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A B S T R A C T   

The research in nanoparticles presents a convincing attention of scienstis due to their interesting applications in 
nanotechnology, electrical and biomedical, biotechnology, medication delivery, chemotherapy, food processing, 
and other sectors. The investigation presents the applications of viscoelastic nanoparticles with moving micro-
organisms due to wedge-shaped geometry. The important features of activation energy, thermophoresis diffusion 
characteristics and Brownian motion are also highlighted. The analysis is performed in view of Melting process. 
The flow process is represented mathematically using partial differential equations. For the optimization tech-
nique using MATLAB computer-based tools, the Labotto IIIa formulation has utilized. In the velocity equation, 
the temperature profile, concentration profile and microorganisms’ profile, the reporting of the main parameters 
are fully defined and discussed through figures. The speed can be enhanced by means of a mixed convection 
appearance is determined. Furthermore, nanoparticles are decreasing in temperature and concentration profiles 
and the high number of Peclet decreases the profile of microorganisms.   

1. Introduction 

Following to the remarkable thermodynamic characteristics, sub-
stantial research efforts in recent years on nanofluids are being made. 
Air conditioning, high-flow equipment, laundry washing equipment, 
high-power microwave stoves, height-powered laser diode range and a 
number of welding machines are available in the usage of nanofluids. 
Furthermore, substantial advances in nanotechnology have opened up 
the possibility of utilizing magnetic nanoparticles to treat brain tumors, 
pharmaceutical treatments, artificial heart surgery, artificial lungs, 
cancer therapy, and other conditions. Sophisticated nanotechnology has 
offered various beneficial approaches aimed at the interaction of nano- 
materials in order to increase the usage of fossil fuels and relieve envi-
ronmental problems. Choi [1] developed the fundamental notion of 
these nano-materials with enhanced thermophysical properties, which 
was further extended by other researchers. Nano-materials have a high 
potential for increasing heat transformation characteristics. Nonliquid 
has the greatest thermal conductivity associated with the base liquid. 
The material is used in industrial and engineering fields such as elec-
tronic cooling machines, nano suits, and other industries. In actuality, 
nanofluids are used in nano-materials made of metals, oxides, jets, heat 

transformation mechanisms, nuclear reactors, and refrigeration elec-
trical devices, as well as heating systems, medicines, nano-tubes, and 
carbon steels. The crucial significance of non-homogeneous experi-
mental consistency for natural circulation modification of convectional 
nano-materials was studied by Buongiorno et al. [2]. He developed 
adequate procedures for sliding Brownian diffusion and thermophoresis. 
Lahmar et al. [3] examined the reality that thermal conductivity de-
pends on the temperature and the presence of the inclination magneti-
zation field for compressed, unstable nanofluids between two parallel 
plates. Fatunmbi et al. [4] investigated the temperature and concen-
tration distribution characteristics of Nonlinear Thermal Radiation 
using an Eying-Powell nanofluid through a vertical porous plate and 
exponentially rising viscosity in the porous material. Shafiq et al. [5] 
investigated the Magnetohydrodynamic mobility and heat transmission 
of nanotubes reliant on carbon-based nanofluid over a variable thickness 
sheet. Loganathan et al. [6] investigated the MHD thermal radiation 
Williamson flow of nanofluid produced by an expanding surface encased 
in a porous channel via Joule heating, natural convection heating, and 
mechanical nanoparticle function. Physical observations on the Two- 
Dimensional Mixed magnetic convective flowing Nonliquid Casson on 
a vertically spinning small needle without nonlinear Thermal Radiation 
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and Heat Source/Senk effects were conducted by Hamid et al. [7]. Aman 
et al. [8] simulated fractional derivative procedure to present the 
nanofluid problem solution. Turkyilmazoglu [9] successfully pointed 
out the stability criteria in single phase nanofluid model flow. Ellahi 
et al. [10] focused on the thermal aspects of slip flow of nanofluid 
problem by using the hafnium particles. Abbas et al. [11] investigated 
the thermally developed nanoparticles prospective over stretched cyl-
inder. Nadeem et al. [12] presented dual numerical solution for nano-
fluid flow following the stagnation point applications. Shehzad et al. 
[13] imposed the magnetic impact while inspecting the thermal change 
in viscoelastic nanofluid problem. Ikram et al. [14] discussed the heat 
transfer improvement by using the hybrid nanoparticles in parallel 
plates flow. The optimized performances of Williamson nanofluid with 
dissipation significances was directed in the analysis of Qayyum et al. 
[15]. Hosseinzadeh et al. [16] analyzed the bio-convective phenomenon 
in the cross nanofluid flow with three-dimensional stretched surface. 
Khan [17] worked on the forced convective transport of nanofluid due to 
rotating disk. Song et al. [18] predicted the thermal change in the 
ethylene glycol base fluid with immersion of nanoparticles due to heated 
surface. Oke et al. [19] observed the aspects of Coriolis forces for 
nanoparticles flow in a uniform sphere. Li et al. [20] addressed the 
second order slip consequences for the nanofluid flow numerically. 
Animasaun et al. [21] surmised the dynamic of tinay nanoparticles 
following the haphazard motion. Wakif et al. [22] performed the meta- 
investigation regarding the nanoparticles motion with viscous base 
fluid. Shah et al. [23] tested the temperature gradient impact on the 
nanofluid flow numerically. Sowmya et al. [24] addressed the thermal 
out comes for the silver and iron oxide nanoparticles with buoyancy 
force applications. Makinde and Animasaun [25] visualized the aspects 
of quartic autocatalysis for nanofluid thermal flow in paraboloid of 
revolution. In another analysis Makinde and Animasaun [26] discussed 
the bio-convective transport of nanofluid subject to the quartic chemical 
features. 

