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Abstract 

This study investigates the chemical reaction, thermal radiation, heat source and 

Soret effect on the pulsatile flow of a non-Newtonian, unsteady and incompressible 

MHD viscous fluid flowing past an inclined porous surface with the magnetic field 

acting on the porous surface of the plate. The dimensional governing equation was 

transformed to dimensionless form and then solved analytically using perturbation 

method. Conclusively, parameters such as chemical reaction, thermal radiation, heat 

source, inclined magnetic field and Soret number had an effect on the velocity 

profile, temperature profile, diffusion profile, heat transfer profile, skin friction 

profile and mass transfer profile with results discussed and graphically illustrated. 

Results showed that an increase in chemical reaction, Soret, angle of inclined plate to 

the vertical and suction causes an increase in the velocity flow while an increase in 

magnetic field, heat source and radiation reduces the velocity flow. 

 
Keywords: Chemical Reaction, Thermal Radiation, Heat Source, Soret Effect, Inclined Plate, 

Permeability of Porous Plate, Magneto Hydrodynamic (MHD). 
Nomenclature: 

(𝑥, 𝑦) Cartesian coordinates (m)  

𝛼  Angle of inclined moving plate in the vertical 

direction  

𝛽  Angle of inclined moving plate in the horizontal 

direction  

𝑡  Time (s) 

𝑇𝑤  Temperature at the wall (K)  

𝑇∞  Ambient temperature (K) 

𝐶𝑤  Concentration at the wall (𝑚𝑜𝑙/𝑚3) 

𝐶∞  Ambient concentration (𝑚𝑜𝑙/𝑚3) 

g  Acceleration due to gravity. (𝑚/𝑠2)  

V  Suction velocity (𝑚/𝑠) 

𝑢  Velocity in the 𝑥 direction (𝑚/𝑠) 

𝑣  Velocity in the 𝑦 direction (𝑚/𝑠) 

𝐵0  Magnetic field (𝐴/𝑚) 

K  Porosity parameter  

𝐶𝑝  Specific heat capacity (𝑚2𝑠−2𝐾−1) 

𝜌  Density (𝑘𝑔/𝑚3) 

∂𝑐  Electrical conductivity (𝐴/𝑚) 

𝜗  Kinematic viscosity  (𝑚2𝑠−1) 

𝛿′  Stefan-Boltzmann constant (𝑊𝑚−2𝐾−4) 

𝑘  Coefficient of thermal conductivity (𝑊𝑚−1𝐾−1) 

𝐾𝑇  Thermal diffusion ratio (𝑚2𝑠−1) 

H Heat source parameter  

So Soret number 

𝑀 Magnetic parameter  

𝐺𝑇  Grashof temperature number  

𝐺𝑐  Grashof diffusion number 

𝑃𝑟   Prandtl number,  

Sc  Schmidt number 

R  Radiation parameter  

𝑞𝑟
′   Radiative heat flux  

Ec  Eckert number 

A  Suction parameter 

휀  Small positive constant 

𝛽𝑇 Coefficient of volume expansion due to temperature 

𝛽𝐶   Coefficient of volume expansion due to concentration 

𝜔  Free stream frequency oscillation 

Kr Chemical reaction parameter   

𝜃  Dimensionless temperature. 

C Dimensionless Concentration 
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1.0 Introduction 

Engineering institutions and industries such as petrochemical, civil works, food production companies are mostly involved 

with fluids flow, heat and mass transfers during its operations. Examples of such include crude oil refining, building 

cooling systems, brewing production, paper production, food production, plastic production and others. Most often, the 

flow of heat and mass transfer considerably determines the quality of product produced. In [1], the influence of Dufour and 

Soret MHD flow in three dimension with chemical reaction and thermal radiation was studied. The nonlinear differential 

equations is transformed to ordinary differential equation and solved using homotopy analysis with the results showing that 

an increases in the magnetic field increases the velocity near the upper plate but reduced it near the lower plate, increase in 

radiation increase the temperature but increases in Prandtl number reduces the temperature, increase in the chemical 

reaction and Schmidt number increased the concentration profile, increase in Soret reduces the temperature but increases 

the concentration and increase in Dufour increases the temperature but reduces the concentration. Also, in [2] the effect of 

