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Abstract: Several walks of life, especially the pharmaceutical industry, awaken the desire to study bio-

convective nanofluids from different angles. Given the importance of bioconvective nanofluids, a model has

been developed that can handle both submicron and nanoparticles. With the introduction of the Buon-

giorno model, it became possible to develop the momentum equation for dealing with the concentration

of nanoparticles. One of the well-known approximations, called the Rosseland approximation, is used to

simulate the transfer of radiation in the liquid under study. The bvp4c code requires the transformation

of the basic equations from PDE to ODE, which is done using similarity variables. What is the effect of

the parameters adopted in the study on the concentration of both microbes and nanoparticles, the speed

and temperature of bioconvective nanofluids, discussed in detail using tables and graphs? The effect of

Brownian motion on temperature is more dominant than that of thermophoretic motion. Suction and

magnetic field have proven to be useful methods that can be used to adjust the temperature and velocity

of the liquid as desired when applied simultaneously. An increase in the Biot number occurs in parallel

with an increase in the temperature and concentration of nanoparticles. An increase in the magnetic

field can lead to an increase in the concentration of microbes, while suction counteracts the increase in

the concentration of microbes. The microbial concentration was found to be a decreasing function of the

Lewis numbers.

Keywords: Eyring-Powell nanofluid, Gyrotactic Microorganisms, Thermal Radiations, suction,

Lie group transformations.

1 Introduction

Breakthroughs related to the advancement of nanofluids have recently attracted the interest of

a number of experts. Scientists have studied a range of scientific disciplines including energy,

medicine, cooling, microelectronics and hardware, new energies, transportation, and have used

nanofluids to power the board. The use of nanofluids in a liquid flow environment requires knowl-

edge of the fluid flow parameters, particularly the viscosity of the liquid. With this in mind,

scientists started to study the thickness of nanofluids to estimate the extraction power required
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to use nanofluids in heat exchangers. Choi [1, 2] has developed a new class of heat exchangers

by weighing nanomaterial into conventional fluids and concluded that the resulting nanofluids are

likely to have higher thermal conductivity than currently used heat transfer fluids, giving us high

hopes for improved heat transfer. Buongiorno [3] developed a two-component non-homogeneous

equilibrium model with four equations for momentum, mass, and heat transport in nanofluids.

Only Brownian diffusion and thermophoresis are important slip processes in nanofluids, according

to Buongiorno and co-authors, who studied seven slip mechanisms that can create relative velocity

between nanoparticles and the underlying fluid.

Javad [4] used CFD simulation and MLAs (machine learning algorithms) to study the effects of

structural and operational parameters on nanofluidic heat exchange in a microchannel heat sink

(MCHS) with synthetic twin nozzles (SJs). Chen [5] studied the dynamics of nanoparticles in

suspension, heat flow during the boiling of a resuspended nanofluid, and methods for modeling

heat transfer during the boiling of a resuspended nanofluid in the presence of an electric field.

Sun [6] used molecular dynamics simulations to gain atomistic insights into heat transfer and

flow properties of nanomaterials in nanochannels. To improve the cooling process of radiators,

Arif’s [7] research focuses on a water-based hybrid ternary nanofluid with three differently struc-

tured nanoparticles, including alumina (Al2O3) with spherical morphology, cylindrical carbon nan-

otubes (CNT) and plate-like nanoparticles. Vallejo [8] analyzed the results of experimental studies

that considered both mono- and hybrid nanofluids for their applications and classified the results

based on the heat transfer device used. For single-phase convective heat transfer, three significant

groups of devices have been identified, and for two-phase convective heat transfer, one group has

been identified for this parameter. Zhang [9] investigated the turbulent flow and heat transfer

of pseudoplastic nanofluids (PNFs) undergoing wall slip in a water-based carboxymethyl-cellulose

(CMC) fluid using four types of nanoparticles (CuO, Fe3O4, Ag, Cu). Kavitha’s study [10]

examines the effect of copper oxide nanofluids on heat transfer augmentation in a double-pipe

refrigeration system at different temperatures.

Numerous mathematical models have been developed to study the behavior of various fluids. Due

to its simplicity, the Eyring-Powell nanofluid plays an important role in various technological pro-

cesses of chemical products, and also finds application in other modeling methods. Instead of

using empirical relationships, the Eyring-Powell nanofluidic model is based on the theory of fluid

kinetics. Javed’s [11] paper discusses the unique heat transfer characteristics of Eyring Powell’s

nanofluid melting through a surface of various thicknesses and discusses the thermal performance.

