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Abstract:
Darcy-Forchheimer nanofluids (NF) can be utilized to develop oil recovery efficiency from oil reservoirs.
Nanoparticles in the NF can aid in increasing rock permeability, reducing oil viscosity, and facilitating oil flow
to wells. Unsteady Darcy-Forschheimer NF bioconvective flow with activation energy and Arrhenius chemical
reaction on a permeable tensile surface was investigated. The flow equations are partial differential equations
that are translated into ordinary differential equations (ODE) using suitable similarity transformations.
Runge–Kutta integration with the shooting method of modified Newton–Raphson methods was used to
resolve these ODEs numerically. Several graphs and tables were utilized to display how changes in the
evolving parameters influence the flow fields. The result demonstrated that the unsteadiness parameter, porous
medium permeability, Hartmann number, porosity parameter, and Grashof parameter increased the velocity
profile, while the buoyancy ratio decreased it. Unsteadiness parameter, Hartmann number, buoyancy ratio,
bioconvective Rayleigh number, Prandtl number, Eckert number, and internal heat generation raised the
temperature profile. The porosity parameter, Grashof number, and radiation parameter led to a decrease in
temperature profile. The unsteadiness parameter, Hartmann number, buoyancy ratio, thermophoresis, Prandtl
number, and Eckert number reduced the concentration profile. The growth of the parameter of internal heat
generation had almost no effect on the concentration profile. The radiation parameter and Brownian motion
enhanced the concentration profile.
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1. Introduction

Bioconvection, a fascinating phenomenon in fluid mechan-
ics, involves organized and spontaneous microorganism
movements such as algae or bacteria in response to environ-
mental stimuli. This phenomenon is highlighted because of
the exciting and complex patterns it generates in the liquid
medium. This phenomenon is highlighted due to the com-
plexity and intriguing patterns it creates in fluid media. The
basic principles governing microbial interactions and a wide
range of applications in different fields are discovered by
addressing the bioconvection complexities. Bioconvection
originates from the microorganism’s collective behavior
that responds to environmental cues such as nutrient distri-
bution, temperature gradient, or light [1]. The presence of
interactions between these microorganisms results in the
appearance of organized fluid movement configurations that
create complex and remarkable visual structures. Biocon-
vection in natural aquatic environments plays a central role
in nutrient mixing, affects organism distribution, and con-