Soret, Dufour and Radiation on MHD unsteady flow past a porous plate that is inclined and enclosed in a medium that is 

porous with viscous dissipation was investigated. Numerical solution was used to solve the dimensionless governing 

equation using Crank-Nicolson finite difference method. Results showed that the increased Schmidt number and inclined 

angle caused a rapid decrease in the velocity, velocity increased mildly due to radiation and permeability increase, increase 

in magnetic field reduces the velocity, increase in Soret number increases the velocity and temperature but decreases the 

concentration while increase in Defour number decreases the velocity and increases the concentration initially before 

decreasing it. In [3], free convective MHD flow past a Porous Inclined Surface with effects of radiation and variable suction 

was investigated and studied. A study done in [4] showed the influence of radiation and viscous dissipation on free-

convective MHD unsteady flow over an infinite vertical heated plate in a medium that is porous with time-dependent 

suction. In [5], the study on MHD thermos-solutal flow with Radiative Heat Transfer present over a Plate that Oscillates 

was investigated. In [6] MHD unsteady flow effect over a porous inclined plate that is embedded in a porous medium with 

the presence of viscous dissipation was studied. In [7], the Dufour and viscous dissipation effects on free convection MHD 

flow past a porous plate that is inclined and oscillating with ion-slip current and hall current was studied. In [8] the 

radiation, chemical reaction, and radiation influence on Nano MHD fluid flow over a flat permeable plate on porous 

medium was studied. In [9] the numerical study on the diffusion-thermo and diffusion effects on the two-phase boundary 

layer flow over a sheet stretching with suspended fluid particles and chemical reaction was investigated. In [10] the transfer 

of heat of thermal conductivity and variable viscosity effects on magnetic field that is inclined with dissipation in a non-

Darcy medium was studied. The transfer of heat and mass on free convective MHD flow of fluid that is second grade 

through a porous medium over a vertical infinite plate was studied in [11]. In [12] he effect of porosity on MHD unsteady 

flow over a moving semi-infinite plate placed vertically with time dependent suction was studied. In [13], the effect of 

viscous dissipation and chemical reaction on free convection MHD flow over a moving semi –infinite vertical plate that is 

porous with radiation absorption was studied. In [14], a review on the effects of characteristics of heat transfer of Nano-

fluids that is flowing under a turbulent and laminar flow regime was investigated. In [15] the unsteady free convective 

MHD heat and mass transfer on a boundary layer flow over a plate that is permeable and vertical with chemical reaction 

and thermal radiation was studied. The study of the effect of chemical reaction and inclined magnetic field on free 

convective flow over a porous plate that is semi finite and vertical through medium that is porous was done in [16]. In [17] 

the effect of chemical reaction and radiation on MHD transient free correction flow past a plate that is vertical through 

porous medium was studied. In [18], the effects of Defour and Soret on radiation Absorption fluid with exponential 

temperature and concentration present in a conducting field was also studied. The impact of heat source and chemical 

reaction on Free Convection MHD Flow past a porous surface that is inclined was studied in. In [20], the effect of radial 

magnetic field Soret of a free convective flow with slip in a viscous fluid that is reactive towards a porous cylinder that is 

vertical was studied. Also [21], the study of radiation and heat source effects on MHD free convection flow over an 

inclined porous plate in the presence of viscous dissipation was extensively studied with results discussed.. 

This research focuses on the chemical reaction, heat source and Soret effects on MHD pulsatile flow over an inclined 

porous plate with thermal radiation. Pertinent parameters such as Soret number, Magnetic field, Chemical reaction, Prandtl 

number, angle of the inclined plate in the vertical and horizontal direction, suction and radiation had an effect on velocity 

profile, temperature profile, concentration profile and heat transfer. 
 

2. MATHEMATICAL FORMULATION 

Unsteady free convective flow of an incompressible viscous Newtonian fluid that is chemically reactive, radiative and 

possess hydro magnetic fluid property over a semi-infinite plate inclined at an angle α in the vertical direction is considered. 

A magnetic field B₀ is applied in the vertical direction while the movement of the plate with uniform velocity V is in the 

horizontal direction. The temperature at the wall of the plate is greater than the temperature at the center i.e. 𝑇𝑤 >  𝑇∞ and  
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concentration at the wall of the plate is greater than the concentration at the center i.e. 𝐶𝑤 > 𝐶∞. The Boussinesq 

approximation and the homogeneous chemical reaction of first and second order is assumed to be valid. 

