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The chemical response and the collective buoyancy effects of thermal and mass diffusion 

in magnetohydrodynamic (MHD) convection are analyzed on an infinite vertical surface 

with porous material that emits gas as it rises. This study investigates how the governing 

equations perform under a broad range of stringent conditions, incorporating subjective 

considerations such as determining which factor dominates—suction velocity or Hall 

current strength. Ancillary currents were also considered to provide a comprehensive 

analysis. The governing equations for liquid flow were solved using the perturbation 

technique, yielding results in terms of temperature, concentration, and velocity fields. 

Dimensionless profiles of temperature, velocity, and concentration are graphically 

presented for various parameter values. It is observed that an increase in the Dufour number 

leads to higher primary and secondary velocities, as well as increased temperature. 

Conversely, primary and secondary velocities decrease with an increase in the chemical 

reaction number and magnetic field strength. 
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1. INTRODUCTION

Today a lot of experts are focusing on the qualities of how 

liquids move. Beneficial for many different uses in technology 

and healthcare. "And more attention will be given to how it 

works in different types of liquid flows." Some of these 

functions are used in the fields of Metrology and Solar 

Physics. Later on, many different industries have experienced 

growth and success in MHD flow. Kumar et al. [1] discussed 

their insights regarding unstable MHD with the potential 

impact of the Hall effect on a vertical plate that can move 

instantaneously along with other effects. Kumaresan and 

Kumar [2] conducted a study to review Walter's liquid-B 

model for magnetic fluid flow on a plate, including the effects 

of species diffusion and uniform temperature. Jain and 

Choudhary [3] thoroughly studied how heat and magnetic 

fields affect the flow of particles in Thermophoretic MHD 

Flow, examining the roles of Soret and Dufour effects in 

temperature transport and also considering chemical reactions 

on a non-linear expanding surface. Gangadhar et al. [4] 

provided a brief discussion about MHD nanofluid flow with 

Newtonian heating via a stretchable sheet. Chu et al. [5] 

discussed hybrid nanofluids MHD flow via a sloping platform 

with a porous medium. Prabhakar Reddy and Sademaki [6] 

studied the flow of MHD Casson liquid with Newtonian 

heating through a porous plate that moves up and down. 

Magnetohydrodynamics, which involves heat absorption, 

has caught the attention of engineers and academics due to its 

applications in various fluid flows in both nature and industry. 

Kabir and Al Mahbub [7] provided a theoretical explanation 

of how the movement of particles due to heat affects the flow 

of a fluid with heat generation when a magnetic field is 

applied. Sinha and Mahanta [8] conducted parametric research 

on MHD unsteady flow with mass and heat transport. 

Gangadhar et al. [9] discussed dual solutions in Casson fluid 

flow. Subhakar et al. [10] examined heat production in MHD 

flow in a stationary ambient fluid on a movable non-isothermal 

plate in a vertical position. Sandhya et al. [11] explained 

constant MHD flow with emission and the impact of a 

temperature gradient on a permeable medium. Das et al. [12] 

attempted to study how Casson fluid reacts to factors like 

chemical reactions, heat absorption, and thermal radiation 

emission. Nihaal et al. [13] briefly demonstrated the presence 

of thermal emission in a type of liquid called MHD 
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viscoelastic fluid, which also includes the concentration of 

different substances. 

Several investigators have focused on the effects of 

chemical reactions and radiation in fluids. Chemical reactions 

can be replicated as two different processes: homogeneous or 

heterogeneous, based on phases. In the homogeneous reaction, 

species generation is identical to its internal source of heat 

generation. Choudhury and Ahmed [14] addressed the issue 

with analytical research on MHD convective flow using a 

vertical plate with a chemical reaction and heat sink, as well 

as a consistent attractive field placed transversely on the same 

plate. Choudhury and Das [15] deliberated their viewpoints 

regarding the utilization of suction velocity via chemical 

reaction to a vertical porous plate in a viscoelastic flow with 

MHD. The studies [16-18] provided a clear depiction of MHD 

through fluids by coupling momentum, energy, and mass with 

one another using the diffusion equation. Khan et al. [19] were 

motivated to study the effects of chemical reactions on MHD 

Micropolar liquid considering double stratification. 

