
Latin American Applied Research  51(3):159-163 (2021) 

https://doi.org/10.52292/j.laar.2021.615  159 

MHD POISEUILLE FLOW WITH SORET AND DUFOUR EFFECTS 

UNDER SLIP BOUNDARY CONDITIONS 

U. J. DAS 

 

Department of Mathematics, Gauhati University, Guwahati-781014, Assam, India. 

Email: utpaljyotidas@yahoo.co.in 

 

 

Abstract−− A steady MHD flow is analyzed in pres-

ence of Soret and Dufour effects with consideration of 

induced magnetic field under slip boundary condi-

tions. The walls of the channel are porous, isothermal 

and subjected to injection/suction at a constant veloc-

ity. The effects of various flow parameters on velocity, 

magnetic field intensity, temperature, concentration, 

skin friction, Nusselt number and Sherwood number 

are discussed.   
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I. INTRODUCTION 

The prediction of MHD channel flows with heat and 

mass transfer is encountered in many engineering and 

scientific applications. MHD channel flows are studied 

by various authors Soundalgekar and Bhatt (1984), Cox 

(1991), Makinde and Mhone (2005), Choudhury and Das 

(2012), Das (2017), Srinivas et al. (2018). The effects of 

Soret and Dufour can play an important role in many 

practical applications of areas such as chemical engineer-

ing and geosciences. In this line many authors Alam and 

Rahman (2006), Makinde (2011), Turkyilmazoglu and 

Pop (2012), Bilal et al. (2015), Hayat et al. (2018) have 

studied. The no-slip condition at the boundary surface is 

not valid in some physical situations. In this regard many 

authors Beavers and Joseph (1967), Khaled and Vafai 

(2004), Makinde and Osalusi (2006), Soltani and Yil-

mazer (1998), Adesanya and Makinde (2014), Mehmood 

and Ali (2007), Misra and Adhikary (2016) reported sev-

eral important phenomena.  Ahmed (2019) recently car-

ried out an analysis of heat and mass transfer on steady 

MHD Poiseuille flow in presence of induced magnetic 

field and Soret effect. Recently, Divya et al. (2019), 

Manjunatha et al. (2019, 2020) have studied the peristal-

tic flow of Jeffery fluid in channel with slip effects.  

The objective of the proposed work is to extend the 

study of Ahmed (2019) incorporating the thermal radia-

tion and Dufour effect under slip boundary conditions. 

The effect of slip is assumed to be Navier slip which de-

pends on shear stress at both the permeable walls as ap-

plied by Mehmood and Ali (2007).  

II. MATHEMATICAL FORMULATION 

Consider a steady laminar flow of an electrically con-

ducting, viscous, incompressible fluid between two per-

meable, isothermal, stationary walls. The walls are sepa-

rated at a distance 2𝑎 and subjected to a constant suction/ 

injection velocity. The 𝑥̅- axis is taken along the centre 

of the channel, 𝑦̅-axis perpendicular to it, and 𝑧̅-axis 

along the width of the walls (Fig. 1). Magnetic field of 

uniform strength 𝐻0 is imposed normal to the channel 

wall so that it produces an induced magnetic field 𝐻 =

(𝐻𝑥̅ , 𝐻𝑦̅ , 0) at a point (𝑥̅, 𝑦̅, 𝑧̅).  Navier boundary slip con-

dition assumes that the velocity, 𝑢̅, at the solid wall is 

proportional to the shear stress at the solid wall i.e. 𝑢̅ =

𝜆̅ 𝜕𝑢

𝜕𝑦̅
 where 𝜆̅  is slip parameter. Assuming the width of 

the walls is very large in comparison to the distance be-

tween the walls, the flow becomes two dimensional and 

the governing equations of the flow become (Ahmed, 

2019): 

 
𝜕𝑣̅

𝜕𝑦̅
= 0 ⇒ 𝑣̅ = −𝑉, (a constant) (1) 

 
𝜕𝐻𝑦̅

𝜕𝑦̅
= 0 ⇒ 𝐻𝑦̅ = 𝐻0, (a constant) (2) 

 𝜌 (𝜐
𝜕2𝑢

𝜕𝑦̅2 + 𝑉
𝜕𝑢

𝜕𝑦̅
) + 𝜇𝑒𝐻0

𝜕𝐻𝑥̅

𝜕𝑦̅
=

𝜕𝑃´

𝜕𝑦̅
= −𝑃̅,  (3) 

 𝜂
𝜕2𝐻𝑥̅

𝜕𝑦̅2 + 𝑉
𝜕𝐻𝑥̅

𝜕𝑦̅
+ 𝐻0

𝜕𝑢

𝜕𝑦̅
= 0,  (4) 