tributes to the ecosystem dynamics.
Bioconvection is used in different biotechnological pro-
cesses. Organized movement of microorganisms in bioreac-
tors leads to increased mass transfer and improved process
efficiency, including wastewater treatment and fermentation
[2], which has consequences for economic and practical
bioprocessing. Considering the microorganism behavior in
response to particular conditions has possible applications
in medicine. This awareness can help develop diagnostic
tools or target drug delivery systems [3]. Various patterns
of bioconvection can act as environmental health indicators.
Any alteration in microbial behavior manifests itself in the
dynamics of bioconvection and can serve as primary warn-
ing signals for ecological pollution or disturbance, helping
efforts to monitor the environment [4]. The bioconvection is
currently being investigated by researchers for its possible
application in lab-on-a-chip technologies and microfluidic
apparatus. The functionality of microorganisms for con-
trolled movement of fluid promises advances in point-of-
care and diagnostic uses [5]. The bioconvection process
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has consequences for the production of renewable energy.
Using the microorganism self-organization can improve
processes such as the production of microbial fuel cells or
biofuel and help to viable energy solutions [6].
The understanding obtained from the study of bioconvec-
tion can motivate bio-inspired material development with
unique flow characteristics. Instead, the model of Darcy-
Forchheimer considers that nanoparticles at higher concen-
trations result in cluster formation that behaves differently
than separate nanoparticles due to interactions with each
other. This model forecasts that with increasing nanoparti-
cle concentration, the nanofluid (NF) thermal conductivity
should increase nonlinearly, although the viscosity must be
enhanced more than the Williamson model [7]. NFs are
known as nanoparticle colloidal suspensions in a base fluid,
which have attracted attention due to their distinct flow and
thermal properties. The Darcy-Forchheimer NF applica-
tions, which consider the further resistor to flow in a porous
medium, offer encouraging ways in numerous scopes. It
should be noted that the thermal conductivity is enhanced
by nanoparticle inclusion in fluid [8].
Shafiq et al. [9] investigated the incremental effect of ther-
mal radiation on heat transfer improvement correspond-
ing to the Darcy–Forchheimer flow of carbon nanotubes
along a stretched rotating surface using RSM. For this pur-
pose, they studied Casson carbon nanotubes’ constructed
model in boundary layer flow by implications of both single-
walled CNTs and multi-walled CNTs. They utilized the
Runge–Kutta Fehlberg technique of shooting to numerically
solve transformed nonlinear ordinary differential systems.
Their results showed that the sensitivity of SFC via SWCNT-
Water became higher by increasing values of permeability
number. Also, the sensitivity of SFC via SWCNT-water
towards the permeability number was higher than the solid
volume fraction for medium and higher permeability levels.
In another study, Shafiq et al. [10] utilized the Levenberg-
Marquardt method with backpropagated neural networks to
evaluate the nanomaterial flow of the Darcy-Forchheimer
Sisko fluid model. They considered thermophoresis and
Brownian motion effects when developing the nanofluid
model. They stated that the original nonlinear coupled par-
tial differential system representing the fluidic model was
converted to an analogous nonlinear ordinary differential
system. A dataset for the proposed multilayer perceptron
artificial neural network was produced by altering the neces-
sary variables via the Galerkin weighted residual approach
for different fluid model scenarios. It should be noted that
artificial neural networks have been used for the modeling
of Darcy Forchheimer NFs in different fields, which has
also had interesting results [11–17].
The effect of thermal radiation and bioconvection on MHD
Williamson Casson NF flow with the Gyrotactic microor-
ganism swimming due to a porous tensile plate was studied
by Jawad et al. [18]. It was found that the microorganism
field decreases with the increasing bioconvection value and
Peclet number. Mass flux and fluid are directed toward a
porous tensile plate. It can be seen that the physical interpre-
tation of thermo-physical parameters is ascending in density,
energy, and highly concentrated fields. The Brownian mo-

