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Abstract: The present study analyzes the forced convective boundary layer flow of viscous incompressible time-estab-

lished fluid. The base fluid containing water-based nanoparticles and gyrotactic microbes. The flat surface is considered

with leading-edge accretion (or) ablation. Characteristics of flow are explored by the impacts of thermal radiation and

constructive/destructive chemical reaction. The present flow problem is formed with the partial differential equations, and

transformed nonlinear boundary value problems are solved mathematically by the finite difference with the collocation

method. There is a good correlation between present work and previous work. Results of selected parameters on velocity,

temperature, nanoparticles volume fraction, and microbe density function are discovered. Skin friction, heat transport, mass

transfer, and microbes transfer rates are tabular. Efforts of the current work rise in progressive microflow devices to bio-

modified nanomaterial dispensation.
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List of symbols

V1
�! Velocity vector ms�1ð Þ
V2
�! Average swimming velocity vector of micro-

organisms m2s�1ð Þ
u1; v1ð Þ Velocity components ms�1ð Þ
x1; y1ð Þ Cartesian coordinates mð Þ

C1 Ambient nanoparticle volume fraction

Cfx1 Skin friction coefficient

Cw Wall nanoparticle volume fraction

DB Brownian diffusion coefficient

DT Thermophoresis diffusion coefficient

Dn Micoorganism diffusion coefficient

Nnx1 Local density number of motile microorganisms

Nux1 Local Nusselt number

Shx1 Local Sherwood number

T1 Ambient temperature Kð Þ
Tw Wall temperature Kð Þ
U1 Dimensional ambient velocity ms�1ð Þ

Wc Maximum cell swimming speed ms�1ð Þ
�b Chemotaxis constant mð Þ
cp Specific heat Jkg�1K�1

� �

j~ Vector flux of microorganisms kgm�2s�1
� �

k� Mean absorption coefficient 1m�1ð Þ
nw Wall motile microorganisms

C Nanoparticle volume fraction

Kr Chemical reaction parameter

Lb Bioconvection Lewis number

Le Lewis number

Nb Brownian motion parameter

Nt Thermophoresis parameter

Pe Bioconvection Péclet number

Pr Prandtl number

Rd Radiation parameter

Re Reynolds number

T Nano-fluid temperature Kð Þ
f Dimensionless stream function

k Thermal conductivity Wm�1K�1
� �

n Number of motile microorganisms

s Wall mass flux (Stefan blowing)
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t Dimensional time sð Þ

Greek letters

r� Stefan Boltzmann constant Wm�2K�4
� �

a Thermal diffusivity m2s�1ð Þ
c Leading edge accretion/ablation

h Dimensionless temperature

l Dynamic viscosity kg m�1s�1ð Þ
q Fluid density kg m�3ð Þ
v Dimensionless number for motile microorganisms

w Stream function

/ Dimensionless nanoparticles volume fraction

Subscripts

w Condition at wall

1 Condition in free stream

1. Introduction

Energy sources’ consumption has more attention in engi-

neering and technologies due to their importance in the

industrial system. Even though it is generally known that

the world is facing energy crisis issues due to environ-

mental pollution and global warming, nanotechnology

developments are showing the answers to overcome these

energy crises. In 1995, Choi [1] works on nano-liquid

attracted attention in present years. The nano-liquids work

more effectively as coolants in mechanical and engineering

areas when compared to others. Nanomaterials are referred

as metallic thermophysical parameters absorbed in the base

fluid and reinforce their thermal properties. Many efforts

have been made to observe the irregular characteristics

features of nanoparticles. For example, Buongiorno [2]

investigated the 2-point slip procedure, especially Ther-

mophoresis and Brownian movement, to enrich convective

heat transport. The flow of nano-fluid along a stretching

surface using Buongiorno type is obtainable by Khan and

Pop [3]. Current studies about the flow of nano-fluid with

various flow characteristics are seen in Refs. [4–25].

A recent analysis on ‘‘Bioconvection mostly focus on

the enhancing heat transfer and mass transfer with appli-

cations in electronics, mechanical, civil process chemical

engineering.’’ All other explicitly the cooling frameworks

needed for electrical instruments, building protections

alongside geothermic atomic garbage removal are high-

level bioconvection application areas. Moreover, the

research of bioconvection is additionally extended by

thermal sinks and heat pipes, reactors. Biological and

biotechnological applications of bioconvection are such as

blood flow, bio-sensors, micro-enzymes, nano-

biotechnology, and bio-medical instrumentation, drug

delivery, pharmacokinetics, material detection, and nano-

medicine. The transportation of heat transfer inside the

material is by convection. I noticed changes in environ-

mental temperatures with cold and hot winds.

Additionally, microbes are likewise considered to be

convection in a matter that addresses an impersonate par-

ticle’s motion in nano-liquids. Generally, unicellular

microbes travel haphazardly in a colloidal solution and

appear clearly inside a suspension-making density sheet.