The Dufour effect occurs when there is a flow of heat caused 

by a difference in chemical potential. Extensive studies have 

been conducted on this gas phenomenon. However, due to the 

small impact it has, accurate measurements of the Dufour 

effect in liquids have only been conducted recently. Dagana 

and Amos [20] aimed to present some discoveries about MHD 

free flow with the Dufour effect and the effects of chemical 

reactions. The research of Podder and Samad [21] has been 

expanded to investigate how the Dufour effect affects a non-

Newtonian fluid on a constantly affecting sheet with a 

consistent exterior heat source. Srinivasacharya and Reddy 

[22] shared an inspiring piece about mixed convection with the 

Dufour effect and varying wall temperature in a power-law 

fluid. Jah and Sarki [23] thoroughly deliberated how the 

Dufour effects impact the flow of fluid on a porous plate. Some 

of the related studies to the present investigation are pragmatic 

in the studies [24-29]. 

Hall effect sensing is now used in industries to control 

hydraulic valves. Instead of traditional mechanical levers, Hall 

effect joysticks are being used for contactless sensing. 

Different types of vehicles such as mining trucks, backhoe 

loaders, cranes, diggers, and scissor lifts utilize this technology 

for various tasks. Recently, the Hall effect has become crucial 

in determining how the Hall parameter affects entropy 

generation and electrical conductivity. VeeraKrishna et al. 

[30] studied how Hall effects impact the movement of a 

second-grade fluid between two vertical plates. The flow was 

unsteady and possessed magnetic properties, with the fluid 

moving due to natural forces and a porous material present 

between the plates. 

Obulesu et al. [31] researched the impact of Hall current on 

the flow of liquid metal past a porous surface, examining how 

thermal radiation, chemical reactions, and heat production or 

absorption influenced the flow. VeeraKrishna and Chamkha 

[32] investigated how Hall effects affect the flow of a second-

grade fluid through a porous medium with varying wall 

temperature and external concentration. Researchers, 

including Khlaf et al. [33], have studied how the Hall effect 

influences flow when various physical factors are present. The 

scholarly discourse conducted by the studies [34-41], delved 

into the intricate phenomenon of the Hall effect on MHD flow, 

elucidating its manifold applications within the realm of fluid 

dynamics. 

The studies mentioned did not take into account the Dufour 

effect and radiation absorption when Hall currents, chemical 

reactions, and heat sources/sinks were present. This paper 

aims to discuss the Dufour effect and radiation absorption in 

the presence of Hall currents, chemical reactions, and heat 

sources/sinks. This paper is a continuation of the work of 

Obulesu and Prasad [37], considering how the flow of liquid 

metal is affected by Hall currents as it passes through a porous 

plate, including factors like thermal radiation, chemical 

reactions, heat generation/absorption, radiation absorption, 

and the Dufour effect. 

 

 

2. FORMULATION OF THE PROBLEM 

 

Figure 1 shows the movement of a fluid that conducts 

electricity over a vertical plate that never ends. This plate can 

absorb heat and has different levels of suction. In this study we 

also looked at the Dufour effect and how radiation is absorbed. 

The horizontal line on the plate is called the x-axis while the 

vertical line is called the y-axis. 

 

 
 

Figure 1. Schematic diagram of the physical model 

 

We will focus on these conditions during our investigation. 

•The magnetic field that is created can be ignored because 

the magnetic field applied sideways and the attractive 

Reynolds number are very low for metal liquids and partly 

ionized fluids. There is no electric meadow because no voltage 

is applied. The Hall effect is studied to understand how strong 

the magnetic field is. 

•The fluid's temperature is controlled by an energy equation 

that includes radiative heat flow heat source/sink the Dufour 

effect radiation absorption and a species concentration 

equation that involves a first-order substance response. 

According to Boussinesq’s approximation and boundary 

layer theory the equations that control the issue we are looking 

at are: 

Continuity equation: 

 

𝜕
𝑉 ∗

𝜕𝑦 ∗
= 0 (1) 

 

Momentum equation: 

 

𝜕
𝑢 ∗

𝜕𝑡 ∗
+ 𝑉 ∗ 𝜕

𝑢 ∗

𝜕𝑦 ∗
= 𝜕

𝑈 ∗

𝜕𝑡 ∗
+ 𝜗𝜕2

𝑢 ∗

𝜕𝑦 ∗2
 

+𝑔𝛽(𝑇 ∗ −𝑇∞ ) + gB(𝐶 ∗ −𝐶∞ ) 

−
𝜎𝐵0

2

𝜌(1 + 𝑚2)
(𝑢 ∗ −𝑈 + mw) −

𝜗

𝐾
(𝑢 − 𝑈) 

(2) 
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𝜕
𝑤 ∗

𝜕𝑡 ∗
+ 𝑉 ∗ 𝜕

𝑤 ∗

𝜕𝑦 ∗
= 𝜗𝜕2

𝑤 ∗

𝜕𝑦 ∗2
 

+
𝜎𝐵0

2

𝜌(1 + 𝑚2)
[𝑚(𝑢 ∗ −𝑈) − 𝑤] −

𝜗

𝐾
𝑤 

(3) 

