IOSR Journal of Mathematics (IOSR-JM)
e-1SSN: 2278-5728, p-1SSN:2319-765X. Volume 10, Issue 2 Ver. IV (Mar-Apr. 2014), PP 29-34
www.iosrjournals.org

Study of Visco-Elastic Fluid Flow and Heat Transfer over a
Stretching Sheet with Variable Viscosity and Thermal Radiation

M. Ramya',K. Sangeetha®,M.Pavithra®

L23pssistant Professors, Dr.Sns Rajalakshmi College Of Arts And Science,Coimbatore, India.

Abstract: This dissertation deals with the boundary layer flow and heat transfer in a visco-elastic fluid flow a
stretching sheet in the presence of radiation. Two different temperature are studied here, (i) PST, that is the
sheet with prescribed surface temperature (ii)PHF, that is the sheet with prescribed heat flux. The basic
boundary layer equations for momentum and heat transfer which are non-linear parital differential equation is
converted into non-linear ordinary differential equation using similarity transformation. The resulting non-
linear equation is solved using numerical shooting method for three unknown initial conditions with fourth
order Runge-Kutta method. To know the physics of the problem, numerical results are discussed with the help of
graphs for various of parameters, such as fluid viscosity parameter, visco-elastic parameter, Prandtl number,
Eckert number, heat source/sink parameter and radiation parameter.

. Introduction

Boundary layer behaviour over a moving continuous solid surface is an important type of flow
occurring in general engineering processes. The heat transfer due to a continuously moving surface through an
ambient fluid is one of the thrust areas of current research. Such investigations find their application over a
broad spectrum of science and engineering disciplines respecially in the field of chemical engineering process
like metallurgical process, polymer extrusion process involues cooling of a molten, liquid being stretched into a
cooling system.

Sakiadis[19] presented the study of the boundary layer flow over a continuous solid surface moving
with constant speed. Bataller[3] present a study of the flow and heat transfer of an
incompressible homogeneous second grade fluid over a non-isothermal stretching sheet. Using similarity
transformation they convert the partial Differential equations to ordinary differential equations. Dual pal and
Hiranmoy mondal[6] investigated the analysis of combined effects of Soret and Dufour on unsteady MHD non-
Darcy mixed convection over a stretching sheet. Mohamed[11] , investigated the effect of radiation on the heat
and fluid flow over an unsteady stretching surface. Andersson[1] MHD flow of a visco elastic fluid past a
stretching surface. Gupta[7] Heat and mass transfer in a stretching sheet suction or blowing. These coupled non-
linear equations, governing the problem, are reduced to a system of coupled non-linear higher-order ordinary
differential equations by applting suitable similarity transformations. This resultant boundary value problem has
been converted into the system of six-simultaneous equations of first order for six unknowns. Then this system
is solved by employing a numerical shooting technique(for two unknown initial conditions) with fourth-order
Runge-Kutta integration scheme. Computation is carried out for temperature and horizontal velocity profiles,
Nusselt number and skin friction parameter when the walls are maintained with prescribed surface temperature
and prescribed wall heat fluxes. Analyses have been made to investigate the effect of fluid viscosity, visco-
elasticity, permeability of the porous medium and Prandtl number on the flow behavior and heat transfer
process. Emphasis has been laid to study the effect of fluid viscosity on the other physical characteristics. One
of the important findings in the present study is that the effect of fluid viscocity parameter is to decrease the
temperature profile significantly when the flow is through a porous medium.

Il.  Mathematical formulation
Consider a steady laminar flow of an incompressible visco-elastic fluid (walter’s liquid-B) in a porous
medium past a semi-infinite stretching stretching sheet coinciding with a plane y=0 and the n flow being
continued to y>0, keeping the origin fixed, caused by the simultaneous application of two equal and opposite
forces along the x-axis which results in stretching of the sheet and hence the flow is generated due to the
stretching of the sheet. We have x-axis along the surface, y-axis being normal to it and u and v are the fluid

tangential velocity and normal velocity respectively.
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Where k, is the visco elastic parameter, v is the kinematic viscosity, k' are permeability of the porous
medium, k is the thermal conductivity of the fluid, p is the coefficient of viscosity of the fluid, T,, is the constant
value of temperature and coefficient of viscosity far away from the sheet and gr is the radiative heat flux. The
term Q represents the volumetric rate of heat generation. Eq. (2.2) has been derived with the assumption that the
contribution from the normal stress is of the same order of magnitude as the shear stress, in addition to the usual
boundary layer approximation. Here, L is the coefficient of viscosity, which is considered to vary as a function

of temperature as follows:
% = #i [1+4y(T -T)] i.e% =a(T-T,) (2.4)

