
 

1. Introduction 

Combined heat and mass transfer (HMT) plays a crucial role in 

various engineering applications. Recent research suggests that 

mass transfer (MT) can potentially reduce heat transfer (HT) in 

high-speed vehicles like aircraft and missiles, making it an at-

tractive area of exploration. Rotating flows are fundamental to 

numerous scientific and engineering fields. From designing jet 

engines, pumps and vacuum cleaners to understanding geophys-

ical phenomena, the analysis of rotating incompressible fluids 

holds significant importance. Its applications even extend to 

space science and engineering thermodynamics. 

This research builds upon existing studies such as Chamkha 

et al. [1] investigations of magnetohydrodynamic (MHD) flow 

with hall current, and Mohyud Din et al. [2] work on nanofluids 

using Buongiorno’s model. Both employed numerical methods 

for their analyses. Furthermore, Kataria and Patel’s [3] research 

explored the influence of oscillating plates in Casson fluid flow. 
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Abstract 

The aim of this research paper is to investigate the rotational flow of an unsteady magnetohydrodynamic heat and mass transfer 

flow due to convection over a vertical porous semi-infinite plate. The plate undergoes continuous circular motion, maintaining 

a constant velocity. To achieve this, we worked on both numerical methods and analytical techniques, particularly utilizing 

perturbation methods to solve the governing partial differential equations. Consequently, we derive an expression for the 

Nusselt and Sherwood numbers. We delve into the analysis of the velocity profile, temperature distribution, and concentration 

variation, exploring their behaviour under different physical parameters, including the magnetic field parameter, Grashof num-

ber, Soret number and Schmidt number, as well as the Prandtl number. Our findings reveal that the velocity increases with 

rising values of Grashof, modified Grashof and Soret numbers, whereas it decreases with declining values of the magnetic 

field parameter, Prandtl number and Schmidt number. Additionally, as rotation gradually intensifies, the fluid velocity closely 

follows the boundary and becomes negligible as it moves away from it. To facilitate a comprehensive examination of the fluid 

flow and heat and mass transfer characteristics, we employ graphical representations. Furthermore, this paper offers an in-

depth discussion of the underlying physical aspects and their implications. 
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Nomenclature 

A  ‒velocity ratio parameter 

B0 ‒ magnetic induction, T 

𝐶𝑝 ‒ specific heat, J/(kg K) 

Cw*‒ dimensional wall concentration, kg/m3 

C* ‒ dimensional concentration, kg/m3 

𝐶∞ ‒ ambient concentration, kg/m3 

DM ‒ coefficient of chemical molecular diffusivity, m2/s  

DT ‒ coefficient of thermal diffusivity, m2/s 

g ‒ gravitational acceleration, m/s2 

Gm ‒ modified Grashoff number 

Gr ‒ Grashoff number 

k ‒ thermal conductivity, W/(m K) 

K ‒ permeability, m2 

K* ‒ mean absorption coefficient, m-1  

M ‒ magnetic field parameter  

n* ‒ arbitrary constants 

N ‒ components of microrotation 

Nu ‒ Nusselt number 

Pr ‒ Prandtl number 

𝑞𝑟 ‒ radiative heat flux, W/m2 

𝑞𝑊 ‒ the rate of heat transfer, W/m2 

Q ‒ heat source, W/m3 

R ‒ thermal radiation, W/m2 

Rex ‒ local Reynold number 

Sc ‒ Schmidt number 

Sh ‒ Sherwood number 

So ‒ Soret number 

t ‒ time, s 

T* ‒ dimensional temperature, K 

Tw* ‒ dimensional wall temperature, K  

 

𝑇∞ ‒ ambient temperature, K 

𝑢, 𝑣 ‒ non-dimensional components of velocity 

𝑢∗, 𝑣∗ ‒ components of velocity, m/s 

𝑈0, 𝑉0‒ arbitrary constants, m/s 

𝑈∞   ‒ free stream velocity, m/s 

𝑥, 𝑦 ‒ Cartesian coordinates, m 

 

Greek symbols 

𝛽 ‒ coefficient of thermal expansion 

𝛽∗ ‒ coefficient of concentration expansion 

𝜀 ‒ factor of higher order 

𝜗 ‒ non-dimensional temperature 

 – dynamic viscosity, Pas  

ρ – density, kg/m3  

𝜌∞ ‒ ambient density, kg/m3 

𝜎 – electrical conductivity, S/m 

σ* ‒ Stefan-Boltzmann constant, W/(m2K4)  

𝜏 ‒ shear stress, Pa 

𝜐 ‒ kinematic viscosity, m2/s 

𝛺 – angular velocity, rad/s 

 

Abbreviations and Acronyms 

PDEs – partial differential equations 

HMT ‒ heat and mass transfer 

HT  ‒ heat transfer 

MHD – magnetohydrodynamic 

MT ‒ mass transfer 

 

Subscripts 

w ‒ condition at the surface 

∞ ‒ condition at the free stream 

 

 
The significance of MHD (magnetohydrodynamics) extends 

beyond theoretical aspects. Engineers utilize MHD principles in 

heat exchanger design, compressors and spacecraft power sys-

tems. Additionally, MHD finds application in separating molten 

materials and developing novel power generation methods. 

