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The current investigation focuses on unsteady, natural convection viscous incompressible, electrically conducting liquid 

motion over a vertical plane sheet flooded with permeable media with heat source and chemical reaction. A uniform 

magnetic field is applied in the transverse direction; the liquid augment in the water way determined by identical pressure, 

the transport of heat is inclined by radiation. The governing equations are solved by applying the perturbation method. The 

velocity, heat, and mass profiles are shown on graphs for different physical parameters. 
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1 Introduction 

The transfer of heat from the sheet to the liquid 

characterizes the appliance of the heat source. The 

importance of the heat transfer corresponds to the 

viscous dissipation is vital in several areas such as 

either in engineering or in industry. Therefore, the 

appearance dissipation effect on the study of present 

fluid becomes predominant.The investigations about 

the under water resources in the field of agriculture 

engineering as well as see-page of water in the bed of 

the river etc. its application provides a significant 

contributation. For the filtration and purification 

process in the chemical engineering, the movement of 

natural gas in the petroleum engineering and in 

geothermal reservoir and geothermal energy 

extractions its application also presents a vital role. 

Keeping in view, in recent the young sciensits have 

keen interest to develop their thoughts in the said 

direction. Baag et al.
1
 investigated the influence of 

energy source for thet ransport of heat on the 

magnetohydrodynamic laminar motion past an 

extending surface via a permeable medium. They 

have considered both the assisting and opposing 

forces to represent the dual behavior of the 

contributing parameters and then numerical treatment 

is employed for the transformed governing equations. 

Mishra et al.
2
 have studied the effect of the heat 

source and thermal radiation on natural convective 

micropolar liquid motion and transfer of heat past a 

shrinking surface. Thermal enhancement in the heat 

transfer phenomenon is observed for the 

agumentation in the thermal radiation in association 

with the heat source. Mishra et al.
3
 reported the 

impact of dissipative heat energy for the combined 

effects of viscous, Joule and Darcy dissipation on 

steady laminar boundary layer MHD stagnation-point 

motion over an extending surface via permeable 

media with heat source /sink. Makinde
4
 studied the 

effect of the magnetic field and buoyancy forces on 

heat and mass transfer of an electrically conducting 

fluid flow over a vertical plate. In the conclusive 

remarks it is depicted that, the appearance of Lorentz 

force produces the resistance that resists the fluid 

motion whereas the both the thermal and solutal 

buoyancy forces overshoots the profiles as well. 

Makinde and Ogulu
5
 explored the impact of thermal 
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radiation and magnetic field on the heat and mass 

transfer of an electrically conducting variable 

viscosity fluid over a vertical porous sheet. Sharma et 

al.
6
 studied the Soret and diffusion thermoimpact on a 

2D non-Newtonian Casson and Williamson fluid 

motion past a slendering stretching sheet with thermal 

radiation and variable thickness. Olanrewaju and 

Makinde
7
 have reported numerically the combined 

effects of thermal diffusion and diffusion thermo on 

hydromagnetic boundary layer flow over a permeable 

sheet. The influence the thermal radiation on the  

flow of hydromagnetic reacting nanofluid past a 

heated permeable sheet has been examined by 

Makinde et al.
8
. The diffusion processes conducted 

for the combined interaction of both energy and 

solutal profiles presents a significant contributions  

for the thermal enhancement. Pattnaik et al.
9
 have 

carried out the effect of Dufour and Hall current on 

unsteady magnetohydrodynamic motion over a 

perpendicular porous sheet in the presence of suction. 

The unsteady MHD oscillatory motion of a dusty 

fluid under the Couette flow scenario in a channel 

filled with a porous medium under the influence of 

radiative heat flux and Prakash and Makinde
10

  

have examined buoyancy force. Ahmed et al.
11

 

examined the analytical and numerical solution for 

MHD three-D motion of Newtonian liquid via a 

permeable medium past 2-parallel permeable sheets 

with suction/injection. Jha et al.
12

 have studied the 

transient MHD natural convective motion of viscous, 

incompressible electrically conducting liquid in a 

vertical permeable passage with thermal radiation and 

suction/injection. Durga Prasad et al.
13

 have explored 

the transfer of mass and heat study for the unsteady 

magnetohydrodynamic motion of nanofluid over a 

rotating an infinite perpendicular porous sheet with 

chemical reaction and radiation. Misra and Adhikary
14

 

have analyzed the transfer of mass and heat, 

magnetohydrodynamic oscillatory motion of blood in 

a permeable arteriole with chemical reaction. 

