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ABSTRACT

In the present paper, the heat transfer and fluid velocity between two horizontal plates is examined in
existence of magnetic parameter. The parameters such as magnetic fluid flow, viscosity, Brownian
motion, and thermo-phoretic have been investigated according to this analysis. The innovation of this
paper is using two analytical methods to solve differential equations and compare the obtained results.
In this paper, the effects of magnetic field on fluid flow for industrial use were investigated. The effects
of magnetic field on fluid flow are surveyed by using Variation lteration Method (VIM), Adomian
Decomposition Method (ADM) and compare these methods with numerical Runge-Kutta method.
According to results, increasing the values of magnetic parameter, the fluid velocity decreased and the
fluid viscosity increased. Also, Brownian motion and thermo-phoretic parameters were directly related
to the coefficient of friction. The Brownian motion of nanoparticles resulted in thermophoresis
phenomenon and increasing both Brownian motion and thermophoresis causes an increase in

temperature.
doi: 10.5829/ije.2021.34.10a.15

NOMENCLATURE
H distance the plates (m) Nt Thermo-phoretic parameter
C Nano fluid concentration Nb Brownian motion
K Dimensionless temperature T, temperature of the cold wall (K)
X,y coordinates (m) AT temperature difference
uv velocity components (m/s) Greek Symbols
0 Dimensionless temperature P Density (kg/m®)
9 Kinematic viscosity (m?/s) u dynamic viscosity (kg/m. s)
Cp Specific heat at constant pressure (J/kg.K) B thermal expansion (1/K)
k Thermal conductivity (W/m.K) o thermal diffusivity (m?/s)
p* Modified fluid pressure v Kinematic viscosity (m?/s)
gy gravitational acceleration (m/s?) (0] Dimensionless concentration
Pr Prandtl number (v/a)

1. INTRODUCTION

Nanofluids are fluids containing Nano particle-sized fine
particulate matter. Since these fluids have great heat
transfer potential, special attention has been paid to this
group of fluids as heat transfer environments.

*Corresponding Author Institutional Email: ddg_davood@yahoo.com
(D. D. Ganji)

Nanofluids have two parts. The first part is called the
base fluid such as water and ethylene glycol, which is
added to the mix. The second part of the Nanofluid is
composed of Nanoparticles such as copper oxide and
aluminum oxide. The major effects of Nanofluid and heat
transfer through the Nanofluid can be attributed to the
increase in energy efficiency, operating cost,
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environmental clean up, or applications in the industry.
The use of TiOz-water nanofluids in the closed domain
increases the Nusselt number by 23% and the friction
factor by 42%. Grashof number is inversely related to
increasing Nusselt number. mixed convection heat
transfer from Al,Os-water nanofluid in W-shaped, copper
tube cause the rate of heat transfer coefficient improved
with Reynolds number for average wall temperatures of
50 and 60°C. Magneto hydrodynamic nanofluid flow
between two parallel analyzed and results showed
concentration of nanofluid diminishes when Brownian
movement increments whereas it increases with expands
of thermophoretic parameter [1-20]. Gupta et al. [21]
examined magneto convection in a nanofluid. Peiravi et
al. [22] investigated the effect of variable Lorentz forces
on nanofluid flow in movable parallel plates utilizing the
analytical method. The results showed that increasing the
Brownian motion parameter increased the temperature
profile while increasing Brownian motion decreased the
concentration profile. In the mentioned research, the
influence of several factors, including skin friction
coefficient, radiation parameter, and Weissenberg
number was analyzed. An analytical investigation on
mass and heat transfer of an MHD unsteady GO-water-
squeezing nanofluid flow was carried out by Peiravi and
Alinejad [23] between two infinite parallel moving
plates. The novelty of this paper is the simultaneous
simulation of two separate multi-phase nanofluids in two
3D enclosures under a heat flux boundary condition.
Elsewhere, Pourmehran et al. [24] conducted an
analytical study on squeezing unsteady nanofluid flow
surrounded by parallel plates to which water (H,0), as
the base fluid mixed with several nanoparticles. Azimi
and Mirzaei [25] performed an analytical study on the
flow of Graphene oxide water nanofluid squeezed
between parallel plates via RVIM. The results showed
that the type of nanofluid is an important factor in the
transfer of cooling and heating. As shown by Domairry
Ganji et al. [26] the heat transfer rate increases in
retention pools of nuclear waste. In another study by
Hatami et al. [27] the differential quadrature method
(DQM) was used to investigate the motion of a spherical
particle in a fluid forced vortex. In this paper, the
equations of particle motion in a forced vortex of fluid
are calculated using the differential conversion method
with Padé approximation. The velocity lines (angular and
radial) and the path of a particle in a fluid vortex were
examined in the present work. Rashidi et al. [28]
investigated the flow point of the micropolar nanoscale.
In this research, aluminum and copper oxides were used
to prepare a mixture of water with basic liquids of FesO.
[29] nano cidal analysis in a porous environment under
MHD. Modeling fluid and temperature fields were used
the lattice Boltzmann approach based on the D2Q9
scheme. Jalilpour et al. [30] studied heat production at the
MHD recession point of nanofluids to the porous tensile