These diverse applications highlight the necessity of investigat-

ing problems involving MHD effects. 

Existing literature highlights the importance of studying ro-

tational and MHD effects in fluid flow. Several studies by Seth 

et al [4,5], Shevchuk [6], Takhar et al., [7], and Jha and Apere 

[8] have explored these areas in various contexts, including ro-

tating convective flow, MHD on rotating disks and MHD flow 

between parallel plates. MHD effects near porous media have 

also been investigated by Abdel Rahman [9], while research on 

unsteady rotating flows was carried out by Veera Krishna et al. 

[10], which provides insights into drag experiences in specific 

geometries. Ahmmed et al. [11] examined the MHD unsteady 

flow with a heat source engrossed in a porous medium. Seddeek 

[12] investigated MHD's unsteady thermal convective flow past 

a semi-infinite flat plate. Furthermore, the performance of a cen-

trifugal compressor fitted with a rotating tapered vaneless dif-

fuser was investigated by Niveditha and Prasad [13] using the 

numerical ANSYS CFX software. Combined effects of rotation 

and other factors were studied by Narayanan et al. [14] and 

Rudziva et al. [15]. 

Motivated by the gap in  Ahmmed  et  al.’s  work [11]  which  

lacked a combined analysis of MHD unsteady convection, 

HMT, and a porous medium, this study aims at: investigating 

MHD unsteady convective HMT flow past a vertical porous 

plate, employing both numerical (MATLAB) and analytical 

(perturbation technique) methods to solve the governing equa-

tions; obtaining expressions for the Nusselt and Sherwood num-

bers; analyzing the characteristics of fluid flow, HMT; and dis-

cussing the physical implications through the use of graphs. 

2. Mathematical formulation 

Consider the 2D unsteady MHD rotating convective HMT flow 

of an incompressible, viscous fluid past a vertically moving po-

rous plate with a uniform magnetic field. We choose the x*-axis 

to run vertically along the plate and the y*-axis to run perpen-

dicular to the plate which is shown in Fig. 1. It is assumed that 

no voltage is applied, implying that no electric field exists. The 

transverse magnetic field and magnetic Reynolds number are 

both extremely low. The induced magnetic field is insignificant.  

The governing equations are as follows: 

 
𝜕𝑣∗

𝜕𝑦∗ = 0, (1) 

 𝜌 (
𝜕𝑢∗

𝜕𝑡∗ + 𝑣∗ 𝜕𝑢∗

𝜕𝑦∗) =
𝜕𝑝∗

𝜕𝑥∗ + 𝜇
𝜕2𝑢∗

𝜕𝑦∗ − 𝜌𝛽 −
𝜇

𝐾∗ 𝑢∗ +  

                            −𝜎𝐵0
2𝑢∗ + 2𝛺𝑢∗, (2) 
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𝜕𝑇∗

𝜕𝑡∗ + 𝑣∗ 𝜕𝑇∗

𝜕𝑦∗ =
𝑘

𝜌𝐶𝑝

𝜕2𝑇∗

𝜕𝑦∗2 −
1

𝜌𝐶𝑝
(

𝜕𝑞𝑟
∗

𝜕𝑦∗) −
𝑄0

𝜌𝐶𝑝
(𝑇∗ − 𝑇∞

∗ ), (3) 

 
𝜕𝐶∗

𝜕𝑡∗ + 𝑣∗ 𝜕𝐶∗

𝜕𝑦∗ = 𝐷𝑀
𝜕2𝐶∗

𝜕𝑦∗2 + 𝐷𝑇
𝜕2𝑇∗

𝜕𝑦∗2 . (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

The boundary conditions are as follows: 

− at 𝑦∗ = 0 

 𝑢∗ = 𝑢𝑝
∗ , 𝑇∗ = 𝑇𝑤

∗ + 𝜀(𝑇𝑤
∗ − 𝑇∞

∗ )𝑒𝑛∗𝑡∗
,  

 𝐶∗ = 𝐶𝑤
∗ + 𝜀(𝐶𝑤

∗ − 𝐶∞
∗ )𝑒𝑛∗𝑡∗

, (5) 