The natural movement of distinct microorganisms con-

forming to relative colonial densities is given by the

‘‘Bioconvection’’ phenomenon. The impulsive microor-

ganisms’ motions are generally carried out by the explicit

inducements that affect the randomized cellular distribu-

tion in a colloid. So, microorganisms move because of

light, chemicals, oxygen, gravity, density, etc. The motion

of microorganisms is called phototaxis, chemotaxis, oxy-

tactic, gyrotactic, gravitactic, etc. The majority of

microorganisms show gigantic affectability to the induce-

ment of light; thus, their motions can be constrained by

utilizing electromagnetic waves. Hence, bioconvection

samples in a colloidal deferment with oxytactic microbes

can be constrained by lights. In addition, another stimula-

tion is suppressed to show that different bioconvection

samples are either chemotactic or other microorganism

preparations. Biofuels are produced by using the biocon-

vection technique in biotechnology.

Artificial incubation of algae for algal biofuel systems

and anaerobic digestion is the key process in biofuel

reactors where the motility of microorganisms played a key

role. The colonial microorganisms’ movement restricted

artificially for the light and which tends to the digestion of

biomass. Photographs of gyrotactic formation can help to

create ideal turbulent stirring during algal development and

consistent state light entry with increasing depth of algal

development cultures. Secondary, biosensors improvement

is one more field; here bioconvection has a potential that

can make a quantitative & qualitative location entryway for

bio-molecules. Moreover, a biomimetic procedure is

additionally evolved to assess provocative and harmful

reactions presented by nano-allergens. Kuznetsov [26, 27]

examined the identification of continuity in the biocon-

vection in the presence of oxytactic microbes. Kiari et al.

[28] researched some new thermal results in viscous dis-

persion and thermal conduction in Casson nano-liquid’s

bioconvective progression to the suction & injection.

Nayak et al. [29] described many slip effects in the bio-

convective study of non-Newtonian liquid. Magagula

et al.[30] investigated the flow of Casson nanomaterial with

chemical reaction and nonlinear thermal radiation. Naz

[31] deliberate the impact of thermal radiation and stratum

on the grade-3 nano-fluid with swimming oxytactic
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microorganisms. Khan et al. [32] observed the biocon-

vection flow of nano-fluid through a Riga surface with

nonlinear thermal conduction and activation energy.

At infinity, along with boundary constraints are signifi-

cant in feigning bioconvective transportation problems.

From Stefan’s problem [33], blowing impact was invented.

For example, in engineering utilizations, paper drying

procedure’s mass transport is got by evaporation [34]. A

turbulent flow of liquid and an additional encouraging flow

of the liquids are formed from the concentration of parti-

cles [35] for the present work, where the blowing influ-

ences the solid’s prosaic nature. Also, the blowing is

considered due to the flux transport of nanoparticles from

the solid surface boundary layer. The concentration of

particle transportation varies in the flow field. At the

boundary, it is affected by mass blowing, proving that

blowing velocity was developed proportional to the mass

transfer flux studied by Fang and Jing [33] and Uddin et al.

[36], assuming Stefan blowing.

Todd [37] presented a specific rate of accretion or

ablation that shows an unstable boundary layer stream

model, including the leading edge. This issue creates more

attention in current years. Variation in velocity tendencies

rises for distinct leading-edge accretion/ablation impacts;

hereafter heat, mass, and microbes transfer rates are within

the boundary layer. The Buongiorno nano-fluid model with

accretion/ablation impacts Rosca and Pop [38] has con-

sidered momentum, thermal, and solute boundary layer

flows. The problem of unsteady boundary layer flow of

nano-fluid containing microorganisms from a plane surface

with leading accretion/ablation was scrutinized by Basir

et al. [39]. Recently, many studies of computational mod-

eling of fluid flow charactristics have been communicated

with diverse applications [40–76]

Encouraged by the above works of literature and

applications, this investigater’s basic objective is to

investigate Stefan’s sensitivity to the bioconvective phe-

nomenon of nano-liquid. The liquid is containing oxytactic

microbes along a plane surface through the leading edge

accretion/ablation. For radiative flux, the nonlinear math-

ematical equation takes into the heat equation. The second-

order chemical reactions are detected in the concentration

equation. Still today, no one is stated in the literature with

these flow characters. The elaborate nonlinear differential

equations system is started mathematically using the finite

deference with the colocation method. Thermo-physical

quantities of interest are incorporated via graphs and tables.

Present work is systematized in the following way. Intro-

duction is given in Sect. 1; mathematical formulation in

Sect. 2; numerical approach in Sect. 3; results and dis-

cussion in Sect. 4; finally, conclusion in Sect. 5.

2. Mathematical formulation

To enhance the flow model, we consider ‘‘An unsteady,

two-dimensional, viscous, incompressible laminar forced

convective flow of a nano-fluid past a solid stationary semi-

infinite plate with leading-edge accretion/ablation.’’ Nano-

fluid has oxytactic microbes. Impacts of Stefan blowing,

thermal conduction, and biochemical reaction are consid-

ered. At a constant surrounding fluid temperature T1, a

free stream is taken, constant concentration C1, and con-

centration of oxytactic microbes be zero n1 ¼ 0ð Þ,
respectively. Supposed that surface temperature, nanopar-

ticles volume friction, and oxytactic microorganism’s

density propose are Tw;Cw; nwð Þ. Boundary layer flow

stimulated by bioconvective stag yields in a dilute inter-

mission of nanoparticles; hence volume fraction of

nanoparticles is less than 0. 01. The physical formation of

the problem is given in Fig. 1. Under the above models and

subsequent model, equations are obtained by [26] and [2].