The purpose of Nazeer’s research [12] is to show how viscous dissipation, convective boundary

conditions, heat release, activation energy, and porous media affect Eyring-Powell nanofluids on

the Riga Plate. In the MHD peristalsis of Eyring-Powell nanofluids, Nisar [13] demonstrated acti-

vation energy and first-order chemical reaction properties. The influence of heat sources/sinks on

the simulation was also examined. Salawu [14] investigated the internal irreversibility and thermal

breakthrough of an Eyring-Powell exothermic reactive fluid flow through an impregnated porous

fixed horizontal channel with dynamic electrical conductivity and thermal radiation. Naseer [15]

created a 2D Eyring-Powell nanofluidic flow on a vertical surface with the addition of bioconvec-

tion, surface suction, and viscosity as a function of temperature. The primary goal of Khan’s
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work [16] is to investigate the rheological behavior of a three-dimensional MHD Eyring-Powell

nanofluid in the presence of Arrhenius activation energy, velocity shift, and heat radiation.

The concept of ”bioconvection” describes macro-scale fluid flow induced by a density gradient cre-

ated by the mutual swimming mechanism of motile microbes. Floating microorganisms produce

bioconvection, as the convection effects of the uneven stratification rate produced by the migration

increase the base fluid density, especially with these motile bacteria. Bacteria mostly use the bio-

convection flow mechanism. When we find a stable bacterial boundary layer on the surface of the

liquid, its density is higher. In this case, a biological flow channel is split into a series of bioconvec-

tion particles, resulting in a very unstable environment. Waqas [17] constructed a computational

model for investigating the biological convection of Walter’s B nanofluids through a cylindrical

disk in the context of Brownian motion. Variable thermal conductivity, motile microorganisms,

and non-linear heat radiation are also taken into account. Basir [18] studied the heat conduction

and flow of nanofluids containing gyrotactic microorganisms across a mobile permeable surface

and an unstable stagnation point. Using numerical techniques, Dhanai [19] investigated the heat

transfer and flow of charged nanofluids containing nanomaterials and gyrotactic microorganisms

on angled permeable plates. Mahdy’s [20, 21] work shows a numerical study of the buoyancy-

driven nanofluid flow of time-mixed biological convection heat transfer in a stagnant region of a

shockingly rotating sphere with convective boundary conditions.

Many researchers have discussed the effects of suction, thermal radiation, and biological convection

on the macroscopic properties of nanofluids such as temperature, viscosity, and temperature, but

the effects of biological convection require attention. The review aims to explore some new prop-

erties of bioconvective nanofluids and to explain the effect of bioconvection on the macroscopic

properties of this model. The current model, including some new boundary conditions and biolog-

ical convection, makes it possible to study the influence of the unique properties of bioconvective

nanofluids. Among other new features, this model includes Stefan’s injection effects on the wall.

The similarity variables for the transformation of the defining equations are found using Lie group

transformations. The pristine influence of physical parameters on the macroscopic properties of

a bioconvective nanofluid is revealed and discussed in detail. This is a completely new learning

method that has never been described before.

2 Mathematics

It is believed that two-dimensional bioconvective incompressible nanofluids flow through a non-

linear stretching plate containing nanoparticles and motile microorganisms. Figure 1 shows the

configuration of the flow, where the coordinates x and y are parallel and perpendicular to the

stretching sheet, respectively. Water in which nanoparticles are suspended serves as the base

liquid. Thus, the resulting nanofluid is considered stable because agglomeration does not occur

in the liquid, allowing microbes to survive. It is assumed that nanoparticles with their average

speed do not affect the direction of movement of unicellular microorganisms. The goal of local

equilibrium is to achieve equilibrium between the base fluid and the nanomaterials. The velocity

of the stretching sheet is expressed as Uw(x) = cxm, where c is the stretching rate constant. The
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suction velocity at the stretching sheet surface is assumed to be V (x) = fwx
m−1

2 ; where fw is the

suction or injection constant and m is the power law index. The energy and momentum equations

were constructed using the Buongiorno model, and the Rosseland nonlinear approach was adopted

to add the solar radiation part to the energy equation. According to the assumptions made above

and the Oberbeck-Boussinesq approach, the governing equations for the flow of the current fluid

model can be written as [22, 23]:

Figure 1: Flow configuration explained by diagram
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▽.v =0, (1)