Where, a = #l and T, =T, —% (2.4b)

Are constants, a>0 corresponds to liquid and a<O for gases. T, and p, are constant values of
temperature and coefficient of viscosity, respectively, at far away from the sheet.
Here, we consider two more general cases of non-isothermal boundary conditions
(1) Surface with prescribed power-law temperature (PST)
(2) Surface with prescribed power-law heat flux (PHF)
The prescribed power-law surface temperature and power-law heat flux are considered to be functions of x only
The corresponding boundary conditions are u = bx, v =0

T=T,=T,+A (%) aty = 0, (PST Case)
oT x
k5T =qu =D (%) aty = 0. (PHF Case)
T->T, as y = o, (2.5)
Where A and D are constants, T, is the wall temperature of the sheet, T, is the constant values of
temperature of the fluid far away from the sheet and | is the characteristic length. It is to be noted that Eq. (2.2) and (2.3)

are of third order in u and second order in T. The boundary conditions prescribed by Eq. (2.5) are sufficient to solve them.
In order to obtain dimensionless form of the solution we define the following variables:

p\1/2
u = bxfy(n),v=—bv.)"*f(n),n = (Z) v, (2.6)
Where
(T, —T,) =4 (%) (PST Case) (2.6a)
- g(”f)l/ ? ()  (PHFCase) (2.6b)

Making use of these transformations, we notice that Eq. (2.1) is identically satisfied and Eqg. (2.2) and
(2.3) reduce to
£,2 — ff, k2
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Boundary condltlons of Eq(2.5) are transformed into
PST Case:
M@ =1fm=00mn =1latn=0,
fo) =0, f () =0,6() =0asn - o (2.9)
PHF Case:
) =1,6,(n) =-1,f(n) =0 atn =0,

@) =0,f,(1) =0,06(n) =0as n— o (2.10)

Here , B. = % is the Prandtl number E = is the Eckert number and 6, = 1/v(TW —T) is the

P pc2lz
l

2
viscosity number, R = is the radiation parameter, g = ch VE = bTx is the Eckert number.
pb

k
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Investigation on flow behavior and heat transfer would be carried out by analyzing the non-dimensional
local shear stress t,, (skin friction) and the rate of heat transfer coefficient Nu (Nusselt number) at the wall.
These quantities are defined as

-

= fin() atn =10 (2.11)

h

Nu = (T_T) y =0 (T]) atn = 0 (212)
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I11.  Numerical solution
The above equations (2.7) and (2.8) are nonlinear ordinary differential equation. Which constitute the
nonlinear boundary value problem. As no prescribed method is available to solve nonlinear boundary value
problem, it has to be reduced to an initial value problem. This process is done by Runge-Kutta shooting method.
To initiate the shooting process. We have to make an initial guess judiciously for the values of
£"(0),f"(0) and 6'(0) (PHF case). The success of the procedure depends very much on how good the guess
is .Numerical results are found for several values of the physical parameters E, Pr, k1,k2,6,.,R.

IV.  Results and discussion

In the present work, | have analyzed the effect of fluid viscosity, visco-elasticity, permeability of the
porous medium and prandtl number on the flow behavior and heat transfer process. The boundary layer partial
differential equation which are highly non-linear, have been converted into set of ordinary differential equation
by applying similarity transformation and they are solved by numerically using Runge-Kutta method.

Fig.1 Depicts the effect of radiation for various viscoelastic parameter on the heat transfer in the case of
PST. Two plots reveal that the dimensionless temperature 8 (n) versus n from the wall, increases with increasing
the values of visco-elastic parameter (k1) and decreasing values of radiation parameter(R).Fig.2 Depicts the
effect of radiation for various values of visco-elastic parameter on the heat transfer in the case of PST. Two
plots reveal that the dimensionless velocity f'(n) versus n from the wall, increases with increasing values of
visco-elastic parameter (k1) and decreasing values of radiation parameter (R).
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Fig.1 Effect of radiation parameter for various values of K1 in PST case with Pr=7.0, E=0.02, K2=0.0, B=- 0.05
for temperature profile