Therefore, following vector field equations are:

r � V1
�! ¼ 0; ð1Þ

o V1
�!

ot
þ ð V1

�! � rÞ V1
�! ¼ � 1

q
rP þ tr2 V1

�!
; ð2Þ

oT

ot
þ ð V1

�! � rÞ T ¼ ar2T

þ s DBrT � rC þ DT

T1

� �

rT � rT

� �

;

ð3Þ

Fig. 1 Flow model and coordinate system
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oC

ot
þ ð V1

�! � rÞC ¼ DB r2C þ DT

T1

� �

r2T � k0ðC

� C1Þ2; ð4Þ

on

ot
þr � j ¼ 0; ð5Þ

here r ¼ o
ox i~þ o

oy j~;r2� Laplacian operator, t-viscosity,

q-density of the fluid, a-thermal diffusivity,

s ¼ qcð Þp= qcð Þf -ratio of effective heat and fluid heat

capacity of the nanoparticles, DB-Brownian diffusion

coefficient, DT -thermophoresis diffusion, k0-chemical

reaction rate constant and j~-microorganisms flux defined

as:

j
!¼ n V1

�!þ v V2
�!� Dnrn; ð6Þ

In Eq. (5), Dn-microorganisms diffusion,

V~2 ¼
�bWc

DC

	 


rC-swimming speed velocity of the

microbes, �b-chemotaxis constant and Wc-cell swimming

speed at maximum.

Equations (1)–(5) are defined in scalar form:

ou1

ox1
þ ov1
oy1

¼ 0; ð7Þ

ou1

ot
þ u1

ou1

ox1
þ v1

ou1

oy1
¼ t

o2u1

oy21
þ ue

oue

ox1
þ oue

ot
; ð8Þ

oT

ot
þ u1

oT

ox1
þ v1

oT

oy1
¼ a

o2T

oy21
þ sDB

oT

oy1

oC

oy1

þ s
DT

T1

oT

oy1

� �2

� 1

ðqcÞf

oqr

oy1
; ð9Þ

oC

ot
þ u1

oC

ox1
þ v1

oC

oy1
¼ DB

o2C

oy21
þ DT

T1

o2T

oy21
� k0 C � C1ð Þ2;

ð10Þ

on

ot
þ u1

on

ox1
þ v1

on

oy1
þ bWc

Cw � C1

o

oy1
n
oC

oy1

� �� �

¼ Dn
o2n

oy21
: ð11Þ

Subject to the conditions [36]:

u1 ¼ 0; v1 ¼ � DB

ð1� CwÞ
oC

oy1

� �

; T ¼ Tw; C ¼ Cw; n

¼ nw;
as y1 ¼ 0;

ð12Þ

u1 ¼ ue ¼ U1; T ! T1; C ! C1; n ! 0;
as y1 ! 1;

ð13Þ

here ue is exterior velocity, t is kinematic viscosity, q is

fluid density, and qr is the radiative heat flux.

By using the Rosseland approximation, the radiative

heat flux is [5]

qr ¼ � 4r�
3k�

oT4

oy1
; ð14Þ

here r� � Stefan Boltzmann constant; k� �mean

absorption coefficient. Expand T4 by applying Taylor’s

method about T1 and ignoring higher-order derivatives,

then

T4 ffi 4T3
1T � 3T4

1: ð15Þ

Applying Eq. (15) into Eq. (14), we get

oqr

oy1
¼ � 16T3

1r�
3k�

o2T

oy21
: ð16Þ

Use Eq. (16) in Eq. (9), we obtain

oT

ot
þ u1

oT

ox1
þ v1

oT

oy1
¼ a

o2T

oy21
þ sDB

oT

oy1

oC

oy1

þ s
DT

T1

oT

oy1

� �2

þ 1

ðqcÞf

16T3
1r�

3k�
o2T

oy21
:

ð17Þ

we carry out the changed dimensional stream function, and

it contains ablation/accretion impacts at boundary layer

edge:

Wðx1; y1; tÞ ¼ U1
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tt cos cþ tx1=U1ð Þ sin c
p

f gð Þ: ð18Þ

The coordinate transformation:

g ¼ y1=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tt cos cþ tx1=U1ð Þ sin c
p

: ð19Þ

Dimensionless temperature, nanoparticle volume

fraction, and density of microorganism functions are

defined as follows:

h gð Þ ¼ T � T1ð Þ= Tw � T1ð Þ;/ gð Þ
¼ C � C1ð Þ= Cw � C1ð Þ; v gð Þ ¼ n=nw: ð20Þ

here g-similarity variable, c-leading-edge accretion/

ablation, t-dimensionless time. Subscripts w and 1
denotes at a wall and in the free stream. The quantity

tt cos cþ tx1=U1ð Þ sin cð Þ must be positive [49].

