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In the presence of a diffusion thermal and coupled magnet field effect, this manuscript
seeks continuous free convective motion by a viscous, incompressible fluid that conducts
electrically past a sloping platform via a porous medium. The free flow speed may be
compatible with the exponentially tiny disrupting law. Two-term harmonic and non-
harmonic functions solve dimensional-less control equations analytically. Detailed graphs
are used to determine the budgets for tempo, temperature, and concentration for
various limit calculations. Also, the numbers of Nusselt and Sherwood are given and
evaluated with the graphs. Its sketches illustrate that the velocity profiles get reduced by
the increase of aligned magnetic field parameter (a) and inclined angle parameter ().
Temperature profile is accelerated by rising heat absorption, Dufour number and
concentration distribution is decelerated by enhancing the chemical reaction and
Schmidt number. Heat and mass transfer frequently occurs in chemically processed
industries, distribution of temperature and moisture over agricultural fields, dispersion
of fog and environment pollution and polymer production. Free convection flow of
coupled heat and mass transfer occurs due to the temperature and concentration
differences in the fluid as a result of driving forces. For example, in atmospheric flows,
thermal convection resulting from heating of the earth by sunlight is affected differences
in water vapour concentration.

1. Introduction

The diffusion is the net migration of something from a region of higher concentration to a part of
lower concentration (e.g., particle, ions, and molecules). A concentration curve regulates
distribution. In several application areas, the principle of diffusion is commonly applicable, including
physics (particular diffusion), chemistry, genetics, economics, and finance. Moreover, both of these
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are acquainted with the central notion of distribution: an entity (e.g., particle, concept, etc.), which
is diffused expands from a point or place at which the entity is more focused. A gradient is a difference
in the values of a number, i.e., concentration, strain, or temperature, typically distance while
changing in another variable. Position shifts are called a concentration gradient, a position shift is
called a pressure gradient, and a distance change is called a temperature gradient.

