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Abstract:  One dimensional free and forced convection flow of a viscous incompressible fluid through an infinite permeable 

vertical plate controlled by suction/injection(𝑆∗) was studied. Temperature(𝜃), velocity(u), concentration(C) and 

skin friction(𝜏) profiles for the fluid were obtained and solved using He-Laplace method, where the thermal 

radiation and chemical reaction effects on the flow of the fluid together with the influence of each physical 

parameters were discussed with the aid of graphs. Observations were seen that the temperature(𝜃), velocity(u) and 

concentration(C) reduces with increasing suction/injection(𝑆∗) near the plate boundary while the velocity(u) 

increases with increase in Grashof number(Gr). Also it was observed that the skin friction(𝜏) decreases with 

increasing suction/injection(𝑆∗). 
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Introduction 

Forced and free convective flow through different channels is 

of considerable interest in many industrial applications such 

as drying process, geophysics among others. Fluctuating 

thermal and mass diffusion on unsteady free convection flow 

past a vertical plate in slip-flow regime was investigated by 

Sharma (2005), where it was seen that velocity tend to 

increase with increase in both Grashof and modified Grashof 

number. The mean skin friction increases with increase either 

the Grashof number or the modified Grashof number, but it 

decreases with increase in the rare fraction parameter. 

Unsteady MHD free convective flow past a vertical porous 

plate immersed in a porous medium with Hall current, thermal 

diffusion and heat source was studied by Ahmed et al. (2010) 

and it was found that the concentration at the plate surface 

increases under Soret effect which intend causes the main 

flow shear stress to rise and the cross flow shear stress to fall. 

Narahari and Nayan (2011) analytically studied free 

convection flow near an impulsively started infinite vertical 

plate with Newtonian heating in the presence of thermal 

radiation and constant mass diffusion. It was observed that the 

velocity decreases with increasing Schmidt number and 

radiation parameter and also the skin friction decreases in the 

presence of aiding flows whereas it increases in the presence 

of opposing flows. Shivaiah and Rao (2012) analyzed the 

effect of chemical reaction on unsteady magneto 

hydrodynamic free convective fluid flow past a vertical 

porous plate in the presence of suction or injection. Daniel et 

al. (2013) investigated an unsteady forced and free convection 

flow past an infinite permeable vertical plate and observed 

that temperature is higher near the plate with injection and 

velocity is more enhanced near the plate with both suction and 

injection. Unsteady MHD free convective heat and mass 

transfer flow past a semi-infinite vertical permeable moving 

plate with heat absorption, radiation, chemical reaction Soret 

effects was investigated by Rao et al. (2013) and observed 

that the presence of Soret effect brought about the reduction in 

the concentration distribution will lead to decrease in the fluid 

velocity. Vedavathi et al. (2014) looked at the radiation and 

mass transfer effects on unsteady MHD convective flow past 

an infinite vertical plate with Dufour and Soret effects and it 

was found that there was increase in the rate of mass transfer 

as a result of increase in the Schmidt number. 

 Javaherdeh et al. (2015) investigated two dimensional steady 

laminar free convection flow with heat and mass transfer past 

on a moving vertical plate in a porous medium subjected to a 

transverse magnetic field and it was observed that a type of 

resistive force was produced which intend opposes the flow 

due to the presence of the transverse magnetic field. Malapati 

and Polarapu (2015) studied unsteady MHD free convective 

heat and mass transfer in a boundary layer flow past a vertical 

permeable plate with thermal radiation and chemical reaction 

where an increase in the rare fraction parameter causes an 

increase in the velocity of the fluid flow. Effect of thermal 

conductivity on magneto hydrodynamic heat and mass 

transfer in porous medium saturated with Kuvshinshiki fluid 

was studied by Idowu and Jimoh (2017) where, as radiation 

and thermal conductivity increases the velocity and 

temperature profile increases also. Babu and Reddy (2017) 

investigated the effect of thermal and chemical reaction on 

unsteady MHD free convection past a linear accelerated 

vertical porous plate with variable temperature and mass 

diffusion and it was observed that both velocity and 

concentration decreases with an increase in the Schmidt 

number. Thermal radiation and MHD effects on the unsteady 

free convection and mass transform flow past an 

exponentially accelerated vertical plate with variable 

temperature a finite element solution was also studied by 

Srilatha and Shekar (2018) and the skin friction was seen to 

increase with expansion in the Schmidt number intend cooling 

the plate and also a reverse case was found for heating of the 

plate. Arifuzzaman et al. (2018) investigated the chemically 

reactive and naturally convective high speed MHD fluid flow 

through an oscillatory vertical porous plate with heat and 

radiation absorption effect and it was observed that velocity 

profile and skin friction decreases due to increase in the 

magnetic parameter. 

