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Abstract−− An unsteady, magnetohydrodynamic, 

incompressible, radiative Casson fluid flow past an 

infinite vertical permeable plate, which is accelerated 

exponentially, in presence of heat sink parameter and 

first-order chemical reaction taking account of Soret 

effect, is considered. Governing equations are solved 

for the profiles of velocity, temperature and concen-

tration with the help of Laplace transform. The ef-

fects of various physical parameters on velocity, tem-

perature and concentration profiles are discussed 

with the help of graphs. It is seen that the Casson pa-

rameter increases the fluid velocity near the plate, but 

away from the plate it is opposite. Also, an increase in 

Casson parameter has a significant increase in skin 

friction. Velocity has a significant increase with in-

crease in the accelerating parameter, Soret number 

and chemical reaction parameter, while heat sink pa-

rameter, radiation parameter reduces the fluid veloc-

ity. 

Keywords−− Casson fluid, Soret effect, Magneto-

hydrodynamic, Laplace transform  

I. INTRODUCTION 

The study of heat and mass transfer problems of non-

Newtonian Casson fluid with porous medium is prevalent 

in polymer industries and medical applications. Casson 

fluid is a non-Newtonian shear thinning fluid in which 

viscosity is assumed to be infinity at zero shear rate. The 

constitutive equation of the Casson fluid model was de-

veloped by Casson (1959) in his investigation on flow 

equations for pigment oil suspensions of printing ink 

type. Significant studies on Casson fluid flow have been 

conducted by several authors (Scott Blair, 1959; Merrill 

et al., 1965; Nadeem et al., 2012; Mukhopadhyay, 2013; 

Immanuel et al., 2015; Subba Rao et al., 2015; Ibrahim 

and Makinde, 2016; Oyelakin et al., 2016; Animasaun et 

al., 2016) in different fluid flow situations.  

Magnetohydrodynamic convective flow past an ac-

celerating plate with heat and mass transfer has wide ap-

plications in different technological fields. Gupta (1960) 

studied the magnetohydrodynamic, transient free con-

vective flow past a vertical plate. Muthucumaraswamy et 

al. (2008) studied the flow past an exponentially acceler-

ated infinite vertical plate in the presence of variable sur-

face temperature. Modather et al. (2009) studied the 

MHD oscillatory flow of a micropolar fluid over a verti-

cal permeable plate. Ahmed et al. (2015) studied the 

MHD radiating flow of Newtonian fluids over an infinite 

vertical permeable plate with variable temperature and 

concentration. Das (2016) studied mixed convective 

MHD flow of an elastico-viscous fluid past a vertical 

plate in the presence of thermal radiation and chemical 

reaction with an induced magnetic field. Seth et al. 

(2017) examined an unsteady magneto-hydrodynamic 

double diffusive natural convective flow over exponen-

tially accelerated plate. Das (2019) studied three dimen-

sional MHD flow past an infinite inclined plate. Cham-

kha and Aly (2010), Gorla and Chamkha (2011), Krishna 

and Chamkha (2019) investigated the MHD flow of 

nanofluid past an infinite vertical plate with different 

physical conditions. Gudekote and Choudhari (2018) and 

Rajashekhar et al. (2018) studied the peristaltic transport 

of Casson fluid in a tube. Divya et al. (2020) studied the 

hemodynamics of variable liquid properties on MHD 

peristaltic mechanism of Jeffrey fluid. 

To the best of the author’s knowledge, unsteady 

MHD flow of Casson fluid past an exponentially accel-

erated vertical plate with variable temperature and con-

centration through a permeable medium never considered 

in the literature. The objective of the present study is con-

cerned to an unsteady free convective MHD flow of an 

incompressible, radiative Casson fluid past an ex-ponen-

tially accelerated infinite vertical permeable plate 

through porous medium in presence of heat sink and first-

order chemical reaction parameter taking account of So-

ret effect. This type of study may find applications in ma-

terial processing and geothermal energy systems.  