 

Energy equation: 

 

𝜕
𝑇 ∗

𝜕𝑡 ∗
+ 𝑉 ∗ 𝜕

𝑇 ∗

𝜕𝑦 ∗
=

𝐾

𝜌𝐶𝑝

𝜕2
𝑇 ∗

𝜕𝑦 ∗2
−

1

𝜌𝐶𝑝

𝜕
𝑞𝑟 ∗

𝜕𝑦 ∗
 

−
𝑄

𝜌𝐶𝑝

(𝑇 ∗ −𝑇∞ )  +
𝑄1

𝜌𝐶𝑝

(𝐶 ∗ −𝐶∞ ) +
𝐷𝑚

𝜌𝐶𝑝

𝜕2
𝐶 ∗

𝜕𝑦 ∗2
 

(4) 

 

Concentration equation: 

 

𝜕
𝐶∗

𝜕𝑡∗
+ 𝑉 ∗ 𝜕

𝐶∗

𝜕𝑦∗
= 𝐷𝜕2 𝐶∗

𝜕𝑦∗2 − 𝐾𝑐(𝐶 ∗ −𝐶∞ )  (5) 

 

The appropriate border line circumstances are given as 

follows: 

 

 

𝑢 ∗ 0, 𝑤 ∗ 0, 𝑇 ∗ 𝑇𝑤 , 𝐶 ∗ 𝐶𝑤  at 𝑦 = 0 

𝑢 ∗→ 𝑈(𝑡), 𝑤 ∗→ 0, 𝑇 ∗→ 𝑇∞ , 𝐶 ∗→ 𝐶∞  as 𝑦 → ∞ 
(6) 

 

The plate is subjected to a time-dependent variable suction 

velocity, allowing us to replace 𝑉 = −𝑣0 (1 +
𝜀𝑒𝑖𝜔𝑡)(𝜀<<1). Where v0 is the steady suction velocity. 

When we talk about non-dimensional quantities, we are 

referring to specific measurements that do not have any units. 

 

𝑢 =
𝑢 ∗

𝑈0

, 𝑤 =
𝑤 ∗

𝑈0

𝑦 = 𝑣0

𝑦 ∗

𝜗
, 𝑡 =

𝑡 ∗ 𝑣0
2

4𝜗
 

𝑇 =
𝑇 ∗ −𝑇∞

𝑇𝑤 − 𝑇∞

, 𝜆 =
𝐶 ∗ −𝐶∞

𝐶𝑤 − 𝐶∞

,Pr =
𝜇𝐶𝑝

𝐾
, 

zSc =
𝜗

𝐷
, 𝑀2 =

𝜎𝐵0
2𝜗

𝜌𝑣0
2 ,Gr =

𝜗𝑔𝛽(𝑇𝑊 − 𝑇∞ )

𝑈0 𝑣0
2

, 

Gm =
𝜗𝑔𝛽(𝐶𝑤 − 𝐶∞ )

𝑈0 𝑣0
2

, 𝐾1 =
Kv0

2

𝜗2
, 𝑈 =

𝑈 ∗

𝑈0

, 

Kr =
𝜗𝐾𝑐

𝑣0
2 , 𝑅 =

16𝜎𝑇∞
3

3κκ
, 𝑄 =

𝑄𝑣2

Kv0
2 , 

𝑅𝑎 =
𝑄1𝜈2(𝐶𝑤 − 𝐶∞ )

Kv0
2(𝑇𝑤 − 𝑇∞ )

,Du =
𝐷𝑚(𝐶𝑤 − 𝐶∞ )

𝐾(𝑇𝑤 − 𝑇∞ )
 

(7) 

 

We attain the subsequent equations in dimensionless 

appearance. 

 

1

4

𝜕𝐹

𝜕𝑡
− (1 + 𝜀𝑒𝑖𝜔𝑡)

𝜕𝐹

𝜕𝑦
−

𝜕2𝐹

𝜕𝑦2
 

+
𝑀2

1 + 𝑚2
(𝐹 − 𝑈)(1 − im) =

1

4

𝜕𝑈

𝜕𝑡
 

+Gr 𝑇 + Gm 𝜆 −
(𝐹 − 𝑈)

𝐾1

 

(8) 

 
Pr

4

𝜕𝑇

𝜕𝑡
− Pr(1 + 𝜀𝑒𝑖𝜔𝑡)

𝜕𝑇

𝜕𝑦
 

= (1 + 𝑅)
𝜕2𝛤

𝜕𝑦2
− 𝑄 𝑇 + 𝑅𝑎𝜆 + Du 

𝜕2𝜆

𝜕𝑦2
 

(9) 

 

Sc

4

𝜕𝜆

𝜕𝑡
− Sc(1 + 𝜀𝑒𝑖𝜔𝑡)

𝜕𝜆

𝜕𝑦
=

𝜕2𝜆

𝜕𝑦2
− Sc Kr 𝜆 (10) 

where, 𝐹 = 𝑢 + iw. 

