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A B S T R A C T  

This study investigates the effects of magnetohydrodynamics (MHD) 

and bioconvection on Casson-Williamson nanofluid flow along a 

stretched sheet. Such an analysis of fluid dynamics takes into account 

the impact of MHD, chemical reactions, and gyrotactic 

microorganisms. For velocity and magnetic field behavior exploration, 

the concept of buoyancy ratio has also been proposed in the study. The 

Casson and Williamson rheological models characterize the fluid 

properties to understand the effects of these parameters by the motion 

of motile gyrotactic microorganisms.  Similarity variable is used to 

reduce nonlinear partial differential equations including boundary 

conditions to strong coupled ordinary differential equations, which 

are easier to analyze. The solutions can be obtained by the use of 

`bvp4c', a popular numerical method for nonlinear boundary value 

problems, which enables sensitivity about fluid dynamics of different 

physical parameters on profiles of 

𝑓′(𝜂), 𝜃(𝜂), 𝜑(𝜂), 𝜀(𝜂), 𝑓′′(𝜂) 𝑎𝑛𝑑 𝜃′(𝜂). 

Numerous physical characteristics, such as the buoyancy ratio, 

thermophoresis variable, Brownian motion variable, bioconvection 

number, Eckert number, and thermal radiation, determine the 

behavior of non-Newtonian fluids. The result shows that the skin 

friction decreases by increasing the value of the magnetic field the 

Nusselt number decreases by raising the value of heat generation 

parameters and the Sherwood number increases by increasing the 

value of Lewis number. The goal of the study is to notice the impact of 

buoyancy ratio and Rayleigh number on fluid behavior. The velocity 

profile declines by increasing the value of 𝑁𝑟  and 𝑅𝑏 and the 

temperature profile increases for thermophoresis and Brownian 

motion parameter value rise. 
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1 | INTRODUCTION 

To analyze the impact of heat and mass transfer over a stretching sheet. The combination of two 

non-Newtonian fluids makes the problem complex. The use of non-Newtonian fluid along sheet is listed 

real engineering model. To comprehend the aerodynamic behavior of greater surfaces, such as turbine 

shafts and Aeroplan wings, sheets that resemble thin flat plates are examined. This aids in creating 

surfaces that maximize lift and reduce drag. In wind tunnels, thin sheets are utilized to simulate 

particular flow paths and investigate various flows related to materials, a significant topic in the fields 

of aviation and automotive technology. The thin layer of viscous fluid flows in a way that prevents 

turbulence known as laminar sheet flow. The principles guiding the movement of fluid in thin films are 

essential to determining these properties studied in [1]. They discovered that for any value of the 

variables, the decreased Sherwood number is a rising function, and the decreased Nusselt number is a 

declining function examined in [2]. Explored the impact of Nt and Nb rise, the decreased Shx, and growth 

for unchanged Pr, Le, and Bi whereas the decreased Nusselt number drops in [3]. They examined the 

HAM was used to analyze the analytical solution. The results indicated that the solution relies on the 

following numbers Pr, Le, Nb, and Nt in [4]. It assessed those greater values of γ and Pr cause a thermal 

layer to increase, instead higher numbers of Ec and Nt cause the thermal thickness to decrease 

investigated in [5]. 

2 | LITERATURE REVIEW 

Magnetohydrodynamics is the science that deals with the study of the dynamics of electrically 

conducting fluids under the influence of magnetic fields. This affects flow behavior and heat transfer. 

Bioconvection is the self-organized motion of microorganisms in a fluid and produces patterns and 

nutrient transport because of their motility. Casson-Williamson fluid, sometimes known as a non-

Newtonian fluid with yield stress and shear-thinning properties, combines properties from Casson fluid 

and Williamson fluid. They investigated the analytical solutions for the simulated problem by using 

HAM. The pair stress factor grows substantially with the rising microstructural slip component in the 

first two scenarios where n=0 and n=0.5. On the other hand, a decreasing influence on pair stress is shown 

in the third scenario n=1 in [6]. They explored the heat boundary layer levels grow with greater magneto 

coefficients but momentum across the x and y directions declines studied in [7]. Using a shooting 

technique based on RK, computational solutions are produced for the developing concern. The impact 

of buoyancy force present in non-Newtonian fluid is analyzed in [8]. It is observed that as radiation 

obstacles increase, the flow and temperature curves increase. It determined the dual solution and studied 

that by raising the chemical reactions variable, the mass flow at the wall increases. As λ and N are larger, 

the velocity curve improves in the top section approach in [9]. Evaluated these urging engineers and 

scientists to employ alternative methods when buoyancy-driven fluids are produced by significant 



93   

 

temperature variations, as opposed to the Bossiness approximation's limited range of accuracy [10]. 

