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Abstract: The combined impacts of thermal diffusion and thermal radiation on convection-free MHD 

heat-absorbing chemically reactive flow past an impulsively initiated inclined upright plate 

incorporating ramped velocity, ramped concentration, and ramped temperature are analyzed. This study 

presents a comparative assessment for both ramped and isothermal conditions. Leveraging the 

Heaviside step function, the unitless domain equations are tackled by implementing the Laplace 

transform technique. The influences of diverse embedded parameters on temperature, velocity, and 

concentration fields, as well as the momentum, mass, and heat transport rates, have been represented 

graphically and interpreted physically. Graphs are created with the help of MATLAB computing 

software. It is emphasized that an improved chemical reaction parameter lowers both velocity and 

concentration while simultaneously increasing the mass transport rate. Furthermore, an increase in the 

Soret effect enhances fluid velocity and concentration, showcasing a divergent behavior in mass transfer 

rate. Our analysis also reveals an intriguing finding: under both ramped and isothermal conditions, the 

ramped parameter escalates the fluid velocity near the plate; however, after a critical point, the trend 

reverses. This research holds substantial importance across various engineering fields, such as materials 

manufacturing, turbine heat transfer, and electronic circuit operations. 

Keywords: Soret effect; chemical reaction; ramped parameter; inclined plate; thermal radiation. 

Nomenclature: 𝐵⃗  magnetic flux density; C, molar species concentration (kmol/m3); B0 applied 

magnetic field strength (Weber/ m2); Cp specific heat (J/kgK); Cs concentration susceptibility 

({k(mol)2s2/m8}; Cꝏ free stream concentration (kmol/m3); CW plate concentration (kmol/m3); DM mass 

diffusivity (m2/s); KT thermal diffusion ratio; 𝑞  fluid velocity vector; g, acceleration due to gravity 

(m2/s); Sr Soret number;  thermal conductivity (W/mK); Gr, thermal Grashof number; 𝜌ꝏ fluid 

density outside the plate (kg/m3); J, heat absorption parameter; Gm, solutal Grashof number; 𝐽 ̅heat sink 

(W/m3K); 𝐾 chemical reaction rate (s-1); Ra ramped parameter; Tm mean fluid temperature (K); K 

chemical reaction parameter; N radiation parameter; 𝐽  current density vector; M magnetic parameter; p, 

pressure (N/m2); Sc Schmidt number; T temperature (K); qr radiation heat flux (W/m2); Pr Prandtl 

number; q* heat flux (W/m2); 𝑡̅ time (s); TW isothermal temperature for 𝑡̅ > 𝑡0, (K); t0 characteristic time 

(s); U0 plate velocity; 𝑢́velocity component along X-axis (m/s); Tꝏ undisturbed temperature (K); σ 

electrical conductivity (l/Ωm); ρ fluid density (kg/m3); σ* Stefan- Boltzmann constant (W/m2K4); 𝜌ꝏ 

fluid density outside the plate (kg/m3);  
 mean absorption coefficient (l/m); β coefficient of thermal 

expansion (J/kgK); μ coefficient of viscosity (kg/ms); β* coefficient of solutal expansion (l/kmol). 
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1. Introduction 

In recent decades, extensive research into the coupled effects of heat and mass transport 

on convection-free hydromagnetic flow has gained widespread interest due to its predominant 

role in science, engineering, and industrial disciplines. It is found in petroleum technology, 

chemical and agricultural engineering, and several other disciplines. Within this remarkable 

extensive research, certain studies stand out as particularly impactful. They are Veera Krishna 

[1], Kataria and Patel [2], Roy [3], Kumar et al. [4], Anwar et al. [5], Karmakar et al. [6], and 

so on. Recently, Dowerah et al. [7] systematically examined the MHD natural convective flow 

past an impulsively started infinite upright plate, incorporating thermal radiation, chemical 

reaction, and radiation absorption. Das et al. [8] investigated the heat-mass transmission 

mechanism of an electrically low-performing hybrid nanofluid (rGO-magnetite-water) near a 

vertically straightened Riga plate sensor with ramped temperature and concentration. 