The equivalent border line environment is 

 

𝐹 = 0 𝑇 = 1 𝜆 = 1 at 𝑦 = 0 

𝐹 = 𝑉(𝑡) 𝑇 → 0 𝜆 → 0 as 𝑦 → ∞ 
(11) 

 

 

3. METHOD OF SOLUTION 

 

To explain the curved Eqs. (8) to (10) with the given limits 

(11), we make the assumption that. 

 

𝐹 = (1 − 𝐹0) + 𝜀(1 − 𝐹1)𝑒𝑖𝜔𝑡 , 𝑈 = 1 + 𝜀𝑒𝑖𝜔𝑡 , 𝑇 

= 𝑇0 + 𝜀 𝑇1𝑒𝑖𝜔𝑡 , 𝜆 = 𝜆0 + ελ1𝑒𝑖𝜔𝑡  
(12) 

 

We will now substitute Eq. (8) with Eq. (10) and compare 

similar terms ignoring terms 𝜀 with higher orders, we obtain: 

Zero order terms: 

 

𝐹0
′′ + 𝐹0

′-(𝛼1 +
1

𝐾1

)𝐹0 = Gr𝑇0+Gm𝜆0 (13) 

 

(1 + 𝑅)𝑇0
′′ + Pr{𝑇0

′ − 𝑄𝑇0} = −Du𝜆0
′′ − Ra𝜆0 (14) 

 

𝜆0
′′ + Sc{𝜆0

′ -ScKr𝜆0} = 0 (15) 

 

First order terms: 

 

𝐹1″ + 𝐹1
′-(𝛼1 +

𝑖𝜔

4
+

1

𝐾1

)𝐹1 = −
𝜕𝐹0

𝜕𝑦
+ Gr𝑇1+Gm𝜆1 (16) 

 

(1 + 𝑅)𝑇1
′′ + Pr{𝑇1

′ − (𝑄 +
𝑖𝜔Pr

4
) 𝑇1} 

= −Pr
𝜕𝑇0

𝜕𝑦
− Du

𝜕2𝜆1

𝜕𝑦2
− Ra𝜆1 

(17) 

 

𝜆1″ + Sc{𝜆1
′ -Sc(Kr +

𝑖𝜔

4
)𝜆1} = −Sc

𝜕𝜆0

𝜕𝑦
 (18) 

 

The border line circumstances are 

 

𝐹0 = 1, 𝐹1 = 1, 𝑇0 = 1, 𝑇1 = 0, 
𝜆0 = 1, 𝜆1 = 0 at 𝑦 = 0 

𝐹0 → 0 𝐹1 → 0 𝑇0 → 0 𝑇1 → 0  
𝜆0 → 0 𝜆1 → 0 as 𝑦 → ∞ 

(19) 

 

In Eqs. (13) to (18), the primes show the changes in y. By 

solving Eq. (13) through Eq. (18) while considering the border 

line circumstances in Eq. (19), we find the solution. 
 

𝜆1 =
Sc𝐴1

𝑎1

(𝑒−𝐴1𝑦 − 𝑒−𝐴2𝑦) (20) 

 

𝜆0 = 𝑒−𝐴1𝑦 (21) 

 

𝑇0 = 𝑙1𝑒−𝐴3𝑦 − 𝑙2𝑒−𝐴1𝑦 (22) 
 

 

𝑇1 = 𝑙6𝑒−𝐴3𝑦 + 𝑙7𝑒−𝐴2𝑦 − 𝑙8𝑒−𝐴1𝑦 + 𝑙9𝑒−𝐴4𝑦 (23) 

 

𝐹0 = 𝑙12𝑒−𝐴5𝑦 + 𝑙10𝑒−𝐴3𝑦 + 𝑙11𝑒−𝐴1𝑦 (24) 

 