ρf

(

∂v

∂t
+ v.▽ v

)

=−▽p−
(

σB0
2 +

µ

K

)

v + µ▽2 v + [ρfβ(1− C∞)(T − T∞)

−(ρp − ρf )(C − C∞)] g − gγ(ρm − ρf )(N −N∞), (2)

(ρc)f

(

∂T

∂t
+ v.▽ T

)

=Q0 △ T + (ρc)p

[

DT

T∞
▽ T.▽ T +DB ▽ C.▽ T

]

+ k▽2 T −▽.qr, (3)

∂C

∂t
+ v.▽ C =DB ▽2 C +

DT

T∞
▽2 T, (4)

∂N

∂t
+ v.▽N =−

[

bWc

Cw − C∞

▽ (N.▽ C) +Dm ▽2 N

]

. (5)

The velocity is expressed in terms of its horizontal and vertical components, where u is the vertical

and v is the horizontal component. In order to study the derivation of the flow equations in detail,

reference is made to the cited publications [24,25]. The constraints associated with the flow model

at the boundary can be embedded as follows:

u = U(x), v = V (x),−kTy = hf{Tf − T}, DB
∂C
∂y + DT

T∞

∂T
∂y = 0, N = Nw, at y = 0

u −→ 0, C −→ C∞, T −→ T∞, N −→ N∞ as y −→ ∞.







(6)

In the above equations, K, µ, β, ρf , ρp are the permeability of the porous medium, the viscosity

of the fluid, the volume expansion coefficient, the density of the liquid, and the density of the

nanoparticles respectively. g, k, DT and DB are gravitational acceleration, thermal conductivity,

thermophoretic diffusion, and Brownian diffusion, respectively. In the case of a dilute solution of

nanoparticles, the Boussinesq-Oberbeck approximation may be adopted to linearize the equation

(2) as follows:

ρf

(

∂v

∂t
+ v.▽v

)

=− ▽p−
(

σB2
0 +

µ

K

)

v + µ▽2v − g(ρp − ρf∞)(C − C∞)

− γg(ρm − ρf∞)(N −N∞) + gρf∞β (1− C∞) (T − T∞) . (7)

Incorporating the boundary layer hypothesis into Equations (1)-(5) results in the equations listed

below.

ux + vy = 0, (8)

px = µuyy + gβρf∞(1− C∞)(T − T∞)− g(ρp − ρf∞)(C − C∞)

− gγ(ρm − ρf∞)(N −N∞)− ρf (uux + vuy)−
(

σB2
0 +

µ

K

)

u, (9)

∂p

∂y
= 0, (10)

uTx + vTy = αTyy +
(ρc)p
(ρc)f

[

DBTyCy +
DT

T∞
T 2
y

]

−
1

(ρc)f
(qr)y +

αQ0

k
(T − T∞), (11)

uCx + vCy = DBCyy +
DT

T∞
Tyy, (12)

uNx + vNy = DmNyy −
bWc

(Cw − C∞)
[∂y(NCy)]. (13)
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α = k
(ρc)f

is an expression for thermal diffusivity and ν is a symbolic notation for kinematic

viscosity. The heat capacity of the nanoparticles and the heat capacity of the base liquid are

mathematically expressed as (ρc)p and (ρc)f , respectively, and their ratio is represented by τ in

the energy equation. The mathematical expression for the transfer of radiant heat qr in thermo-

dynamics results from the Rossland approximation as follows:

qr = −4
σ1
3k⋆

∂T 4

∂y
(14)

The Stefan-Boltzmann constant and the absorption constant are mapped to the letters σ and

k⋆. The above formula for the propagation of solar radiation has been simplified by the Taylor

series with T∞ as the center of the series. The Taylor series is only applicable if the temperature

difference in the entire flow field is small.

T 4 = T 4
∞

+ 4T 3
∞
(T − T∞) + 6T 2

∞
(T − T∞)2 + · · · (15)

Only the first power of T − T∞ is considered since the remaining powers are negligible.

T 4 ∼= 4TT 3
∞

− 3T 4
∞

(16)

Fitting equation (16) to equation (14) leads to the next equation.

qr =
−16σ1T∞

3

3k⋆
∂T

∂y

Cross-differentiation can help us remove the pressure term from the equations (9) and (10), and

then the similarity variables listed below are called to convert the equations (9)-(13) to ordinary

ones.

u = ψy, v = −ψx, θ = T − T∞/(Tw − T∞), φ = C − C∞/(Cw − C∞),

χ = N −N∞/(Nw −N∞).

