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1. Introduction 
 

Recently, convection via gyrotactic microorganisms is 

flourishing huge response on account of their utilization in 

microfluidic appliances such as bio-sciences dispersion, 

bio-galvanic devices, in microbial oil recovery and 

formulation of gas and oil transfer sedimentary bowls. 

Nanofluids can vary the thermal characteristics as well as 

transport of the carrier liquid and consequently increase 

mass as well as thermal and motile microorganism 

transportation. These liquids are colloids containing base 

fluid like water and nanosize particles like non-metallic and 

metallic particles. Firstly, Wang 1988 studied the fluid 

behavior along the stretching cylinder. The detailed study of 

fluid flow along the stretched cylinder for the boundary 

layer was made (Ishak and Nazar 2009) regarding. Wang 

2011 obtained asymptotic solutions for high Reynold 

number using slip flow condition. (Salahuddin et al. 2017). 

The effects of Soret and Dufour for the Casson fluid by 

considering the heat Mixed convection condition together 

with slip flow and obtained numerical solution for the 

boundary layer problem of Williamson fluid flow over a 

stretching cylinder transfer along stretching cylinder was 

worked out (Mahdy 2015). A revolutionary high performance 

multi-walled carbon nano-polyvinylpyrrolidone/ silicon-

based shear thickening fluid (MWCNTs-PVP/SiO2-STF), 

later shortened to MPS-STF, was created by Sun et al. in 

2024. According to Zhu et al. (2024), partial differential 

equations (PDEs) are commonly used to describe nonlinear 
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processes that are seen in a variety of scientific disciplines, 

such as fluid dynamics, plasma physics, and biology. The 

uniform suction/blowing effects together with transfer of 

heat outside the permeable stretching cylinder were 

considered (Ishaq et al. 2008). Recently, there has been an 

increasing amount of interest in exploring the field of 

nonlinear partial differential equations in pursuit of solitary 

wave solutions. This project represents an interesting and 

difficult field of study (Zhu et al. 2024). Practically it is 

almost impossible to have such fluid which is free from any 

kind of impurity. Every naturally occurring fluid contains 

dust particles. Many engineering and industrial problems 

deal with dusty fluid such as powder mechanization and 

centrifugal technique to the detachment of particles from 

the fluid. Flow of dusty fluid can be viewed in many natural 

phenomena e.g. flow of mud in rivers, blood flow and 

atmospheric flow during haze. Initiative study of motion of 

dust particles in laminar flow has been carried out 

(Saffman, 1962). In wind tunnel studies, the effect of 

oscillatory fluids on the flow caused by after body vortices 

which resemble high-speed train vortices was examined 

(Chen et al. 2024).  

A viscous, incompressible continuous flow of dusty 

fluid under the influence of a pressure gradient between two 

coaxial spinning cylinders was analyzed. The nonlinear free 

vibration analysis of thin laminated plates sitting on 

nonlinear elastic foundations was studied geometrically by 

Akgoz and Civalek (2011). The foundation model of 

Winkler-Pasternak type is employed.  

Using nonlinear theory of the von Karman type, 

governing equations of motion are produced. The 

discretized equations of motion for plates are obtained using 

the discrete singular convolution method. Batou et al. 

(2019) used the novel Higher Shear Deformation Theory 

(HSDT), which is based on two-dimensional (2D) elasticity 
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theory, to study the wave propagations in sigmoid 

