IOP Conference Series: Materials Science and Engineering

PAPER - OPEN ACCESS Related content

- Heat and mass transfer effects on

Unsteady MHD free convective boundary layer Aol oas  horzolal ncined ot
N . . elva rani an ovinaarajan
flow of a nanofluid past a moving vertical plate

- An exact solution on unsteady MHD free
convection chemically reacting silver
nanofluid flow past an exponentiall

To cite this article: T Sravan Kumar and B Rushi Kumar 2017 /OP Conf. Ser.: Mater. Sci. Eng. 263 accelerated vertical plate through porous
062015 medium
E Kumaresan, A G Vijaya Kumar and B
Rushi Kumar

- Three-dimensional flow of Powell-Eyring
. . nanofluid with heat and mass flux
View the article online for updates and enhancements. boundary conditions
Tasawar Hayat, lkram Ullah, Taseer
Muhammad et al.

Recent citations

- Effects of Relative Magnetic Field
Chemical Reaction, Heat Generation and
Newtonian Heating on Convection Flow of

Casson Fluid over a Moving Vertical Plate
Embedded in a Porous Medium
Dolat Khan et al

\B) 240th ECS Meeting
Oct 10-14, 2021, Orlando, Florida

Register early and save
up to 20% on registration costs

Early registration deadiine Sep 13
REGISTER NOW

This content was downloaded from IP address 157.49.64.244 on 03/08/2021 at 11:36



14th ICSET-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 263 (2017) 062015 doi:10.1088/1757-899X/263/6/062015

Unsteady MHD free convective boundary layer flow of a
nanofluid past a moving vertical plate

T Sravan Kumar and B Rushi Kumar
Department of Mathematics, School of Advanced Sciences, VIT University, Vellore-
632014, India

E-mail: rushikumar@yvit.ac.in

Abstract. An investigation on hydromagnetic boundary layer flow over a past an exponentially
accelerated vertical plate of a nanofluid in presence of the transverse magnetic field. The fluid
considered here is a non-scattering medium and the Boussinesq’s approximation is used to
describe pressure gradient and radiative heat flux in the energy equation. We have considered
three types of nanofluids containing Cu- water, TiO,- water and Al,Os - water. The governing
partial differential equations are transformed to dimensionless with suitable dimensional
quantities and then employed Laplace transform technique in order to a closed form solution
for velocity, temperature and concentration fields without any restriction. The numerical values
of nanofluids on the temperature, transverse velocity, skin-friction, and Nusselt number are
studies through graphs.

1. Introduction

Nanomaterials are being applied in more and more fields with tremendous applications in the areas of
medicine, electronics, and material sciences. Nanoparticles used as a part of nanofluids are normally
formed metals (Al, Cu), oxides (Al,Os, TiO,), nitrides (AIN, SiN), and carbides (SiC). Base liquid is
normally a conductive liquid; for example, H,O, engine oil, and C,H¢O,. Effective thermal
conductivity of ethylene glycol is stretched out by up to 40% for a nanofluid including C,HO,
containing around 0.3% vol. Copper nanoparticles of mean width<10nm, analyzed by [3-8]. Examined
a two to four fold rise in thermal conductivity development for nanofluid containing TiO,-water or
Al,Oz-water nanoparticles over a small temperature vary from 21°-51°C. An improvement in the
thermal conductivity relies on the shape, estimate and thermal attributes of nanoparticles; see [11] and
[12]. The existing literature was shown that ensures the enlargement of nanoparticles in the base fluid
may accomplish an essentially reducing in the heat transfer; for a comprehensive review, see [16, 17,
and 21].

The investigation of Magnetohydrodynamics with heat transfer in the presence of thermal radiation
effects have an interest in the consideration of a huge number of researchers because of varying
applications in nuclear reactor, for the designs of the fins, steel rolling, manufacturing engineering and
various propulsion devices for aircraft, in cooling of reactors in geophysics and astrophysics, it is
associated with focus on the stellar and solar structures, radio spread by the ionosphere etc. It is
concerned with the interaction of electromagnetic fields and electrically conducting fluids. When a
conducting fluid moves through a magnetic field, an electric field and therefore a current may be
started, and in this manner, the current interacts with the magnetic field to make a body force on the
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fluid. Such interactions occur both in nature and in new man-made devices. In the research center,
numerous new devices have been made which use the magnetohydrodynamic interaction directly, such
as impetus units and power generators or which include liquid electromagnetic field interactions, for
example, electrical discharges, MHD pumps, electron beam dynamics, MHD bearing, and traveling
wave tubes. The various effects of an unsteady MHD natural convective boundary layer flow of
nanofluids past a vertical permeable plate have been studied analytically, for extensive review; see
[10, 13, 14, 19, and 24]. From the innovative point of view, magnetohydrodynamic convective flow
problems are very significant in the fields of chemical engineering, planetary and stellar
magnetospheres and aeronautics [25, 26, and 28].

