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Abstract:

The non-linear differential equations govering the heat and mass transfer on MHD flow
of nano particles are solved analytically. The Homotopy Analysis method is adapted to obtain
the dimensionless velocity, dimensionless temperature and dimensionless concentration. The
results thus obtained are used to obtain the quantitude engineering interest like Nusselt number
Nu and Sherwood number Sh. The results are discussed graphically and finds good agreement

with the numerical solution.
Keywords:

Non-linear differential equations; Homotopy analysis method; Dimensionless velocity;

Dimensionless temperature; Dimensionless concentration; Nusselt number; Sherwood number.

1L.LINTRODUCTION

These days, there are several real-world scenarios where we must operate with various kinds of
nanoparticles. These nanoparticles are essential for regulating the various thermo physical
characteristics of various fluids that are involved. The majority of practical fluids, including water,
ethylene, glycol, kerosene oil, and engine oil, are poor heat conductors. One of the main causes of

lower thermal conductivity and other thermal property values is this. Nanoparticles are
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added to the base fluids to address this issue and improve the fluids' thermal characteristics.
Numerous researchers looked at and suggested a number of models to obtain a tangible study of
these nanofluids based on nanoparticles Several models were provided by Choi [1], Choi et al. [2],
Buongiorno [3], Nield and Kuznetsov [4], and Kuznetsov and Nield [5] to examine different
aspects of researchers used these models to study various problems involving nanofluids that can
be seen in Refs. [6-13].

Examining the diffusion of vorticity across an abruptly shifted flat surface is the classical
Stokes' problem [14]. Na and Rajagopal [15] expanded on the customary issue in the non-
Newtonian fluid scenario. Numerous researchers have examined various velocity field properties
in Stokes' issue over the years. The literature on Stokes' problem has numerous research [16-31].
Following the groundbreaking research on nanofluids, Naseem UddinA study of nanofluids
caused by a suddenly shifted plate was presented by et al. [32]. Using the Buongiorno model,
Rosali et al. [33] investigated the effects of thermophoresis and Brownian motion. on mass
transfer and heat in nanofluids.

A fresh, updated model that cooperated with the zero flux boundary
requirement for the concentration profile at the wall was offered by Nield and Kuznetsov [34—
36] in a recent work. This incorporates thermophoresis and Brownian motion dynamics to
provide passive control of the nanofluid particle fraction at the wall. They added that, in
comparison to previous models, this one is more physically accurate.

The current study examines the flow behavior of a nanofluid across a quickly
shifted flat plate using the model proposed by Nield and Kuznetsov [34-36]. Impacts of The zero
flux border condition incorporates thermophoresis and Brownian motion. Once the partial
differential equations have been converted to a set of ordinary differential equations, the flow's
governing equations are solved using the well-known Runge-Kutta-Fehlberg method. With the

help of graphical aids, a thorough explanation of the impacts of emerging parameters is given.

2. MATHEMATICAL FORMULATION OF THE PROBLEM
Examine the flow of a Newtonian nanofluid across a hot plate that has been begun
impulsively. Coordinates in Cartesian system is taken to describe the flow behavior. x and y

respectively are the coordinates along and normal to the plate. Initially (at time t=0), the plate is

starts moving with a constant velocitylU_ . The plate is kept at a constant temperature 7, , and
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the nanoparticle volume fraction Cw. At a large distance from the plate, the temperature and the
nanoparticle volume fraction are represented by 7, and C,, respectively. A uniform time
dependent transverse magnetic field is applied in y-direction. Strength of magnetic field is taken

to be B = By Induced magnetic field is assumed to be very small as compared to the applied

magnetic field and is neglected. Figure 1 shows the schematic diagram for the flow problem.

Fluid phase and the nanoparticles are assumed to be in a thermal equilibrium and there
is no slip between them. Under the assumptions mentioned above, the equations governing the
flow are [18]:
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where, u is the velocity component along the y-axis, U, is the free stream velocity,

My
pf is the density of base fluid, Y~ — is kinematic viscosity, 6 is electrical conductivity, Bo
Pr

(35)

magnetic field flux density, a thermal diffusivity, D, is Brownian motion diffusion coefficient,

D, thermophoresis diffusion coefficient, T and C are fluid temperature and nanoparticle volume