Chemical reactions are integral to chemical engineering mechanisms, particularly in 

managing diverse heat and mass transport issues. The classification of chemical reactions into 

heterogeneous and homogeneous processes depends on whether they happen at an interface or 

within a single-phase volume. A chemical reaction involving a foreign mass and a fluid is a 

common occurrence in chemical engineering processes. Such processes are widely applied in 

polymer fabrication, food preparation, ceramics and glass crafting, and other similar industries. 

An elaborate assessment of this effect was undertaken by Sedki [9], Verma [10], Saikia and 

Ahmed [11], Kataria and Patel [12], Ibrahim and Suneetha [13], and Ali et al. [14]. In the 

presence of thermal radiation and chemical reaction, Das et al. [15] investigated the impact of 

slip condition and rotation on an unsteady MHD Darcy flow of a non-Newtonian Casson 

nanofluid past an infinite oscillating vertical plate with ramped temperature and concentration. 

The dynamics of a chemically reactive tri-hybridized nanofluid over a suddenly started vertical 

plate with ramped motion was studied by Ali et al. [16]. The study conducted by Ali et al. [17] 

analyzed an unsteady rotating MHD Darcy flow of a non-Newtonian hybrid nanofluid past an 

exponentially accelerated vertical plate under the influence of chemical reaction, velocity slip, 

Hall, and ion slip effects. 

The Soret effect describes the mechanism through which a thermal gradient causes 

mass flux. Even though the Soret effect is not as influential as the effect governed by Fick's 

law, it is frequently ignored in several investigations. Nonetheless, there are numerous 

situations where exceptions are permitted. The Soret effect is vital and inescapable in many 

cases, as highlighted by Eckert and Drake [18]. In light of the significant role of the Soret 

effect, several comprehensive surveys have been executed by Mopuri et al. [19], Raghunath 

[20], Agrawal and Panda [21], Goud and Reddy [22], etc. Recently, Gohain et al. [23] explored 

MHD free convective flow past an upright plate, including ramped velocity and concentration 

under the impact of the Soret effect. 

An object emitting electromagnetic waves as a consequence of its temperature is known 

as thermal radiation. Thermal radiation is released by all objects possessing a temperature 

higher than absolute zero (-273.15°C or 0K). Various industrial processes, such as space 

missions, archaeology, aeronautics, power production, and astrophysics, utilize radioactive 

flows. Research initiatives such as Endalew and Nayak [24], Ullah et al. [25], Das et al. [26], 

Yedhiri et al. [27], Ahmmed et al. [28], Ali et al. [29] examined various dimensions of the 

thermal radiation effect. Patel has inspected the impact of radiation on the MHD flow of 

micropolar fluid between two upright walls [30]. Ali et al. [31] explored the influence of 
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thermal radiation on the MHD gyrating stream of a non‐Newtonian modified hybrid nanofluid 

past a vertical plate with ramped motion, Newtonian heating, and Hall currents. Das et al. [32] 

conducted a research investigation to analyze the effects of thermal radiation and heat 

generation on MHD non-Newtonian fluid flow with ramped movement. 

The principal focus of this ongoing study is to explore the impacts of the Soret effect, 

radiation, chemical reaction, and heat sink on the convection-free MHD flow past a suddenly 

started inclined upright plate. Based on the author’s assessment, no existing studies delve into 

the concurrent implementation of ramped velocity, ramped plate temperature, and ramped 

concentration on MHD flow past an impulsively initiated inclined upright plate. The 

incorporation of thermal diffusion, thermal radiation, chemical reaction, and heat-absorbing 

effects on MHD free convective flow past an impulsively initiated inclined vertical plate, along 

with the simultaneous implementation of ramped conditions, sets our manuscript apart from 

previously proposed models, highlighting the novelty of our investigation. 