Based on the related literatures presented above, it is seen that 

the effects of heat and mass on an unsteady forced and free 

convection flow past an infinite permeable vertical plate have 

not been considered which is of importance to this field and 

hence the aim of this study and also to see the effect of heat 

and mass on the flow of the fluid as one of the objectives. 

 

Mathematical Formulation 
A natural unsteady forced and free convection flow of a 

viscous incompressible fluid with thermal and chemical 

effects past an infinite heated vertical permeable plate is 

considered with suction and injection. Taking the permeable 

plate to be in a vertical position parallel to the 𝑥 ′-axis and the 
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𝑦′-axis taken normal to the plate. Also the physical variables 

are functions of 𝑦′ and 𝑡 ′ only. 

Considering a two dimensional flow so that 𝑉⃗ = (𝑢, 𝑣, 0), 
where 𝑢 and 𝑣 are the vertical and horizontal components of 

velocity respectively. But the flow is along the 𝑥 ′-axis which 

is a full flow and is a function of 𝑦′ only. The governing 

equation of the flow are given as, 

Equation of Continuity: 
𝜕𝑢

𝜕𝑦
 =0.   (1) 

Integrating Eq. (1) we have the horizontal velocity as 𝑢 =
𝑣0(a constant) which is the velocity of suction/injection. 

Using the usual Boussinesq’s approximation, we have, 

Equation of Motion: 

𝜌
𝜕𝑢′

𝜕𝑡′
− 𝑣0𝜌

𝜕𝑢′

𝜕𝑦′
= 𝑔𝛽𝜌(𝑇 ′ − 𝑇∞

′) + 𝜌𝑔𝛽∗(𝐶 ′ − 𝐶∞
′) + 𝜇

𝜕2𝑢′

𝜕𝑦′2
 .    (2) 

Equation of Energy: 

𝜌𝐶𝑝
𝜕𝜃′

𝜕𝑡 ′
− 𝑣0

𝜕𝜃′

𝜕𝑦′
= 𝑘

𝜕2𝜃′

𝜕𝑦′2
−

𝜕𝑞𝑟

𝜕𝑦
+

𝑄𝑐

𝜌𝐶𝑝
(𝐶 ′ − 𝐶∞

′).          (3) 

Equation of Concentration: 
𝜕𝐶 ′

𝜕𝑡 ′
− 𝑣0

𝜕𝐶 ′

𝜕𝑦′
= 𝐷

𝜕2𝐶 ′

𝜕𝑦′2
− 𝐾𝑟𝐶 ′. (4) 

 

Here, 𝑢′ is the component of velocity in the direction of 𝑦′-

axis, 𝑡 ′ is the time, 𝑔 is the acceleration due to gravity, 𝛽 and 

𝛽∗ are the coefficient of volume expansion for heat and mass 

transfer, 𝜃′ and 𝐶 ′ are the fluid temperature and concentration, 

𝜌 is the density of the fluid, 𝜇 the coefficient of viscosity, 𝜃∞
′ 

is the temperature far from the plate, 𝐶∞
′ molar concentration 

far from the plate, 𝐶𝑝 is the specific heat, 𝑘 thermal 

conductivity, 𝑄𝑐 is the constant heat flux per unit area, 𝐷 is 

the diffusion coefficient of the diffusing species, 𝐾𝑟 is the 

chemical reaction parameter and 𝑞𝑟 is the radiation heat flux 

according to Rosseland approximation where 

𝑞𝑟 = −
16𝜎∗𝜃3

3𝑘∗

𝜕𝜃

𝜕𝑦
  .  (5) 

Given that 𝜎∗ is the Stefan-Boltzman constant, 𝑘∗ is the mean 

absorption coefficient, 𝜃𝑤
′ and 𝐶𝑤

′ are the temperature and 

molar concentration near the plate. 