𝐹1 = 𝑙13𝑒−𝐴1𝑦 + 𝑙14𝑒−𝐴2𝑦 + 𝑙15𝑒−𝐴3𝑦 + 𝑙16𝑒−𝐴4𝑦 

+𝑙17𝑒−𝐴5𝑦 + 𝑙18𝑒−𝐴6𝑦 
(25) 

343



 

Substituting Eqs. (20)-(25) in Eq. (12) we obtain the speed, 

hotness and attentiveness meadow: 

 

𝐹 = [1 − (𝑙12𝑒𝐴5𝑦5 + 𝑙10𝑒−𝐴3𝑦 + 𝑙11𝑒−𝐴1𝑦)] 
+𝜀[1 − (𝑙13𝑒−𝐴1𝑦 + 𝑙14𝑒−𝐴2𝑦 + 𝑙15𝑒−𝐴3𝑦 

+𝑙16𝑒−𝐴4𝑦 + 𝑙17𝑒−𝐴5𝑦 + 𝑙18𝑒−𝐴6𝑦)]𝑒𝑖𝜔𝑡  

(26) 

 

𝑇 = 𝑙1𝑒−𝐴3𝑦 − 𝑙2𝑒−𝐴1𝑦 + 𝜀𝐵1(𝑙6𝑒−𝐴3𝑦 + 𝑙7𝑒−𝐴2𝑦  

−𝑙8𝑒−𝐴1𝑦 + 𝑙9𝑒−𝐴4𝑦)𝑒𝑖𝜔𝑡  
(27) 

 

𝜆 = 𝑒−𝐴1𝑦 − 𝐵2𝑒−𝐴1𝑦 

+𝜀
Sc𝐴1

𝑎1

(𝑒−𝐴1𝑦 − 𝑒−𝐴2𝑦)𝑒𝑖𝜔𝑡  
(28) 

 

Skin friction: 

 

𝜏 = (
𝜕𝐹

𝜕𝑦
)

𝑦=0

 

𝜏 = (𝐴3𝑙10 + 𝐴1𝑙11 + 𝐴5𝑙12) 

+𝜀(𝐴1𝑙13 + 𝐴2𝑙14 + 𝐴3𝑙15 + 𝐴4𝑙16 + 𝐴5𝑙17

+ 𝐴6𝑙18)𝑒𝑖𝜔𝑡 

(29) 

 

Rate of heat transfer: 

 

Nu = (−𝐴3𝑙1 + 𝐴1𝑙1) 

+𝜀(−𝐴3𝑙6 − 𝐴2𝑙7 + 𝐴1𝑙8 + 𝐴4𝑙9)𝑒𝑖𝜔𝑡 
(30) 

 

Rate of mass transfer: 

 

𝑆ℎ = −𝐴1 + 𝜀
ScA1

𝑎1

(𝐴2 − 𝐴1)𝑒𝑖𝜔𝑡

 
 (31) 

 

In Eqs. (29)-(31), A1 to A6 are mentioned in Appendix. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Velocity profiles 

 

From Figures 2 and 3, it is observed that as the magnetic 

field parameter increases, both the primary and secondary 

velocity fields decrease. When an oblique magnetic field is 

applied, it generates a Lorentz force that resists the flow of the 

fluid, thereby slowing it down. 

In Figures 4 and 5, the impact of the Grashof number (Gr) 

on the primary and secondary velocity profiles is described. 

The Grashof number measures the influence of thermal 

buoyancy on a fluid relative to its viscous force. As Gr 

changes, it enhances the buoyancy force while weakening the 

viscous forces. As the thickness of the fluid decreases, the 

internal resistance within the fluid also diminishes, causing the 

fluid to move faster. 

Figures 6 and 7 explain how changes in the Modified 

Grashof Number (Gm) affect fluid movement. A higher Gm 

indicates that the buoyancy force is stronger compared to the 

force of viscosity. When the fluid's thickness decreases, its 

internal resistance decreases, allowing the fluid to move more 

swiftly. 

The impact of the Hall effect on the primary and secondary 

velocities (u, w) can be observed in Figures 8 and 9. When the 

parameter m is increased in the boundary layer, the primary 

velocity (u) decreases while the secondary velocity (w) 

increases across the entire boundary layer area. This indicates 

that the Hall current accelerates the movement of the 

secondary fluid within the boundary layer. This acceleration is 

due to the Hall current inducing a secondary flow in the fluid, 

which in turn slows down the movement of the primary fluid 

in the same area. 