The objective of the present study is to investigate the hydro-magnetic boundary-layer flow in
nanofluids past an exponentially accelerated vertical plate in the transverse magnetic field when the
magnetic field fixed with respect to the fluid or to the moving plate despite the fact that this
circumstance includes in many engineering application. In this paper, it is considering various types of
nanofluids containing Cu-water, TiO,-water, and Al,O;-water. The non-dimensional governing
coupled linear PDEs are solved analytically.

2. Mathematical analysis

Consider the unsteady boundary-layer flow past an exponentially accelerated vertical flat plate of a
nanofluid within the sight of thermal radiation affected by the magnetic field, when the magnetic field
fixed with respect to the fluid or to the plate. The x-axis is taken the plate in the vertically upward
direction of the movement, whereas y -axis is taken normal to it. Initially, at the time 7<0, both the
surface and adjacent fluid have the same temperature in the static condition for every one of the
focuses in whole stream area y > 0. At the timez > 0, the plate starts to move in its own plane with the

velocityu, f(¢') in the vertically upward direction against to the gravitational field. At the same time a
constant temperature 7, . A magnetic field of uniform strength B, is considered to be devoted normal

to the direction of the fluid flow. It is considered various types of nanofluids containing Cu-water,
TiO,-water, and Al,O;-water. Fluid phase and the suspended nanoparticles are assumed to be in
thermal equilibrium. The energy equation the dissipation of viscosity is ignored.

Table 1. Thermophysical properties of water and nanoparticles [20]

Physical Pure water/ Cu AlL,O; TiO,
properties  base fluid
p (kg/m’) 997.1 8933 3970 4250
c, J/kg. K) 4179 385 765 686.2
k (W/m. K) 0.613 401 40 8.9538
5 x 10°(K™) 21 1.67 0.85 0.90
o(Qm)’ 0.05 5.96 x10’ 1x107™"° 1x107"
T v B
215 l g
B, Ed = 3
— 'T_Z_, r E ]
8l £+
=t ;
F
/ ’f WNanofluids
g = 3

Figure 1. Physical coordinate system
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Based on these assumptions, the fluid flow can be represented by the following system of governing

equations:
Ou o’u Hy
P 5 =t gy + 8PP (T=T.) - o, Bu~- X" @)
oT o’T  oq
—=k, — -2 2
(D) oy = o= o @
Equation (1) is replaced by (see [1, 22, 27])

Ou _ o’u T_T B2 ' Hoy 3
e ﬂn/ay—ﬁ g(pP), (T -T,)~0,B; [u—u,f(t')] —?l” (©))
Combining (1) and (3)

Ou o’u ' Hy
Py o =t 3 8PPy (T =T.) o, By [u—Ku,f(1')]- 71’»{ @

_ |0 if B, is fixed relative to the fluid
where T if B, is fixed relative tothe plate
1y, pye=U=Pp o, (0P),, =(1=9NB), +H PP, (pc,), =(1=pNpc,), +Hpex,),
My = -4 >
o,=0,1+ _ o=Dé (5)
(c+2)—(c-1)¢

The effective thermal conductivity of the nanofluid given by [15] and [20] is given by
k 42k, —2¢(k, —k,

by =y | ©)
k,+ 2k, +p(k, —k,)

In view Egs. (1) to (6), respectively.

The initial and boundary conditions are as follows:

1<0:u=0, T=T, forall y>0
t>0:u=uf(t), T=T,, at V=0
u—0, T->T,, as y >0

The radiative heat flux for an optically thick fluid can be found from [23] approximation and its
formula is derived from the diffusion concept of radiative heat transfer in the following way

* 4

g = - 46* oT (7)
3k° dy

T* =4TT} - 3T} 3)

In view Eqgs. (7) and (8), Eq. (2) becomes

or _ 1 [kn/+16cr*Tx}672" 9)

ot (pcp)n/ 3k oy

Introducing non-dimensional variables

2 '
u ugt u T-T, tug av T,-T
n= Oy,z': o U =—, 0= , Sc:L,l= " ,a, = Z,k:vk’,Gr=gﬂv( L =T.) (10)
Vi Ve Uy T.-T, D v Uy T uy
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We get the subsequent governing equations which are non-dimensional.