II. MATHEMATICAL FORMULATION 

An unsteady free convective MHD flow of an incom-

pressible, radiative Casson fluid past an infinite vertical 

permeable plate through porous medium in presence of 

heat sink parameter and first-order chemical reaction tak-

ing account of Soret effect is considered. The 𝑥-axis is 

considered along the vertical plate and 𝑦-axis is consid-

ered along the normal to the vertical plate. The fluid is 

considered slightly conducting so that the magnetic 

Reynolds number is very small and thus the induced 

magnetic field can be neglected   

The rheological equation of a Casson fluid model 

(Mustafa et al., 2011) can be written as 

𝜎𝑖𝑗 = {
2 {𝜇𝐵 + (

𝑃𝑦

√2𝜋
)} 𝑒𝑖𝑗 , 𝜋 ≥ 𝜋𝑐

2 {𝜇𝐵 + (
𝑃𝑦

√2𝜋𝑐
)} 𝑒𝑖𝑗 , 𝜋 < 𝜋𝑐

, 

where 𝜎𝑖𝑗 is stress tensor, 𝑒𝑖𝑗 is deformation rate, 𝜋 is 

product of the component of the deformation rate with 

itself, 𝜋𝑐 is a critical value which is based on the non-

Newtonian model, 𝜇𝐵 is plastic dynamic viscosity and 𝑃𝑦 

is the yield stress of the fluid. If shear stress is greater 

than yield stress then it starts to move, whereas if a shear 

stress is less than yield stress it behaves likes a solid.   
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Here, the plate is accelerated exponentially with veloc-

ity 𝑢 = 𝑢0exp(𝑏̅𝑡̅) at time 𝑡̅ > 0 along its own plane and 

variations in temperature and concentration are consid-

ered to be of similar nature.  The flow variables are de-

pendent only on 𝑦, 𝑡 and independent of 𝑥 because of the 

infinite plate assumption and hence the flow reduces to 

one dimensional and the convective term reduces to zero. 

Thus, the governing equations of the flow are (Mustafa 

et al., 2011 and Ahmed et al., 2015):   

 
𝜕𝑢

𝜕𝑡̅
= 𝜐 (1 +

1

𝛽
)

𝜕2𝑢

𝜕𝑦2 + 𝑔𝛽𝑇(𝑇 − 𝑇∞) + (1) 

 𝑔𝛽𝑐(𝐶 − 𝐶∞) −
𝜎𝐵0

2𝑢

𝜌
−

𝜐𝑢

𝐾
, 

 
𝜕𝑇

𝜕𝑡̅
=

𝜅

𝜌𝐶𝑝

𝜕2𝑇

𝜕𝑦2 −
1

𝜌𝐶𝑝

𝜕𝑞𝑟

𝜕𝑦
−

𝑄0

𝜌𝐶𝑝
(𝑇 − 𝑇∞), (2) 

 
𝜕𝐶

𝜕𝑡̅
= 𝐷

𝜕2𝐶

𝜕𝑦2 − 𝐾𝑟(𝐶 − 𝐶∞) + 𝐷𝑡
𝜕2𝑇

𝜕𝑦2. (3) 

The initial and boundary conditions are  

𝑢 = 0, 𝑇 = 𝑇∞, 𝐶 = 𝐶∞ for all 𝑦 when 𝑡̅ = 0; 

𝑢 = 𝑢0exp(𝑏̅𝑡̅), 𝑇 = 𝑇∞ + (𝑇𝑤 − 𝑇∞)𝐴𝑡̅, 

𝐶 = 𝐶∞ + (𝐶𝑤 − 𝐶∞)𝐴𝑡̅ for 𝑦 = 0, 𝑡̅ > 0; 

 𝑢 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞ for 𝑦 → ∞, 𝑡̅ > 0, (4) 

where 𝛽 = 𝜇𝐵√2𝜋𝑐/𝑃𝑦 is Casson parameter and 𝐴 =

𝑢0
2/𝜐.  

For optically thin fluid,  

 
𝜕𝑞𝑟

𝜕𝑦
= −4𝑎̅𝜎(𝑇∞

4 − 𝑇4), (5) 

Using Taylor series about 𝑇 and neglecting the 

higher-order terms, we get 

 𝑇4 = −4𝑇∞
3 𝑇 − 3𝑇∞

4 . (6) 

Non-dimensional quantities introduced are 

𝑈 =
𝑢

𝑢0
, 𝑌 =

𝑦𝑢0

𝜐
, 𝑡 =

𝑡̅𝑢0
2

𝜐
, 𝜃 =

𝑇−𝑇∞

𝑇𝑤−𝑇∞
, 𝜙 =

𝐶−𝐶∞

𝐶𝑤−𝐶∞
, 

Pr =
𝜇𝑐𝑝

𝜅
, 𝑀 =

𝜎𝐵0
2𝜐

𝜌𝑢0
2 , 𝐺𝑟 =

𝑔𝛽𝑡𝜐(𝑇𝑤−𝑇∞)