tion, non-Newtonian Williamson parameter, Peclet number,
bio-convection, mixed convection Hartman number, mixed
convection, Casson parameter, bioconvection Rayleigh num-
ber, and thermophoresis diffusion terms are among the many
prominent terms for which the valuations are graphically
achieved. Sharma and Gandhi [19] discussed the combined
impacts of nonuniform heat sink/source and Joule heat-
ing on unsteady MHD mixed convective flow on a vertical
tensile surface embedded in a Darcy-Forchheimer porous
media. A constant transverse magnetic field was applied on
the porous surface. Additionally, the influences of sliding
velocity, temperature, and concentration were examined.
A set of ODEs was created from the coupled NL partial
differential equations governing the system through the use
of similarity transformation. Presenting real-world appli-
cations in engineering and industrial operations through
various graphs is the flow feature physical representation
that arose in this problem.
Shafiq et al. [20] studied the gradual influence of nonlin-
ear thermal radiation on the improvement of heat transfer
related to the flow of nanofluids over a stretched rotating
surface by the Darcy–Forchheimer law. They analyzed the
data from the local skin friction coefficient (LSFC) and
local Nusselt number (LNN) using various statistical distri-
butions, and it was determined that both datasets generally
fit the exponentiated Weibull distribution for various val-
ues of considered parameters. In another study, Shafiq et
al. [21] implemented a sensitivity analysis using response
surface strategies to control the Walters-B nanofluid stag-
nant point flow caused by a Riga surface. They utilized the
Buongiorno model to construct the mathematical model,
which includes a Newtonian heating condition as well as
radiation effects. Their outcomes showed that the sensi-
tivity of LNN to the Brownian number decreases with the
growing thermophoresis number but the sensitivity value
also varies from positive to negative for all values of the
Brownian number.
Tadesse et al. [22] examined the hydromagnetic stagnation
point of a magnetic ferrofluid next to a permeable convec-
tively heated shrinking/tensile plate in a Darcy-Forchheimer
porous media. They found that the upper branch solution is
physically feasible, and hydrodynamically stable, although
the lower branch solution is physically impractical and un-
stable. Suction/injection, magnetic field parameter and vol-
ume fraction of magnetite nanoparticles are augmented to
maintain fluid flow stability. Conversely, the flow stability
is inflated by the porous medium inertia and porous medium
parameters. Vedavath et al. [23] numerically investigate
the radiative non-Darcy NF flow on a tensile plate with
conditions of convective Nield and energy activation. Their
results were obtained by examining the graphical influence
of different thermophysical parameters on the nanoparti-
cle volume fraction, momentum, and energy distributions.
With the increase in temperature, it can be seen that the
rise in Darcy’s number causes a decrease in fluid velocity
and nanoparticle concentration. Increasing the Forchheimer
number and velocity slip parameter leads to similar be-
havior. Shafiq et al. [24] analyzed the combined effects
of activation energy with a binary chemical reactant in a
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steady magnetohydrodynamic mixed convective third-grade
nanofluid flow by radially radiative stretching plate with an
artificial intelligence approach. They found that the initial
nonlinear coupled partial differential equations expressing
the fluid model were formed as a comparable nonlinear
ordinary differential equations system by incorporating ap-
propriate transformations. The obtained results showed that
artificial neural networks are an engineering tool that can
be used with high accuracy to estimate the combined ef-
fects of activation energy and binary chemical reaction in a
fixed magnetohydrodynamic mixed convective third-grade
nanofluid flow with a radial radiative stretched plate.
Zhang et al. [25] investigated the nonlinear NF flow under
the effects of Arrhenius kinetics and Lorentz forces via a
porous surface. They evaluated the impact of the Brown-
ian motion, porous media, magnetic, Arrhenius function,
radiation, and thermophoresis factors on the velocity, distri-
bution of nanoparticles (concentrations), and temperature.
They found that the concentration values of nanoparticles
are significantly increased by increasing the activation en-
ergy parameter values. The concentration of nanoparticles
and the temperature rise with increasing the thermophoresis
parameter. The thickness of the thermal boundary layer
(TBL) and temperature are enhanced with growth in radia-
tion parameters. Both the Brownian motion parameter and
Schmidt number are rising (smaller nanoparticles). Since
NFs show significant heat transfer capabilities compared
to pure fluids in various engineering and industrial uses,
the dynamic study of NFs with bioconvection impacts has
essential uses. Considering such outstanding potentials,
Khan et al. [26] investigated the effect of bioconvective
micropolar NF flow on a moving thin needle comprising
gyrostatic microorganisms. They converted the governing
equations into a dimensionless form using a set of appro-
priate variables, and then the homotopy analysis method
(HAM) was used to resolve them. The primary outcomes
of this work demonstrate that an increase in the buoyancy
ratio parameter causes the micropolar fluid to be redirected
towards the surface of the needle. As a result, the fluid
flow decreases. Enhancing Eckert’s number is related to in-
creasing the energy used for transportation, which raises the
temperature. Shafiq et al. [27] investigated the constructed
model of a tangent hyperbolic nanofluid in boundary layer
flow with implications of thermophoresis and Brownian
motion. They discovered that the sensitivity of the local
Nusselt number increments by expanding Lewis and ther-
mophoresis numbers while the highest non-dimensional
Nusselt number appears close to the significant level for
the thermophoresis and low level for the Brownian motion
variable. Furthermore, it was shown that the average maxi-
mum mean thickness of motile microorganisms appears at
the highest level of Brownian motion and thermophoresis
number and thermophoresis and Lewis numbers.
Bhatti et al. [28] investigated the higher-order Darcy-
Forchheimer Eyring-Powell NF slip flow with bioconvec-
tion and NL thermal radiation occurrence. Their results
illustrated that the velocity of the fluid is controlled using
inertial impact magnetic force. Although the slip parameter
had a decreasing trend, the velocity was improved with the