− at 𝑦∗ → ∞ 

 𝑢∗ → 𝑈∞
∗ = 𝑈0(1 + 𝜀𝑒𝑛∗𝑡∗

),  

 𝑇∗ → 𝑇∞
∗ ,             𝐶∗ → 𝐶∞

∗  . (6) 

 From Eq. (1), we deem an exponential form for the velocity: 

 𝑣∗ = −𝑣0(1 + 𝜀𝐴𝑒𝑛∗𝑡∗
), (7) 

 𝜌
𝑑𝑈∞

∗

𝑑𝑡∗ =
𝜕𝑝∗

𝜕𝑥∗ − 𝜌∞𝑔 −
𝜇

𝐾∗ 𝑈∞
∗ − 𝜎𝐵0

2𝑈∞
∗ , (8) 

 𝜌 (
𝜕𝑢∗

𝜕𝑡∗ + 𝑣∗ 𝜕𝑢∗

𝜕𝑦∗) = (𝜌∞ − 𝜌)𝑔 + 𝜌
𝑑𝑈∞

∗

𝑑𝑡∗ +  

              +𝜇
𝜕2𝑢∗

𝜕𝑦∗2 −
𝜇

𝐾∗
(𝑈∞

∗ − 𝑢∗) − 𝜎𝐵0
2(𝑈∞

∗ − 𝑢∗). (9) 

Utilizing the equation of state:  

 
(𝜌∞−𝜌)

𝜌∞
= 𝛽

(𝑇∗−𝑇∞
∗ )

𝑇∞
∗ + 𝛽∗ (𝐶∗−𝐶∞

∗ )

𝐶∞
∗ , (10) 

and plugging Eq. (10) into Eq. (9), we have: 

 
𝜕𝑢∗

𝜕𝑡∗ + 𝑣∗ 𝜕𝑢∗

𝜕𝑦∗ =
𝑑𝑈∞

∗

𝑑𝑡∗ + 𝜇
𝜕2𝑢∗

𝜕𝑦∗2 + 𝑔𝛽
(𝑇∗−𝑇∞

∗ )

𝑇∞
∗ +  

     +𝑔𝛽∗ (𝐶∗−𝐶∞
∗ )

𝐶∞
∗ +

𝜐

𝐾∗
(𝑈∞

∗ − 𝑢∗) +
𝜎𝐵0

2

𝜌
(𝑈∞

∗ − 𝑢∗). (11) 

The radiative heat flux term, as expressed using the Rosse-

land approximation, is given by: 

 𝑞𝑟
∗ =

4𝜎∗

3𝑘1
∗

𝜕𝑇∗4

𝜕𝑦∗ . (12) 

Within the flow, the temperature difference is considered 

small, so that 𝑇∗4
 can be expressed as a temperature-dependent 

linear function. This is achieved by expanding T∞
* in a Taylor 

series while ignoring higher-order terms, resulting in: 

 𝑇∗4
≅ 4𝑇∞

∗3
− 3𝑇∞

∗4
. (13) 

By using Eqs. (12) and (13) in Eq. (3), we get: 

 
𝜕𝑇∗

𝜕𝑡∗ + 𝑣∗ 𝜕𝑇∗

𝜕𝑦∗ =  
𝑘

𝜌𝐶𝑝

𝜕2𝑇∗

𝜕𝑦∗2 −
16𝜎∗𝑇∞

∗3

3𝜌𝐶𝑝𝑘1
∗

𝜕2𝑇∗

𝜕𝑦∗2 −
𝑄0

𝜌𝐶𝑝
(𝑇∗ − 𝑇∞

∗ ).  

  (14) 

2.1. Solution of the problem 

Non-dimensional quantities are introduced to find the solution 

of Eqs. (1) to (4) with boundary conditions (5) and (6): 

 𝑢∗ = 𝑢𝑈0 ,         𝑣
∗ = 𝑣𝑉0 ,         𝑇

∗ = 𝑇∞
∗ + 𝜗(𝑇𝑤

∗ − 𝑇∞
∗ ),   

 𝐶∗ = 𝐶∞
∗ + 𝐶(𝐶𝑤

∗ − 𝐶∞
∗ ),           𝑈∞

∗ = 𝑈∞𝑈0,  

 𝑢𝑝
∗ =  𝑈𝑝𝑈0,      𝐾∗ =

𝐾𝜐2

𝑉0
2 ,      𝑦∗ =

𝑦𝜐

𝑉0
 ,      Gm =

𝜐𝑔𝛽∗(𝐶𝑤
∗ −𝐶∞

∗ )

