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ABSTRACT

In the present paper study of result on radiation effects on unsteady flow. The differential equations governing the
problems are solved exactly. The effects of radiation and suction parameters on the temperature and velocity field are
given. the present analysis deal with the magneto hydrodynamic unsteady free convection flow over an infinite vertical
plate in the presence of radiation. The fluid is considered to be a gray, absorbing –emitting radiating but nonscattering medium.
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1. INTRODUCTION
A free convection flow past difference types of bodies is studied because of its wide application in geophysical and
cosmic sciences., industrial areas and aerodynamics. A free convection flow past a vertical plate at normal temperature
has been studied extensively under different physical conditions by many authors and many of these have been referred
to in Gebhart et al.(1988). In the case of high temperatures, radiation effects are quite significant, studies of the
interaction of thermal radiation and free convection were made by Alietal (1984), Hossain et al. (1998) Hossain et al
(1999) and Ghaly (2002) in the case of steady flow.
2. MATHEMATICAL ANALYSIS
Consider the unsteady two-dimensional free convection flow of an electrically conducting, viscousand incompressible
fluid bounded by an infinite vertical porous plate. A magnetic field of constant density is applied perpendicular to the
plate. The fluid is a gray, emitting and absorbing radiating, but non-scattering medium, and the Rosseland
approximation is used to describe the radiative heat flux in the energy equation. All the fluid properties are assumed
constant except that the influence of the density variation with temperature is considered only in the body force term.
The x-axis is taken along the plate in the upward direction and the y-axis normal to the plate. The radiative heat flux in
the x-direction is assumed negligible in comparison with that in the y-direction. The governing equations for the twodimensional MHD unsteady free convection flow for an incompressible fluid, in the presence of radiation, are written
within the boundary layer as follows:
Continuity equation:
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where u and v are the components of the velocity parallel and pendicular to the plate respectively, t is the time 𝜌𝜌 is the
density of the fluid. 𝑣𝑣 is kinematic viscosity, p is the pressure, g is the acceleration due to gravity, 𝜎𝜎 is the electrical
conductivity, 𝐵𝐵𝑜𝑜 is the magnetic induction. T is the temperature, 𝑐𝑐𝑝𝑝 is the specific heat at constant pressure, k is the
thermal conductivity and 𝑞𝑞𝑟𝑟 is the radiative heat flux. The radiative heat flux term, by using the Rosseland
approximation, is given by
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𝑞𝑞𝑟𝑟 =

−4𝜎𝜎1 𝜕𝜕𝑇𝑇 4
3𝑘𝑘 1

(4)

𝜕𝜕𝜕𝜕

where 𝜎𝜎1 is the Stefan –Boltzmann constant and 𝑘𝑘1 is the mean absorption coefficient .When the temperature of the
fluid and the temperature away fro,m the plate have a difference which is proportional to 𝑇𝑇 4 the boundary conditions
are
u =U(t), v=𝜈𝜈0 (t) , T= T(t) at y=0
u =0 T=𝑇𝑇∞ as y→ ∞ for t> 0

(5)

It is assumed that the temperature difference within the flow are sufficiently small such that 𝑇𝑇 4 may be expressed as a
linear function of temperature, this is accomplished by expanding 𝑇𝑇 4 in a Taylor serios 𝑇𝑇∞ and neglecting higher –order
terms, thus
𝑇𝑇 4 ≈ 4𝑇𝑇∞3 T-3𝑇𝑇∞4

(6)

Using (5) and (6) in equation (3) we have
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We introduce a similarity parameter𝛿𝛿 = 𝛿𝛿(𝑡𝑡),
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With this similarity parameter, a similarity variable is then introduced 𝑎𝑎𝑎𝑎 𝜂𝜂 =

𝑦𝑦
𝛿𝛿
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In terms of this length scale, a convenient solution of the equation (1) can be taken as 𝜈𝜈 = 𝜈𝜈(𝑡𝑡) = − 𝜈𝜈0
𝛿𝛿

Where 𝜈𝜈0 is the mass transfer Hoaaain (1992) U(t) and T(t) are now consider to have the following from
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where n is a non- negative integer and 𝑈𝑈 0 and 𝑇𝑇𝑜𝑜 are respectively the free stream velocity and mean temperature here
𝛿𝛿
𝛿𝛿0 = where 𝛿𝛿0 is the value of 𝛿𝛿 is the value of 𝛿𝛿 at t=𝑡𝑡0
𝛿𝛿 0

Now to make the equation (2) and (7) dimensional, we introduce the following transformations:
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is the local Grashof number,
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is local magnetic papameter. Pr= is the pradtl number, Da=
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is the radiation number condition t>0 are given by
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4. RESULTS AND DISCUSSION
1. The numerical calculations are presented in the form of none-dimensional velocity and temperatature profiles.
2. grashof number are taken to be large from the physical points of view .
3. We found that the velocity decreases with the increase of suction for cooling of the plate and increases for the
heating of the plate.
4. It is also clear that suction stabilizes the boundary layer growth reveals that temperature decreases with the
increase of the suction parameter.
5. The effect of non-negative integer n on the velocity and temperature profiles, from we see that velocity profiles
decreases the velocity for the cooling plate while it increases with increase for the heating plate With the
increase of n. the non zero value of n represents the case of time dependent velocity and temperature.
Table- 1: coefficient and rate of heat value transfer for different values of Ec=.2.N=.5, FS1 =1.0, n=1.0 and Da=0.25.

Table-2: coefficient and rate of heat value transfer for different values of𝜐𝜐0 =0.5.Gr=10, Pr=0.71. Ec=0.2, Fs1 =1.0
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Fig. 1: Temperature profiles for different values of suction parameter (𝜐𝜐0 )

Fig. 2: velocity profiles for different values of prandtl number (Pr)

Fig. 3: velocity profiles for values of magnetic paramer (M)
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Fig. 4: Temperature profiles for different values of non-negative (n)

Fig. 5: Velocity profiles for different values of Darcy number (Da)S

Fig. 6: Velocity profiles for different values of forchhemier number (Fs1)
In order to investigate the effects of various parameters on the problems numerical calculations are carried out for
temperature and velocity fields when M=0.2
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Fig. 7: temperature profiles for various values of the radiation parameter N

Fig. 8: temperature profil;es for various values of the suction parameter a temperature profil;es for various values of the
suction parameter a

Fig.9: temperature profiles for various values of a parameter
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Fig. 10: Temperature profiles for various values of the suction a.

Fig. 11: Velocity profiles for mvarious values of the radiation parameter N
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Fig. 12: Velocity profiles for mvarious values of the radiation parameter a

Fig. 13: velocity profiles for various values of the parameter m.
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