Focused the most potent Shooting process used to compute the changed system numerically. The fluid's 

thermal measure increases as the buoyancy factor rises [11]. The ambient temperature should be 

determined using the BEM and integrated into CFD simulations. With an emphasis on modeling and 

controlling the buoyancy impact on airflow velocity, the investigation examined current achievements 

in the field of buoyancy effect studies in metropolitan ventilation [12]. It explored the nonlinear 

convection factor rises, the flow speed climbs close to the surface, and falls farther from it [13]. This kind 

of flow is helpful for numerous manufacturing processes, including nuclear energy, photovoltaic arrays, 

combustion engine living things, the polymeric sector, and the chilling process of technology. 

The study of non-Newtonian fluids is becoming rapidly important in the food industry, 

pharmaceuticals, and materials manufacturing, where the complexity of flow behavior can make all the 

difference between the successful accomplishment of mixing, pumping, and heat transfer processes. 

Bioconvection, through the movement of microorganisms, is also one of the key contributors to the 

transport of nutrients within aquatic ecosystems and engineered systems such as bioreactors. The results 

of the present study are crucially presented as how interaction can significantly impact both thermal 

management and fluid transport due to changes in non-Newtonian fluid behavior and bioconvection. 

The influence of varying viscosity results in a dip in the speed trajectory, but the recorded influence of 

the Casson fluid on the flow rate shows an increase in fluid velocity. The greater production of heat and 

thermal conductivity coefficients caused an improvement in heat distributions investigated in [14]. 

Examined a greater velocity profile produced by greater values of Gr and Gm. Speed fluid is seen to 

decline or slow down as Pr and Sc levels rise. The velocity curve exhibits a declining tendency as the 

Casson flow coefficient rises. The fluid temperature increases when radiation characteristics are present 

[15]. They noticed the declining behavior of gyrotactic microorganisms by using LMS. Furthermore, the 

outcomes indicate that thermal curves increase with increasing radiation coefficients examined in [16]. 

It investigated the velocity decreases as the permeability variable, the magneto, or the fluids variable 

increases. When the Pr rises, the heat flux and related layer depth fall in [17]. Thermal transfer and fluid 

movement enhance with a rise in the Casson variable. The Da and β variables all cause the Nusselt value 

to behave in a rising manner discovered in [18]. Both observed that when heat radiation rises, velocity 

rises, and thermal falls. The relative impact of conductive heat transmission on thermal energy transport 

is shown by the radiation coefficient. Concentration tends to fall as the chemical reaction factor increases 

[19]. It demonstrates that the velocity curves are improved by the Ha variables. Furthermore, the thermal 

value falls with increasing Ha numbers conversely, decreasing numbers have the opposite impact in [20]. 

The studied Nusselt number shows an inverse trend from the skin friction value which increases as the 

magnetic field's variable, the permeability variable grows discussed in [21]. The primary goal to 
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determine its behavior is influenced by variations in the Rayleigh and Hartmann values in various 

topologies. When the heat factor increases, the Nusselt value exhibits a rising behavior analyzed in [22]. 

