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Abstract - Heat, mass, and momentum transfer in the
laminar boundary layer flow on a stretching sheet are
important due to its applications to polymer technology
and metallurgy. The chemical reaction of metal particle
with the solvent is natural and decomposition of the
metal particle is a natural phenomenon. But, this
decomposition affects the viscosity and the fluid flow.
The inclusion of chemical reaction rate parameter in
the expression of viscosity given by Graham A.L
(Applied Science Research, 37(3), pp.275-286(1981)
address the behavior of the viscosity of the Nano fluid in
its flow and heat transfer. The heat transfer is more for
large volume fraction of the solid due to the
decomposition of metal particle. The destructive
chemical reaction (K > 0) gives the lesser temperature
than the generative chemical reaction (K < 0).

Key Words: Cu-H.O Nano - fluid, viscosity, vertical

Stretching sheet, Heat transfer.

1. INTRODUCTION

The boundary layer flow over a stretching sheet plays an
important role in aerodynamic, extrusion of plastic sheet,
metal-spinning, manufacture of plastic and rubber sheets,
paper production etc and thus, remains at the leading edge
of technology development. In the industrial operation,
metal or more commonly an alloy, is heated until it is
molten, whereupon it is poured into a mould or dies which
contains a cavity, of required shape. The study of
convective Nano fluid heat transfer dominated the heat
transfer through fluids, due to strong physical properties
of the mater (solid + base fluid). Literature survey proved
that the study of Nano fluid heat transfer was worth
enough to implement in industries. Sarit Kumar Das (7)
and Xiang- Qi Wang (9) stressed the lack of heat transfer
mechanisms through Nano fluids and the interaction of
metal particle with solvent. However, at later stages many
authors attempted to study the thermal conductivity,
viscosity and physical parameters. Tiwari Arun Kumar (8)
studied the thermal conductivity and viscosity of Nano

fluids with various models and concluded that existing
literature was still unclear to match the experimental and
theoretical results.

Recently Gbadeyan, JA (1) reports that the increase in
Brownie motion is reduced heat transfer rate.
M.AAHamad (6) concluded that the Nano particle
inclusion in the base fluid changes the flow patron
significantly. To match the experimental and theoretical
results Hassan A.M. (4) and GVPN Srikanth (3) attempted
by including the chemical reaction coefficients in the
diffusion equation.

So we made an attempt here to analyze the convective
heat and mass transfer of a nano fluid, past a permeable
oscillating stretching sheet by considering the size of the
particle using viscosity due to Graham [2] and the thermal
conductivity due to Jong & Choi.

2. MATHEMATICAL FORMULATION

Consider the unsteady free convection flow of a nano-fluid
past a vertical permeable semi-infinite stretching sheet in
the presence of an applied magnetic field with constant
heat source, radiation and suction. We consider a

Cartesian coordinate system (x,y,z), the flow is assumed
to be in the x direction, which is taken along the sheet,

and 7z - axis is normal to the sheet. We assume that the
sheet has an oscillatory movement on time t and

frequency n with the velocity u(0,t),which is given u(0,t)
= Uo (1 + x + gcos (nt)), where ¢ is a small constant
parameter (& << 1), x is the rate of stretching and Uo is the
characteristic velocity. We consider that initially (t < 0) the
fluid as well as the sheet is at rest. A uniform external
magnetic field By is taken to be acting along the 7 -axis.
Also assume that the induced magnetic field is small
compared to the external magnetic field Bo. The surface
temperature is assumed to have the constant value Tw
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while the ambient temperature has the constant value T,
where Tw > T.. The conservation equation of current
density V.J=0 gives J, = constant. Since the sheet is

electrically non-conducting, this constant is zero. It is
assumed that the sheet is infinite in extent and hence all

physical quantities do not depend on X and 9 but depend

only onz andt, the Schematic Diagram of this is shown in
Fig.1.
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Fig-1: Schematic Diagram
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It is further assumed that the regular fluid and the
suspended nano-particles are in thermal equilibrium and
no slip occurs between them. Under Boussinesq and
boundary layer approximations, the boundary layer
equations governing the flow and temperature are,

oW _
oz Q)
0u wou_1 52—”+[5) (T-T, ) Cosy - oBy2u
ot 07 ont Pnfazz PPTInf & ® Y 0