Mahender and Rao
15

 have investigated the impact of 

heat source on unsteady magnetohydrodynamic 

natural convection and mass shift of motion over a 

vertical sheet. Bartik et al.
16

 explored the mixed 

impact of energy diffusion and heat source on 

magnetohydrodynamic oscillatory motion via a 

permeable medium over two vertical permeable sheets 

in the presence of chemical reaction. Noor et al.
17

 

considered the steady magnetohydrodynamic, transfer 

of energy and mass motion past an inclined surface 

with thermophoresis and heat source/sink. Das
18

 has 

analyzed the MHD natural convective transfer of 

mass and heat motion of a micropolar liquid passing 

through a permeable media surrounded by an infinite 

permeable sheet in the presence of heat source. 

Chen
19

 investigated the transfer of heat and MHD 

flow past an extending surface with an internal heat 

source/sink. 

The purpose of this study is to examine the impacts 

of the heat source and chemical reaction on unsteady 

magnetohydrodynamic natural convective energy 

transport motion of a viscous liquid over a 

perpendicular sheet. The conservation equations are 

solved analytically using the perturbation method. 

Mathematical outcomes are recorded for different 

values of the objective variables of concern.  

 

2 Mathematical Analysis 

The current analysis dispenses with the study of 

unsteady, free convection viscous incompressible, 

electrically conducting liquid motion past a vertical 

channel saturated with permeable media with heat 

source and chemical reaction effects. A consistent 

magnetic field has pertained in the oblique direction; 

the fluid augment in the channel determined by 

consistent pressure, the heat transport is prejudiced by 

thermal radiation. The two infinite plates of the 

vertical channel distanced’ apart are porous and the 

liquid is injected via one of the sheets and at the same 

time sucked through the other with the same velocity. 

A Cartesian coordinate structure is assumed such that 

the X 
-axis lies vertically upwards in the direction of 

the buoyancy force alongside the central line of the 

channel and Y 
-axis is  to the parallel sheets (see 

Fig. 1). The temperature of the one of the plates is 

non-uniform and oscillates periodically.  

 
 

Fig. 1 — Problem geometry 
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Under the standard Boussinesq approximations, 

following Magaji
20

 the motion is governed by the 

subsequent equations 
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Subsequently Cogley et al.
21

, it is implicit that the 

liquid is optically thin by comparatively small 

density. The radiative heat flux is  
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The periodic pressure gradient is 
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Integrating continuity Eq. 1, we get 
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Substituting Eqs. 9-10 into Eqs. 2-4, we get  
 

2
2

2

u u p u u
M u GrT GmC

t x K
  

 

   
       

   

,  

  … (11) 
 

2
2

2

1 1
( )

Pr Pr
N Q

t

  
  

 

  
   

  

, … (12) 

2

2

1
Kr

t Sc

  
  

 

  
  

  

, … (13) 

 

with 
 

1
0, 0, 0,

2
u at      

, … (14) 

 

1
0, cos , cos ,

2
u t t at     

, … (15) 

 

Where, 
 

2

0
02

2 22 *

0 01

, , Pr , 2 , ,

, , ,

p

c

cg d T K d Vd
Gr K N M B d

V d k k

g d C Q dd k
Gm Kr Sc Q

V D k

 
 

  

 

 



     

   

 … (16) 

 

3 Method of Solution  

To work out Eq.11-15 for oscillatory motion, 

following Magaji
20

 the profiles are assumed as 
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Substituting the above expressions into Eqs. 11-15, 

we obtained 
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Equations 18-22 are solved and the solution for 

fluid momentum, energy and concentration are given 

as follows: 
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where the constants are defined as follows:  
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The skin-friction  at the lower sheet is  
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The Nusselt-number Nu at the lower sheet is  
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The Sherwood number Sh at the lower sheet is  
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4 Results and Discussion 

Free convection of a time-dependent flow of a 

viscous conducting fluid past a heated vertical 

channel embedding with porous medium is 

investigated. In addition, the behavior of the heat 

source/sink and the first-order chemical reaction is 

presented in both the energy and solutal transfer 

equations. To examine the physical perception-into 

the flow pattern, the mathematical results for the 

temperature distribution, concentration effects, and 

velocity distributions are depicted graphically in  

Figs. 2-9,for dissimilar values of  Q ,  N ,  Pr ,   ,

 Sc ,  Kr and  M . However, Table 1 presents the 

coincidence of the skin friction and Nusselt number 

with the results of Magaji
20

 in the absence of heat 

source for various values of time parameter. Tables 2, 

3 and 4 reveal the mathematical outcomes of the skin 

friction coefficient, Nusselt number, and Sherwood 
 

Table 1 — Comparative result for the skin friction and Nusselt 

number at the lower plate for Q=0. 

t  [20]  [Present] Nu[20] Nu [Present] 