sheet. Hashemi Kachapi and Domairry Ganji [31]
analyzed the nonlinear equations in fluids, progress in
nonlinear science. In this work, they investigated various
nonlinear equations by maple software. Aminoroayaie
Yamini et al. [32] Mousavimehr et al. [33] Kostikov and
Romanenkov [34] have examined the following issues.
The first issue was the CFD model to investigate the
hydraulic performance of the hole in the dam. In this
research, the greatest speed for 100% opening of the door
and Howell Bunger valve is almost 18 m/s within the area
underneath the door, and the most extreme speed for 40%
opening of the entryway is rise to 23.1 m/s. The second
issue of article was the Performance Assessment of
Shockwaves of Chute Spillways in Large Dams. In this
article, the test arrangement of the shockwaves and their
behavior along the chute and their lessening measures
were displayed. The third subject of article was
approximation of the multidimensional optimal control
problem for the heat equation. The adomian
decomposition method and variation iteration method are
some of the most accurate tools for solving mathematical
equations. These methods may be used to solve the
ordinary differential equation and partial differential
equation. In this paper, the nonlinear equations of
velocity and temperature parameters were solved by
using the adomian decomposition method (ADM) and
Variation Iteration method. Also, it is tried to calculate
the impacts of Brownian motion, viscosity factor,
magnetic parameter, and thermophoretic factor on
velocity and temperature. The innovations of this paper
is the simulation of the results of Parameters the magnetic
fluid flow, viscosity, Brownian motion, and thermo-
phoretic using two numerical methods and compare these
methods with the numerical method.

1. 1. Problem Definition Non-uniform flow is a
flow that passes through two parallel plates and is
affected by magnetic flux. Both the plate and the fluid
stream rotate around y- axis. According to Figure 1, the
plate is positioned at y=0 by two forces that are pulled to
the opposite side of the plate. The direction of the
magnetic flow is also along with the flow around the y-
axis:
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Figure 1. Flowchart of the problem

L9C* | gact _ o (8ict | 92c*\ | (D) (9T
u 6x+V 6y_DB(6x2+6y2)+(T0+)(6x2+
62T+) (5)

ay?

