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1. Introduction 

 
The suspension of solid materials of size 1-100 nm in an 

ordinary heat transfer fluids like water or oil, ethylene 
glycol is commonly known as the nanofluids. These types 
of nanoparticles are made of distinct materials like 𝐴𝑔, 𝐴𝑙ଶ𝑂ଷ  and 𝑇𝑖𝑂ଶ . By using nanofluids, we attained the 
highest thermal characteristics with lowest concentrations. 
Recently, nanofluids have been used as the working liquids 
rather than the base liquids by cause of their huge thermal 
conductivity. Nano-technology was developed by (Choi and 
Eastman 1995) and he noted that by including the nanosize 
particles into the base liquid the heat conductivity of liquids 
is extended dramatically. 

In different processes, to obtain the excellent 
performance of heat transfer the nanofluids with maximum 
thermo physical properties are utilized as potential heat 
transfer liquids. Moreover, nanofluids with particular 
purpose are utilized in chillers, heating of solar water, 
domestic refrigerator, cancer therapy and surgery. Lee et al. 
(1999) proved that nanofluids have excellent heat transfer 
properties as related to base liquids. (Eastman et al. 2001) 
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Utilized the concept of nanofluid and declare that thermal 
conductivity increased by 40% when copper nanosize 
particles with volume fraction below 1% are included to oil 
or ethylene glycol. Buongiorno (2006) used the concept of 
nanofluids for establishing a mathematical structure that 
facilitate in analyzing and exploring the thermal properties 
of liquids along with nanoparticles concentration in base 
fluids. Bhatti et al. (2018) analyzed the mathematical 
structure of magnetohydrodynamic nanofluid flow 
including motile microorganisms along chemical reaction 
and thermal radiation impacts. Yuan with Ma et al. (2019) 
investigated numerically of MHD nanofluid flow in a 
baffled U-shaped enclosure including magnetic parameter. 
They noted that local Nusselt number enhance, large values 
of nanoparticles volume fraction, Rayleigh number and 
aspect ratio. Abbas et al. (2020) studied the second order 
velocity slip magnetohydrodynamic nanoliquid flow with 
energy activation. Some recent investigations regarding 
nanofluid can be seen in Ref (Jawad et al. 2018, Ahmed et 
al. 2019, Shah et al. 2019, Tlili et al. 2020, Mishra and 
Kumar 2020). A large number of non-Newtonian fluid 
models are defined as rheological characteristics like 
Maxwell, Carreau, Jeffrey, Oldroyd-B, Casson, Eyring-
Powell etc. In all of these structures the powerful model for 
the suspensions and blood characteristics in daily life is 
Casson model (Casson 1959). In 1959 the model of Casson 
fluid was discovered by Casson to determine how pigments 
of oil suspensions flow (Casson 1959). Salah et al. (2019) 
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employed a simple four-variable integral plate theory for 
examining the thermal buckling properties of functionally 
graded material (FGM) sandwich plates. The proposed 
kinematics considers integral terms which include the effect 
of transverse shear deformations. Material characteristics 
and thermal expansion coefficient of the ceramic-metal 
FGM sandwich plate faces are supposed to be graded in the 
thickness direction according to a “simple power-law” 
variation in terms of the “volume fractions” of the 
constituents. The central layer is always homogeneous and 
consists of an isotropic material. Consider the Soret and 
Dufour impacts for the purpose of fluid developments. 
Ramzan et al. (2016) investigated the impact of Dufour and 
Soret on Maxwell mixed convective nanofluid flow via 
porous stretchable surface. Ghadikolaei et al. (2018) 
analyzed the impact of non-linear thermal radiation on 
magneto Casson type nanofluid flow including influence of 
Joule heating through an inclined permeable stretchable 
surface. Batou et al. (2019) studied the wave propagations 
in sigmoid functionally graded (S-FG) plates using new 
Higher Shear Deformation Theory (HSDT) based on two-
dimensional (2D) elasticity theory. The current higher order 
theory has only four unknowns, which mean that few 
numbers of unknowns, compared with first shear 
deformations and others higher shear deformations theories 
and without needing shear corrector. 