𝑢0
3 , R=

16𝑎̅𝜐2𝜎𝑇̅∞
3

𝜅𝑢0
2 ,  

𝐺𝑐 =
𝑔𝛽𝑐𝜐(𝐶𝑤−𝐶∞)

𝑢0
3 , 𝑄 =

𝑄0𝜐

𝜌𝐶𝑝𝑢0
2, 𝑆𝑐 =

𝜐

𝐷
, 𝑆𝑟 =

𝐷𝑡(𝑇𝑤−𝑇∞)

𝜐(𝐶𝑤−𝐶∞)
,  

 𝐾𝑟 =
𝐾𝑟𝜐

𝑢0
2 , 𝐾 =

𝐾𝑢0
2

𝜐2 , 𝑎 =
𝑏̅𝜐

𝑢0
2, (7) 

where Pr, 𝑀, 𝑄, 𝑆𝑐, 𝐾, R, 𝑆𝑟  and 𝐾𝑟  are Prandtl number, 

Hartmann number, heat sink parameter, Schmidt number, 

non dimensional porosity parameter, radiation parameter, 

Soret number and chemical reaction parameter, respec-

tively. 

The Eqs. (1)-(3), using (5)-(7), in non-dimensional 

form become 

 
𝜕𝑈

𝜕𝑡
= (1 +

1

𝛽
)

𝜕2𝑈

𝜕𝑌2 + 𝐺𝑟𝜃 + 𝐺𝑐𝜙 − (𝑀 +
1

𝐾
) 𝑈, (8) 

 Pr 
𝜕𝜃

𝜕𝑡
=

𝜕2𝜃

𝜕𝑌2 − 𝑅𝜃 − Pr𝑄𝜃, (9) 

 𝑆𝑐
𝜕𝜙

𝜕𝑡̅
=

𝜕2𝜙

𝜕𝑌2 − 𝐾𝑟𝑆𝑐𝜙 + 𝑆𝑟𝑆𝑐
𝜕2𝜃

𝜕𝑌2. (10) 

with 

𝑈 = 0, 𝜃 = 0, 𝜙 = 0 for all 𝑌 when 𝑡 = 0; 
𝑈 = exp(𝑎𝑡), 𝜃 = 𝑡, 𝜙 = 𝑡 for 𝑌 = 0, 𝑡 > 0; 

 𝑈 → 0, 𝜃 → 0, 𝜙 → 0 for 𝑌 → ∞, 𝑡 > 0. (11) 

III. SOLUTION OF THE PROBLEM 

The unsteady coupled partial differential Eqs. (8)–(10) 

under the boundary condition (11) have been solved an-

alytically by using Laplace transform technique and the 

solutions are obtained as: 

𝑈 = exp(𝑎𝑡) 𝑓1(𝐴8, 𝑌, 𝑧 + 𝑏26, 𝑡) + 𝑏13𝑓1(𝐴8, 𝑌, 𝑏26, 𝑡) 

+𝑏14𝑓2(𝐴8, 𝑌, 𝑏26, 𝑡) + 𝑏15 exp(−𝐴3𝑡) 𝑓1(𝐴8, 𝑌, 𝑏26, 𝑡) 