functionally graded (S-FG) plates. Compared to earlier 

shear deformation theories and other higher shear 

deformation theories, the current higher order theory 

contains fewer unknowns just four and does not require a 

shear corrector.  
The dependable and precise approach of computationally 

aided design procedures of advanced thin walled structures 

in the automotive industries was examined by Baaskaran et 

al. (2018) in order to maximize the use of smart materials 

with increased energy absorption under dynamic 

compression loading. To lessen the effects of variable cross 

section in crash behavior and energy absorption 

characteristics, the most adaptable components thin walled 

crash tubes with various geometrical profiles are 

introduced. The flow of dusty gas in a boundary layer-

occupied area was studied (Chakrabarti 1974). Agranat 

(1988) researched the heat transfer and coefficient of 

friction for dusty boundary layer flow with pressure 

gradient. The vibration of a post-buckled fluid-conveying 

pipe composed of functionally graded material was 

examined by Selmi and Hassis in 2021. It is believed that 

the properties of the pipe material are graded according to a 

power-law distribution in the thickness direction. With 

different boundary conditions, a precise solution for the 

fluid-conveying functionally graded pipe’s post-buckling 

deformation is obtained. Su et al. (2024) introduced a 

creative numerical modeling framework that can generate 

remarkably accurate and efficient 3D mesoscale multi-

phase concrete models with unprecedented realism. Many 

researchers also looked at dusty fluid flow along cylinders 

in addition to these studies on heat transfer and flow for 

dusty fluids along sheets or surfaces. Results from a variety 

of physical parameters were presented along with a 

discussion of the viscous, incompressible gas flow 

containing dust particles for an isothermal cylinder (Rebhi 

2010). The energy absorption properties of a lattice-web 

reinforced composite sandwich cylinder (LRCSC), made of 

ceramsite filler, GFRP face sheets, GFRP lattice webs, and 

polyurethane (PU) foam, were investigated by Chen et al. 

(2019a, b). The immersed boundary approach is used to 

study the vortex-induced vibration of three circular 

cylinders (all of diameter D) arranged equilaterally in a 

triangle. Huang et al. (2024) investigated the steel-hollow 

core partially encased composite spliced frame beam 

(SHSFB) and middle partially encased composite brace 

(MPECB), which exhibit potential for lowering steel use 

while displaying greater performance. Using a refined 

theory based on secant functions, Abdulrazzaq et al. (2020) 

examined the thermo-elastic buckling of small-scale 

functionally graded material (FGM) nano-size plates with 

clamped edge conditions resting on an elastic substrate 

exposed to uniformly, linearly, and non-linearly temperature 

distributions. The FGM nano-size plate’s material 

characteristics exhibit an exponential gradation throughout 

the thickness of the plate. In a composite beam composed of 

CFRP plate, SFRC, and conventional concrete (OC), Zhang 

et al. (2023) examined the characteristics of steel fiber 

reinforced concrete (SFRC), which has a high tensile 

strength, and carbon fiber reinforced plastic (CFRP), which 

is lightweight and strong.  

Civalek (2017) studied the free vibration analysis of 

annular plates and conical and cylindrical shells composed 

of functionally graded materials (FGMs) and composite 

laminated materials. For FGM, a composite case reinforced 

with carbon nanotubes (CNTR) is also being considered. 

Using the transverse shear deformation theory and 

Hamilton’s principle, the equations of motion for a conical 

shell are produced. Using multi-step DTM, some insightful 

findings about the heat transfer of a dusty fluid over a 

hollow extending cylinder were published (Rasekh et al. 

2013). Zhang et al. (2023) examined the mechanical and 

microstructural properties of alkali-activated composites 

incorporating nanoparticles. The effects of viscosity and 

thermal conductivity on the conduction of dusty fluid flow 

along a stretching cylinder were handled numerically 

(Konch and Hazarika 2017). Zhang et al. (2023) conducted 

an analysis in 2024 using both computational and 

experimental methods to examine the flexural performance 

of UHPC-RC hybrid beams.  

The effects of Reynolds number Re (= 50–200) on the 

flows around a single cylinder and two tandem (center-to-

center separation 𝐿∗= 𝐿/𝐷= 4) cylinders, each with a 

diameter of D, were studied by Derakhshandeh et al. 

(2020). We present and discuss vorticity structures, Strouhal 

numbers, and time-mean and fluctuating forces. Salah et al. 

(2019) investigated the thermal buckling characteristics of 

sandwich plates made of functionally graded material 

(FGM) using a straightforward four-variable integral plate 

theory. The effect of transverse shear deformations is one of 

the integral factors taken into account in the suggested 

kinematics.  

In some fresh attempts, the researchers have pondered 

over new dimensions of stretching i.e., exponentially 

stretching cylinder. The detailed study of flow and transfer 

of heat for hyperbolic tangent fluid over a stretching 

cylinder exponentially in vertical direction was carried out 

(Naseer et al. 2014). The difficult problem of applying the 

machine learning model’s merit to the multi-objective 

optimization (MOO) problem was examined by Huang et 

al. in 2022. The surrogate model will inevitably overfit due 

to the small amount of training data, which could trick the 

search engine. Lateral load testing was done on seventeen 

wood wall frames in two sections by Shadravan et al. 

(2019). Eight tests were conducted in Section I using the 

ASTM E564 test technique to examine the structural foam 

sheathing of shear walls subjected to monotonic loads.  

Similarity solution has been derived for steady boundary 

layer and heat flow of Casson nanofluid (Malik et al. 2013) 

while cylinder was stretching exponentially along its radius. 