Souayeh et al. (2019) investigated the numerical 
solutions of nonlinear radiation on Casson type MHD 
nanofluid flow through a thin needle. Kumam et al. (2019) 
discussed the entropy Generation applications in MHD 
Casson nanofluid flow via rotating channels with heat 
generation/absorption effect. Combine influence of thermal 
conductivity and variable viscidity on MHD Casson 
nanofluid along convective velocity and heating slip effects 
was investigated by Gbadeyan et al. (2020). They noted that 
for higher values of thermal conductivity and variable 
viscosity, velocity profile increases. Tayeb et al. (2020) 
investigated the incorporation of carbon nanotubes in a 
polymer matrix makes it possible to obtain nanocomposite 
materials with exceptional properties. It’s in this scientific 
background that this work was based. Nayak et al. (2020) 
discussed the slip conditions on chemically reactive Casson 
type nanofluid over a stretchable surface in the presence of 
motile microorganisms and chemical reaction. 
Magnetohydrodynamics is the investigation of electrically 
conducting fluid behavior and magnetic characteristics. 
Magnetic field effect is very helpful in various chemical 
and engineering applications of nanoliquids. Various 
equipment like MHD generators, chemical reactions, 
pumps, geophysical and many others are highly tormented 
by the Magneto- hydrodynamics effect and also magnetic-
electric phenomenon of the liquids. MHD has numerous 
environmental, industrial and chemical applications in 
related industries where there are temperature fluctuations. 
Gafour et al. (2020) focused the behavior of non-local shear 
deformation beam theory for the vibration of functionally 
graded (FG) nanobeams with porosities that may occur 
inside the functionally graded materials (FG) during their 
fabrication, using the non-local differential constitutive 
relations of Eringen. Bhatti et al. (2018) reported the 3D 

MHD boundary layer fluid flow having thermal radiations 
and motile microorganisms by a stretched permeable 
cylinder. They noted that for higher values of porosity and 
magnetic parameters, fluid velocity decreases. Effects of 
convective boundary conditions and yield stress on MHD 
three- dimensional boundary layer Casson nanofluid flow 
by a stretchable plate in a permeable media was bestowed 
by Al-Hossainy et al. (2019). Cuong-Le et al. (2021) 
studied a three-dimensional (3D) numerical solution for 
investigating the free vibration and buckling responses of 
annular plate, conical and cylindrical shell made of 
functionally graded (FG) porous rock materials. 
Isogeometric analysis (IGA) is utilized in order to develop 
the 3D numerical solution. 

Khan et al. (2019a, b) investigated the radiative heat 
flux effect on MHD Jeffrey nanofluid flow subject to 
thermophoresis and Brownian diffusions. Hayat et al. 
(2020) examined the entropy generation of MHD Jeffrey 
fluid contain nanoparticles through a stretchable surface 
with non-linear thermal radiation and energy activation. 
Ibrahim and Negera (2020) examined the MHD upper-
convected Maxwell nanoliquid past a stretchable surface 
with chemical reaction. Few recent researches regarding 
MHD can be viewed in Ref (Sheikholeslami et al. 2014, 
Daniel et al. 2017, Abbas et al. 2020). Bestman (1990) was 
the first researcher to consider the combine chemical 
reaction performance with Arrhenius energy activation for 
convective transfer of mass in vertical pipe absorbed with 
permeable surface. He utilized perturbation technique to 
attain the analytical results. Le Thanh et al. (2020) 
conducted the bending behavior of porous functionally 
graded (PFG) micro-plate under the geometrically nonlinear 
analysis. A small-scale nonlinear solution is established 
using the Von-Kármán hypothesis and the modified couple 
stress theory (MCST). To obtain the deflection of the plate, 
the Reddy higher-order plate theory coupled with 
isogeometric analysis (IGA) is utilized. Maleque (2013) 
investigated the heat with mass transfer and free convection 
magnetohydrodynamic flow by a permeable vertical surface 
with Arrhenius energy activation and chemical reaction 
including heat sink/source and viscidity dissipation. 
Mustafa et al. (2017) scrutinized the Buoyancy impacts on 
magneto-nanoliquid flow over a vertical stretching surface 
including activation energy and chemical reaction effects. 
They observed that nanoparticles concentration has direct 
relation to energy activation of chemical reaction and 
Brownian movement behaviour on concentration in 
opposite trend to that of thermophoresis force. Hadji (2020) 
introduced a new higher order shear deformation model is 
developed for static analysis of functionally graded beams 
with considering porosities that may possibly occur inside 
the functionally graded materials (FGMs) during their 
fabrication. 