2. Basic Equations with Assumptions  

2.1. Basic equations. 

The computational model that simulates the time-independent, viscous, incompressible 

MHD convective flow of chemically reactive fluid with radiation and heat absorption is: 

Continuity equation (Das et al. [26]): 

. 0.q =                                             (1) 

Gauss’s law in magnetostatics (Das et al. [26]): 

. 0.B =                                              (2) 

Electric current density (Das et al. [26]): 

( ).J E q B= +                                  (3) 

Momentum equation (Das et al. [26]): 

                      ( ) 2. .
q

q q p J B g q
t

  
 

+  = − +  + +   
  (4) 

Energy equation (Das et al. [26]): 

                   ( ) ( )2. . .p r

T
C q T T J T T q

t
  

 
+  =  + − −  

  (5) 

Species continuity equation (Das et al. [26]): 

                           ( ) ( )2 2. .M T
M

m

D KC
q C D C K C C T

t T



+  =  + − + 


  (6) 

Equation of state: 

( ) ( )1 .T T C C    

  
 = + − + −         (7) 

As estimated by Das et al. [26], the radiative heat flux rq is as follows: 

44

3
rq T








= −                                                 (8) 

As per the assumption, the temperature variation stays minimal across the fluid flow. 

This allows us to represent 
4T as : 

 
44 3 4( ) 4 3 .T T T T T T T   = + −  −                   (9) 

By applying equations (8) and (9), equation (5) is simplified as: 
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( ) ( )
3

2 216
. .

3
p

TT
C q T T J T T T

t


 






 

 
+  =  + − +   

      (10) 

Symbol specifications are outlined in the nomenclature section. 

2.2. Basic assumptions. 

The following key assumption guides our analysis: 

• All fluid properties are maintained as constants, except for density in the buoyancy 

term. 

• With a low magnetic Reynolds number assumption, the induced magnetic field is 

excluded from our analysis. 

• External electric field effects are disregarded. 

• The plate is electrically insulated. 

• & C .w wT T C    

3. Problem Formulation 

The cartesian coordinate system is positioned in such a way that the 𝑥́-axis is angling 

straight upwards, which is inclined at an angle  with the vertical, the 𝑦́-axis is normal to the 

plate, and the 𝑧́-axis is extending along the plate’s width. Let the magnetic field ( )00, ,0B B=  

be oriented parallel to the y-axis and ( ,0,0)q u= be the fluid velocity. Figure 1 outlines the 

physical structure of our model. 

 
Figure 1. Geometric configuration. 

Equation (4) becomes: 
2

2

02
ˆ ˆ ˆ ˆ ˆ ˆcos .

u u p p
i i g i i j B u i

t y x y
    

      
= − − + − 

      
           (11) 

By aligning the coefficients î , we obtain: 
2

2

02
cos .

u u p
g B u

t y x
    

   
= − − −

   
                                                   (12) 

In the fluid domain remote from the plate, Equation (12) reduces to: 
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0 cos
p

g
x

 


= − −


                                            (13) 

Using Equations (7) and (13), Equation (12) reduces to: 

( ) ( )
22

0

2
cos cos .

B uu u
g T T g C C

t y


    





 

  
= − − + − −

 
            (14) 

Equation (10) becomes: 

( )
32 2

2 2

16
.

3
p

TT T T
C J T T

t y y


 






 

  
= + − +

   
                                       (15) 

Equation (6) becomes: 

( )
2 2

2 2
.M T

M

m

D KC C T
D K C C

t y T y


  
= + − +

   
                                           (16) 

The introductory boundary restrictions (Gohain et al. [23]):  

0
0

0 0 0

0 0

0 : 0, , , for 0,

, , , for 0 ,
At 0:

, , ,

As : 0, , 0.

 

w w

w w

y u T T C C t

U t T T C C
u T T t C C t t t

t t ty

u U T T C C t t

y u T T C C t

 

 
 

 

   = = =  


− −  = = + = +   
 =  

  = = =   
  → → → →   

    (17) 

Establishing the non-dimensional parameters as: 

0

,
u

u
U


=

0 0

,
y

y
U t


=

2

0

2

0

,
B

M
U

 


=

( )
3

0

Gr ,
wg T T

U

  −
=

( )
3

0

Gm ,
wg C C

U

  

−
= ,

w

T T

T T
 



−
=

−

,
w

C C

C C
 



−
=

−
Pr ,PC


= Sc ,

MD


=

2

0
0 ,

U
Ra t


=

3
,

4
N

T











=
0,K Kt=

( )