The phenomenon of bioconvection occurs when a motile microbe 
that is as large as a microorganism in the water swims upward. As a 
significant biofuel process, bioconvection has emerged. Bioconvection 
for biofuel, fertilizer and industrial processes has been applied. The 
research on density stratification, pattern formation owing to micro-
biomes, nano-material and booster internships was conducted at nano-
fluid bioconvection. Low algae and other oxytactic bacteria, two types of 
upwelling microorganisms, are commonly used in bioconvection sci-
ence. Although the structure of bioconvection is quite similar, the 
orientation systems vary. Swimming in calm water is preferred owing to 
the asymmetrical distribution of low-mass bacteria. When these micro-
organisms are in motion, the direction of swimming is determined by the 
balance of toques generated by viscous dissipation drag caused by shear 
motion and gravity pressing on the cell. Kuznetsov [27] investigated the 
evolution of nanofluid bioconvection in suspensions, including micro-
organisms and nanotechnology. Nayak et al. [28] investigated the ef-
fects of momentum, temperature, solutal, and microorganism sliding on 
the flow of biologically inert nanofluid using an electromagnetic 
stretching surface. Chemical reaction occurrences have layers. Khan 
et al. [29] investigated bioconvection’s influence on the rheology of the 
magnetization pair of nanofluid tension with energy activation. Mag-
agula et al. [30] examined the understanding of the Casson’s nano fluid 
stream across the extended surface, which is a two-dispensed gyrotactic 
microbe. Beg et al. [31] studied the non-linearity-inclined expanded 
area under non-uniform magnetic fields for computing conductive bio-
convection. In comparison with the deferment point of small particles 
above delayed sheets, Mamatha et al. [32] assessed the mass trans-
formation of the constant incompressible magnetic-hydrodynamic bio-
convective fluid flow. Nima et al. [33] examined the effects of melting in 
non-Newtonian fluid flowing through non-Darcy porous materials hav-
ing varied fluid flow characteristics in bio-convective swimming mi-
croorganisms. Ramzan et al. [34] investigated the importance of hall 
impacts and ion slides on stretch surfaces in the 3D bioconvection 

hyperbolic nano lytic flow under Arrhenius energy of activation. Tlili 
et al. [35] examined the effect on second-order bioconvection of slip-on 
nanofluid. Some more recent analysis regarding the various models with 
and without nanofluid can be seen in refs. [36–40]. 

The melting flow of viscoelastic nanofluid has been studied in pres-
ence of microorganisms. The induced flow is caused by a moving wedge. 
The activation energy consequences are also elaborated. This research 
communicates the answer of following research questions [23,24]:  

• What is the impact of melting heat transfer phenomenon in the 
wedge flow of viscoelastic nanofluid?  

• How the stability of nanoparticles is improved with the enrolment of 
microorganism?  

• How the concentration of viscoelastic nanoparticles improved with 
the activation energy phenomenon? 