W x1; y1; tð Þ is the streamline function, which are defined as:

u1 ¼
oW
oy1

and v1 ¼ � oW
ox1

: ð21Þ

Substituting Eqs. (18) and (19) in Eq. (21), we get u1

and v1 as:

u1 ¼ U1f 0;

v1 ¼
t
2

gf 0 � fð Þ sin c=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tt cos cþ tx1=U1ð Þ sin c
p ð22Þ

As per the study, the undeveloped conservation partial

differential Eqs. (8), (10), (11), (17) transformed into

nonlinear ordinary differential equations as follows:
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f 000 þ 1

2
sin cf f 00 þ 1

2
cos c gf 00 ¼ 0; ð23Þ

1þ 4

3
Rd

� �

h00 þ 1

2
Pr g cos cþ f sin cð Þh0 þ Nbh0/0 þ Nth02

¼ 0;

ð24Þ

/00 þ 1

2
Le Pr g cos cþ f sin cð Þ/0 þ Nt

Nb
h00 � Kr/2 ¼ 0;

ð25Þ

v00 þ 1

2
Lb Pr g cos cþ f sin cð Þv0 � Pe v/00 þ v0/0½ � ¼ 0;

ð26Þ

The boundary conditions are

f ð0Þ ¼ 2

Pr Le

1

sin c
s/0; f 0ð0Þ ¼ 0; hð0Þ ¼ 1; /ð0Þ ¼ 1;

vð0Þ ¼ 1;

f 0ð1Þ ¼ 1; hð1Þ ¼ /ð1Þ ¼ vð1Þ ¼ 0;

ð27Þ

here the subsequent dimensionless parameters are: Prandtl

number Prð Þ, Lewis number Leð Þ, Brownian movement

parameter Nbð Þ, thermophoresis parameter Ntð Þ,
bioconvection Lewis number Lbð Þ, bioconvection Péclet

number Peð Þ, blowing/suction parameter sð Þ, chemical

reaction parameter Krð Þ and the radiation parameter Rdð Þ.
Those parameters are written as:

Pr ¼ t
a
; Nb ¼ sDBðCw � C1Þ

a
; Le ¼ a

DB
;

Nt ¼ sDTðTw � T1Þ
aT1

;

Lb ¼ a
Dn

; Pe ¼
~bWc

Dn
; s ¼ ðCw � C1Þ

ð1� C1Þ ;

Kr ¼ k0
U1

; Rd ¼ 4r � T3
1

k � k
: ð28Þ

2.1. Physical quantities

In practical applications, velocity gradient, temperature,

nanoparticles concentration &density of microbes is

required. Those are in the form of the local coefficient of

skin friction Cfx1 , local Nusselt number Nux1 , local Sher-

wood number Shx1 , and local density number of oxytactic

microbes Nnx1 are defined as:

Cfx1 ¼
l

qU2
1

ou1

oy1

� �

y1¼0

; Nux1 ¼
�x1

Tw � T1ð Þ
oT

oy1

� �

y1¼0

;

Shx1 ¼
�x1

Cw � C1ð Þ
oC

oy1

� �

y1¼0

; Nnx1 ¼
�x1
nw

on

oy1

� �

y1¼0

:

ð29Þ

Employing Eqs. (18)–(22) and (29), the constraints may

be re-arranged in the form of similarity variables.

Re1=2x1
Cfx1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

r cos cþ sin c
p

¼ f 00ð0Þ;
Re�1=2

x1
Nux1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

r cos cþ sin c
p

¼ �h0ð0Þ;
Re�1=2

x1
Shx1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

r cos cþ sin c
p

¼ �/0ð0Þ;
Re�1=2

x1
Nnx1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

r cos cþ sin c
p

¼ �v0ð0Þ:

ð30Þ

where Rex1 ¼ U1t
t -local Reynolds number and r ¼ U1t

x1
represents dimensionless time variable, presented by [77].

Note-: In the absence of Eqs. (24)–(26)

1. If s ¼ 0 no suction/injection (present model reduces

[37]).

2. If s[ 0 evaporation (particles move from wall to free

stream).

3. If s\0 condensations (nanoparticles move from the

free stream to the wall).

3. Mathematical method and code authentication

Following Shampine et al. [78], applying the finite differ-

ence method mathematically integrates Eqs. (23)–(26) with

boundary circumstances of Eq. (27). The FDM uses a

collocation method with involuntary grid adaptation to

resist the solution’s error and convergence. Because the

leading equations are cracked in a range domain at infinity

condition, the gradients close to the surface are excessive

while almost zero at the asymptotic situation. As a result, a

dense is needed after the surface, even as an uneven grid is

acceptable at infinity conditions. For this reason, the grid

model is used to control the computational price and

exactness. The Newton approach is used as the generation

approach for which a most relative blunders of 10�9 as the

convergence limit.

One of the vital facets of the current study was selecting

an acceptable value of g1. The value of g1 must be large

adequate to take over the asymptotic nature of a solution.

