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Abstract 

This work investigates the free convection boundary layer flow in a rotating MHD fluid past 

a vertical porous medium with thermal radiation. The dimensionless coupled governing 

boundary layer partial differential equations under the Boussinesq and Rosseland 

approximations are transformed into ordinary differential equation by the perturbation 

technique. The solutions for momentum, energy and concentration equation are solved 

analytically. The graphical analysis of variation in fluid velocity, temperature and 

concentration are displayed. The result shows that the increase in magnetic, Schmidt number, 

chemical reaction and rotation parameter decreases the velocity of flow in the system while 

the increase in thermal radiation leads to increase in velocity. Increase in chemical reaction 

parameter decreases heat transfer while it enhances the mass transfer. 
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1. Introduction 
The concept of free convection boundary layer flow in a rotating MHD fluid past a vertical 

porous plate has application in geophysics, petrochemical engineering, meteorology, 

oceanography and aeronautics. The study of magnetic field effects on free convection 

Newtonian fluid flow is also used in the study of electrolytes. The effects of thermal radiation 

on free convention flow plays an important role in several scientific and industrial processes 

such as thermo-nuclear fusion, furnace design, glass production solar power technology 

research. Many scientists and technologists have developed interest in the study of MHD 

convective flows. For example, Alagoa et al (1999) investigated the problem of 

magnetohydrodynamic free convection flow, with radioactive heat transfer in porous media 

subject to time-dependent suction of an incompressible and optically transparent medium by 

making fairly realistic assumptions. Chamkha (2000) studied thermal radiation and buoyancy 

effects on hydromagnetic flow over an accelerating permeable surface with heat source or 

sink. Israel-Cookey et al (2003) studied the influence of viscous dissipation and radiation on 

unsteady MHD free convective flow past on infinite heated vertical plate in a porous medium 

with time-dependent suction. Ogulu and Amos (2005) investigated the problem of 

suction/injection on free convective flow of a non-Newtonian fluid past a vertical porous 

plate. Adopting a series expansion technique about a small parameter 𝐸𝑐 and making fairly 

realistic assumptions, the coupled non-linear partial differential equations are decoupled and 

expressions for the temperature, velocity, skin-friction and rate of heat transfer are obtained.  

Chin et al (2007) studied on the effect of variable viscosity on mixed convection boundary 

layer flow over a vertical surface embedded in a porous medium. Mebine and Adigio (2009) 

investigated the exact solution of unsteady free convection flow with thermal radiation past a 

vertical porous plate with Newtonian heating, employing the technique of Laplace transforms 

in deriving the solutions. Mahmoud (2009) also considered thermal radiation effect on 
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unsteady MHD free convective flow of an electrically conducting fluid past an infinite 

vertical porous plate taking into account viscous dissipation. Afify (2009) Studied on 

similarity solution on MHD effects on free convective heat and mass transfer over a 

stretching surface considering suction or injection. Mohamed (2009) studied double-diffusive 

convection-radiation interaction on unsteady MHD flow over a vertical moving porous plate 

with heat generation and Soret effect. Israel-Cookey et al (2012) investigated the problem of 

magnetohydrodynamic free convection and oscillatory flow of an optically thin fluid bounded 

by two horizontal porous parallel walls under the influence of an externally imposed 

magnetic field. Baoku et al (2012) studied the influence of thermal radiation on a transient 

MHD couette flow through a porous medium. Salem and Fathy (2012) studied the effects of 

variable properties on MHD heat and mass transfer flow near a stagnation point towards a 

stretching sheet in porous medium with thermal radiation. Reddy (2014) discussed the 

analytical study for the problem of mixed convection with thermal radiation and first-order 

chemical reaction on magnetohydrodynamic boundary layer flow of viscous, electrically 

conducting fluid past a vertical permeable surface embedded in a porous medium. Nayak 

(2015) worked on heat and mass transfer effects on boundary layer flow through porous 

medium of an electrically conducting viscoelastic fluid subject to transverse magnetic field in 

the presence of heat source/sink and chemical reactions. Seth et al (2015) investigated the 

unsteady hydromagnetic free convection flow of a viscous, incompressible, electrically 

conducting, optically thick radiating and heat absorbing fluid past an accelerated moving 

vertical plate with variable ramped temperature. Seth et al (2011) also investigated the effect 

of radiation and rotation of unsteady hydromagnetic free convection flow of a viscous 

incompressible electrically conducting fluid past an impulsively moving infinite vertical plate 