2
o 2 P
ﬂ+W6_T:anfa_T_ Q — oo)_ 1 qr
t 0z 022 (pcp)nf (pcp)nf 0z

(3)

The appropriate initial and boundary conditions for the
problem are given by

uizt)=0,T=T, fort<0Vz
_ € int  _-int _
u(0,t)=Ug 1+X+E(e +e ) T(0,t) =Ty,

U(0,t)> 0, T(eo,t)> Ty, e<<1

(4)
Thermo-Physical properties are related as follows:
k
nf
= (1-— + ) - =
Pnt ( ¢)pf ¢pS X (pcp)nf

(0B ¢ =(1-0)(PB); + H(oB),

= 1+25¢+45

Hf h h h 2
p p p

Koo = Ke(l K I . Re2d
nf = K¢ (1-0) + By p¢+cld_ p Redypro
p

©)
Due to chemical Reaction by the solvent and the metal
particle the rate of change of the size of the particle can be
considered as:

ddp
— = —K dp
dt

= d, = dye "

Where d is the initial size of the particle (Assumed as d |

=50 nm) and K is the reaction rate:

p
M 14254445 !

Hg h ekt h ekt he )2
2 + 1+
50 50 50
C.
- 1 Kt 2
Knf = kf(lf¢)+[31kp¢+%dfe ky Re“ dp pr o
Where g, = 0.01is a constant for considering the kapitza

resistance per unit area
C = 18x10° is proportionality constant

d KT 1.381x1023T

Redp:—p =
Ve 37'[,uf dplf Vf37ruf (0.738)

d; =0.384 nm for water

Pr =Prandtl number = Y
ag

I; =Mean free path=0.738
k =Boltzmann constant, T = 300 k
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We consider the solution of Esq. (1) as w=-wp (6)

Where the constant wo represents the normal velocity at
the plate which is negative for injection (wo<0)

Thus, we introduce the following dimensionless variables:

2
U
z=[—vf ]Z, t= a i t*, n= 0 n

T-T 4 4
u=xUUg, 6 = ——=—, qr:__li
Tw — Too 38 oy

We assume that the temperature differences within the
flow are sufficiently small. So that, the T 4 can be
expressed as a linear function after using Taylor series to
expand T 4 about the free stream temperature T, and
neglecting higher-order terms. This result is the following
approximation:

T4 = 4137 -37,°

2md4 3
By using above, we obtain 29 _ 1601 T %, (7)
0z 38 072

Using equations 4,5,6,7 the Equations 2 and 3 can be
written in the following dimensionless form:

o\, 2
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o ot 0% heKt 0z

2
Kt Kt
2+he 1+ he
50 50 50

+ 1—¢+¢(p87-r)s Gr 6 Cosy 1 MU
(pBT)f X

(pc ) |/ A N k k pzc eKt
{1‘1”4] ps}[wsoe]_ 1{1¢+0.01¢kp+p¢fpf3
f

(pcp)f ot 0L Pr k.2 501,

286329991102 J oy
f

%9

41
3 Ra 07

1 1
B
Where the corresponding boundary conditions (4) can be
written in the dimensionless form as:

U(z,t)=0,0(z,t)=0 for t <0V z

u(.t)=U, {1+ X+ %(ei“t +e‘i”tﬂ, 800=1{_

U(s0,t) — 0, 8(c0,t) = 0

Here Pr is the Prandtl number, S is the injection (S<0)
parameter, M is the magnetic parameter, Ra is the

Radiation parameter and Qu is the heat source parameter,
Gr is the Grashof number, which are defined as:

2 3
V. w o By Vv 4aocy T
pr=—f s=_-0 m=270"T1 2f,Ra=—1 x
of Yo ps U dknt
2
_ Qvs
Qn = 5 G = 9By (T Ty )Vt

ks Ug

Where the velocity characteristic U, is defined as

Uo=[ 9Bt (Tyy —T,0) v ]1/3

The local Nusselt number Nu in dimension less form:

xﬂe'm)
I(f

Nu = —
3. RESULTS

The momentum decreases with increase in volume
fraction (@) from Fig.1. The 5% of solid volume fraction

significantly decreases the momentum when compared
with usual fluid. From Fig. 2 As the injection increases, the
momentum increases more rapidly compared with no
suction. The increase in h drastically drops the momentum
due to the adhesion of the layer around the Nano-particle
are more packing fraction of the particles which can be
seen in Fig.3. From Fig. 4 the increase in thermal buoyancy
(Gr) will increase the momentum unlike the other profiles
of the momentum. From Fig. 5 the magnetic field (M)
affects the momentum very much. The momentum is
almost linear in the absence of the magnetic field and
decreases with increase in M. From Fig. 6 the momentum
decreases slightly with increase in inclination angle (y).
From Fig. 7 the heat source (Qu) does not show much
impact on momentum but, the momentum decreases with
increase in heat source. From Fig. 8 it shows the increase
in radiation decreases the momentum. It is also found that
there is no impact on momentum for Ra > 0.4. From Fig. 9
the momentum variation is observed for generative (K <
0) and destructive (K > 0) chemical reactions. The
generative chemical reaction produces almost the uniform
momentum whereas; the destructive chemical reaction
tends to exponential decay in the momentum along the
Stretching sheet. Fig. 10 shows the variation of velocity
with stretching parameter (x). The increase in x retains
the fluid leading to enhance the momentum.
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The temperature rises with increase in the solid volume

1

fraction (@) from Fig. 11. From Fig. 12 interestingly the 09

injection (S) enhance the temperature along the plate 23 1

almost exponentially. From Fig. 13 the layer (h) acts as a 0.6+

semimetal to enhance the temperature along the plate. gi 1

From Fig. 14 the inclination angle (y) of the plate reduces 0zl

the temperature. The thermal boundary layer has thinned 024 h=2468

by layer around the nano- particle and the inclination of 0'3 1

the plate. From Fig. 15 the heat source (Qu) decreases the 00.11.22.33.44.55.66.77.88.99.10

temperature. From Fig. 16 the radiation drastically drops

the temperature even for slightly higher values (Ra>0.1). Fig. 3 Variation of U with h

From Fig. 17 the generative chemical reaction (K) has no 1
impact on temperature whereas, the destructive chemical 0.9 1
reaction reduces the temperature slightly. Fig. 18 shows Zj: Gr=25810
the variation of temperature with stretching parameter 0.6
(x). The increase in x retains the fluid leading to reduction zj
in temperature. 034
0.2
Fig. 19 depicts the variation of heat transfer by M. A. A 0~c1)’

Hamad and 1.Pop (6). Fig. 20 depicts the variation of heat
transfer in the present study for K = 0.5 at the base of the
plate. As the suction and heat source increases the heat

00.11.22.33.44.55.66.77.88.99.10

Fig. 4 Variation of U with Gr

transfer rate increases for ¢ = 0.15, 1. However, the heat 1
transfer rate has no much variation for different S. The -
heat transfer is more for large volume fraction of the solid 074
due to the decomposition of metal particle. 0.6 1
0.5 1
0.4
: 037 m=0510
091 024
081 0:1 .
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021 Fig. 6 Variation of U with y
0.1
0
00.11.22.33.44.55.66.77.88.99.10

Fig. 2 Variation of U with S
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Fig. 7 Variation of U with Qu

1
0.9
0.8
0.7 1
0.6 1
0.5
0.4
0.3 |
0.2
0.1

0

Ra =0.1,0.4,0.8

00.11.22.33.44.55.66.77.88.99.10

Fig. 8 Variation of U with Ra
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Fig. 9 Variation of U with K
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Fig. 10 Variation of U with x
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Fig. 12 Variation of 0 with S
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Fig. 13 Variation of 6 with h
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Fig. 15 Variation of 8 with Q4
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Fig. 16 Variation of 6 with Ra

Fig. 17 Variation of 0 with K
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Fig. 18 Variation of 0 with x
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081 4. CONCLUSION
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f,i The destructive chemical reaction exponentially decreases
0.4 1 the velocity. Both types of chemical reaction (destructive
031 and generative) reduce the temperature along the plate
0.2 1 and the variation is very narrow.
0.1

0 REFERENCES

00.11.22.33.44.55.66.77.88.99.10

[1]Gbadeyan J.A., Olanrewaju, M.A. and Olanrewaju, P.O.,
Boundary Layer Flow of a Nano fluid past a Stretching
Sheet with a Convective Boundary Conduction in the
Presence of Magnetic Field and Thermal Radiation (2011)
Australian Journal of Basic and Applied Sciences,5(9):1323-
1334.

