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Abstract. An analytical model is employed for the nanofluid flow, heat and mass transfer from an
infinite vertical plate in the presence of chemical reaction, and Soret effect. The governing equations
that come from this are non-dimensionalized, transformed into a comparable form, and then solved
using the three term perturbation technique and the accompanying boundary conditions. For this
investigation, three different types of nano-fluids containing metallic nano particles as Cu (copper),
and non-metallic nano particles as Al2O3 (alumina oxide), TiO2 (titanium oxide) are considered, and
water is considered as a base nanofluid. Using the MATLAB “Perturbation Method” and the findings
already published in the literature, the resulting results are verified. It is described how important
variables including the magnetic parameter, chemical reaction parameter, Soret number, the solid
volume percentage of nanoparticles, the kind of nanofluid used, Nusselt number, Sherwood number
and skin friction coefficient affect the flow. Tabular comparisons with published findings are shown.
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1. Introduction
Nanotechnology is now often employed in a variety of industrial applications. In order to make
nanofluids, which have a far better thermal conductivity than normal fluids, nanometer-sized
components are petrified in a conventional heat transmission fluid to boost heat transmission
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capabilities. It was firstly developed by Choi and Eastmen [4]. According to research by
Eastman et al. [7], a nanofluid containing water and 5% CuO nanoparticles may increase
heat conductivity by up to 60%. In a circular tube with a fixed temperature, Heris et al. [10]
inspected the laminar flow of convection heat transmission alumina oxide nanofluid. The
convectional heat transmission and flow properties of a nanofluid based on Cu-H2O were
explored by Qiang and Yimin [22]. An investigational correlation for the thermal conductivity of
Al2O3 water nanofluid as a function of nanoparticle size between 11mm and 150mm across a
broad temperature range between 21 ◦C and 71◦C was obtained by Chon et al. [5]. For enhanced
heat transmission applications, Chopkar et al. [6] investigation looked at the production and
characterisation of nanofluid. Sheikholeslami et al. [27] examined the nanofluid flow and heat
transmission in a spinning device in the existence of a magnetic field. Albadr et al. [2] observed
heat transmission along a heat transmission employing Al2O3 water nano fluid at various
concentrations. The effect of the dispersion technique on the thermal conductivity and stability
of nanofluids was covered by Nasiri et al. [19].

Santra et al. [25] investigated the heat transmission resulting from the laminal flow of
copper water nano fluid across two parallel surfaces that had been isothermally heated. Mahdi
et al. [16] investigated the impact of nano fluid on fluid flow and convective heat transmission in
porous media. A numerical analysis of Cu water nano fluid in a square hollow with a conducting
solid square cylinder at its centre was published by Sharma et al. [26]. Kuznetsov and Nield
[15] studied the natural convective boundary layer flow of a nanofluid through a vertical plate.
The numerical answer for a flow of mixed convection and edge layer in a nanofluid along a
disposed plate submerged in a porous medium. The homotopy modeling of nanofluid dynamics
from an isothermally growing, permeable sheet with transpiration was calculated by Rashidi et
al. [24]. Rana et al. [23] looked into the numerical result for the drift of a nanofluid in a mixed
convective boundary layer down an inclined plate embedded in porous material. In an annulus,
Parvin et al. [20] evaluated the differential in thermal conductivity between the alumina water
nano fluid and the surrounding water.

Owing to the strong influence of the magnetic field on the control of border layer flow and
the enactment of numerous systems by means of electrically conducting field, such as MHD
power generators, nuclear reactor cooling, plasma research, geothermal energy extraction,
and so forth, there has been a resurgence in interest in MHD flow and heat transmission in
permeable and clear domains. The heat transmission assorted convection slip flow through
a vertical porous plate was examined by Mukhopadhyay and Iswar [18]. Kumar and Kumar
[13] demonstrated the movement of a nanofluid over a vertical plate in an unstable MHD free
convective boundary layer. Aly [3] observed the radiation and MHD boundary layer stagnation
spots of the nanofluid flow toward a stretched sheet enclosed in the porous medium. Williamson
nanofluid in porous media was studied by Konda et al. [12] for its impact on edge layer flow
and melting heat transmission. A vertical plate imbedded in a permeable medium with a
convective edge condition was used by Makinde and Aziz [17] to design the MHD mixed
convection. The MHD oscillatory flow in a porous channel drenched with a permeable material
was considered by Falade et al. [8]. Tripathy et al. [28] looked at the effect of a chemical reaction
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on the MHD free convective surface over a moving vertical plate in a permeable medium. The
erratic flow of multiple nano fluids via an accelerating vertical surface plate implanted inside a
penetrable medium was premeditated by Hussanan et al. [11].