 
Figure 2.1 Geometry of the flow 

Thus the flow equations are as follows. 
𝜕v′

𝜕𝑦′  = 0           (1) 

𝜕𝑢′

𝜕𝑡′
+ v′ 𝜕𝑢′

𝜕𝑦′
= −

1

𝜌

𝜕𝑝′

𝜕𝑥′
+ 𝜗

𝜕2𝑢′

𝜕𝑦′
− [𝛿𝑐𝐵0

2𝑐𝑜𝑠2𝛼 +
𝜗

𝑘
] 𝑢′ + 𝑔𝐵𝑇(𝑇′ − 𝑇∞) sin 𝛽 + 𝑔𝐵𝐶(𝐶′ − 𝐶∞) sin 𝛽 (2) 

(
𝜌𝐶𝑝

𝐾𝑇
)

𝜕𝑇′

𝜕𝑡′ + v′ 𝜕𝑇′

𝜕𝑦′ = 𝜗
𝜕2𝑇′

𝜕𝑦′2 +
𝑄0

𝐾𝑇
(𝑇′ − 𝑇∞) −

𝜕𝑞𝑟
′

𝜕𝑦′      (3) 

𝜕𝐶′

𝜕𝑡′ + v′ 𝜕𝐶′

𝜕𝑦′ = 𝐷
𝜕2𝐶′

𝜕𝑦′2 − 𝐾𝑟′(𝐶′ − 𝐶∞) + 𝐻𝑜
𝜕2𝑇′

𝜕𝑦′2      (4) 

The velocity, temperature and concentration profile in the above equations have the boundary conditions with the suction 

velocity term expressed as v′ in [12]: 

𝑢′ = 𝑈 ; v′ = −V(1 + 휀𝐴𝑒𝑖𝜔𝑡);  𝑇𝑤
′ = 𝑇𝑤

′ ;  𝐶′ = 𝐶𝑤
′ ;          𝑎𝑡 𝑦 = 0    (6) 

𝑢 = 𝑉(𝑡) = V′(1 + 휀𝐴𝑒𝑖𝜔𝑡);  𝑇′ = 𝑇∞
′ ;  𝐶′ = 𝐶𝑤

′                    𝑎𝑠 𝑦 → ∞    (7) 

Consideration for approximation for the Rosseland diffusion term with the expression for the radiative heat flux q is looked 

at and given as in [13]. 

𝑞𝑟
′ = −

4𝛿′

3𝑘′

𝜕𝑇′

𝜕𝑦′ = −
4𝛿′

3𝑘′ ∇𝑇′           

Where 𝑘′ is the Roseland mean absorption coefficient and 𝛿′ is the Stefan – Boltzmann constant with the differences in the 

temperature of the flow is assumed to be small, such that the temperature linear function 𝑇′ is expressed as 

𝑇′ = 4𝑇𝑂
3𝑇 − 3𝑇𝑂

′   Meaning that 

𝑞𝑟
′ = −

16𝛿′𝑇𝑂
3

3𝑘′

𝜕𝑇

𝜕𝑦
          (8) 

The non-dimensional quantities are introduced. 

𝑦 =
V𝑦′

𝜗
;  𝑢 =

𝑢′

U
  ; 𝑡 =

V′2
𝑡′

𝜗
 ;  𝜃 =

𝑇′−𝑇∞

𝑇𝑤
′ −𝑇∞

 ; 𝐶 =
𝐶′−𝐶∞

𝐶𝑤
′ −𝐶∞

; −
𝑑𝑝

𝑑𝑥
= 𝑃𝑒𝑖𝑤𝑡     (9) 

𝑀2 =
𝜗𝛿𝑐𝐵𝑂

2

𝜌V2  ;  𝐾 =
𝐾V2

𝜗2  ;  𝑅𝑒 =
𝑉𝑑

𝜗
; 𝐺𝑇 =

𝑔𝜗𝐵𝑇𝜃(𝑇𝑤
′−𝑇∞)

UV2  ;  𝐺𝐶 =
𝑔𝜗𝐵𝐶𝐶(𝐶𝑤

′−𝐶∞)

UV2  ;  𝜈 =
𝜇

𝜌
;  𝑃𝑟 =

𝜇𝐶𝑝

𝐾𝑇
;  𝑅2 =

16𝛿′𝑇𝑂
3

3𝑘′  ;  𝐸𝐶 =

U2

𝐶𝑝(𝑇𝑤
′ −𝑇∞)

; 𝑆𝑐 =
𝜈

𝐷
;  𝐻 =

𝑄0𝑣

𝜌𝐶𝑝V2 ; 𝐾𝑟 =
𝐾𝑟′𝜗2

𝐷V2 ; 𝑆𝑜 =
𝐻𝑜(𝑇𝑤

′−𝑇∞)

𝐷(𝐶𝑤
′−𝐶∞)

;    (10) 

