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ABSTRACT 

This study analyses the exact solution of unsteady flow of viscous incompressible fluid 

past a parabolic started infinite vertical plate with uniform heat flux and mass diffusion in the 

presence of homogeneous chemical reaction of first-order. The plate temperature is raised 

uniformly at a constant rate and the mass is diffused from the plate to the fluid uniformly. Laplace 

transform method is employed to solve the resulting coupled partial differential equations. The 

expressions for velocity, temperature and concentration are obtained. The effects of chemical 

reaction parameter, thermal Grashof number, mass Grashof number, Schmidt number, Prandtl 

number and time are discussed. The results are good agreement with the earlier studies. It is 

observed that the velocity increases with decreasing chemical reaction parameter, but velocity 

increases with increasing thermal Grashof number or mass Grashof number. 
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1. INTRODUCTION 

The study of heat and mass transfer with chemical reaction is of considerable importance in 

hydrometallurgical industries and chemical industries like in food processing, manufacturing of 

ceramics or glassware and polymer production. Mass diffusion rates can be changed tremendously 

with chemical reactions. Analysis of transport processes and their interaction with chemical 

reaction has the greatest contributions to many areas of chemical science. The chemical reaction 

can be codified as either homogeneous processes: taking place there where the reactants are present 

or heterogeneous processes: taking place only at a reaction interface between phases. In majority 

cases, a chemical reaction depends on the concentration of the species itself. A reaction is said to 

be first order, if the rate of reaction is directly proportional to the concentration itself. The 

radioactive disintegration of unstable nuclei are the best examples of first order reactions. The 

effect of chemical reaction on different geometry of the problem has been investigated by many 

authors. 

Apelblat [1] investigated analytical solution for mass transfer with a chemical reaction of the first 

order. Acrivos [2] considered the laminar forced convection mass transfer with homogeneous 

chemical reaction. Chambre and Young [3] have analyzed a first order chemical reaction in the 
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neighbourhood of a horizontal plate. Das et al. [4] have studied the effect of homogeneous first 

order chemical reaction on the flow past an impulsively started vertical plate with uniform heat 

flux and mass transfer. Again, mass transfer effects on moving isothermal vertical plate in the 

presence of chemical reaction studied by Das et al [5]. The dimensionless governing equations 

were solved by the usual Laplace Transform technique. Agrawal et al. [6] have analyzed study of 

heat and mass transfer past a parabolic started infinite vertical plate. 

The chemical reaction effect on heat and mass transfer flow along a semi infinite horizontal plate 

has been studied by Anjalidevi and Kandaswamy [7]. Mass transfer effects on the flow past an 

uniformaly accelerated vertical plate was studied by Soundalgekar [8]. Also, Effects of mass 

transfer on the flow past an oscillatory infinite vertical plate with constant heat flux analyzed by 

Soundalgekar [9]. Basant Kumar et al. [10] have analyzed mass transfer effects on exponentially 

accelerated infinite vertical plate with constant heat flux and uniform mass diffusion. Mass transfer 

effects on flow past an accelerated vertical plate with uniform heat flux was analyzed by the Singh 

and Singh [11]. Free convection effect on a flow past an impulsively started or oscillating infinite 

vertical plate studied by Revankar [12]. 

Muthucumaraswamy and Ganesan [13] studied diffusion and first order chemical reaction effects 

on unsteady flow past on impulsively started infinite vertical plate with variable temperature. A 

numerical solution of the first-order homogeneous chemical reaction in an unsteady free 

convective flow past a semi-infinite vertical plate were presented by Palani and Kwang Yong Kim 

[14]. Effects of mass transfer on flow past an impulsively started infinite vertical plate with 

Newtonian heating and chemical reaction analyzed by Rajesh [15]. Muthucumaraswamy and 

Meenakshisundaram [16] have studied theoretical study of chemical reaction effects on vertical 

oscillating plate with variable temperature. 

