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The aim of this research is to discuss the significance of slip conditions for magnetized nanofluid flow with the
impact of nonlinear thermal radiations, activation energy, inclined MHD, sorrot and dufour, and gyrotactic micro
motile organisms over continuous stretching of a two-dimensional sheet. The governing equations emerge in the
form of partial differential equations. Since the resultant governing differential equations are nonlinear, the
partial differential equations are transformed into ordinary differential equations using a workable similarity
transformation. By using the Bvp4c module of the MATLAB program, the simplified mathematical framework can
be numerically solved. The computation of Coefficients of skin friction, Nusselt numbers, different patterns of
velocity profiles, fluid temperature, and concentration profiles reveals the physical nature of this study. As
compared to earlier investigations, it was found that the obtained results demonstrated high degrees of symmetry
and precision. A decline observes in velocity for boosted values of MHD, inclination, and rotatory parameter.
However thermal transportation increases by increasing brownien motion, thermophoresis, radiation and Sorrot
effect. The study has significant application in heat control systems, food factories, thermal exchangers,
biomechanics, biomedical engineering, and aero dynamical systems

fluid with nanoparticles. First time Choi (1998) introduce the concept of

1. Introduction

Investigation of heat and mass transportation using stretching ge-
ometries and nanofluids must have piqued researcher interest in recent
decades due to a slew of engineering applications, including nuclear
reactor design, compact heat exchangers, plastic and rubber sheet
manufacturing, and cooling of an infinite metallic plate in power,
transportation, and electronics. Cooling of any type of high-energy
gadget necessitates the use of effective cooling strategies. Due to their
low heat transfer qualities, common heat transfer fluids such as water,
ethylene glycol, and motor oil have limited heat transfer capabilities.
Efficient heat transfer is one of the biggest problems in science today
many researchers have worked on it by using modern techniques.
Nanofluids are a novel type of heat transfer in fluid, that combines a base

* Corresponding author.
E-mail addresses: muhriaz@pg.edu.pl, bilalsehole@gmail.com (M.B. Riaz).

https://doi.org/10.1016/j.sajce.2022.10.009

nanofluid, as a result, the remarkable change happened in field of heat
and mass transfer. A lot of work has been done in the literature, Like Pil
Jang and Choi (2007) discuss the effects of various parameters on nano
fluid flow. Meyer et al. (2016) discuss the different numerical models of
fluid flow. Akbari et al. (2011) studied comparatively of different
models of fluid flow like single phase two phase etc. Researchers, like
Duangthongsuk and Wongwises (2008), Wang et al. (2022), Cui et al.
(2022) developing novelty in heat transportation phenomena.

The diffusion of energy is induced by a composition gradient, which
has been empirically demonstrated. The Dufour effect, also known as the
diffusion-thermo effect, is a result of this phenomenon. The Soret effect,
also known as the thermal diffusion effect, is the process of species
diffusion caused by a temperature difference. Furthermore, recent
research has revealed that the Dufour and Soret effects are considerable
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Nomenclature

T non-dimensional temperature

Ty Temperature at surface

Cc non-dimensional nanoparticles concentration
Cw Concentration at surface

Te temperature away from the surface
E Activation energy

Co concentration away from the surface
Sc Schimit number

Cpe skin friction at x-direction

(w,v,) Velocity components

Cp skin friction at y-direction

Uy velocity of stretching sheet

Nu, Nusselt number

Shy Sherwood number

Nb Brownian motion parameter

v Kinematic viscosity

Nt thermophoresis parameter

Peo Density of fluid

Dr Thermophoretic diffusion coefficient
Dg Brownian diffusion coefficient
pCp Base fluid heat capacity

M Uniform magnetic field

P pressure

Onf Electrical conductivity
(x1,y1,) Cartesian co-ordinates

M relaxation time of heat flux

a angle of inclination

B variable viscosity parameter
Le Lewis number parameter

Pr Prandtl number.

when heating and mass are transferred in a flow field. Hou et al. (2022)
discuss the significance of Dufour and Soret Effects for Pseudo-Plastic
Liquid in the presence of Tri-Hybrid Nanoparticles. Naveen Kumar
et al. (2022) also investigate the effectiveness of Dufour and Soret Effects
over B-fluid with stefan blowing effect under the convective boundary
conditions. Akbar et al. (2022) explore the Soret and Dufour effect for
Williamson fluid flow in the presences of Mixed convection MHD over
non-linear starched surface. Ali et al. (2021) investigate the Soret and
Dufour effect with double diffusion on rotating fluid over stretching
sheet. Many researchers like Nawaz et al. (2012), Pal and Mondal
(2011), Ahmad et al. (2021a) also explore the effects of Soret and Dufour
over different domains.