(pc)f
fraction, respectively, T is the parameter defined by _(_)_, where (pc) ; 1s the heat capacity
pc '
p

of the nanofluid and (pc) , s the effective heat capacity of the nanoparticle material.
For active control model, the initial and boundary conditions are:
t<0: u=20, T=T7,,C=C,, forallx,y
t20:u=U_,T=T,,C=Cyaty=0 @)

u—>07T->T7T,,C—>C,,asy —>»®
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The initial and boundary conditions for passive control model are:
t<0: uvw=0, T=T7,,C=C,, forall x,y

ol

r20:u=U =1 ,p < P

=0,aty =0 Q)
w B ay Tw ay

u—>0T->7,C—>C,_,asy—> o
It is pertinent to mention that the last part of the boundary condition takes the
thermosphoresis into account and normal flux of the nanofluid at the boundary is taken to be zero
[21-23]. The major purpose of this condition is the passive control of nanoparticle volume
fraction at the boundary. This condition is different from the earlier studies and gives a more
realistic approach. For mathematical analysis of the problem for active control model, we use

following similarity transformations

y -1,
n=—— ,6( ) = ’
YR T, -T,

om=C=C u=U F), (6)
CW - Coo

While, for passive control model, following transformation for the concentration is used:
Cc-C,

oMm)= ; (7)

C

[ee)

After the implementation of Eqs (6) and (7) into Egs. (1)—(4), we get the following

system of nonlinear differential equations,

F'+2nF' —4M*F =0, (®)

0" +2Pm0O +PrNbO ¢ +PrNt©* =0, )

(p"+2PrLeT](p'+ﬁ9"=0. (10)
Nb

The boundary conditions (4) reduce to using Eq. (6).
F(0)=1,6(0)=1,0(0) =1,
F(o0) = 0,0 (0) — 0,p(0) — 0, (11)

Equation (7) transforms the boundary conditions (5) into

F(0)=1,0(0)=1, Nb¢ (0)+ N0 (0)=0,
F(0) = 0,0 (0) > 0, @(0) - 0, (12)
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where the distinction with respect to 1 is indicated by primes.

Additionally,
oviB ? o W (T -T
M = 0 ,PI'= v,Le: m’Nt: T(W oo)
pfa a,, D, T,v
Nb:TDB(CW _Coo)
v

stand for the Brownian motion parameter, Lewis number, Prandtl number, magnetic number,
and thermophoresis parameter, in that order.
The quantities of engineering interest are the local Nusselt number Nu and Sherwood

number Sh. These metrics describe the nano mass and wall heat.corresponding transfer rates, and

are described by [33]:

Nu:—zle'(O), (13)
1,

Sh = —54) (0). (14)

Additionally, the Sherwood number expression becomes 0 for the passive control paradigm.

Specifically, Sh =0.

3. SEMI-ANALYTIC EXPRESSION BY HOMOTOPY ANALYSIS METHOD [37]-[47]
The Homotopy analysis method (HAM) is an analytical approximation method for highly
non- linear problems, proposed by Liao in 1992. Unlike other perbutation techniques, HAM is
independent of any small/large physical parameters. Secondly, HAM provides a convenient
way to guarantee the convergence of solution. Finally, HAM contains some traditional
methods. Therefore HAM provides us a useful tool to solve highly nonlinear problems in

science and engineering [37-47]

Dimensionless velocity, temperature and concentration are given by:

fy=e

-n -2n 2 - —n(nz \
fi=Ce +De +(—1+4M e +2e LT—HJ
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Where C=-D
0, =¢e"
-n -n - (Tl 2 -2n
0i=Ce +De -me *e |\7 -n )|(2pr) Me  (prNb+ priNt)
Where C=-D
Active control flow:
P, =€
- —n l Nt | n|[n2 \|
9, =Ce +De +me L| —1+M|J+e 7 N )(ZPFLe)

where C=-D

Passive control flow:

: | ﬁ)
" ipe Nﬂ B 4|(1 Nt\l N 4p Ll(nz e |
e — + me + T Le -1 le
) TP )

4. RESULT AND DISCUSSION

This section, is dedicated to the study of velocity, temperature and concentration profiles
for the varying values of involved parameters. To serve this purpose Figure 1-9 are plotted. Fig 1
describes the behavior of dimensionless velocity profile for increasing values of magnetic
number M. It can be see that the increase in M decreases the dimensionless velocity. For both,
numerical solution and analytical solution , the dimensionless velocity profile is identical. Fig 2
describes the dimensionless temperature for increasing values of thermophoresis parameter Nt.
It can be see that the increase in Nt increase the dimensionless temperature. Fig 3 describes the
dimensionless temperature for increasing values of Brownian motion parameter Nb. It can be see
that the increase in Nb increase the dimensionless temperature. Effects of thermophoresis
parameter Nt, Brownian motion parameter Nb and Lewis number Le on the dimensionless
concentration profile are shown in Fig 4-9, respectively. Fig 4&7(active &passive flow)

describes the dimensionless concentration for thermophoresis parameter Nt. It can be see that
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increase in Nt decrease the dimensionless concentration. Fig S5&8(active &passive flow)

describes the dimensionless concentration for increasing values of Brownian motion parameter Nb