The importance of activation energy is also taken into consideration. 
The MATLAB computational software bvp4c can solve the dimensionless 
ODE modeled nanofluid of second grade numerically (Labotto IIIa for-
mula). Visual and quantitative behavior is important considerations. 

2. Mathematical description of flow problem 

Let us examine a 2-D Falkner Skan flow of second grade fluid with 
swimming microorganisms over a moving wedge. The wedge velocity is 
denoted with Uw(x) = bxn with stretching rate b. At free stream space, 
the velocity of wedge is expressed with Ue(x) = exn. The nanofluid 
temperature, concentration and motile density are symbolized with T, C 
and N, respectively. The activation energy relations are encountered in 
the concentration equation. The melting applications are also intro-
duced. The governing equations for modeled problem are: 

ux + vy = 0, (1)  

uux + vuy = vuyy +
α*

1

ρ
[
uxuyy + uyyx − uyvyy + vuyyy

]

+Ue
dUe

dx
−

σB2
0

ρ sin2ψ(u − Ue)

+
1
ρf

[(
1 − Cf

)
ρf β

*g(T − T∞) −
(
ρp − ρf

)
g(C − C∞) − (N

− N∞)gγ**( ρm − ρf
) ]

,

(2)  

uTx + vTy = αmTyy + τ
[

DBTyCy +
DT

T∞

(
Ty
)2

]

, (3)  

uCx + vCy = DBCyy +
DT

T∞
Tyy − Kr2(C − C∞)

(
T

T∞

)n

exp
(
− Ea

kT

)

, (4)  

uNx + vNy = Dm
(
Nyy

)
−

bWc

(Cw − C∞)

[
NyCyy

]
, (5)  

u = Uw(x) = bxn, μ ∂u
∂y

⃒
⃒
⃒
⃒

y=0

∂σ
∂x

⃒
⃒
⃒
⃒

y=0
=

∂σ
∂T

∂T
∂x

⃒
⃒
⃒
⃒

y=0
−

∂σ
∂C

∂C
∂x

⃒
⃒
⃒
⃒

y=0
,

− k
∂T
∂y

= hf (Tw − T),DBCy +
DT

T∞
Ty = 0,N = Nm aty = 0,

u = Ue(x) = exn, T→T∞,C→C∞,N→N∞, asy→∞,

⎫
⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎭

(6)  

where (u,v) velocity is shown along (x & y) the direction, the temper-
ature is (T) shown, the Brownian diffusion coefficient is (NB) repre-
sented, the material fluid parameter is (α1*), (C)indicated by the 
concentration, the fluid latent thermal is (λ) indicated and fluid density 
is (ρ) indicated, (C∞) is the concentration of fluid in the atmosphere, the 
kinematic viscosity is(υ) indicated, electric conductivity is represented 
(σ), the surface heat capability is indicated. The individual heat (Cp), the 

M.I. Khan and F. Alzahrani                                                                                                                                                                                                                  



International Communications in Heat and Mass Transfer 128 (2021) 105604

3

thermal fluid conductivity (k), the heat diffusion coefficient is (DT), the 
microorganisms (N), the ambient fluid temperature is (T∞) and ambient 
fluid microorganisms are (N∞), the specific fluid thermal conductivity is 
(k). 

ζ
(

=
(n + 1)Ue

2vx

)1
2

y,ψ
(

=
2vxUe

n + 1

)

f (ζ),

θ(ζ)
(

=
T − Tm

T∞ − Tm

)

,ϕ(ζ)
(

=
C − Cm

C∞ − Cm

)

, χ(ζ)
(

=
N − Nm

N∞ − Nm

)

,

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

(7) 

The dimensional form of governing equations is: 

f ′′′

+

(
2n

n + 1

)
(
1 − f ′ 2)

+ f f ′′ + α1

[

(3n − 1)f ′ f ′′′

+

(
3n − 1

2

)

f ′′2 

+(n − 1)ζf ′′f ′′′

−

(
n + 1

2

)

ff iv
]

− (M)
2sin2ψ(f ′

− 1) − λ(θ − Nrϕ − Ncχ) = 0, (8)  

θ′′ +Prf θ
′

+PrNbθ
′

ϕ
′

+PrNtθ
′ 2
= 0, (9)  