Noticed the velocity distribution of Williamson increased with variations in the dimensional length 

variable over a sheet in [23]. Shows that when the total fraction of the nanotubes in a truncated cone 

increase, the depth layer of heat reduces [24]. Determined that computationally thermal transmission 

properties are examined with various physical variables across a cylinder in [25]. They explored by an 

increasing Hartmann amount, it has been seen that thermal transmission and total entropy exhibit falling 

behavior in [26]. The execution of a variational repetition approach is the foundation of the 

computational methods studied in [27]. It is observed that when the thermal source variables are 

exponential a heat curve rises. Suggested that when the magnetic values are raised, there is a decline in 

velocity and a heat rise. The thermal curves get flatter as the Radiation factor above a plate is observed 

in [28]. Analyzed there is an obvious rise in the buoyancy relation to fluid flow and skin friction value 

for the curved factor decreases. The radiation factor increases the rate of heat transmission studied in 

[29]. Investigated whether there is resistance in the fluid movement with a longer pause when there are 

larger Williamson fluid parameters involved. Consequently, near the bottom edge of the channel, the 

flow dispersion decreases examined in [30]. It was discovered at small magnetic factor levels, the 

Weissenberg value has favorable sensitivity; at moderate to high magneto-factor levels, it exhibits 

adverse sensitivity [31]. Explored numerous amounts for key factors that have been shown in statistical 

bar charts for the investigation of the Skin friction factor, Nusselt, and Sherwood factor in [32]. 

The author has studied the flow dynamics of Casson-Williamson nanofluids under the influence 

of non-Newtonian fluids, combined effects of MHD and bioconvection, etc. Much work in literature is 

yet to be explored on the mutual interaction of their parameters, effects of chemical reactions, and 

gyrotactic microorganisms. A more significant part of critical parameters, such as the impact of the 

buoyancy ratio and the effects of the Rayleigh number on the velocity and thermal profiles, are yet to be 

studied in this regard. In this paper, we intend to fill these gaps by analyzing the interaction of these 

variables in Casson-Williamson nanofluid flow along a stretched sheet, providing valuable insights 

toward practicing applications in various fields of engineering. 

2.1 | Problem Statement 

The incompressible steady flow mixed with bioconvection and chemical reaction with Casson -

Williamson fluid over a slippery sheet has been considered for analysis. While the induced magnetic 

field disregards the unified magnetic field anticipated along the vertical axis, it is expected that the 

magnetic Reynold value is exceedingly small. The process of flow along the mathematical model and 

cartesian position are shown in Figure 1. The Casson-Williamson model may be used to describe these 

fluids consequently.  
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Figure 1. Flow Problem 
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(1) 

Where 𝛽 and 𝛤 is a Casson or Williamson parameters. The governing equation is considered 

from [33], [34]. 
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𝜕𝑦
=

𝑘

𝜌𝑐𝑝
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16𝜎∗𝑇∞
3

3𝑘𝑘∗ )
𝜕2𝑇∗

𝜕𝑦2 + 𝜏 [𝐷𝐵
𝜕𝐶∗

𝜕𝑦

𝜕𝑇∗

𝜕𝑦
+

𝐷𝑇

𝑇∞
(

𝜕𝑇∗

𝜕𝑦
)

2

] +
𝜇

𝜌𝐶𝑝
[(1 +

1

𝛽
) (

𝜕𝑢∗

𝜕𝑦
)

2

+

𝛤

√2
(

𝜕𝑢∗

𝜕𝑦
)

3

] +
𝑄𝑜

𝜌𝑐𝑝
(𝑇∗ − 𝑇∞) , 

(4) 

𝑢∗ 𝜕𝐶∗

𝜕𝑥
+ 𝑣∗ 𝜕𝐶∗

𝜕𝑦
= 𝐷𝑚

𝜕2𝐶∗

𝜕𝑦2 +
𝐷𝑇

𝑇∞

𝜕2𝑇∗

𝜕𝑦2 − 𝐾𝑟(𝐶∗ − 𝐶∞) , (5) 

𝑢∗ 𝜕𝑛∗

𝜕𝑥
+ 𝑣∗ 𝜕𝑛∗

𝜕𝑦
+ 𝑏𝑊𝑐
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∆𝐶

𝜕𝐶∗

𝜕𝑦
) = 𝐷𝑚

𝜕2𝑛∗

𝜕𝑦2  . (6) 

The 𝑇 is the nanofluid temperature, 𝐶 is the nanofluid concentration, 𝑎𝑛𝑑 𝑢 and 𝑣 are the 

nanofluid velocity components. The thermal conductivity 𝑘 and 𝜌 density is supposed to be constant. 