with ramped temperature in a porous medium in which the exact solution of momentum and 

energy equations under Boussinesq approximation were obtained. Krishna and Reddy (2018) 

investigated the unsteady MHD free convection in a boundary layer flow of an electrically 

conducting fluid through porous medium subject to uniform transverse magnetic field over a 

moving infinite vertical plate in the presence of heat source and chemical reaction. The 

governing equations which were based on Brinkman’s model were transformed into a two 

point boundary value problem which was solved numerically by Runge-kutta fourth order 

method with the help of shooting techniques. Raju et al (2018) investigated the numerical 

solutions of unsteady hydromagnetic free convection couette flow of a viscous, 

incompressible and electrically conducting fluid between two vertical parallel plates in the 

presence of thermal radiation, thermal diffusion and diffusion thermo. The dimensionless 

coupled partial differential equations for impulsive movement and uniformly accelerated 

movement of the plate were solved by an efficient finite method. The aim of this study 

investigates heat and mass transfer in a boundary layer flow and the effects of thermal 

radiation on the flow of a rotating MHD fluid.  

 

2. Mathematical Formulation 
Consider an unsteady free convection flow of an electrically conducting, viscous, 

incompressible fluid past a vertical infinite plate embedded in a porous medium in the 

presence of thermal radiation and chemical reaction. We consider the Cartesian coordinate 

system in which the 𝑥′ axis vertical (along the plate) and the 𝑧′  axis is normal to it. The 

infinite plate rotates with constant angular velocity Ω about the axis perpendicular to it. A 

uniform magnetic field of strength B0 is applied perpendicular to the flow direction. The 

temperature and concentration of the plate varies with time about a constant mean while the 

free-stream temperature and concentration is constant. The interaction of the cariolis forc 

with the free convection sets up a secondary flow in addition to primary flow and hence the 
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flow becomes three dimensioal. Since the plate is infinite in length, the flow variables are 

fucntions of 𝑧′  and 𝑡′ only.  

With the above assumption and the Boussinesq aproximation;  the governing equation for 

continuity, momentium, energy and concentration are as follows:-  
𝜕𝑤′

𝜕𝑧′
 = 0                                                                                             (1) 

𝜕𝑢′

𝜕𝑡′ +  𝑤′ 𝜕𝑢′

𝜕𝑧′ −  2Ω𝑣′ = 𝑔𝛽𝑇(𝑇′ − 𝑇∞) +  𝑔𝛽𝑐 (𝐶′ − 𝐶∞) +  𝑣 
𝜕2𝑢

𝜕𝑧2 − 𝜎 
v'

2

0B

𝜌
−

𝑣𝑢′

𝐾𝑝′      (2)                                                                   

𝜕v′

𝜕𝑡′ +  𝑤′ 𝜕v′

𝜕𝑧′ +  2Ω𝑢′ = 𝑣
𝜕2v′

𝜕𝑧2 −  𝜎 
v'

2

0B

𝜌
 −  

𝑣𝑉′

𝐾𝑝′                               (3) 

0 = −
1

𝜌
  

𝜕𝑝

𝜕𝑧′ − 
𝑣𝑤′

𝐾𝑝′                                                                            (4) 

𝜕𝑇′

𝜕𝑡′ +  𝑤′ 𝜕𝑇′

𝜕𝑧′ =  
𝑘

𝜌𝑐𝑝
 
𝜕2𝑇′

𝜕𝑧′2 −
1

𝜌𝑐𝑝
 
𝜕𝑞𝑟

𝜕𝑧′                     (5) 

𝜕𝐶′

𝜕𝑡′
+  𝑤′ 𝜕𝐶′

𝜕𝑧′
=  𝐷 

𝜕2𝐶′

𝜕𝑧′ 2
−  𝐾′𝐶  (𝐶′ − 𝐶∞)                                                             (6) 

The appropriate boundary condition for the equations (2), (5), and (6) is given as follows; 

𝑢′ = 0, v′ =  0, 𝑇′ =  𝑇𝑤
′ +  𝜀 ( 𝑇𝑤

′ −  𝑇∞
′ )𝑒𝑖𝜔′𝑡′                 

𝐶′ =  𝐶𝑤
′ + 𝜀 ( 𝐶𝑤

′ −  𝐶∞
′ )𝑒𝑖𝜔′𝑡′,     at     𝑧′ = 0               

𝑢′, v′ → 0,  𝑇′ → 𝑇∞
′  , 𝐶′ → 𝐶∞

′           as    𝑧′  → ∞                                                            (7) 