 −𝜌𝐶𝑝𝑉
𝜕𝑇

𝜕𝑦̅
= 𝜅

𝜕2𝑇

𝜕𝑦̅2 +
1

𝜎
(

𝜕𝐻𝑥̅

𝜕𝑦̅
)

2

−
𝜕𝑞𝑟

𝜕𝑦̅
 + (5) 

 𝜇 (
𝜕𝑢

𝜕𝑦̅
)

2

+
𝜌𝐷𝑚𝐾𝑇

𝐶𝑠

𝜕2𝐶

𝜕𝑦̅2, 

 −𝑉
𝜕𝐶

𝜕𝑦̅
= 𝐷𝑚

𝜕2𝐶

𝜕𝑦̅2 +
𝐷𝑚𝐾𝑇

𝑇𝑚

𝜕2𝑇

𝜕𝑦̅2, (6) 

with boundary conditions (Mehmood and Ali, 2007; Ah-

med, 2019)   

 𝑢̅ = 𝜆̅ 𝜕𝑢

𝜕𝑦̅
, 𝑇 = 𝑇𝑠, 𝐶 = 𝐶𝑠, 𝐻𝑥̅ = 0  at  𝑦̅ = −𝑎, (7) 

 𝑢̅ = 𝜆̅ 𝜕𝑢

𝜕𝑦̅
, 𝑇 = 𝑇𝑠, 𝐶 = 𝐶𝑠, 𝐻𝑥̅ = 0  at  𝑦̅ = 𝑎. 

Introduce the following non-dimensional parameters 

 𝑦 =
𝑦̅

𝐿
, 𝑢 =

𝑢

𝑉
, 𝜃 =

𝑇−𝑇0

𝑇𝑠
, 𝜙 =

𝐶−𝐶0

𝐶𝑠
 (8) 

Re =
𝑉𝐿

𝜐
, 𝑅𝑚 =

𝑉𝐿

𝜂
, 𝐻𝑥 =

𝐻𝑥̅

𝐻0
, Pr =

𝜇𝐶𝑝

𝜅
, 𝑀2 =

𝜇𝑒𝐻0
2𝐿

𝑉𝜇
, 

𝑃 =
𝑃̅𝐿

𝜌𝑉2, 𝑆𝑐 =
𝜐

𝐷𝑚
, 𝐸𝑐 =

𝑉2

𝐶𝑝𝑇𝑠
, 𝑆𝑟 =

𝐷𝑚𝐾𝑇𝑇𝑠

𝜐𝐶𝑠𝑇𝑚
, 𝐷𝑢 =

𝐷𝑚𝐾𝑇

𝜐𝐶𝑝𝑇𝑠
, 

𝑁 =
4𝜎̅𝑇𝑠

3

𝜅𝛼̅
,𝜆 =

𝜆

𝐿
. 

The Rosseland approximation (Brewster, 1992) is 

 𝑞𝑟 = −
4𝜎̅

3𝛼̅

𝜕𝑇4

𝜕𝑦̅
+

𝐷𝑚𝐾𝑇

𝑇𝑚

𝜕2𝑇

𝜕𝑦̅2, (9) 

Assuming 𝑇4 as a linear function of temperature, we get 

 𝑇4 = 4𝑇𝑠
3𝑇 − 3𝑇𝑠

4. (10) 

Using (8)-(10), the non-dimensional form of equations 

(3) - (6) become 

 
𝑑2𝑢

𝑑𝑦2 + Re 
𝑑𝑢

𝑑𝑦
+ 𝑀2 𝑑𝐻𝑥̅

𝑑𝑦
= −𝑃Re,  (11) 

 
𝑑2𝐻𝑥

𝑑𝑦2 + 𝑅𝑚
𝑑𝐻𝑥

𝑑𝑦
+ 𝑅𝑚

𝑑𝑢

𝑑𝑦̅
= 0,  (12) 
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Figure1: Flow configuration. 