The boundary condition for the above problem is taken [33], [34].  
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𝑢∗ = 𝑎𝑥 + 𝜆1 ⌈(1 +
1

𝛽
)

𝜕𝑢∗

𝜕𝑦
+

𝛤

√2
(

𝜕𝑢∗

𝜕𝑦
)

2

⌉ , 𝑣∗ = 0, 𝑇∗ = 𝑇𝑤 , 𝐶∗ = 𝐶𝑤 , 𝑛∗ = 𝑛𝑤  𝑎𝑡 𝑦 = 0 , 

𝑢∗ → 0, 𝑇∗ → 𝑇∞, 𝐶∗ → 𝐶∞, 𝑛∗ → 𝑛∞   𝑎𝑡 𝑦 → ∞ . 

(7) 

Where β is the Casson parameter, g is the gravitational acceleration parameter, 𝜎∗ is the Stefan-

Boltzmann constant, 𝐷𝐵 is the Brownian diffusion coefficient, 𝐷𝑇 is the thermophoretic diffusion 

coefficient, 𝑘∗ is the absorption coefficient, 𝐾𝑟 is the chemical conversion rate, 𝑄𝑜 is the heat absorption 

coefficient, 𝐶∞ is concentration parameter. , 𝜎  is the nanofluid electrical conductivity, 𝜗 is kinematic 

viscosity, 𝜌𝑓, 𝜌𝑝, 𝜌𝑚 is nanofluid density, 𝐵 is a magnetic field, 𝜆1 ia slip velocity factor, 𝐷𝑚 id Diffusion 

coefficient of motile density, 𝑏 is chemotaxis constant, 𝑊𝑐 is the swimming speed of a cell, 𝐶𝑤 , 𝑇𝑤 , 𝑛𝑤 are 

a surface concentration of nanoparticles, surface temperature, and surface concentration of 

microorganisms. The 𝐶∞, 𝑇∞ and n∞ is the ambient concentration of nanoparticles, ambient temperature, 

and ambient concentration of microorganisms, and g is the gravitational constant. To convert PDEs into 

ODEs by using this similarity variable and new boundary conditions corresponding to these ODEs. The 

similarity transformation is chosen from [33-34] 

𝜂 = √
𝑎

𝜗
𝑦,   𝑢∗ = 𝑎𝑥𝑓′(𝜂),   𝑣∗ = −√𝑎𝜗f(η),   θ(𝜂) =

𝑇∗−𝑇∞

𝑇𝑤−𝑇∞
  , φ(𝜂) =

𝐶∗−𝐶∞

𝐶𝑤−𝐶∞
 , ε(𝜂) =

𝑛∗−𝑛∞

𝑛𝑤−𝑛∞
 . 

(8) 

Applying this similarity variable of equation (8) to reduce the equation (3)-(7)  

 

(1 +
1

𝛽
) 𝑓′′′ + 𝑊𝑒𝑓′′𝑓′′′ − 𝑓′2 − 𝑘𝑝𝑓′ − 𝑀𝑓′ + 𝜆(𝜃 − 𝑁𝑟 φ − 𝑅𝑏ε) = 0, (9) 

1

𝑃𝑟
(1 + 𝑅)𝜃′′ + 𝑁𝑏𝜃′𝜑′ + 𝑁𝑡𝜃′2 + 𝐸𝑐 [(1 +

1

𝛽
) 𝑓′′2 +

𝑊𝑒

2
𝑓′′′3] + 𝑄𝜃 + 𝑓𝜃′ = 0, (10) 

𝜑′′ +
𝑁𝑡

𝑁𝑏
𝜃′′ − 𝐺𝑆𝑐𝜑 + 𝑆𝑐𝑓𝜑′ = 0, (11) 

𝜀′′ − 𝐿𝑏(𝑓′𝜀 − 𝑓𝜀′ + 𝐵𝑓′) − 𝑃𝑒(𝜑′′(𝜀 + 𝛺) + 𝜀′𝜑′) = 0, (12) 

 

The corresponding boundary condition of ODEs 

 

𝑓′(𝜂) = 1 + 𝜆1 [(1 +
1

𝛽
) 𝑓′′ +

𝑊𝑒

2
𝑓′′2] , 𝑓(𝜂) = 0, 𝜃(𝜂 ) = 1, 𝜑(𝜂) = 1, 𝜀(𝜂) = 1 𝑎𝑡  𝜂 = 0, (13) 

𝑓′(𝜂) = 0, 𝜃(𝜂) = 0, 𝜑(𝜂) = 0, 𝜀(𝜂) = 0  𝑎𝑡 𝜂 → ∞.  