The initial and boundary conditions are, 

𝑢′(𝑦, 𝑡) = 𝑢0𝑒
−𝑦, 𝜃′(𝑦, 𝑡) = (𝜃𝑤

′ − 𝜃∞
′)𝑒−𝑦 + 𝜃∞

′, 𝜃′(𝑦, 𝑡)

= (𝐶𝑤
′ − 𝐶∞

′)𝑒−𝑦 + 𝐶∞
′, 

𝑡 ′ ≤ 0, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑦′, and  
𝑢′(𝑦, 𝑡) = 1, 𝜃 ′(𝑦, 𝑡) = 1, 𝐶 ′(𝑦, 𝑡) = 1, 𝑡 ′ > 0, 𝑦′ = 0.  (6) 

On introducing the following non-dimensional quantities 

𝑦 =
𝑦′𝑢0𝐺𝑟

1
2

𝜈
, 𝑡 =

𝑡′𝑢0
2𝐺𝑟

𝜈
, 𝑢 =

𝑢′

𝑢0
, 𝜃 =

𝜃′−𝜃∞
′

𝜃𝑤
′−𝜃∞

′  , 𝐶 =
𝐶 ′−𝐶∞

′

𝐶𝑤
′−𝐶∞

′.    (7) 

Substituting Eq. (7) in Eq. (2), (3) and (4) and applying the 

boundary condition (6) to obtain 
𝜕𝑢

𝜕𝑡
= 𝑆∗

𝜕𝑢

𝜕𝑦
+ 𝐺𝑟𝜃 + 𝐺𝑚𝐶 + 𝜑

𝜕2𝑢

𝜕𝑦2 .   (8) 

𝜕𝜃

𝜕𝑡
− 𝑆∗

𝜕𝜃

𝜕𝑦
=

1

𝑃𝑟

𝜕2𝜃

𝜕𝑦2 + 𝑅𝐸𝑐
𝜕2𝜃

𝜕𝑦2 + 𝛼𝑐𝐶 .  (9) 

𝜕𝐶

𝜕𝑡
− 𝑆∗

𝜕𝐶

𝜕𝑦
=

1

𝑆𝑐

𝜕2𝐶

𝜕𝑦2 − 𝐾𝑟∗𝐶 + 𝑁𝑐 .   (10) 

Subject to the following initial and boundary conditions 

𝑡 ≤ 0, 𝑢(𝑦, 0) = 𝑒−𝑦 , 𝜃(𝑦, 0) = 𝑒−𝑦 , 𝐶(𝑦, 0) =
𝑒−𝑦, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑦, 

𝑡 > 0, 𝑢(0, 𝑡) = 1, 𝜃(0, 𝑡) = 1, 𝐶(0, 𝑡) = 1, 𝑎𝑠 𝑦 = 0,  

(11) 

Where: the parameters below encompass the physics of the 

problem; 

𝑆∗ =
𝑣0

𝑢0𝐺𝑟
1
2

(suction/injection parameter), 

𝐺𝑚 =
𝜈𝑔𝛽∗(𝐶𝑤

′−𝐶∞
′)

𝑢0
3𝐺𝑟

 (Modified solutal Grashof number), 

𝐺𝑟 =
𝜈𝑔𝛽(𝜃𝑤

′−𝜃∞
′)

𝑢0
3𝐺𝑟

 (Modified thermal Grashof number), 

𝜑 =
𝜇

𝜈𝜌
 (constant term), 

𝑁𝑐 =
𝜈𝐾𝑟𝐶∞

′

𝑢0
2𝐺𝑟(𝐶𝑤

′−𝐶∞
′)
 (concentration difference parameter), 

𝐾𝑟∗ =
𝜈𝐾𝑟

𝑢0
2𝐺𝑟

 (chemical reaction parameter), 

𝑆𝑐 =
𝜈

𝐷
 (Schmidt number), 

𝑃𝑟 =
𝜈𝜌𝐶𝑝

𝑘
 (Prandtl number), 

𝑅 =
16𝜎∗𝜈𝜃3

3𝑘∗𝑢0
4𝐺𝑟

 (Radiation parameter), 

𝐸𝑐 =
𝑢0

2

𝐶𝑝(𝜃𝑤
′−𝜃∞

′)
 (Eckert number), 

𝛼𝑐 =
𝜈𝑄𝑐(𝐶𝑤

′−𝐶∞
′)

𝜌2𝐶𝑝
2𝐺𝑟𝑢0

2(𝜃𝑤
′−𝜃∞

′)
 (Radiation absorption parameter). 