In an environment where heat is produced and resultantly a mixed MHD convection flow in case
of Jeffrey fluid is obtained this flow is observed through a radiating, inclined permeable moving layer
is possessed by Raju et al., [1]. Vedavathi et al., [2] have expressed Casson magneto hydro mechanics
fluid flow chemical reactions, radiation, and Dufour results in a vertical plate of heat source/sink. The
dimensional magnetic field and the resultant diffusion effect on the unstable convective MHD flow
passing through a sloped has been studied by Ramaiah and Prasad [3]. Normal convection over a
platform was first experimentally studied by Rich [4]. Chen et al.,, [5] provide a computational
approach on an inclined object with temperature variant surface giving rise to natural convection. Yu
and Lin [6] explained the phenomenon of heat transmission from an object randomly inclined angle.
Muthucumaraswamy [7] Explains thermal and hydromagnetic radiations impact on the unstable flow
in an environment where the isothermal plate is inclined in an oscillating position. Ramaprasad et al.,
[8] have analysed the free convective flow via a moveable leaning region of the electrically conductive
fluid with substantial viscosity via in environment of the magnetic field. The unsteady hydrodynamic
chemical reactive viscoelastic fluid flow was tested by Kumaresan and Kumar [9] have discovered by
via a plate subjected to heat ‘borne radiation with uniform temperature. Very recently Balamurugan
and Murthy [10] have examined a vertically inclined object having pores and noted a prevalent
thermo dynamic reaction giving rise to viscous. Chemical reaction engineering (reaction engineering
or reactor engineering) is a specialty in chemical engineering or industrial chemistry dealing with
chemical reactors. Frequently the term relates specifically to catalytic reaction systems where either
a homogeneous or heterogeneous catalyst is present in the reactor. For example, in reactive
separations, vessels, retorts, certain fuel cells and photo catalytic surfaces. The issue of solvent
effects on reaction kinetics is also considered as an integral part. Reactor design uses information,
knowledge and experience from a variety of areas - thermodynamics, chemical kinetics, fluid
mechanics, heat and mass transfer and economics. Chemical reaction engineering is the synthesis of
all these factors with the aim of properly designing a chemical reactor. Nandkeolyar et al., [11]
studied the effect of chemical reaction and heat absorption on MHD nano liquid flow past a stretching
sheet in the presence of a transverse magnetic field. Mohapatra et al., [12] investigated the effect of
chemical reaction on MHD micropolar fluid flow on a vertical surface through porous media with heat
source. Srinivas Reddy [13] analyzed the Impact of chemical reaction on MHD free convection heat
and mass transfer from vertical surfaces in porous media considering thermal diffusion and diffusion
thermo effects. Sheri and Shamshuddin [14] studied diffusion-thermo and chemical reaction effects
on an unsteady MHD free convection flow in a micropolar fluid diffusion-thermo and chemical
reaction effects on an unsteady MHD free convection flow in a micropolar fluid. Malik and Khalil-ur-
Rehman [15] studied effects of second order chemical reaction on MHD free convection dissipative
fluid flow past an inclined porous surface by way of heat generation. Salbi et al., [21] the effect of
coating material composition on the encapsulation of physical and chemical properties of fig powder
was investigated. As coating material maltodextrin and acacia gum at different ratios were chosen
(100% and 75%:25%). The core to coating ratio was 1:1. Khan et al., [22] The present study analyses
the magnetohydrodynamic (MHD) flow of a double stratified micropolar fluid across a vertical
stretching/shrinking sheet in the presence of suction, chemical reaction, and heat source effects. The
governing equations in the form of partial differential equations are transitioned into coupled
nonlinear ordinary differential equations by means of similarity transformation. Phu et al., [23] a
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nanofluid-based solar collector duct equipped with baffles is examined numerically. Baffles are
located on the back plate to guide nanofluid flow toward absorber plate for heat transfer
enhancement purposes. Cu-water nanofluid with fixed flow rate and concentration in the baffled
duct are investigated for thermohydraulic mechanisms. Baffles with different inclination angles,
heights and pitches are considered in this study. Mahat et al., [24] researched on the nanofluid
becomes trending amongst researchers especially in the industrial and engineering field due to its
important and extensive applications. Therefore, the present study aims to investigate numerically
the impact of viscous dissipation conducted by sodium carboxymethyl cellulose (CMC-water)
nanofluid containing copper nanoparticles at room temperature with convective boundary
conditions (CBC) [25]. In recent years, there has been an increasing interest in heat transfer
enhancement using nanofluids in channels due to current devices become smaller and more compact
and are expected to perform better. Thus, we attempt to introduce hybrid nanofluids flow in a
straight pipe using Ansys Fluent software. The simulation was prepared with certain specific
parameters such as the hydraulic diameter is set at 10mm, the flow is a continuum, the Reynold
number in the range of 5000 to 30000, k-gturbulent model used in this simulation, the inlet
temperature 297K, and the uniform temperature along the pipe at 313 K. This study was carried out
on Al,03+Cu / water hybrid nanofluids to analyse the thermal improvement and friction factor of
nanofluids occur in a straight pipe.

2. Derivation of the Problem

Render turbulent bi-dimensional flux of laminar fluid during chemical and fragrant reactions,
incompressible, electrically conductive, and thermally absorbing fluid via an object that is inclined
and inserted in a medium having portes. The object is expected to flow in the x-dimension around
the semi-infinite tilted scale and the y-axis. A Same force magnetic field Bo is reached at an angle a
to the flow path. The free-stream pace expressed the exponentially rising rule on minor disturbances.