Irfan et al. (2019) investigated the 3D time dependent 
Carreau nanoliquids using the characteristics of chemical 
reaction with Arrhenius energy activation and non-linear 
mixed convection. Abbas et al. (2020) studied numerically 
the Hydromagnetic second order velocity slip flow of 
viscosity along non-linear mix convection via stretching 
rotatable disk. Bhatti and Michaelides (2020) analyzed 
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Arrhenius energy activation on thermo-bioconvected 
nanoliquid flow by a Riga plate. When motile 
microorganisms which are hefty than water density are 
extant with nanosize particles in water, bioconvection 
phenomenon occur because of microorganisms movement 
in a particular way (Hillesdon et al. 1995, Hillesdon and 
Pedley 1996). Hadji and Safa (2020) developed a 
hyperbolic shear deformation theory is developed for the 
bending analysis of softcore and hardcore functionally 
graded sandwich beams. This theory satisfies the 
equilibrium conditions at the top and bottom faces of the 
sandwich beam and does not require the shear correction 
factor. 

The idea of bioconvection nanofluid was first developed 
by Kuznetsov (2010, 2011a, b). Further, Kuznetsov (2011a, 
b) developed this concept and focused on nanoliquids 
containing motile microorganisms and he conclude that 
huge fluid motion caused by gyrotactic microorganisms 
which are self-propelled increases mixing and avoid 
agglomeration of nanoparticles in nanofluids. Zuhra et al. 
(2018) analyzed the bioconvection simulation in second 
grade nanofluid suspension containing motile 
microorganisms and nanoparticles. Khan et al. (2019a, b) 
analyzed the natural bio-convection flow of a water-based 
nanoliquid with motile microorganisms through a truncated 
cone along convective conditions. Khan et al. (2020) 
studied the entropy generation investigation in bioconvected 
nanofluid between two stretching rotatable disks. Recently 
some researcher used different methods for nonlinear 
modeling (Tohidi et al. 2018, Yeh 2016) and for other 
structures (AlSaleh and Fuggini 2020, Lee et al. 2019, 
Zahrai and Kakouei 2019, Poplawski et al. 2019). 

Inspired by all these above-mentioned studies, the main 
objective of this investigation is to examine the viscous 
incompressible bioconvection Casson type nanoliquid flow 
with Darcy-Forchheimer resistance across a non-linear 
stretching surface. Finally, the present results have been 
related with the previous related literatures to examine the 
fluctuation in physical quantities of interest. 

 
 

2. Formulation 
 
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 𝐾௥ଶ . 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 𝑈௪ with x-axis and 𝑛denotes the non-
linearity in surface stretching rate i.e., 𝑢௪(𝑥) = 𝑐𝑥௡. 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 by Eldabe and Salwa (1995) 

 

𝑇௜,௝ = ⎩⎪⎨
⎪⎧ 2 ൬𝜇஻ + 𝑃௬√2𝜋൰ 𝑒௜௝,          𝜋 ≻ 𝜋௖2 ቆ𝜇஻ + 𝑃௬ඥ2𝜋௖ቇ 𝑒௜௝,          𝜋 ≺ 𝜋௖ (1)

 
Where 𝜋  denotes the component product of the 

deformation rate with itself, 𝜇஻  is dynamic viscosity of 
fluid, 𝑃௬ is the yield fluid stress, 𝜋௖ is critical value of 
component product of tensor rate of strain with itself. The 
governing equations under approximation of boundary layer 
can be described as (Buongiorno 2006, Haq et al. 2014). 