It is proposed to study the chemical reaction effects on unsteady flow past an infinite vertical plate 

subjected to parabolic motion with mass diffusion in the presence of uniform heat flux. The 

dimensionless governing equations are solved using the Laplace-transform technique. The 

solutions are in terms of exponential and complementary error function. 

 

2. MATHEMATICAL ANALYSIS 

Here the chemical reaction effects on unsteady flow of a viscous incompressible fluid past an 

infinite vertical plate with uniform heat flux and variable mass diffusion is studied. The x -axis is 

taken along the plate in the vertically upward direction and the y -axis is taken normal to the plate. 

At time 0t , the plate and fluid are at the same temperature T and concentration 
C . At time 

0t , the plate is started with a velocity 2

0 .tuu   in its own plane against gravitational field 

and the temperature from the plate is raised uniformly at a constant rate and also the level of 

concentration is raised to 𝐶𝜔
′ . The plate is infinite in length all the terms in the governing equations 

will be independent of x  and are functions of y  and tonly. Under the usual Boussinesq 

approximation the unsteady flow is governed by the following equations: 
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With the following initial and boundary conditions: 

 

Let us introduce the following nondimensional variables: 

 

 

 

Using in the equations from (1) to (4), reduce to the following dimensionless form: 
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Non-dimensional quantities of initial and boundary conditions are 

 

 
 

 

3. METHOD OF SOLUTION 

 
The dimensionless governing equations (5) to (7) and the corresponding initial and boundary conditions 

(8) are solved by Laplace transform technique. The closed form solutions for the temperature, the 

concentration and the velocity are as follows: 

 

where 

 

 

4. NUMERICAL RESULTS AND DISCUSSION 

The aim of the present study is to numerically analyze the effects of the different physical 

parameters like chemical reaction parameter (K ), thermal Grashof number (Gr), mass Grashof 

number (Gc), Schmidt number (Sc), Prandtl number (Pr) and time (t). The values of Prandtl 

number are taken as Pr = 0.71 and 7.0, they represent air and water respectively. The values of 
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Schmidt number are chosen in such a way to correspond Hydrogen H2, (Sc = 0.16), Heleum He, 

(Sc = 0.3), Water Vapor H2O, (Sc = 0.6), Ammonia NH3, (Sc = 0.78) and Ethyl Benzene 

C6H5CH2CH5 (Sc = 2.01). 

4.1 Effect on temperature distribution 

The temperature profiles for different values of the Prandtl number Pr and time t with axial 

distance   are plotted in Figure 1. It is observed that the temperature profiles increases with 

decreasing Prandtl number Pr. This trend shows that the magnitude of temperature is maximum at 

the plate and then decays to zero asymptotically. This is due to the fact that thermal conductivity 

of fluid decreases with increasing Prandtl number, resulting in a decrease in thermal boundary 

layer thickness. Further, the magnitude of the temperature for air is higher than that of water. This 

shows that the heat transfer is more in air than in water. Furthermore, it decreases steeply for Pr 

=7 than that of Pr =0.71. Also, it is observed that the temperature profiles increases with increasing 

values of time t. 

4.2 Effect on concentration field 

The effect of concentration profiles for different values of Schmidt number Sc and chemical 

reaction parameter K with time t = 0.2 are shown in Figures 2 and 3 respectively. The effect of 

Schmidt number is important in concentration field. It is noted that the concentration decreases 

considerably with increasing values of the Schmidt number. Further, an increase in the value of 

Schmidt number leads to a fall in the concentration since increase of Schmidt number, decrease of 

molecular diffusivity which results in decrease of concentration boundary layer. Hence, the 

concentration of species is higher for small values of Schmidt number. It is also seen that the 

concentration decreases marginally with an increase in chemical reaction parameter. 

 

4.3 Effect on velocity profiles 

 
The velocity profiles are of particular interest, since they provide a detailed description of the flow field. 

Figure 4 exhibits the effect on velocity for different values of the chemical reaction parameter K =0.2, 2.0, 

5.0 with Gr = 5 = Gc, Sc = 0.6, Pr = 0.71 and t = 0.2. It is found that the velocity increases marginally with 

an decrease in chemical reaction parameter. The trend shows that velocity increases rapidly and attains its 

maximum value in the vicinity of the plate (𝜂 ≤ 0.5) and then it decreases gradually in the axial direction. 