+𝑏16 exp(𝐴10𝑡) 𝑓1(𝐴8, 𝑌, 𝑏26, 𝑡) +
𝑏17 exp(𝐴11𝑡) 𝑓1(𝐴11, 𝑌, 𝑏26, 𝑡) +  

𝑏18𝑓1(Pr, 𝑌, 𝑅 + Pr𝑄, 𝑡) + 𝑏19𝑓2(Pr, 𝑌, 𝑅 + Pr𝑄, 𝑡) + 

𝑏20 exp(−𝐴3𝑡) 𝑓1(Pr, 𝑌, 𝑅 + Pr𝑄 − 𝐴3, 𝑡) + 

𝑏1 exp(𝐴10𝑡) 𝑓1(Pr, 𝑌, 𝑅 + Pr𝑄 − 𝐴10, 𝑡) + 

𝑏22𝑓1(𝑆𝑐, 𝑌, 𝐾𝑟, 𝑡) + 𝑏23𝑓2(𝑆𝑐, 𝑌, 𝐾𝑟, 𝑡) +  

𝑏24 exp(−𝐴3𝑡) 𝑓1(𝑆𝑐, 𝑌, 𝐾𝑟 − 𝐴3, 𝑡) + 

𝑏25 exp(𝐴11𝑡) 𝑓1(𝑆𝑐, 𝑌, 𝐾𝑟 − 𝐴11, 𝑌, 𝑡), 

𝜃 =
1

2
{𝜓1erfc(𝜓2) + 𝜓3erfc(𝜓4)}, 

𝜙 = (1 + 𝐵2)𝑓2(𝑆𝑐, 𝐾𝑟 , 𝑌, 𝑡) −  

(𝐵1 + 𝐵2)𝑓1(𝑆𝑐, 𝑌, 𝐾𝑟 , 𝑡) +  

(𝐵1 + 𝐵2) exp(−𝐴3𝑡) 𝑓1(𝑆𝑐, 𝑌, 𝐾𝑟 − 𝐴3, 𝑡) −  

𝐵2𝑓1(Pr, 𝑌, 𝑅 + Pr𝑄, 𝑡) + 𝐵2𝑓2(Pr, 𝑅 + Pr𝑄, 𝑌, 𝑡)+  

𝐵2 exp(−𝐴3𝑡) 𝑓1(Pr, 𝑌, 𝑅 + Pr𝑄 − 𝐴3, 𝑡). 

Skin friction is given by 

− [(1 +
1

𝛽
)

𝜕𝑢

𝜕𝑦
]

𝑦=0
= exp(𝑎𝑡) 𝐹1(𝐴8, 𝑎 + 𝑏26, 𝑡) +  

𝑏13𝐹1(𝐴8, 𝑏26, 𝑡) +𝑏14𝐹2(𝐴8, 𝑏26, 𝑡) + 

𝑏15 exp(−𝐴3𝑡) 𝐹1(𝐴8, 𝑏26 − 𝐴3, 𝑡) +  

𝑏16 exp(𝐴10𝑡) 𝐹1(𝐴8, 𝑏26 + 𝐴10, 𝑡) +  

𝑏17 exp(𝐴11𝑡) 𝐹1(𝐴11, 𝑏26 + 𝐴11, 𝑡) +  

𝑏18𝐹1(Pr, 𝑅 + Pr𝑄, 𝑡) + 𝑏19𝐹2(Pr, 𝑅 + Pr𝑄, 𝑡). 
Heat transfer is given by 

𝑁𝑢 = − [
𝜕𝜃

𝜕𝑦
]

𝑦=0
= 𝐹2(Pr2 , 𝑅 + Pr𝑄, 𝑡).  

Sherwood number is given by 

𝑆ℎ = − [
𝜕𝜙

𝜕𝑦
]

𝑦=0
= (1 + 𝐵2)𝐹2(𝑆𝑐, 𝐾𝑟 , 𝑡) −   

(𝐵1 + 𝐵2)𝐹1(𝑆𝑐, 𝐾𝑟 , 𝑡) + 

(𝐵1 + 𝐵2) exp(−𝐴3𝑡) 𝐹1(𝑆𝑐, 𝐾𝑟 − 𝐴3, 𝑡) − 

𝐵2𝐹1(Pr, 𝑅 + Pr𝑄, 𝑡) + 𝐵2𝐹2(Pr, 𝑅 + Pr𝑄, 𝑡) + 

𝐵2 exp(𝐴3𝑡) 𝐹1(Pr, 𝑅 + Pr𝑄 − 𝐴3, 𝑡). 