The momentum, energy and diffusion equation in dimensionless form is written as 
𝜕𝑢

𝜕𝑡
− (1 + 휀𝐴𝑒𝑖𝜔𝑡)

𝜕𝑢

𝜕𝑦
= − (

1

𝑅𝑒
)

𝜕𝑃

𝜕𝑥
+

𝜕2𝑢

𝜕𝑦2 − (𝑀2𝑐𝑜𝑠2𝛼 +
1

𝐾
) 𝑢 + 𝐺𝑇𝜃 sin 𝛽 + 𝐺𝐶𝐶 sin 𝛽  (11) 

𝜕𝜃

𝜕𝑡
− (1 + 휀𝐴𝑒𝑖𝜔𝑡)

𝜕𝜃

𝜕𝑦
= (1 +

𝑅

𝑃𝑟
)

𝜕2𝜃

𝜕𝑦2 + 𝐻𝜃       (12) 

𝑆𝑐
𝜕𝐶

𝜕𝑡
− 𝑆𝑐(1 + 휀𝐴𝑒𝑖𝜔𝑡)

𝜕𝐶

𝜕𝑦
=

𝜕2𝐶

𝜕𝑦2 − 𝐾𝑟𝐶 + 𝑆𝑜
𝜕2𝜃

𝜕𝑦2      (13) 

The corresponding boundary conditions in non-dimensional form are: 

𝑢 = U = 1, 𝜃 = 1, 𝐶 = 1,                     𝑎𝑡 𝑦 = 0  

𝑢 → 0, 𝜃 → 0, 𝐶 → 0,                            𝑎𝑡 𝑦 → ∞       (14) 
 

3. METHOD OF SOLUTION 

Equations (2) – (4) are nonlinear partial differential equations that is coupled and solved analytically which is later reduced 

to a set of ordinary differential equations with non-dimensional form gotten for the expressions of velocity (u), temperature 

(𝜃) and concentration (C) of the fluid: 

𝑢(𝑦, 𝑡) = 𝑢𝑜(𝑦) + 휀𝑒𝑖𝜔𝑡𝑢1 + 0(휀2)       (15) 

𝜃(𝑦, 𝑡) = 𝜃𝑜(𝑦) + 휀𝑒𝑖𝜔𝑡𝜃1 + 0(휀2)        (16) 
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𝐶(𝑦, 𝑡) = 𝐶𝑜(𝑦) + 휀𝑒𝑖𝜔𝑡𝐶1 + 0(휀2)       (17) 

Substitute equation (15) to (17) into the set of equations (11), (12) and (13) and equate the non – harmonic and harmonic 

terms neglecting the terms of 0(휀2), the set of ordinary differential equations are obtained with the required boundary 

condition. 

𝑢0
ᴵᴵ + 𝑢0

ᴵ − (𝑀2𝑐𝑜𝑠2𝛼 +
1

𝐾
) 𝑢0 = −𝐺𝑇𝜃0 sin 𝛽 −  𝐺𝐶𝐶0 sin 𝛽     (18) 

(1 −
𝑅

𝑃𝑟
) 𝜃0

ᴵᴵ + 𝜃0
ᴵ + 𝐻𝜃0 = 0        (19) 

𝐶0
ᴵᴵ + 𝑆𝑐𝐶0

ᴵ − 𝑆𝑐𝐾𝑟𝐶𝑜 = −𝑆𝑜𝜃0
ᴵᴵ        (20) 

𝑢1
ᴵᴵ + 𝑢1

ᴵ − (𝑀2𝑐𝑜𝑠2𝛼 +
1

𝐾
+ 𝑖𝜔) 𝑢1 = −

𝑃

𝑅𝑒
− 𝐴𝑢0

ᴵ − 𝐺𝑇𝜃1 sin 𝛽 − 𝐺𝐶𝐶1 sin 𝛽   (21) 

(1 −
𝑅

𝑃𝑟
) 𝜃1

ᴵᴵ + 𝑃𝑟𝜃1
ᴵ + [𝐻 − 𝑖𝜔]𝜃1 = −𝐴𝜃0

ᴵ        (22) 

𝐶1
ᴵᴵ + 𝑆𝑐𝐶1

ᴵ − (𝐾𝑟 + 𝑆𝑐𝑖𝜔)𝐶1 = −𝑆𝑐𝐴𝐶0
ᴵ − 𝑆𝑜𝜃1

ᴵᴵ      (23) 