Eyring-Powell fluid parameter. Habib et al. [29] evaluated
the influences of activation energy, double diffusion and
bioconvection on the Maxwell, Williamson and micropo-
lar NFs flows due to a tensile surface. They concluded
that Newtonian, Williamson and Darcy fluids followed by
micropolar fluids have the lowest velocity values. Raham
et al. [30] studied activation energy and mixed convection
influences on MHD bioconvective NF flow by assessing irre-
versibility. They reported that the velocity profile decreases
with increased magnetic parameters and Darcy-Forchheimer
number. Also, they found that the Bejan number decreases
with increasing Brinkman variables, while entropy gener-
ation increases for higher Brinkman variables. Recently,
Jawad et al. [31] analyzed the MHD Darcy-Forchheimer
flow of Casson nanofluid as having a rotating disk with
Arrhenius activation energy and thermal radiation. Their
findings demonstrated that increasing the Reynolds number
decreased the tangential NF velocity. Also, the tangential
and radial velocities decreased with increasing the magnetic
factor. Tamilzharasan et al. [32] studied the convection of
magneto-mixed Williamson NF flow via a double-stratified
porous media in activation energy presence. They found
that the nanofluid temperature and concentration reduced
with the more significant thermal and mass stratification
parameters estimation.
Thermal radiation impacts of the flow of Darcy-Forchheimer
Maxwell fluid along a tensile surface with exponential ac-
tivated energy were investigated by Rashid et al. [33].
Also, the influence of thermal radiation, chemical reac-
tions, and convective boundary conditions on the 3D Darcy-
Forchheimer NF flow on a rotating surface with Arrhenius-
activated energy was studied by Shafiq et al. [34]. Hayat
et al. [35] evaluated binary chemical reaction, activation
energy, and entropy formation influences on the Williamson
NF Darcy-Forchheimer flow via a smooth NL stretchable
surface. It should be noted that the activation energy is the
minimum energy amount required in a system to create a
chemical reaction. There are two kinds of energy: poten-
tial and kinetic. The reaction between molecules may be
due to the loss of insufficient collisions or kinetic energy.
Only a minimal amount of energy is needed to start a chem-
ical reaction at this stage. The activation energy effect on
the expected behavior in a permeable boundary layer was
first investigated by Bestman [36]. NL tensile plates in the
activated-energy pseudo-plastic magnetohydrodynamic NF
flow were studied by Dawar et al. [37]. The result displays
that the profile of velocity decreases with the Forschheimer
and Weissenberg numbers, although the mixed convection
parameter illustrates a tendency to increase the profile of ve-
locity. Alsaadi et al. [38] evaluated the homotopy analysis
method to investigate the energy equation of Arrhenius in
magneto-Williamson NF flow. The result displays that the
distribution of temperature increases with mass relaxation
time, irradiance amounts to higher estimates of high thermal
relaxation time and Schmidt number, while the concentra-
tion profile decreases. Increasing the parameters of mass,
and thermal stratification causes a decrease in temperature.
Muhammad et al. [39] investigated the impact of the entropy
approach, porosity, slip and activation energy parameter on
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the mixed convective flow of Darcy–Forchheimer along a
stretched curved surface.
Mixed convective heat transfer in a turbulent NF flow was
studied by Danook et al. [40]. The unsteady flow of a solar
irradiated non-Newtonian Casson NF was investigated by
Jamshed et al. [41] through the Keller box method. Al-
ghamdi et al. [42] studied the effect of MHD mixed convec-
tive Casson NF flows on a tensile irregular surface vertically
submerged in a porous Darcy-Brinkman media. Arain et
al. [43] analyzed Arrhenius kinetics between rotating circu-
lar plates in multiphase flow. Their research indicates that
since the shear-thinning fluid has a higher velocity than the
Newtonian and shear-thickening cases, the fluid viscosity
decreases with shear strain. The axial velocity distribution
is affected by the Carreau fluid velocity in the Newtonian
case (n = 0), shear-thinning (n < 1), and shear-thickening
(n > 1) scenarios.

2. Materials and methods
The present study deals with the gyrostatic boundary layer
microorganisms driving the flow of a water-based NF in
the vertical permeable plate as shown in Fig. 1, a constant
transverse uniform free stream velocity u =U0(x) is used
for the flow. Since the voltage is low and there is no mag-
netic field, magnetic Reynolds number and Hall impacts are
negligible. As stated, it is predicted that the nanoparticles
will not influence the speed or direction of microorganism
movement. The dispersion of nanoparticles is believed to
be unstable (no coagulation of nanoparticles) and dilute (no
particle concentration greater than 1%). This hypothesis is
reasonable because NF bioconvection is anticipated to occur
only in a diluted nanomaterial suspension. In the absence
of this, the high nanomaterial concentration prevents bio-
convection and enhances the viscosity of the base fluid. The
framework of bioconvection induced by oxytactic microbes
is based on the Algehyne et al. [44] methodology.