Fig. 1. Physical model of the problem
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Moreover, the temperature and concentration on the wall and the suction intensity are believed
to differ exponentially with time. This analysis's leading equations are focused on the mass, linear
dynamic, energy, and concentration equilibrium.
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The respective limits are given as follows
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Eq. (1) gives that
V* = Constant =- Vg (6)

The fluid does not consume its radiation concentrations at the optically dense maximum but
absorbs radiation from the boundaries. Cogley et al., [20] found that a non-gray gas close to the
balance is optically thick, as seen below.
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Where M is a magnetic specification, E is the Eckert specification, K is a specification for permeability,
Ko is the parameter for the chemical reaction, F is the radiation specification, Q is the heat source
specification, and Du is the Dufour specification. The non-dimensional shape of the controls (2)-(4)
reduces.

u"+u’ =-Grcosé @ -Gm coség +Mu

(9)

0"+Pro —(F+Q)0 =-PrEu* -Rg—Dug”

(10)
¢"+Scy’ —ScKy,¢ =0 (11)
- 2 1
Where M, = (M sin a+R)
The corresponding limits are defined by
u=0, 6, =1, ¢,=1 aty=0 (12)
u—0, 6 — 0, p—>0 asy—->w

3. Solution of the Problem
To overcome the coupled nonlinear equation method, Eq. (9) to Eq. (11) The following

fundamental perturbation is used for boundary conditions (12). The controlling equivalent
parameters (9) to (11) are extended to include Eckert number E (<< 1).

F(y.t) = Fy(y) + EF,(y) + O(E?) (13)

Where u, 8, ¢ are the function in terms of velocity, temperature and concentration.
The following equations were achieved by substituting Eq. (13) to Eq. (9)—(11) and equating
coefficients to terms of the same powers of E, and by disregarding terms of a higher order.

3.1 Zero Order Terms

Uy +Ug =-Grcosé g, -Gm cosé ¢, + M,u, (14)
6y +Pré; —(F+Q)6, =-R ¢, —Dug, (15)
y +SC ¢y —SCK o, =0 (16)

3.2 First Order Terms

u+u; =-Gr cos& g, -Gmeosé ¢ + M, u, (17)
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Or+Pro, —(F+Q) 6, =-Prul -R¢, — Dug! (18)
)+ Scé — ScK,¢, =0 (19)

The derived resultant conditions are

u,=0, u, =0, 6,=1 6,=0, ¢, =1¢4=0 aty=0 (20)
u, - 0,u, =0, 6, —0,6, -0, ¢ 0,4 >0 asy—-ow
The following solutions are obtained under boundary conditions
P = e ™ (21)
6,=le™ +@1-1)e ™ (22)
Ug =le™ +1,e™ + (-1, -1;)e™ (23)
O, =1, +1,e?™ +1,e”™Y +1Le ™Y +l,e "’
—MeY —myy

+ e +1,,e (24)
u, = e +1,e”™ +1,e”™ +1l,e ™Y +1.e "’

+1e "+l e ™ e (25)
¢, =0 (26)

We obtain velocity temperature and concentration area as substituted Eq. (21) to Eq. (26) in Eq.
(13).
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3.3 The Friction of the Skin

ou
Cf: . = 3|2 |3_ 2|2_ 1|3
(ay) [0, +1) -y, ~m,]

+ E[_ m3|18 - 2m3|11 - 2m2|12 - 2m1|13 - m4|14 - m5|15 - m6|16 - m2|17]

(30)

3.4 Nusselt Number
The rate of heat transfer calculated by
Nu =[m,@—1)+ml ]+ E[2m,l, +2m,l, +2m/l, +m,l, + m.l, +mglg +m,l,] (31)
3.5 Sherwood Number
The amount of Sherwood indicates the amount of mass transfer on the wall.
Sh = —(2—¢j =m,

Y y-o (32)

4. The Analytcal Approch Arrived at and the Subsequent Studies

We have plotted velocity, temperature, and concentration profiles to obtain the physical insight
into the issue and address both the equations. We employ Sc=022, Pr=0.71, Gm=5, F=1, Q=1, E=0.2,
R=1, Du=1, a=n/3, §&=mn/6, Gr=5, K=1, KO=1, M=2.