where 

𝑓1(𝑥, 𝑦, 𝑧, 𝑡) =
1

2
[exp(𝑦√𝑥𝑧) erfc (

𝑦

2
√

𝑥

𝑡
+ √𝑧𝑡) +

exp(−𝑦√𝑥𝑧) erfc (
𝑦

2
√

𝑥

𝑡
− √𝑧𝑡)], 

𝑓2(𝑥, 𝑦, 𝑧, 𝑡) =
1

2
[𝜓5erfc(𝜓6) + 𝜓7erfc(𝜓8)], 

𝜓1 = (𝑡 +
𝑌Pr

2√𝑅+Pr𝑄
) exp(𝑌√𝑅 + Pr𝑄), 

𝜓2 =
𝑌

2
√

Pr

𝑡
+ √(

𝑅+Pr𝑄

Pr
) 𝑡,  

𝜓3 = (𝑡 −
𝑌Pr

2√𝑅+Pr𝑄
) exp(−𝑌√𝑅 + Pr𝑄),  

𝜓4 =
𝑌

2
√

Pr

𝑡
− √(

𝑅+Pr𝑄

Pr
) 𝑡,  

𝜓5 = (𝑡 +
𝑥

2
√

𝑥

𝑦
) exp(𝑧√𝑥𝑦), 𝜓6 =

𝑧

2
√

𝑥

𝑡
+ √𝑦𝑡,  

𝜓7 = (𝑡 −
𝑧

2
√

𝑥

𝑦
) exp(−𝑧√𝑥𝑦), 𝜓8 =

𝑧

2
√

𝑥

𝑡
− √𝑦𝑡,  

𝜓9 =
1

2
√

𝑥

𝑦
erf(√𝑦𝑡) , 

𝜓10 = [√𝑥𝑦erf(√𝑦𝑡) + √
𝑥

𝜋𝑡
exp(−𝑦𝑡)] , 
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Fig. 1. Effect of 𝛽 on velocity. 

 
Fig. 1. Effect of 𝑎 on velocity. 

 
Fig. 3. Effect of 𝑆𝑟 on velocity. 

 

𝐹1(𝑥, 𝑧, 𝑡) = √𝑥𝑧 erf(√𝑧𝑡)√
𝑥

𝜋𝑡
exp(−𝑧𝑡) , 

𝐹2(𝑥, 𝑧, 𝑡) = 𝜓9 + 𝑡𝜓10. 

Constants 𝐴´s, 𝑏´s and 𝑐´s are not presented here for 

brevity. 

IV. RESULTS AND DISCUSSIONS 

Numerical calculations have been carried out to analyze 

the effects of various flow parameters with the following 

parameter values: Pr = 1, 𝑎 = 0.5, 𝑡 = 0.5, 𝑀 = 1, 𝑅 =
2, 𝐺𝑟 = 2, 𝑆𝑐 = 2, 𝐾 = 0.5, 𝐺𝑐 = 0.2, 𝑆𝑟 = 0.2, 𝐾𝑟 =
0.2, 𝛽 = 0.2 and 𝑄 = 0.2. 

Figures 1-6 represent the velocity against 𝑌 for differ-

ent values of Casson parameter (𝛽), accelerating param-

eter (𝑎), Soret number (𝑆𝑟), chemical reaction parameter 

(𝐾𝑟), heat sink parameter (𝑄), and radiation parameter 

(𝑅), respectively.  Figure 1 reveals that velocity profile 

increases with the increasing values in Casson parameter  
 

 
Fig. 4. Effect of 𝐾𝑟 on velocity. 

 
Fig. 5. Effect of 𝑄 on  velocity. 

 
Fig. 6. Effect of 𝑅 on velocity. 

 
Fig. 7.  Effect of 𝑡 on temperature. 

for 0 ≤ 𝑦 ≤ 1.4, but thereafter when 𝑦 ≥ 1.4 opposite 

result is seen. As expected, it is seen from Fig.2 that an 

increase in accelerating parameter 𝑎 enhances the fluid 

velocity. Figures 3-6 show that fluid velocity enhances 

due an increase in Soret number, chemical reaction pa-

rameter, while opposite effect is seen for heat sink pa- 
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Fig. 8. Effect of 𝑄 on temperature. 

 
Fig. 9. Effect of 𝑄 on concentration. 

 
Fig. 10. Effect of 𝑅 on concentration. 

 
Fig. 11. Effect of 𝐾𝑟  on skin friction. 

rameter and radiation parameter. Soret number expresses 

the ratio of temperature difference to the concentration. 

So, the thermal diffusion factor which enhances the fluid 

velocity. Introduction of heat sink parameter and radia-

tion parameter reduces the temperature of the fluid and 

thus reduces the fluid velocity. 

 
Fig. 12. Effect of 𝑡 on skin friction. 

 
Fig. 13. Effect of 𝑄 on skin friction. 

 
Fig. 14. Effect of 𝑅 on Nusselt number. 

 
Fig. 15. Effect of 𝐾𝑟 on Sherwood number. 

By setting 𝛽 → ∞, 𝐾𝑟 = 0, 𝑄 = 0 and 𝑆𝑟 = 0, the re-

sults obtained for temperature and concentration profiles 

are compared with the results obtained by Ahmed et al. 