The flow of Micropolar fluid through vertical exponentially 

stretching cylinder along the axial direction and discussed 

heat transfer effects, too, were considered (Rehman et al. 

2015). The cyclic performance of new composite beam-to-

column connections with fewer beam section fuse elements 

was examined by Yao et al. in 2023. Recently, several 

researchers employed several techniques for nonlinear 

modeling (Eltaher et al. 2019, Ebrahimi et al. 2019, Safaei 

et al. 2019, Shahsavari et al. 2019, Benmansour et al. 2019, 

Asghar et al. 2020, Hussain and Naeem 2019, Fatahi‐Vajari 

et al. 2019, Khadimallah et al. 2020a, b, Banoqitah et al. 
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2022, Hussain 2022, Qazaq et al. 2022, Muzamal 2022, 

Arshad et al. 2024, Hussain et al. 2020a, b, 2024). 

In this paper, the steady incompressible Darcy-

Forchheimer boundary layer flow of MHD bioconvection 

Casson type nanofluid by nonlinear stretchable surface with 

different parameters. No such investigation is reported till 

date. Shooting method is a tool for its numerical 

achievements. Many physical and mathematical problems 

yield highly non-linear differential equations and their exact 

results are not commonly possible. To evaluate such type of 

equations numerically, one of the powerful method is to 

obtained the solution of such problems is shooting 

technique. This technique is simple, elegant and without 

any difficult discretization approach. One of the exclusive 

quality of this approach is that missing boundary value 

conditions can be started by utilizing smart initial guesses.  

For better accuracy of solution convergence is investigated 

by utilizing this method. Impact of relevant physical 

parameters, like Eckert number, bioconvected Lewis 

number, bioconvected Peclet number, microorganisms slip 

parameter versus concentration and microorganisms profile 

are studied and shown through plots. 
  

 

2. Mathematical formulation 

 

The cluster of nanosize particles is ignored, the 

nanoparticles suspension is assumed to be stable compound 

that is essential for the presence of motile microorganisms. 

The surface having stretchable velocity 𝑈𝑤 with x-axis and 

𝑛 denotes the non-linearity in surface stretching rate i.e., 

𝑢𝑤(𝑥) = 𝑐𝑥
𝑛. At free surface zero velocity is observed. To 

emphasize the thermo-physical characteristics, a uniform 

magnetic field is considered for the fluid. To decline the 

impact of induced magnetic effect, a small Reynolds 

number is involved. The x-axis is directed towards the 

nonlinear stretching surface and y-axis is taken normal to 

the x-axis. Attributes of Brownian dissemination and 

thermophoresis are additionally attended. For an 

incompressible and isotropic flow the rheological equation 

of state for Casson type nanofluid is exhibit as 

{
 
 

 
  

 

 (1) 

where 𝜋  denotes the component product of the 

deformation rate with itself, 𝜇𝐵  is dynamic viscosity of 

fluid, 𝑃𝑦 is the yield fluid stress, 𝜋𝑐 is critical value of 

component product of tensor rate of strain with itself. We 

assume viscous incompressible Darcy-Forchheimer Casson 

type nanofluid flow saturating the permeable media by a 

nonlinear stretching surface. Moreover, the concentration 

equation is modified by including chemical reaction and 

Arrhenius energy activation with fitted constant rate 𝑚 and 

reaction rate 𝐾𝑟
2 . The governing equations under 

approximation of boundary layer can be described as 

(Buongiorno 2006). 

𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑦
= 0 (2a) 

𝑢
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(2d) 

𝑢
𝜕𝑁

𝜕𝑥
+ 𝑣

𝜕𝑁

𝜕𝑦
+

𝑏𝑊𝑐
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[
𝜕
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𝜕𝐶

𝜕𝑦
)] = 𝐷𝑛 (

𝜕2𝑁

𝜕𝑦2
) (2e) 

Here, ( 𝑢, 𝑣 ) are velocities component in (𝑥, 𝑦) 
directions, respectively. The slip boundary conditions are:  

𝑢 = 𝑈𝑤 = 𝑐𝑥
𝑛 +𝑀1(1 +

1

𝛽
)
𝜕𝑢

𝜕𝑦
, 𝑇 = 𝑇𝑤 +𝑀2

𝜕𝑇

𝜕𝑦
, 

𝐶 = 𝐶𝑤 +𝑀3
𝜕𝐶

𝜕𝑦
, 𝑁 = 𝑁𝑤 +𝑀4

𝜕𝑁

𝜕𝑦
, 𝑣 = 0, as 𝑦 = 0 

(3a) 