In the development of industrial procedures, thehrinking sheet is
used extensively. Mahabaleshwar et al. (2022) discuss the nano fluid
flow for shrinking and stretching sheet. Ismail et al. (2022) studied the
stability analysis of shrinking sheet in the presence of MHD. Nadeem
et al. (2022) discuss the fuzzy parameters in shrinking sheet with MHD
effects of nanofluid flow. Ahmad et al. (2021b), Khan et al. (2022b),
Ghosh et al. (2022) are also explore the shrinking effects of sheet.

Injection and Suction is also having important effect which has creating
in result of shrinking/stretching. Gumber et al. (2022) discuss the effect
of injection/suction of hybrid micro-polar nanofluid over vertical sheet.
Soumya et al. (2022) studied the effect of shapes and injunction/suction
nanofluid flow in suction/injection process with nonlinear-thermal-
radiation and slip conditions. Khan et al. (2022a) explore the steady
squeezing flow of Magnetohydrodynamics Hybrid Nanofluid Flow
comprising carbon Nanotube-Ferrous Oxide/Water with Suctio-
n/Injection Effect. The recent trends indicated the significance of
nanofluid and hybrid nano fluids like Bhatti et al. (2022a,b) Bhatti et al.
discuss the application of nano and hybrid nano fluid in solar collectors.

The term (MHD) “magnetohydrodynamic” refers to the behavior of
fluid flow when it is subjected to magnetic and electromagnetic forces.
Highly conductive boilers, solar panels, and the polymer industry are
among the applications that utilize the MHD. Researchers have done a
wide range of studies in this sector, with the goal of keeping nanofluids
under the influence of electromagnetism. Al-Farhany et al. (2022)
studied the effect of MHD effects on nanofluid with u-shape particles
effect. Hossain et al. (2022) discuss the effects of MHD and heat flux with

yyaxis

Fig. 1. Inclined MHD nano fluid flow geometry with Bio Convective Particles.
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unsteady mixed convection for nanofluid flow through nano carbon
tubes. Dezfulizadeh et al. (2022) discuss the energy efficiency with MHD
effects for hybrid nanofluid flow over sheet. Alsaedi et al. (2022) studied
the numerical simulation with for nanofluid flow with MHD effects.
Many researchers Khashi’ie et al. (2022), Gouran et al. (2022), Nemati
et al. (2022) explor the effect of MHD effects for fluid flow over different
geometries.

In the literature, we observed less attention paid to the importance of
magnetized nanofluid with slip conditions for heat exchanging in the
presence of nonlinear thermal radiations and motiel micro organism. In
current research, we investigate the role of slip conditions with
nonlinear radiation, micro motile organisms, chemical reactions, incline
MHD, Soret, and DuFour effects on nanofluid flow through a two-
dimension porous sheet. Mostly, the nonlinear partially differential
equations are appears when we are solving the flow problems. Since the
resultant governing differential equations are nonlinear, the partial
differential equations are transformed into ordinary differential equa-
tions using a workable similarity transformation. The concluding
nonlinear governing equations were numerically solved using bvp4c one
of the MATLAB functions. As compared to earlier investigations, it was
found that the obtained results demonstrated high degrees of symmetry
and precision. The outputs are represented tabularly and graphically.
The variations of parameters are discussed for velocity profile, temper-
ature profile, concentration profile, and micro motile profile. The find-
ings and comments reported in this paper might aid in a better
understanding of nonlinear radiative and inclined MHD nanofluid flow
through a porous medium across a stretched sheet.

In this research Section 1 is introduction. Section 2 is development of
mathematical model as a result partial differential equations appear as
governing equations with slip boundary conditions which converted
into ordinary differential equations by using similarities. In Section 3
which is numerical procedure, a numerical method shooting technique
apply to get the numerical results. In Section 4 comparison takes place
under closed environment to validate the devolved model. In Section 5
obtained results are discussed graphically and in tables also. Conclusion
of study drawn in the Section 6 after that future work also discuss.

