𝑀 =

𝜎𝜎𝐵𝐵02(1−𝜆𝜆𝜆𝜆)
𝜌𝜌𝜌𝜌

 is the magnetic field parameter, 𝐺𝐺𝐺𝐺 =
𝑔𝑔𝛽𝛽𝑇𝑇(𝑇𝑇𝑤𝑤−𝑇𝑇∞)(1−𝜆𝜆𝜆𝜆)2

𝑐𝑐2𝑥𝑥
 is the thermal Grashof number, 𝐺𝐺𝐺𝐺 =

𝑔𝑔𝛽𝛽𝑇𝑇(𝑇𝑇𝑤𝑤−𝑇𝑇∞)(1−𝜆𝜆𝜆𝜆)2

𝑐𝑐2𝑥𝑥
 is the Concentration Grashof number,  𝑃𝑃𝑃𝑃 =

𝜇𝜇𝐶𝐶𝑝𝑝
𝑘𝑘

 is the Prandtl number, 𝑄𝑄 = 𝑄𝑄0
𝜌𝜌𝐶𝐶𝑝𝑝𝑐𝑐

(1 − 𝜆𝜆𝜆𝜆) is the heat source 

parameter, 𝑓𝑓w = −𝑣𝑣𝑤𝑤 �
𝑐𝑐𝑐𝑐
1−𝜆𝜆𝜆𝜆

�
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  is the suction 

parameter, 𝑆𝑆𝑆𝑆 = 𝜐𝜐
𝐷𝐷𝑚𝑚

 is the Schmidt number, 𝛾𝛾 = 𝑘𝑘(1−𝜆𝜆𝜆𝜆)
𝑐𝑐

 is 
chemical reaction parameter.   

 

Again the Skin friction coefficient(𝐶𝐶𝑓𝑓), local Nusselt 
number (𝑁𝑁𝑁𝑁𝑥𝑥)  and Sherwood (𝑆𝑆ℎ𝑥𝑥) number can be written as 

 

𝐶𝐶𝑓𝑓 = 𝑅𝑅𝑅𝑅𝑥𝑥
− 12𝑓𝑓 ʹʹ(0),  𝑁𝑁𝑁𝑁𝑥𝑥 = −𝑅𝑅𝑅𝑅𝑥𝑥

1
2  𝜃𝜃ʹ(0), 𝑆𝑆ℎ𝑥𝑥 = −𝑅𝑅𝑅𝑅𝑥𝑥

1
2  𝜙𝜙ʹ(0) (16) 

where 𝑅𝑅𝑅𝑅𝑥𝑥 is the local Reynolds number. 

 
4. MATHEMATICAL COMPUTATION  

The numerical solution of the reduced differential 
equations (12)-(14) under the boundary conditions (15) was 
achieved through the shooting method namely Nachtsheim-
Swigert [18] iteration technique combined with a sixth-order 
Runge-Kutta iteration scheme. A step size of ∆𝜂𝜂 = 0.01 was 

employed to ensure a convergence criterion of 10−6 
throughout the entire duration. The value of 𝜂𝜂∞ was 
determined in each iteration loop using the formula 𝜂𝜂∞ =
𝜂𝜂∞ + ∆𝜂𝜂. The computations were carried out using 
FORTRAN symbolic software. This method has been widely 
adopted in recent years for its efficiency in solving highly 
nonlinear problems. Additionally, a Runge-Kutta algorithm 
was applied, which incorporated a collocation method 
involving polynomials of a certain degree, a set of points 
within the domain known as collocation points and a solution 
that meets the requirements of the equation at these 
collocation points. 

 
5. RESULTS AND DISCUSSIONS 

This section focuses on the discussion and analysis of 
velocity distribution, as well as the thermal and mass 
characteristics for various flow parameters.  We know that our 
body temperature is 𝑇𝑇 = 310𝐾𝐾 and the value of Prandtl 
number for human blood is 𝑃𝑃𝑃𝑃 = 21 [19]. So 𝑃𝑃𝑃𝑃 is reserved 
21 in this study. 