U* And V *are the velocities along the x-axis and y-axis,
respectively. u Denotes viscosity, P*is modified fluid
pressure, p, is density,C* is the specific heat of the
nanofluid, K is the thermal conductivity, Dg is the
diffusion coefficient of the diffusing species, and T*is
the temperature. The boundary conditions of these
equations are as follows:

y=0out=ax, Tt =TVt =0,C*t =C} (6)

y=hout=0,T =TVt =0,C*=Cf @)
Non-dimensional variable in the above sentences is
expressed as:

n=2 ut=axf'(), V*=-ahf(m), 6@ =
ok er g ®)
T;’—T;:" @(Il) - CJ'_C}‘{'

Now, we can write a genuine equation:

f(4) _ R(f!f!l _ ffll) _ Mf” =0 (9)

6" + PrRf6' + Nb@'6' + Nt6” =0 (10)
" ’ Nt

@' +R.Scf@' +1-0" =0 11)

The new boundary conditions are:
n=0-f=0,f'=1,0=10=1) (12)

n=1-f=1,(f=0,6=00=0) (13)

Dimensionless quantities: Nt is the thermo phoretic
gauge, M is the magnetic gauge, Pr is a Prandtl number,
R is the viscosity coefficient, Nb is the Brownian motion
gauge and Sc is the Schmidt number.

R = aT{lZ,M = —UB‘;Z“hZ,Pr = pia, Sc= pLD. Nt =
f f
(pC)pDr (T /(pC)aT , Nb = (pC)pDg(Cy)/ (14

(pCO)a
Nusselt number is defined as:

Nu=—6' (15)

3. SIMULATION METHODOLOGY

3. 1. A. Adomian Decomposition Method (ADM)
A general nonlinear equation is considered in the form of
[31]:

J Ll
(N s )
L('E N

Figure 2. Schematic of magnetic effects between horizontal
plates on Brownian motion
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Figure 3. Comparison of a) the temperature and b) the

concentration profile between ADM and VIM and Runge-

Kutta methods at M=1, R=1, Sc=0.1, Nt=0.1, Nb=0.1, Pr=2.

L(u)+Ru+Nu=g(r) (16)

Applying the inverse operator L to both sides of (16)
and using the given conditions [31]:

U=f(x)-L-1(Ru)-L-1(Nu) 17)

For nonlinear differential equations, the nonlinear
operator Nu=F(u) is observed in the Adomian
decomposition method [5]:

Fw) = S50 Am (18)

The Adomian method defines the solution U(x) by the
series [31]:

U= Y5—0Unm (19)

F(u) = F(up) + F'(uo) (u —up) +

F”(uo) (u;"'o) + Fm(uo) (u;?o) + (20)

By equating terms, the first few Adomian polynomials
Ao, Al, Az,...[S]:
Ao=F(uo)

(1)

A1=u1F'(uo) AZZUZFI(UO)'F% u;u;F (ug)

3. 2. Application of ADM Based on ADM, the
linear parts of the equation were divided and set it to 0.
The differential equation with boundary conditions were
solved.

L h@ =0 22)

=00 = 0 (23)

o Bo() = 0 @4
fo) =n*=2n*+ne 6, =n+1
Do) =1 + 1 ’ (25)

Then, the non-linear differential equations are separated
for Equation (9):

Ay = —R(3n% —4n + 1)(6n—4) (26)
By = R(n* — 2n% + n)(6n — 4) (27)
Co = —M(61— 4) 28)

Ay = (=R(6n - 4)* = 6R(3n — 41 + 1)f; (1) (29)

= (R(3n%—4n+1)(6n—4) + 6R(n° —

30
2% +m)f; () 0
¢, = —6Mf, (1) (31)
For Equation (10):
Dy =—PrR(m®-2n%+1) (32)
D, = —PrR(3n? — 4n + 1)6; (1) (33)
For Equation (11):
Eo=—-RSc(® — 202 +1) 34
E; = —R Sc(3n% — 4n + 1)@, (1) (35)

According to the ADM method, the following statements
of the parameters of the equations were written:

3 1 11 1
Fa(n) = R (507 — 50 + gns nt) -

274 761 1.5
R(ZSOII 105r1 +180r1 30rl )+M(20r1 (36)
1 4)
PRl

1 1 1 1
6:(n) = —PrR (%qs—gr]4+gr13)+ENbr12+ @7
INty?
2

1 1 1
0,(n) = =R Sc (3zn° —2n* +3n°) (38)