 𝜕𝑢𝜕𝑥 + 𝜕𝑣𝜕𝑦 = 0, (2)

 𝑢 𝜕𝑢𝜕𝑥 + 𝑣 𝜕𝑢𝜕𝑦= 𝜈(1 + 1𝛽) 𝜕ଶ𝑢𝜕𝑦ଶ − ቈ𝜎𝐵଴ଶ𝜌 − 𝜈𝐾 ′቉ 𝑢 − 𝐶௕√𝑘 𝑢ଶ, (3)

 𝑢 𝜕𝑇𝜕𝑥 + 𝑣 𝜕𝑇𝜕𝑦 = 𝛼 𝜕ଶ𝑇𝜕𝑦ଶ + 𝜏∗ ቈ𝜕𝐶𝜕𝑦 𝜕𝑇𝜕𝑦 𝐷஻௥ + ൬𝜕𝑇𝜕𝑦൰ଶ 𝐷்ℎ𝑇∞ ቉
+ 𝜇𝜌𝐶௣ ൬1 + 1𝛽൰ ൬𝜕𝑢𝜕𝑦൰ଶ, (4)

 𝑢 𝜕𝐶𝜕𝑥 + 𝑣 𝜕𝐶𝜕𝑦 = 𝐷்ℎ𝑇∞ 𝜕ଶ𝑇𝜕𝑦ଶ + 𝐷஻௥ 𝜕ଶ𝐶𝜕𝑦ଶ −𝐾௥ଶ(𝐶 − 𝐶∞) ൬ 𝑇𝑇∞൰௠ 𝑒𝑥𝑝 ൬−𝐸௔𝑘஻𝑇൰, (5)

 𝑢 𝜕𝑁𝜕𝑥 + 𝑣 𝜕𝑁𝜕𝑦 + 𝑏𝑊௖(𝐶௪ − 𝐶∞) ൤ 𝜕𝜕𝑦 ൬𝑁 𝜕𝐶𝜕𝑦൰൨ = 𝐷௡ ቆ𝜕ଶ𝑁𝜕𝑦ଶ ቇ, (6)

 
Here, ( 𝑢, 𝑣 ) are velocities component in (𝑥, 𝑦) 

directions, respectively. The slip boundary conditions are 
 𝑢 = 𝑈௪ = 𝑐𝑥௡ + 𝑀ଵ ൬1 + 1𝛽൰ 𝜕𝑢𝜕𝑦 ,  𝑇 = 𝑇௪ + 𝑀ଶ 𝜕𝑇𝜕𝑦 ,              𝐶 = 𝐶௪ + 𝑀ଷ 𝜕𝐶𝜕𝑦 , 𝑁 = 𝑁௪ + 𝑀ସ 𝜕𝑁𝜕𝑦 ,      𝑣 = 0,     as     𝑦 = 0 

(7)

 𝑢 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞,    𝑁 → 𝑁∞,    as 𝑦 → ∞, (8)
 
Where 
 𝑀ଵ(𝑥) = 𝑀଴𝑥ିቀ೙షభమ ቁ,          𝑀ଶ(𝑥) = 𝑁଴𝑥ିቀ೙షభమ ቁ, 𝑀ଷ(𝑥) = 𝐿଴𝑥ିቀ೙షభమ ቁ,          𝑀ସ(𝑥) = 𝑃଴𝑥ିቀ೙షభమ ቁ 
 

