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Abstract  
 

The study investigates the effect of convective flow on entropy generation for MHD heat transfer flow of viscous fluid 

embedded in a porous channel due to thermal radiation. The governing equations were transformed using the non-

dimensional parameters. The solution of the resulting coupled dimensionless differential equations with a constant 

coefficient describing the momentum, energy, and mass transfer equations was obtained by using the method of 

undetermine coefficient. The parameters embedded in the flow are thermal radiation ( )rN , Prandtl number, entropy 

generation ( )sN , Suction/injection parameter ( )S , heat source/sink ( )Ks , porous material ( )K . In addition, physical 

quantities of engineering interest such as the Bejan number ( )Be , Brinkman number
rB 

 
 

 , volumetric flow rate ( )m , skin 

friction ( )  coefficient, and heat transfer rate ( )Q were computed. It is noticed that velocity and temperature increase 

significantly with an increase in heat source and suction parameters, while a reverse trend is observed when heat sink and 

injection are present. It is also evident that, the heat source increases the temperature profile in the presence of injection 

parameter, and a reverse trend is observed when the heat sink increases in the presence of the suction parameter. skin 

friction is decreasing with increase higher values of porous material in both at ( )0, 1   when injection ( )1S = and ( )1 = − , 

volume flow rate reduces with increasing values of heat source and shot-up with decreasing values of heat sink, its observed 

that entropy generation is increasing for higher values of rB


 when ( )0Ks = . 

Keywords: Entropy generation, Heat Source/Sink, MHD, Volume flow rate, Nusselt number. 
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1.0 INTRODUCTION 
Natural convection heat transfer takes place 

both by thermal diffusion, the random motion of fluid 

molecules, and by advection, in which heat (matter) is 

transported by the larger-scale motion of current in the 

fluid. The mechanism that happens when a fluid, liquid, 

or gas is heated by flow occurs by a natural means called 

the buoyancy effect, which is density variation in the 

fluid. The convection heat transfer is usually subdivided 

into free and forced convection, and the fluid is blown or 

pumped past the heated surface using a fan. Barmert and 

Kupitz (1991) stated that, as the World Energy Council 

has noted, energy supplies will have to increase in the 

years ahead, especially in the electric sector, as well as 

thermal radiation usage, to meet the needs of the world's 

growing population. Worldwide About 30% of total 

primary energy (heat) is used to produce electricity, 

while most of the remaining 70% is either used in 

transportation or converted into hot water, steam, and 

heat. Heat source: the sun (solar energy); it’s the biggest 

source of heat energy underground in vents and 

volcanoes as a result of chemical reactions inside battery 
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cells, friction created when two objects rub against each 

other, Heat conduction with a heat source in rocks 

originates from the natural radioactivity of rocks, which 

produces heat. A heat sink is a component that increases 

the heat flow away from a hot device. It’s like a coolant 

installed inside a system to move away or conduct heat 

generated by electronics appliances in order to 

degenerate or regulate temperature levels to enhance 

efficient work. A heat sink is designed to maximize its 

surface area in contact with the cooling medium 

surrounding it, such as air velocity, and the material 

involves passive heat sinks, which do not have a fan, 

while active heat sinks dissipate heated substances from 

the device by using fans such as ram modules, power 

transistors, optoelectronic light-emitting diodes, and 

chipsets for allowing normality of the device 

temperature. 

 

Thermal radiation is the transfer of thermal 

energy by waves that travel through air or even empty 

space. Thermal radiation occurs in combination with 

conduction and convection and is significant where a 

large temperature difference occurs as a result of 

electromagnetic radiation. The ultraviolet, known as 

black light, visible, infrared, and microwave decay of 

uranium produces alpha-particles. Thermal energy is the 

energy possessed within an object or system; it often 

involves solids, liquids, and gases.  

