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ABSTRACT

The problem of viscous flow & heat transfer over a 2-D steady free convection boundary layer from a vertical surface
is studied taking into account slip boundary conditions & exponential decay internal heat generation on variation of
fluid viscosity with temperature. The governing equations of the problem are steady reduced to couple non-linear
moment & the energy equation to be similar by introducing suitable similarity transformation. Dimensionless velocity

and temperature profiles are presented graphically for various values of Prandtl number(Pr), velocity slip parameter

(a) & temperature slip parameter (b) with & without internal heat generation. Velocity gradient & temperature
gradient are also discussed & are given in tables.

INTRODUCTION

The study of two-dimensional boundary layer flow, heat and mass transfer over a steady free convection boundary
layer from a vertical surface is very important as it finds many practical applications in different areas. Cheng and
Minkowycz [1] presented similarity solutions for free convection from a vertical plate in a fluid-saturated medium.
Gorla and co-workers [2, 3, 4] investigated the corresponding non-similar free convection boundary layer problem due
to variations in surface temperature or heat flux, Bejan and Khair[5]. A comprehensive survey of relevant papers may
be found in the recent monograph by Nield and Bejan [6]. A study on steady laminar free convection flow in an
electrically conducting fluid along a porous vertical plate in the presence of heat source was carried out Sharma and
Pankaj Mathur [7]. The effect of thermal diffusion on steady laminar free convective flow along a moving porous hot
vertical plate in the presence of heat source with mass transfer was studied by Varshney and Shilendra kumar[8]. Heat
transfer in MHD free convection flow over an infinite vertical plate with time-dependent suction was investigated in
detail by Basant Kumar Mishra[9].Sharma and Chaudhary[10] analyzed the effect of variable suction on transient free
convection viscous incompressible flow past a vertical plate with periodic temperature variations in slip-flow regime. A
study of vorticity of fluctuating flow of a visco-elastic fluid past an infinite plate with variable suction in slip flow
regime was made by Mittal and Mukesh Bijalwan[11].Free convection flow of magnetopolar fluid through porous
medium in slip flow regime with mass transfer was studied by Rajput et al.[12]. The analysis of the results obtained
shows that the flow field is influenced appreciably by the presence of internal heat generation and velocity slip
parameter on variation of fluid viscosity with temperature.

ANALYSIS

Governing equations of two dimensional steady flow and heat transfer in free convection of an incompressible viscous
fluid past a vertical surface with variation of fluid viscosity can be written as

Mass equation
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Momentum equation
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Energy equation
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Slip boundary conditions are as follows:
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Let us introduce the following transformations
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Finally, we get the following transformed equations

(9 — er )2
20

r

(e_er)f///_fllel_ ff”:o

6’”+%Pr9’+cPre’7=O

V.
where Pr =— isthe Prandtl number.
a

The transformed boundary conditions are given by
f=0 6=1+b0", f'=1+af” atnp=0

f'=0,0=0as7—>w
ANALYSIS

In this paper Maple software was used to solve the similarity ordinary equations with boundary conditions.

Figurel illustrates the influence of variable viscosity parameter (Hr ) on the velocity profile with & without internal

heat generation. It can be seen that with increasing @, , the velocity inside the boundary layer become smaller. It is also
seen that internal heat generation reduced & reduced boundary layer thickness in the presence of internal heat
generation (C :l) than that of without internal heat generation (C = O) when 6, <0 & 6, >0 respectively.
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Fig 1: Velocity profiles for various values of &, .

Figure 2 illustrates the influence of prandtl number (Pr) on the velocity & temperature profiles with & without

internal heat generation. It can be seen that with increasing Pr , the velocity & temperature inside the boundary layer
become smaller. Also internal heat generation induced more flow than that of without internal heat generation, i.e., the
mechanical strength in the fluid motion is increased. Note that temperature has a significant impact due to prandtl

number.
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Fig 2: Velocity &Temperature profiles for various values of Pr .
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Figure 3 illustrates the influence of velocity slip parameter (a) on the velocity & temperature profiles with & without
internal heat generation. It is seen that mere & far from the wall velocity profiles decreases & increases respectively
with increasinga . Also more flow induced in the velocity & temperature boundary in the presence of internal heat
generation.
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Fig 3: Velocity & Temperature profiles for various values of a .

Figure 43 illustrates the influence of temperature slip parameter (b) on the velocity & temperature profiles with &
without internal heat generation. It is seen that velocity and temperature both decrease with the increase in b.
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Fig4: Velocity &Temperature profiles for various values of b.
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