 

𝐶𝑝 – is the specific heat or the fluid, 𝜌 − is the density of   the fluid, 𝜎 − is the electrical 

conductivity of the fluid, 𝐾 – is the thermal-conductivity of the fluid, 𝛽𝑇 – is the coefficient 

of the volume expansion due to temperature or thermal expansion, 𝛽𝑐 – is the coefficient of 

expansion due to concentration, 𝐾𝑐– is the chemical reaction, 𝑔–is acceleration due to 

gravity, 𝐷 – is the chemical diffusion, 𝐾𝑝 – is the permeability of the porous medium, 𝐵0 – is 

the magnetic field strength, 𝐶𝑤, 𝑇𝑤– is concentration and temperature at the wall respectively. 

𝐶∞, 𝑇∞ − 𝑖s a free stream concentration and temperature respectively.  

 

where 𝜀 is a small positive number, 𝑤0 is the constant suction velocity, A is a suction 

parameter. Equation (4) determines the pressure distribution along the axis of rotation. We 

then invoke the Rosseland approximation for the radiative flux given as; 

𝑞𝑟 =  −
4𝜎∗

3𝑘∗
 
𝜕𝑇′4

𝜕𝑧′
               (8) 

The 𝜎∗ 𝑖𝑠 Stefan –Boltzmann constant and 𝐾* is the mean absorption coefficient. 

𝑤′ =  −𝑤0 ( 1 + 𝜀𝐴𝑒𝑖𝜔′𝑡′
)                                (9) 

where ℰ<< 1 and 𝜔 is the frequency of oscillation.  

The secondary flow is assumed small and its influence is considered only on the rotation 

term, hence writing 𝑈 = 𝑢 + 𝑖𝑣  

we have 
𝜕𝑈′

𝜕𝑡′ − 𝑤0 ( 1 + ℰ𝐴 𝑒𝑖𝜔′𝑡′)
𝜕𝑈′

𝜕𝑧′ + 2𝑖Ω𝑤0𝑈 = 𝑣
𝜕2𝑈′

𝜕𝑧′2 −
𝜎𝐵0

2𝑤0𝑈

𝜌
−

𝑣𝑈𝑤0

𝐾𝑝
′ + 𝑔𝛽𝑇 (𝑇 − 𝑇∞ 

′ ) + 𝑔𝛽c 

(𝐶𝑤
′ − 𝐶∞

′ ).                 (10) 

We further assume that the temperature difference within the flow are sufficiently small and 

therefore 𝑇′4 can be expressed as a linear function of temperature about the free stream 𝑇∞
  

using Taylor’s series which on neglecting higher order terms becomes;  

    

(𝑇′4) = 4𝑇′(𝑇∞
′ )3 − 3(𝑇∞

′ )4                                                                (11) 

 

Consequently the following equations (8) and (9), equation (5) becomes. 
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𝜕𝑇′

𝜕𝑡
+  𝑤′ 𝜕𝑇′

𝜕𝑧′
=  

𝐾

𝜌𝐶𝑝
 
𝜕2𝑇′

𝜕𝑧′2
+  

16𝜎∗𝐾𝑇∞
′2

3𝜌𝐶𝑝𝑘′
                                                                  (12) 

  

The non dimensional variables for the problem are; 

𝑢 =  
𝑢′

𝑤0
,      𝑡 =  

𝑡′ 0
2w  

𝑣
,      Pr =  

𝜌𝑐𝑝𝑣

𝐾
,      Kc = 

𝑣 ck '

0
2w

,     𝑅0 =  
Ω𝑣

0
2w

,    θ =  
𝑇′−𝑇′

∞

T′
w− T′

∞
,    𝐺𝑟= g𝛽T 

𝑣 (
T′

w− T′
∞

0
3w

) ,        

S = 
𝑆′𝑣

𝜎𝑐𝑝 0
2w

,  ϕ =  
C′− C′

∞

C′
w− C′

∞
, Sc =  

𝑣

D
,    z = 𝑤0

𝑧′

𝑣
,     Kp = 

pkw '
0

2

𝑣2 ,  Gc = g𝛽c𝑣 (
C′

w− C′
∞

0
3w

),   

𝑤 =  
𝑤′𝑣

0
2w

,       

 

M=√
𝜎 vB 0

2

𝜌 0
2w

,       𝑅𝑑 =  
16𝜎∗ 3'T

3𝑘∗𝑘
                                                                                        (13) 

 

Therefore, using equations (9) and (13) on equation (2), (6) and (12) we have 
𝜕𝑈