 

MHD means magnetohydrodynamics, 

magneto-fluid dynamics, or hydromagnetic. It is the 

study of the dynamics or motion of an electrically 

conducting fluid such as ionized gas or liquid metal 

interacting with a magnetic field the presented the 

concept of MHD, which is the most crucial aspect of 

inducing current in a moving conductive fluid. The 

magnetic properties of electrically conducting fluids 

such as magneto-fluid plasma, liquid metal, salt water, 

and electrolytes. Hunegnaw et al., (2014) discovered that 

the effect of viscous dissipation leads to increased 

temperature profiles in cases of the presence or absence 

of a heat source or sink parameter. Due to the internal 

heat sink (0) the thermal boundary layer increases while 

decreasing with the heat source (0). Kumar and Singh 

(2014) and Taiwo et al., (2020) carried out an 

investigation on the effect of natural convective flow in 

an annulus with isothermal and isoflux boundaries with 

heat source/sink MHD. It was generally revealed that an 

increase in the heat source/sink parameter in turn, 

prompts an increase in the fluid velocity-induced 

magnetic field, and a fluid temperature-reversed trend is 

observed with a heat sink. 

 

Entropy is the measure of the movement of a 

molecular disorder or the randomness of a system. The 

entropy generation produced an irreversible process of 

system thermal energy per unit temperature. The 

measurement of the magnitude of irreversibility present 

during entropy generation is encountered in energy-

related applications such as solar power collectors, 

geothermal energy, and the cooling of modern 

electronics. Therefore, analysis of entropy generation is 

the technique of identification and reduction of 

thermodynamic irreversibility. Tasnim et al., 

(2002) described analytically the influence of entropy 

generation in porous mediums under the effect of 

hydromagnetic. He concluded that higher entropy 

generation is achieved near the wall of the channel. 

Mahmud (2005) examined heat and mass flow on the 

entropy generation characteristic effect inside a porous 

channel with viscous dissipation. The effect of an 

externally oriented magnetic field on entropy generation 

in natural convection has been reported by Jerry et al., 

(2010). Chauhan and Kumar (2011) studied heat transfer 

and entropy generation during compressible fluid flow in 

a channel partially filled with porous medium. Sanatan 

and Rabindra (2013) studied the entropy generation in 

MHD flow through a porous channel under a constant 

pressure gradient. It is shown that entropy generation 

decreases with an increase in the magnetic field 

parameter. 

 

2.0 MATHEMATICAL FORMULATION 

OF THE PROBLEM 
Think about a magnetic field and a steady flow 

of a viscous fluid that conducts electricity through a 

channel made of two porous plates. This flow can't be 

slowed down. The flow is assumed to be in the x-axis 

parallel to the force of gravity g, but in the opposite 

direction it is separated by length b. The y-axis is normal 

to the vertical parallel channel. Initially let (
0,0, ,0B ) be 

the uniform strength of the magnetic field, which is 

implemented in the y direction. The influence of the 

induced magnetic field can be neglected by letting the 

very low magnetic Reynold’s assumption. The 

temperature of one plate of the vertical channel is fixed 

at 1T , while the other plate is maintained at a constant 

temperature 2T  with 1 2T T  within the framework of 

the above-stated assumption, the mass, momentum, and 

energy balance equations with thermal radiation are 

formulated as follows: the governing equations for the 

analysis of entropy generation for thermal radiation 

MHD flow in a vertical porous channel due to heat 

source or sink. 

 

Mass Equation  

u
o

t


=


………………………………. (3.1) 
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Momentum Equation  
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Energy Equation 
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Together with the following boundary condition of interest 
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Following Zaheer et al., (2020), the radiative heat flux is described by the Rosseland approximation, which gives 

the relation below: 
44

3
r

T
q

k y

 



− 
=


…………………………………………………………………………..……….…… (3.5) 

 

Where ,k  
 indicates the mean absorption coefficient and the Stefen-Boltzmann constant, by presumption that the 

temperature difference through the flow is small, the term 
4T  expanded as a linear function of the temperature in Taylor’s 

series about 0T  and neglecting the higher terms found that: 

4 3 4

0 04 3T T T T − ………………………………………..………………………………..…….……. (3.6) 

 

Similarly, the dimensionless variables are explained below: 
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The above dimensionless variables of equation (3.7) are transformed as below: 

( ) ( )

( )

2 2 2

2 2
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1 0
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 ……..………………………………………...….. (3.8)  
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Differentiating equation (3.5) to have 
44

3

rq T

y y k y

 



   
= − 

   
………………………………………………………………….....……… (3.9) 

 

Also differentiating equation (3.6), to have 
4

3

04
T T

T
y y

 
=

 
 …………………………………………………………………………….……..... (3.10) 