Z
o _ ]a +Gra,0— 21— M2a,(u, - Ke*") (11)
or on’ P
00 5%
eve__ cv 12
or a46772 (12)

where , _|_ P - (PP), (pe,), k, +2k, —20(k, k)
x {( ¢)+¢(p,ﬂ [( ¢)+¢( b, =|A-9+ ¢(C) X, = 2k gk k) |

. 1 X X
3(Z-nyp a=— g =22 g4 -5 4= x, + Nr 13)
N e, ’ \ (17¢)2‘3x1 a, %, , ay X, s g x3Pr( 4 )

<&+2>—<"—\—1>¢

and o8y, _is magnetic parameter, ¢, _ 8" 7. ~T.) the thermal Grashof number, p, - £% is
,D/M(, 710 k/

165°T’

3k, K

The initial and boundary conditions in dimensionless form are as follows:

Prandtl number and j;, - %% ‘- the radiation parameter.

1<0:u, =0, 6=0, forall #>0
1>0: =explay), g, a  n=0
u, =0, 650 at -0 o

Equations from (11) and (12), subject to the boundary conditions (14) are solved by usual integral
transform technique and the solutions are expressed in terms of exponential and complementary error

functions.
H(U,T)zerfc(zh) (15)
w2 =" %)@Cp(a"r){my\/bj)@fc[ 7, b&r}exp(—yﬁ)en‘c[”—@ﬂ

i o

+azs{exp(y\/a)erfc(2\/727 +bar ] + exp(—y\/a)erfc[z\/% - Jblalrﬂ

_ agexp(a;7) exp(aJ) |:exp(y\/_)erfc[ \/7+1/b al‘r]+exp( y\/_)erfc[ \/7 —bar H +a, exp(—a,r)erfc( r)
—agerfe( ) +ay exp(a,r) +a, exp(—a,r)
a,t
% exp(a;7) ex[23(a7r){exp(y\/7)erfc[ \/_+ alr}-exp( yf)erﬁ[zr -y 34111]} (16)
Where
:%Mz’ aG = _Gra2a4 > Cl-, = a504 > a8 :&a a9 = aSK > b() = aO+a5 > b] :a_5> bz = aS +a7 > b3:&
a —a, a —a, a, a, +as a a, a a,

2.1. Skin-friction
From Equation (16), we get skin-friction as follows

~aybyr
T, :—(1_17[%} :(1—ag)exp(aor)[\/ierf(./bualf)+ ¢ J
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e"’lblr e’“lbﬂ Pl 1
+ b, N | - b Jb + -
ag [\/Te'f( 1“17) \/ﬁlf} dy [\/jerf( ZaIT) \/;JJ a, rar +ay ra.r
. exp(—a,b,7) (1 7)

b, b. —_—
+ay exp(a;)[\/je}_’f (J 3a“r)+ W J
2.2. Nusselt Number
From Equation (15), we get Nusselt number as follows
wio-tefoo) __fo0] [ (18)

k/ on =0 on n=0 a,rt

3. Results and Discussion

Equations (11)-(12) with the boundary condition (14) were solved analytically using the Laplace
transform technique. To verify the exactness in the obtained solution, we have compared the case with
the results when the magnetic field is being fixed to the fluid (K=0) as those reported by [10] are very
good in agreement. A part of this study, we have also investigated the case when the magnetic field is
being fixed to the plate (K=1). The impacts of various governing dimensionless parameters are
examined, namely the magnetic parameter (M), radiation parameter (Nr), volume fraction parameter

(¢), time(r) and thermal Grashof number (Gr) in transit of flow field, velocity, temperature, skin

friction, and Nusselt number are studied graphically shown Figures 2-13.

The behavior of fluid velocity by the influence of nanoparticles, magnetic parameter, time,
accelerated parameter, radiation parameter, and volume fraction are shown in Figures 2-7. From
Figure 2 it is observed that the velocity distribution for TiO,—water and Al,O;-water are same as their
densities, but due to the high density of Cu, Cu- water the dynamic viscosity increases more leads to
thinner boundary layer than other particles. Figure 3 depicts that the velocity various magnetic
parameter. It is observed that the momentum boundary layer thickness increases with increasing value
of the magnetic parameter in case of moving plate. Figure 4 displays the effect of ¢ nanoparticles on
the fluid velocity, it decreases due to the absence of surface tension forces and hence, the momentum
boundary layer thickness decrease. From Figure 5 the fluid velocity increases with the increasing
values of radiation parameter Nr. It is noted that the momentum of boundary layer thickness increases
when Nr tends to increase inside a boundary layer region and consequently it accelerates the viscosity
of the nanofluid. The effects of r on the velocity field are shown in Figure 6 shows that the velocity of
the nanofluid increases with increasing values of 7. Figure 7 reveals that the velocity increases with the
increasing values of ay.