1
Sc

ϕ′′ + f ϕ
′

+
Nt
Nb

θ′′ − PrLeσ*(1 + δθ)nexp
(

− E
(1 + δθ)

)

ϕ = 0, (10)  

χ’’+ Lbf χ’ − Pe(ϕ’’(χ + δ1)+ χ’ϕ’ ) = 0, (11) 

With 

f (ζ) = 0, f
′

(ζ) |ζ=0 = − Q(1 + Ma), θ
′

(0) = − Bi(1 − θ(0) ),
ϕ(ζ) = 0,Nbϕ

′

(ζ) + Nbθ
′

(ζ) = 0 at ζ = 0,
f
′

(ζ)→1, θ(ζ)→1,ϕ(ζ)→1, χ(ζ)→1, asζ→∞

⎫
⎬

⎭
(12) 

Here, involved physical parameters are listed as (E)stand for acti-
vation energy parameter, (M)is a magnetic parameter, (Nc) is for bio-
convection Rayleigh number,(Lb)depicts the bioconvection Lewis 
number,(Nr)depicts buoyancy ratio parameter, (Nt)shows thermopho-
resis parameter, (Pr)stand for Prandtl number, (Nb) display Brownian 
motion parameter, (Pe)is Peclet number, (λ) is mixed convection 
parameter, (σ)is chemical reaction parameter, (α) the wedge angle 
parameter, (δ)signifies the temperature difference parameter, (δ1) is 
microorganism difference parameter, (Le)is Lewis number, (τ)stand for 
thermophoretic parameter,(n) wedge parameter,(β) the second-grade 
fluid parameter, (Q)Marangoni number, and (Ma) Marangoni ratio 
parameter. 

λ =
β*g(1 − C∞)(Tw − T∞)

(m + 1)u2
e

,Nr =
(
ρp − ρf

)
(Cw − C∞)

(1 − C∞)(Tw − T∞)β*,Ma
(

=
γCB
γT A

)

,

Nc =
γ**( ρm − ρf

)
(Nw − N∞)

(1 − C∞)
(

Tw − T̃∞

)
β
,Pr =

v
αm

,Nb =
τDB(Cw − C∞)

ν ,

Nt =
τDT(Tw − T∞)

T∞ν ,E =
Ea

kT∞
, σ =

kr2

a
, δ =

Tw − T∞

T∞
,

Pe =
bWc

Dm
,Lb =

ν
Dm

, δ1 =
N∞

Nw − N∞
,Le =

α
DB

, τ =
KT(Tw − T∞)

Tr
,

α =
Q0S

ρCpaxn− 1, β =
α*

1axn− 1

μ ,M2 =
σB2

0

ρaxn− 1,Q =
γT A
μΩ

̅̅̅̅
Ω
γ

√

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(13) 

The physical quantities are as follows: 

Cf =
2τxy

ρU2
w
, τxy = μuy

⃒
⃒

y=0 + α*
1

(
uuyx + vuyy + 2uxuy

)

y=0. (14)  

(Rex)
1
2Cf = f ′′(0) − α1(n+ 2/2A+ n+ 1/2f (0) )f ′

(0) (15)  

Nux = xqw/k(T∞ − Tm)
, qw = − kTy

⃒
⃒

y=0. (16)  

(Rex)
− 1
2 Nux = − θ

′

(0) (17)  

3. Solution via shooting scheme 

The reduced ordinary differential that fixes these problems in many 
scientific, engineering, biological and industrial settings is very non- 
linear, posing problems for scientists, scientists and mathematicians. 
These flux models are quantitatively discussed. A 3-stage LobattoIIIa 
screening approach in computer program with MATLAB software. By 
following a number of additional variables, the higher-ordre BVP is 
converted to the first-order IVP. 