2. Mathematical model

In this study, we consider the flow of nano fluids through nonlinear
porous sheets under inclined magnetohydrodynamics (MHD), magne-
tized dissipation of dufour and soret, joule heating, and bioconvection
with moment, thermal, concentration, and micro motile slip boundary
conditions. There is a nonuniform velocity U(x, t) = 12 along the x-axis
of the sheet.

r

36, — 1)°) (2020 + 0°0') +3(6, — 1) (0> +06')] =0,

The geometry of flow is shown in the Fig. 1. The sheet is extended
across the fluid flow with theixed origin given the impact of opposing
forces. The flow ttern proceeded cording to the sheet’s stretching along
the x-axis. According to above assumptions and boundary conditions,
the governing equations of steady state conditions are given below.

uy +uy, =0, (@D)]

5 (1+4/3R)0 +f0 +Ecf 2+ N0 ¢ +N,92+4/3[(0w— 1)’ (36%6* + 60" +
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uN, + vNy + m [a—y (NC)):| = DmNyy- (5)

The g, radiative flux of radiation is shape up as follows

16
4= -TT,7

i ®)

The velocity components are representing by u, v, and w, v = (%) rep-

resentation of kinematic viscosity, y used for dynamic viscosity, K used
for permeability of the porous medium, Cp indicate the drag coefficient,k
is the thermal conductivity, and c, is a representation of specific heat, Dr
are the thermophoretic coefficient, D, representation of microorganism

“lefi“"’ representation of inclined MHD.

The boundary conditions are:

coefficient,

u=U(x,1) + Uyip,v = v,,, —kT, = he(T; = T),
—DgC, = hy(C; — C),N = N,/(x,t) = N,lip,N = —muyaty = 0, 7
u—0,v—0,T—T,, C—>Cy, N—> N wheny— co.

Where T, is the wall temperature, T,, ambient temperature, C, is the

concentration well beyond the wall, C,, is ambient concentration
The similarity transformations previously defined as

' a
u=axf (n),v=axg(n),n = \/;7 .
2Ny = No) =N — Ny w = —(av)h.

By above mentioned similarities transformations Eq. (5) is inconse-
quential verified, and Eqgs. (6)-(10) above-mentioned model will yield
the following results

AR =M G0N~ Row) =0, ©

(10)
. o P A
¢+ Sef b +8.80 +30 =0, an
b
7 +PLy —P# (c+y)+xd)=0. (12)

Now the transferred boundary conditions are
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Convert BVP
into IVP

Guess the initial
missing
conditions

Use bvp4c scheme’
to solve IVP

Update the
initial guess

If residual less
than error
torlerance

Calculate residual
of boundary
conditions

If residual
greater than error
torlerance

Final solution

Fig. 2. Methodology flow Chart.

{f—fmf =14+8f ,g=—-mf ,0=NJ1—00,,p = Nyl —p |,y =1+ Sgx ,atn =0,

f—0,8—0,y—0,0—0, p—0, atn—sco.

After using the above similarities and after simplification of above
model following dimensionless numbers are appeared, which are
denoted as, M = @ known as Hartman number, N; = % known as

2
Dufour number, S, = 3- known as soret number, E, = % known as
5 »(Tw—Te

Eckert number, Gt = ’M known as local thermal Grashoof
number, R ex) :x'y—U known as local Reynolds number, P, = % known as

Prandtl number, N, = % known as buoyancy ration value,

_ Ppps(Nw—Ny) s : . o
Ry, = m known as bio convective Reyligh number, S, = fon

known as schmidt number, P, = 2% known as Pecelt number, 6,, = L

dm Te
Dy (Cyw—
v

known as temperature ration value, N, = C=) known as value of

) known as value of Thermophoresis, Gr

Brownian motion, N; = ’D”(;%T"“

= g—; is known as thermal Grashoof number.
EN

Table 1
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Skin friction coefficient Cg, Nusetl number N, Sherwood number
Shx, and Micro motile density number N,,, are already defined as in
literature by many researchers like, Begum et al. (2017), Pal and Mon-
dal (2022), Jalil et al. (2017)

Tw

Cp = pu 14
G ) =
Sae _D(quj Co) (16)
Ny = ﬁ a7

In Eqgs (14), (15), (16), (17) t,, is the value of shear stress, q,, is the value
of local heat flux, g, is the value of local mass flux, and g, is the value of
micro motile flux which are equal