𝑢 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞, 𝑁 → 𝑁∞, as   𝑦 → ∞, (3b) 

where 𝑀1(𝑥) = 𝑀0𝑥
−(

𝑛−1

2
)
, 𝑀2(𝑥) = 𝑁0𝑥

−(
𝑛−1

2
)
,    𝑀3(𝑥) =

𝐿0𝑥
−(

𝑛−1

2
)
,   𝑀4(𝑥) = 𝑃0𝑥

−(
𝑛−1

2
)

 are slip parameters for 

velocity, temperature, nanoparticles concentration and 

microorganism’s distributions. 𝑀𝑜, 𝑁𝑜, 𝐿𝑜 and 𝑃𝑜  are 

constants. 𝜇  is dynamic viscosity, 𝜈  is kinematic 

viscosity, 𝜎  is electrical conductivity, 𝜌  is base fluid 

density, 𝐹 =
𝐶𝑏

√𝑘
 is inertial factor, 𝐾′ is permeability 

coefficient of porous media, 𝜏denotes ratio of nanosize 

particles heat capacity and heat capacity of base fluid, 𝐷𝐵𝑟  

is Brownian diffusion, 𝛼is temperature diffusivity, 𝐷𝑇ℎ is 

thermophoretic effect, 𝑐 ≻ 0 is stretchable rate, 𝑁∞, 𝑇∞,
𝐶∞ are ambient microorganisms, thermal and concentration 

distributions, 𝐵𝑜 is magnetic field effect. We considered 

the following transformation variables: 

𝜂 =
1

2
√
2𝜌𝑐(𝑛 + 1)

𝜇
𝑥
𝑛−1

2 𝑦, 

𝑣 = −
1

2
√2𝑐𝜈(𝑛 + 1)𝑥

𝑛−1

2 [
(𝑛 + 1)𝑓 + (𝑛 − 1)𝑓′𝜂

𝑛 + 1
] , 

𝑢 = 𝑐𝑥𝑛𝑓′, 𝜃(𝜂)(𝑇𝑤 − 𝑇∞) = 𝑇 − 𝑇∞, 
𝜙(𝜂)(𝐶𝑤 − 𝐶∞) = 𝐶 − 𝐶∞, 
𝑁(𝜂)(𝑁𝑤 −𝑁∞) = 𝑁 − 𝑁∞ 

(4) 

By using the above mentioned transformation in Eqs. 

(2) to (8), we get: 

i j =

2 ( ) ,
2

y

B i j c

P
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
+

2 ( ) ,
2

y

B i j c

c

P
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
+
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𝑓‴ + (
𝛽

𝛽 + 1
)𝑓𝑓″ − 𝐹𝑟 (

2

𝑛 + 1
) (

𝛽

𝛽 + 1
)𝑓′2 − 

𝑀(
2

𝑛 + 1
) (

𝛽

𝛽 + 1
)𝑓′ + 𝜆 (

2

𝑛 + 1
) (

𝛽

𝛽 + 1
)𝑓′ 

−(
2𝑛

𝑛 + 1
) (

𝛽

𝛽 + 1
)𝑓′2 = 0, 

(5) 

𝜃″ + 𝑁𝑏𝑃𝑟 𝜃′𝜙′ +𝑁𝑡 𝑃𝑟 𝜃′2 + 𝑃𝑟 𝑓 𝜃′ + (1 +
1

𝛽
)𝐸𝑐𝑓

″2

= 0, 
(6) 

𝜙″ +
𝑁𝑡

𝑁𝑏
𝜃″ + 𝐿𝑒 𝑃𝑟 𝑓 𝜙′ − 

(𝐿𝑒) 𝑃𝑟 (
2

𝑛 + 1
) 𝛾∗(1 + 𝛺∗𝜃)𝑚 𝑒𝑥𝑝 (

−𝐸

1 + 𝛺∗𝜃
)𝜙 = 0, 

(7) 

𝑁″ + 𝐿𝑏𝑓𝑁′ − 𝑃𝑒[𝜙″(𝑁 + 𝛿1) + 𝑁
′𝜙′] = 0, (8) 

𝑓(0) = 0, 𝑓′(0) = 1 + 𝛼 (1 +
1

𝛽
)𝑓″(0), 

𝜃(0) = 1 + 𝛾𝜃′(0), 𝜙(0) = 1 + 𝜎𝜙′(0), 
𝑁(0) = 1 + 𝛿𝑁′(0), at  𝜂 = 0, 

(9) 