are slip parameters for velocity, temperature, nanoparticles 
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concentration and microorganism’s distributions. 𝑀௢, 𝑁௢, 𝐿௢ and 𝑃௢ are constants. 𝜇 is dynamic viscosity, 𝜈 is kinematic viscosity, 𝜎 is electrical conductivity, 𝜌 is 
base fluid density, 𝐹 = ஼್√௞  is inertial factor, 𝐾ᇱ  is 
permeability coefficient of porous media, 𝜏 denotes ratio 
of nanosize particles heat capacity and heat capacity of base 
fluid, 𝐷஻௥  is Brownian diffusion, 𝛼  is temperature 
diffusivity, 𝐷்௛  is thermophoretic effect, 𝑐 ≻ 0  is 
stretchable rate, 𝑁ஶ, 𝑇ஶ, 𝐶ஶ are ambient microorganisms, 
thermal and concentration distributions, 𝐵௢  is magnetic 
field effect. We considered the following transformation 
variables 

 𝜂 = 12 ඨ2𝜌𝑐(𝑛 + 1)𝜇 𝑥೙షభమ 𝑦, 
𝑣 = − 12 ඥ2𝑐𝜈(𝑛 + 1)𝑥೙షభమ ቈ(𝑛 + 1)𝑓 + (𝑛 − 1)𝑓 ′𝜂𝑛 + 1 ቉ ,𝑢 = 𝑐𝑥௡𝑓 ′, 𝜃(𝜂)(𝑇௪ − 𝑇∞) = 𝑇 − 𝑇∞, 𝜙(𝜂)(𝐶௪ − 𝐶∞) = 𝐶 − 𝐶∞, 

 𝑁(𝜂)(𝑁௪ − 𝑁∞) = 𝑁 − 𝑁∞, 
(9)

 
By using the above mentioned transformation in Eqs. 

(2) to (8), we get 
 𝑓‴ + ൬ 𝛽𝛽 + 1൰ 𝑓𝑓″ − 𝐹𝑟 ൬ 2𝑛 + 1൰ ൬ 𝛽𝛽 + 1൰ 𝑓 ′ଶ −𝑀 ൬ 2𝑛 + 1൰ ൬ 𝛽𝛽 + 1൰ 𝑓 ′ + 𝜆 ൬ 2𝑛 + 1൰ ൬ 𝛽𝛽 + 1൰ 𝑓 ′ − ൬ 2𝑛𝑛 + 1൰ ൬ 𝛽𝛽 + 1൰ 𝑓 ′ଶ = 0, (10)

 𝜃″ + 𝑁𝑏 𝑃𝑟 𝜃 ′ 𝜙′ + 𝑁𝑡 𝑃𝑟 𝜃 ′ଶ + 𝑃𝑟 𝑓 𝜃 ′ + ൬1 + 1𝛽൰ 𝐸௖𝑓″ଶ = 0, (11)

 𝜙″ + 𝑁𝑡𝑁𝑏 𝜃″ + 𝐿𝑒 𝑃𝑟 𝑓 𝜙′ −(𝐿𝑒) 𝑃𝑟 ൬ 2𝑛 + 1൰ 𝛾∗(1 + 𝛺∗𝜃)௠ 𝑒𝑥𝑝 ൬ −𝐸1 + 𝛺∗𝜃൰ 𝜙= 0, (12)

 𝑁″ + 𝐿𝑏𝑓𝑁 ′ − 𝑃𝑒[𝜙″(𝑁 + 𝛿ଵ) + 𝑁 ′𝜙′] = 0, (13)
 𝑓(0) = 0, 𝑓ᇱ(0) = 1 + 𝛼 ൬1 + 1𝛽൰ 𝑓ᇳ(0), 𝜃(0)          = 1 + 𝛾𝜃ᇱ(0), 𝜙(0) = 1 + 𝜎𝜙ᇱ(0), 𝑁(0) = 1 + 𝛿𝑁ᇱ(0),     at    𝜂 = 0, (14)

 𝑓ᇱ(∞) → 0,     𝜃(∞) → 0,    𝜙(∞) → 0, 𝑁(∞) → 0,      at     𝜂 → ∞, (15)

 
Here, 𝛼  is velocity slip parameter, 𝛾 is 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 