}

(17)

ψyψxy − ψxψyy =νψyyy +
ρf∞gβ

ρf
(1− φ∞)θ△ θ −

g

ρf
(ρp − ρf∞)φ△ φ

−
gγ

ρf
(ρm − ρf∞)χ△ χ−

ν

K
ψy −

σB2
0

ρf
ψy, (18)

ψyθx − ψxθy =αθyy + τDB(△φ)φyθy + τ
DT

T∞
△ θ(θy)

2 +
Q0

(ρcp)f
θ −

1

(ρcp)f

16σ1T
3
∞

3k⋆

[

3{1 + (θw − 1)θ}2(θw − 1)(θy)
2 + {1 + (θw − 1)θ}3θyy

]

, (19)

ψyφx − ψxφy =DBφyy +
DT (Tw − T∞)

T∞(Cw − C∞)
θyy, (20)

ψyχx − ψxχy =Dmχyy − bWc(φyχy)−
bWc

(Nw −N∞)
Nφyy. (21)

One of the special classes of Lie group transformation is used here to convert the coordinates from

(x, y, u, v, ψ, χ, φ, θ) to (x⋆, y⋆, u⋆, v⋆, ψ⋆, χ⋆, φ⋆, θ⋆).

Γ : x⋆ = xeϵc1 , y⋆ = yeϵc2 , ψ⋆ = ψeϵc3 , u⋆ = ueϵc4 ,

v⋆ = veϵc5 , θ⋆ = θeϵc6 , φ⋆ = φeϵc7 , χ⋆ = χeϵc8 .

}

(22)
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Adjusting (24) into the equations (20)-(23) leads to the following system of equations.

exp (ϵ(c1 + 2c2 − 2c3))
(

ψ⋆
y⋆ψ⋆

x⋆y⋆ − ψ⋆
x⋆ψ⋆

y⋆y⋆

)

=ν exp (ϵ(3c2 − c3))ψ
⋆
y⋆y⋆y⋆

+
ρf∞gβ

ρf
exp (−ϵc6) (1− φ∞)θ⋆ △ θ

−
g

ρf
exp (−ϵc7) (ρp − ρf∞)φ⋆ △ φ

−
gγ

ρf
exp (−ϵc8) (ρm − ρf∞)χ⋆ △ χ

−

(

ν

K
+
σB2

0

ρf

)

exp (ϵ(c2 − c3))ψ
⋆
y⋆ , (23)

exp (ϵ(c1 + c2 − c3 − c6))
(

ψ⋆
y⋆θ⋆x⋆ − ψ⋆

x⋆θ⋆y⋆

)

=exp (ϵ(2c2 − c6))αθ
⋆
y⋆y⋆

+ τDB △ φ exp (ϵ(2c2 − c6 − c7))φ
⋆
y⋆θ⋆y⋆

+
τDT △ θ

T∞
exp(ϵ(2c2 − 2c6))(θ

⋆
y⋆)2

+
Q0

(ρcp)f
exp (−ϵc6) θ

⋆ −
1

(ρcp)f

16σ1T
3
∞

3k⋆

[

exp(ϵ(2c2 − 4c6))3(θw − 1)(θ⋆y⋆)2{1 + (θw − 1)θ⋆}2

+exp(ϵ(2c2 − c6)){1 + (θw − 1)θ}3θ⋆y⋆y⋆

]

, (24)

exp(ϵ(c1 + c2 − c3 − c7))
(

ψ⋆
y⋆φ⋆

x⋆ − ψ⋆
x⋆φ⋆

y⋆

)

= exp(ϵ(2c2 − c7))DBφ
⋆
y⋆y⋆

+ exp(ϵ(2c2 − c6))
DT (Tw − T∞)

T∞(Cw − C∞)
θ⋆y⋆y⋆ , (25)

exp(ϵ(c1 + c2 − c3 − c8))
(

ψ⋆
y⋆χ⋆

x⋆ − ψ⋆
x⋆χ⋆

y⋆

)

= exp(ϵ(2c2 − c8))Dmχ
⋆
y⋆y⋆

− exp(ϵ(2c2 − c7 − c8))bWc(φ
⋆
y⋆χ⋆

y⋆)

− exp(ϵ(2c2 − c7 − c8))
bWc

(Nw −N∞)
Nφ⋆

y⋆y⋆ . (26)

Establishing a relationship between the parameters is necessary in order to assign the true values to

the parameters used so that the transformation Γ leaves the system [equations (23)-(26)] invariant.

c1 + 2c2 − 2c3 = 3c2 − c3 = −c6 = −c7 = −c8 = c2 − c3,

c1 + c2 − c3 − c6 = 2c2 − c6 = 2c2 − c6 − c7 = 2c2 − 2c6,

c1 + c2 − c3 − c7 = 2c2 − c7 = 2c2 − c6,

c1 + c2 − c3 − c8 = 2c2 − c8 = 2c2 − c7 − c8.