 

The effects of different thermal Grashof number Gr =2, 5 and mass Grashof number Gc = 5, 10 

on the velocity profile with Pr = 0.71, Sc = 0.6, K = 0.2 and t = 0.2 is sketched in Figure 5. It is 

observed that the velocity increases significantly with increasing values of the thermal Grashof 

number or mass Grashof number. It is seen that the peak values of the velocity increases rapidly 

near the plate as thermal Grashof number and mass Grashof number increases and then decays to 

the free stream velocity. One may observe that for Gr = 5 and Gc = 10, the velocity is significantly 

higher than that of other noted values of Gr and Gc. 

Figure 6 depicts the variation of velocity with axial distance for different values of Schmidt number 

Sc = 0.16, 0.3,  0.6, 0.78  for Pr = 0.71, Gr = Gc = 5, K = 0.2 and t = 0.4. It is clear that the velocity 
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decreases continuously with an increase in Schmidt number Sc. It is noticed that the maximum 

velocity attains near the plate and then decreases and it vanishes far away from the plate. 

 

The effects on velocity profiles for different values of time t with Pr = 0.71, Gr = Gc = 5, Sc = 0.6 

and K = 0.2 are illustrated in Figure 7. It is obtained that the velocity increases significantly with 

increased values of time t. Moreover, the effect of time on the velocity is more dominant than other 

parameters like K, Sc and Gc or Gr. 
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5. CONCLUSION 

The theoretical solution of unsteady flow past a parabolic starting motion of an infinite vertical 

plate in the presence of chemical reaction when heat is supplied to the plate at constant rate has 

been studied. The dimensionless governing equations are solved by the usual Laplace transform 

technique. The effect of different physical parameters like chemical reaction parameter, Prandtl 

number, Schmidt number, thermal Grashof number, mass Grashof number and time are studied 

graphically. The results of the flow problem indicates the following: 

 

 The velocity increases with increasing thermal Grashof number or mass Grashof number, 

but the trend is just reversed with respect to the chemical reaction parameter or Schmidt 

number. 

 

 The velocity increases with increased values of the time $t$. 

 

 The temperature of the plate increases with decreasing values of the Prandtl number 

whereas it increases with increasing time. 

 

 The concentration profile decreases with an increase in chemical reaction parameter and 

Schmidt number. 

 

 

 

Tierärztliche Praxis

ISSN: 0303-6286

Vol 39, Issue 11, November - 2019

102



NOMENCLATURE 

C       species concentration in the fluid mkg 3  

C       dimensionless concentration 

pC     specific heat at constant pressure kkgJ .. 1  

D      mass diffusion coefficient 12 . sm  

Gc    mass Grashof number 

Gr    thermal Grashof number 

g      acceleration due to gravity 2. sm  

𝑞      heat flux per unit area at the plate W/m2 

k       thermal conductivity 11..  KmW  

𝐾𝑙     chemical reaction parameter 𝐽 

𝐾     non-dimension chemical reaction parameter  

P r    Prandtl number 

Sc     Schmidt number 

 T      temperature of the fluid near the plate K   

T      temperature of the fluid far away from the plate K   

 t       time  s 

  u     velocity of the fluid in  the x -direction 1. sm  

 0u     velocity of the plate 1. sm  

 U      dimensionless velocity 

 x       coordinate axis  along the plate  m    

 y       coordinate axis normal to the plate  m  

 Y       dimensionless coordinate axis normal to the plate 

 

Greek symbols                                                                             

         volumetric coefficient of thermal expansion 1K  

 
       volumetric coefficient of expansion with concentration 1K  
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          coefficient of viscosity sRa.  

          kinematic viscosity 12 . sm  

        density of the fluid 3. mkg  

          dimensionless temperature 

         similarity  parameter 

 erfc    complementary error function 

 

Subscripts 

 w        conditions at the wall 

         free stream conditions 
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