 𝛼 = 𝑀ଵ𝑥೙షభమ ඨ𝑐(1 + 𝑛)2𝜈 ,     𝛾 = 𝑀ଶ𝑥೙షభమ ඨ𝑐(1 + 𝑛)2𝜈 , 
𝜎 = 𝑀ଷ𝑥೙షభమ ඨ𝑐(1 + 𝑛)2𝜈 ,     𝛿 = 𝑀ସ𝑥೙షభమ ඨ𝑐(1 + 𝑛)2𝜈 , 
𝑀 = 𝜎𝐵௢ଶ𝑐𝜌𝑥௡ିଵ ,        𝐸𝑐 = 𝑢௪ଶ𝑐௣(𝑇௪ − 𝑇ஶ) ,     𝐹𝑟 = 𝑥𝐶௕√𝑘 , 𝜆 = 𝜈𝐾ᇱ𝑐𝑥௡ିଵ ,        𝐿𝑒 = 𝜐𝐷஻௥ ,        𝐸 = 𝐸௔𝑘𝑇ஶ , 𝑃𝑟 = 𝜈𝛼 ,                   𝑁𝑏 = 𝜏𝐷஻௥(𝜈ିଵ𝐶௪ − 𝜈ିଵ𝐶∞), 𝑁𝑡 = 𝐷்௛(𝜏𝑇௪ − 𝜏𝑇ஶ)𝜈𝑇ஶ ,     𝛾∗ = 𝑘௥ଶ𝑐𝑥௡ିଵ ,     𝐿𝑏 = 𝜈𝐷௠ , 𝑃𝑒 = 𝑏𝑊௖𝐷௠ ,             𝛿ଵ = 𝑁∞𝑁௪ − 𝑁∞

, 
 
The physical quantities are local motile number, 

Sherwood number, Nusselt number and skin friction 
coefficient expressions are defined as 

 𝑁௡ = −𝑥(𝑁௪ − 𝑁ஶ) ൬𝜕𝑁𝜕𝑦൰௬ୀ଴ , 𝑆ℎ𝑟 = −𝑥(𝐶௪ − 𝐶ஶ) ൬𝜕𝐶𝜕𝑦൰௬ୀ଴ , 𝑁𝑢 = −𝑥(𝑇௪ − 𝑇ஶ) ൬𝜕𝑇𝜕𝑦൰௬ୀ଴ , 
𝐶𝑓௫ = 1𝜌𝑢௪ଶ ቆ𝜇ఉ ൬1 + 1𝛽൰ ൬𝜕𝑢𝜕𝑦൰௬ୀ଴ቇ, 

(16)

 
In terms of non-dimensional variables reduced density 

number of microorganisms, reduced Sherwood number, 
reduced Nusselt number and skin friction coefficient are as 
follows 𝐶𝑓௫ 𝑅𝑒௫భమ = ൬𝑛 + 12 ൰భమ ൬1 + 1𝛽൰ 𝑓ᇳ(0),

𝑁𝑢௫ 𝑅𝑒௫షభమ = − ൬𝑛 + 12 ൰భమ 𝜃 ′(0), 
𝑆ℎ௫ 𝑅𝑒௫షభమ = − ൬𝑛 + 12 ൰భమ 𝜙ᇱ(0), 
𝑁𝑛௫ 𝑅𝑒௫షభమ = − ൬𝑛 + 12 ൰భమ 𝑁 ′(0), 

(17)

 

Where 𝑅𝑒௫ = ௫௨ೢఔ  denotes the Reynolds number. 
 
 

3. Solutions method 
 
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. The 
nonlinear differential Eqs. (10) to (15) along boundary 
conditions constitute two point BVP (Boundary value 
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problem) are tackled numerically by applying RK method, 
in this technique the system of Eqs. (10) to (15) is reduced 
to first order ODE (Ordinary differential equations). 