𝑉0
2𝑈0𝐶∞

∗  ,  

 Gr =
𝜐𝑔(𝑇𝑤

∗ −𝑇∞
∗ )

𝑉0
2𝑈0𝑇∞

∗  ,    Pr =
𝜐𝜌𝐶𝑝

𝑘
 ,     𝑀 =

𝜎𝐵0
2𝜐

𝜌𝑉0
2 ,      𝑄 =

𝑄0𝜐

𝜌𝑉0
2𝐶𝑝

,  

 𝑅 =  
4𝜎∗𝑇∞

∗3
(𝑇𝑤

∗ −𝑇∞
∗ )

𝑘1
∗𝑘

,    Sc =
𝜐

𝐷𝑀
,    𝑡∗ =

𝑡𝜐

𝑉0
2 ,    𝑛∗ =

𝑉0
2

𝜐
. (15) 

As a result, the dimensionless governing equations are  

expressed by Eqs. (16) to (19) with boundary conditions (20): 

 
𝜕𝑣

𝜕𝑦
= 0, (16) 

 
𝜕𝑢

𝜕𝑡
+ 𝑣

𝜕𝑢

𝜕𝑦
=

𝑑𝑈∞

𝑑𝑡
+

𝜕2𝑢

𝜕𝑦2 + Gr𝜗 + Gm𝐶 + 𝑁(𝑈∞ − 𝑢), (17) 

 
𝜕𝜗

𝜕𝑡
+ 𝑣

𝜕𝜗

𝜕𝑦
=

1

Pr
(1 +

4𝑅

3
)

𝜕2𝜗

𝜕𝑦2 − 𝑄𝜗, (18) 

 
𝜕𝐶

𝜕𝑡
+ 𝑣

𝜕𝐶

𝜕𝑦
=

1

Sc

𝜕2𝐶

𝜕𝑦2 + So
𝜕2𝜗

𝜕𝑦2. (19) 

The corresponding initial and boundary conditions are: 

− at 𝑦 = 0 

 𝑢 = 𝑈𝑝 ,         𝜗 = 1 + 𝜀𝑒𝑛𝑡 ,          𝐶 = 1 + 𝜀𝑒𝑛𝑡, (20) 

− as 𝑦 → ∞ 

 𝑢 → 𝑈∞ → 1 + 𝜀𝑒𝑛𝑡 ,         𝜗 → 0,        𝐶 → 0.  

We consider the following solutions for the perturbation 

technique to solve Eqs. (16) to (19): 

 𝑢 = 𝑢0(𝑦) + 𝜀𝑒𝑛𝑡𝑢1(𝑦) + 𝑜(𝜀2),  

 𝜗 = 𝜗0(𝑦) + 𝜀𝑒𝑛𝑡𝜗1(𝑦) + 𝑜(𝜀2), (21) 

 𝐶 = 𝐶0(𝑦) + 𝜀𝑒𝑛𝑡𝐶1(𝑦) + 𝑜(𝜀2).  

By plugging Eqs. (21) into Eqs. (16)–(20), and then equating 

the harmonic and non-harmonic terms and ignoring higher order 

terms of 𝑜(𝜀2), we get the following pairs of equations: 

 𝑢0
" + 𝑢0

′ + (2𝛺 − 𝑁)𝑢0 = −𝑁 − Gr𝜗0 − Gm𝐶0 , (22) 

𝑢1
" + 𝑢1

′ − (𝑁 + 𝑛 + 2𝛺)𝑢1 = −(𝑁 + 𝑛) + 

                                     −𝐴𝑢0
′ − Gr𝜗1 − Gm𝐶1 , (23) 

 

Fig. 1. Physical model. 
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 (3 + 4𝑅)𝜗0
" + 3Pr𝜗0

′ − 3𝑄Pr𝜗0 = 0, (24) 

 (3 + 4𝑅)𝜗1
" + 3Pr𝜗1

′ − (3𝑛 + 𝑄)Pr𝜗1 = −3𝐴Pr𝜗0
′ , (25) 

 𝐶0
" + Sc𝐶0

′ = − SoSc𝜗0
" , (26) 

 𝐶1
" + Sc𝐶1

′ − 𝑛Sc𝐶1 = −𝐴Sc𝐶0
′ − SoSc𝜗1

". (27) 

The corresponding boundary conditions can be written as: 

− at 𝑦 = 0 

 𝑢0 = 𝑈𝑝,    𝑢1 = 0,     𝜗0 = 1,     𝜗1 = 1,    𝐶0 = 1,    𝐶1 = 1,  

(28) 

− as 𝑦 → ∞ 

 𝑢0 → 𝑢1 → 1,      𝜗0 → 0,    𝜗1 → 0,     𝐶0 → 0,     𝐶1 → 0.  