(27)

c2 =
1

4
c1 =

1

3
c3 is calculated using equation system 1. The values of the remaining parameters can

be calculated from the relationship that would result from the corresponding boundary conditions.

i.e. c4 = mc1 = 1
2c1 and c5 =

m− 1

2
c1 =

−1

4
c1 only if m =

1

2
.

The format of the sequence of transformations after entering the parameter values is as follows.

x⋆ = xeϵc1 , y⋆ = yeϵ
c1
4 , ψ⋆ = ψeϵ

3c1
4 , u⋆ = ueϵ

c1
2 , v⋆ = ve−ϵ

c1
4 ,

θ⋆ = θ, φ⋆ = φ, χ⋆ = χ.

}

(28)
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The Taylor series expansion allows the transformations above to be expanded in the ϵ power, and

higher ϵ powers are neglected.

x⋆ − x = xϵc1, y
⋆ − y = yϵ c14 , ψ

⋆ − ψ = ψϵ 3c14 , u
⋆ − u = uϵ c12 ,

v⋆ − v = −vϵ c14 , χ
⋆ − χ = φ⋆ − φ = θ⋆ − θ = 0.

}

(29)

dx

xϵc1
=

dy

yϵc1/4
=

dψ

ψϵ3c1/4
=

du

uϵc1/2
=

dv

−vϵc1/4
=
dχ

0
=
dϕ

0
=
dθ

0
. (30)

It is advisable to study the paper [26] in order to easily arrive at what we wanted to formulate.

y⋆x⋆
−1

4 = η, ψ⋆ = x⋆
3

4 f(η), θ⋆ = θ(η), φ⋆ = φ(η), χ⋆ = χ(η).

If the equations (23)-(26) in combination with the equation (27) include the variables formulated

above instead of the similarity variables, the dimensionless form is obtained as follows.

νf ′′′ −
1

2
f ′

2
− (λ+M) f ′ +

3

4
ff ′′ +Gr(θ −Nrφ−Rbχ) = 0, (31)

[

1 +Rd{1 + θ(θw − 1)}3
]

θ′′ +
3

4
Prfθ′ + 3Rd [1 + θ(θw − 1)]

2
(θw − 1)(θ′)2 + PrQ⋆θ

+Nt(θ
′)2 +Nbθ

′φ′ = 0, (32)

φ′′ +
3

4
Lefφ′ +

Nt

Nb
θ′′ = 0, (33)

χ′′ +
3

4
Lbfχ′ − Peχ′φ′ − Pe(χ+Ω)φ′′ = 0. (34)

The boundary conditions appearing as an ordinary differential equation are as follows:

f(η) = − 4
3fw = S, f ′(η) = 1, θ′(η) = Bi(θ(η)− 1), Nbθ

′(η) +Ntφ
′(η) = 0,

χ(η) = 1 at η = 0,

f ′ −→ 0, θ −→ 0, φ −→ 0, χ −→ 0 as η −→ ∞.















(35)

An understanding of the parameters adopted in the study is necessary for a better understanding

of the problem. Among them, λ = ν
ρfK

is the porosity parameter, M = U
B2

0
σ

ρf
is the magnetic

parameter, ν =
µ

ρf
is the kinematic viscosity, Gr = (Tw − T∞)(1− C∞)

gβρf∞
ρf

refers to Grashof

number, a is a dimensionless constant, Nb =
(Cw − C∞)τDB

α
is the coefficient of Brownian

diffusion , Nr =
(ρp−ρf∞ )(Cw−C∞)

βρf∞ (1−C∞)(Tw−T∞) is the buoyancy ratio parameter, Nt = (Tw−T∞)τDT

αT∞

is

the thermophoresis diffusion parameter, Rb =
(ρm−ρf∞ )(Nw−N∞)γ
βρf∞ (1−C∞)(Tw−T∞) is the Rayleigh number of

bioconvection, Rd = 16σT 3
∞
/3kk⋆ describes the thermal radiation parameter, Le = α

DB
is the

Lewis number, Ω = N∞/(Nw−N∞) is the moment of biological convection, Pe = bWc/Dm is the

Peclet number, Bi =
hf

k ( ν
c1
)1/2 is the Biot number, Lb = α

Dm
is the Lewis number of biological

convection, b is a dimensionless constant, S = − 4
3fw is the suction/injection parameter.