𝑓′(∞) → 0, 𝜃(∞) → 0,𝜙(∞) → 0,𝑁(∞) → 0, at  𝜂 →
∞, 

(10) 

Here, 𝛼 is velocity slip parameter, 𝛾is temperature slip 

parameter, 𝜎 is nanoparticles concentration slip parameter, 

𝛿  is microorganisms slip parameter, 𝑀 is magnetic 

parameter, 𝐹𝑟  is Forchheimer parameter, 𝜆  is porosity 

parameter, 𝐿𝑒 is Lewis number, 𝑃𝑟 denotes the Prandtl 

number, 𝑁𝑡 is thermophoretic parameter, 𝑁𝑏 denotes the 

Brownian factor, 𝐸𝑐  is Eckert number, 𝜆∗  is chemical 

reaction factor, 𝐸 denotes energy activation, 𝐿𝑏 is 

bioconvected Lewis number, 𝑃𝑒  is bioconvected Peclet 

number. Mathematically,  
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 𝑃𝑒 =
𝑏𝑊𝑐

𝐷𝑚
, 𝛿1 =

𝑁∞

𝑁𝑤−𝑁∞
 

(11) 

The physical quantities are local motile number, 

Sherwood number, Nusselt number and skin friction 

coefficient expressions are defined as: 

𝑁𝑛 =
−𝑥

(𝑁𝑤 − 𝑁∞)
(
𝜕𝑁

𝜕𝑦
)
𝑦=0
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𝜕𝑦
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𝑦=0

, 

(12) 

𝐶𝑓𝑥 =
1
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2 (𝜇𝛽 (1 +

1

𝛽
) (
𝜕𝑢

𝜕𝑦
)
𝑦=0

) 

In terms of non-dimensional variables reduced density 

number of microorganisms, reduced Sherwood number, 

reduced Nusselt number and skin friction coefficient are as 

follows: 

𝐶𝑓𝑥 𝑅𝑒𝑥
1

2 = (
𝑛 + 1

2
)

1

2

(1 +
1

𝛽
) 𝑓″(0) 

𝑁𝑢𝑥 𝑅𝑒𝑥
−1

2 = −(
𝑛 + 1

2
)

1

2

𝜃′(0) 

𝑆ℎ𝑥 𝑅𝑒𝑥
−1

2 = −(
𝑛 + 1

2
)

1

2

𝜙′(0) 

𝑁𝑛𝑥 𝑅𝑒𝑥
−1

2 = −(
𝑛 + 1

2
)

1

2

𝑁′(0), 

(13) 

where 𝑅𝑒𝑥 =
𝑥𝑢𝑤

𝜈
 denotes the Reynolds number. The RK 

(Runge-Kutta) method is widely used for determining the 

initial- value problems. RK method is very stable, self-

starting and very easy to implement. 

 

𝑦7
′ = −𝐿𝑒 𝑃𝑟 𝑦1 𝑦7 − (

𝑁𝑡

𝑁𝑏
𝑦5
′) 

+𝐿𝑒 𝑃𝑟 (
2

𝑛 + 1
) 𝛾∗(1 + 𝛺∗𝑦4)

𝑚 𝑒𝑥𝑝 (
−𝐸

1 + 𝛺∗𝑦4
) 𝑦6 

𝑦8 = 𝑦8 
𝑦8
′ = 𝑦9 
𝑦9
′ = −𝐿𝑏𝑦1𝑦9 + 𝑃𝑒[(𝑦8 + 𝛿1)𝑦7

′ + 𝑦7𝑦9] 

(14) 

With the transformed conditions (9) and (10): 

𝑦1(0) = 0, 𝑦2(0) = 1 + 𝛼 (1 +
1

𝛽
) 𝑦3(0),  𝑦4(0) = 1 +

𝛾𝑦5(0), 𝑦6(0) = 1 + 𝜎𝑦7(0), 𝑦8(0) = 1 + 𝛿𝑦9(0) as  

𝜂 → 0𝑦2(∞) → 0, 𝑦4(∞) → 0, 𝑦6(∞) → 0,  𝑦8(∞) → 0,  as  

𝜂 → ∞  

For the residual of continuous outcomes erratum control 

and mesh section provided for all the calculations. 
 