The behavior of fluid temperature by the influence of radiation parameter, Prandtl number and
volume fraction are illustrated in Figures 8-10. From Figures 8 and 9 it is seen that the effect of
volume fraction ¢ of nanoparticles and radiation parameter Nr on the temperature distribution. Metallic
nanoparticles have much higher heat conductivity than common liquids. It also observed that with
increasing the volume fractiongof the nanoparticles the thermal boundary layer is increased. It is
noticed that the fluid temperature increases as Nr increments due to the fact the conduction effect of
the nanofluid increases in the presence of thermal radiation. Figure 10 depicts that the temperature
decreases with the increasing values of Pr.

From Figure 11 reveals that the Nusselt number increases with an increasing the values of ¢. The
skin-friction at the plate is presented in Figures 12 - 13. From Figure 12 it is seen that the density of
Cu —water nanofluid is higher than the Al,O; and TiO, — water nanofluids, the shear stress for Cu —
water nanofluid is found to be lower. From Figure 13 it is identified that skin-friction increases with
increasing values of ¢ and moreover the momentum boundary layer thickness decreases.



14th ICSET-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 263 (2017) 062015 doi:10.1088/1757-899X/263/6/062015

2

1.4 1.4 —=T -
’:l':-‘:\.‘ Cu—water K=0 ‘ﬁ_:--“::‘_‘ Cu—water — E=0
1.2} “‘:‘j"-’.. TTTER=1 1.2 Nk ‘-"':-:'/?“ _——R=L
| Ry , P TN
R e A S /  Nr=0,5,10
ufa- \ .//J _____________ u1ca
T‘M_ %" ¢=0,0.05,0.1 T=0.5 | T - .2
' \ Nr=0.5 :
Pr=6.2
0.4 Gr=>5 0.4
M*=5
0.2 aO—O.S 0.2 5
00 0.5 1 1 j5 2 25 GO Q.5 I 1.5 ; 25 2
— 1 > M
Figure 4. Influence of ¢ on velocity Figure 5. Influence of Nr on velocity
1.8 1.8
e T2 Sy 1=0.2,0.6,1.0 Cu-water =
1.6 ""--‘é‘__ 4 ’ 16" >~ K=0

Cu—water| ~*

05

1
i ]

Figure 6. Influence of ton velocity Figure 7. Influence of g, on velocity



14th ICSET-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 263 (2017) 062015 doi:10.1088/1757-899X/263/6/062015

q

1
ok Cu-water 0.9 Cu-water
0.8 0.8}
0.7 0.7
0.6 \ 0.6
o § 5 Nr =0,0.5,1.0
T \ $=0,0.05,0.10 A
0.4} 0.4
0.3 4 T=0.5 0.3
- Nr=0.5 &5 =Fit
’ Pr=6.2 ' T=0.5
0.1 0.1 \\_ Pr=6.2
o - : Q
1} 0.z 0.4 0.6 0.8 1 1.2 0 0.5 1 1.5
— — M
Figure 8. Influence of ¢ on temperature Figure 9. Influence of Nr on Temperature
1 T T T T
- Cu—water Cu-water
&
0.8
0.7} 1 5
0.6 1 al
90.5 Pr=3,5,7.1 Nu
! | ts
0.4t / -
) 7=0.5
0.3 7
$=0.1 =
0.2 Nr=0.5 1
)
0.1
% 0.5 1 15 2 % 05 1 15 2
S— | —» T
Figure 10. Influence of Pr on temperature Figure 11. Influence of ¢ on Nusselt number
14 i2
= ' Cu-water _
12f K=0 rola K=0
———K=1 ] ——— k=1
10 Pr=6.2 ¥
Nr=0.5 sl %
8 Gr=1
iz =0. 1 C I
&, Cu, Ti0,,Al 0O, gj=o.5 c
A : T
4t 4
= 2
o
]
2 "
[+] 05 | 1.5 2 a 0.5 1 1.5 2
— T »> T
Figure 12. Influence of nanofluids on Skin- Figure 13. Influence of ¢ on Skin-friction
friction



14th ICSET-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 263 (2017) 062015 doi:10.1088/1757-899X/263/6/062015

4. Conclusions

The unsteady natural convective hydromagnetic boundary layer flow over a past an exponentially
accelerated vertical plate of a nanofluid in the sight of the transverse magnetic field. The result reveals
that the flow characteristics of the concentration, temperature, velocity, the rate of heat transfer and the
shear stress at the plate are also discussed. And the results are good in agreement with those studied by
[10]. With the above results the following conclusions are made:

The temperature of nanofluid increases with increasing the values of ¢ .

The temperature of the nanofluid decreases with increasing Pr.
The skin-friction at the surface of the wall for Cu- water nanofluid is found to be lesser
than other particles.
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