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Abstract 
This study is devoted to the analysis of a one-dimensional time-dependent double-diffusive flow 
over a semi-infinite vertical plate, under a convective surface boundary condition. Using similarity 
variable, the governing nonlinear partial differential equations have been transformed into a set 
of coupled nonlinear ordinary differential equations, which are solved numerically by using 
shooting method alongside with Runge-Kutta integration scheme as embedded in Maple software 
programme. The numerical results of the skin-friction coefficient, the Nusselt and Sherwood 
numbers are discussed and depicted graphically. 
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1. Introduction 
The phenomenon of time-dependent double-diffusive flow has found with wide applications in several areas of 
science, engineering and technological processes. This flow principle occurs in many areas such as, electronic 
devices cooling, aerodynamic, cooling of nuclear reactors, drawing of copper wires, extrusion of plastic sheets 
and cooling of metallic plates. 

The problems of time-dependent double-diffusive (mass and heat) flow over a semi-infinite vertical plate 
have been studied extensively by many researchers. 

Soundalgekar and Ganesan [1] investigated transient free convective flow past a semi-infinite vertical plate 
with mass transfer, and analyzed the finite difference of transient free convection with mass transfer of an iso-
thermal vertical flat plate. Elbashbeshy and Ibrahim [2] investigated the steady free convection flow with varia- 
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ble viscosity and thermal diffusivity along a vertical plate. Takhar et al. [3] examined transient free convection 
past a semi-infinite vertical plate with variable surface temperature. Rani [4] presented the natural convection 
flow over an isothermal semi-infinite vertical cylinder with effects of variable viscosity and thermal conductivi-
ty. Ishak et al. [5] analyzed MHD mixed convective boundary layer flow towards a stretching vertical surface 
with constant wall temperature. They stated that, such a flow problem occurs in many industrial and technologi-
cal applications. Gaur [6] studied the effects of varying viscosity and thermal conductivity on steady free con-
vective flow and heat transfer along an isothermal vertical plate in the presence of heat sink. Aziz [7] investi-
gated similarity solution for laminar thermal boundary layer over a flat plate with a convective surface boundary 
condition. Makinde and Olanrewaju [8] studied buoyancy effects on thermal boundary layer over a vertical plate 
with a convective surface boundary condition. Aiyesimi et al. [9] investigated the two-dimensional case of hy-
dromagnetic free convective heat and mass transfer flow over a stretching vertical plate with suction. Abah et al. 
[10] analyzed numerically the effect of free convection heat and mass transfer on unsteady boundary layer flow 
past a vertical plate. 

In the study, the governing equations were transformed to ordinary differential equation using similarity 
transformation method and then solved using Maple software programme. 

2. Mathematical Formulation 
A time-dependent one dimensional double-diffusive (mass and heat transfer) flow of a viscous, incompressible 
fluid over a semi-infinite vertical plate is considered. The x-axis is taken along the vertical semi-infinite plate in 
the upward direction and the y-axis is normal to the plate. The governing equation of the flow under the Boussi-
nesq’s approximation is based on the following partial differential equations: 

Continuity Equation 
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The appropriate boundary conditions for this flow are, 

, , , at 0w wu U T T C C y= = = =                                     (5) 

0, , ,as  for 0.u T T C C y t∞ ∞→ → → →∞ >                               (6) 

Nomenclatures 
(μ, ν) = velocity components, (x, y) = coordinates, t = time, T = temperature, 
Tw = wall temperature, T∞ = free stream temperature, υ = kinematic viscosity, g = gravity, 
βT = heat transfer coefficient, βC = mass transfer coefficient, C = concentration, 
Cw = wall concentration, C∞ = free stream concentration, α = thermal diffusion and 
D = coefficient of mass diffusion. 
We now introduce the following dimensionless variables and quantities in order to transform the governing 

momentum, energy and concentration equations and the boundary conditions from partial differential equations 
to ordinary differential equations using similarity transformation method: 
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Substituting the above dimensionless quantities into the governing Equations (1)-(4) and the boundary condi-
tions, we obtain the following dimensionless form, ordinary differential equation: 

( ) ( ) ( ) ( )2 0T Cf f G Gη η η θ η φ η′′ ′+ + + =                          (7) 

( ) ( )2 Sc 0φ η η φ η′′ ′+ =                                  (8) 

( ) ( )2 Pr 0θ η η θ η′′ ′+ =                                  (9) 

with the transformed boundary conditions as 

( ) ( ) ( ) ( ) ( ) ( )0 0 0 1 0f fθ φ θ φ= = = ∞ = ∞ = ∞ =                      (10) 

3. Numerical Solutions 
The coupled system of non-linear ordinary differential Equations (7)-(9) together with the boundary conditions 
(10) are solved numerically by using the shooting iteration technique along with Runge-Kutta initial value solver. 
The numerical computations were carried out using a program which uses a symbolic and computational com-
puter language MAPLE, the software package used is Maple 15. 

The numerical results of the Skin-friction coefficient, the Nusselt and Sherwood numbers are depicted graph-
ically in Figures 1 to 4 in the form of velocity, temperature and concentration profiles to illustrate the influence 
of the studied parameters on the flow. 

4. Discussion of the Results 
The velocity profiles in the boundary layer for various values of Thermal Grashof number is shown in Figure 1. 
Increase in the value of Thermal Grashof number produces an increase in the velocity flow. 

The Velocity profiles for various values of concentration Grashof number is depicted in Figure 2. It is also 
seen that the velocity increases with the increase of the concentration Grashof number. From Figures 1 and 2, it 
is glaring that, as the Grashof number increases, the fluid velocity increases, reaching its peak value within the 
boundary layer and then decreases monotonically to the free stream zero value far away from the plate surface 
satisfying the far field boundary condition. From these figures, it is obvious that the buoyancy forces parameters 
enhance the fluid velocity thereby increasing the momentum boundary layer thickness. 

Figure 3 shows the effect of Prandtl number on the temperature profiles. It is perceived that as the Prandtl 
number increases it results in a lower average temperature within the boundary layer. Therefore there is a reduc-
tion in temperature with increase in the Prandtl number. 

The influence of the Schmidt number on the concentration is illustrated in Figure 4. It indicates the concen-
tration profiles showing the effect of Schmidt number. It is observed that concentration profiles decrease very 
rapidly with the increase of Schmidt number. Therefore, as Schmidt number increases the concentration de-
creases. 

5. Conclusions 
A theoretical study of a Time-Dependent Double-Diffusive Flow over a Semi-infinite Vertical Plate has been 
carried out. The nonlinear equations governing the problem are solved numerically by applying Runge-Kutta as 
well as the shooting method as embedded in Maple software. Numerical investigations showing the impact of 
the various physical parameters on the velocity, temperature and concentration profile were performed leading 
to the following: 
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Figure 1. Velocity profiles for various values of Thermal Grashof number, GT. When GC = 0.1, Pr = 0.72, 
SC = 0.24.                                                                                 

 

 
Figure 2. Velocity profiles for various values of Concentration Grashof number, GC. When GT = 0.1, Pr = 
0.72, SC = 0.24.                                                                              
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Figure 3. Temperature profiles for various values of Prandtl number, Pr. When GT = GC = 0.1, SC = 0.24.    

 

 
Figure 4. Concentration profiles for various values of Schmidt number, SC. When GT = GC = 0.1, Pr = 0.72.    
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1) A rise in the thermal Grashof and the concentration Grashof number leads to an increase in the velocity 
profile. 

2) An increase in the Prandtl number leads to a decrease in the temperature profile. 
3) A rise in the Schmidt number leads to a decrease in the concentration profile. 
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