3 Method

The similarity variables allow us to transform the governing equations into ordinary differential

equations, but the resulting system ((31)-(34)) is highly multi-order nonlinear, so we insert new
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variables into the resulting ODEs to transform them into first-order ODEs. To do this, each orig-

inal variable and all of its derivatives except the highest derivative should be replaced by a new

variable such that there is one variable for each original variable and one for each of its derivatives.

Let f = z1, f
′ = z2, f

′′ = z3, θ = z4, θ
′ = z5, ϕ = z6, ϕ

′ = z7, χ = z8, and χ
′ = z9.

zz1 =
1

ν

[

1

2
z2

2 + (λ+M) z2 −
3

4
z1z3 −Gr(z4 −Nrz6 −Rbz8)

]

(36)

zz2 =
−1

[1 +Rd{1 + z4(θw − 1)}3]

[

3

4
Prz1z5 + 3Rd [1 + z4(θw − 1)]

2
(θw − 1)(z5)

2

+PrQ⋆z4 +Nt(z5)
2 +Nbz5z7

]

(37)

zz3 =−
3

4
Lez1z7 −

Nt

Nb
zz2 (38)

zz4 =−
3

4
Lbz1z9 + Pez9z7 + Pe(z8 +Ω)zz3 (39)

z1 − S, z2 − 1, z5 −Bi(z4 − 1), Nbz5 −Ntz7, z8 − 1 at η = 0,

z2 −→ 0, z4 −→ 0, z6 −→ 0, z8 −→ 0 as η −→ ∞.

}

(40)

Error control and grid point assignment should always depend on the residual while running the

bvp4c algorithm in MATLAB. In this case, the condition at infinity has been replaced by 10, with

the 100 grid points being scored between 0 and 10, resulting in a step size of 0.1. The rate of

convergence is remarkable for this particular algorithm and is 1× 10−6. The reason for choosing

this algorithm is that we found an accurate solution with very little computational effort.

4 Discussion

The Lie group completes the transformation of the governing equation into a format that can be

fine-tuned in the computational code. The computational code is then run to test the effects of

physical parameters on macroscopic properties such as concentrations, temperatures, and velocity.

To test the influence of a parameter on the macroscopic properties, different values are assigned

to this parameter, while the rest of the parameters have constant values like ν = 0.3, λ = 0.5,

M = 0.5, S = 0.5, Gr = 0.5, Nr = 0.1, Rb = 0.5, Rd = 0.5, θw = 0.5, Pr = 7.0, Nt = 0.5,

Nb = 0.5, Lb = 0.8, Le = 5, Pe = 0.4, Bi = 0.5, Ω = 0.5. The guarantee for the consistency of

the solutions results from the comparison with similar publications in the respective subject area.

The reliability and consistency of the solutions are reflected in Table 1.

The study of the influence of kinematic viscosity on f(η) and velocity (f ′(η)) is carried out

in figure 2a. The results show that f(η) increases and f ′(η) decreases with increasing kinematic

viscosity. The physics of this effect is that large viscous forces exist at higher kinematic viscosity.

The greater the viscous forces, the lower the velocity and vice versa. The study of the influence

of suction on f(η) and velocity (f ′(η)) is carried out in figure 2b. Results similar to kinematic

viscosity were observed for suction. The results reveal that as the suction value grows, f(η)

increases and f ′(η) drops. Physically, this effect can be explained by the fact that the movement

9



Table 1: Table of −φ′(0) and −θ′(0) for Nb and Nt values for consistency check

Nb Nr Nt
−θ′(0) f ′′(0)