2, = i 0), a8)
9w = —KT,(0), 19
gn = —DC,(0), (20)
4n = —DuNy(0). @D

after the using of above value the non dimensional values of Skin fric-
tion, Nustel number, Sherwood number, and Micro motile number are

(13)
converted
Cf)cRex :f”(o)*, (22)
NuRe, = 6 (0), (23)
SiRe, = ¢'(0), 24
NyuRe, = 7 (0). @25

where the Re, is called Reynolds number Re, = %

3. Numerical procedure

The exact solution to the current problem seems to be complicated.
Therefore MATLAB is being used to solve the problem by discussing
below numerical procedure. The bvp4c methodology is used to solve the

Comparison of temperature profile 6 (0) with distinct values of different parameters with Begum et al. (2017) and Pal and Mondal (2022) results.

Nt

Current Findings

Begum et al. (2017) Pal and Mondal (2022)

Nb =0.2 Nb =0.6 Nb =0.2 Nb =0.6 Nb =0.2 Nb =0.6
0.2 0.092906 0.038324 0.092894 0.038319 0.092784 0.038301
0.4 0.092731 0.032497 0.092700 0.032495 0.092679 0.032483
0.6 0.092545 0.026905 0.092507 0.026913 0.092499 0.026904
0.8 0.092343 0.022010 0.092316 0.022045 0.092298 0.022048
0.9 0.092126 0.018034 0.092123 0.018095 0.092125 0.018101
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Table 2
Comparison of temperature profile 6 (0) with distinct values of different parameters with Begum et al. (2017) and Pal and Mondal (2022) results.
M C t Findi
Cui et al. (2022) Mahabaleshwar et al. (2022) urrent ¥indings
- f'(0) 6 (0) - f"(0) 0(0)’ - f(0) 0 (0)
0.0 1.000000 0.0000 1.0000080 0.00000 1.0000153 0.000000
0.2 1.095445 0.5128 1.0954458 0.51282 1.0954621 0.512772
0.6 1.224745 0.8371 1.2247446 0.83714 1.2247486 0.837101
1.0 1.414214 1.2873 1.4142132 1.28736 1.4142152 1.287253
1 . - - . : 1 : : - : :
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Fig. 3. Fluctuation in Velocity Profile f (1) along different parameters.
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Fig. 4. Fluctuation in Temperature Profile 6(1) along different parameters.
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Table 3
Numerical results for coefficient of skin friction, Nusselt number, Sherwood Number, and Micro Motile Number of nanofluid and for slip effect with different
parameters.
M Sc G, Nt Nb — Cfy — Nuy, — Shy — Nh,
1.0 0.2 1.0 0.1 0.1 3.134021 0.6225744 0.5331885 0.7062711
1.5 3.335692 0.5630240 0.5561623 0.6781460
2.0 2.908412 0.5136472 0.5771311 0.6594955
2.5 2.871653 0.4733730 0.5946434 0.6462538
0.2 1.5872715 0.6225743 0.5331885 0.7062711
0.5 1.6536586 0.6209624 0.5344349 0.7070119
0.8 1.7219583 0.6166805 0.5365094 0.7060292
1.1 1.791174 0.6223866 0.539129 0.703833
1.0 1.5872715 0.6225744 0.5331885 0.7062711
2.0 1.7784707 0.5975564 0.5428274 0.6942725
3.0 1.9535947 0.5740727 0.5521910 0.6836087
4.0 2.1164658 0.5510572 0.5616085 0.6737208
0.1 1.5872715 0.6225744 0.5331885 0.7062711
0.3 1.5872715 0.5430147 0.1317556 0.4966811
0.5 1.5872715 0.4741037 -0.0692192 0.3973130
0.7 1.5872715 0.4146559 -0.1215313 0.3772477
0.2 1.5872715 0.5599217 0.7080255 0.8002808
0.4 1.5872715 0.4485822 0.7932986 0.8461412
0.6 1.5872715 0.3549215 0.8199253 0.8603803
0.8 1.5872715 0.2774614 0.8320147 0.8667833
Table 4
Numerical results for coefficient of skin friction, Nusselt number, Sherwood Number, and Micro Motile Number of nanofluid and for non-slip effect with different
parameters.
M Sc G, Nt Nb — Cfy — Nuy, — Shy — Nh,
1.0 0.2 1.0 0.1 0.1 2.333031 0.6225744 0.5331885 0.7062711
1.5 2.572214 0.5630240 0.5561623 0.6781460
2.0 2.787806 0.5136472 0.5771311 0.6594955
2.5 2.835034 0.4733730 0.5946434 0.6462538
0.2 1.5872715 0.6225743 0.5331885 0.7062711
0.5 1.6536586 0.6209624 0.5344349 0.7070119
0.8 1.7219583 0.6166805 0.5365094 0.7060292
1.1 1.791174 0.6223866 0.539129 0.703833
1.0 1.5872715 0.6225744 0.5331885 0.7062711
2.0 1.7784707 0.5975564 0.5428274 0.6942725
3.0 1.9535947 0.5740727 0.5521910 0.6836087
4.0 2.1164658 0.5510572 0.5616085 0.6737208
0.1 1.5872715 0.6225744 0.5331885 0.7062711
0.3 1.5872715 0.5430147 0.1317556 0.4966811
0.5 1.5872715 0.4741037 -0.0692192 0.3973130
0.7 1.5872715 0.4146559 -0.1215313 0.3772477
0.2 1.5872715 0.5599217 0.7080255 0.8002808
0.4 1.5872715 0.4485822 0.7932986 0.8461412
0.6 1.5872715 0.3549215 0.8199253 0.8603803
0.8 1.5872715 0.2774614 0.8320147 0.8667833