06 x=-03,-05,-08

05 [2]Graham A.L., On the viscosity of suspension of solid
3‘3‘ spheres (1981), Appl.Sci.Res, 37(3), 275-286.

0w [3]G.V.P.N.Srikanth, B.Suresh Babu, Dr.G.Srinivas, Heat and
01t/ Mass Transfer of a MHD Nano Fluid with Chemical

Reaction Effects (2014), International Journal of
Mechanical And Production Engineering, ISSN: 2320-2092,
Volume- 2, Issue- 3, March-2014.

© 2015, IRJET.NET- All Rights Reserved

Page 1079



’l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 02 Issue: 03 | June-2015

www.irjet.net

p-1SSN: 2395-0072

[4]Hassan AM. El - Arabawy, Exact Solutions of Mass
Transfer over a Stretching Surface with Chemical Reaction
and Suction/ Injection (2009), Journal of Mathematics and
Statistics, 5 (3): 159- 166, ISSN: 1549-3644.

[6(]M.AA. Hamad and [|Pop, Unsteady MHD free
convection flow past a vertical permeable flat plate in a
rotating frame of reference with constant heat source in a
nano fluid, Heat Mass Transfer (2011), 47:1517-1524.
[6]Sarit Kumar Das, Stephen U.S. Choi, Hrishikesh E.Patel,
Heat Transfer in Nano Fluids - A Review, Heat Transfer
Engineering (2006), 27(10):3-19.

[7]Tiwari Arun Kumar, Ghosh Pradyumna and Sarkar
Jahar, Investigation of Thermal Conductivity and Viscosity
of Nano Fluids, Journal of Environmental Research and
Development, Vol.7 No.2, 2012.

[8]Xiang - Qi Wang, Arun S. Mujumdar, Heat Transfer
Characteristics of Nano Fluids: A Review, International
Journal of Thermal Sciences 46 (2007) 1-19.

BIOGRAPHIES

Mr. G.V.P.N.Srikanth working as an
Assistant Professor in the Department
of Mathematics, Guru Nanak Institute
of Technology, Hyderabad, India. He
received M.Sc degree in the stream of
Mathematics from Andhra University
in 2007, and pursuing Ph.D in the
stream of convective Heat and Mass Transfer from JNTUH,
Hyderabad. He has presented Research papers in National
and International conferences and also published papers
in National and International Journals. In the field of
interest includes Fluid Dynamics, Heat and Mass Transfer.
He is a Mathematician and logician. He received numerous
honors and awards including the best Teacher award.

Dr.G.Srinivas working as a Professor in
the Department of Mathematics, Guru

Nanak Institute of  Technology,
Hyderabad. He received his Ph.D from
Sri Krishnadevaraya University,

Anantapur in 2006. In the field of
interest includes Fluid Dynamics, Heat
and Mass Transfer. He is Mathematician, philanthropist.
He made numerous research presentations, organized and
contributed paper sessions, and served as the reviewer at
National and International conferences in Mathematics. He
has supervised Research scholars for their Ph.D. His focus

is helping, developing and implement a new teaching and
learning framework.

Dr.B.Tulasi Lakshmi Devi working
as an Associate Professor in the
Department of Mathematics, Guru
Nanak Institute of Technology,
Hyderabad. She received her Ph.D
from Sri Krishnadevaraya University,
Anantapur in 2011. In the field of
interest includes Fluid Dynamics,
Mlcro polar Fluids. She has presented Research papers in
National and International conferences and also published
papers in International Journals.

Mrs. Alfunsa Prathiba working as

an Assistant Professor in the

Department of Mathematics, Guru

Nanak Institute of Technology,

Hyderabad, India. She received M.Sc

- degree in the stream of Applied

Mathematics from Osmania

University in 2005. In the field of

interest includes Fluid Dynamics,

Heat and Mass Transfer. She has presented Research

papers in National and International conferences and also
published papers in International Journals.

© 2015, IRJET.NET- All Rights Reserved

Page 1080