Here 𝑓′ =
𝜕𝑓

𝜕𝑦
, 𝑓′′ =

𝜕2𝑓

𝜕𝑦2 , 𝑓′′′ =
𝜕3𝑓

𝜕𝑦3 , 𝜃′ =
𝜕𝜃

𝜕𝑦
, 𝜃′′ =

𝜕2𝜃

𝜕𝑦2 , 𝜑′ =
𝜕𝜑

𝜕𝑦
, 𝜑′′ =

𝜕2𝜑
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𝜕𝜀
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  and 𝜀′′ =

𝜕2𝜀

𝜕𝑦2.                 

The physical parameters of the above equations such as 𝑃𝑒 denotes the bioconvection Peclet number,  𝑃𝑟 

Prandtl number, 𝜆1 the slip velocity parameter, 𝑊𝑒 the local Weissenberg number, 𝐸𝑐 the local Eckert 
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number, 𝑀 the magnetic parameter, 𝑅 the radiation parameter, 𝜆 local mixed convection parameter, 𝐾𝑝 

the porosity parameter, 𝑁𝑡 the thermophoresis parameter, 𝑁𝑏 the Brownian motion parameter, 𝑄 the heat 

generation parameter, 𝑆𝑐 the Schmidt number, 𝐺 the chemical reaction parameter, 𝐿𝑏 the bioconvection 

Lewis number, 𝐵 the motile density number, 𝑅𝑏 the Rayleigh number, 𝑁𝑟. The buoyancy ratio parameter 

and 𝛺 the microorganism concentration difference parameter. These parameters are valued such as: 
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𝜗
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 . 

 

These results are commonly expressed in terms of the nondimensional skin-friction coefficient. 

𝐶𝑓, the local Sherwood number 𝑆ℎ𝑥, and the local Nusselt number 𝑁𝑢𝑥. For physical dimensionless 

parameter is taken [33]. 

𝐶𝑓𝑅𝑒

1

2 = − [(1 +
1

𝛽
) 𝑓′′(0) +

𝑊𝑒

2
𝑓′′2(0)] , 𝑁𝑢𝑥𝑅𝑒

−
1

2 = −(1 + 𝑅)𝜃′(0),                                 

𝑆ℎ𝑥𝑅𝑒

−
1

2 = −𝜑′(0). 

(14) 

 

3 | NUMERICAL METHODS 

The system of ODEs from eq (9) – (13) with boundary condition (14) is solved numerically by 

using the bvp4c method. The error from the bvp4c method is 10−5 which is very small. And in which 

selection of an initial guess is easy and error is detected easily in this method.  Introduce new variables 

for transforming ODEs into first-order differential equations such as 𝑓 = 𝑦1, 𝑓′ = 𝑦2 , 𝑓′′ = 𝑦3, 𝜃 =

𝑦4, 𝜃′ = 𝑦5, 𝜑 = 𝑦6, 𝜑′ = 𝑦7, ε = y8, ε′ = 𝑦9, and the first-order differential equation is 