Finally, by solving Eqs. (22) to (27), we obtain analytical 

solutions in the form of Eqs. (29) to (34), which satisfy the above 

boundary conditions (28): 

 𝑢0 = 1 + 𝐽1𝑒𝑚2𝑦 + 𝐽2𝑒𝑚6𝑦 + 𝐽3𝑒𝑚2𝑦 + 𝐽4𝑒𝑚10𝑦, (29) 

 𝑢1 = 1 + 𝐽6𝑒𝑚10𝑦 + 𝐽7𝑒𝑚2𝑦 + 𝐽8𝑒𝑚6𝑦 + 𝐽9𝑒𝑚2𝑦 +  

           +𝐽10𝑒𝑚4𝑦 + 𝐽11𝑒𝑚2𝑦 + 𝐽12𝑒𝑚8𝑦 + 𝐽13𝑒𝑚6𝑦 +  

         +𝐽14𝑒𝑚2𝑦 + 𝐽15𝑒𝑚2𝑦 + 𝐽16𝑒𝑚4𝑦 + 𝐽17𝑒𝑚12𝑦, (30) 

 𝜗0 = 𝑒𝑚2𝑦, (31) 

 𝜗1 = 𝐷1𝑒𝑚2𝑦 + 𝐷2𝑒𝑚4𝑦, (32) 

 𝐶0 = 𝐵1𝑒𝑚2𝑦 + 𝐵2𝑒𝑚6𝑦, (33) 

 𝐶1 = 𝐵3𝑒𝑚6𝑦 + 𝐵4𝑒𝑚2𝑦 + 𝐵5𝑒𝑚6𝑦 +  

 +𝐷3𝑒𝑚2𝑦 + 𝐷4𝑒𝑚4𝑦. (34) 

The shapes of functions that appear in Eqs. (29)(34) are ex-

plained in Appendix. 

Distributions of velocity, temperature and concentration 

along with the boundary conditions, become visible in an over-

view of the aforementioned solutions:  

 𝑢(𝑦, 𝑡) = 1 + 𝐽1𝑒𝑚2𝑦 + 𝐽2𝑒𝑚6𝑦 + 𝐽3𝑒𝑚2𝑦 + 𝐽4𝑒𝑚10𝑦 +  

 +𝜀𝑒𝑛𝑡(1 + 𝐽6𝑒𝑚10𝑦 + 𝐽7𝑒𝑚2𝑦 + 𝐽8𝑒𝑚6𝑦 + 𝐽9𝑒𝑚2𝑦 +  

 +𝐽10𝑒𝑚4𝑦 + 𝐽11𝑒𝑚2𝑦 + 𝐽12𝑒𝑚8𝑦 + 𝐽13𝑒𝑚6𝑦 + 𝐽14𝑒𝑚2𝑦 +  

 +𝐽15𝑒𝑚2𝑦 + 𝐽16𝑒𝑚4𝑦 + 𝐽17𝑒𝑚12𝑦),  

 𝜗(𝑦, 𝑡) = 𝑒𝑚2𝑦 + 𝜀𝑒𝑛𝑡(𝐷1𝑒𝑚2𝑦 + 𝐷2𝑒𝑚4𝑦),  

 𝐶(𝑦, 𝑡) =  𝐵1𝑒𝑚2𝑦 + 𝐵2𝑒𝑚6𝑦 + 𝜀𝑒𝑛𝑡(𝐵3𝑒𝑚6𝑦 + 𝐵4𝑒𝑚2𝑦 +  

 +𝐵5𝑒𝑚6𝑦 + 𝐷3𝑒𝑚2𝑦 + 𝐷4𝑒𝑚4𝑦).  

It is critical to compute the basic physical quantities of inter-

est, which are the local surface heat and mass flux. Using the 

temperature field in the boundary layer, we can calculate the lo-

cal surface heat flux, represented by the Nusselt number (Nu): 

 Nu =
𝑞𝑤

∗

𝑘(𝑇𝑤
∗ −𝑇∞

∗ )
   ⟹ Nu Re𝑥 = (1 +

4𝑅

3
) (

𝜕𝜗

𝜕𝑦
)

𝑦=0
  

 = (1 +
4𝑅

3
) [𝑚2 + 𝜀𝑒𝑛𝑡(𝑚2𝐷1 + 𝑚4𝐷2)],  

where Re𝑥 =  
𝑉0𝐿


. 

