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Abstract: The main purpose of this research is to analyze the effects of nanofluids that are based on
the injection and suction parameters, where the channel is structured using parallel plates. For making
governing PDEs dimensionless, we use similarity transformations to convert them into a system of
coupled nonlinear ODEs. These ODEs are solved by applying the method of Quasi-Linearization, and
on the other hand, structural derivatives are approximated by using the central difference technique.
The effects of employing parameters on temperature and velocity are graphically studied. During the
injunction, mass transfer decreases and increases in the case of suction transfer rate of heat and mass
for the Reynolds number.
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1. Introduction

The noteworthiness of magneto-hydrodynamics (MHD) flow of nano-fluid over curved
stretching sheet has been seen in the field of structural engineering. The flow of such MHD
fluids over a stretchable curved sheet is studied scientifically due to many characteristics
regarding heat transfer and fluid by using the R-K method, Choi [1]. In the circulatory
system, blood flows hydrodynamically under the influence of a magnetic field studied by
Abbasi [2]. Hayat [3] considered the curved surface for heat transfer, studied regarding
magnetic properties, while Cortell [4] studied a curved sheet with the help of heat production
of the stagnation point. Also, Hussain [5] discussed mixed gathering flow with low
dissipation of a micro-polar fluid over a stretching surface. He also got the result of the
deferment and infusion solution by using the 5¢"-order Runge-Kutta-Feldberg method. The
MHD flow of a micro polar fluid has been dealt with through porous medium, and the
prevailing equations are studied scientifically, Abbas [6]. Sajid [7] described the nonlinear
results of a stretchable surface with transfer of heat and mass fixed in a spongy medium of
hydrodynamic flow. Sandeep [8] described chemical properties and results of a spongy
surface of a magneto-hydrodynamic flow with the help of a mathematical method, while
major properties of a curved plate are discussed by Lee [9]. Helal [10] described the micro-
polar fluid of hydro-magnetic and warmth convection over a vertical plate. Also, Kumar [11]
debated the results of steady magneto-hydrodynamic flow of micro-polar fluid over a
stimulating surface and the effect of heat creation and secretion as well. Quasim [12]
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discussed relocating the mass and warmth possessions on an elongating surface, while mass
and warmth possessions of micro polar fluid with thermal emission on shaky MHD flow were
described by Hayat [13-14]. Khan [15] examined the injection/suction constraint and
instability of the parameter analytically. Hayat et al. [16] studied rotating flow of a micro-
polar fluid over an overhanging sheet, while Nadeem [17] presented MHD flow
mathematically by using the constrained element method over a curved sheet. Khairy [18]
discussed graphically the consequence of the slip parameter on the stream of a curved
surface. Khan [19], defined geophysical applications as upgrading in oil recovery, geothermal
tanks, cooling of nuclear reactor and thermal padding while Kumar [20], worked on 2
dimensional steady micro polar incompressible fluid flow at a stationary point over a curved
sheet, also increase in boundary layer of dimensionless twist causes are numerically answered
by using Runge Kutta(R-K) method. By using the same mathematical formulation, more
results are obtained for micro-polar fluid over a curved surface, Makinde [21].

2. Mathematical Formulation

We suppose a 2-D steady, laminar, and adhesive hydromagnetic fluid. The flow of this fluid
through parallel plates, whose lower plate is in contracting form while the upper plate is at
rest, and all this setup is surrounded by a magnetic field which is applied transversally. The
applied magnetic field is of negligible strength compared to the imposed magnetic field. The
Reynolds number is the ratio between the product of the characteristics of length and velocity
of fluid, and the diffusivity of the magnetic field. The value of the Reynolds number is
supposed to be very small and is employed to measure the strength of magnetic field lines
through the conducting fluid. Such Reynolds numbers exhibiting the trend of magnetic field
are directed outward, which is a representation of a purely diffusive state. Further, we
suppose that no external polarization force is imposed, and as a consequence, no electric field
is present. Body forces are assumed to be absent. The channel wall is located at y = — a,
and the other is at y = a. A cross section of the channel is 2a. Velocity and micro rotation

are in the following form.

v=(ulx,y),v(xy),0), v=_(000¢(y)) (1.1)
Whereas, ¢ is the normal component of microrotation to the xy-plane.
du OJv
ax oy
_—16—p+Ml72 =ua—u+v u
Pnf 0X Py ox dy
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PufCp(uTy +vT)) = koTy), + pnp(uy)?