Therefore, the solution procedure was started with an initial

point of g1 ¼ 5 and then Eqs. (23)–(26) are solved. At that

time, the value of g1 was enhanced, and v0 0ð Þ;/0 0ð Þ; h0 0ð Þ;
as well as f 00 0ð Þ; were observed until the augmentation of

g1 does not encourage changes in the v0 0ð Þ;/0 0ð Þ; h0 0ð Þ;
and f 00 0ð Þ. Through numerical experimentations, it was

initiated that g1 ¼ 10 can satisfy the asymptotic boundary
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condition in the range of non-dimensional arbitrary

constants.

To verify the exactness of the problem, the attained

values of f 00 0ð Þ are correlated with the results of Rosca and

Pop [38], Todd [37], and Basir et al. [39] when s ¼ 0. The

results are potted in Table 1. This table authorizes that

there are a good correlation b/w the literature outcomes and

present work.

4. Results and discussion

Section 4 is devoted to studying the act of dimensionless

flow characters, i.e., temperature profile, velocity profile,

nanoparticle volume fraction profile, and microorganisms

profiles. In the presence of numerous parameters such as

Stefan blowing/suction sð Þ, edge accretion/ablation

parameter cð Þ, Brownian motion Nbð Þ, thermophoresis

Ntð Þ, bioconvective Péclet number Peð Þ, and bioconvective

Lewis number Lbð Þ, the present numerical study has been

carried out. Moreover, the various leading parameters on

Nusselt, Sherwood, and density of oxytactic microbes’

numbers are also observed. The numerical outcomes are

shown in tables and graphs. For numerical computations,

fixed parameters are taken at c ¼ p
3
; s ¼ 0:2; Nt ¼ 0:1 ¼

Nb; Rd ¼ 0:2; Le ¼ 5; Lb ¼ 2 ¼ Pe; Kr ¼ 0:2, and

Prandtl number Prð Þ is given as 6.8 except where specified.

Figures 2, 3, 4 and 5 illustrate the impact of Stefan

blowing sð Þ and leading-edge accretion/ablation cð Þ on

dimensionless velocity, nanoparticle volume fraction,

temperature and oxytactic microorganisms’ density func-

tion profiles. With - ve, Stefan blowing parameter s\0ð Þ
dimensionless velocity is enhanced. Generally, with suc-

tion at the surface s ¼ �1ð Þ, bio-nano-fluid flows over the

surface via porous. This restricts the momentum boundary

layer by increasing the flow of the boundary layer to the

surface. By way of an effect, flow is decreased, leading to

an upsurge in momentum boundary layer thickness. By

strong blowing s ¼ 1ð Þ, hot nano-liquid has exiled the

surface where buoyancy forces increased the flow. By

enhancing maximum velocity in the boundary layer, this

result increases the shearing result. For suction s ¼ 1ð Þ and
injection s ¼ �1ð Þ, the velocity profiles are distinct. An

increase in accretion/ablation impact ðc[ 0Þ at the edge

shows a reduction in flow, i.e., in velocities. In the case of

ðc\0Þ, reverse flow with opposite edge accretion is not

considered. If c[ 0 thickness of boundary layer increased

with grater suction s ¼ �1ð Þ, temperature profile decreases

with grater injection s ¼ 1ð Þ. With the mass injection, the

thermal boundary layer thickness is augmented. If s ¼ 0, it

corresponds to a solid (impermeable) boundary.

If c is greater than zero accretion/ablation rate, the

temperature profile is strongly heightened, and the thick-

ness of the thermal boundary layer is increased. Comparing

thermal field, the velocity field is different from leading-

edge accretion/ablation. By strong wall suction s ¼ �1ð Þ
throughout the boundary layer, the concentration of

nanoparticles diminishes continuously. On the contrary-

wise, with stronger blowing s ¼ 1ð Þ, nanoparticles con-

centration is increased. The injection of nano-liquid via the

boundary layer boosts nanoparticle diffusion throughout

the area, while removing nano-liquid prevents nanoparticle

diffusion. Concentration boundary layer thickness increa-

ses with increasing blowing, although suction has the

reverse impact. Improved accretion/ablation c[ 0ð Þ at an
edge shows the same impact on the temperature distribu-

tion and nanoparticle volume fraction. It improves the

nanoparticle concentration and particle size gradually from

the boundary to the free stream. Figure 5 shows increases

in microorganism density function with greater injection,

although strong suction encourages the opposite impact

and defeats the density. Microorganisms’ transportation is

stimulated with blowing via boundary, and thickness of

associated boundary layer is raised. Growing accretion/

ablation also augments the microorganism density. This

study found that the motion of oxytactic microbes is

Table 1 Assessment of f 00 0ð Þ for distinct values of accretion/ablation parameter c

c Rosca and Pop [38] Todd [37] Basir et al. [39] Present study

0 0.56418 0.5642 0.563751 0.564241

p=24 0.57501 0.5750 0.574585 0.575016

p=12 0.58072 0.5807 0.580381 0.580729

p=6 0.57700 0.5770 0.576857 0.577001

p=4 0.55287 0.5529 0.552780 0.552874

p=3 0.50721 0.5072 0.507214 0.507218

5p=12 0.43686 0.4369 0.436849 0.436864

11p=24 0.38999 0.3900 0.389999 0.389999

p=2 0.33205 0.3321 0.332051 0.332057
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independent of the movement of nanoparticles. The

nanoparticles are transported via Brownian motion and by

not self-propulsion as with microorganisms.