 

 
 

Figure 2. Influence of magnetic parameter on primary speed 

 

 
 

Figure 3. Influence of magnetic parameter on secondary 

speed 

 

 
 

Figure 4. Influence of Grashof number on primary speed 

 

 
 

Figure 5. Influence of Grashof number on secondary velocity 
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Figure 6. Impact of modified Grashof number on primary 

velocity 

 

 
 

 

Figure 7. Influence of modified Grashof number on 

secondary velocity 

 

 
 

Figure 8. Influence of hall parameter on primary velocity 

 

 
 

Figure 9. Influence of hall restriction on secondary rapidity 

 

In Figures 10 and 11, velocity profiles are displayed, 

showing variations with the Dufour number (Du). These 

figures indicate that the velocity increases as the Dufour 

parameter increases. 

In Figures 12 and 13, velocity profiles are displayed with 

variations in radiation absorption (Ra). These figures show 

that the velocity increases as radiation absorption increases. 

 

 
 

Figure 10. Impact of Dufour restriction on primary speed 

 

 
 

Figure 11. Influence of Dufour constraint on secondary 

speed 

 

 
 

Figure 12. Effect of radiation absorption parameter on 

primary speed 

 

 
 

Figure 13. Impact of radiation absorption parameter on 

secondary speed 

 

4.2 Temperature profiles 

 

Figures 14 to 18 illustrate the effects of various parameters 

such as Prandtl number (Pr), radiation parameter (R), heat 
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source parameter (Q), radiation absorption (Ra), and Dufour 

number (Du) on temperature distribution, respectively. 

Figure 14 shows how the Prandtl number, denoted as "Pr," 

affects temperature profiles. The Prandtl number measures the 

ease with which heat moves through a fluid compared to how 

easily the fluid flows. A higher Prandtl number can slow the 

rate at which heat spreads. When thermal diffusivity 

decreases, it indicates that a material is less effective at 

conducting heat relative to its capacity to store heat, leading to 

lower temperature profiles. 

Figure 15 demonstrates that higher values of the radiation 

parameter "R" increase the temperature profiles. Higher 

emission values enhance heat transport on the surface, thereby 

increasing the fluid's temperature. 

Figure 16 illustrates the impact of varying levels of heat 

source parameter "Q" on temperature. As Q increases, the 

temperature within the field decreases. The data show that an 

increase in Q thins the thermal boundary layer and evens out 

the heat distribution across the layer. Additionally, the heat 

source acts to lower the fluid's temperature. 

 

 
 

Figure 14. Impact of Prandtl number on temperature 

 

 
 

Figure 15. Radiation limitation's impact on temperature 

 

 
 

Figure 16. Heat source limitation's impact on temperature 

 
 

Figure 17. Temperature dependence of emission absorption 

limitation 

 

 
 

Figure 18. Dufour parameter's impact on temperature 

 

The thickness of the thermal boundary layer near a surface 

increase with greater radiation absorption. When the radiation 

absorption parameter "Ra" is high, both the buoyant force and 

the thickness of the thermal boundary layers increase. This 

occurs because there is more heat transfer by conduction than 

absorption. 

Figure 18 shows how the Dufour number (Du) affects 

temperature profiles. The Dufour effect occurs when heat 

flows due to a concentration gradient. When the Dufour effect 

is present, temperature profiles are higher than when it is 

absent. The flow near the boundary intensifies as the Dufour 

number increases, causing the thermal layer near the boundary 

to thicken due to Dufour effects. 

 

4.3 Concentration profiles 

 

The way the Schmidt number (Sc) affects the attentiveness 

curves is shown in Figure 19. The Schmidt number Sc shows 

how much momentum there is compared to how fast 

diffusivity spreads mass. It measures how well momentum and 

mass move through a boundary layer using diffusion in the 

hydrodynamic (velocity) and concentration (species) areas. 

An enlarge in the Schmidt number will lower the liquid's 

ability to diffuse mass resulting in a decrease in concentration 

profiles. 

Figure 20 illustrates how the chemical reaction factor 

impacts the concentration profiles. This review examines the 

results of a harmful substance response (Kr>0). As the 

substance response increases the concentration levels 

decrease. In simple terms a chemical reaction involves a lot of 

clashes that can lead to destructive outcomes. This basically 

increases the movement of large molecules and improves the 

process of transportation which then reduces the spread of 

fluid flow concentration. 

Table 1 shows that skin-friction (τ) decreases with an 

increase in Prandtl number (Pr), heat source parameter (Q), Kr, 

Schmidt number (Sc), and magnetic parameter (M), while it 
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increases with radiation absorption (Ra) and the Dufour effect 

(Du). 

Table 2 indicates that the rate of heat transport increases 

with rising values of Pr, Q, and η, and decreases with increases 

in radiation absorption (Ra) and the Dufour effect (Du). 