 

Method of Solution 
Employing the method of solution known as He-Laplace 

method by Hradyesh and Atulya (2012), where the use of the 

Homotopy perturbation method coupled with Laplace 

transform method to solve linear and nonlinear partial 

differential equations. To illustrate the basic idea of this 

method, let us consider a general nonlinear nonhomogeneous 

partial differential equation with initial conditions of the form 

𝜕2𝑦

𝜕𝑡2 + 𝑅1𝑦(𝑥, 𝑡) + 𝑅2𝑦(𝑥, 𝑡) + 𝑁𝑦(𝑥, 𝑡) = 𝑓(𝑥, 𝑡) 

𝑦(𝑥, 0) = 𝛼(𝑥),
𝜕𝑦

𝜕𝑡
(𝑥, 0) = 𝛽(𝑥),  (12) 

Where: 𝑅1 =
𝜕2

𝜕𝑥2
 and 𝑅2 =

𝜕

𝜕𝑥
 are the linear differential 

operators, 𝑁 represents the general nonlinear differential 

operator and 𝑓(𝑥, 𝑡) is the source term. Taking the Laplace 

transform(denoted by ℒ) on both side of Eq.(12), we have 

ℒ {
𝜕2𝑦

𝜕𝑡2
} + ℒ{𝑅1𝑦(𝑥, 𝑡) + 𝑅2𝑦(𝑥, 𝑡)} + ℒ{𝑁𝑦(𝑥, 𝑡)} = ℒ{𝑓(𝑥, 𝑡)} 

𝑆2ℒ{𝑦(𝑥, 𝑠)} − 𝑆𝑦(𝑥, 0) −
𝜕𝑦

𝜕𝑡
(𝑥, 0) = −ℒ{𝑅1𝑦(𝑥, 𝑡) +

𝑅2𝑦(𝑥, 𝑡)} − ℒ{𝑁𝑦(𝑥, 𝑡)} + ℒ{𝑓(𝑥, 𝑡)}.   (13) 

Applying the initial conditions given in Eq.(12), we have 

ℒ{𝑦(𝑥, 𝑠)} =
𝛼(𝑥)

𝑆
+

𝛽(𝑥)

𝑆2
−

1

𝑆2
{ℒ{𝑅1𝑦(𝑥, 𝑡) + 𝑅2𝑦(𝑥, 𝑡)} +

ℒ{𝑁𝑦(𝑥, 𝑡)}} +
1

𝑆2 {ℒ{𝑓(𝑥, 𝑡)}}.    (14) 

Operating the inverse Laplace transform on both sides of 

Eq.(14) gives 

𝑦(𝑥, 𝑡) = 𝐹(𝑥, 𝑡) − ℒ−1{
1

𝑆2 {ℒ{𝑅1𝑦(𝑥, 𝑡) + 𝑅2𝑦(𝑥, 𝑡)} +

ℒ{𝑁𝑦(𝑥, 𝑡)}}},   (15) 

where 𝐹(𝑥, 𝑡) represents the terms arising from the source 

term and the prescribed initial conditions. Now we apply the 

Homotopy perturbation method 

𝑦(𝑥, 𝑡) = ∑ 𝑃𝑛𝑦𝑛(𝑥, 𝑡)∞
𝑛=0 ,       (16) 

and the nonlinear term can be decomposed as  

𝑁𝑦(𝑥, 𝑡) = ∑ 𝑃𝑛𝐻𝑛(𝑦)∞
𝑛=0        (17) 

and 

𝐻𝑛(𝑦) =
1

𝑛!

𝜕𝑛

𝜕𝑃𝑛 𝑁[∑ 𝑃𝑘𝑦𝑘
𝑛
𝑘=0 ]𝑃=0.       (18) 

Coupling the Laplace transform and the Homotopy 

perturbation method gives 

∑ 𝑃𝑛𝑦𝑛(𝑥, 𝑡) = 𝐹(𝑥, 𝑡) − 𝑃(ℒ−1{
1

𝑆2 {ℒ{{𝑅1 +∞
𝑛=0

𝑅2} ∑ 𝑃𝑛𝑦𝑛(𝑥, 𝑡) + ∑ 𝑃𝑛𝐻𝑛(𝑦)∞
𝑛=0 }∞

𝑛=0 }}) (19) 

So comparing the coefficients of like powers of 𝑃, we have 

the following approximations 

𝑃0: 𝑦0(𝑥, 𝑡) = 𝐹(𝑥, 𝑡) , 

𝑃1: 𝑦1(𝑥, 𝑡) = −ℒ−1{
1

𝑆2
ℒ{(𝑅1 + 𝑅2)𝑦0(𝑥, 𝑡) + 𝐻0(𝑦)}} , 

𝑃2: 𝑦2(𝑥, 𝑡) = −ℒ−1{
1

𝑆2
ℒ{(𝑅1 + 𝑅2)𝑦1(𝑥, 𝑡) + 𝐻1(𝑦)}} ,         (20) 

𝑃3: 𝑦3(𝑥, 𝑡) = −ℒ−1{
1

𝑆2
ℒ{(𝑅1 + 𝑅2)𝑦2(𝑥, 𝑡) + 𝐻2(𝑦)}} , 

. 