Where p, and p,,; are the density and viscosity of the nano fluid. Moreover, p, T, k,, and
C, represent the pressure, temperature, thermal conductivity, and specific heat at constant

pressure, respectively. The constraints on temperature and the temperature field are
T(x,a) = T,, T(x,—a) = T,, v(x,a) =0, v(x,—a) =1, (1.3)

u(x,—a) = —bx, u(x,a) =0

Here, the temperatures of the lower and upper walls of the channel are T; and T,,
respectively, where T, < T;. b > 0 represents the rate of shrinking of the wall. If T, is
greater than zero, it is called the injection velocity, and if t,, is less than zero, it represents
the suction velocity. We use similarity transformations to obtain ODEs from PDEs given in

equation (1.2).

T—-T
w=bxf'(m), v=-abf), n=>, 6= — (1.4)

i
Hnp = (1_—(p)2_5pnf =1 - @)pr+ @ps

Eliminating the pressure term from the momentum equations and applying the similarity
transformation to the above equations, reduces to the equation
. ”s P (1.5)
f®+Re(1 - @)*% | (1 - o) + ﬁtp Ff"=ff'1=0
Equation (1.4) is transformed into the following equation after employing similarity

transformations

" Ps ’ 1 n2 _
0" + (1—(p)+p—(p RePrf@’ + —————<EcPrf"“ =0
f

(1 - )25 (1.6)
f'(a) =0, f'(—a) =1, f(a) =0, f(—a) = A,
0(a) =0, 0(-a)=1 .7)
where Re =‘12Mprf,Pr =“£—?,Ec =(CZLA)T2 are Reynolds, Prandlt and Eckert numbers
respectively and AT =T, — T,. A, = —Z—: is called the parameter of suction when 4, > 0,

and when A, < 0, it is called the injection parameter.
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3. Result and Discussion

In this paper, we considered the effects of suction and injection parameters on the flow of
nano-fluid on parallel plates. The ordinary differential equations (1.5) and (1.6), along with
equation (1.7), are numerically solved by applying linearization of FDM with fixed values
@ = 0.08, Pr = 0.1,and Re = 5. During the injunction, the tangential and normal velocity
decreases, and on the other hand, the field behaved in the opposite direction. (Fig. 1.1, 1.2,
1.3). As we increase the magnetic field tangential velocity decreases in injection while
increases in lower plate and decreases in upper plate in case of suction (Fig. 1.4). Normal
velocity decreases in lower plate and increases in upper plate in case of injection but in case
of suction velocity increases in both (upper and lower) plates and decreases in the mid of
channel (Fig 1.5). As we increase the Reynolds number, tangential velocity increases in
injection and suction, but normal velocity behaves similarly (increases in the lower plate and
decrease in upper plate) in injection and suction (Fig. 1.6, 1.7). The temperature field
increases in case of injection and decreases in suction (Fig. 1.8). In case of injection, the
temperature field increases in the upper channel while in case of suction, it increases in the
lower channel and decreases in the upper channel while enhancing the Prandtl's number (Fig.
1.9). (Table 1) Shows that as we decrease values of injection parameter mass transfer
decreases while heat transfer increases in lower part of the channel and decreases in upper
part of the channel while (Table 5) present exactly opposite results as we enlarge suction
parameter. The effect of magnetic field in injection shows that mass transfer decreases in
lower part of the plate and increases in upper part of the plate while increases in case of
suction and heat transfer behaved same in both injection/suction parameter (Table 2, 6) but
(Table 3) express that in case of injection mass and heat transfer increase in lower channel
and decrease in upper channel as Reynold’s number increases but in case of suction heat and
mass transfer increases in both channels (Table 7). In case of injection, heat transfer increases
in the lower channel and decreases in the upper plate as Prandtl number increases (Table 4),

while heat transfer increases in the case of suction (Table 8).
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Figure 1.4Tangential velocities of injection and suction parameters
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Figure 1.6 Tangential velocities of injection and suction parameters
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Figure 1.8 Temperature fields of injection and suction parameters
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Figure 1.9 Temperature fields of injection and suction parameters