Figure 2 to Figure 7 display liquid velocity differences the influence of various specifications.
Figure 2 depicts the speed outcomes for diverse Grashof number (Gr) values. This figure indicates
that the pace rises with a rise in Gr. Figure 3 illustrates the Grashof number (Gm) influence, as Gm
rises, and the rate rises. The differences in velocity profiles for various permeability parameter (K)
values are shown in Figure 4. From where it is found that the speed increases with K. Velocity profiles
with the difference in “M” are shown in Figure 5. It is noted that velocity is decreased by the magnet
parameter (M). The velocity profile differences for various values of the aligned magnetic angle (a)
are seen in Figure 6, which illustrates that the velocity decreases as a increase. Figure 7 indicates the
inclined angle parameter (€), velocity as declines with enhancing values of €.

Figure 8 to Figure 13 indicate fluid temperature fluctuations under the influence of numerous
parameters. It is evident from models 8-10. That with the raised prandtl amount (Pr), Radiation (F)
and Heat source Specification (Q) the temperature is downfallen. The influence of the Eckert number
(E) on the temperature profile is seen in Figure 11. From this figure, an increment of temperature if
enhancing values of “E”. A related influence is identified from the Figure 12 and Figure 13, which also
raises the fluid temperature in the presence of Radiation absorption and Dufour parameter.

To evaluate the effect of Figure 14, the spices graphs of the Schmidt parameter (Sc). The result
indicates that the concentration field reduces. In Figure 15, the concentration profiles for various
values chemically derived changes parameters (Ko) suggest that the concentration decreases with the
increasing amount of the chemical reaction parameter
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Fig. 14. Distribution of ¢ on Sc

_—s Y

Fig. 15. Distribution of ¢ on Ko

Figure 2 and Figure 3 exhibits the effect of Grashof number for heat and mass transfer on the
velocity profile with other parameters are fixed. The Grashof number for heat transfer signifies the
relative effect of the thermal buoyancy force to the viscous hydrodynamic force in the boundary
layer. As expected, it is observed that there is a rise in the velocity due to the enhancement of thermal
buoyancy force. Also, as Gr increases, the peak values of the velocity increase rapidly near the porous
plate and then decays smoothly to the free stream velocity.

The Grashof number for mass transfer defines the ratio of the species buoyancy force to the
viscous hydrodynamic force. As expected, the fluid velocity increases and the peak value is more
distinctive due to increase in the species buoyancy force. The velocity distribution attains a distinctive
maximum value in the vicinity of the plate and then decreases properly to approach the free stream
value. It is noticed that the velocity increases with increasing values of the Grashof number for mass
transfer.

Figure 4 is sketched in order to explore the variations of permeability parameter K. It is found
that the velocity increases with increasing values of K. This is due to the fact that increasing values of
K reduces the drag force which assists the fluid considerably to move fast.

The effect of Magnetic field parameter (Hartmann number) on the velocity is shown in Figure 5.
The velocity decreases with an increase in the Hartmann number. It is because that the application
of transverse magnetic field will result a resistive type force (Lorentz force) similar to drag force which
tends to resist the fluid flow and thus reducing its velocity. Also, the boundary layer thickness
decreases with an increase in the Hartmann number.

The effect of angle of inclination to the vertical direction on the velocity is shown in Figure 6.
From this figure we observe that the velocity is decreased by increasing the angle of inclination due
to the fact that as the angle of inclination increases the effect of the buoyancy force due to thermal
diffusion decreases by a factor of cos £. Consequently, the driving force to the fluid decreases as a
result there is decrease in the velocity profile and also similar effect that the velocity profile
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differences for various values of the aligned magnetic angle (a) are seen in Figure 7, which illustrates
that the velocity decreases as a increase.