. 

. 

Hence, the general solution takes the form  
𝑦(𝑥, 𝑡) = 𝑦0(𝑥, 𝑡) + 𝑦1(𝑥, 𝑡) + 𝑦2(𝑥, 𝑡) + 𝑦3(𝑥, 𝑡) +  .   .   .           (21)  
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Results and Discussion 

Solving Eq.(8),(9) and (10) subject to the initial condition in Eq.(11) by the above discussed method, we obtain the following 

results 

𝐶(𝑦, 𝑡) = 𝑒−𝑦 + 𝑡𝑁𝑐 − 𝑆∗𝑒
−𝑦𝑡 +

𝑒−𝑦𝑡

𝑆𝑐
− 𝐾𝑟∗𝑒

−𝑦𝑡 −
𝐾𝑟∗𝑁𝑐𝑡2

2!
+

𝑆∗
2𝑒−𝑦𝑡2

2!
−

𝑆∗𝑒
−𝑦𝑡2

𝑆𝑐2!
+

𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡2

2!
−

𝑆∗𝑒
−𝑦𝑡2

𝑆𝑐2!
+

𝑒−𝑦𝑡2

𝑆𝑐22!
−

𝐾𝑟∗𝑒
−𝑦𝑡2

𝑆𝑐2!
+

𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡2

2!
−

𝐾𝑟∗𝑒
−𝑦𝑡2

2!
+

𝐾𝑟∗
2𝑒−𝑦𝑡2

2!
+

𝐾𝑟∗
2𝑁𝑐𝑡3

3!
−

𝑆∗
3𝑒−𝑦𝑡3

3!
+

𝑆∗
2𝑒−𝑦𝑡3

𝑆𝑐3!
−

𝑆∗
2𝐾𝑟∗𝑒

−𝑦𝑡3

3!
+

𝑆∗
2𝑒−𝑦𝑡3

𝑆𝑐3!
−

𝑆∗𝑒
−𝑦𝑡3

𝑆𝑐23!
+

𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡3

𝑆𝑐3!
−

𝑆∗
2𝐾𝑟∗𝑒

−𝑦𝑡3

3!
+

𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡3

3!
−    .   .   .       (22) 

𝜃(𝑦, 𝑡) = 𝑒−𝑦 + 𝛼𝑐𝑒
−𝑦𝑡 +

𝛼𝑐𝑁𝑐𝑡2

2!
−

𝛼𝑐𝑆∗𝑒
−𝑦𝑡2

2!
+

𝛼𝑐𝑒
−𝑦𝑡2

𝑆𝑐2!
−

𝛼𝑐𝐾𝑟∗𝑒
−𝑦𝑡2

2!
−

𝛼𝑐𝐾𝑟∗𝑁𝑐𝑡3

3!
+

𝛼𝑐𝑆∗
2𝑒−𝑦𝑡3

3!
−

𝛼𝑐𝑆∗𝑒
−𝑦𝑡3

𝑆𝑐3!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡3

3!
−

𝛼𝑐𝑆∗𝑒
−𝑦𝑡3

𝑆𝑐3!
+

𝛼𝑐𝑒
−𝑦𝑡3

𝑆𝑐23!
−

𝛼𝑐𝐾𝑟∗𝑒
−𝑦𝑡3

𝑆𝑐3!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡3

3!
−

𝛼𝑐𝐾𝑟∗𝑒
−𝑦𝑡3

3!
+

𝛼𝑐𝐾𝑟∗
2𝑒−𝑦𝑡3

3!
+

𝛼𝑐𝐾𝑟∗
2𝑁𝑐𝑡4

4!
−

𝛼𝑐𝑆∗
3𝑒−𝑦𝑡4

4!
+

𝛼𝑐𝑆∗
2𝑒−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝑆∗
2𝐾𝑟∗𝑒

−𝑦𝑡4

4!
+

𝛼𝑐𝑆∗
2𝑒−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝑆∗𝑒
−𝑦𝑡4

𝑆𝑐24!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝑆∗
2𝐾𝑟∗𝑒

−𝑦𝑡4

4!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡4

4!
−

𝛼𝑐𝑆∗𝐾𝑟∗
2𝑒−𝑦𝑡4

4!
+

𝛼𝑐𝑆∗
2𝑒−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝑆∗𝑒
−𝑦𝑡4

𝑆𝑐24!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝑆∗𝑒
−𝑦𝑡4

𝑆𝑐24!
+

𝛼𝑐𝑒
−𝑦𝑡4

𝑆𝑐34!
−

𝛼𝑐𝐾𝑟∗𝑒
−𝑦𝑡4

𝑆𝑐24!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝑒
−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝐾𝑟∗𝑒
−𝑦𝑡4