In light of the aforementioned findings, we investigate the heat transmission characteristics
in flows of Cu and Al2O3, TiO2 water-based nanofluids, as well as chemical reaction and the
Soret effect. The three term perturbation approach is used to resolve the governing equations
analytically. Prandtl number, suction parameter, magnetic field effects on the flow, velocity,
temperature, and concentration disseminations are all provided together with the variables.
The Soret number, the parameters include nusselt number, sherwood number and skin friction,
nanoparticle volume segment. The findings are in strong accord with pertinent findings in the
current literature.

2. Identification and Characterization of the Problem
Take a look at a two-dimensional steady edge layer of a nanofluid consisting of three various
nano particles Cu, Al2O3, and TiO2 water-based fluids flowing across an infinite plate in a
uniformly free flow, as drawn in Figure 1. Assume that the nanofluid is in thermal evenness
and that no-slip conditions occur among them. In the coordinate system, the x-axis runs parallel
to the plate while the z-axis is perpendicular to it.

Figure 1. Physical model of the problem

Normal execution of the magnetic field strength (Bo) to the plate is made. In a stationary
situation, the fluid is at the same heat and concentration as the plate, and when t ≥ 0, the
temperature T ′∞ and concentration C′∞ at the platter vary harmonically with persistent mean.

A water-based nanofluid with three distinct kinds of nanoparticles —Cu, Al2O3, and TiO2—
makes up the fluid in the present challenge. It is envisaged that the nanoparticles would have
a consistent size and shape. Additionally, it is anticipated that both fluid phase nanoparticles
will be in a condition of thermal equilibrium. Table 1 lists the thermophysical characteristics of
nanofluids. The governing equations are as follows after taking into account the prior hypotheses
(Prasad et al. [21]):
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The initial and boundary conditions of the fluid flow are
u′(z′, t′)= 0, T ′ = T ′∞, C′ = C′∞ for t′ < 0
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The equation (1) gives

v′ =−V0 (V0 > 0) . (6)

Here V0 is given as an unvarying suction velocity and it is pointed towards the plate with
opposite sign.

For the nano fluids, the expression of density (ρnf ), thermal diffusivity (αnf ), thickness of
the nano fluid(µn f ), thermal extension coefficient
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as [28]

ρn f = (1−φ)ρ f +φρs, αn f =
Kn f

(ρCp)n f
, µn f =

µ f

(1−φ)2.5 ,

(ρβ)n f = (1−φ)(ρβ) f +φ(ρβ)s, (ρCp)n f = (1−φ)(ρCp) f +φ(ρCp)s

Nano fluids efficient thermal conductivity is deliberated by
Kn f

K f
=

[Ks +2K f −2φ(K f −Ks)
Ks +2K f +2φ(K f −Ks)

]
.

Introducing the following dimensionless variables,

u = u′

U0
, z∗ = U0z′

v f
, t = U2

0 t′

v f
, w = w′v f

U2
0

, θ = T ′−T ′∞
T ′

w −T ′∞
,

ψ= C′−C′∞
C′

w −C′∞
, Kr= K1v f

U2
0

, Pr= v f

α f
, Gc= (ρβ∗)n f gv f (C′

w −C′∞)

ρn f U3
0

,

Gr= (ρβ)n f gv f (T ′
w −T ′∞)

ρn f U3
0

, K = K ′ρ f U2
0

v2
f

, Sc =
v f

Dm
, M = σB2

0v f

ρn f U2
0

,

Q =
Q′v2

f

K f U2
0

, Sr= DmKT

Tm

∂2θ

∂z2

[
T ′

w −T ′∞
C′

w −C′∞

]

Communications in Mathematics and Applications, Vol. 14, No. 1, pp. 295–309, 2023