( )
Sr ,

M T w

m w

D K T T

T C C





−
=

−

0

,
t

t
t

= 0 .
p

Jt
J

C
=                                      

Adopting the above unitless parameters, equations (14), (15), and (16) becomes: 
2

2

1
Gr cos Gm cos ,

u u
Ra Ra MuRa

t Ra y
   

 
= + + −

 
     (18) 

2

2
,

Pr
J

t Ra y

 


  
= −

 
                                                   (19) 

2 2

2 2

1 Sr
.

Sc
K

t Ra y Ra y

  


  
= − +

  
                                   (20) 

where

4
1

3N
 = +

. 

In a dimensionless layout, the introductory boundary restrictions are: 

0 : 0 ; for 0,

; for 0 1,
At 0 :

1 ; 1,

As : 0, 0, 0 ; 0.

y u t

u t t
y

u t

y u t

 

 

 

 

  = = =  


= = =   
=  

= = =   
→ → → →   

                                       (21) 
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4. Solution Methodology 

Solving the issue with precision necessitates using the Laplace transform technique on 

both the equations (18)-(20) and restrictions (21), yielding the following solutions: 
2

2 2

2
( ) Gr cos Gm cos ,

d u
Ra s M u Ra Ra

dy
   − + = − −                    (22) 

( )
2

2
0,

d
J s

dy


− + =                                                                     (23) 

( )
2 2

2 2
Sc SrSc .

d d
Ra s K

dy dy

 
− + = −                                                (24) 

Where 

Pr
.

Ra
 =

  

Subject to the restrictions: 

0At 0 : ,

As : 0, 0, 0.

y u S

y u

 

 

= = = = 


→ → → → 
                                                     (25) 

Where 
( )0 2

1
1 .sS e

s

−= −
 

Solutions of the equations (22)-(24) under the restrictions (25) are as follows: 

( )
0 ,

s J y
S e

−  +
=                                                                                (26) 

( ) ( ) ( )Sc

0 1 1 ,
Ra s K y s J y

S AS e AS e
− + −  +

= + −                                         (27) 

( ) ( ) ( )Sc( )

0 5 2 3 5 2 3 .
s J y Ra s K yRa s M y

u S S N S e S e N S e
−  + − +− +

= − − + +        (28) 

Upon performing the Laplace inverse transformation on Equations (26)-(28), the 

resulting expressions for dimensionless energy  , concentration  , and velocity u are obtained 

as follows: 

1, =                                                                                         (29) 

2 4 6 ,A A   = + −                                                                       (30) 

1 2 3.u u u u= + +                                                                             (31) 

4.1. Skin friction. 

The momentum transport rate is given by: 

 ( )1 2 3

0

.
y

u

y
   

=


= − = − + +

 
           (32) 

4.2. Nusselt number. 

 1

0

Nu .
y

y



=


= − = −

 
           (33) 
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4.3. Sherwood number. 

( )2 4 6

0

Sh .
y

A A
y



=


= − = −  +  − 

              (34) 

5. Results and Discussion 

To understand the physical mechanisms governing the current issue, a parametric 

evaluation has been executed, and the computed outcomes for dimensionless velocity, 

concentration, temperature, the coefficient of viscous drag, Sherwood, and Nusselt numbers 

are illustrated in the accompanying graphs. While conducting this investigation, the Prandtl 

number Pr=0.71 and Schmidt number Sc=0.60, representing air as solvent and water-vapor as 

solute, respectively, have been consistently kept fixed. 

The influences of Soret number Sr, magnetic parameter M, ramped parameter Ra, 

chemical reaction parameter K, angle of inclination  , solutal Grashof number Gm, thermal 

Grashof number Gr, and radiation parameter N on the dimensionless velocity are illustrated in 

Figures 2-9. Figure 2 depicts that the fluid velocity u rises as a result of increasing Sr for both 

t<1 and t>1 conditions. This suggests that a rise in Sr enhances molecular diffusivity, boosting 

the fluid velocity.  

 

 
                                  Figure 2. u influenced by Sr. 