 

3. Result and discussion 

The shooting method is used in this part to solve the 

non-linear mathematical problem using a numerical scheme. 

Table 1 displayed to validate the current solutions with  
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Table 1 Comparison results for Nusselt number with distinct 

values of 𝑁𝑏and 𝑁𝑡  for 𝛽 → ∞, 𝑛  =1, 𝐹𝑟 = 𝜆 = 𝑀 =
𝛼 = 𝛾 = 𝜎 = 𝛿 = 𝑃𝑒 = 𝐿𝑏 = 𝐸𝑐 = 0, 𝑃𝑟 =𝐿𝑒 =10 

𝑁𝑏 𝑁𝑡 (Khan and Pop 2010) Present results 

0.20 

0.1 0.2522 0.2522 

0.2 0.1816 0.1816 

0.3 0.1355 0.1355 

0.30 

0.1 0.1194 0.1194 

0.2 0.0859 0.0859 

0.3 0.0641 0.0641 

 

Table 2 Numerical values of motile microorganisms for 

different values of parameters 

𝛼 𝛾 𝜎 𝛿 𝑁𝑡 𝑁𝑏 𝐿𝑏 𝑃𝑒 −𝑁 ′(0) 

0.5 

0.7 

0.9 

0.5 0.5 0.5 0.1 0.2 0.5 0.5 

0.8104 

0.6905 

0.6876 

 

0.5 

0.6 

0.7 

      

0.5344 

0.5318 

0.5387 

  

0.1 

0.5 

1.0 

  
 

 
  

0.5742 

0.5208 

0.5081 

   

0.1 

0.5 

0.7 

 

    

0.9501 

0.8104 

0.7550 

    

0.1 

0.2 

0.3 

   

0.5417 

0.5074 

0.4991 

     

0.1 

0.2 

0.3 

  

0.7535 

0.7414 

0.7601 

      

0.3 

0.5 

0.7 

 

0.7091 

0.7526 

0.8165 

       

0.3 

0.5 

0.7 

0.7244 

0.7487 

0.8121 

 

 
Fig. 1 Concentration profile for variation of 𝑬𝒄 

 

 

previous published literature in specific cases. We noted 

that present results have excellent agreement with previous 

results by (Khan and Pop 2010) in specific case. Numerical 

values of motile microorganisms for distinct parameters are 

shown in Table 1. From Fig. 1 it is clear that the concentration 

 
Fig. 3 Microorganisms profile for variation of Pe 

 

 
Fig. 4 Microorganisms profile for variation of δ 

 

 

𝜙 decreases for higher values of Ec near the sheet, whereas 

the opposite trend is examined away from the sheet. 

Influence of Bioconvection Lewis number 𝐿𝑏 on micro-

organisms 𝑁 is displayed in Fig. 2. Reducing behavior of 

𝑁 is inspected as the higher values of 𝐿𝑏. This behavior is 

occurring due to highest values of 𝑃𝑒 the speed of 

swimming -cell is increased. This maximum speed of 

swimming –cell is responsible in the weaker behavior of 𝑁. 

Fig. 3 illustrated the impact of 𝐿𝑏 on microorganisms 𝑁. 

The retarded behavior of𝑁is noted for augmented values of 

𝐿𝑏. This happened due to lower microorganism’s diffusivity. 

For maximum values of 𝐿𝑏 the weaker diffusivity, due to 

which microorganisms 𝑁 is retarded. Fig. 4 execute that 

the higher values of microorganisms slip parameter 𝛿 

implies to greater curves of microorganisms 𝑁. The micro-

organisms profile 𝑁
 

is decreasing at wall due to higher 

values of 𝛿.  

 
 

4. Conclusions 

 

The steady incompressible Darcy-Forchheimer boundary 

layer flow of MHD bioconvection Casson type nanofluid by 

nonlinear stretchable surface with slip conditions has been 

investigated numerically. The impact of distinct parameters 

on temperature, velocity, concentration and micro-organism’s 

profiles are examined via tables and graphs. The validity of 

the current investigation is authorized through comparing 

the existing outcomes with previous published literature. 

Reducing behavior of microorganisms profile is inspected 
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as the higher values of bioconvected Lewis number. The 

retarded behavior of microorganisms profile is noted for 

augmented values of bioconvected Lewis number. This 

happened due to lower microorganism’s diffusivity. The 

microorganisms profile is decreasing at wall due to higher 

values of microorganisms slip parameter. The bioconvection 

Lewis number and Peclet number causes to decrease the 

microorganisms density. 
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