Thermo-Diffusion Effect on MHD Flow of Various Nano Fluids Past a Vertical Porous Plate: D. D. Babu et al. 299

Table 1. Physical characteristics of nanofluids and water [1]

Physical properties ρ (kgm−3) β×10−5 (k−1) k (w m−1 k−1) Cp (Jk−1 g−1 k−1)

H2O 997.1 21 0.613 4179

Cu 8933 1.67 400 385

Al2O3 3970 0.63 46 765

TiO2 4250 1.05 8.90 686

The governing equations (2) to (4) are reduced to
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The relative initial and boundary constraints in these non-dimensional form specifications are
provided:

u = 0, θ = 0, ψ= 0 for t < 0
u = 1, θ = 1+εeiwt, ψ= 1+εeiwt for t ≥ 0 at z = 0
u = 0, θ = 0, ψ= 0 for t →∞

 (10)

3. Solution of the Problem
The following three term perturbation approach is used to resolve the coupled nonlinear
structure of equations (7) to (9) and the boundary conditions (10). Assumed are the following
formulae for velocity, temperature, and concentration:

u = u0(z)+εeiωtu1(z)+ε2e2iωtu2(z)+O(ε3) , (11)

θ = θ0(z)+εeiωtθ1(z)+ε2e2iωtθ2(z)+O(ε3) , (12)

ψ=ψ0(z)+εeiωtψ1(z)+ε2e2iωtψ2(z)+O(ε3) . (13)

The following equations are produced by replacing calculations (11) to (13) into equations (7) to
(9) and comparing harmonic and non-harmonic terms while ignoring high order components.
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A5
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The boundary conditions (10) become
θ0 = 1, θ1 = 1, ψ0 = 1, ψ1 = 1, u0 = 1, u1 = 0 at z = 0
θ0 = 0, θ1 = 0, ψ0 = 0, ψ1 = 0, u0 = 0, u1 = 0 at z →∞

}
(23)

Now, by solving the above system of equations, one can have

u(z, t)= (a3e−m8z +a4e−m2z +a5e−m14z)+ε(a8e−m10z +a9e−m4z +a10e−m16z)eiωt

+ε2(a13e−m12z +a14e−m6z +a15e−m18z)e2iωt , (24)

θ(z, t)= e−m2z +ε(e−m4z)eiωt +ε2(e−m6z)e2iωt , (25)

ψ(z, t)= (b1e−m2z +b2e−m8z)+ε(b2e−m4z +b4e−m10z)eiωt +ε2(b5e−m6z +b6e−m12z)e2iωt .
(26)

The plate’s skin friction coefficient Z = 0 is given by

τ=
(
∂u
∂t

)
z=0

= (−m8a3 −m2a4 −m14a5)+ε(−m10a8 −m4a9 −m16a10)eiωt

+ε2(−m12a13 −m6a14 −m18a15)e2iωt . (27)

The plate’s Nusselt number Z = 0 is given by

Nu=
(
∂θ

∂t

)
z=0

=−m2 +ε(−m4)eiωt +ε2(−m6)e2iωt . (28)

The Sherwood number at the plate Z = 0 is given by

Sh=
(
∂ψ

∂t

)
z=0

= (−m2b1 −m8b2)+ε(−m4b2 −m10b4)eiωt +ε2(−m6b5 −m12b6)e2iωt . (29)

4. The Findings and Discussion
To get a physical understanding of the issue, analytical computations are made for various
values of the components that govern the flow characteristics, and the results are visually
shown. We have presented the computational results in Figures 2-14. The comparison results
described by Kumar et al. [14] are shown in Table 5 for various values of M and φ by taking
Pr= 6.2 and Sr= 0.

