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Abstract: We examine the temperature field of a viscous reacting flow near a moving wall with
thermal radiation. Of particular interest is the effect of thermal radiation parameter and the Frank-

kamenetskii parameter on the flow.

Key words: Frank Kamenetskii Parameters, Thermal Radiation

INTRODUCTION

Many Scientist have shown great interest in the study of
the flow of reacting fluid. [1] revisited the work of
Frank-kamenetskii done forty years earlier introducing
approximation based on the large activation energy to
construct a thermal theory of spontaneous combustion.
[2] examined self-similar solution of a viscous reacting
flow. They presented conditions for existence and
uniqueness of the solution.

[3] investigated strong detonation in a converging
vessel. They showed that when Frank-kamenetskii
parameter differ even only by 1/30 there is appreciable
difference in the temperature along the converging
vessel.

Researchers have also examined many problems
involving flow near a moving wall. [4] examined
momentum and heat transfer on a continuously moving
surface in a power law fluid. Their result includes
situations when the velocity is non-linear and when the
surface is stretching linearly. [5] discussed the flow and
heat transfer in a power law fluid over a non-isothermal
stretching sheet. Their results showed that the friction
factor and heat transfer depend strongly on the flow
parameter.

[6] investigated the problem of a non-Newtonian
viscoelastic fluid obeying the Walters’ model with heat
transfer over a continuous surface in parallel stream
using the finite difference method. [7] discussed the
problem of the flow and heat in a non-Newtonian fluid
with micro rotation past a stretching sheet.

In this study, we examined a viscous reacting flow with
thermal radiation. We investigated the effect of the
thermal radiation parameter (Tg) and the Frank-
Kamenetskii parameter (M) on the flow.

Mathematical Formulation: We consider the steady
state flow and the relevant governing equations are as
stated below.
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Energy equation:
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Together with boundary condition

u=Ax, v=V,, T=T, at

as
Note:

u is the x component velocity
v is the y component velocity
p is the density

T is the temperature

Q is the boundary layer

E is the Activator energy

q; is the radiant energy
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e is the emmisivity Now, define a similarity variable
¢ is the Stefan-Boltzmenn constant A
n=y A (3.4)
Method of Solution:
such that
Let
E = = - 2
6=(T _T")RTZ 3.1) u=Ax f(m), v = -(Av)” f(n) (3.5)
© Usi ti 34 d (3.5) i ti 2.2
Obtaining the Taylor series expansion for T, neglecting h;‘llzg equation (3.4) and (3.5) in equation (2.2) we
higher order terms,
; A £ +ff7 - () =0 (3.6)
T'=4T T-3T. (3.2)
f(0)=0,f (0)=1,f () =0 3.7

Using equation (3.1), (3.2), and (2.4) in equation (2.3)
Equation (3.6) together with conditions (3.7) had been

2 solved by [8] and obtained
298 98 _ v (1-TR)a_? + Me® (3.3)
ox dy pr dy ) =1—-¢™ (3.8)
Where Defining
4eoT. .
R= , Thermal radiation parameter JA
1%
AES 0= (Zj gm) (3.9
M = ——> . Frank-Kamenetskii parameter
RT,;pC,

Satisfying equation (3.4), equation (3.3) becomes
1% % 1% ” y ’ 1%
— — | (1-Ty )g” + (Av)2 fg’+Mexp || — |gm) | =0 (3.10)
A Pr A

g(0)=1,g (0)=-1,g () =0 (3.11)

Solving equation (3.10) numerically, taking A = 1 v = 1, using shooting method technique.

Let;
X n
x, | =|g (3.12)
X, g
We consider
X, 1
X5 | = X, (3.13)
X} (e”“ - I)Pr x; MPre™
1-T, 1-T,

Together with the initial condition

13



J. Math. & Stat. 1(1): 12-14, 2005

x(0)) (0
x,(0) [=1 (3.14)
x;(0) -1
The results are as presented in Figs. 1 and 2.
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Fig. 1: Effect of Thermal Radiation Parameter
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Fig. 2: Effect of Frank-Kamenetskii Parameter
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RESULTS AND DISCUSSION

The Fig. 1 shows the effect of the thermal radiation
parameter on the temperature field of viscous reacting
flow at a constant value for Frank-Kamenetskii
parameter. The temperature difference is studied for the
values of thermal radiation parameter TR =0, 1/, 2/,

P k=005 7%

% and 2 s As the thermal radiation increases the

temperature decrease. This is as result of energy lost by
the reaction through radiation. Hence, thermal radiation
account for heat loss and this lower the temperature.

The Fig. 2 shows the effect of Frank — Kamenetskii
parameter on the temperature field of a viscous reacting
flow. The temperature difference is examined for the

values of Frank — Kamenetskii parameter M = 0, % s

A s A and 1. As the Frank — Kamenetskii parameter

increases the temperature increases. Infact, the Frank —
Kamenetskii parameter has appreciable influence on the
temperature difference of the flow.
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