Next, adding two sentences from each equation at M=1,
Pr=2, R=1, Sc=0.1, Nt=0.1 and Nb=0.1 give:
F(rl) = fo(rl) +f1(11) —>f(r1) = r1 -2’ +n+

5
Erl ——r1 r1 _‘11 _z_sorl

(39)

(M) =6p(m) +0:(n) »6() =-n+1 —1—10115 4 )
n* =30 +0.1002

o) = Po(m) + :(m) » 6() = —n+ 1 —0.005n° +
0.016n* — 0.01613 + 0.000021n? — 0.000125n8 +
0.00029n” — 0.00028n°
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3. 3. Variation Iteration Method (VIM) Where

Q is the frequency angle oscillator. The general formula
for obtaining other sentences of u is defined by a
coefficient A as follows [31]:

u +0%=F(u)
(41)
F(u) = N%u — f(u)
Given the boundary equations:
u' =0,
(42)
u(0)=A
And the first functions:
Uy (t) = AcosQ (43)
Jy cosQt[02u, — f(ug)]dt = 0 (44)

The A coefficient is obtained by dividing the Laplace
from the linear part of the equation. By different n
definitions, the number of sentences is considered to
obtain a better answer:

U1 (6) = un (0) + fy 2

d?u,
dn?

+0%u,() — Fy}dn  (45)

where A is the Lagrange coefficient and F, is considered
various restricted:

% +02() =0 (46)
AE) =0, @7)
-2 (48)

dat

The coefficient A is calculated from the following
formula:

A= =sin0(r —t) (49)

Then the formula is rewritten:

d?u,
dn?

U (8) = u, (B) + fot%sin.(l(r - t){ + Fn} dr  (50)

3. 4. Application of VIM Based on the VIM
method, the linear parts of the coupling equations are
written as follows:

Lfm =0 (51)
dZ

ORI (52)
00 = 0 (53)

Then, the boundary conditions for the linear parts are
expressed in the following:

Fo(0) =0, f5(0) =1, 6,(0) =1, B,(0) =1 (54)

fo(1) =0, 65(1) =0, Po(1) =0, f3(1)=0 (55)
The first sentences are given in terms of fand 8 and @ :

fo) =n®=2n2+n,6,(n) =n+1,8,(n) =
rf+_1 0 0 (56)

Then, by computing the linear parts of the equations,
A1, A5, and A5 are calculated as follows:

A=z(r-n)’ (57)
Ay =7—n (58)
Az3=1—1q (59)

fiD) =n0° =202 + 0+ (- R(Gn? — 4n +
1(6n—4)— (- 202 +n)(6n—4)) —

=M(6n — 4)n* — =n*(—R((3n? — 4n + (60)
D(en -4 — (® —2n* +n)(6n - 4)) -

M(6n —4)

61(n) = —n+1 -3 (=Pr R(® — 202 + 1) + 61)
Nb + Nt)n?

B:(m) = —n+1+RSc (n® — 2n% + mn? (62)

Finally, by summing up the sentences at M=1, Pr=10,
R=1, Sc=0.1, Nt=0.1, and Nb=0.1:

f) = A0 = f) =n>—2n2 +n+ 2y -

63)
256 4 _1a_log (
12rl +-3q 3r1 4“

9(1) = (1 + 0.8104) x (1 — 0.9203) X (1] — (64)

1.4650) X (n? — 0.4253) X (1 + 0.9153)

o(m) = 0;(n) - O(n) = 0.5(n + 1.9029) x (n —

1) X (1 — 2.4168) x (n? — 0.4860) X (1 + 4.3490) &)