Figure 1. Fluid flow via the vertical permeable plate [44].

2.1 Model development
The work performed was developed. Therefore, the new
model is as follows [44]:
Equation of continuity and momentum:
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Here (u,v) determine the velocity component, ρ f is the den-
sity, Q0 is the heat source, U∞ is the uniform free stream
velocity, α is the thermal diffusivity, k = k0x is the Darcy
permeability of the permeable medium, k′ = k0√

x is the Forch-
hemier resistance, k0 is the initial permeability, Dm is the
microorganism diffusivity, g and β are the gravity and vol-
ume expansion, respectively, σ is the electrical conductivity,
µ is the viscosity, λ = (ρC)p(ρC) f is the ratio of the heat
capacitance to the base fluid, γ is the microorganism aver-
age volume, Wc is cell moving speed, b is the chemotaxis
coefficient, n is the concentration of the microorganisms
and ρm represent their density.
The corresponding boundary conditions are given by
Eq. (6):{

u =U∞(x), v =V, T = Tw, ϕ = ϕw, n = nw at y = 0
u = 0, v = 0, T → T∞, ϕ = ϕ∞, n → n∞ as y → ∞

(6)
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where nw, ϕw, and Tw are the density of motile microbes,
volume fraction of nanoparticles and surface temperature.
Similarly, the ambient values are signified as n∞ , ϕ∞ , and
T∞ respectively.
With the similarities variables as below (Eq. 7):
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Satisfying the conditions (Eq. 12):

f ′(0) = 1, f (0) = fw, ϕ(0) = 1, θ(0) = 1, X1(0) = 1
f ′(∞) = 0, ϕ(∞) = 0, θ(∞) = 0, X1(∞) = 1
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where, Le = Lewis number, Ω = Microorganisms concen-
tration difference, ξ = Chemical reaction term, Nt = Brow-
nian motion parameter, θw = Relative temperature, Nb =

Figure 2. Impact of unsteadiness parameter on the profile of velocity
distribution.

Thermophoresis parameter, E = Activation energy, Rd =
Thermal radiation, Ha = Hartman number, Pr = Prandtl
number, Ec = Eckert number, λ1 = Heat Generation, Du =
Dufour, Gr = Grashof number, A = Unsteady parameter,
Nr = Radiation parameter, Fn = Forcheimmer, and Rb =
Rayleigh number.
The set of non-linear ODEs (8)-(11) with boundary con-
ditions in equation (10) was resolved numerically by the
scheme of Runge–Kutta integration with the shooting
method of modified Newton–Raphson and with prescribed
parameters such as λ , A, P, Ha, Nr, Gr, Rb, Rd, Nb, Pr,
Ec, and Nt. The calculations were conducted using a pro-
gram that utilizes a MAPLE computational and symbolic
computer language [24]. The step size ∆η = 0.001 was
chosen for a convergence measure 10−7 to be satisfactory
in almost cases. The value of each iteration loop was found
with the assignment statement η∞ = η∞ +∆η . The highest
amount of parameters λ , A, P, Ha, Nr, Gr, Rb, Rd, Nb, Pr,
Ec, and Nt as well as η∞ is specified as the unidentified
boundary conditions values that are not altered at η = 0 to
a prosperous loop with an error of less than 10−9.

3. Results and discussion

3.1 Velocity
Fig. 2 shows the unsteadiness parameter effect on the veloc-
ity profile. It can be observed that the profile of the velocity
distribution rises with the increasing unsteadiness param-
eter. The impact of the porous medium permeability (λ )
on the profile of velocity is illustrated in Fig. 3. It can be
observed that the drag force declines with increasing the
porous medium permeability. Due to this, the fluid velocity
profile becomes steeper. We can see that as the Hartmann
number changes in Fig. 4. In other words, the velocity pro-
file is grown by an increase in the Hartmann number. It can
be seen that the profile of velocity is enhanced in the bound-
ary region with an increase in the porosity as shown in Fig. 5.
Fluids get more space for flowing and thus their velocity
rises. Fig. 6 illustrates that increasing the Grash of (Gr)