 𝑦ଵ = 𝑦ଵ 𝑦ଵ′ = 𝑦ଶ 𝑦ଵ″ = 𝑦ଶ′ = 𝑦ଷ 
𝑦ଷ′ = ൬ 𝛽𝛽 + 1൰

⎣⎢⎢
⎢⎢⎡ 𝐹𝑟 ൬ 2𝑛 + 1൰ 𝑦ଶଶ − 𝑦ଵ𝑦ଷ+𝑀 ൬ 2𝑛 + 1൰ 𝑦ଶ + 𝜆 ൬ 2𝑛 + 1൰ 𝑦ଶ+ ൬ 2𝑛𝑛 + 1൰ 𝑦ଶଶ ⎦⎥⎥

⎥⎥⎤ 
𝑦ସ = 𝑦ସ 𝑦ସ′ = 𝑦ହ 𝑦ହ′ = − 𝑃𝑟[𝑦ଵ𝑦ହ + 𝑁𝑏𝑦ହ𝑦଻ + 𝑁𝑡𝑦ହଶ] − ൬1 + 1𝛽൰ 𝐸𝑐𝑦ଷଶ 𝑦଺ = 𝑦଺                                                                        𝑦଺′ = 𝑦଻                                                                        𝑦଻′ = 𝐿𝑒Pr𝑦ଵ𝑦଻ − ൬𝑁𝑡𝑁𝑏 𝑦ହ′൰ + 𝐿𝑒Pr ൬ 2𝑛 + 1൰ 𝛾∗(1 + Ω∗𝑦ସ)௠𝑒𝑥𝑝 ൬ −𝐸1 + Ω∗𝑦ସ൰ 𝑦଺𝑦଼ = 𝑦଼                                                                        𝑦଼′ = 𝑦ଽ                                                                        𝑦ଽ′ = −𝐿𝑏𝑦ଵ𝑦ଽ + 𝑃𝑒[(𝑦଼ + 𝛿ଵ)𝑦଻′ + 𝑦଻𝑦ଽ]         ⎭⎪⎪

⎪⎬
⎪⎪⎪
⎫

 

 
With the transformed conditions (14) and (15) 
 𝑦ଵ(0) = 0,        𝑦ଶ(0) = 1 + 𝛼 ൬1 + 1𝛽൰ 𝑦ଷ(0), 𝑦ସ(0) = 1 + 𝛾𝑦ହ(0),     𝑦଺(0) = 1 + 𝜎𝑦଻(0), 𝑦଼(0) = 1 + 𝛿𝑦ଽ(0),     as     𝜂 → 0 𝑦ଶ(∞) → 0,         𝑦ସ(∞) → 0,          𝑦଺(∞) → 0, 𝑦଼(∞) → 0,        as          𝜂 → ∞ 
 
For the residual of continuous outcomes erratum control 

and mesh section provided for all the calculations. 
 
 

4. Result and discussion 
 
The non-linear ODE’s (10) to (13) subject to associated 

boundary conditions are integrated numerically by utilizing 
a shooting technique. Effects of distinct parameters on flow 

 
 

Table 1 Comparison of results for −𝜃 ′(0) with distinct 
values of Pr, when 𝛽 → ∞, 𝑛 = 1, 𝐹𝑟 = 𝜆 =𝑀 = 𝑁𝑏 = 𝑁𝑡 = 𝛼 = 𝛾 = 𝜎 = 𝛿 = 𝐿𝑒 = 𝑃𝑒 =𝐿𝑏 = 𝐸𝑐 = 0 Pr Khan and Pop (2010) Present results 

0.20 0.1691 0.1691 
0.70 0.4539 0.4539 
2.00 0.9113 0.9113 
7.00 1.8954 1.8954 
20.00 3.3539 3.3539 
70.00 6.4621 6.4621 

 

distributions are shown in Figs. 1 to 5. The impact of 
Forchheimer variable 𝐹𝑟 on momentum profile 𝑓ᇱ is 
portrayed in Fig. 1. For maximum values of 𝐹𝑟 shows 
decreasing behavior of 𝑓ᇱ. Physically, the strong resistance 
offered to the flow of the fluid results in decreasing 
behavior of flow momentum and also reduces the correlated 
boundary layer. Fig. 2 displayed the impact of porosity 
parameter 𝜆 on momentum profile 𝑓ᇱ. It is noted that by 
upgrading the 𝜆 shows that momentum profile 𝑓ᇱ and 
associated energy layer are decreases. The existence of 