For the mass flux, we can calculate:  

 Sh =  (
𝜕𝐶

𝜕𝑦
)

𝑦=0
= 𝑚2𝐵1 + 𝑚6𝐵2 +   

                    +𝜀𝑒𝑛𝑡 (𝑚6𝐵3 + 𝑚2𝐵4 + 𝑚8𝐵5).  

3. Results and discussion  

Graphs are utilized in this section to visually present numerical 

outcomes, aiding in the comprehension of the underlying phys-

ical phenomena. The investigation primarily focuses on analyz-

ing velocity, temperature and concentration profiles across  

a spectrum of parameter values. Figures 2–19 are specifically 

generated for this purpose. Within these figures, Fig. 2 eluci-

dates the impact of the Grashof number (Gr) on velocity profiles. 

Gr represents the approximate ratio between thermal buoyancy 

and viscous forces exerted on a fluid; alterations in Gr lead to 

changes in buoyancy while concurrently influencing viscous 

forces. A reduction in fluid viscosity corresponds to a decrease 

in internal resistance, consequently resulting in an augmentation 

of fluid velocity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 shows how the modified Grashof number (Gm) af-

fects the velocity profiles. Gm is approximately the proportion 

of the buoyancy concentration to the viscous force acting on the 

fluid; a Gm increase leads to an enlarging buoyancy force while 

decreasing the viscous force. Viscosity is a type of internal re-

sistance that occurs when a fluid is in motion. As the fluid's vis-

cosity decreases, so does its internal resistance, increasing the 

velocity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Velocity profile for different values of Gr against y. 

 

Fig. 3. Velocity profile for different values of Gm against y. 
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The velocity is depicted in Fig. 4 for various permeability 

values (N). It is self-evident that as permeability increases, so 

does the peak velocity. Due to the increase in permeability, there 

are more and larger pathways available for fluid flow within the 

porous medium, this allows for greater fluid movement and 

higher velocities. Higher permeability reduces the pressure drop 

across the porous medium for a given flow rate. With less pres-

sure drop, there is less resistance to flow, enabling the fluid to 

move more freely and at high velocities. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The modifications of velocity profiles with the Prandtl num-

ber Pr are shown in Fig. 5. This explains the motion of fluid 

which slows the resultant velocity because of the rise in Pr. The 

Prandtl number is the relationship between two diffusions, mo-

mentum and thermal, and is described as the ratio of momentum 

diffusion and thermal diffusion. Enhancing the Prandtl number 

reduces the thermal diffusion, causing the thermal boundary 

layer to thin. As a result, Pr increases across the fluid's occupied 

region, and the resultant velocity decreases. It is reasonable be-

cause the fluid has a large Prandtl number and a greater viscosity 

due to its thickness.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 depicts the Soret number (So), which is observed to 

affect velocity profiles. This figure shows that as So increases, 

the velocity profiles increase, implying that the velocity of the 

fluid increases due to larger thermal diffusion. The effect of ther-

mal diffusion is visible in this figure, as the fluid flow is accel-

erated. 

The velocity profile with Schmidt number (Sc) values is de-

picted in Fig. 7. The velocity distribution will usually decrease 

as the Schmidt number increases. In terms of physics, a higher 

Schmidt number indicates a lower molecular diffusivity, result-

ing in a thinner momentum boundary layer. A decrease in veloc-

ity distribution with the increasing Sc number may be associated  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

with increased flow stability. The slower diffusion of mass can 

lead to more stable concentration profiles, which in turn can lead 

to more uniform flow and reduced velocity gradients.  

Figures 8 and 12 illustrate the impact of the heat source (Q) 

on velocity and concentration profiles. Figures 8 and 12 demon-

strate that as heat is produced, the buoyancy force enhances, as 

a result of which the velocity curves coincide and the flow rate 

increases, resulting in concentration profiles. The deviation of 

velocity distribution concerning the thermal radiation R, is 

shown in Fig. 9. This shows that as thermal radiation enlarges, 

the velocity within the boundary layer increases. The momen-

tum boundary layer thickness rises in proportion to the increase 

in thermal radiation. Temperature profiles for various heat 

source parameter (Q) settings are shown in Fig. 10. As shown in 

Fig. 10, increasing the heat source parameters reduces the tem-

perature profiles. As the heat source parameters increase, there 

is more thermal energy available to dissipate throughout the sys-

tem. This increased energy availability results in more efficient 

heat dissipation, leading to lower temperature gradients and re-

duced temperature profiles. 