𝜕𝑡
−  (1 + ℰ 𝐴𝑒𝑖𝜔𝑡 )

𝜕𝑈

𝜕𝑧
+   2𝑖𝑅0𝑈 =  

𝜕2𝑈

𝜕𝑧2 − (𝑀2 +  
1

𝑘𝑝
) 𝑈 +  𝐺𝑟𝜃 + 𝐺𝑐ϕ               (14)   

           
𝜕𝜃

𝜕𝑡
− ( 1 + ℰ 𝐴𝑒𝑖𝜔𝑡) 

𝜕𝜃

𝜕𝑧
 =  

1

𝑃𝑟
   

𝜕2𝜃

𝜕𝑧2   (1 +  𝑅𝑑)                                                           (15) 

 
 𝜕ϕ

𝜕𝑡
− (1 + 𝜀𝐴𝑒𝑖𝜔𝑡)

𝜕ϕ

𝜕𝑧
=  

1

𝑠𝑐
  

𝜕2ϕ

𝜕𝑧2 −  𝐾𝑐 ф                                                (16) 

 

 

The boundary conditions simplifies as 

𝑢 = 0, 𝜃 = 1 +  ℰ  𝑒𝑖𝜔𝑡,   C = 1+ℰ  𝑒𝑖𝜔𝑡   at  𝑧 = 0                         (17) 

 

𝑢 → 0,   𝑇 − 𝑇∞, 𝐶 − 𝐶∞    as  𝑧 → ∞             (18)

  

The parameter entering the problem are Rd, 𝑅0, M, Kp, Kc, Sc, Pr, Gr, Gc, which represents, 

thermal radiation, rotation parameter, magnetic parameter, permeability of the porous 

medium, Chemical reaction, Schmidt number, Prandtl number, thermal Grashof number, 

mass Grashof number, respectively. 

The mathematical formulation obtained equation (14) – (16) together with the boundary 

conditions on equation (17) and (18). Hence, the mathematical formulations are now 

complete. We are to solve equations (14) - (16) subject to the boundary conditions. 

 

3. Method of Solution 

Equations (14) – (16) are coupled non-linear differential equations and to obtain approximate 

analytical solutions we adopt a perturbation of the form: 

𝑢(𝑧, 𝑡) =  𝑢0(𝑧) + 𝜀[𝑒𝑖𝜔𝑡𝑢1(𝑧) + 𝑒−𝑖𝜔𝑡𝑢2(𝑧)]  

𝜃(𝑧, 𝑡) =  𝜃0(𝑧) + 𝜀[𝑒𝑖𝜔𝑡𝜃1(𝑧) + 𝑒−𝑖𝜔𝑡𝜃2(𝑧)]                                                       19) 

𝜙(𝑧, 𝑡) =  𝜙0(𝑧) + 𝜀[𝑒𝑖𝜔𝑡𝜙1(𝑧) + 𝑒−𝑖𝜔𝑡𝜙2(𝑧)]                                                       

where 𝑈, 𝜙, and 𝜃 stand for velocity, Concentration parameter and Temperature parameter 
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respectively. The equations in (19) are valid for small amplitude. Substituting equation (19) 

into equations (14) - (16) appropriately for velocity, temperature, concentration and the 

associated boundary conditions, gives the perturbed equations. For  𝑢0 ,𝜃0 𝑎𝑛𝑑 𝜙0 we have: 

𝑑2𝑢0

𝑑𝑧2
+

𝑑𝑢0

𝑑𝑧
− [(𝑀2 +

1

𝐾𝑝
) + 2𝑖𝑅0] 𝑢0 = − 𝐺𝑟𝜃0 − 𝐺𝑐𝜙0                                          (20) 

1+𝑅𝑑

𝑃𝑟
 
𝑑2𝜃0

𝑑𝑧2
+

𝑑𝜃0

𝑑𝑧
= 0                                                                                                   (21) 

1

𝑆𝑐
 
𝑑2𝜙0

𝑑𝑧
+

𝑑𝜙0

𝑑𝑧
−  𝐾𝑐𝜙0 = 0                                                                                    (22) 

𝑢0 = 0, 𝜃0 = 1, 𝜙0 = 1 at 𝑧 = 0 

𝑢0 → 0, 𝜃0 → 0, 𝜙0 → 0 at 𝑧 → ∞                                                                      (23) 

For 𝑢1,𝜃1 𝑎𝑛𝑑 𝜙1, we have: 