5.1 Effect of Unsteadiness Parameter 
Figures 2, 3 and 4 illustrate the impact of unsteadiness 

parameter 𝐴𝐴 on flow fields.  As depicted in Figure 2, a raise in 
𝐴𝐴 gives a decline in velocity, suggesting a reduction in 
momentum boundary layer. A comparable trend is observed in 
the temperature and concentration fields, as demonstrated in 
Figures 3 and 4. 

5.2 Effect of Casson Fluid Parameter 
The impact of the Casson fluid parameter 𝛽𝛽 on flow fields 

is presented in Figures 5, 6 and 7. Figure 5 clearly indicates 
that as 𝛽𝛽 increases from 0.6 to 1, the velocity field diminishes 
by roughly 40%. This phenomenon occurs because 𝛽𝛽 is 
directly related to the plastic dynamic viscosity 𝜇𝜇𝑏𝑏 , which 
introduces resistance in the fluid. In contrast, 𝛽𝛽 has a positive 
effect on the temperature field as sown in Figure 6. 
Furthermore, the retarding force generated by the plastic 
dynamic viscosity 𝜇𝜇𝑏𝑏 leads to an increase in the concentration 
profiles illustrated in Figure 7. 

 

Fig. 2. Velocity profiles for different values of 𝐴𝐴 
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Fig. 3. Temperature profiles for different values of 𝐴𝐴 

 

Fig. 4. Concentration profiles for different values of 𝐴𝐴 

 

 

Fig. 5. Velocity profiles for different values of 𝛽𝛽 

  

Fig. 6. Temperature profiles for different values of 𝛽𝛽 

 

Fig. 7. Concentration profiles for different values of 𝛽𝛽 

 

 

Fig. 8. Velocity profiles for different values of 𝑀𝑀 
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Fig.9. Temperature profiles for different values of 𝑀𝑀 

 

Fig. 10. Concentration profiles for different values of 𝑀𝑀 

 

Fig 11. Velocity profiles for different values of 𝑄𝑄 

 

Fig.12. Temperature profiles for different values of 𝑄𝑄 

 

Fig. 13. Concentration profiles for different values of 𝑄𝑄 

 

Fig. 14. Velocity profiles for different values of 𝑆𝑆𝑆𝑆 
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Fig.15. Temperature profiles for different values of 𝑆𝑆𝑆𝑆 

 

Fig. 16. Concentration profiles for different values of 𝑆𝑆𝑆𝑆 

 

Fig.17. Velocity profiles for different values of 𝛾𝛾 

 

Fig. 18. Temperature profiles for different values of 𝛾𝛾 

 

Fig.19. Concentration profiles for different values of 
𝛾𝛾 

5.3 Effect of Magnetic Field Parameter 
The impact of the magnetic field parameter 𝑀𝑀 is 

illustrated in Figures 8, 9 and 10. It is evident that when 𝑀𝑀 
increases from 1 to 1.5, the velocity field experiences a 
reduction of nearly 25%. This reduction occurs because 𝑀𝑀 
generates a force within the flow field, referred to as the 
Lorentz force, which hinders fluid movement. Conversely, 
Figures 9 and 10 demonstrate an opposite trend for other 
fields. 

5.4 Effect of Heat Source Parameter 
In Figures 11, 12 and 13 we present the profiles of 

velocity, temperature and concentration for some heat source 
parameter 𝑄𝑄. It is understood that the heat generation 
enhances the buoyancy force, leading to a raise in flow rate 
and consequently velocity field is elevated by almost 50% 
when 𝑄𝑄  increases from 0.75 to 1.6, depicted in Figure 11. 
Additionally, as 𝑄𝑄 increases from 0.75 to 1.6, the temperatures 
undergo a swift rise of nearly 65%. This indicates that during 
fluid flow, heat generation significantly expands the thickness 
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of thermal boundary layer. Figure 13 shows that the 
concentration field diminishes as the heat source parameter 
increases. 