Boundary conditions 

𝑢0 = 𝑢; 𝑢1 = 0; 𝜃0 = 1; , 𝜃1 = 0; 𝐶0 = 1; 𝐶1 = 0                         𝑎𝑡 𝑦 = 0   (24)  

𝑢0 → 0; 𝑢1 → 0; 𝜃0 → 0; , 𝜃1 → 0; 𝐶0 → 0; 𝐶1 → 0                      𝑎𝑠 𝑦 → ∞    (25) 

Solving equations (18) – (23) with the boundary conditions (24) – (25) to obtain 

𝑢0(𝑦) = 𝐴9𝑒−𝑚5𝑦−𝐴10𝑒−𝑚1𝑦 − 𝐴11𝑒−𝑚3𝑦 + 𝐴12𝑒−𝑚1𝑦     (26) 

𝜃0(𝑦) = 𝑒−𝑚1𝑦          (27) 

𝐶0(𝑦) = 𝑒−𝑚3𝑦 − 𝐴3𝑒−𝑚1𝑦        (28) 

𝑢1(𝑦) = 𝐴13 + 𝑒−𝑚6𝑦 − 𝐴14𝑒−𝑚5𝑦 + 𝐴15𝑒−𝑚1𝑦 − 𝐴16𝑒−𝑚2𝑦 + 𝐴17𝑒−𝑚3𝑦 − 𝐴18𝑒−𝑚4𝑦  (29)  
𝜃1(𝑦) = 𝐴2(𝑒−𝑚2𝑦 + 𝑒−𝑚1𝑦)         (30) 

𝐶1(𝑦) = 𝐴4𝑒−𝑚4𝑦 + 𝐴5𝑒−𝑚3𝑦 − 𝐴6𝑒−𝑚1𝑦 + 𝐴7𝑒−𝑚2𝑦 − 𝐴8𝑒−𝑚1𝑦    (31)  

Substitute equation (26) – (31) into equation (15) – (17), velocity, temperature and concentration profile will be expressed 

as, 

𝑢(𝑦, 𝑡) = 𝐴9𝑒−𝑚5𝑦−𝐴10𝑒−𝑚1𝑦 − 𝐴11𝑒−𝑚3𝑦 + 𝐴12𝑒−𝑚1𝑦 + 휀𝑒𝑖𝜔𝑡(𝐴13 + 𝑒−𝑚6𝑦 − 𝐴14𝑒−𝑚5𝑦 + 𝐴15𝑒−𝑚1𝑦 − 𝐴16𝑒−𝑚2𝑦 +
𝐴17𝑒−𝑚3𝑦 − 𝐴18𝑒−𝑚4𝑦)        (32) 

𝜃(𝑦, 𝑡) = 𝑒−𝑚1𝑦 + 휀𝑒𝑖𝜔𝑡𝐴2(𝑒−𝑚2𝑦 + 𝑒−𝑚1𝑦)       (33) 

𝐶(𝑦, 𝑡) = 𝑒−𝑚3𝑦 − 𝐴3𝑒−𝑚1𝑦 + 휀𝑒𝑖𝜔𝑡(𝐴4𝑒−𝑚4𝑦 + 𝐴5𝑒−𝑚3𝑦 − 𝐴6𝑒−𝑚1𝑦 + 𝐴7𝑒−𝑚2𝑦 − 𝐴8𝑒−𝑚1𝑦) (34) 

The physical quantities of interest are the wall shear stress 𝜏𝑤 is given by 

𝜏𝑤 = 𝜇
𝜕𝑢𝐼

𝜕𝑦𝐼 = 𝜌𝑣0
2𝑢𝐼(0)  

The local skin friction factor  

𝐶𝑓𝑥 =
𝜏𝑤

𝜌𝑣0
2 = 𝑢𝐼(0) = −𝑚5𝐴9+𝑚1𝐴10 + 𝑚3𝐴11 − 𝑚1𝐴12 + 휀𝑒𝑖𝜔𝑡(−𝑚6 + 𝑚5𝐴14 − 𝑚1𝐴15 + 𝑚2𝐴16 − 𝑚3𝐴17 + 𝑚4𝐴18)   (35) 

The Local Surface heat Flux 𝑞𝑟 =
−4𝛿𝐼𝜕𝑇𝐼

3𝑘𝜕𝑦𝐼  where 𝑘 is the effective thermal conductivity  

Local Nusselt Number 𝑁𝑢𝑥 =
𝑞𝑟

𝑇𝑤−𝑇∞
 where 𝑞𝑟 =

−16𝛿𝐼𝑇0
3𝑉0

𝐼(𝑇𝑤−𝑇∞)