Figure 8 shows the relationship between the temperature curve and y using different values of
the number Prandtl (Pr). This number indicates that the temperature profile decreases as Prandtl
number increases. This is because the fluid is highly conductive to the small values of the Prandtl
number. Physically, as the Prandtl number increases, thermal diffusivity decreases and this
phenomenon leads to a decrease in energy transfer capacity, which reduces the thermal interface.

The effect of thermal radiation parameter on temperature profiles against y is displayed in Figure
9. It is observed from Figure 9 that the temperature profiles decrease as the thermal radiation
parameter increases. This result qualitatively agrees with expectation, since the effect of radiation is
to decrease the rate of energy transport to the fluid, thereby decreasing the temperature of the fluid.

The effect of heat absorption parameter on the temperature profile is shown in Figure 10. It is
observed that the temperature profiles decrease as the heat absorption parameter increases.
Physically speaking, the presence of heat absorption (thermal sink) effects has the tendency to
reduce the fluid temperature.

The influence of the Eckert number (E) on the temperature profile is seen in Figure 11. From this
figure, an increment of temperature if enhancing values of “E”. A related influence is identified from
the Figure 12 and Figure 13, which also raises the fluid temperature in the presence of radiation
absorption and Dufour parameter.

Influence of Schmidt number on concentration is shown in Figure 14, from this figure it is noticed
that concentration decreases with an increase in Schmidt number. Because, Schmidt number is a
dimensionless number defined as the ratio of momentum diffusivity and mass diffusivity, and is used
to characterize fluid flows in which there are simultaneous momentum and mass diffusion
convection processes. Therefore, concentration boundary layer decreases with an increase in
Schmidt number.

Figure 15 depicts the influence of chemical reaction effect KO on the concentration profile. It can
be seen that the concentration decreases with an increase in the values of chemical reaction
parameter and hence the solutal boundary layer thickness becomes thinner.

Table 1
Variations in Skin Friction coefficient
Gr Gm K M & a T
5 3.2876
8 4.2357
10 4.8885
6 3.6501
4.3779
12 5.8452
2 3.8399
4 4.2587
6 4.4348
2 3.2876
2.5 3.1848
3 3.0915
/12 6.5510
/6 5.8255
/4 4.7029
/6 3.2876
/4 2.9282
/3 2.6696

(o]
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Table 2
Variant factors in Nusselt
Pr F Q E R Du Nu
0.71 0.7888
1 0.8416
7 4.3659
2 1.2683
4 1.9414
6 2.4438
1 0.7888
3 1.6359
5 2.2067
2 -1.2604
3 -2.3988
4 -3.5372
2.5 -0.2127
3 -0.5521
5 -1.9380
0.5 0.9040
2 0.5572
4 0.0900
Table 3
Variant factors in Sherwood
Sc Ko Sh
0.22 0.5918
0.60 1.1307
1.6 2.2967
0.5 0.4594
15 0.6949
3 0.9298

5. Conclusion

This paper has examined heat MHD and the steady movement of convective fluid through a
porous plate with a diffusion-thermo and aligned magnetic field. The following assumptions are taken
in the study of the flow:

Fluid velocity rises with raised Grashof amount and changed Grashof quantities. The porous
medium permeability parameter decreased as the Magnetic parameter, magnetic field
parameter aligned (a), and angle parameter inclined.

In the existence of Pr, F, Q, R, the reality of Eckert number, and Dufour amounts, the fluid
temperature rises.

Fluid concentration declines with “Sc” rises and “Kp” parameter.

Skin friction coefficient is accelerated due to an improvement in porous K, thermal Grashof
solutal number Gm. In contrast, the decrease is due to the f’a and magnetic field parameter

M.

Nusselt number rises in Prandtl numbers Pr, heat absorption Q, radiation parameter F, and
falls in Dufour numbers Du, radiation absorption parameter R, and Eckert number E.

With the “Sc” and “Ko” the chemical reaction parameter's increasing values, the mass transfer
rate “Sh” raises.
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