 
𝑑2𝑢1

𝑑𝑧2
+

𝑑𝑢1

𝑑𝑧
− [(𝑀2 +

1

𝐾𝑝
) + 2𝑖𝑅0 + 𝑖𝜔] 𝑢1 = − 𝐴

𝑑𝑢0

𝑑𝑧
− 𝐺𝑟𝜃1 − 𝐺𝑐𝜙1                  (24) 

1+𝑅𝑑

𝑃𝑟
  

𝑑2𝜃1

𝑑𝑧2
+

𝑑𝜃1

𝑑𝑧
−  𝑖𝜔𝜃1 = −𝐴

𝑑𝜃0

𝑑𝑧
                                                                    (25) 

1

𝑆𝑐
 
𝑑2𝜙1

𝑑𝑧2 +
𝑑𝜙1

𝑑𝑧
− (𝑖𝜔 + 𝐾𝑐)𝜙1 = − 𝐴

𝑑𝜙0

𝑑𝑧
             (26) 

𝑢1 = 0, 𝜃1 = 1, 𝜙1 = 1 at 𝑧 = 0 

𝑢1 → 0, 𝜃1 → 0,  𝜙1 → 0 as 𝑧 → ∞                                                              (27) 

For 𝑢2,𝜃2 𝑎𝑛𝑑 𝜙2, the governing equations are the following: 

𝑑2𝑢2

𝑑𝑧2 +
𝑑𝑢2

𝑑𝑧
− [(𝑀2 +

1

𝐾𝑝
) + 2𝑖𝑅0 − 𝑖𝜔] 𝑢2 = −𝐺𝑟𝜃2 − 𝐺𝑐𝜙2                           (28) 

1+𝑅𝑑

𝑃𝑟
  

𝑑2𝜃2

𝑑𝑧2 +
𝑑𝜃2

𝑑𝑧
+ 𝑖𝜔𝜃2 = 0                                                                           (29) 

1

𝑆𝑐
 
𝑑2𝜙2

𝑑𝑧2 +
𝑑𝜙2

𝑑𝑧
+ (𝑖𝜔 − 𝐾𝑐)𝜙2 = 0                                                                                           (30) 

 

With the boundary conditions: 

𝑢2 = 0, 𝜃2 = 0,  𝜙2 = 0 at 𝑧 = 0 

𝑢2 → 0, 𝜃2 → 0,  𝜙2 → 0 as 𝑧 → ∞                                                                    (31) 

The solution of equation (20) – (31) after some long algebraic process is presented as: 

𝑢(𝑧, 𝑡) = (𝑐1 +  𝑐2)𝑒−𝜆6𝑧 − 𝑐1𝑒−𝜆4𝑧 + 𝑒𝑖𝜔𝑡[(1 − 𝛼0 − 𝐵1 − 𝐵2 − 𝐵3 − 𝐵4)𝑒−𝜆12𝑧 +
𝛼0𝑒−𝜆6𝑧 + 𝐵1𝑒−𝜆4𝑧 + 𝐵2𝑒−𝜆10𝑧 + 𝐵3𝑒−𝜆8𝑧 + 𝐵4𝑒−𝜆2𝑧.                (32) 

𝜃(𝑧, 𝑡) = 𝑒−𝜆4𝑧 +  𝑒𝑖𝜔𝑡[(1 − 𝐶4)𝑒−𝜆10𝑧 + 𝐶4𝑒−𝜆4𝑧] .                                                    (33) 

𝜙(𝑧, 𝑡) = 𝑒−𝜆2𝑧 + 𝑒𝑖𝜔𝑡[(1 − 𝐶3)𝑒−𝜆8𝑧 + 𝐶3𝑒−𝜆2] .                                                       (34)   

 

3.2 Skin friction, heat and mass transfer fluxes 

It is necessary to know the skin friction on the wall and the heat and mass transfer rates 

within the fluid. We therefore have the following: 

 

Skin friction 

−
𝑑𝑢

𝑑𝑧
|

𝑧=0
 = 𝜆6( 𝑐1 +  𝑐2)+𝜆4𝑐1 + 𝜆2𝑐2 + eiωt[𝜆12(1 − 𝛼0 − 𝐵1 − 𝐵2 − 𝐵3 − 𝐵4) − 𝜆6𝛼0 −

𝜆4𝐵1 −     𝜆10𝐵2 − 𝜆8𝐵3 − 𝜆2𝐵4 ].                                 