 

In both t<1 and t>1 scenarios, an increase in M leads to a reduction in fluid velocity, as shown 

in Figure 3. The decrease in velocity is attributed to the transverse magnetic fields, which 

generate a resistive force (Lorentz force) that counteracts and impedes the flow.  

 
Figure 3. u influenced by M. 
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According to Figure 4, in both t<1 and t>1 cases, the velocity profile initially rises near the 

plate with the increasing ramped parameter, followed by a trend reversal after a critical point.  

                                
                                                  Figure 4. u influenced by Ra. 

 Figure 5 highlights that the fluid velocity drops as the value of K upsurges for both conditions 

of t. The advancement in the chemical reaction parameter decreases the concentration field, 

thereby reducing the buoyancy effects driven by the concentration gradient, causing a drop in 

velocity.  

                               
Figure 5. u influenced by K.                                   

Figure 6 indicates that as the angle of inclination grows, the velocity decreases for both t<1 and 

t>1 scenarios.  

 
Figure 6. u influenced by  . 
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It is clear that in both t<1 and t>1 conditions, the velocity accelerates with the expansion 

of Gm, as displayed in Figure 7. This outcome can be ascribed to either enhanced buoyancy 

force or diminished fluid viscosity. 

 

 
Figure 7. u influenced by Gm. 

It is visible from Figure 8 that when t<1, the velocity increases as the value of Gr climbs, 

but after reaching a critical point, the behavior reverses. Conversely, when t>1, the fluid 

velocity increases for Gr. 

 

 
Figure 8. u influenced by Gr. 

In the case of t<1, there is an increment in fluid velocity as the value of N increases. 

However, for t>1, we observe a contrasting behavior in velocity, as reflected in Figure 9. 

 
Figure 9. u influenced by N. 

Figures 10-12 present the configuration of the temperature profiles for heat sink 

parameter J, radiation parameter N, and ramped parameter Ra. The pattern observed in the 
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figures is unaffected by whether the plate is in an isothermal (t>1) or in a ramped state (t<1). 

Figure 10 displays that the temperature reduces as the value of J upsurges. This behavior is 

attributable to the natural tendency for the temperature to drop when energy is absorbed by the 

sink. 

 
Figure 10.  influenced by J. 

Figure 11 depicts how a surge in radiation parameters leads to a comprehensive decline 

in temperature profile. Radiation is known to decrease temperature in practical systems. This 

result aligns with the scientific understanding that radiation leads to a reduced temperature 

profile.  

 
Figure 11. influenced by N. 

The intensification of Ra declines the fluid temperature, as demonstrated in Figure 12. 

A rise in Ra suggests a drop in kinematic viscosity, as lower fluid friction leads to a decline in 

temperature. This observation is consistent with the principle that greater friction leads to 

higher fluid temperatures. 

                 

                      
Figure 12.   influenced by Ra. 
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      The variations in the concentration profile under the impacts of thermal diffusion Sr, 

ramped parameter Ra, and chemical reaction parameter K are plotted in Figures 13-15. A 

detailed look at the figures shows that the flow patterns do not differ between t>1 and t<1 

conditions. Figure 13 shows that the concentration profile increases with an improved Soret 

number. A higher Soret number reflects a more pronounced temperature gradient compared to 

the composition gradient.  

                                
   Figure 13.  influenced by Sr. 

As a result, this heightened temperature gradient causes an elevation in fluid 

concentration. Figure 14 reveals a decline in the concentration profile as the ramped parameter 

Ra escalates.  

 
Figure 14.  influenced by Ra. 

The heightened chemical reaction parameter K diminishes the fluid concentration, as 

shown in Figure 15. The intensification of the chemical reaction causes the concentration 

boundary layer to thin, thereby reducing the fluid concentration. 
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Figure 15.   influenced by K. 

Figures 16-19 exhibit the behaviors of the skin friction coefficient under the influences 

of ramped parameter Ra, Soret number Sr, angle of inclination  , and chemical reaction 

parameter K. It is noticeable from Figures 16 and 17 that the viscous drag increases as the 

values of Ra and Sr increases, however, for rising value of  declines the drag force, as 

reflected in figure 18. It is apparent from Figures 16 and 17 that the viscous drag lessens as the 

parameters Ra and Sr increase. 