3𝑘𝐼𝑣

𝜕𝜃

𝜕𝑦
 

Then 𝑁𝑢𝑥 =
−16𝛿𝐼𝑇0

3𝑉0
𝐼

3𝑘𝐼𝑣

𝜕𝜃

𝜕𝑦
 where 𝑅𝑒𝑥 =

−16𝛿𝐼𝑇0
3𝑉0

𝐼

3𝑘𝐼𝑣
 

𝑁𝑢𝑥

𝑅𝑒𝑥
=

𝜕𝜃

𝜕𝑦
= 𝜃𝐼(0) = −𝑚1 + 휀𝑒𝑖𝜔𝑡𝐴2(𝑚1 − 𝑚2)        (36) 

The local surface mass flux is given by 
𝑆ℎ𝑥

𝑅𝑒𝑥
= −

𝜕𝐶

𝜕𝑦
= 𝐶𝐼(0) = −𝑚3 − 𝑚1𝐴3 + 휀𝑒𝑖𝜔𝑡(−𝑚4𝐴4 − 𝑚3𝐴5 − 𝑚2𝐴7 + 𝑚1(𝐴6 + 𝐴8)  (37) 

 

4. RESULTS AND DISCUSSIONS 

Different parameters had resulting effects on the velocity, temperature, concentration, skin friction, heat transfer and mass 

flux rate which is discussed. In Figure 4.1, it is observed that an increase in the chemical reaction results to an increase in 

the velocity of the fluid flow while the increase in the Soret number causes the velocity of the fluid flow to increase in 

Figure 4.2. In Figure 4.3, an increase in the Schmidt number causes the velocity of the fluid flow to increase. Heat source 

increase in Figure 4.4 reduces the velocity of the fluid flow while increase in the magnetic field reduces the velocity of the 

fluid flow in Figure 4.5 as a result of Lorentz force which introduces resistance to the fluid flow. In Figure 4.6, the increase 

in the thermal radiation reduces the velocity of the fluid flow while increase in the Grashof temperature number increases 

the velocity of the fluid flow in Figure 4.7. Increase in the Grashof diffusion number reduces the velocity of the fluid flow  
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in Figure 4.8 while increase in the angle of the inclined plate in the vertical direction increases the velocity of the fluid flow 

in Figure 4.9. Increase in the angle of the inclined plate in the horizontal direction causes an increase in the velocity of the 

fluid flow in Figure 4.10 while an increase in suction increases the velocity of the fluid flow in Figure 4.11. In Figure 4.12, 

an increase in the Prandtl number reduces the velocity of the fluid flow while in Figure 4.13, an increase in heat source 

increases the temperature of the fluid. In Figure 4.14, an increase in radiation reduces the temperature of the fluid and in 

Figure 4.15 the increase in suction increases the temperature of the fluid. In Figure 4.16, an increase in Prandtl number 

increases the temperature of the fluid while in Figure 4.17 an increase in chemical reaction reduces the concentration of the 

fluid. In Figure 4.18, the increase in the Soret number causes an increase in the concentration profile but the observation in 

Figure 4.19 shows that, an increase in Schmidt number increases the concentration near the plate but reduces far from the 

plate. It is observed that in Figure 4.20, an increase in heat source increases the concentration of the fluid, an increase in the 

radiation increases the concentration of the fluid in Figure 4.21, an increase in suction decreases the concentration of the 

fluid in Figure 4.22, while an increase in the Prandtl number increases the concentration in Figure 4.23. The increase in 

chemical reaction and Soret number increases the skin friction in Figure 4.24 and Figure 4.25, increase in heat source 

decreases the skin friction profile in Figure 4.26, an increase in the magnetic field increases the skin friction in Figure 4.27 

while an increase in the radiation parameter resulted to a decrease in the skin friction profile in Figure 4.28. It is also 

observed that an increase in the Grashof diffusion number and Grashof temperature number increases the skin friction in 

Figure 4.29, Figure 4.30, while an increase in the angle of the inclined plate in the vertical direction reduces the skin 

friction profile in Figure 4.31. In Figure 4.32, an increase in the suction results to an increase in the skin friction profile but 

an increase in heat source and the thermal radiation initially increases the heat transfer but then it reduces afterward in 

Figure 4.33 and Figure 4.34. In Figure 4.35 and 4.36, an increase in the both suction and Prandtl number increases the heat 

transfer profile. Finally, an increase in the chemical reaction and suction in Figure 4.37 and Figure 4.41 reduces the mass 

transfer profile, but an increase in Soret number, heat source, thermal radiation and Prandtl number increases the mass 

transfer profile in  

Figure 4.38, 4.39, 4.40 and 4.42. 