Table 3 observes that the rate of mass transfer increases 

when the values of the Schmidt number (Sc) and ξ are 

increased. 

 

  
  

Figure 19. Influence of Schmidt number on concentration Figure 20. Influence of chemical reaction constraint on 

attentiveness 

 

Table 1. Skin friction 

 
Pr Q Kr Sc M Du Ra Results of Obulesu [37] 𝝉 𝝉 (present) 

0.3       5.3187 5.3156 

0.5       5.2844 5.2112 

0.71       5.2481 5.1201 

 1.5      5.1007 4.9987 

 2      5.0617 4.9422 

 2.5      5.0285 4.9136 

  0.2     5.1337 5.0828 

  0.4     5.1128 5.0282 

  0.6     5.0969 4.9866 

  0.8     5.0838 4.9522 

   0.2    5.2483 5.1358 

   0.3    5.2475 5.1003 

   0.6    5.2469 4.9956 

    0.5   5.6120 5.5841 

    1   5.4818 5.4884 

    1.5   5.3269 5.2487 

    2   5.2203 5.1281 

     2  ... 5.3323 

     4  ... 5.5445 

     6  ... 5.7567 

      1 ... 6.9469 

      3 ... 10.3881 

      5 ... 13.8293 

 

Table 2. Rate of heat transfer 

 

Pr Q R Ra Du 
Results of Obulesu 

[37] Nu 

Nu 

(present) 

0.1     1.2759 1.2797 

0.5     1.5006 1.5755 

0.71     1.6309 1.4566 

7     7.2173 7.6218 

 2    1.9764 1.9014 

 3    2.2602 2.2893 

 4    2.5068 2.5094 

 5    2.7279 2.7926 

  0.5   1.6309 1.6566 

  0.6   1.6695 1.6784 

  0.7   1.7071 1.7042 

  0.8   1.7436 1.7343 

   1  ... -0.4566 

   3  ... -5.9269 

   5  ... -11.3971 

    2 ... -0.6254 

    3 ... -0.7941 

    4 ... -0.9629 

Table 3. Rate of mass transfer 

 
Sc ξ Results of Obulesu [37] Sh Sh (present) 

0.2  0.0347 0.0730 

0.3  0.0823 0.0888 

0.4  0.1321 0.1824 

 0.1 0.0440 0.0544 

 0.4 0.1123 0.1163 

 0.6 0.1861 0.1896 

 

 

5. CONCLUSIONS 

 

When the Grashof number modified Grashof number 

Radiation absorption constraint and Dufour restriction go up 

the primary and secondary velocities also enhance. 

The speed of the main and secondary flows reduces when 

the attractive restriction raises and the Hall effect is 

strengthened near the boundary layer. This causes the major 

pour speed to decrease as well as the secondary pour speed to 

have a overturn outcome on the main pour speed in the border 
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line sheet area. 

Hotness reduces through an enlarge in Prandtl number, heat 

absorption constraint with rising through enhances at emission 

(R), radiation absorption restriction (Ra) and Dufour effect. 

Concentration decreases with arising the values of Schmidt 

number, substance response. 

When the heat absorption substance reaction Schmidt 

number Prandtl number and attractive constraint increase the 

skin friction reduces significantly. Moreover, while the 

emission amalgamation restriction (Ra) and Dufour effect 

values go up the skin friction coefficient also goes up. 

The rate of heat transport raises with an add to Prandtl 

number, heat amalgamation restriction, emission restriction as 

well as also reverse effect from radiation absorption parameter 

(Ra) and Dufour effect. 

The rate of mass transport raises with an amplify Schmidt 

number, substance response limitation. 
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NOMENCLATURE 

 

C The fluid's species concentration; 𝐾.mol. m−3 

C∞ 
Concentration of species in the fluid distant from the 

plate; 𝐾.mol. 𝑚−3 

Cw Fluid species concentration close to the plate; 𝐾.mol 

𝐶𝑝  Temperature at constant pressure; 𝐽.Kg−1.𝐾−1 

𝐷𝑀  Diffusion of molecules in chemicals;  m−2.s−1 

𝜌  Density of the substance; Kg.m−3 

𝑔  Gravitational acceleration; m.s−2 
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𝑞𝑟  Radiative heat flux;  W.m−2 