               (35) 

Heat transfer 
𝑑𝜃

𝑑𝑧
|

𝑧=0
=  −𝜆4 +  eiωt[−𝜆10(1 − 𝑐4) − λ4c4]                               (36) 

 

Mass transfer 
𝑑𝜙

𝑑𝑧
|

𝑧=0
=  −𝜆2 +  eiωt[−𝜆8(1 − 𝑐3) −  λ2c3]        (37) 
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4. Discussion of Results 

We have formulated and computed results for the problem under study. The values of the 

parameters adopted from the graphical presentations are shown, consequently we present our 

discussion. 

The influence of variation in rotation parameter on the velocity is shown in Figure 1. The 

profile indicates that the introduction of increased rotation in the system decreases the 

velocity. The rotation is seen to interface with the smooth flow of the fluid, hence a decrease 

in the flow. Figure 2 shows the effect of variation in thermal radiation on velocity. It is 

observed that the increase in thermal radiation increases the velocity. The response of 

velocity to variation in magnetic field is depicted in Figure 3. It can be deduced from the 

profile that increase in the magnetic field reduces the velocity of fluid. The presence of 

magnetic field in an electrically conducting fluid introduces the Lorentz force which resists 

fluid flow. The effect of permeability on velocity is shown in Figure 4. The velocity increase 

at the boundary layer is as a result of increase in the permeability and peaks up at 𝑧 = 1, and 

thereafter decelerates to assume the free stream velocity. The effect of chemical reaction on 

velocity is illustrated in Figure 5. It is noted that the increase in chemical reaction leads to 

decrease in velocity. The profile shows a peak close to the plate where it assumes maximum 

value and then decelerates to assume the free stream velocity. Figure 6 shows the effect of 

variation of the Schmidt number on the velocity. Increase in the Schmidt number decreases 

the momentum boundary layer, the consequences of this is a decrease in the velocity. 

 

The response of the solutal buoyancy force 𝐺𝑐 and the thermal buoyancy force 𝐺𝑟 are 

illustrated in Figure 7 and Figure 8 respectively. Increase in 𝐺𝑐 or 𝐺𝑟 leads to increase in 

momentum boundary layer thickness. The effect of this is that increase in 𝐺𝑐 or 𝐺𝑟 enhance 

the fluid velocity.The influence of rotation on the temperature is shown in Figure 9. It is 

clearly seen that increase in rotation parameter leads to increase in temperature. Physically 

the rotation aids temperature distribution in the system. Figure 10 shows that the 

concentration of species decreases with time in the solutal boundary layer. The effect is a 

decrease in solutal boundary layer thickness. The influence of variation of chemical reaction 

on the concentration is illustrated in Figure 11. It reveals that increase in the chemical 

reaction decreases the concentration of species. Figure 12 shows that increase in the Schmidt 

number decreases the concentration of species. Increase in Schmidt number mean decrease in 

molecular diffusivity and leads to decrease in the concentration boundary layer. The response 

of concentration of species on variation in suction parameter is shown in Figure 13. The 

profile indicates that increased suction decreases the concentration.  

 

Figure 14 shows the effect of rotation on the skin friction. It indicates that rotation increases 

the skin friction. Increase in Grashof number does not change the trend. The influence of 

porosity parameter on the skin friction is shown in Figure 15. Increase in porosity increases 

the skin friction coefficient. Figure 16 shows effect of variation of chemical reaction on heat 

transfer rate. Increase in chemical reaction parameter decreases the heat transfer rate as much 

of the energy is used up in the reaction process; hence a decrease in the heat transfers. Figure 

17 shows that mass transfer is increased as the chemical reaction parameter increases with the 

increase in oscillation parameter exerting minimal influence. Figure 18 shows profile for 

mass transfer rate illustrating the effect of Schmidt number on heat transfer. It is observed 

that the heat transfer increases due to increase in Schmidt number with the chemical reaction 

showing no sufficient influence on the mass transfer rate. 
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0 1.2,1.5,1.8,2.5R    

 U   

Rd = 1.2,1.5,1.8,2.5 

Figure 2: Velocity profiles showing effect 

of thermal radiation for M = 1.5, KP = 0.2, 

Gr = 5, Gc = 5, Ro = 1.5, A = 1, 𝜀 = 0.1, Sc 

= 0.20, Kc = 1.5, Pr = 0.71, K = 1.5. 

 z
  

Figure 3: velocity profile showing effect of 

magnetic field for Rd = 1.5, KP = 0.2, Gr = 5, 

Gc = 5, Ro=1.5, A=1, 𝜀 = 0.1, Sc = 0.20, Kc = 

1.5, Pr = 0.71, K = 1.5. 