Fig 6&9(active &passive flow) describes the dimensionless concentration for Lewis number Le.
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parameter Nt.
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5. CONCLUSION

In this paper Homotopy analysis method is adapted to study the heat and mass transfer on

MHD flow of nanoparticles . Analytical expression for velocity, temperature and concentration is

obtained and their impacts on varying the parameter are discussed graphically.
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Appendix A: Semi-Analytic expression for dimensionless velocity using HAM:

The non-linear differential equation is

F'+2nF —4M2F =0 (A1)

The boundary conditions are
F(0)=1, F(®) >0 (42)

We construct the Homotopy for the eqn.(A1) as follows:

(1—p>(| f+3 f‘+sz+hp |( femf-ap’s |}o (43)

The analytical solution of the eqns.(A1) and (A2) is given by
(f"+Pf" +Pf" +..)+3(f +Pf +... V+2(f +Pf +P*f +..) (A44)
0 1 2 0 1 0 1 2

Substituting the eqns. (A4) in the eqn. (A1) and comparing the coefficients of the power of p

We get

PY: "3 f +2f =0 (45)
0 0 0

P':

fl"+3fl'+2fl—f(:—3f(;—2f0+h(f(')'+2m‘(;—4M2f0)=0 (A46)

Solving the eqns. (AS5), (A6) and using initial approximation eqns we obtain the following

results:
f.= Cle +Ce”

» on 7
fi = Ce +De + (—1+4M )r]e +2e 2

Using the boundary conditions, C= -D
Appendix B: Semi-Analytic expression for dimensionless temperature using HAM:

The non-linear differential equation is

0 +2PmO +PrNbO ¢ +PrNtO” =0, (B1)

The boundary conditions are

2, ISSUE 3, 2025
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0(0)=1,¢(0)=1
0(0) > 0,4 (0) >0 (B2)

We construct the Homotopy for the eqn. (B1) as follows:

(l—p)(e +30 +20 )+ hp (6 "+2PmO +PrNbO ¢ +PrN® '2) =0 (B3)

The analytical solution of the eqns. (B1) and (B2) is given by

O"+PO"+P0O" +...)+30 +PO +.... )+2(0 +PO +P0 +..) (B4)
0 1 2 0 1 0 1 2

Substituting the eqns. (B4) in the eqn. (B1) and comparing the coefficients of the power of p

We get
VU TOU T 4LV — UV \DY)
P 0 0 0
P
0'+30'+20 —-0'-30'—20 +0 +2PmO +PrNbO @ +PrN® " =0 (B6)
1 1 1 0 0 0 0 0 0 0

Solving the eqns. (BS), (B6) and using initial approximation eqns we obtain the following

results:

e 0 — e*n
-n -n -n (T] 2 \ 2

“n -
0i=Ce +De —me +e Lj—nj(Zpr)me (prNb+ prNY)

Using the boundary conditions we get, C=-D
Appendix C: Semi-Analytic expression for dimensionless concentration using HAM:

The non-linear differential equation is

; . Nt
¢ +2PrLeno +%9 =0. (C1)

The boundary conditions are

0(0)=1, ¢(0)=1

8 (x0) > 0, ¢(e0) = 0 ()
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We construct the Homotopy for the eqn. ;Cl) as follows: Nt )
(1- p)|(|)+3([)+2(p\|+hp @ +2Priene + 0 |:O (C3)
y /N No )
The analytical solution of the eqns. (C1) and (C2) is given by
(@ +P"+P2" +..)+3(@ +PQ +...)+2(p +Pp +P}p +..) (c4)
0 1 2 0 1 0 1 2

Substituting the eqns. (C4) in the eqn. (C1) and comparing the coefficients of the power of p

We get
% @ +3¢p +2¢ =0 (C5)
0 0 0
1
P
¢ +3¢ +2¢ —¢@ -3¢ —-2¢ +¢ +2Prlene + 7 (C6)
1 1 1 0 0 0 0 0 me
Solving the eqns. (C5), (C6) and using initial approximation eqns we obtain the following
results:
@ =2 —|(1+ N, \|e‘2’“l
0 [
\ 2Nb()

_ ) Nt _ Nt _ (1’]2 —
\ ) \ ) \ )

Using the boundary conditions, we get C= -D
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