Let 

f = h1, f
′

= h2, f ′′ = h3, f ′′′

= h4, f iv = h′

4

θ = h5, θ
′

= h6, θ′′ = h′

6,

ϕ = h7,ϕ
′

= h8,ϕ′′ = h′

8,

χ = h9, χ ′

= h10, χ′′ = h′

11,

⎫
⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎭

(18)  

h′

4 = h4 +

(
2n

n + 1

)
(
1 − h2

2)+ h1h3 − (Ha)2sin2ψ(h2 − 1)

− λ(h5 − Nrh7 − Nch9) + α1

[

(3n − 1)h2h4 +

(
3n − 1

2

)

h3
2 + (n − 1)ζh3h4

]

α1

(
n+1

2

)

h1,

(19)  

h
′

6 = − Prh1h6 − PrNbh6h8 − PrNth6
2, (20)  

h′

8 = LePr
(

− h1h8 −
Nt
Nb

h′

6, +PrLeσ*(1 + δh5)
nexp

(
− E

(1 + δh5)

)

h7

)

, (21)  

h′

11 = − Lbh1h10 +Pe
(
h′

8(h9 + δ1)+ h10h8
)
, (22) 

With 

h1(ζ) = 0, h2(ζ) |ζ=0 = − 1Q(1 + Ma), h6(0) = − Bi(1 − h5(0) ),
h7(ζ) = 0,Nbh8(ζ) + Nbh6(ζ) = 0at ζ = 0,
h2(ζ)→1, h5(ζ)→1, h7(ζ)→1, h9(ζ)→1, asζ→∞

⎫
⎬

⎭
, (23)  

4. Graphical findings and discussion 

In the following sections, we will explore in detail the impacts of the 
flux-speed parameters, the second-grade temperature profile of 

0 1 2 3 4 5 6
0

0.5

1

1.5

2

2.5

f

Nr=0.1,0.8,1.6,2.2
=0.1,0.4,0.8,1.2

Fig. 1. f′against Nr & β.  
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nanofluid, bioconvection transpiration and thermal radiation. In Figs. 1- 
10, the effects of physical factors like magnetic parameter (M), energy 
parameter for activation (E), bouncy ratio parameter (Nr), thermopho-
resis parameter (Nt), Prandtl number (Pr), chemical reaction parameter 
(σ), microorganism variation parameter (δ1), Peclet number (Pe), mixed 
parameter convection (λ), Lewis bio convenient number (Lb), Rayleigh 
bioconvection number (Nc), Brownian motion parameter (Nb), wedge 
parameter (n), Lewis number (Le), second grade fluid parameter (β), 
wedge angle (α), Marangoni number (Q), and Marangoni ratio param-
eter (Ma) is presented. Fig. 1 displays the characteristics of the Nrbounce 
ratio parameter and second-degree velocity f′ fluid parameter β. We may 
notice that the velocityf′field is enhanced by a bigger second-degree 
fluidβ, while the bouncy ratio parameterNr is reduced. Fig. 2 illus-
trates the impact of the wedge n and the velocity field parameterλ. The 
rising mixed convection parameter λ is apparent in Fig. 3 and wedge 
parameter n raises the velocity field f’. Fig. 3 shows the result of the 
Rayleigh Number Nc and Wedge Corner Parameter α on the velocity 
profile f’. The wedge angle parameter α may be examined and Nc the 
fluid movement reduces. The influence of the Marangoni ratio Ma and 
Marangoni numbers Q on velocity distribution f′ is seen in Fig. 4. With 
the Marangoni ratio parameter Ma, the velocity field f′ increases with 
the predicted intensification. The velocity profile f is analyzed from 
these curves while the number of Marangoni Q is improved. Fig. 5 

0 1 2 3 4 5 6
0

0.5

1

1.5

2

2.5

f

=0.1,0.8,1.6,2.2
n=0.1,1.0,2.0,3.0

Fig. 2. f′against λ & n.  

0 1 2 3 4 5 6
0

0.5

1

1.5

2

2.5

f

=0, /6, /4, /2

Nc=0.1,0.8,1.6,2.2

Fig. 3. f′ againstα & Nc.  
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0
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1