 1.0,1.1,1.3,1.5M    

 z
  

 0.1,0.2,0.3,0.5Kp    

Figure 4: Velocity profiles showing effect 

of permeability M = 1.5, Kp = 0.2, Rd = 

1.5, Gr = 5, Gc = 5, Ro = 1.5, A = 1, 𝜀 =

0.1, Sc = 0.20, Kc = 1.5, Pr = 0.71. 

 

 z
  

Figure 5: Velocity profile showing the 

effect of chemical reaction on M=1.5, 

Gr = 5, Gc = 5, Ro = 1.5, A = 1, Pr = 

0.71, K = 1.5, Kp = 0.2, 𝜀 = 0.1. 

 

 z
y   

 

Figure 6: Velocity profile showing the effect of Schmidt 
 number on M = 1.5, Kp = 0.2, Gr = 5, Gc = 5, Ro = 1.5,  
A = 1, Pr = 0.71, K = 1.5, Kp = 0.2, 𝜀 = 0.1 
 

 0.1,0.2,0.3,0.5Sc    

 U   

 z  

Kc = 1.1, 1.2, 1.3, 1.5 

Figure 1: Velocity profiles showing effect 

of rotation for M = 1.5, Kp = 0.2, Gr = 5, 

Gc = 5, Rd = 1.5, A=1, 𝜀 = 0.1, Sc = 0.20, 

Kc = 1.5, Pr = 0.71, K = 1.5 

 U   
 U   

 U   

𝑀 = 1.0, 1.1, 1.3, 1.5 
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Figure 7: Velocity profile showing the effect of 

mass grashof number on M = 1.5, Kp = 0.2, Gr = 5, 

Ro = 1.5, A = 1, Pr = 0.71, K = 1.5, Kp = 0.2, 𝜀 =

0.1, Sc = 1.5 

 

 z  

 U   

 1,3,5,7Gr    

Figure 8: Velocity profile showing the 

effect of Thermal Grashof mumber for M = 

1.5, Kp = 0.2, Gr = 5, Ro = 1.5, A=1, Pr = 

0.71, K = 1.5, Kp = 0.2, 𝜀 = 0.1, Sc = 1.5 

 z  

  

Figure 9: Temperature profiles showing 

effect of rotation for M = 1.5, Kp = 0.2, Gr 

= 5, Gc = 5, Rd = 1.5, A = 1, 𝜀 = 0.1, Sc = 

0.20, Kc = 1.5, Pr = 0.71, K = 1.5 

 z
  

Figure 10: concentration profiles showing 

effect of time for Sc = 0.20, Kc = 1.5, 𝜔 =

1, A = 1, 𝜀 = 0.1 

 1,2,3,5t    

 0.5,1.0,1.5,2.0Kc    

Figure 11: concentration profiles 

showing   effect of chemical reaction for 

Sc = 0.20, 𝜔 = 1, A=1, t =1,  𝜀 = 0.1. 
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 z  

 1.0,1.2,1.4,1.6Sc    

 z  

Figure 12: concentration profiles 

showing effect of Schmidt number for 

Kc = 1.5, 𝜔 = 1, A=1, t =1,  𝜀 = 0.1. 
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Figure 13: concentration profiles showing effect of 

suction parameter for Sc = 0.20, Kc = 1.5, 𝜔 = 1, 

t = 1, 𝜀 = 0.1 

 
0 1.2,1.5,1.8,2.5R    

Figure 14: Skin friction profile showing 

effect of rotation for M = 1.5, Kp = 0.2, Gc 

= 5, Rd = 1.5, A = 1, 𝜀 = 0.1, Sc = 0.20, 

Kc = 1.5, Pr = 0.71, K = 1.5 

 

 Cf   

 Gr   

 0.1,0.2,0.3,0.5Kp    

 Rd   

Figure 15: The skin friction profile showing 

the effect of permeability Kp for M = 1.5, 

Gc = 5, A = 1, 𝜀 = 0.1, Sc = 0.20, Kc = 1.5, 

Pr = 0.71, K = 1.5 

 1.1,1.2,1.3,1.5Kc    

Figure 16: Heat transfer profile showing effect of 
 chemical reaction for Pr = 0.71, Rd = 1.5. 