 

Substitute equation (3.10) into (3.9) to yield  

3
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4
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Using equation (3.11) into equation (3.3), gives 
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1 4
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     − 
+ = − + − 

     
…………………(3.12) 

Substitute equations (3.7) into (3.2), (3.4), and (3.12) to have the dimensionless momentum equation, heat transfer 

equation, and corresponding dimensionless boundary conditions as: 

 

Dimensionless Momentum Equation 
2

2

2
0

d u du
S M u

dY dY
− + − =  ………………………………………………..………….…..…..… (3.13) 

 

Heat Transfer Equation 

( )
2

2
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d d
Nr Spr Ks
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+ − + =  …………………………………………………………..….. (3.14) 

 

Dimensionless Boundary Conditions 
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 at 1Y =  ……………………………………………………..……. (3.16) 

 

3. METHOD 0F SOLUTION 
Solving equations (3.13) and (3.14) using boundary conditions in equations (3.15) and (3.16), we obtain the 

velocity and temperature profiles as: 

 

Velocity profile 

( ) 3 4 1 2

3 4 1 2

x y x y x y x y
U y B e B e C e C e= + + + ………………………………………..…….……...… (3.17) 

 

Temperature profile 

( ) 1 2

1 2

x y x y
y B e B e = +  ……………………………………………………………..………..…….. (3.18) 

Differentiating equation (3.18) with respect to y to have  
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1 2

1 1 2 2

x y x yd
B x e B x e

dY


= +  ……………………………………………………………………..…..…. (3.19) 

 

Equally, differentiating equation (3.17) with respect to y yields 

3 4 1 2

3 3 4 4 1 1 2 2

x yx y x y x ydU
B x e B x e C x e C x e

dY
= + + +  ……………………………………………..…… (3.20) 

 

In the presence of an applied magnetic field, the dimensionless form of the volumetric rate of entropy generation 

for a viscous fluid that conducts electricity is written as: 
2 2

2 2Br U Br
Ns M U

Y Y

    
= + +   

      
 ……………………………………………..……….….… (3.21) 

 

Substitute the temperature solution of equation (3.18) and velocity equation (3.17) into equation (3.21) to have a 

dimensionless form of entropy generation as follows: 

 

3.1 Entropy Generation 

( ) ( )

( )

1 2 1 1 1 2
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+ + +


………...… (3.22)  

 

3.2 Bejann Number 

 The Bejan number, which is another form of irreversibility, is given. 
2

2 2

2 2

Y
Be

Br U Br
M U

Y Y





 
 
 =

    
+ +   

      

 …………………………………………………….…….. (3.23) 

 

Substitute the temperature equation (3.18) and velocity equation (3.19) into (3.23) to have dimensionless of Bejan 

number as follows: 

( )

( ) ( )
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1 2
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………… (3.24) 

 

3.3 Skin Friction 

Using the derivatives of velocity equation (3.17), the skin friction coefficient ( ) at ( )0, 1y y= = resp. are as 

follows: 

 

The skin friction coefficients for the upper and lower plates, respectively, are given as: 

3 4 1 2

1 3 3 4 4 1 1 2 2

1

x x x x

Y

dU
B x e B x e C x e C x e

dY


=

= = + + +  ………………………………………..…. (3.25) 

0 3 3 4 4 1 1 2 2

0Y

dU
B x B x C x C x

dY


=

= = + + + …………………………………………………….….. (3.26)  

 

 

3.4 Volume Flow rate 
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The non-dimensional volume flow rate is given as adopted in the work of Zaheer et al., (2020) 
1

0 o

m
Q UdY

bU
= =  …………………………………………………………………………………. (3.27) 

 

Substitute equation (3.17) into (3.27) to obtain a dimensionless form of volume flow rate. 