Pradhan Jashim
Current

results
Pradhan Jashim

Current

results

0.10 0.40 0.20 0.35744 0.357423 0.35743 0.86002 0.859828 0.85987

0.50 0.26799 0.268031 0.26802 0.92979 0.929720 0.92973

0.30 0.001 0.10 0.32878 0.328791 0.32877 0.95374 0.953720 0.95371

0.1 0.32784 0.327855 0.32786 0.93956 0.939522 0.93955

0.2 0.32688 0.326894 0.32686 0.92507 0.925020 0.92503

0.3 0.32591 0.325917 0.32593 0.91042 0.910352 0.91039

0.5 0.32391 0.323914 0.32391 0.88058 0.880486 0.88053

0.2 0.001 0.34076 0.340780 0.34075 0.91340 0.913447 0.91340

0.2 0.31362 0.313637 0.31364 0.93704 0.936959 0.93698

0.5 0.27797 0.277959 0.27796 0.97398 0.973797 0.97385

of the liquid from low pressure to high pressure region causes its velocity to decrease. Alternatively,

it is possible to physically explain that in the case of a stronger suction on the surface, a strong

friction force (skin friction) comes into play. The higher the resistance, the slower the speed near

the plate and eventually drops to zero away from the plate. Figure 3c shows a study of the effect of

a magnetic field on f(η) and the velocity (f ′(η)) of a fluid. Observations show that the magnetic

field can be used as a tool to slow down the velocity. The physical explanation for this effect is

that when electromagnetic waves enter the liquid, the opposite Lorentz force is activated, which

causes the velocity to decrease. The examination of the effects of the porosity parameter on f(η)

and fluid velocity f ′(η) is reflected in figure 3e. It was found that the porosity parameter did not

improve the fluid velocity by strengthening its value.

(a) Exploring the viscosity effect on velocity (b) Exploring the suction effect on velocity

Figure 2: Studying the influence of the adopted parameters on the velocity
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(c) Exploring the magnetic effect on velocity (e) Exploring the porosity effect on velocity

Figure 3: Studying the influence of the adopted parameters on the velocity

Figure 4a illustrates the change in temperature profile due to the action of the suction param-

eter. This indicates that as the value of the suction parameter improves, both the temperature

boundary layer and the temperature decrease and the heat transfer coefficient increases. Assigning

a specific value to the Prandtl number Pr increases the thickness of the temperature boundary

layer. The thicker the temperature boundary layer, the greater the temperature gradient of the

wall and the better the heat transfer. The smaller the Prandtl number, the higher the thermal

diffusivity, so the suction effect becomes dominant in liquids with a small Prandtl number. The

greater the suction effect on the laminar flow of the nanofluid, the thinner the boundary layer

and the lower the friction losses. The amount of energy generated by friction decreases as the

frictional force in the flow decreases. This lowers the temperatures of the investigated nanofluids.

Figures 4b and 4c show changes in temperature profile due to the effects of Brownian motion and

thermophoretic motion, respectively. As the Brownian motion becomes more intense, the improve-

ment in temperature profile is reflected in Figure 4b. This is consistent with general observations

because kinetic energy and temperature are directly related. The physics of this effect is that

intense Brownian motion means greater kinetic energy. The higher the kinetic energy, the higher

the temperature and vice versa. The characteristics of the temperature graph under the action of

thermophoretic motion are reflected in Figure 4c, illustrating that the temperature graph behaves

similarly in both thermophoretic and Brownian motion. The figure 4d shows the change in tem-

perature profile due to the influence of the radiation parameter Rd. This shows that increasing the

number of radiations is a powerful tool for improving the temperature of nanofluids. The effect is

consistent with general observation. The physical explanation is that the average absorption coef-

ficient decreases as more intense radiation falls on the liquid. This increases the temperature of the

nanofluids and the rate of radiant heat transfer. The figure 4e shows the change in temperature

profile due to the action of the Biot number. Observations show that the higher the biot number,

the higher the temperature of the boundary layer. Also, as the Biot number grows, the thickness

of the temperature layer increases. The situation with a small number of Biot number (less than

1) is thermally simple, since the temperature field inside the body is uniform. Biot values greater
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than 1 present more complex problems related to the non-uniformity of temperature fields within

the object. The physical nature of this effect can be explained by the fact that the Biot number

is inversely proportional to the convective heat transfer coefficient, therefore, an increase in the

Biot number reduces convective heat transfer, which leads to an increase in the temperature of

the liquid.