The effects of thermodiffusion (Sr) on the velocity and concentration profiles of the nanofluids
Cu water, Al2O3 water, and TiO2 water are shown in Figures 2 and 3. These nanofluids were
used as a test subject. It can be shown that increasing Sr values improve the distributions of
velocity and concentration. It occurs as a result of the production of excess mass fluxes brought
on by temperature gradients for increasing Sr levels. Additionally, increasing Sr levels increases
the thickness of the thermal boundary layer.
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Figure 2. The velocity profile against Sr Figure 3. The concentration profile against Sr

The influence of nano particle volume fraction (ϕ) on concentration, heat, and velocity
supplies are presented in Figures 4-6 for the nanofluids Cu water, Al2O3 water, and TiO2

water, respectively. Figures 4 and 6 demonstrate that increasing the concentration and velocity
distribution of the nanofluids made of Cu, Al2O3, and TiO2 results in a drop in both, whereas
Figure 5’s temperature profile increases as the concentration of Cu, Al2O3, and TiO2 increases.
It happens as a outcome of the thermal edge layer, whose wideness decreases with cumulative
values of. Figures 7-9 depict the velocity, temperature, and concentration circulations for
different Pr values. When Pr values are raised, the velocity and heat profiles of nanofluids Cu
water, Al2O3 water, and TiO2 water become less noticeable. Low thermal diffusivity in big Pr
fluids results in less heat transmission.

Figure 4. The concentration profiles against ϕ Figure 5. The temperature profiles against ϕ
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Figure 6. The velocity profiles against ϕ Figure 7. The velocity profiles against Pr

Figure 8. The heat results against Pr Figure 9. The concentration results against Pr

Figure 10. The velocity results against S Figure 11. The temperature results against S
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Figure 12. The concentration results against S Figure 13. The velocity results against M

Figure 14. The concentration results against Kr

For nano fluids, the impacts of the suction (S) parameter are demonstrated in Figures 10–12,
respectively, for velocity, temperature and concentration. It is observed that when suction (S)
parameter values are increased, velocity, temperature, and concentration decrease. For both
nano fluids Cu, Al2O3, and TiO2, increasing the suction parameter (S) causes a decrease in the
fluid’s velocity across the boundary layer. S has a significant influence on fluid velocity in nano
fluids containing the nanoparticles Cu, Al2O3, and TiO2. Additionally, it is noted that Cu water
has a greater maximum velocity than Al2O3 and TiO2 do in the area. Figure 12 shows that S
reduces the concentration profiles because, as is typical, the suction stabilizes border growth.

Figure 13 displays the velocity profiles decreases when enhancing the magnetic field (M)
parameter for the nano fluids. These effects are very stronger near the surface of the plate.
Applying a magnetic field to an electromagnetically controlled fluid provides a dragline energy
that reduces flow velocity, which is consistent with this conclusion. Figure 14 predicts that
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as the strength of chemical reaction (Kr) upsurges, the concentration profiles become slow
down. It is due to the fact that various species concentration affects the rate of reaction of these
mechanisms.

Increasing the Soret, Grashof, and modified Grashof numbers as well as the reversal
behaviour seen in nano particle volume fraction limitation, magnetic limitation, and suction
limitation for nano fluids Cu, Al2O3, and TiO2, are all shown in Table 2 as increasing the skin
friction values. Table 3 and Table 4 show the statistical values of the Nusselt number and
Sherwood number for the nano particles Cu, Al2O3 and TiO2, respectively. Table 3 provides the
following information: it is perceived that the Sherwood number diminishes with enhancing the
values of (S), (Q), while it enhances as increasing (ϕ). From Table 4, it is clear that Sherwood
number raising as increase in the (Sr), (S) and it is diminishes as increase in the (Kr), and (ϕ)
for the nano fluids Cu, Al2O3, and TiO2.

Table 2. Skin friction coefficient (τ) by varying ϕ, M, S, Sr, Gr, Gc

ϕ M S Sr Gr Gc Cu-water Al2O3-water TiO2-water

0.05 1 0.1 0.5 2 2 0.9266 0.8635 0.8582

0.10 0.8289 0.7122 0.7025

0.15 0.7348 0.5736 0.5600

1.5 0.5239 0.4694 0.4649

2 0.2075 0.1590 0.1550

2.5 0.0562 0.0191 0.0137

0.2 0.8034 0.7449 0.7387

0.3 0.6833 0.6321 0.6253

0.4 0.5675 0.5257 0.5186

1 1.0634 0.9950 0.9915

1.5 1.2002 1.1265 1.1247

2 1.3370 1.2580 1.2545

3 1.3206 1.2433 1.2344

4 1.7147 1.6230 1.6107

5 2.1087 2.0028 1.9869

3 1.5574 1.4712 1.4672

4 2.1182 2.0788 2.0761

5 2.8190 2.6865 2.6851
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Table 3. Nusselt number (Nu) by varying S, ϕ, Q