 
Figure 16.  influenced by Ra. 

 
Figure 17.  influenced by Sr. 
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However, Figure 18 highlights that a higher   causes a reduction in drag force. Figure 

19 illustrates that as K improves, skin friction increases until a critical point is reached, after 

which a downward trend is monitored.  

 
Figure 18.  influenced by  . 

 

Figure 19.  influenced by K. 

The Nusselt number for various values of ramped parameter Ra, radiation parameter N, 

and heat sink parameter J are illustrated in Figures 20-22. It is seen that the heat transfer rate 

increases with the rising values of Ra, N, and J. This can be elucidated by the observation that 

convection facilitates heat transfer more efficiently than conduction, resulting in an elevated 

Nusselt number as the values of Ra, N, and J increase. 

 
Figure 20. Nu influenced by Ra. 
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Figure 21. Nu influenced by N. 

 
Figure 22. Nu influenced by J. 

  The significances of ramped parameter Ra, chemical reaction parameter K, and Soret 

number Sr on mass transfer rate are presented in Figures 23-25. Figures 23 and 24 show that 

the mass transport rate increases with the intensification of both Ra and K. This can be 

attributed to the fact that convection accelerates mass transfer more effectively than diffusion, 

which in turn results in a higher Sherwood number with increasing Ra and K values. In contrast, 

Figure 25 demonstrates that the amplification of the Soret effect drastically decreases the 

Sherwood number. This is because diffusion promotes mass transfer more rapidly than 

convection, causing the Sherwood number to diminish with increasing Sr. 

 
Figure 23. Sh influenced by Ra. 
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Figure 24. Sh influenced by K. 

 
Figure 25. Sh influenced by Sr. 

5.1. Comparison and validation of results. 

A particular outcome from the present investigation is compared with the study of 

Reddy et al. [33] to verify the consistency of our findings. The variation of the concentration 

field under the influence of Schmidt number is presented in Figure 26. Figure 26 is compared 

with Figure 14 of Reddy et al. [33]. Figure 26 illustrates that an increasing Sc value enhances 

the concentration profile, consistent with the observation made in Figure 14 by Reddy et al. 

[33]. Additionally, the authors computed the numerical values of the Sherwood number for the 

current analysis and performed a comparison with the findings of Reddy et al. [33], which is 

demonstrated in Table 1. From the numerical data of the two models, it is noted that a rise in 

the chemical reaction parameter leads to an improved rate of mass transfer. These comparisons 

indicate a high level of agreement between the numerical and graphical solutions, which 

supports the accuracy and validity of the findings obtained using the current method. 

 
Figure 26.  influenced by Sc. 
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Table 1. Sherwood number when Pr=0.71, N=1, J=1, K=1, Sc=0.22. 

K 
Sh (when t=0.5) 

Work by Reddy et al. [34] Present work with Sr=0, Ra=1. 

0.2 0.173947 0.3866 

2 0.327404 0.4881 

5 0.498402 0.6287 

6. Conclusions 

This analysis primarily concentrates on the hydromagnetic-free convective flow with 

the Soret effect, thermal radiation, heat absorption, and chemical reaction when ramped 

conditions are implemented simultaneously. The significant outcomes from our study are 

summarized as follows: In the case of isothermal conditions, the amplitude of the velocity, 

concentration, and temperature fields appears higher compared to that under ramped 

conditions; The fluid velocity slows down with rising magnetic and chemical reaction 

parameters but speeds up with an increasing Soret number; Both concentration and temperature 

profiles declined drastically as the ramped parameter increased; The amplification of the heat 

sink and radiation parameters enhances the heat transport rate; The drag force is amplified due 

to the thermal diffusion effect. Meanwhile, the mass transport rate experiences the opposite 

effect; The momentum transfer rate rises in response to increasing chemical reaction 

parameters, but after reaching a critical point, a contrasting trend is reflected. 

Our study ignored the effects of porous media, inclined magnetic fluid, Joule heating, 

and frictional heating. Therefore, researchers can extend this work by incorporating these 

aforementioned effects. 
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