( ) ( ) ( ) ( )3 4 1 23 4 1 2

3 4 1 2

1 1 1 1
x x x xB B C C

Q e e e e
x x x x

= − + − + − + −  ………………………….……… (3.28) 

 

3.5 Heat Transfer rate 

To have dimensionless form expressed by substituting the temperature equation (3.19) into the below relation: 

0 1 1 2 2

0y

d
Nu B x B x

dY



=

= = +  ……………………………………………………………….…… (3.29) 

1 2

1 1 1 2 2

1

x x

y

d
Nu B x e B x e

dY



=

= = +  ………………………………………………………..…….. (3.30) 

 

4.0 RESULT AND DISCUSSION 

The results of the current parametric analysis have been considered over a suitable range of 0 ln 10   and 

0 0.1vKn   the quantity of separation from the continuum system and the property of the fluid wall interaction. The 

parametric value of suction or injection lies between 2 2S−    with reference value of, the thermal radiation is taken 

with a reference value of 0.2Nr = , the default value of the Prandtl number is Pr 1.5= , porous material 1.5K =  and 

that of the heat source/sink is taken as 2Ks = . In order to have a good understanding of the effect of various controlling 

parameters on the flow formulation, a MATLAB (short for Matrix Laboratory) programme is written to compute and 

generate line graphs for the profiles mentioned. 

 

Figures 4.2a and b represent velocity profiles for different values of fluid parameters. 

 

 
Figure 4.2a and b: Comparison between present work and that of Zaheer et al., (2020) when 1.5M =  , 1S = and 

0.0Ks = . And figure 4.2 b when 0.2, 1Ks = = . 
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Figure 4.3a and b: Velocity profiles for the impact of BvKn when 1M S= = at 1,0,1 = −  

 

 
Figure 4.4a and b: Velocity profile for the impact of S  when 1,M =  and 0.2,0.4,0.6Ks =  at fixed 1,0,1 = − . 

 

 
Figure 4.5a and b: Velocity profile for the impact of Heat source /sink Ks  when 1S M= =  at distinct values of 1,0,1 = − . 

 

 
Figure 4.6a and b: Velocity profile for the impact of Magnetic parameter M , fluid wall interaction parameter ( )0,1 =  and 

Heat source/sink ( )2, 2sK = − . 
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Temperature Profiles 

The graph below shows the temperature profiles. 

 

 
Figure 4.7a and b: Temperature profile for the impact of Heat source/Sink ( )sK  when 1, 1S = −  and 0.2Nr =  

 

 
Figure 4.8a and b: Temperature profile for the impact of different values of the Prandtl number ( )rP against Ks  . 

 

The Skin friction profiles 

Figures below present skin friction profiles. 

 

 
Figure 4.9a and b: Skin friction profile against 

v nB K  with varying effect of suction/injection 
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Figure 4.10a and b: The Skin friction profile against v nB K  with varying effect of Ks when 1,0 = −  

 
Volume Flow rate profiles 

The volume flow rate profiles are shown in the figure below. 
 

 

Figure 4.11a and b: Volume flow rate against v nB K with varying effect of Ks  at 1, 1 = −  

 
Entropy Generation Profiles 

The entropy generation profiles are depicted in the following figures: 
 

 

Figure 4.13a and b: The impact of suction /injection parameter on entropy generation with different values of ( )  and Ks . 

 



 
 

Ibrahim Ahmad, S et al; Saudi J Eng Technol, Feb, 2024; 9(2): 107-120 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                            116 

 

 

Figure 4.14a and b: Entropy generation with varying effect of Brickman’s number with distinct values of  and Ks . 

 

Figure 4.15a and b: Entropy profile with varying the effect of magnetic parameter M and Heat source Ks when 1, 1 = − . 

 

Velocity Profiles 

Figure 4.2a shows the comparison between 

Zaheer et al., (2020) and the present work. From the 

figure, an excellent agreement was found, which 

ascertains the validity and accuracy of the present 

solution. In figure 4.2b, the velocity profile is remarkably 

appreciated without a heat source ( )0Ks =  in 

comparison with the presence of heat source ( )0.2Ks =

when temperature difference ratio is ( )1 = −  less than 

zero. Furthermore, a contrast phenomenon is observed 

when the fluid temperature difference ratio is ( )1 =  

greater than zero. In Figures 4.3a and b, the velocity 

increases with improving values of 
v nB K and  . 

However, the result of velocity appears to be high 

0.2Ks = and 1 =  as depicted in figure 4.3b. 

 

The impact of the suction /injection parameter 

is demonstrated in figures 4.4a and b. In figure 4.4a, the 

velocity tends to decrease with high values of suction 

( )0S  and ambient fluid parameters with different ratios

 . However, figure 4.4b reports the increasing behavior 

of velocity due to injection ( )0S  . 