2008-8868[https://dx.doi.org/10.57647/j.ijnd.2025.1603.18]

https://dx.doi.org/10.57647/j.ijnd.2025.1603.18


6/13 IJND16 (2025) -162518 Hajialigol

parameter causes a decline in the profile of velocity near
the plate. It should be noted that as the distance from the
screen increases, the speed profile decreases. Fig. 7 shows
the buoyancy parameter impact on the profile of velocity.
Based on the above results, it can be found that the velocity
of fluid decreases when the buoyancy parameter is enhanced.
The physical features such as bioconvection Rayleigh num-
ber include the buoyancy ratio (resistive) forces, which are
responsible for resisting the movement of fluid particles in
the entire flow domain. Physically, the effects of buoyancy
forces were intensified upon increasing the values of Rb,
leading to the fluid velocity decline.

3.2 Temperature
Fig. 8 shows the unsteadiness parameter influences on the
profile of temperature. It can be observed that the energy dis-
tribution profile increases when the unsteadiness parameter
increases. According to Fig. 9, the profile of energy distri-
bution is enhanced with the change in Hartmann number.
Hartmann number effect generates extra heat, which causes
escalations in the fluid temperature. Fig. 10 displays that
the energy distribution profile declines near the boundary
region with increasing the porosity parameter. According
to Fig. 11, the profile of temperature enhances with increas-
ing the Grashof number due to an increase of buoyancy
forces and a decrease of viscous forces. Fig. 12 shows the
buoyancy parameter impact on temperature. Based on the
obtained results, it can be seen that increasing the buoyancy
parameter increases the fluid TBL. Fig. 13 shows the bio-
convective Rayleigh number effect on the profile of energy.
It can be observed that the profile of energy distribution is
enhanced by changing the bioconvective Rayleigh number,
which can attributed to an increase in the Rayleigh number
leading to the resistance of the fluid to the movement and
as a result the temperature increases. Fig. 14 shows that
when increasing radiation parameter values decrease, the
TBL has a decreasing effect on temperature because the
growth of the radiation parameter releases thermal energy
in the fluid. Fig. 15 displays that the temperature distribu-

Figure 3. Porous medium inertia parameter’s impacts on the profile of
velocity distribution.

Figure 4. Hartmann number impacts on the profile of velocity distribution.

Figure 5. Porosity parameter impacts on the profile of velocity distribution.

Figure 6. Grashof number impacts on the profile of velocity distribution.
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Figure 7. Buoyancy ratio impacts on the profile of velocity distribution.

tion is a growing function of the Prandtl number because
the fluid thermal diffusivity rises due to a higher Prandtl
number value, which causes to decrease in the thickness of
the TBL. Fig. 16 also shows that raising the Eckert number
converts the kinetic energy into internal energy using the
work performed against the stresses of viscous fluid. Also,
the Eckert number reduces the specific heat capacity and
heat driving force, which becomes the reason for temper-
ature enhancement. For this reason, increasing the Eckert
number (Ec) increases the fluid temperature. In Fig. 17,
we apperceived that increasing the internal heat generation
(λ ) increases the energy distribution profile. Similarly, the
heat generation effect produces extra heat, which results in
escalations in the fluid temperature.

3.3 Concentration
In Fig. 18, it can be seen that as the unsteadiness parameter
(A) increases, the concentration profile of the nanoparticle
declines. The effect of an unsteadiness parameter causes

Figure 8. Unsteadiness parameter impacts on the profile of energy distri-
bution.

Figure 9. Effects of Hartmann number on the profile of energy distribution.

Figure 10. Impacts of Porosity parameter on the profile of energy distribu-
tion.

Figure 11. Impacts of Grashof number on the profile of energy distribution.