𝑦1
′ = 𝑦2, 

𝑦2
′ = 𝑦3, 

𝑦3
′ =

1

(1+
1

𝛽
)+𝑦3∗𝑤𝑒

[𝑦2
2 + 𝑘𝑝 ∗ 𝑦2 + 𝑀 ∗ 𝑦2 − 𝜆(𝑦4 − 𝑁𝑟 ∗ 𝑦6 − 𝑅𝑏 ∗ 𝑦8], 

𝑦4
′ = 𝑦5, 

𝑦5
′ =

−𝑃𝑟

1+𝑅
[𝑁𝑏 ∗ 𝑦5 ∗ 𝑦7 + 𝑁𝑡

2 ∗ 𝑦5
2 + 𝐸𝑐 [(1 +

1

𝛽
) ∗ 𝑦3

2 +
𝑊𝑒

2
∗ 𝑦3

3] + 𝑄 ∗ 𝑦4 + 𝑦1 ∗ 𝑦4], 

𝑦6
′ = 𝑦7, 

𝑦7
′ = −

𝑁𝑡

𝑁𝑏
∗ 𝑦5

′ + 𝐺 ∗ 𝑆𝑐 ∗ 𝑦6 − 𝑆𝑐 ∗ 𝑦1 ∗ 𝑦7, 

𝑦8
′ = 𝑦9, 
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𝑦9
′ = 𝐿𝑏(𝑦2 ∗ 𝑦8 − 𝑦1 ∗ 𝑦9 + 𝐵 ∗ 𝑦2) + 𝑃𝑒(𝑦7

′ (𝑦8 + 𝛺) + 𝑦9 ∗ 𝑦7), 

The corresponding boundary conditions are 

𝑦1 = 0, 𝑦2 = 1 + 𝜆1 [(1 +
1

𝛽
) ∗ 𝑦3 +

𝑊𝑒

2
∗ 𝑦3

2] , 𝑦4 = 1, 𝑦6 = 1, 𝑦8 = 1  𝑎𝑡 𝜂 = 0, 

𝑦2 = 1, 𝑦4 = 0, 𝑦6 = 0, 𝑦8 = 0   𝑎𝑠 𝜂 → ∞. 

 

4 | RESULTS AND ANALYSIS 

Present the model of non-Newtonian fluid over a porous sheet with the impact of various 

parameters on momentum, energy, concentration, and motile density equation. The numerical results 

are given below. Table 1 shows the present work compared with previous work, in which little error 

occurs because we solve the model by adding the value of buoyancy and Raleigh term.  Table 2 shows 

the impact of physical parameters on skin friction, Nusselt number, and Sherwood number. Analyze the 

effect of various parameters on fluid such as velocity, temperature, concentration, and motile density of 

fluid.  The velocity profile examined the impact of parameters such as buoyancy ratio, magnetic field, 

porous medium, Rayleigh number, and Weissenberg number. In the energy profile study, the impact of 

various parameters such as Brownian motion parameter, thermophoresis, Eckert number, thermal 

radiation, and buoyancy ratio. For concentration and bioconvection profile the effect of parameters such 

as chemical reaction, Eckert number, Brownian and thermophoresis parameters, Lewis number, 

buoyancy ratio, Schmidt number, and heat source impact respectively. 

 

   Table 1. Compare the Nusselt and Sherwood present results with Yousef [33]. 

𝑵𝒃 Yousef [33] Present 

0.1 0.476439 0.4331 

0.3 0.342991 0.3537 

0.5 0.266807 0.2813 

 

Table 2. The numerical value of local skin friction number, Nusselt number, and Sherwood number for 

different parameters. 

𝑀 𝑅𝑏 𝑁𝑟 𝑤𝑒 𝑁𝑡 𝑁𝑏 𝑅 𝐺 𝑆𝑐 −𝑓′′(0) −𝜃′(0) −𝜑′(0) 

0.2 0.1 0.1 0.5 0.1 0.5 0.2 0.2 0.7 0.9864   

0.4         1.0602   

0.6         1.0136   

 0.1        0.9864   

 0.3        1.0290   

 0.5        1.0729   

  0.1       0.9864 0.1805  

  0.3       1.0319 0.1772  

  0.5       1.0784 0.1739  

   0.1      0.8071   

   0.2      0.8143   
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   0.5      0.8382   

    0.1      0.2161 0.6710 

    0.2      0.1708 0.7187 

    0.3      0.1434 0.7528 

     0.1     0.4331  

     0.3     0.3537  

     0.5     0.2813  

      0.1    0.2784 0.6828 

      0.2    0.2813 0.6710 

      0.3    0.2824 0.6617 

       0.2    0.6710 

       0.4    0.7838 

       0.6    0.8801 

        0.3   0.4376 

        0.5   0.5626 

        0.7   0.6710 

 