(2015) and that are found in good agreement. 
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Figures 7 represent temperature profile against 𝑌 for 

different values of time and radiation parameter. It is ob-

served that temperature increases with the increasing val-

ues of time whereas it decreases with increasing radiation 

parameter. Figure 8 shows that temperature reduces due 

to an increase in the strength of heat sink parameter. Thus 

the heat sink parameter or radiation parameter reduces 

the thickness of the thermal boundary layer and in fact 

provides an additional factor for diffusing energy.   

Also, it is seen that temperature decreases sharply 

near the plate and then steadily diminishes to zero at far 

away due to the introduction of heat absorption parame-

ter. 

Figures 9-10 represent the concentration profiles 

against 𝑌 for different values of heat sink parameter and 

radiation parameter respectively, and observed that con-

centration increases with the increasing values of heat 

sink parameter or radiation parameter. Thus the presence 

of heat sink parameter and radiation parameter thickens 

the thickness of concentration boundary layer. Figures 

11-13 represent the expressions for skin friction against 

𝑀 for different values of 𝐾𝑟 , 𝑎, 𝑡, 𝑄 and 𝛽, respectively. 

It is observed that skin friction increases with the increas-

ing values of 𝐾𝑟  or 𝑎 or 𝑡 or 𝑄 or 𝛽. 

Figure 14 illustrate the effect of radiation parameter 

on Nusselt number against time t. It depicts that Nusselt 

number increase with an increase in radiation parameter 

with time.  Figure15 illustrate the effect of chemical re-

action parameter on Sherwood number against time and 

observed that Sherwood number decrease with an in-

crease in chemical reaction parameter with time.  

V. CONCLUSIONS: 

The above study led to the following conclusions 

1. Casson parameter increases the fluid velocity near the 

plate, but away from the plate it is opposite. Also, ac-

celerating parameter (𝑎), Soret  and chemical reaction 

effects enhances the fluid velocity, while heat sink pa-

rameter, radiation parameter reduces the fluid veloc-

ity.  

2. Temperature of the system reduces with increasing 

radiation and heat sink parameter, while it decreases 

with increasing time. 

3. Concentration can be increased by increasing radia-

tion and heat sink parameter. 

4. Skin friction increases with increasing accelerating 

parameter (𝑎), heat sink parameter, Casson parame-

ter, chemical reaction parameter and time. 

5. Rate of heat transfer increases with increasing radia-

tion parameter, while mass transfer decreases with in-

creasing chemical reaction parameter. 

NOMENCLATURE 

𝑎: accelerating parameter; 𝑏̅: a constant; 𝐵0: strength of 

transverse magnetic field; 𝐶: concentration of fluid; 𝐶𝑝: 

specific heat at constant pressure; 𝐷: molecular diffusiv-

ity; 𝐷𝑡: thermophoresis coefficient; 𝑔: acceleration due to 

gravity; 𝐺𝑐: Grashof number for mass transfer; 𝐺𝑟: 

Grashof number for heat transfer; 𝐾: non-dimensional 

porosity parameter; 𝐾: dimensional porosity parameter; 

𝐾𝑟: chemical reaction rate; 𝑀: Hartmann number; 𝑁𝑢: 

Nusselt number; 𝐾𝑟: chemical reaction parameter; Pr: 

Prandtl number; 𝑄: heat sink parameter; 𝑄0: heat suction 

parameter; 𝑞𝑟: thermal radiative heat flux; 𝑅: radiation 

parameter; 𝑆𝑟: Soret number; 𝑆𝑐: Schmidt number; 𝑆ℎ: 

Sherwood number; 𝑡: non-dimensional time; 𝑡̅: dimen-

sional time; 𝑇: temperature; 𝑈: non-dimensional fluid ve-

locity; 𝑢: fluid velocity; 𝑢0: characteristic velocity; 𝑋: 

distance along the plate; 𝑌: distance perpendicular to the 

plate; 𝛽: Casson parameter; 𝛽𝑡: coefficient of thermal ex-

pansion; 𝛽𝑐: coefficient of mass expansion; 𝜙: non-di-

mensional concentration; 𝜅: thermal conductivity; 𝜌: 

density; 𝜎: electrical conductivity; 𝜎: Stefan Boltzmann 

constant; 𝜃: non-dimensional temperature; 𝜏: skin fric-

tion coefficient; 𝜐: kinematic viscosity; 𝑤: conditions on 

the surface; ∞: conditions on the free stream. 
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