2008-8868[https://dx.doi.org/10.57647/j.ijnd.2025.1603.18]

https://dx.doi.org/10.57647/j.ijnd.2025.1603.18


8/13 IJND16 (2025) -162518 Hajialigol

Figure 12. Buoyancy ratio impacts on the profile of energy distribution.

to increase in boundary layer thickness. Fig. 19 shows that
increasing the internal heat generation (λ ) increases the
concentration profile of nanoparticles. Fig. 20 displays that
the concentration profile of nanoparticles reduces with in-
creasing the Hartmann number (Ha). Hartmann number is
the ratio of electromagnetic force to viscous force, therefore
the thickness of the boundary layer reduces as the Hartmann
number increases. In other words, a magnetic effect occurs
as the Hartmann number increases, where the Lorentz force
is created through the magnetic force and acts against the
fluid motion [45]. It indicates that the transverse magnetic
field and the transportation processes act opposite. This
happens because there is more insistence on the transport
mechanisms due to the Lorentz force, and the response is
produced by the magnetic impact. Fig. 21 also shows that
increasing the buoyancy ratio (Nr) decreases the fluid con-
centration along the surface. It should be noted that the
stronger buoyancy force reduced the fluid flow due to the
stretching surface in the downwind direction and thinner

Figure 13. Bioconvective Rayleigh number impacts on the profile of
energy distribution.

Figure 14. Radiation parameter impacts on the profile of energy distribu-
tion.

Figure 15. Prandtl number impacts on the profile of energy distribution.

Figure 16. Eckert number impacts on the profile of energy distribution.
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Figure 17. Eckert number impacts on the profile of energy distribution.

boundary layer thickness. In Fig. 22, it can be observed
that increasing the Radiation parameter (Rd) increases the
concentration, which is attributed to the increasing concen-
tration boundary layer thickness. Based on Fig. 23, we
apperceived that increasing the Prandtl number increases
the profile of concentration due to enhancing boundary layer
thickness. Fig. 24 shows that the Brownian parameter has
a significant effect on the concentration of dimensionless
nanoparticles in the fluid. By increasing the Brownian mo-
tion parameter, the concentration boundary layer increases,
and as a result, enhances the fluid concentration profile.
In Fig. 25, a decrease in the concentration profile is ob-
served with the growth of the thermophoresis parameter
(Nb), which intensifies the concentration profile. It’s clear
that the thickness of the boundary layer for mass friction
function decreases as Nb increases, therefore the concen-
tration profile decreases. Fig. 26 shows that enhancing
the Eckert number results in a decline in the profile of the
nanoparticle concentration. The Eckert number relates the

Figure 18. Unsteadiness parameter effects on the profile of nanoparticle
concentration.

Figure 19. Impacts of internal heat generation (λ ) on the profile of nanopar-
ticle concentration.

kinetic energy in the flow to enthalpy. As the Eckert number
increases, the concentration profile decreases due to internal
particle friction converting mechanical energy into thermal
energy and also decreases the concentration boundary layer.

4. Conclusion
In this research, bioconvective unsteady Darcy-Forchheimer
NF flows with the activation energy and chemical reaction
of Arrhenius on a permeable tensile surface were studied.
The PDEs of the governing boundary layer were converted
as an ordinary differential equation system via a similarity
transformation. For different selections of dimensionless pa-
rameters of the model, the resultant ODEs were numerically
resolved using the Runge–Kutta integration with the shoot-
ing method of modified Newton–Raphson. The obtained
results are as follows:

1. The unsteadiness parameter, porous medium perme-

Figure 20. Hartmann number impacts on the profile of nanoparticle
concentration.
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Figure 21. Buoyancy ratio impacts on the profile of nanoparticle concen-
tration.

ability, Hartmann number, porosity parameter, and
Grashof parameter increased the velocity profile, while
the buoyancy ratio decreased it.

2. Unsteadiness parameter, Hartmann number, buoyancy
ratio, bioconvective Rayleigh number, Prandtl number,
Eckert number, and internal heat generation raised the
temperature profile.

3. The porosity parameter, Grashof number, and radiation
parameter led to a decrease in temperature profile.

4. The unsteadiness parameter, Hartmann number, buoy-
ancy ratio, thermophoresis, Prandtl number, and Eckert
number reduced the concentration profile.

5. The growth of the parameter of internal heat generation
had almost no effect on the concentration profile.

6. The radiation parameter and Brownian motion en-
hanced the concentration profile.

Figure 22. Radiation parameter impacts on the profile of nanoparticle
concentration.

Figure 23. Prandtl number impacts on the profile of nanoparticle concen-
tration.

Figure 24. Impacts of Brownian motion on the profile of nanoparticle
concentration.

Figure 25. Impacts of thermophoresis on the profile of nanoparticle
concentration.
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Figure 26. Eckert number impacts on the profile of nanoparticle concen-
tration.
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