0 0.6385 0.63853142 0.9417 0.9417127 

0.1 1.5105 1.51049734 0.9249 0.9249134 

0.3 1.6216 1.62163491 0.4862 0.4862431 
 

Table 2 — Variations in skin friction for dissimilar values of  

momentum parameters 

Gr Gm M K Pr Q N Sc Kr   
5 5 3 0.8 0.71 0.8 0.8 0.22 0.8 0.3317 

10 5 3 0.8 0.71 0.8 0.8 0.22 0.8 0.2167 

15 5 3 0.8 0.71 0.8 0.8 0.22 0.8 0.1250 

20 5 3 0.8 0.71 0.8 0.8 0.22 0.8 0.0332 

5 10 3 0.8 0.71 0.8 0.8 0.22 0.8 0.1583 

5 15 3 0.8 0.71 0.8 0.8 0.22 0.8 0.1306 

5 20 3 0.8 0.71 0.8 0.8 0.22 0.8 0.0942 

5 5 0.5 0.8 0.71 0.8 0.8 0.22 0.8 0.0692 

5 5 1 0.8 0.71 0.8 0.8 0.22 0.8 0.1504 

5 5 2 0.8 0.71 0.8 0.8 0.22 0.8 0.1886 

5 5 3 0.1 0.71 0.8 0.8 0.22 0.8 0.0634 

5 5 3 0.3 0.71 0.8 0.8 0.22 0.8 0.0421 

5 5 3 0.5 0.71 0.8 0.8 0.22 0.8 0.0180 

5 5 3 0.8 1 0.8 0.8 0.22 0.8 0.1684 

5 5 3 0.8 3 0.8 0.8 0.22 0.8 0.1838 

5 5 3 0.8 7.1 0.8 0.8 0.22 0.8 0.1972 

5 5 3 0.8 0.71 0.5 0.8 0.22 0.8 0.2472 

5 5 3 0.8 0.71 1 0.8 0.22 0.8 0.2990 

5 5 3 0.8 0.71 2 0.8 0.22 0.8 0.3554 

5 5 3 0.8 0.71 0.8 0.1 0.22 0.8 0.1608 

5 5 3 0.8 0.71 0.8 0.5 0.22 0.8 0.1786 

5 5 3 0.8 0.71 0.8 1 0.22 0.8 0.1820 

5 5 3 0.8 0.71 0.8 0.8 0.60 0.8 0.2575 

5 5 3 0.8 0.71 0.8 0.8 0.78 0.8 0.2798 

5 5 3 0.8 0.71 0.8 0.8 0.96 0.8 0.2883 

5 5 3 0.8 0.71 0.8 0.8 0.22 1 0.4468 

5 5 3 0.8 0.71 0.8 0.8 0.22 2 0.4486 

5 5 3 0.8 0.71 0.8 0.8 0.22 3 0.4498 
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number for different values of evolving parameters. It 

is interesting to note in Table 2 that an increase in 

parameter values of M, Pr, Q, N, Sc, and Kr boost the 

skin friction while the trend is opposite by an enhance 

in the parameter values of Gr, Gm and K. Meanwhile, 

the Nusselt number rises by the enhanced values of 

Pr, Q, and N as exposed in Table 3. In Table 4, it is 

seen that the Sherwood number escalates with 

increasing values of Sc and Kr. 

Figure 2 depicts the significant behavior of the heat 

generation/aborption parameter on the fluid 

temperature. The numerical result indicates the impact 

of enhancing values of  Q results in reducing energy 

while for negative energy absorption parameter  Q  

leads to an increase in the temperature. Figure 3 

illustrates the influence of the radiation-conduction 

parameter  N on the temperature profiles for Pr 0.71

 Pr 1 , so that heat diffuses faster than momentum 

in the region. With an increase in N  i.e., stronger 

thermal radiation flux, there arise decreasing natures 

on the temperature profile. A thin case is generally 

happening with decisive importance to a radiation 

absorption parameter for an optically thin medium. 

The significant contribution of the Prandtl number on 

the fluid temperature is displayed in Fig. 4. It is seen 

that the enhance in  Pr the energy description 

reduces with different values of  Pr . The effect of the 

Prandtl number plays a significant role in the 

diffusion concept of flow medium. If Prandtl number  
 

 

Table 3 — Variations in Nusselt number 

Pr Q N Nu 

0.71 0.8 0.8 1.4626 

1 0.8 0.8 2.3128 

3 0.8 0.8 3.6469 

7.1 0.8 0.8 5.1283 

0.71 0.1 0.8 5.0056 

0.71 0.3 0.8 5.0291 

0.71 0.5 0.8 5.1256 

0.71 0.8 0.8 5.1283 

0.71 0.8 0.5 5.4492 

0.71 0.8 1 5.6524 

0.71 0.8 2 5.8672 
 

Table 4 — Variations in Sherwood number 

Sc Kr Sh 

0.22 0.8 3.5484 

0.60 0.8 4.6542 

0.78 0.8 4.8492 

0.96 0.8 5.5321 

0.22 0.1 3.5234 

0.22 0.3 3.6134 

0.22 0.5 3.7568 

0.22 0.9 3.8829 
 

 
 