𝑆𝑐4!
+

𝛼𝑐𝐾𝑟∗
2𝑒−𝑦𝑡4

𝑆𝑐4!
−

𝛼𝑐𝑆∗
2𝐾𝑟∗𝑒

−𝑦𝑡4

4!
+   .   .   .       (23) 

𝑢(𝑥, 𝑡) = 𝑒−𝑦 + 𝐺𝑟𝑒−𝑦𝑡 +
𝛼𝑐𝐺𝑟𝑒−𝑦𝑡2

2!
+

𝛼𝑐𝐺𝑟𝑁𝑐𝑡3

3!
−

𝛼𝑐𝑆∗𝐺𝑟𝑒−𝑦𝑡3

3!
+

𝛼𝑐𝐺𝑟𝑒−𝑦𝑡3

𝑆𝑐3!
−

𝛼𝑐𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡3

3!
−

𝛼𝑐𝐾𝑟∗𝐺𝑟𝑁𝑐𝑡4

4!
+

𝛼𝑐𝑆∗
2𝐺𝑟𝑒−𝑦𝑡4

4!
−

𝛼𝑐𝑆∗𝐺𝑟𝑒−𝑦𝑡4

𝑆𝑐4!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡4

4!
−

𝛼𝑐𝑆∗𝐺𝑟𝑒−𝑦𝑡4

𝑆𝑐4!
+

𝛼𝑐𝐺𝑟𝑒−𝑦𝑡4

𝑆𝑐24!
−

𝛼𝑐𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡4

𝑆𝑐4!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡4

4!
−

𝛼𝑐𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡4

4!
+

𝛼𝑐𝐾𝑟∗
2𝐺𝑟𝑒−𝑦𝑡4

4!
+

𝛼𝑐𝐾𝑟∗
2𝐺𝑟𝑁𝑐𝑡5

5!
−

𝛼𝑐𝑆∗
3𝐺𝑟𝑒−𝑦𝑡5

5!
+

𝛼𝑐𝑆∗
2𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐5!
−

𝛼𝑐𝑆∗
2𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡5

5!
+

𝛼𝑐𝑆∗
2𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐5!
−

𝛼𝑐𝑆∗𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐25!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐5!
−

𝛼𝑐𝑆∗
2𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡5

5!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡5

5!
−

𝛼𝑐𝑆∗𝐾𝑟∗
2𝐺𝑟𝑒−𝑦𝑡5

5!
+

𝛼𝑐𝑆∗
2𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐5!
−

𝛼𝑐𝑆∗𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐25!
+

𝛼𝑐𝑆∗𝐾𝑟∗𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐5!
−

𝛼𝑐𝑆∗𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐25!
+

𝛼𝑐𝐺𝑟𝑒−𝑦𝑡5

𝑆𝑐35!
−   .   .   .     (24) 

 

 

Now studying the skin friction given by 

𝜏 ′ = −𝜇
𝜕𝑢′

𝜕𝑦′
 , 𝑎𝑡 𝑦 = 0.       (25) 

In view of Eq. (7), Eq. (25) reduces to 

𝜏 =
−𝜏′

𝜌𝑢0
2𝐺𝑟

1
2

=
𝜕𝑢

𝜕𝑦
      𝑎𝑡 𝑦 = 0.    (26) 

Finding 
𝜕𝑢

𝜕𝑦
 at 𝑦 = 0 from Eq. (24) and substituting the 

solution into Eq. (26) and simplifying, we obtain the required 

skin friction. 

Three basic equations that governed the flow through an 

infinite permeable vertical plate namely velocity(𝑢), 

temperature (𝜃) and concentration (𝐶) profiles as well as the 

skin friction(𝜏) have been solved. Graphs of the unsteady 

velocity, temperature and concentration profiles are presented 

as well as the skin friction profile in Figs. 1 – 16, to show the 

influence of the variable parameters on the velocity, 

temperature, concentration and the skin friction. 