Figures 6, 7 and 8 represent the temperature distribution,

nanoparticles volume fraction and microorganisms, corre-

spondingly, distinct values of Brownian movement

parameter Nbð Þ and suction/blowing parameter sð Þ. Those
data, yet again, we assume edge accretion/ablation to be

existing with c given as p=6. Increment in Brownian

movement physically associates with fewer diameter

nanoparticles, based on Buongiorno invention working in

the present type. For solid boundary case of injection

ðs[ 0Þ, more excellent Nb effects are improved thermal

radiation, and this, in turn, upsurges nano-liquid tempera-

tures. On the other hand, lesser Nb values agree to big

nanoparticles w, which helps prevent thermal radiation and

decline temperatures in nano-fluid and diminish the

thermal boundary layer’s thickness. An increase in tem-

peratures with lesser nanoparticles results in better heat

distribution in nano-fluids related to vorticity. Hereafter,

that indicates a decrease in flow with higher Brownian

movement impact, though velocity profile has been

neglected for brevity.

Figure 7 shows the concentration of nanoparticles

repressed with growing Brownian motion parameter. With

immense wall suction, both nanoparticles volume fraction

& thickness of boundary layer are reduced. The opposite

result is shown with wall blowing. Figure 8 shows oxy-

tactic microbe density function reduces with increasing

Brownian movement. In addition, with higher wall suction,

nano-fluids are uninvolved after the boundary layer region

reduces the oxytactic microbe density. With higher wall

injection, the flow increases with the oxytactic microbe

density values. It is observed that wall injection increases

Fig. 2 Variations of f 0 gð Þ for distinct values of c and s

Fig. 3 Variations of h gð Þ for distinct values of c and s

Fig. 4 Variations of / gð Þ for distinct values of c and s

Fig. 5 Variations of v gð Þ for distinct values of c and s

Stefan blowing on chemically reactive nano-fluid flow 2833

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com



the concentration of oxytactic microbes in the boundary

layer.

Figure 9 depicts the temperature result with joint results

of lateral mass flux and thermophoresis parameter Ntð Þ.
Progress in Nt also encourages an enhancement in tem-

perature. Thermophoretic movement of nanoparticles

boosts thermal distribution in the regime and strengthens

the flow. That increases temperatures, i.e., nano-liquid

temperature, and enhances & thickness boundary layer.

The opposite response is computed for greater suction.

From Fig. 10, we observe that thermal distribution

increases when increases the radiation parameter Rdð Þ.
Physically, one can say that the radiation parameter

increases the thermal energy b/w the particles of the fluid.

Thus, the temperature increases with the growth of

radiation.

Figure 11 displays the result of the convectional Lewis

number Leð Þ on nanoparticle distribution features. Le is the

ratio of thermal and concentration nanoparticle diffusion.

When Le ¼ 1, the nanoparticles and heat diffusion rates are

equal also nanoparticle, and thermal boundary layer

thickness will be similar. For Le[ 1, thermal diffusion is

quicker than nanoparticle types, which decreases the effi-

cacy of nanoparticle migration in nano-liquid. Nanoparticle

concentrations are smaller with a bigger Lewis number and

strong wall suction present.

Figure 12 displays the effect of the chemical response

rate Krð Þ on nanoparticle concentration. We observe

that ? ve approximation of chemical reaction parameter

decays concentration and the - ve approximation of

chemical reaction parameter enhances the nanoparticles

concentration. Thus, the nanoparticle concentration curves

decrease the growing chemical reaction parameter. The

nanoparticle concentration function’s high values are

Fig. 6 Variations of h gð Þ for distinct values of Nb and s

Fig. 7 Variations of / gð Þ for distinct values of Nb and s

Fig. 8 Variations of v gð Þ for distinct values of Nb and s Fig. 9 Variations of h gð Þ for distinct values of Nt and s
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accomplished with stronger injection, and the smallest

sizes correspond to more potent suction at both values of

the chemical reaction parameter.

Figure 13 shows the impact of bioconvective Péclet

number Peð Þ on microbe density. ‘‘Bioconvection Péclet

number is the ratio of advection and nanoparticles diffusion

rate.’’ Pe\10 is an additional apposite for actual trans-

portation singularities in bioconvective nano-fluid

mechanics. Pe features only in the microorganism density

conservation Eq. (26) via the coupling terms

�Pe v/00 þ v0/0½ �, which effectively links the nanoparticle

concentration, and microorganism fields. Those relations

speciously have a noticeable effect on the growth of den-

sity function of microbes. ‘‘Bioconvection’’ is produced

from the interior energy of microbes. Microbes boost

quicker with greater swimming speed and then, therefore,

decrease their convections, i.e., density function. It was

exposed that injection can enhance concentration amounts

of microbe, while suction may lead to decrease.