 
Fig 2(a) 

 
Fig 2(b) 

 

 
 

Fig 2(c) 

 

 
 

Fig 2(d) 
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Fig 2(e) 

 
 

Fig 3(a) 

 

 
 

Fig 3(b) 

 
 

Fig 3(c) 

 

 
 

Fig 3(d) 
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Fig 4(a) 

 
 

Fig 4(b) 

 

 
 

Fig 4(c) 

 
 

Fig 4(d) 

 

 
 

Fig 5(a) 

 
 

Fig 5(b) 
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Fig 5(c) 

 
Fig 5(d) 

 

5 | DISCUSSION 

Now, the details of the result are mentioned below briefly, in which the profile is impacted by 

various parameters. We discussed the four profiles: momentum boundary layer, energy, concentration, 

and bioconvection profile. Fig 2(a) shows the impact of 𝑁𝑟 on the velocity profile. The value of 𝑁𝑟 The 

velocity decreases due to drag force increase, and boundary layer thickness also increases due to 𝑁𝑟. Fig 

2(b) to observe variations in M influence the velocity 𝑓′(𝜂). A slight increase in the magnetic number M 

is shown to result in a decrease in the velocity and an increase in the corresponding boundary layer 

thickness. This demonstrates how the magnetic effect behaves generally. Fig 2(c) shows the impact of 𝑘𝑝 

on the velocity profile. The value of 𝑘𝑝  Increases then velocity increases due to drag force decrease, and 

boundary layer thickness also decreases. Fig 2(d) shows the impact of 𝑅𝑏 on the velocity profile. The 

value of 𝑅𝑏 Increases then velocity decreases due to drag force increase. Fig 2(e) shows the impact of 𝑊𝑒 

The local Weissenberg number on the velocity profile. The local Weissenberg number causes the velocity 

to decrease when the increment of the local Weissenberg number. Fig 3(a) shows the impact of thermal 

radiation 𝑅 on the dimensionless temperature profile 𝜃(𝜂). It is examined that as 𝑅,  grows, so energy 

profile decreases, and the thickness of the boundary layer increases. Fig 3(b) shows the impact of the 

viscous dissipation variable Eckert number 𝐸𝑐 on the dimensionless temperature profile 𝜃(𝜂). It is 

examined that as 𝐸𝑐,  grows, and so does 𝜃(𝜂) and the thickness of the boundary layer. When the 

dissipation increases the fluids, thermal conductivity improves enhancing the width of the energy 

boundary layer. The Brownian motion  𝑁𝑏 Impacts the energy curve in Fig 3(c). The rate of nanoparticles 

is directly related to heat due to 𝑁𝑏. The temperature increases provide the nanoparticles greater kinetic 

energy, which causes them to move more quickly. In Fig 3(d) the buoyancy ratio parameter 𝑁𝑟 indicates 

the influence of parameter 𝑁𝑟 on the dimensionless energy 𝜃(𝜂). The curves of this figure indicate that 

an increment in the parameter 𝑁𝑟 increases the 𝜃(𝜂). In Fig 3(e) to examine the change in the 

dimensionless temperature 𝜃(𝜂) generated by the thermophoresis parameter 𝑁𝑡. The effect raises the 
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fluid's temperature because heated particles are drawn from hotter to colder regions. The radiation 

parameter is shown in Fig 3(e). An increase in the radiation factor causes the temperature profile to rise 

and the overall thickness of the boundary layer to decrease. Fig 4(a) impact of the Schmidt number 𝑆𝑐 on 

the dimensionless concentration profile 𝜑(𝜂) is depicted in this sketch. 𝜑(𝜂) is increased for 𝑆𝑐 boosting 

values. Higher Schmidt numbers result in slower mass diffusion, which lowers the concentration of 

nanoparticles. This is because mass diffusivity and Schmidt number have an inverse relationship. The 