 𝑅𝑚 (1 +
4𝑁

3
)

𝑑2𝜃

𝑑𝑦2 + Re𝑅𝑚Pr
𝑑𝜃

𝑑𝑦
+ 𝑅𝑚Pr𝐸𝑐 (

𝑑𝑢

𝑑𝑦
)

2

  (13) 

 +Pr𝐸𝑐𝑀2 (
𝑑𝐻𝑥

𝑑𝑦
)

2

+ 𝑅𝑚𝐷𝑢Pr
𝑑2𝜙

𝑑𝑦2 = 0,  

 
𝑑2𝜙

𝑑𝑦2 + 𝑆𝑐Re
𝑑𝜙

𝑑𝑦
+ 𝑆𝑐𝑆𝑟

𝑑2𝜃

𝑑𝑦2 (14) 

with boundary conditions 

𝑢 = [𝜆
𝑑𝑢

𝑑𝑦
]

𝑦=±1
, 𝜃 = 0, 𝜙 = 0, 𝐻𝑥 = 0  at  𝑦 = ±1  (15) 

where Re, 𝑀, 𝑃, 𝑅𝑚, 𝑁, Pr, 𝐸𝑐, 𝐷𝑢, 𝑆𝑐, 𝜆 are Reynolds 

number, Hartmann number, non-dimensional pressure 

gradient, magnetic Prandtl number, radiation parameter, 

Prandtl number, Eckert number, Soret number, Dufour 

number, Schmidt number, and slip parameter respec-

tively.   

The skin friction at the lower wall is obtained as  

𝜏 = [
𝑑𝑢

𝑑𝑦
]

𝑦=−1
. 

The Nusselt number at the lower wall is  

𝑁𝑢 = − [
𝑑𝜃

𝑑𝑦
]

𝑦=−1
. 

The Sherwood number at the lower wall is  

𝑆ℎ = − [
𝑑𝜙

𝑑𝑦
]

𝑦=−1
. 

III. RESULTS AND DISCUSSION 

The governing Eqs. (11)-(14) under boundary condition 

(15) are solved numerically using MATLAB bvp4c 

method.  

It is to be worth to mention here that by setting 𝜆 =
0, 𝑁 = 0, 𝐷𝑢 = 0 the present work coincided with the 

work of Ahmed (2019). 

Here, numerical computations are carried out with the 

values of the physical parameters at 𝑅m = 2, 𝑀 = 3, 

𝑃 = 10, R𝑒 = 1,  P𝑟 = 0.71, 𝑁 = 1, 𝐷𝑢 = 0.5, 𝑆𝑟 =
0.5, 𝑆𝑐 = 0.62, 𝐸𝑐 = 0.6, 𝜆 = 0.2.  

Figures 2-5 shows the fluid velocity 𝑢 for different 

values of slip parameter 𝜆, magnetic Reynolds number 

𝑅𝑚, pressure gradient 𝑃 with 𝜆 = 0 and 𝜆 = 0.2, respec-

tively. Figure 2 reveal that the slip effects reduces the 

fluid velocity in the channel except adjacent to the lower 

wall of the channel where opposite effect is seen for 𝑦 <
−0.4. Figure 3 shows that the fluid velocity decreases in 

the central part of the channel as 𝑅𝑚 increases, but re-

verse effect is seen near the walls of the channel in the 

region 𝑦 < −0.8 or 𝑦 > 0.8. Figures 4 and 5 shows that  
 

 
Figure 2: variation of 𝑢 for various 𝜆.  

 
Figure 3: Variation of 𝑢 for various 𝑅𝑚.  

 
Figure 4: Variation of 𝑢 for various 𝑃 with 𝜆 = 0.  

 
Figure 5: Variation of 𝑢 for various 𝑃 with 𝜆 = 0.2.  

the fluid velocity increases in the central part of the chan-

nel irrespective of the slip parameter with the increasing 

values of the pressure gradient, whereas fluid velocity de-

creases near the upper wall (Fig. 5) for 𝑦 > 0.8 due to the  
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Figure 6: Variation of 𝐻𝑥 for various 𝜆.  

 
Figure 7: Variation of 𝐻𝑥 for various 𝑅𝑚.  

 
Figure 8: Variation of 𝐻𝑥 for various 𝑃 with 𝜆 = 0.2. 

 
Figure 9: Variation of 𝜃 for various 𝑆𝑟. 

presence of slip parameter with the increasing values of 

pressure gradient. 

Figures 6-8 represents the distribution of the induced 

magnetic field intensity 𝐻𝑥  at various values of slip pa-

rameter, magnetic Reynolds number, and pressure gradi-

ent respectively. It is seen that 𝐻𝑥 reduced with the in- 
 

 
Figure 10: Variation of 𝜃 for various 𝐷𝑢. 

 
Figure 11: Variation of 𝜃 for various 𝑁. 

 
Figure 12: Variation of 𝜙 for various 𝑆𝑟.  

 
Figure 13: Variation of 𝜏 at lower wall for various 𝑃.  

crease in slip parameter (Fig. 6) from 𝜆 = 0 to 𝜆 = 0.15 

through 0.5, 1.0 and magnetic Reynolds number from 

𝑅𝑚 = 2 to 𝑅𝑚 = 8 through 4 and 6 Also, Fig. 8 shows 

that 𝐻𝑥 reduces due an increase in 𝑃 from 𝑃=5 to 𝑃=20 

through 10, 15.  
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Figure 14: Variation of 𝑁𝑢 at lower wall for various 𝐸𝑐.  