system of ordinary differential Eqs. (13)—(17) of fluid flow model. The
tolerance of given problem is 107 and the more details of methodology
see in below figure. To compute the result, the first guess is necessary to
meet the boundary condition when using this approach. For the imple-
mentation following variables are introduced (Fig. 2).

=01 =0 =61 =2,
0=20,0 =C5,0" =00,

, " (26)
¢ = §6a¢ = §77¢ = §§27
=8k =lox =L
1
¢4 = ﬂ-é‘zz =268, + 4.8, — {185, 27)
6= _Pr(évl L+ (Nb¢7-5:9 +Nr§72))7 (28)
L8 = Seo(l+84,)" €™ 8y — 5.4, Lo, (29)
0Ly =P($L4-(0+C10) +Ci1.Ly) — PrLy F Ly (30)

{Cl :f;vvélz =1 +Sf§37§4 =1+ é‘SSt‘hé,G =1+1 +§7S)(7an/] =0. (31)

£,—0,8,—0,{—0,{—0,{,,—0, atm—0.
4. Model validity

We showed and analyzed the findings of the above-mentioned
technique in this section. When recent findings are matched to prior
findings of Begum et al. (2017), Pal and Mondal (2022), Jalil et al.
(2017), Abdal et al. (2019), for limited cases, the validity of the obtained
results are proven. The outcomes due to variations of viscosity, Inclined
MHD, micro motility, and Arrhenius energy are explored in tables and
figures by using the default numeric values of parameters that are
already dimensionless in the mathematical model, N; = 0.1, N, = 0.2, M
=1,y=0.1,6,=0.1,Ec=0.1,=0.5,Rd=0.1,Pr=0.7,Sc = 0.1, Kr =
0.1,Sr=0.1,Rb=0.2,Nr=0.2,Lb=1,6=0.5,Pe =0.1,Nc = 0.2, 1 =
0.01, a =30°,s=0.2,A=1,B=1,C =1, D=1. These comparison
tables comprehensively showing the validation with exciting literature
(Tables 1 and 2).
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5. Result and discussion

This section explain the results and effectiveness of current study for
the velocity profile, temperature profiles, nano particle concentration
profiles, and density of motile micro organisms profiles. These results
are find out under fix values of parameters: =25°% 5 =0:8;1 =2.1; Fr
=0.3;Pr =1.9;Sc = 2.2;6 = 0.2;E = 1.4;Sr = 0.2;Nb = 0.8;Nt =
0.4;Lb =1.3;Pe =1.2;Rb =0:4;M =1.4;Rd = 0: 3. The fascinating
factor of current research is comparison of two different types of
boundary conditions, one is non-slip and other is multi-slip boundary
conditions.