Figure 11 depicts the effect of Prandtl number (Pr) on tem-

perature profiles. The Prandtl number is approximately the ratio 

of the kinematic viscosity and thermal diffusivity. Higher 

Prandtl values can aid in the reduction of thermal diffusiveness, 

which leads to a decrease in temperature profiles. It is clear from 

Fig. 13 that as the thermal radiation (N) is increased, the concen-  

 

Fig. 4. Velocity profile for different values of N against y. 

 

Fig. 5. Velocity profile for different values of Pr against y. 

 

Fig. 6. Velocity profile for different values of So against y. 

 

Fig. 7. Velocity profile for different values of Sc against y. 
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tration decreases. Higher N values cause the fluid concentration 

to be delayed. Similarly, for the concentration distribution: with 

the increasing Pr number, the  boundary  layer thickness  shrinks, 

which is shown in Fig. 14. 

Figure 15 illustrates the influence of the Schmidt number 

(Sc) on concentration profiles. It is observed that higher Sc val-

ues, representing lower diffusivity, lead to a reduction in con-

centration throughout the flow region. An increase in Sc corre-

lates with reduced solute diffusivity, limiting the dispersion of 

solute effects. Consequently, while the concentration within the 

flow region increases, the boundary layer thickness decreases, 

resulting in an overall reduction in concentration as Sc rises. The 

Soret effect is a phenomenon that occurs when the concentration 

distribution is influenced by a temperature gradient. In physical 

 

Fig. 8. Velocity profile for different values of Q against y. 

 

Fig. 9. Temperature profile for different values of R against y. 

 

Fig. 10. Temperature profile for different values of Q against y. 

 

Fig. 11. Temperature profile for different values of Pr against y. 

 

Fig. 12. Concentration profile for different values of Q against y. 

 

Fig. 13. Concentration profile for different values of R against y. 

 

Fig. 14. Concentration profile for different values of Pr against y. 
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terms, higher Soret numbers indicate a more pronounced tem-

perature gradient, leading to increased convective flow. Conse-

quently, the concentration distribution expands, as illustrated in 

Fig. 16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 illustrates the influence of radiation (R) on the heat 

transfer rate, represented by the Nusselt number (Nu). As the 

radiation parameter enlarges, the rate of heat transfer (Nu) de-

creases. This reduction occurs because increasing the radiation 

parameter can diminish the effectiveness of convective heat 

transfer. Radiation heat transfer tends to suppress convective 

heat transfer, especially in regions where radiation predomi-

nates. Consequently, an increase in the radiation parameter may 

lead to a decrease in the convective heat transfer coefficient, re-

sulting in lower overall heat transfer rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 18 showcases the effect of the Soret number (So) on 

the Sherwood number (Sh) on the porous plate. The findings 

demonstrate that augmenting the value of So leads to an increase 

in the Sherwood number, indicating enhanced mass transfer 

rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 depicts the impact of rotation parameters on fluid 

velocity. Increasing the rotation parameter decreases the fluid 

velocity. With a gradual increase in rotation, the fluid's velocity 

closely adheres to the boundary and gradually diminishes as the 

distance from the boundary increases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

The main focus of this study revolves around examining the in-

fluence of rotation on the magnetohydrodynamic unsteady heat 

and mass transfer flow of a convective, viscous fluid through 

a porous medium past a vertically moving plate. The governing 

equations are solved using the perturbation technique. The re-

sulting profiles, including the temperature, velocity and concen-

tration, are graphically presented and extensively discussed for 

various parameter configurations. The principal discoveries of 

this investigation are as follows: 

 The velocity increases as Gr, Gm, N, and So increase. 

Whereas the velocity decreases as the Pr, M, and Sc in-

crease. The velocity profiles are unaffected by the heat 

source parameter (Q). The heat source parameter repre-

sents an external heat input into the system, such as thermal 

 

Fig. 15. Concentration profile for different values of Sc against y. 

 

Fig. 16. Concentration profile for different values of So against y. 

 

Fig. 17. Nusselt number profile for different values of R against t. 

 

Fig. 18. Sherwood number for different values of So against t. 

 

Fig. 19. Velocity profile for different values of 𝛺 against y. 
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radiation. This heat input affects the temperature distribu-

tion within the fluid but does not directly exert a force on 

the fluid particles to change their velocity. Therefore, var-

iations in the heat source parameter do not directly alter the 

velocity profile; 

 The temperature increases as radiation enhances, while the 

temperature decreases as Pr and Q increase; 

 The rotation is increased gradually, and the fluid's velocity 

follows the boundary and is trivially far away from it. As 

the system rotates, the fluid near the boundary experiences 

a centrifugal force directed away from the axis of rotation. 