Fig 4(b) influence of the 𝐸𝑐 on the concentration profile 𝜑(𝜂) demonstrates that a decrease in 𝜑(𝜂) 

corresponds to an increase in 𝐸𝑐. The impact of the chemical reaction parameter 𝐺 on the nanoparticle 

concentration is shown in Fig 4(c). The parameter 𝐺 value and boundary layer thickness both marginally 

increase with decreasing nanoparticle concentration dispersion. A major chemical reaction parameter 

denotes an impressive pace of chemical transformation between the molecules of the nanofluid, which 

causes the concentration of the nanofluid to rise slowly. To illustrate the influence of the Brownian 

motion factor 𝑁𝑏 on 𝜑(𝜂) in Fig 4(d) is presented. 𝜑(𝜂) decreases due to an incline in 𝑁𝑏. The boundary 

layer fluid physically warms up due to Brownian motion. As indicated in Fig 5(a) the micro gyrotactic 

density ε(𝜂) declines for the bioconvection Lewis number 𝐿𝑏. Greater values of 𝐿𝑏 Indicate a reduction 

in the motile microorganism diffusivity which results in a smaller value of ε(𝜂). As shown in Fig 5(b) the 

mass stratification parameter 𝑄 leads to a decline in the micro gyrotactic density ε(𝜂) and boundary layer 

thickness rises slightly. The Fig 5(c) shows the buoyancy ratio parameter. 𝑁𝑟 affects the ε(𝜂) Fluctuation. 

The motile density profile ε(𝜂) rises with an increase in 𝑁𝑟 and boundary layer thickness decreases. The 

impact of the Schmidt number 𝑆𝑐 on the ε(𝜂) is illustrated in Fig. 5(d). The micro gyrotactic density ε(𝜂) 

decreases as 𝑆𝑐 values increase. 

6 | CONCLUSION 

In this article, the two-dimensional bioconvection and chemical reaction impact on the Casson-

Williamson nanofluid has been analyzed. This indicates that with the rise in the porosity parameter 𝑘𝑝, 

the velocity profile increases and decreases with the bioconvection Rayleigh parameter  𝑅𝑏. The results 

also show that an increased magnetic number 𝑀 produces a higher value for the skin friction coefficient. 

Also, a greater buoyancy ratio 𝑁𝑟, Eckert number 𝐸𝑐, and the thermal radiation parameter 𝑅, where these 

parameters increase the heat transfer. On the other hand, both buoyancy ratio 𝑁𝑟  and radiation 𝑅 have 

increased the local Nusselt number which means that enhances the loss of heat. The concentration profile 

diminishes with an increment of Schmidt's number 𝑆𝑐 and chemical reaction parameter 𝐺 along with the 

Brownian motion parameter 𝑁𝑏 Indicating that these parameters oppose mass transfer. Additionally, the 

motile density profile is reduced as the bioconvection Lewis’s parameter 𝐿𝑏 Increases and heat 

generation parameter 𝑄 increases. However, when the buoyancy ratio parameter 𝑁𝑟 Increases, it 

decreases the boundary layer thickness while increasing the motile density; meanwhile, the motile 
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density is decreased with an increase in the Schmidt number 𝑆𝑐 . Lastly, the value of skin friction 

decreases with an increase in the magnetic factor and the Nusselt number increases with values of heat 

generation, showing the interaction between magnetic forces, heat generation, and fluid dynamics. The 

present results are compared with those reported by Yousef [33], where a good agreement is found. For 

any value of, the results show minor deviations only, confirming reliability and accuracy in the present 

analysis. 

Future research on Casson-Williamson fluid can be done on its industrial applications to complex 

processes, this may entail biomedical fluid dynamics, petroleum extraction, and food processing. 

Additionally, artificial intelligence and optimization techniques using genetic algorithms or learning 

machines can further improve the predictive models and control the behaviors of fluids in real-time 

applications. This is further compared in the values of the Nusselt number for the study conducted in 

the current research with those found by earlier studies, and it is concluded that the values of the Nusselt 

number in a Casson-Williamson fluid feature considerable variation as dependent on flow conditions 

and the inclusion of factors. Improvement constitutes the fact that a proposed model produces better 

thermal performance; hence there is the possibility of achieving better efficiency in the context of 

transferring heat in practice as compared to older models.  
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