 

Figures 4.5a and b show the effect of the heat 

source on the velocity profile due to suction and 

injection. Figure 4.5a reveals that increasing the heat 

source parameter reduces velocity in the presence of 

suction ( )0S  . In the case of injection ( )0S  , the 

velocity increases with high values of the heat source 

parameter ( )Ks . 

 

The contribution of magnetic number ( )M  on 

velocity is presented in figures 4.6a and b. Figure 4.6a 

demonstrates the effect of magnetic number ( )M on 

velocity in the presence of a heat source ( )0Ks  . From 

the figure the values of velocity diminish with increasing 

values of M . In figure 4.6b, the suction ( )0Ks 

observed shows that increasing values of ( )M  lead to 

decreasing velocity. 
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Temperature Profile 

Figures 4.7a and b present the effect of heat 

source /sink ( )Ks on the temperature profile. It is obvious 

from figures 4.7a and b that temperature increases with 

an increase in the heat source with both 

suction/injections. ( )1S =  However, in figure 4.7b, 

temperature is more clearly stated ( )0S  . Figures 4.8a 

and b show the impact of different values of the Prandtl 

number ( )rP . From the figures, the temperature profile 

decreases with increasing values of the Prandtl number, 

when ( )0Ks = but in figure4.8b temperature tends to 

keep increasing with ( )0.2Ks =  in which also increases 

the Prandtl number. 

 

Skin Friction 

Figures 4.9a and b demonstrate the skin fiction 

against v nB K  with distinct values of S . In figure 4.9a, 

skin friction reduces due to suction/injection at 0y =  

and increases at 1y = . In figures 4.10a and b skin 

friction is plotted against v nB K  with varying effects of 

Ks and  . From the figures, skin friction increases 

with increasing v nB K  and decreases with Ks and   

for both suction and injection. However, the skin friction 

values are high in the case of suction (see figure 4.10a) 

in comparison with injection, as reported in figure 4.10b. 

 

Volume Flow rate 

In Figure 4.11a and b, volume flow rate is 

demonstrated against ( )v nB K  with different values of 

( )Ks  and  . In figure 4.11a, the volume flow rate 

moves up to high values of ( )v nB K  and Ks for the 

positive values of ambient fluid temperature difference 

ratio ( )1 = . However, in figure 4.11b, volume flow 

rate increases with ( )v nB K  and decrease with ( )Ks  

when ambient fluid temperature different ratios assume 

negative values ( )1 = − . 

 

Bejan number 

In Figures 4.12a and b, describe the impact of 

the fluid-wall interaction parameter ( )Ln . It was 

observed that the Bejann number ( )Be  is decreasing 

with increasing values of the fluid-wall interaction 

parameter when ( )0, 1 = −  and ( )0Ks =  moves up to a 

point where (𝑦 ≃ 0.7) it completely overlaps. It is 

observed in Figure 4.12b that the Bejan number increases 

with increasing values of the fluid wall interaction 

parameter ( )ln  from ( )0y =  to ( )0.3y =  it take reverse 

direction as ( )0.32y =  to (𝑦 ≃ 0.55)  when twisted 

together at two values of ( )0, 1 = − . 

 

Entropy Generation 

Figure 4.13a and b show that entropy generation 

decreases with the increase of the suction parameter ( )S  

with higher values of heat source when ( )1 = − , while 

in Figure 4.13b also presents entropy generation profiles 

that decrease downward with the increase of the suction 

parameter due to the large value of the heat source at 

( )0 = . 

 

Figure 4.14a shows entropy generation 

increases with higher values of Brickman’s number due 

to an increase in heat source at ( )0.2y =  to ( )0.4y =  the 

impact swings move upward. But in Figure 4.14b, the 

entropy generation increases with an increase in 

Brickman’s number when 1 = −  between 0 4y   

and twists to decreases at 1y = . However, the values of 

entropy generation appear to be high for ( )0Ks =  from 

( )0.6y =  when ( )2Ks = as demonstrated in figure 4.14b. 