1.5

2

f

Ma=0.1,0.5,1.0,1.5
Q=0.1,0.4,0.8,1.2

Fig. 4. f′ against Ma & Q.  
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Fig. 5. θ against Bi & Nt.  
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Fig. 6. ϕ against Pr & Le.  
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depicts the temperature distribution θ with Biot number Bi and ther-
mophoresis parameter Nt. Temperature distribution expands as the 
magnitudes of the Biot number Bi and thermophoresis parameter Nt rise. 
Fig. 6 shows the profile and Pr Lewis number fluctuation concen-
trationϕ. The concentration ϕ is declining with the increased estimate 
Prand number of Lewis Le. Fluctuating nanoparticles ϕ volumetry 
through Brownian motion parameter Nb and thermophoresis parameter 
is shown in Fig. 7. It is discovered that with Brown’s motion parameter 
the solute field of nanoparticles ϕ decreases. This figure shows the 
concentration field ϕ increased by increasing the thermophoresis 
parameter Nt values. From this figure. Physically, the random motion of 
the particles increases by improving Brownian motion parameter 
because of a collision of the particles. As a result, the profile of con-
centration decreases. The impact on volumetric concentration of nano-
particles ϕ of the parameter of Marangoni ratio Ma and activation 
energyE is investigated in Fig. 8. The Marangoni ratio parameter Ma is 
analyzed for nanoparticles ϕ concentration increases with a bigger, but 
declining nature. Fig. 9 indicates a reduction in the fields of microor-
ganisms χ becoming bigger Pe and Lb larger. Fig. 10 shows the field of 

0 1 2 3 4 5 6
-0.6

-0.4

-0.2

0

0.2

0.4

Nb=0.1,0.2,0.3,0.4
Nt=0.1,0.2,0.3,0.4

Fig. 7. ϕ against Nb & Nt.  

Fig. 8. ϕ against Ma & E.  
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Fig. 9. χ against Pe & Lb.  
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Fig. 10. χ againstMa & Q.  

Table 1 
Numerical solutions of − f′′(0) versus physical parameters.  

M λ Nr Nc Q Ma β1 − f′′(0) 

0.1 0.2 0.5 0.5 1.0 0.1 0.1 1.7962 
0.2 1.8499 
0.3 1.9018 
0.5 0.4 0.5 0.5 1.0 0.1 0.1 2.0466 

0.8 
1.2 2.0773 

2.1081 
0.5 0.2 0.1 0.5 1.0 0.1 0.1 2.0333 

0.2 
0.3 2.0327 

2.0322 
0.5 0.2 0.5 0.1 1.0 0.1 0.1 2.0656 

0.2 
0.3 2.0435 

2.0243 
0.5 0.2 0.5 0.5 2.0 0.1 0.1 2.9866 

3.0 3.5344 
4.0 4.5317 

0.5 0.2 0.5 0.5 1.0 0.2 0.1 2.2697 
0.5 3.0233 
0.8 3.8323 

0.5 0.2 0.5 0.5 1.0 0.1 0.2 3.7269 
0.4 3.5243 
0.8 3.1553  
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variation in the Marangoni Q and Marangoni ratio parameters Ma. With 
a growing estimation of the parameters Ma of the Marangoni ratio and 
the number of Marangoni Q, the field of microorganisms χ has declined. 

Tables 1–4 are drawn out to examine the performance of several 
prominently determined flow parameters by local coefficient of skin 
friction, local number Nusselt and local numbers Sherwood. Table 1 
clarifies local skin friction coefficient variations via various factors M, λ, 
Nr, Nc, Q, Ma and β1. Greater values are investigated in order to M, λ, Q 
improve the local skin friction factor − f′′(0) while β1 decreasing the local 
skin friction factor − f′′(0). Table 2 shows local numbers compared to 
Nusselt, and local Nusselt M, Nt,  Pr , Rd, Q, Ma and β1 populations have 
been checked to have decreased Rd, M, whereas Pr, Q, Ma and β1 in-
creases have occurred. The meta analysis regarding the flow of heated 
nanoparticles was presented in [21,22]. Table 3 summarizes the decline 
in M, Le and the growth of Nt, Pr the local Sherwood population. Table 4 
shows that the number of microorganisms is increasing at an alarming 
rate Pe, Lb, Q and Ma. 

5. Summary 

In the occurrence of wedge-shaped geometry, the characteristics heat 
radiation and activation energy in the two-dimensional bioconvection 
flow of second-grade nanofluid including microorganisms. The 
following are the main points:  

• The change in second-grade fluid parameter improved the velocity 
field while it reduce with the bouncy ratio parameters.  

• When the number of Marangoni is improved, the velocity profile 
rises.  

• As the magnitude of the Biot number rises, so does the temperature 
distribution. 

• The concentration field increased when the thermophoresis param-
eter values increased.  

• Compared to the greater bioconvection number Lewis and Peclet 
number, the microorganism field diminishes. 

• The field of microorganisms is said to be reduced, with the Mar-
angoni ratio parameter progressively estimated. 
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