S ϕ Q Cu-water Al2O3-water TiO2 water

0.1 0.05 1 -1.2455 -1.2493 -1.2723

0.2 -1.6536 -1.6581 -1.6938

0.3 -2.1169 -2.1222 -2.1721

0.10 -1.0899 -1.0969 -1.1379

0.15 -0.9515 -0.9615 -1.0172

0.20 -0.8259 -0.8387 -0.9072

2 -1.6113 -1.6165 -1.6445

3 -1.8961 -1.9022 -1.9343

4 -2.1376 -2.1446 -2.1800

Table 4. Sherwood number (Sh) by varying S, Kr, Sr, ϕ

S Kr Sr ϕ Cu-water Al2O3-water TiO2 water

0.1 0.5 0.5 0.05 -0.3441 -0.3431 -0.3371

0.2 -0.2644 -0.2632 -0.2536

0.3 -0.1680 -0.1665 -0.1528

1.0 -0.6062 -0.6052 -0.5995

1.5 -0.8060 -0.8050 -0.7991

2.0 -0.9815 -0.9800 -0.9719

0.6 -0.2935 -0.2923 -0.2851

0.7 -0.2429 -0.2415 -0.2330

0.8 -0.1923 -0.1907 -0.1809

0.10 -0.3843 -0.3825 -0.3719

0.15 -0.4195 -0.4170 -0.4028

0.20 -0.4512 -0.4480 -0.4307

Table 5. Comparison of skin friction (ϕ) for Pr= 6.2, Sr= 0

M Q Cu-water

Sravan Kumar et al. [14] Present study

0.5 0.5 0.63997 0.63896

1.0 1.0 0.57647 0.57266

2.0 2.0 0.56987 0.56757
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5. Conclusions
In this work, heat source/sink, chemical reaction, and Soret effect are used to examine the
temperature and mass transmission properties of Cu-water, Al2O3-water, and TiO2 water based
nano fluids across permeable media while using a magnetic field. A three-term perturbation
approach is used to solve the governing equations. The findings are as follows:

(i) Al2O3-water and TiO2-water based nano fluid displays thicker velocity boundary than
Cu-water based nano fluid. The thickness of the momentum boundary layer decreases as
the density of suction at the plate surface rises.

(ii) As enhancing the Soret (Sr) number, the velocity and concentration profiles are also
increases in Cu, Al2O3, and TiO2 nano fluids.

(iii) Al2O3-water and TiO2-water based nano fluid displays thicker thermal boundary than
Cu-water based nano fluid. The thermal boundary thickness diminishes when enhancing
the suction (S) parameter and Prandtl (Pr) number whereas it enhances with rising
numbers of nano particle volume segment (ϕ) parameter.

(iv) When the numbers of nano particle volume fraction (ϕ) parameter enhances, the velocity
and concentration profiles are increases in Cu, Al2O3, and TiO2 nano fluids.

(v) An enhance in Sr, Gr, and Gc increases the skin friction coefficient while the opposite
behaviour is perceived with enhancing the ϕ, M and S.

(vi) Increases in S and Q parameters decrease the Nusselt number whereas the opposite
behaviour is observed in ϕ.

(vii) The mass transmission rate at the plate surface rises as the Sr, S increases and decreases
as the Kr, ϕ.

Nomenclature

u, v Velocity field components in x, z direction (ms−1)

Gc Mass Grashof value

Gr Thermal Grashof value

M Magnetic field

Pr Prandtl number

T Temperature (T)

S Suction/injection parameter

Sc Schmidt number

Sh Sherwood number

Sr Soret number

Nu Nusselt number

Q Heat source

Kr Chemical reaction parameter
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Greek Symbols
α Thermal diffusivity

ρ Density of fluid (kg/m3)

µ Dynamic viscosity (kgm−1s−1)

ϕ Volume fraction of nano fluid (mg)

θ Dimensionless temperature

ν Kinematic viscosity (m2s−1)

σ Electrical conductivity (sm−1)

β Thermal expansion coefficient (K−1)

Subscripts
f Fluid

s Nano particle

nf Nano fluid
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