Figure 14 shows the result of bioconvective Lewis

number Lbð Þ on microbe density. The number is 5 for the

traditional Lewis number, which means the thermal dis-

tribution rate is five times the nanoparticle distribution rate.

For larger Lb that unity, thermal dispersion rate blows

oxytactic microbe diffusion rate. Microbe density is

increased with a reduction in bioconvective Lewis number.

The force of oxytactic microbes is increased, and much

more dispersed through the boundary layer is observed at

the rate of microbe diffusivity. Here, we noticed that wall

injection continuously reaches greater amounts of microbe

density function than wall suction.

Table 2 explains collective properties of edge accretion/

ablation cð Þ and wall mass flux sð Þ parameters on wall skin

friction. Increasing the leading edge accretion/ablation

Fig. 10 Variations of h gð Þ for distinct values of Rd and s

Fig. 11 Variations of / gð Þ for distinct values of Le and s

Fig. 12 Variations of / gð Þ for distinct values of Kr and s

Fig. 13 Variations of v gð Þ for distinct values of Pe and s
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parameter substantially reduces skin friction for any values

of s. But larger values are calculated when wall suction is

present ðs\0Þ associated with when wall blowing is pre-

sent ðs[ 0Þ. The boundary layer is obviously decreased

with higher edge accretion/ablation impact ðc[ 0Þ.
Tables 3 and 4 gives reaction in wall heat transport rate

with distinct values of leading-edge accretion/ablation

parameter cð Þ, Brownian movement parameter Nbð Þ, ther-
mophoresis parameter Ntð Þ, and wall mass flux parameter

sð Þ: Growing edge accretion/ablation powerfully decreases

wall heat transport rate both suction and injection. With

enhancing the Brownian movement result, nanoparticles

are reduced in size. These reduce the heat transport rate to

the wall since larger temperatures are encouraged in the

liquid body with smaller nanoparticles & thermal energy

which is taken in the liquid with lower transport rates to the

wall. The reverse impact is deceptive with lower Nb val-

ues, which implies more remarkable nanoparticles, smaller

temperatures, and larger heat transport rates to the wall.

Furthermore, growth in the thermophoresis parameter

reduces the heat transport rates to the wall.

Tables 5 and 6 describe the result of leading-edge

accretion/ablation parameter cð Þ, Brownian movement

Nbð Þ, the chemical reaction rate Krð Þ; and wall mass flux

sð Þ on nanoparticle mass transfer rate at the wall.

Nanoparticle wall mass transfer rate is pointedly larger

with suction ðs\0Þ compared with blowing ðs[ 0Þ, which
implies that obliteration of liquid motion inspires

nanoparticle distribution at the wall. With higher edge

accretion/ablation parameters, nanoparticle wall mass

transport rate values are powerfully lessening. In contrast,

with an upsurge in Brownian movement and chemical

reaction parameters, they are improved.

Tables 7 and 8 give the results of distinct bioconvective

parameters (& Pe) on the oxytactic microbe wall mass

transport rate, �v0 0ð Þ. Growing bioconvective Lewis

number Lbð Þ meaningfully augments the oxytactic microbe

wall mass transport rate regardless of whether injection or

suction is present. With enhancing edge accretion/ablation

parameter, oxytactic microorganism wall mass transport

rate is dejected for the case of wall blowing ðs\0Þ and

raised with wall suction ðs[ 0Þ. From these tables, it is

noted that higher bioconvective Péclet number produces a

significant increase in the microbe wall’s oxytactic mass

transport rate. At the same time, amounts are decreased

with higher values of accretion/ablation parameter.

5. Conclusions

In the present work, ‘‘a two-dimensional, unsteady, lami-

nar, incompressible, gyrotactic bioconvection nano-fluid

boundary layer flow’’ is analyzed. The surface is consid-

ered as flat with a leading accretion/ablation. Wall mass

flux properties are also included in the study through the

boundary conditions at the wall. Additionally, thermal

radiation and exothermic/endothermic second-order con-

structive/destructive chemical reactions are executed for

the accredited flow simulation. The physical facets of the

work are completed for distinct physical constants. The

Fig. 14 Variations of v gð Þ for distinct values of Lb and s

Table 2 Values of f 00 0ð Þ when Pr ¼ 6:8; Nt ¼ Nb ¼ 0:1; Rd ¼ 0:2; Le ¼ 5; Lb ¼ Pe ¼ 2; Kr ¼ 0:2

c f 00 0ð Þ

s ¼ �1 s ¼ �0:5 s ¼ 0 s ¼ 0:5 s ¼ 1

p=6 1.808037 0.631504 0.577001 0.549056 0.530382

p=4 1.696883 0.604602 0.552874 0.526107 0.508089

p=3 1.523862 0.554672 0.507218 0.482269 0.465256

5p=12 1.278636 0.478519 0.436864 0.414276 0.398485

11p=24 1.120954 0.428197 0.389999 0.368683 0.353450
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Table 3 Values of �h0 0ð Þ when Pr ¼ 6:8; Nt ¼ 0:1; Rd ¼ 0:2; Le ¼ 5; Lb ¼ Pe ¼ 2; Kr ¼ 0:2