 
Figure 15: Variation of 𝑆ℎ at lower wall for various 𝑆𝑐.  

Figures 9-11 reveal that at any given distance the tem-

perature increases as the Soret number increases (Fig. 9), 

whereas it reduces with the increase in Dufour number 

(Fig. 10) and thermal radiation parameter (Fig. 11). The 

concentration distribution for various values of 𝑆𝑟 is 

shown in Fig. 12. It is observed that there is a significant 

rise in the fluid concentration due to the increase in 𝑆𝑟 

and this rise is more prominent near the lower wall when 

𝑆𝑟<-0.7. 

Figure 13 shows the skin friction coefficient 𝜏 at the 

lower wall against Hartmann number for various 𝑃. It is 

seen that 𝜏 at the lower wall decrease with an increase in 

𝑀. Also, it reveal that 𝜏 increase with increasing pressure 

gradient.  

It is shown in Fig.14 that Nusselt number 𝑁𝑢 in-

creases at the lower wall with the increase in Eckert num-

ber 𝐸𝑐 from 𝐸𝑐=0.2 to 𝐸𝑐=0.8 through 0.4 and 0.6.  Also, 

it is seen that 𝑁𝑢 rises when 𝑀 < 4 and it decreases grad-

ually when 𝑀 > 4. 

Figure 15 shows that Sherwood number 𝑆ℎ rises with 

the increase in Schmidt number from 𝑆𝑐 = 0.2 to 𝑆𝑐 =
1.4 through 1.0 and 1.4. Also, the rate of mass transfer 

𝑆ℎ rises for 𝑀 < 4.5  and it decreases gradually when 

𝑀 > 4.5. 

IV. CONCLUSIONS 

The effects of slip on a steady MHD Poiseuille flow with 

Soret and Dufour effects have been studied. The main 

conclusions are 

1. Slip velocity and magnetic Reynolds number re-

duces the fluid velocity in the central part of the 

channel. Also, slip parameter and magnetic Reyn-

olds number reduces the magnetic field intensity in 

the channel. 

2. Fluid velocity increases due to the growth in pres-

sure gradient, but magnetic field intensity in the 

channel decreases. 

3. Fluid temperature reduces due to the increase in 

Dufour number and thermal radiation parameter.  

4. Fluid Temperature and concentration increases as 

the Soret number increases. 

5. Skin friction at the lower wall increase with the in-

crease in pressure gradient, whereas it decreases 

with an increase in Hartmann number. 

6.  Nusselt number at the lower wall increases with an 

increase in Eckert nmber. 

7. Sherwood number at the lower wall increase with an 

increase in Schmidt number.   

NOMENCLATURE 

𝑎: half of the distance between the walls; 𝐶: species con-

centration; 𝐶𝑝: specific heat at constant pressure; 𝐶𝑠: con-

centration susceptibility; 𝐷𝑚: mass diffusivity; 𝐷𝑢: 

Dufour number; 𝐸𝑐: Eckert number; 𝑔: acceleration due 

to gravity; 𝐻 = (𝐻𝑥̅, 𝐻𝑦̅, 0) induced magnetic field  at a 

point (𝑥̅, 𝑦̅, 𝑧)̅; 𝐻𝑥: non-dimensional induced magnetic 

field intensity; 𝐻0: strength of imposed transverse mag-

netic field; 𝐾𝑇: thermal diffusion ratio; 𝑀: Hartmann 

number; 𝑁: radiation parameter; 𝑁𝑢: Nusselt number; 𝑃: 
non-dimensional pressure gradient; 𝑃̅: dimensional pres-

sure gradient; Pr: Prandtl number; Re: Reynolds number; 

𝑅𝑚: magnetic Prandtl number; 𝑆𝑐: Schmidt number; 𝑆ℎ: 

Sherwood number; 𝑆𝑟: Soret number; 𝑇: temperature; 𝑢̅: 
fluid velocity component along 𝑥̅ axis; 𝑢: non-dimen-

sional fluid velocity component along 𝑥 axis; 𝑣̅: fluid ve-

locity along 𝑦̅ axis; 𝑉: suction/injection velocity; 

(𝑥, 𝑦, 𝑧): non-dimensional Cartesian coordi-

nates; (𝑥̅, 𝑦̅, 𝑧̅): dimensional Cartesian coordinates; 𝛼̅: is 

the mean absorption coefficient; 𝜙: non-dimensional 

concentration; 𝜂: magnetic diffusivity.  
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