Tables for Injunction Parameters

Table: 1
ForR,=5,P, =0.1,and ¢ = 0.08
A 6'(=1) 8(1) f=1 @
0.0 -0.370543 -0.370543 0.868962 -200.801078
0.1 -0.365883 -0.585287 0.748101 -200.801754
-0.2 -0.361433 -0.600155 0.636766 -200.803044
-0.3 -0.357188 -0.614966 0.534208 -200.805115
-0.4 -0.353139 -0.629703 0.439649 -200.808165
Table: 2
ForR,=5,P, =0.1,and ¢ = 0.08
M 6'(—1) 6"(1) f=1 @
0 -0.318387 -0.786488 -0.253472 -54.622486
5 -0.316176 -0.791257 -0.391239 -54.618811
10 -0.314588 -0.794398 -0.526074 -54.616819
15 -0.313437 -0.796506 -0.653508 -54.615742
20 -0.312585 -0.797958 -0.772414 -54.615171
Table: 3
ForR,=5,P,=0.1,and ¢ = 0.08
Re 6'(—1) 6"(1) f=1 @
1 -0.458005 -0.552546 -0.450289 -54.605317
3 -0.383618 -0.663606 -0.285524 -54.614073
5 -0.318283 -0.786719 -0.258928 -54.622283
7 -0.261324 -0.922887 -0.249985 -54.629243
9 -0.212381 -1.071702 -0.245534 -54.635102
Table: 4
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ForR, =5,P, = 0.5,and ¢ = 0.08

P, 0'(—1) 8'(1)
0.5 -0.028623 -2.641685
1.5 -0.007066 -8.384369
2.5 -0.000235 -14.020445
35 -0.000006 -19.471428
4.5 0 -24.720939
Tables for Suction Parameters
Table: 5
ForR, =5,P, =0.1,and ¢ = 0.08
A 6'(—1) 6'(1) f(=1) @
0.0 -0.370543 -0.570387 0.868962 -200.801078
0.1 -0.375414 -0.555483 1.000034 -200.800847
0.2 -0.380494 -0.540613 1.141902 -200.800913
0.3 -0.385774 -0.525814 1.295024 -200.799464
0.4 -0.391244 -0.511126 1.459711 -200.799751
Table: 6
ForR,=5,P, =0.1,and ¢ = 0.08
M 6'(-1) 6'(1) f=1 @
0 -0.459904 -0.364796 3.998343 -200.797431
5 -0.459569 -0.366991 4.535631 -200.787545
10 -0.459459 -0.368714 5.043211 -200.778266
15 -0.459470 -0.370101 5.521787 -200.76955
20 -0.459547 -0.371242 5.973472 -200.761349
Table: 7
ForR,=5,P, =0.1,and ¢ = 0.08
Re 6'(=1) 6'(1) f=1 @
1 -0.491169 -0.471089 3.913268 -208.49141
3 -0.475363 -0.415453 4.012514 -200.794335
5 -0.459885 -0.364896 4.020385 -200.797025
7 -0.444180 -0.319672 4.007698 -200.798379
9 -0.428220 -0.279462 3.991886 -200.799178
Table: 8

ForR,=5,P, = 0.5,and ¢ = 0.08
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P, 8'(-1) 0'(1)

0.5 -0.028623 -2.641685
15 -0.007066 -8.384369
2.5 -0.000235 ~14.020445
35 -0.000006 -19.471428
45 0 -24.720939

4. Conclusion

In this research, we discussed how the injunction and suction are affected by the magnetic

field, Prandtl and Reynold numbers in a channel of parallel plates using similarity

transformation. In case of suction, the velocity and temperature profiles are enhanced by

enhancing the impact of the magnetic field, the Reynolds number, and the Prandtl number,

respectively. While the temperature field increases in the lower part of the channel and

decreases in the upper part of the channel, in the case of injection.
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