 

 
Figure 4.1 Velocity Profile with Variation of 

Chemical Reaction Kr 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 =
0.5, 𝛼 = 30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.2 Velocity Profile with Variation of Soret 

Number So 

𝑀 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.3 Velocity Profile with Variation of Schmidt Number Sc 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr = 1, 𝐾 =
2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.4 Velocity Profile with Variation of Heat 

Source H 
𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 = 30, 𝛽 =
30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.5 Velocity Profile with Variation of 

Magnetic Field Parameter 𝑴 

𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 

 
Figure 4.6 Velocity Profile with Variation of 

Radiation Parameter R 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.7 Velocity Profile with Variation of Grashof 

temperature Number Gr 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 

 

 

 

 
Figure 4.8 Velocity Profile with Variation of Grashof 

Diffusion Number Gc 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.9 Velocity Profile with Variation of angle of 

inclined plate to the vertical 𝛼 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 =
0.5, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.10 Velocity Profile with Variation of angle of 

inclined plate to the horizontal 𝛽 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 =
0.5, 𝛼 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.11 Velocity Profile with Variation of Suction 

Parameter A  
𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 = 30, 𝛽 =
30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.12 Velocity Profile with Variation of Prandtl 

Number Pr 

𝑀 = 2, 𝑆𝑜 = 2, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr = 1, 𝐾 =
2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.13 Temperature Profile with Variation of 

Heat Source H 

𝑃𝑟 = 0.71, 𝑅 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 

 

 

 

 
Figure 4.14 Temperature Profile with Variation of 

Radiation R 

𝑃𝑟 = 0.71, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.15 Temperature Profile with Variation of 

Suction A 

𝑃𝑟 = 0.71, 𝑅 = 0.1, 𝐻 = 0.1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.16 Temperature Profile with Variation of 

Radiation R 

𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.17 Concentration Profile with Variation of 

Chemical Reaction Kr 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.18 Concentration Profile with Variation of 

Soret Number So 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.19 Concentration Profile with Variation of 

Schmidt Number Sc 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

  
Figure 4.20 Concentration Profile with Variation of 

Heat Source H 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

  
Figure 4.21 Concentration Profile with Variation of 

Radiation R 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.22 Concentration Profile with Variation of 

Suction A 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.23 Concentration Profile with Variation of 

Prandtl Number Pr 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.24 Skin Friction Profile with Variation of 

Chemical Reaction Kr 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 =
0.5, 𝛼 = 30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.25 Skin Friction Profile with Variation of 

Soret Number So 

𝑀 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

  
Figure 4.26 Skin Friction Profile with Variation of 

Heat Source H 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝑅 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.27 Skin Friction Profile with Variation of 

Magnetic Field Parameter 𝑴 

𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
 

 
Figure 4.28 Skin Friction Profile with Variation of 

Radiation Parameter R 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.29 Skin Friction with Variation of Grashof 

temperature Number Gr 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑐 = 10, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 

 
Figure 4.30 Skin Friction Profile with Variation of 

Grashof Diffusion Number Gc 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, Kr =
1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 = 0.5, 𝛼 =
30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
 

 
Figure 4.31 Skin Friction Profile with Variation of 

angle of inclined plate to the vertical 𝛼 

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝑃 = 2, 𝑅𝑒 =
0.5, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.32 Skin Friction with Variation of Suction 

Parameter A  

𝑀 = 2, 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, 𝐺𝑟 = 5, 𝐺𝑐 =
10, Kr = 1, 𝐾 = 2, 𝑅 = 0.1, 𝐻 = 0.1, 𝑃 = 2, 𝑅𝑒 =
0.5, 𝛼 = 30, 𝛽 = 30, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.33 Heat Transfer Profile with Variation of 

Heat Source H 

𝑃𝑟 = 0.71, 𝑅 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.34 Heat Transfer Profile with Variation of 

Radiation R 

𝑃𝑟 = 0.71, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.35 Heat Transfer Profile with Variation of 

Suction A 

𝑃𝑟 = 0.71, 𝑅 = 0.1, 𝐻 = 0.1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.36 Heat Transfer Profile with Variation of 

Radiation R 

𝑅 = 0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.37 Mass Transfer Profile with Variation of 

Chemical Reaction Kr 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.38 Mass Transfer Profile with Variation of 

Soret Number So 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.39 Mass Transfer Profile with Variation of 