3. 5. Runge-Kutta Methods Runge-Kutta
methods are a family of iterative methods used to match
solutions to ordinary differential equations (OED). These
methods use discretization in computing solutions in
small steps. The next step Approximation is derived from
the previous step by adding s terms. A problem of initial
value should be specified as follows:

ki = h f (X, Yn) (66)
ky = hfQon +5h Y +5 k1) (67)
ks = hfQan + 3R,y +5 k) (68)
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ks =hfQxn +h,yn +ks) (69)

Yns1 = Yn +ghs +3ko +3ka + 2hy + O(hS) (70)

k4 is the slope at the start of the space using y. k, is the
gradient in the middle of the range using y and k;. k5 is
again the mid-course gradient but using y and k,. k, is
the slope at the end of the range utilizing y and k5.

3. 6. Validation for Analytical Methods Figure
2 indicates the convergence graph of temperature and
concentration profile in the range 0 to 1. Here, by
applying two analytical solution methods and comparing
the results with the numerical solution, the concentration
and temperature parameters are evaluated. As shown in
Figure 2, the ADM and numeric solutions converged on
a line, but the VIM method initially had some numerical
error, but began to converge on a line and converged with
them. The third form converged without any
computational error of all methods.

In this section for validation in accordance to Table 1,
the present study compared to Derakhshan et al. [5]. The
amount of computational error in our work is very low
compared to others.

4. RESULTS AND DISCUSSION

In this research, the Nanofluids flow between two
parallel plates is investigated using the ADM and VIM
approach. Several diagrams according to Brownian
motion, viscosity, thermophoresis factor, and magnetic
influence relative to n were used to investigate fluid flow
and heat transfer. A comparison was also made between
the obtained results and the numerical method findings.
The effect of the magnetic force having viscous impacts
on Nanofluidic flow is presented in Figs. 4, 5, and 6. The
comparative of results of ADM and NUM and VIM
methods for investigating the effect of MHD and
Viscosity on the temperature and velocity profiles. As

TABLE 1. Numerical comparison of non-dimensional
temperature profile between present work with Derakhshan et
al work [5]

n Opresent Operakhshan

0 1 1

0.1 0.9006990000 0.899450520215274
0.2 0.8018346666 0.798446158109890
0.5 0.5010416666 0.499408530656464
0.8 0.1970986666 0.203135052008296
0.9 0.09765100000e-1 0.102480354104553
1 0 0

can be seen in Figure 3, increasing the distance from the
plate to the top, leads to a reduction in heat transfer and
concentration. Based on Figure 4, by increasing the
magnetic effects viscosity and velocity reduced and
temperature is increased. Figure 5 shows the velocity
changes of the fluid relative to viscosity changes.
According to this graph, when the viscosity parameter
increased, the fluid velocity decreased. Figure 6 shows
the temperature changes of the fluid relative to viscosity
changes. Based on this picture, the temperature profile
reduces as a result of increasing the viscosity factor.
Figure 7 shows the temperature changes of the fluid
relative to thermophoretic parameter changes. The
effects of the thermo-phoretic parameter and Brownian
motion on the temperature are also presented in Figs. 7
and 8. The increase in thermo-phoretic parameters and
Brownian motion has been found to increase
temperature. The Brownian motion of nanoparticles
results in the thermophoresis phenomenon, and
increasing both Brownian motion and thermophoresis
causes an increase in temperature. Figure 8 shows an
increased concentration profile by increasing the
viscosity factor. The heat transfer from fluid flow to
surface increased by increasing concentration coefficient.
Thermophoresis has caused by the Brownian motion of
nanoparticles in fluids with a continuous temperature
differential that is maintained externally. Because of the
temperature disparity in the suspensions flow zone, tiny
particles scatter faster in the hotter domain and slower in
the colder domain. The cumulative impact of
nanoparticle dispersion is migration from a hotter to a
colder location of the fluid domain. According to Figure
9, by increasing the amount of viscosity the concentration
parameter increased. This result is the same for both
methods.