This centrifugal force causes the fluid to move tangentially 

along the boundary, following its curvature. The fluid ve-

locity along the boundary tends to be higher compared to 

the fluid velocity in the interior of the flow domain due to 

the influence of the rotating motion; 

 The Nu number reduces as R enlarges, while the Sh num-

ber enhances as the So number increases. 

Appendix 

In this Appendix, functions that appear in Eqs. (29)(34) are ex-

plained below: 

 𝛽1 = (
3+4𝑅

3Pr
),  

 𝑚2 = (
−1+√1+4𝑄𝛽1

2𝛽1
),  

 𝑚4 = (
−1+√1+4(𝑛+𝑄)𝛽1

2𝛽1
),  

 𝑚6 = −Sc,  

 𝑚8 = (
−Sc+√(Sc)2+4𝑛Sc

2
),  

 𝑚10 = (
−1+√1−4(2𝛺−𝑁)

2
),  

 𝑚12 = (
−1+√1+4(𝑁+𝑛+2𝛺)

2
),  

 𝐽1 = − (
Gr

𝑚2
2+𝑚2+(2𝛺−𝑁)

),  

 𝐽2 = − (
Gm𝐵1

𝑚6
2+𝑚6+(2𝛺−𝑁)

),  

 𝐽3 = − (
Gm𝐵2

𝑚10
2 +𝑚10+(2𝛺−𝑁)

),  

 𝐽4 = (𝑈𝑝 − 1 − 𝐽1 − 𝐽2 − 𝐽3),  

 𝐽6 = − (
𝐴𝐽4𝑚10

𝑚10
2 +𝑚10−(𝑁+𝑛+2𝛺)

),  

 𝐽7 = − (
𝐴𝐽1𝑚2

𝑚2
2+𝑚2−(𝑁+𝑛+2𝛺)

),  

 𝐽8 = − (
𝐴𝐽3𝑚6

𝑚6
2+𝑚6−(𝑁+𝑛+2𝛺)

),  

 𝐽9 = − (
𝐴𝐽2𝑚2

𝑚2
2+𝑚2−(𝑁+𝑛+2𝛺)

),  

 𝐽10 = − (
Gr𝐷2

𝑚4
2+𝑚4−(𝑁+𝑛+2𝛺)

),  

 𝐽11 = − (
Gr𝐷1

𝑚2
2+𝑚2−(𝑁+𝑛+2𝛺)

),  

 𝐽12 = − (
Gm𝐵5

𝑚2
2+𝑚2−(𝑁+𝑛+2𝛺)

),  

 𝐽13 = − (
Gm𝐵2

𝑚6
2+𝑚6−(𝑁+𝑛+2𝛺)

),  

 𝐽14 = − (
Gm𝐵4

𝑚2
2+𝑚2−(𝑁+𝑛+2𝛺)

),  

 𝐽15 = − (
Gm𝐷3

𝑚2
2+𝑚2−(𝑁+𝑛+2𝛺)

),  

 𝐽16 = − (
Gm𝐷4

𝑚4
2+𝑚4−(𝑁+𝑛+2𝛺)

),  

 𝐽17 = − (
1 + 𝐽7 + 𝐽8 + 𝐽9 + 𝐽6 + 𝐽11 + 𝐽10 +

+𝐽13 + 𝐽14 + 𝐽12 + 𝐽15 + 𝐽16
),  

 𝐷1 = − (
𝐴𝑚2

𝛽1𝑚2
2+𝑚2−(𝑛+𝑄)

),  

 𝐷2 = (1 − 𝐷1),  

 𝐷3 = − (
ScSo𝑚2

2𝐷1

𝑚2
2+Sc𝑚2−𝑛Sc

),  

 𝐷4 = − (
ScSo𝑚4

2𝐷2

𝑚4
2+Sc𝑚4−𝑛Sc

),  

 𝐵1 =
−Sc So𝑚2

𝑚2+Sc
,  

 𝐵2 = (1 − 𝐵1),  

 𝐵3 = − (
𝐴Sc𝑚6𝐵2

𝑚6
2+Sc𝑚6−𝑛Sc

),  

 𝐵4 = − (
𝐴Sc𝑚2𝐵1

𝑚2
2+Sc𝑚2−𝑛Sc

),  

 𝐵5 = (1 − 𝐵3 − 𝐵4 − 𝐷3 − 𝐷4).  
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