Heat Source H 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.40 Mass Transfer Profile with Variation of 

Radiation R 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  
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Figure 4.41 Mass Transfer Profile with Variation of 

Suction A 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

 
Figure 4.42 Mass Transfer Profile with Variation of 

Prandtl Number Pr 

 𝑆𝑜 = 2, 𝑃𝑟 = 0.71, 𝑆𝑐 = 0.22, Kr = 1, 𝐾 = 2, 𝑅 =
0.1, 𝐻 = 0.1, 𝐴 = 1, 𝜔 = 1, 𝑡 = 1, 휀 = 1  

5. CONCLUSION 

Radiation, Heat source, Viscous dissipation and Soret effects on MHD free convection flow over an inclined plate that is 

porous are summarized as follows,  

I. An increase in chemical reaction causes an increase in velocity, skin friction and a decrease in chemical reaction 

II. An increase in magnetic field reduces the velocity flow and increases the skin friction. 

III. An increase in heat source reduces the velocity flow and skin friction but causes an increase in the temperature, 

concentration and mass transfer. 

IV. An increases in radiation reduces the velocity flow, temperature and skin friction but causes an increase in the 

concentration. 

V. An increase in Soret increases the velocity flow, concentration, skin friction and mass transfer. 

VI. An increase in the angle of inclined plate to the vertical increases the velocity flow and reduces the skin friction 

while in increase in the angle of the inclined plate to the horizontal increases the velocity 

VII. Increase in suction increases the velocity, temperature and skin friction but reduces the concentration and mass 

transfer. 

Areas of applicability of the results discussed in this study include crude oil refining, building cooling systems, brewing 

production, paper production, food production, plastic production and others. 

 

APPENDIX 

m1 =
1

2
(1 + √1 − 4𝐻 (

1−𝑅

Pr
)) ; m2 =

1

2
(1 + √1 − 4(𝐻 − 𝑖𝜔)) ; 

m3 =
1

2
(Sc + √(Sc)2 + 4Kr); m4 =

1

2
(Sc + √(Sc)2 + 4(Kr + Sc𝑖𝜔)); 

m5 =
1

2
(1 + √1 + 4(𝑀Cos[𝛼]2 +

1

𝑘
)); m6 =

1

2
(1 + √1 + 4(𝑖𝜔 + 𝑀Cos[𝛼]2 +

1

𝑘
)); 

A2 =
𝐴

(1−
𝑅

Pr
)m12+m1−(𝐻−𝑖𝜔)

; A3 =
𝑆𝑜m12

m12−Scm1+Kr
; A4 = −A5 + A6 − A7 + A8; 

A5 =
𝐴Scm3

m32−m3−(Kr+Sc𝑖𝜔)
;  A6 =

A3Scm1

m12−m1−(Kr+Sc𝑖𝜔)
; A7 =

𝑆𝑜A3m22

m22−m2−(Kr+Sc𝑖𝜔)
; 

A8 =
𝑆𝑜A2m12

m12−m1−(Kr+Sc𝑖𝜔)
;  A9 = A10 + A11 − A12; A10 =

GrSin[𝛽]

m12−m1−(𝑀Cos[𝛼]2+
1

𝑘
)

; 

A11 =
GcSin[𝛽]

m32−m3−(𝑀Cos[𝛼]2+
1

𝑘
)

; A12 =
A3GcSin[𝛽]

m12+m1−(𝑀Cos[𝛼]2+
1

𝑘
)

; 

A14 =
𝐴m5A9

m52−m5−(𝑖𝜔+𝑀Cos[𝛼]2+
1

𝑘
)

; A13 =
𝑃

𝑅𝑒(𝑖𝜔+𝑀Cos[𝛼]2+
1

𝑘
)

;  

A15 =
𝐴(m5A12−m5A10)+A2GrSin[𝛽]+GcSin[𝛽](A6+A8)

m12−m1−(𝑖𝜔+𝑀Cos[𝛼]2+
1

𝑘
)

;  A16 =
A2GrSin[𝛽]+A7GcSin[𝛽]

m22−m2−(𝑖𝜔+𝑀Cos[𝛼]2+
1

𝑘
)

; 

A17 =
𝐴m3A11−A5GcSin[𝛽]

m32−m3−(𝑖𝜔+𝑀Cos[𝛼]2+
1

𝑘
)

; A18 =
A4GcSin[𝛽]

m42−m4−(𝑖𝜔+𝑀Cos[𝛼]2+
1

𝑘
)

; 
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