c �h0 0ð Þ

Nb ¼ 0:1 Nb ¼ 0:15

s ¼ �1 s ¼ 0 s ¼ 1 s ¼ �1 s ¼ 0 s ¼ 1

p=6 7.686419 1.157452 0.943831 15.298780 1.122550 0.916449

p=4 7.141543 1.082996 0.880462 14.195559 1.050401 0.855004

p=3 6.334802 0.963423 0.776984 12.570233 0.934470 0.754589

5p=12 5.216923 0.789768 0.624246 10.321081 0.766052 0.606303

11p=24 4.502785 0.675835 0.522386 8.881833 0.655536 0.507376

Table 4 Values of �h0 0ð Þ when Pr ¼ 6:8; Nb ¼ 0:1; Rd ¼ 0:2; Le ¼ 5; Lb ¼ Pe ¼ 2; Kr ¼ 0:2

c �h0 0ð Þ

Nt ¼ 0:05 Nt ¼ 0:15

s ¼ �1 s ¼ 0 s ¼ 1 s ¼ �1 s ¼ 0 s ¼ 1

p=6 9.137936 1.180213 0.963806 7.988067 1.135189 0.923854

p=4 8.480810 1.104300 0.899120 7.427523 1.062159 0.861816

p=3 7.513312 0.982384 0.793470 6.593640 0.944880 0.760529

5p=12 6.176085 0.805321 0.637507 5.435254 0.774558 0.611048

11p=24 5.322065 0.689153 0.533483 4.694490 0.662813 0.511373

Table 5 Values of �h0 0ð Þ when Pr ¼ 6:8; Nt ¼ 0:1; Rd ¼ 0:2; Le ¼ 5; Lb ¼ Pe ¼ 2; Kr ¼ 0:2

c �h0 0ð Þ

Nb ¼ 0:05 Nb ¼ 0:15

s ¼ �1 s ¼ 0 s ¼ 1 s ¼ �1 s ¼ 0 s ¼ 1

p=6 28.463760 3.744972 2.482454 110.684031 3.759681 2.476643

p=4 26.502964 3.534708 2.356794 102.695989 3.546096 2.350122

p=3 23.605746 3.227380 2.175317 90.942147 3.234346 2.167732

5p=12 19.614010 2.820595 1.942543 74.692151 2.821846 1.934181

11p=24 17.087017 2.580012 1.811848 64.301719 2.577935 1.803440

Table 6 Values of �h0 0ð Þ when Pr ¼ 6:8; Nt ¼ Nb ¼ 0:1; Rd ¼ 0:2; Le ¼ 5; Lb ¼ Pe ¼ 2

c �h0 0ð Þ

Kr ¼ �0:2 Kr ¼ 0:5

s ¼ �1 s ¼ 0 s ¼ 1 s ¼ �1 s ¼ 0 s ¼ 1

p=6 42.042179 2.485696 1.552601 58.860882 4.519951 3.089416

p=4 37.320260 2.160971 1.283431 55.569697 4.347397 2.995569

p=3 29.860394 1.629790 0.941362 50.827795 4.103835 2.867183

5p=12 17.385632 0.698082 0.364434 44.554196 3.799674 2.716797

11p=24 3.614336 - 0.344940 - 0.137527 40.780224 3.631579 2.640421
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following motivating results are stated from the present

work:

1. The boundary layer flow decreases at the leading edge

by an upsurge in the accretion/ablation result ðc[ 0Þ.
That is it decreases velocity and skin friction but

upsurges the thickness of the momentum boundary

layer.

2. The temperature, particle volume fraction, and density

function of microbes are augmented with increasing

accretion/ablation rate ðc[ 0Þ, as are the connected

boundary layer thickness.

3. With greater wall suction s ¼ �1ð Þ; the temperature,

nanoparticle volume fraction, microbe’s density func-

tion a reduced, and with more substantial wall

injection s ¼ 1ð Þ; a reverse trend follows.

4. With a bigger thermal radiation parameter Rdð Þ, the
associated thickness of the thermal boundary layer and

temperature are increased.

5. Growth in chemical reaction parameters leads to lower

nanoparticles dispersion and its boundary layer

thickness.

6. For wall injection ðs\0Þ particles, the wall mass

transport rate is decreased and increased for wall

suction ðs[ 0Þ by increasing the leading-edge accre-

tion/ablation parameter.

7. Through bigger edge accretion/ablation parameters,

the nanoparticle wall mass transport rate is repressed

and increased with an upsurge in the ordinary Lewis

number.

8. Wall heat transport rate is reduced by growing edge

accretion/ablation ðc[ 0Þ Brownian movement Nbð Þ
and thermophoresis Ntð Þ parameters.

9. There is a good correlation between numerical results

and already published work [37–39].

The current work has considered Newtonian nano-fluids.

Further research will discourse non-Newtonian biocon-

vective nano-fluid flow with space-dependent heat gener-

ation due to gravitation and will be discussed in detail. It is

assumed that this study will enhance the understanding of

flow process dynamics such as that found in various bio-

logical and industrial applications.
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