T Temperature of the fluid; K 

T∞ Temperature outside of the plate's range; K 

Tw The plate's temperature;  K 

t Time 

𝑢 ∗  A speed component along x - axis;  m.s−1 

𝑣 ∗  A speed component along y - axis;  m.s−1 

𝑣  Velocity of the fluid; m.s−1 

𝑣0  Scale of the suction velocity; m.s−1 

M Magnetic field parameter 

m Hall parameter 

Du Dufour number 

 Radiation parameter 

Q Heat absorption parameter 

Ra Radiation absorption parameter 

Pr Prandtl number 

Gr Thermal Grashof number 

Gm Modified Grashof number 

Kr Chemical reaction parameter 

 

Greek symbols 

 

𝜇  Coefficient of viscosity; Kg.m−1.s−1 

𝜅  Temperature sensitivity; 𝑊.m−1.K−1 

𝜎  Conductivity of electricity; 
1

Ohm×𝑚
 

𝜗  Motion viscosity; m2.s−1 

𝛽  Coefficient of volume expansion; J.kg
−1

.K−1 
 

 

APPENDIX 

 

𝜂1 = (1 + 𝑅)𝑄 

𝛿1 = (1 + 𝑅) (𝑄 +
𝑖𝜔Pr

4
) 

𝛼1 =
𝑀2

1 + 𝑚2
(1 − im) 

𝛼2 = 𝛼1 +
1

𝐾1

 

𝛼3 = 𝛼1 +
𝑖𝜔

4
+

1

𝐾1

 

𝐴1 =
Sc + √Sc2 + 4Sc𝜉

2
 

𝐴2 =
Sc + √Sc2 + 4Sc(𝜉 +

𝑖𝜔
4

)

2
 

𝐴3 =
Pr + √Pr2 + 4𝜂1

2(1 + 𝜂)
 

𝐴4 =
Pr + √Pr2 + 4𝛿1

2(1 + 𝜂)
 

𝐴5 =
1 + √1 + 4𝛼2

2
 

𝐴6 =
1 + √1 + 4𝛼3

2
 

𝑎1 = 𝐴1
2 − ScA1 − Sc(𝜉 +

𝑖𝜔

4
) 

𝑎2 = (1 + 𝑅)𝐴1
2 − Pr𝐴1 − 𝑄𝑎3 = (1 + 𝑅)𝐴3

2 − Pr𝐴3 − (𝑄 +
𝑖𝜔Pr

4
) 

𝑎4 = (1 + 𝑅)𝐴2
2 − Pr𝐴2 − (𝑄 +

𝑖𝜔Pr

4
) 𝑎5 

= (1 + 𝑅)𝐴1
2 − Pr𝐴1 − (𝑄 +

𝑖𝜔Pr

4
) 

𝑎6 = 𝐴1
2 − 𝐴1 − 𝛼2𝑎7 = 𝐴3

2 − 𝐴3 − 𝛼2 

𝑎8 = 𝐴1
2 − 𝐴1 − 𝛼3𝑎9 = 𝐴2

2 − 𝐴2 − 𝛼3 

𝑎10 = 𝐴3
2 − 𝐴3 − 𝛼3𝑎11 = 𝐴4

2 − 𝐴4 − 𝛼3 

𝑎12 = 𝐴5
2 − 𝐴5 − 𝛼3𝑙2 =

Du𝐴1
2 + 𝑅𝑎

𝑎2

 

𝑙1 = 1 + 𝑙2𝑙3 = Pr𝐴3 

𝑙1𝑙4 =
DuSc𝐴1𝐴2

2 + 𝑅𝑎Sc𝐴1

𝑎1

 

𝑙5 =
𝑎1Pr𝐴1𝑙2 + DuSc𝐴1

3 + 𝑅𝑎Sc𝐴1

𝑎1

 

𝑙6 =
𝑙3

𝑎3

𝑙7 =
𝑙4

𝑎4

𝑙8 =
𝑙5

𝑎5

 

𝑙9 = 𝑙8 − 𝑙7 − 𝑙6 

𝑙10 =
Gr𝑙1

𝑎7

 

𝑙11 =
Gm − Gr𝑙2

𝑎6

 

𝑙12 = 1 − 𝑙10 − 𝑙11 

𝐵1 =
GmSc𝐴1

𝑎1

 

𝑙13 =
𝐴1𝑙11 + 𝐵1 − Gr𝑙8

𝑎8

 

𝑙14 =
Gr𝑙7 − 𝐵1

𝑎9

 

𝑙15 =
𝐴3𝑙10 + 𝑙6Gr

𝑎10

 

𝑙16 =
Gr𝑙9

𝑎11

 

𝑙17 =
𝐴5𝑙12

𝑎12

 

𝑙18 = 1 − (𝑙13 + 𝑙14 + 𝑙15 + 𝑙16 + 𝑙17) 
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