The figure 5a shows the change in the concentration profile under the action of the suction pa-

rameter. This graph clearly indicates that the suction parameter is intended to improve the

concentration profile. Figures 5c and 5b show the change in concentration profile under the ac-

tion of thermophoresis and Brownian motion parameters, respectively. Observations show that

the concentration profile is strengthened as Brownian motion and thermophoretic motion become

more intense. It should always be noted that increasing the Brownian motion parameter increases

the particle random motion, resulting in a decrease in the number of nanoparticles in an area and

a decrease in the concentration of nanoparticles in that area. How does the Lewis number affect

the concentration profile in the boundary layer? This is shown in figure 5d. The relevance of the

observation lies in the fact that this parameter is unfavorable for the concentration profile or can

be physically explained as follows: the concentration profile and the Lewis number are inversely

proportional. The physical explanation for this effect is that the larger the Lewis number, the

larger the concentration gradient near the surface, resulting in an increase in the local Sherwood

number. The higher the mass flow rate, the lower the observed concentration will be. How does

the Biot number affect the concentration profile shown in Figure 5e? The result of the observation

is that this parameter is in favor of the concentration profile, or, in other words, it can be said

that the concentration profile and the Biot number are in direct proportion.

The figure 6a shows the change in the microbial concentration profile under the influence of the

suction parameter. The result of the observation is that the microbial concentration was not

favored by greater surface suction. What effects do the Brownian and thermophoresis motion pa-

rameters have on the concentration profiles reported in figures 6b and 6c? Microbial concentration

plots are supported by both Brownian and thermophoretic parameters, and increasing the above

two parameters improves the thickness of the microbial concentration boundary layer. Finally,

how does the reaction rate affect the concentration profile shown in the figure 6d? The witness of

the observation is that the microbial concentration decreases as the reaction rate increases.
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(a) Exploring the suction effect on temp.

(b) Exploring the Brownian motion effect on temp.

(c) Exploring the thermophoresis motion effect on

temp.

(d) Exploring the radiation effect on temp. (e) Exploring the Biot number effect on temp.

Figure 4: Studying the influence of the adopted parameters on the temp.
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(a) Exploring the suction effect on the NP concen-

tration

(b) Exploring the Brownian motion effect on the

NP concentration

(c) Exploring the thermophoresis motion effect on

the NP concentration

(d) Exploring the Lewis number effect on the NP

concentration

(e) Exploring the Biot number effect on the NP

concentration

Figure 5: Studying the effect of the adopted parameters on the NP concentration
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(a) Studying the suction effect on the microbial

concentration

(b) Studying the Brownian motion effect on the

microbial concentration

(c) Studying the thermophoresis motion effect on

the microbial concentration

(d) Studying the reaction rate effect on the micro-

bial concentration

Figure 6: Studying the effects of the adopted parameters on the microbial concentration

5 Remarks

The use of nanofluids in various microsystems has aroused great interest in recent publications.

Examples include micro-channel heat sinks, micro-heat pipes, micro-channels and micro-reactors.

Given the importance of bioconvective nanofluids, a model that can process both submicron and

nanoparticles has been developed. Therefore, considering the Cartesian plane, a bioconvective

nanofluid model that comparises the effects of magnetic field and suction has been constructed.

As a result, a model of a bioconvective nanofluid was constructed that takes into account the

geometry of a vertical plate in the Cartesian plane, comprising the effects of a magnetic field and

suction. Finding a numerical solution by the MATLAB bvp4c code requires converting PDEs to

regular ODEs, which is done by calling the appropriate similarity variables. The obtained results

are consistent and found like those of Khan and Pop [31]. It is accepted that the change in the

distance from the critical point is linearly related to the sheet expansion rate and the velocity
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of the surrounding liquid. A qualitative discussion is presented in the ”Results and Discussion”

section based on the constructed graphs and developed tables. The main themes devoted to the

entire research are listed below.

❼ The Brownian motion of nanoparticles is believed to be responsible for the increased thermal

conductivity caused by the inclusion of these tiny particles. Brownian motion (Nb) has a

significant effect on temperature profile compared to the effect of thermophoretic motion

(Nt) on temperature.

❼ The improved value of the Biot number Bi favors temperature and nanoparticle concentra-

tion, but this effect is insignificant for the microbial concentration.

❼ Increasing the viscosity of the fluid significantly decreases both the velocity and the mass

transfer coefficient.

❼ The magnetic field parameter and the Peclet number (Pe) favor the microbial concentra-

tion, while the suction parameters and the Lewis number (Le) counteract the increasing

concentration of microorganisms.

❼ Suction is an inexpensive technique that can be used to minimize speed and temperature

and improve the rate of heat transfer.

❼ The stronger the magnetic field, the higher the temperature and vice versa. So, the temper-

ature of a nanofluid can be raised by passing high-energy electromagnetic waves.
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