 Nu   

 M   

 Sh   
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Figure 18:  Mass transfer profile showing 

effect of chemical reaction for A = 1, 𝜀 =

0.1, Sc = 0.20, t = 1. 

 z  

𝑅𝑑 

𝐶𝑓 
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Figure 17: Mass transfer profile showing effect of 

chemical reaction for A = 1, 𝜀 = 0.1, Sc = 0.20, t = 

1 

ϕ 

𝐺𝑟 

𝑀 
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Conclusion  

In this research, analysis of free convection boundary layer flow in a rotating 

magnetohydrodynamic (MHD) fluid past through a vertical porous medium with thermal 

radiation was investigated. The conclusions based on this study are as follows: 

i. The increase in magnetic field, Schmidt number, chemical reaction and the rotation 

parameter decreases the velocity of flow in the system while the increase in thermal 

radiation, mass Grashof number and thermal Grashof number enhances the velocity of 

fluid flow. 

ii. The increase in rotation parameter increases the temperature distribution of the 

system. 

iii. The increase in chemical reaction, Schmidt number and suction parameter decreases 

the concentration boundary layer.  
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Appendix 

𝜆2 =
−(𝑠𝑐+√𝑠𝑐2+4𝑠𝑐𝐾𝑐)

2
 ,         𝜆4 = −

𝑃𝑟

1+𝑅𝑑
 ,         𝜆6 =

−1−√1+4𝐷0

2
,     𝜆8 = − (

𝑠𝑐+√𝑠𝑐2+4𝑠𝑐𝐷1

2
),                                                                                                               

𝜆10 =
−(𝐷2+√𝐷2

2+4𝐷2𝑖𝜔)

2
,             𝜆12 =

−(1+√1+4𝐷3)

2
,       𝐷0 = (𝑀2 +

1

𝐾𝑝
) + 2𝑖𝑅0,       𝐷1 =

𝑖𝜔 + 𝐾𝑐,  

𝐷2 =
𝑃𝑟

1+𝑅𝑑
,     𝐷3 =  (𝑀2 +

1

𝐾𝑝
) + 2𝑖𝑅0 + 𝑖𝜔,    𝐷4 = 𝑖𝜔 − 𝐾𝑐,   𝐷5 = (𝑀2 +

1

𝐾𝑝
) + 2𝑖𝑅0 −

𝑖𝜔,  

𝐵0 =
𝐴𝜆6(𝐶1+𝐶2)

𝜆6
2−𝜆6−𝐷3

 ,    𝐵1 =
𝐴𝜆4𝐶1+𝐺𝑟𝐶4

𝜆4
2−𝜆4−𝐷3

 ,    𝐵2 =
𝐺𝑟(1−𝐶4)

𝜆10
2 −𝜆10−𝐷3

 ,   𝐵3 =
𝐺𝑐(1−𝐶4)

𝜆8
2−𝜆8−𝐷3

 ,   𝐵4 =
𝐴𝜆4𝐶1+𝐺𝑐𝐶3

𝜆8
2−𝜆8−𝐷3

,  

𝐶1 =  
𝐺𝑟

𝜆4
2− 𝜆4−𝐷0

 ,    𝐶2 =  
𝐺𝑐

𝜆2
2− 𝜆2−𝐷0

,      𝐶3 =  
𝐴𝜆2

𝜆2
2−𝑠𝑐𝜆2−𝑠𝑐𝐷1

,   𝐶4 =  
𝐴𝜆4

𝜆4
2− 𝜆4𝐷2−𝐷2𝑖𝜔

,   𝜙0(𝑧, ) =

𝑒−𝜆2𝑧,  

 𝜃0(𝑧) = 𝑒−𝜆4𝑧,   𝑈0(𝑧) = (𝑐1 + 𝑐2)𝑒−𝜆6𝑧 − 𝑐1𝑒−𝜆4𝑧 − 𝑐2𝑒−𝜆2𝑧,  𝜙1(𝑧) = (1 − 𝐶3)𝑒−𝜆8𝑧 +
𝐶3𝑒−𝜆2𝑧, 

𝜃1(𝑧) = (1 − 𝐶4)𝑒−𝜆10𝑧 + 𝐶4𝑒−𝜆4𝑧,   𝑢1(𝑧) = (1 − 𝛼0 − 𝐵1 − 𝐵2 − 𝐵3 − 𝐵4)𝑒−𝜆12𝑧 +

𝐵0𝑒−𝜆6𝑧 + 𝐵1𝑒−𝜆4𝑧 + 𝐵2𝑒−𝜆10𝑧 + 𝐵3𝑒−𝜆8𝑧 + 𝐵4𝑒−𝜆2𝑧  

 