 

 
Fig. 1: Effect of 𝑺∗ on the velocity profile when𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺𝒄 = 𝟎. 𝟏,𝑵𝒄 = 𝟎. 𝟎𝟏,𝑷𝒓 = 𝟎. 𝟕, 𝑹 =
𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝜶𝒄 = 𝟏, 𝑮𝒓 = 𝟐,𝑮𝒎 = 𝟑 

 

 

 
Fig. 2: Effect of 𝑺∗ on the temperature profile when𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺𝒄 = 𝟎. 𝟏,𝑵𝒄 = 𝟎. 𝟎𝟏,𝑷𝒓 = 𝟎. 𝟕, 𝑹 =
𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝜶𝒄 = 𝟏 

 

 
Fig. 3: Effect of 𝑺∗ on the concentration  profile     when 

𝒕 = 𝟎. 𝟏, 𝑲𝒓∗ = 𝟎. 𝟓, 𝑺𝒄 = 𝟎. 𝟐𝟐,𝑵𝒄 = 𝟎. 𝟎𝟏 
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Fig. 4: Effect of 𝑺𝒄 on the velocity profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑷𝒓 = 𝟎. 𝟕, 𝑹 =
𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝜶𝒄 = 𝟏, 𝑮𝒓 = 𝟐,𝑮𝒎 = 𝟑 

 

 
Fig. 5: Effect of 𝑺𝒄 on the temperature profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎,𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑷𝒓 = 𝟎. 𝟕, 𝑹 = 𝟏, 𝑬𝒄 =
𝟏. 𝟓, 𝜶𝒄 = 𝟏 

 

 
Fig. 6: Effect of 𝑺𝒄 on concentration profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟓, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏 

 

 

 
Fig. 7: Effect of 𝑹 on the velocity profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑷𝒓 = 𝟎. 𝟕, 𝑺𝒄 =
𝟎. 𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝜶𝒄 = 𝟏, 𝑮𝒓 = 𝟐, 𝑮𝒎 = 𝟑 

 

 
Fig. 8: Effect of 𝑹 on the temperature profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎,𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑷𝒓 = 𝟎. 𝟕, 𝑺𝒄 =
𝟎. 𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝜶𝒄 = 𝟏 

 

 
Fig. 9: Effect of 𝑬𝒄 on the velocity profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑷𝒓 = 𝟎. 𝟕, 𝑺𝒄 =
𝟎. 𝟏,𝑹 = 𝟎. 𝟕, 𝜶𝒄 = 𝟏, 𝑮𝒓 = 𝟐, 𝑮𝒎 = 𝟑 
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Fig. 10: Effect of 𝑬𝒄 on the temperature profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎,𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑷𝒓 = 𝟎. 𝟕, 𝑺𝒄 =
𝟎. 𝟏,𝑹 = 𝟏, 𝜶𝒄 = 𝟏 
 

 
Fig. 11: Effect of 𝑷𝒓 on the velocity profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝑺𝒄 =
𝟎. 𝟏,𝑹 = 𝟎. 𝟕, 𝜶𝒄 = 𝟏, 𝑮𝒓 = 𝟐, 𝑮𝒎 = 𝟑 

 

 
Fig. 12: Effect of 𝑷𝒓 on the temperature profile when 𝒕 =

𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎,𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝑺𝒄 =

𝟎. 𝟏,𝑹 = 𝟏, 𝜶𝒄 = 𝟏 

 

 
Fig. 13: Effect of 𝑮𝒓 on the velocity profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝑺𝒄 =
𝟎. 𝟏,𝑹 = 𝟏, 𝜶𝒄 = 𝟏,𝑷𝒓 = 𝟎. 𝟕, 𝑮𝒎 = 𝟑 

 

 

Figures 1-3 show the variations in velocity, temperature and 

concentration for different values of suction/injection(𝑆∗). In 

Fig. 1, velocity of the fluid is observed to decrease as the 

suction/injection(𝑆∗)parameter increases and a sharp decay is 

noticed in velocity throughout the plate. In Fig. 2, it is seen 

that the temperature of the fluid near the plate boundary 

decreases also as the suction/injection(𝑆∗) parameter increase. 

Moreover, in Fig. 3, also the concentration of the fluid is seen 

to decrease as the suction/injection(𝑆∗) parameter increases 

where a sharp decay is noticed near the plate and further 

away. 

Figures 4 – 6 show the variations in velocity, temperature and 

concentration for different values of the Schmidt number(𝑆𝑐). 

Figure 4 shows that as the Schmidt number increases the 

velocity of the fluid decreases throughout the medium and 

converges at a point far from the plate. In Fig. 5, temperature 

of the fluid is observed to fall at the boundary of the plate as 

the Schmidt number increases, showing also that as the fluid 

flows further away from the plate the temperature reduces 

further. Figure 6 depicts that as the Schmidt number increases, 

the concentration profile decreases thereby causing the 

concentration buoyancy effect to decrease which intend bring 

about a reduction in the fluid concentration. 