 

Figure 4.15a and b show the impact of heat 

source ( )Ks  and magnetic number on the entropy 

generation. The variation of ( )M  increases entropy 

generation rate due to negative values of ( )  but changes 

occur at a point when ( )0.4y =  to take direction at

( )0.6y = . It suddenly changes to its coincidental state; 

see figures 4.15a and b. While in both figures 4.15a and 

b the entropy increases with an increase ( )M when ( )  

take positive values. 

 

5.0 CONCLUSION 
The study has investigated the hydrodynamics 

and thermal radiation flow of viscous fluid in a vertical 

porous channel due to a heat source/sink. The coupled 

system of differential equations with a constant 

coefficient governing the new formulated models was 

solved by the Method of Undetermined coefficient. To 

illustrate fluid flow behaviour and the impact of each 

varying parameter for velocity, temperature, and skin 

friction, a volume flow rate time graph was plotted using 

the MATLAB package. The following conclusions were 

drawn: 

1. The values of velocity are higher when 0Ks =
and 1 = −  as showed in figure 4.2b, velocity 

tends to decrease due to injection ( )1S  . 

However, the values of velocity in contrast are 

observe from the same figure when 

0.2, 1Ks = =  respectively. 

2.  The effect of heat source ( )Ks  on velocity 

revealed that velocity decreases at higher values 
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of ( )1S =  due to increases in heat source. But it 

is clearly seen that velocity increases with 

decreasing values of ( )Ks  when suction 

( )1S = −  for all values of ( )0, 1,1 = − . 

3. Present the effect of heat source /sink ( )Ks on 

the temperature profile. It is obvious from the 

figures that temperature increases with an 

increase in heat source with both 

suction/injection ( )1S =  and radiation 

parameter ( )0.2rN = . 

4. Skin friction increases with increasing 
v nB K and 

decreases with Ks  and  for both suction and 

injection.  

5.  Volume flow rate appreciated with positive 

values of heat source ( )Ks  for some values of 

( )v nB K  0 to 0.04 and experience twist from 

0.04 to 0.1. However, the values of volume flow 

rate decrease with decreasing values of heat 

sink ( )Ks .  

6. The Bejan number ( )Be  it is noticed to be 

decreased with increases of ( )ln  and ( )0, 1 = −  

when heat source ( )0Ks =  around the 

point(𝑦 ≃ 0.7). However, it was observed that 

the Bejan number increased with an increase in 

whilst ( )ln  parameter from ( )0y = to ( )0.3y =  

but took the reverse direction by decreasing 

from(𝑦 ≃ 0.32) to (𝑦 ≃ 0.56) then after slap 

together. 

7. Entropy generation it is evident that entropy 

generation increases with higher values of 
rB 

 
 

 

when ( )0Ks = . However, for ( )0.2Ks =  the 

distinct values of Brickman’s number, 

interchange the radiation parameter at different 

ranges of ( )y  the ( )sN  decrease with an 

increase in 
rB 

 
 

 at ( )0.3y =  swing to increase 

and suddenly begin to fall at ( )0.8y = . 

 

NOMENCLATURE 

 

Symbol Description 

b  Channel width 

0  
Constant magnetic field 

pC  
Specific heat at constant pressure 

vC  
Specific heat at constant volume 

tg  
Thermal momentum accommodation 

coefficient 

vg  
Tangential momentum accommodation 

coefficient 

g
 

Gravitational acceleration 

In
 

Fluid-wall interaction parameter 

Kn  
Knudsen number 

m  
Volume flow rate 

Q  Dimensionless volume flow rate 

Nu
 

Dimensionless heat transfer rate(Nusselt 

number) 

Pr
 

Prandtl number 

Ec  Eckert number 

S  
Suction/injection parameter 

Nr  
Radiation parameter 

T  
Temperature of fluid 

0T  
Reference temperature 

,u v  Velocity components in x, y direction 

U  Dimensionless velocity 

0S  
Constant suction/injection velocity 

eB
 

Bejan number 

rB

  
Brinkman number,= PrEr  

sN
 

Entropy generation number 

M
 

Hartmann number 

s  

Ratio of specific heat 

Greek Symbol 

  Electrical conductivity 

 Density 

  Molecular mean free path 

  Thermal expansion coefficient 

µ Dynamic viscosity 

 

 
Stefan-Boltzmann constant 

k 

 
Mean absorption coefficient 

  
Incline angle 
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