Figure 10 demonstrates the influences of the Schmidt
number on the concentration profile (@), and according
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—e— M=1

o

005 RN

TR TR N TN TR TR AN TR TR SO AT NS N1
0 0.2 04 0.6 0.8

n

Figure 4. Effect of MHD on profile velocity by ADM at
Pr=2, Sc=0.1, Nt=0.1, Nb=0.1
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Figure 5. Effect of Viscosity on profile velocity by VIM at
Pr=2, Sc=0.1, Nt=0.1, Nb=0.1
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Figure 6. Effect of viscosity on profile temperature by ADM
at Pr=2, M=1, Sc=0.1, Nt=0.1, Nb=0.1
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by ADM method at Pr=2, M=1, Sc=0.1, Nb=0.1

to the figure, by increasing the Schmidt number of fluid

flow, the concentration parameter decreased.

Tables 2 and 3 summarized a numerical comparison

of non-dimensional temperature and concentration
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Figure 9. Effect of viscosity on profile concentration by a)
ADM and b) VIM at Pr=2, M=1, Sc=0.1, NT=0.1, Nb=0.1
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Figure 10. Influence of Schmidt number on concentration
by a) ADM and b) VIM method at Pr=2, M=1, Nt=0.1,
Nb=0.1

TABLE 2. Numerical comparison of non-dimensional
temperature between ADM, VIM and Runge-Kutta method

TABLE 3. Numerical comparison of non-dimensional
Concentration profile between ADM, VIM and Runge-Kutta

method
n Q)ADM Q)VIM QNUMERIC
0 1 1 1
0.1 0.8906990000 0.909450520215 0.909450
0.2 0.7918346666 0.808446158109 0.808446
05 0.4910416666 0.509408530656 0.499408
0.8 0.1970986666 0.203135052008 0.193135
0.9 0.0956510000 0.102480354104 0.972480
1 0 0 0

TABLE 4. comparison of CPU time between ADM and VIM
ADM VIM

7.50(s)

Numerical method

CPU time 2.77(s)

Computer RAM =8, CPU=core i7. According to
Table 3, the ADM method was obtained faster than VIM
method.

5. CONCLUSION

In this paper, the heat transfer and fluid velocity between
two horizontal plates is examined in existence of
magnetic parameter. The parameters such as magnetic
fluid flow, viscosity, Brownian motion, and thermo-
phoretic have been investigated according to this
analysis. The innovation of this paper is the using of two
analytical methods for calculate differential equations
and comparison these results with together. The results
showed Temperature rise is accompanied by increases in
the magnetic factor and reduction in concentration
profile. Also, when Brownian motion increased, the
viscosity parameter decreases. Brownian motion and
thermo-phoretic parameters were directly related to the

n 04pm Ovin Onumeric
0 1 1 1

0.1 0.9006990000 0.899450520215  0.899450
0.2 0.8018346666 0.798446158109  0.798446
0.5 0.5010416666 0.499408530656  0.499408
0.8 0.1970986666 0.203135052008  0.203135
0.9 0.0976510000 0.102480354104  0.102480

1 0 0 0

coefficient of friction.

The velocity of the fluid between 2 plates with
increasing the influence of the magnetic force from
M=0.4 to M=1 is generally reduced.

Influence of thermo-phoretic parameter on
Temperature by ADM and VIM methods show that
by increasing Nt=0.01 to Nt=0.6, The temperature
increases from 6=0 to 6=0.28.

By increasing the Schmidt number of fluid flow, the

profile between ADM, VIM, and Runge-Kutta methods.
In this section, all calculations are calculated with the
least error.

According to Table 4, the specifications of the system
used to solve the equations are as follows.

concentration parameter decreased.

e  Thermophoresis is caused by the Brownian motion
of nanoparticles in fluids with a continuous
temperature  differential that is maintained
externally.
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