Figures 7 and 8 show variations in velocity and temperature 

profiles for different values of the Radiation parameter(𝑅). In 

Fig. 7, it is seen that as the radiation parameter increases the 

velocity of the fluid is also seen to increase near the plate 

boundary and as the fluid further moves away from the plate 

the velocity tend to reduce over the given distance. Fig. 8 

presents that the temperature of the fluid increases at the plate 

boundary and then reduces rapidly as it tends to move away 

from the plate as the radiation parameter increases. 

Figures 9 and 10 present the variations in velocity and 

temperature profiles for different values of Eckert 

number(𝐸𝑐). Fig. 9 shows an increase in the velocity of the 

fluid as the Eckert number increases an indication that the 

fluid flow faster away from the plate boundary. Figure 10 

indicates that the temperature of the fluid increases whenever 

the Eckert number increased. 
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Form Figs. 11 and 12, it is evident from these figures that as 

the Prandtl number(𝑃𝑟) increases the velocity is seen to 

reduce from the boundary of the plate further away. Fig. 12 

depicts that the temperature decreases with increase in Prandtl 

number. 

Figure 13 presents the effect of Grashof number(𝐺𝑟) on the 

velocity profile and it shows that the velocity increases at the 

plate boundary as the Grashof number increases. An 

indication of the momentum boundary thickness generally 

decreases with increasing 𝐺𝑟 since convective boundary layer 

flow is often associated by injecting or suction of fluid 

through a permeable surface. In Fig. 14, it is seen that the 

Radiation absorption parameter(𝛼𝑐) has an advance effect on 

the temperature profile. The temperature of the fluid is seen to 

increase at the boundary of the plate as the radiation 

absorption parameter increases and also tends to reduce as the 

fluid moves away from the plate. 

 

 
Fig. 14: Effect of 𝜶𝒄 on the temperature profile when 𝒕 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝑺∗ = 𝟎,𝑵𝒄 = 𝟎. 𝟎𝟏, 𝑬𝒄 = 𝟏. 𝟓, 𝑺𝒄 =
𝟎. 𝟏,𝑹 = 𝟏, 𝑷𝒓 = 𝟎. 𝟕 

 

 

 
Fig. 15: Effect of 𝑲𝒓∗ on concentration profile when 𝒕 =

𝟎. 𝟏, 𝑺𝒄 = 𝟎. 𝟐𝟐, 𝑺∗ = 𝟎. 𝟓, 𝑵𝒄 = 𝟎. 𝟎𝟏 

 

 
Fig. 16: Effect of 𝑺∗ on skin-friction profile when 𝑺𝒄 =
𝟎. 𝟏,𝑲𝒓∗ = 𝟎. 𝟏, 𝜶𝒄 = 𝟏,𝑷𝒓 = 𝟎. 𝟕, 𝑮𝒎 = 𝟑,𝑮𝒓 = 𝟐,𝑹 =
𝟏, 𝑬𝒄 = 𝟏. 𝟓 

 

 

Furthermore, Fig. 15 depicts that as the chemical reaction 

parameter(𝐾𝑟∗) increases the concentration decreases at the 

boundary of the plate and also far away from the plate, this is 

as a result that destructive chemical reduces the solutal 

boundary layer thickness. Finally, Fig. 16 shows the Skin 

friction(𝜏) profile, where the skin friction reduces as 

suction/injection increases, showing a sharp decay at points 

close to the plate. 

 

Conclusion 

Thermal radiation and chemical reaction effects on an 

unsteady forced and free convection flow past and infinite 

permeable vertical plate is presented, where the velocity(𝑢), 

temperature(𝜃), concentration(𝐶) and the skin friction(𝜏) 
profiles were obtained and solved using the He-Laplace 

technique. The introduction of thermal radiation and chemical 

reaction has changed the nature of the flow by Daniel et al. 

(2013). 

In the course of this investigation, it is observed that increase 

in the value of  𝑆∗ leads to sharp fall in the velocity at the 

boundary layer, temperature and the concentration of the fluid 

flow. The velocity of the fluid decreases as the 𝑆𝑐 increases 

and the reverse is the case as the values of 𝑅, 𝐸𝑐 and 𝐺𝑟 

increases. Similarly, concentration becomes lower with 

increase in both 𝑆𝑐 and 𝐾𝑟∗. Skin friction(𝜏) is seen to reduce 

as suction/injection(𝑆∗) increases at different time intervals. 
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