In the first set of the figures describe the effect of different parame-
ters on velocity profile f (). In Fig. 3, the consequences observe that for
the boosted values of the parameters, MHD parameter M, parameter of
porosity 4, angle of inclination a, rotating parameter j, Eclet number Fr
velocity showing decreasing behavior. Lorentz forces create the hin-
drance in the fluid flow which reduces the velocity of fluid. In the Fig. 4,
the behavior of temperature profile discuss. it is clearly observed the
enlargement in temperature profile for the boosted values of 1, M, j, Nb,
Nt, Rd, and Sr. it shows decreasing behavior for the boosted value of Sr
In the Fig. 5, the behavior of concentration profile discuss. it is clearly
observed the enlargement in concentration profile for the boosted values
of 4, M, p, Nb, Nt, Rd, and Sr. it shows decreasing behavior for the
boosted value of Sr, Sc, and 6. In the Fig. 6, the behavior of motile micro
organism profile discuss. it is clearly observed the enlargement in motile
micro organism profile for the boosted values of A, M, 5, Nb, Nt, Rd, and
Sr. it shows decreasing behavior for the boosted value of Sr, Sc, and o.

In the below Table 3 the values of skin friction, Nussetl number,
sherwood number and motile micro organism number are concluded
under the boosted values of few parameters for the suction phenomena.
The values of skin friction coefficient increases with increasing of value
of M, Rayleigh number R;, Natural convicting numberN, and remain
constant for the value of Nt and Nb, and decreases by increasing the
value of Grashoof number G,, Pecalt numberP,, Prandel numberP,. The
nustel number depreciation observed for the boosted values of M, and
increasing for the boosted value of, Grashoof number G,, Pecalt
numberP,, Nt and Nb. The values of Sherwood number for the boosted
values of Grashoof number G,, Pecalt numberP,, N;, and N, and de-
creases for the value of M. The motile micro organism number increment
observed for the the boosted values of Grashoof number G,, Lewis
numberL,, N;, Ny, Pecalt numberP, and decreases for boosted value of M.

In the below Table 4 the values of skin friction, Nussetl number,
sherwood number and motile micro organism number are concluded
under the boosted values of few parameters for the suction phenomena.
The values of skin friction coefficient increases with increasing of value
of M, Rayleigh number R;, Natural convicting numberN, and remain
constant for the value of Nt and Nb, and decreases by increasing the
value of Grashoof number G,, Pecalt numberP,, Prandel numberP,. The
nustel number depreciation observed for the boosted values of M, and
increasing for the boosted value of, Grashoof number G,, Pecalt
numberP,, Nt and Nb. The values of Sherwood number for the boosted
values of Grashoof number G,, Pecalt numberP,, N,;, and N, and de-
creases for the value of M. The motile micro organism number increment
observed for the the boosted values of Grashoof number G,, Lewis
numberL,, N;, Ny, Pecalt numberP, and decreases for boosted value of M.

6. Conclusion

In Current research, we studied the two-dimension Nanofluid
through a porous medium containing Inclined magneto hydrodynamics
force, nonlinear radiations, sort and Dufour effect,bio-convection, joule
heating, chemical reaction, and suction injection parameter. The
dimensionless fluid flow governing equations are numerically solved
with help of the bvp4c package of MATLAB. The obtaining results are
shown graphically and tabularly for slip and non-slip conditions. The
comparison of obtained results is also showing significance with few
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other existing results in the literature for the biconvection flow in
Nanofluid which endorse the applicable value of bioconvection pattern.
Few important results are given below

The velocity profile along f/ has negative behavior for the boosted

values of # and inclined M for both suction and injection.

The temperature profile of nanofluid is enhanced for the boosted

value of Nb and Nt and having the decreasing behavior nature for the

large value of Pr for both Suction and injection.

e The concentration of nanofluid is increasing for the boosted value of
4, Nt, E and observe opposite behavior for Sc, Nb, M

e The profile of micro motile organism is increasing nature for the
enhanced value of Pe and observe decreasing behavior for the
boosted value of 1

e The values of skin friction coefficient increases with increasing of

rotatory parameter Ry, porosity parameter 1, and remain constant for

the value of Nt and Nb.

The motile micro organism number increment observed for the the

boosted values of M, porosity parameter 4, and Nt and Nb.

Future work

The parametric implications of fluid dynamics have been effectively
clarified through our computational work. This research work might be
expanded in different directions.

e Maxwell, williamson, prandel, and viscoelastic Jeffrey’s nanofluids
might incorporate.

e Three dimensional sheet, cylinder, disc might incorporate for fluid
flow.
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