Fig. 2 — Effect of Q on temperature 

 
 

Fig. 3 — Effect of N on temperature 
 

 
 

Fig. 4 — Effect of Pr on temperature 
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is greater than one  Pr 1 , the diffusivity of the 

medium inclines to ionization of the motion. In a 

high-ionized fluid  Pr 1 , the effect of the Prandtl 

number  Pr 7.0  is transformed from ionized state to 

water. Figure 5 demonstrates that the energy field 

enhances with enhance in   . In general, the suction 

parameter is influenced by the heat absorption co-

efficient  Q  to reduce the temperature field. In a 

highly permeable medium, the suction parameter is a 

great deal of advantages to reduce the temperature on 
the porous medium flow. Figure 6 reveals that the 

impact of  

 Sc on concentration lies in its behavior of a 

homogeneous reaction concerning a chemical 

reaction. As Schmidt number increases, it reveals to 
decrease concentration. The heavier species formed 

due to the relationship of the kinematic viscosity and 
the solutal diffusivity and it is seen that the boost in 

heavier species suggests that the solutal diffusion 
retrads that resulted in the concentration profile 

retards. Figure 7 depicts the impact of  Kr  on 

concentration plays a significant role on the behavior 
of concentration in the flow medium and confirms the 

observations that an enhance in  Kr leads to a 

decrease in concentration. The chemical reaction 
inhomogeneous systems are characterized by a non-

catalytic system where nuclear reaction does not 

involve in this process. In a permeable medium flow, 
concentration decreases in a highly permeable 

medium when the chemical reaction parameter is 
increased. Therefore, in a permeable medium flow, 

the effect of chemical reaction leads to decay in 

 
 

Fig. 5 — Influence of  on temperature 

 

 
 

Fig. 6 — Influence of Sc on concentration 

 
 

Fig. 7 — Influence of Kr on Concentration 
 

 
 

Fig. 8 — Effect of M velocity profile 
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concentration distribution. In Fig. 8 we have 

presented the impact of Hartmann number  M  on the 

momentum distribution. With increasing magnetic 
field strengthen, M is increases and this serves to 

decelerate the flow, which leads to reduce momentum 
because of the occurrence of Lorentz force. The 

deformation of a magnetic line force experiences a 
decreasing nature of the velocity field with an 

increase in magnetic force. Figure 9 shows that the 

positive value of  Q  the velocity increases with an 

increase in Q . From another point of view, the 

velocity reduces with enhance in negative value of

 Q . Therefore, the numerical outcomes show that the 

impact of enhancing values of  Q outcome an 

increasing velocity. 
 

5 Conclusions 

A mathematical analysis has been presented with 

transient magnetohydrodynamic combined convective 

oscillatory motion via a permeable medium subject to 

a chemical reaction, heat-source and injection/suction 

enclosed with two vertical permeable sheets. Since 

the MHD motion is determined by an oscillatory 

pressure gradient, it is rigorously stated that the flow 

is oscillatory and simultaneously the heat of one of 

the sheets is non-uniform and oscillates periodically. 

The problem is solved analytically by using the 

perturbation method. An illustration for physical 

discussions is obtained from the graphical 

representations on temperature field, concentration 

and velocity distributions. 
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Nomenclature 

g  acceleration due to gravity 

t   dimensionless time 

0B   transverse magnetic field strength 

T  temperature 

Sc  Schmidt number 

T   dimensionless temperature 

Gr  Grashofnumber due to temperature 

0T  temperature of the plate 

pC  specific heat at constant pressure 

u  x -component of velocity 

D   mass diffusivity 

u   velocity of the plate  

1k    chemical reaction parameter 

V  suction/injection velocity 

Kr  dimensionless chemical reaction parameter 

v  y -component of velocity 

 
 

Fig. 9 — Effect of Q on velocity profile 
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   thermal conductivity of the fluid 


  frequency of oscillations 

 

Greek symbols 

K  permeability parameter   

K   dimensionless permeability parameter  

   mean radiation absorption 

M  magnetic field parameter coefficient 

Gm  Grashofnumber due to concentration 

c  volumetric coefficient of  

Pr  Prandtl number concentration 

p  pressure  

   volumetric coefficient of thermal 

q  radiative heat flux expansion  

N   radiation parameter  

  electrical conductivity of fluid  

P  pressure gradient 

   fluid density 

Q  heat source parameter 

   kinematic viscosity  

t  time 

   suction parameter  
 

 

 