Fig 3. Depicts the effect of radiation for various of fluid viscosity parameter on the heat transfer in the
case of PST. Two plots reveal that the dimensionless temperature 6(n) versus n from the wall, increases with
increasing values of fluid viscosity parameter (A) and decreasing values of radiation parameter (R).fig 4.
Demonstrates the effect of radiation for various values of prandtl number on the heat transfer in the case of PST.
Two plots reveal that the dimensionless velocity f'(n) versus n from the wall increases with increasing values of
prandtl number (Pr) and decreasing values of radiation parameter (R). It is noticed from the figure that the effect
of increasing values pf prandtl number and radiation parameter reduced the velocity profile in PST case.
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Fig.2 Effect of radiation parameter for various values of K1 in PST case with Pr=7.0, E=0.02, K2=1.0, B=-0.05
for velocity profile.
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Fig 5. llustrates the effect of radiation for various values of Eckert number on the heat transfer in the
case of PST. Two plots reveal that the dimensionless temperature 6(n) versus n from the wall increases with
increasing values of Eckert number (E) and decreasing values of radiation (R). It is noticed from the figure that
the effect of increasing values of Eckect number and radiation reduced the temperature profile in PST case.
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Fig.3 Effect of radiation parameter for various values of A in PST case with Pr=7.0, E=0.02, K1=0.1, K2=0.2,
B=-0.05 for temperature profile
Fig 6. Demonstrates the effect of radiation for various values of heat source/sink parameter on the heat
transfer in the case of PST. Two plots reveal that the dimensionless velocity f'(n) versus n from the wall,
increases with increasing values of heat source/sink parameter (8) and decreasing values of radiation parameter
(R). It is noticed from the figure that the effect of accelerate values of heat source/sink parameter and radiation
parameter decelerate the velocity profile in PST case.
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Fig.4 Effect of radiation parameter for various values of Prandtl number in PST case with E=0.02, B=-
0.05, K1=0.1, K2=0.2 for velocity profile

Table | provides the values of skin friction coefficient for various values of Pr, k1, k2, 6, and R. The
increases individual values of Pr, k1, k2, 6, and R are to decreases, the rate of heat transfer in skin friction
coefficients.
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Fig.5 Effect of radiation parameter for various values of Eckert number in PST case with Pr=7.0, B=-0.05,
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Fig 6 Effect of radiation parameter for various values of heat source/sink in PST case with Pr=7.0, E=0.02,

K1=0.1, K2=0.2 for velocity profile

Table I:Variation of °(0) for different values of Pr,K1,k2,R and A (PHF case)
Prandtl Visco-elastic | Porosity Fluid Viscosity | Radiation Present Present
number Pr parameter Parameter Parameter Parameter result result
k1 k2 (A) R) (PST) (PHF)
7.0 0.1 0.0 -1.0 0.2 -1.803727 -1.794640
-10.0 0.4 -1.814058 -1.764740
-1.0 0.6 -1.800378 -1.664788
-10.0 1.0 -1.794640 -1.217190
1.0 -1.0 0.2 -2.766242 -0.154601
-10.0 0.4 -2.758705 -0.159342
-1.0 0.6 -2.753568 -0.153365
-10.0 1.0 -2.755034 -0.154730
0.2 0.0 -1.0 0.2 -1.803521 -0.252098
-10.0 0.4 -1.824108 -0.249914
-1.0 0.6 -1.800178 -0.250445
-10.0 1.0 -1.784141 -0.249657
1.0 -1.0 0.2 -2.771242 -0.219494
-10.0 0.4 -2.701142 -0.218273
-1.0 0.6 -2.701243 -0.218273
-10.0 1.0 -2.701122 -0.219698
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V.  Conclusion:

The effect of heat radiation on the flow of walter’s liquid B over a impermeable stretching sheet with
heat source/sink and elastic parameter have been discussed. The analysis were carried out for two types of
different heating process namely (i) Presribed surface temperature(PST) and (ii) Prescribed wall heat flux
(PHF). The effects of emerging parameters have been and discussed through table in (PHF).

The conclusion derived from this study as mentioned below

1. It is found that the temperature profile and velocity profile decreases with the increasing value of the visco-
elastic parameter, Eckert number and heat source/sink parameter.

2. The temperature decreases with the increasing value of Prandtl number, fluid viscosity parameter and
radiation parameter.

3. The combined effect of increasing of radiation parameter with increasing visco elastic parameter, Eckert
number, Prandtl number and fluid viscosity decreases the temperature profile and velocity profile.
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