 
 

Table 2 Comparison results for Nusselt number with 
distinct values of 𝑁𝑏 and 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 

0.10 
0.1 0.9524 0.9524 
0.2 0.6932 0.6932 
0.3 0.5201 0.5201 

0.20 
0.1 0.5056 0.5056 
0.2 0.3654 0.3654 
0.3 0.2731 0.2731 

 
 

Table 3 Comparison results for Sherwood number with 
distinct values of 𝑁𝑏 and 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 

0.10 
0.1 2.1294 2.1294 
0.2 2.2740 2.2740 
0.3 2.5286 2.5286 

0.20 
0.1 2.3819 2.3819 
0.2 2.5152 2.5152 
0.3 2.6555 2.6555 

 
 
Table 4 Numerical values of skin-friction for distinct values 

of parameters 𝛼 𝐹𝑟 𝜆 𝛽 𝐶௙௫(0) 

0.0 
0.1 0.1 0.2 

-1.5999 
0.3 -0.7659 
0.6 -0.2700 

0.2 
0.0 

  
-0.5768 

0.3 -0.5881 
0.6 -0.5983 

0.2  
0.0 

 
-0.5682 

0.3 -0.6033 
0.6 -0.6323 

   
0.4 -0.5138 
0.6 -0.4810 
0.8 -0.4609 
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Fig. 1 Velocity profile for variation of Forchheimer 

variable 𝐹𝑟 
 
 

Fig. 2 Velocity profile for variation of porosity parameter 𝜆
 
 

 
Fig. 3 Velocity profile for variation of magnetic 

parameter 𝑀 
 
 

 
Fig. 4 Velocity profile for variation of 𝛼 

 
 

permeable space enhances the protection from fluid stream 
which reveals to bringing down fluid movement and its 
associated energy layer. Fig. 3 shows the impact of 
magnetic parameter 𝑀 on velocity field 𝑓ᇱ. Physically, 
intensive and strong Lorentz force developed by MHD 
conclusion in sudden bumps and reduction in directions of 
fluid flow, which leads to a reduction behavior in velocity 

Fig. 5 Temperature profile for variation of Brownian 
diffusion parameter 𝑁𝑏 

 
 

field. The influence of velocity slip parameter 𝛼  on 
velocity profile 𝑓ᇱ is presents in Fig. 4. Higher values of 𝛼 
cause decreasing trend in momentum layer with velocity 
profile 𝑓ᇱ. The impact of Brownian diffusion parameter on 
thermal profile 𝜃 is demonstrates in Fig. 5. Tables 1, 2 and 
3 displayed to validate the current solutions with 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. From Table 4, it is 
clear that for large values of velocity slip parameter and 
Casson parameter the numerical values of skin friction 
coefficient increase. 

 
 

5. Conclusions 
 
The steady incompressible Darcy-Forchheimer 

boundary layer flow of MHD bioconvection Casson type 
nanofluid by nonlinear stretchable surface with slip 
conditions, Arrhenius energy activation and chemical 
reaction has been investigated numerically. The impact of 
distinct parameters is examined via tables and graphs. The 
validity of the current investigation is authorized through 
comparing the existing outcomes with previous published 
literature. For large values of Darcy-Forchheimer Fr, 
magnetic parameter M and porosity factor 𝜆 the velocity 
profile decreases. Higher values of 𝛼  cause decreasing 
trend in momentum layer with velocity profile. Increasing 𝑁𝑏  leads to the rapid random movement of nanosize 
particles in fluid flows which shows an expansion in 
thermal boundary layer and enhances the nanofluid 
temperature more rapidly. The bioconvection may provide 
stability to enhance heat transportation. 
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