5.5 Effect of Schmidt Number 
The impact of the Schmidt number 𝑆𝑆𝑆𝑆 on flow 

characteristics are presented in Figures 14, 15 and 16.  It is 
observed that Schmidt number has a considerable effect on 
the transport of momentum and mass. Typically, an increase 
in the Schmidt number affects the relative diffusion rates of 
both momentum and mass. This phenomenon is frequently 
associated with variations in the thickness of the momentum 
and concentration boundary layers. As depicted in Figure 14, 
when 𝑆𝑆𝑆𝑆 get large the velocity decreases. Furthermore, Figure 
15 indicates that 𝑆𝑆𝑆𝑆 positively influences temperature profile. 
Similarly, Figure 16, reveals a rapid decline of 75% in 
concentration profile as  𝑆𝑆𝑆𝑆 increases from 0.22 to 0.35. 

5.6 Effect of Chemical Reaction Parameter 
Figures 17, 18 and 19 illustrate the impact of the chemical 

reaction parameter 𝛾𝛾 on flow characteristics. Elevating the 
chemical reaction parameter generally leads to a reduction in 
both the concentration and velocity distributions. 
Consequently, the velocity profile tends to flatten, while the 
concentration of the reacting species diminishes. Figure 17 
shows that the velocity profile decreases with higher values of 
𝛾𝛾. In contrast, Figure 18, reveals that 𝛾𝛾 reduces the 
temperature. Figure 19 illustrates that the concentration profile 
diminishes by nearly 80% as 𝛾𝛾 rises from 0.3 to 1.8. 

 

6. RESULTS 
In order to confirm the precision of the numerical 

findings, this study is compared with the earlier research 
conducted by [20].  The values of heat transfer coefficient 
[−𝜃𝜃 ′(0)] have been compared and demonstrate a remarkable 
level of agreement, as illustrated in Table 1. 

Table 1. Comparison of heat transfer co-efficient for some 
values of 𝑃𝑃𝑃𝑃 (𝐴𝐴 = 0, 𝑓𝑓𝑤𝑤 = 0) 

Prandtl 
Number 

(Pr) 

Heat transfer co-efficient [−𝜽𝜽′(𝟎𝟎)] 
Earlier research  

conducted by [20]  
Present 
Study  

1 
2 
3 
5 
10 

0.9547                                
1.4714 
1.8691 
2.5001 
3.6603 

 
  0.9550 
  1.4719 
  1.8695 
  2.5012 
  3.6610 
 

 

 
 

7. CONCLUSION 
An analysis has been conducted on the chemically 

reactive unsteady flow of Casson fluid over a stretching 
surface influenced by a magnetic field. The dimensionless 
model equations were solved numerically and the obtained 
results were displayed graphical formats for various values of 
the physical parameters.  

The conclusions drawn from this study are as follows: 

a) Large value of unsteadiness parameter gives a decline in 
velocity and temperature.   So this parameter is useful to 

investigate the effects of time-dependent factors on the 
fluid's characteristics. 

b) Magnetic field parameter reduces the velocity field. This 
suggests that the magnetic field is able to control the 
thickening of the viscosity of fluids. Since it diminishes 
the speed of flow particles, this feature permits the 
regulation of fluid velocity. 

c) A rise in chemical reaction parameters causes a diminish 
in concentration profiles.  This property has multiple 
applications in industrial cooling, including 
manufacturing and pharmaceuticals. 

Finally we say that the outcomes of this study will 
provide a reasonably accurate evaluation of several fluid 
properties concerning the flow of blood in a physiological 
environment. The findings of this study will be pertinent to 
blood vessels in the micro-circulatory system. Furthermore, 
the analysis also holds significance in industries, where it is 
frequently necessary to evaluate the flow characteristics of 
different types of fluids moving through porous frameworks. 
In addition, the current study will be beneficial in determining 
the accuracy of future three-dimensional experimental studies 
that are more complex and may include a greater variety of 
physical parameters, including radiation, Dufour number and 
Soret number. 
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