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where, 1 2 3 1 2 1 2 3, , , , , , ,A A A B B L L and L  
are constants which are 
indicated in the appendix. 
 
IV. Results and Discussion 

Mixed convection Casson fluid 
flow with heat sink has been 
examined in a vertical channel 
with symmetric wall 
temperature and concentration 
conditions. The current study's 
results are graphed from Figure 
2 to Figure 13. The parameters 
that regulate the flow systems 
are as follows.: the Casson 
parameter ( ξ ), Frank-
Kamenetskii parameter (K), 
mixed convection parameter 

(
Re
Grλ = ), Sustentation 

parameter (N), heat sink 
parameter (S), wall temperature 
( tγ ) and wall concentration ( cγ ). 
The following range of values 
are used: 0.01 0.03ξ≤ ≤ , 
2 6S≤ ≤ , 0.1 1.5K≤ ≤ , 
0.1 5tγ≤ ≤ , 0.1 5cγ≤ ≤ , 
0.01 0.1N≤ ≤  and 100λ = . 
Figure 2 illustrates the contrast 

between the velocity profile 
analysis conducted by Ahmad et 
al. [35] and the current study, 
and portray the relationship 
between the Frank-Kamenetskii 
parameter (K) and various 
values of tγ . However, it is 
observed in Figure 2(b) that as ξ  
approaches infinity, there is 
relatively very insignificant 
influence of ξ  on the flow that 
significantly boost fluid velocity 
profile at the cold plate but a 
reverse phenomenon happens at 
the hot plate. 

Figure 3 represents the 
comparison between the work of 
Ahmad et al. [34] and the current 
work on temperature 
distribution. Figure 3(a) 
represents the role of Frank – 
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Kamenetskii parameter (K) with 
respect to different values of tγ  

in the absent of heat sink (S), 
while Figure 3(b) represent the 
role of Frank – Kamenetskii 
parameter (K) with respect to 
different values of tγ  under the 
action of heat absorption (S). It 
is important to note that the 

inclusion of a heat sink (S) in 
Figure 3(b) leads to the 
suppression of the temperature 
distribution. The underlying 
cause of this behavior is the 
absorption of heat from the 
surrounding channel, resulting 
in a commensurate decrease in 
the fluid temperature. 

 
(a)                                                        (b) 

Figure 2: Comparison between the work of Ahmad et al. [34] and the present work 
on Velocity profile 

 
(a)                                                        (b) 

Figure 3: Comparison between the work of Ahmad et al. [34] and the current work 
on Temperature profile 
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Figure 4 illustrates the impact 
of cγ  on both velocity and 
concentration of the fluid. It 
reveals that increasing cγ  lead to 
an enhancement in the 
concentration of the fluid at the 
lower plate (y = 0) whereas an 
opposite phenomenon is noticed 
at the upper plate (y = 1). As 
expected at the bottom plate, the 
channel surface is heated while 
at the upper plate the channel 

wall is cooled. It is evident from 
Figure 4 that, there exist a point 
of intersection at the middle of 
the channel. 

Figure 5 illustrates the fluid 
motion distribution for different 
values of ξ  and N. It is 
concluded from Figure 5 that as 
ξ  rises, the velocity profile 
decreases while as N is 
improved, the velocity gradient 
remains fixed. 

 
(a)                                                        (b) 

Figure 4: Concentration profile for 𝜉𝜉𝜉𝜉 = 0.01 and 𝑆𝑆𝑆𝑆 = 2.0 for different values of 
(𝛾𝛾𝛾𝛾𝑐𝑐𝑐𝑐) 

 
(a)                                                        (b) 

Figure 5: Velocity profile for 𝜆𝜆𝜆𝜆 = 100 with different values of 𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉𝜉 
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Figure 6 illustrates the function 
of the heat sink (S) on the 
velocity and temperature 
profiles. The findings indicate 
that there is a notable 
deceleration in fluid velocity and 
temperature with a rise in the 
heat sink (S) factor. Higher 
values of S indicate that heat is 
absorbed from the fluid, 
resulting in a substantial 
reduction in both temperature 
and velocity distributions. 

Figure 7 showcases the impact 
of the Frank-Kamenetskii 
parameter (K) on the 
temperature and velocity 
patterns. The figure illustrates 
that higher values of K have a 
substantial positive impact on 
both the temperature and 
velocity of the fluid. The 
generation of heat is 
significantly increased for 
higher values of K due to the 
occurrence of an exothermic 
reaction within the channel. 

 
(a)                                                        (b) 

Figure 6: Velocity and Temperature profiles for 𝜆𝜆𝜆𝜆 = 100 and different values of 𝑆𝑆𝑆𝑆 

 
(a)                                                        (b) 

Figure 7: Temperature and Velocity profiles for 𝜆𝜆𝜆𝜆 = 100 and different values of 𝐾𝐾𝐾𝐾 
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The effect of wall temperature 
( tγ ) on both velocity and 
temperature distributions is 
shown on Figure 8. Higher 
values of tγ  increases velocity 
of the fluid. Velocity of fluid is 
seen to be higher at the center of 
the channel. At lower plate, 
temperature is enhanced while 
the opposite trend is noticed at 
upper plate. Symmetric heating 
of the plate significantly 
contributed to the occurrence of 
this behavior. Also, a point of 

intersection is noticed in the 
middle region of the channel. 

Figure 9 illustrates the 
relationship between the wall 
shear stress and the variable K 
for different values of ξ  In 
Figure 9(a), it can be shown that 
a weakening in skin friction 
exist as the values of increase. 
Conversely, it is evident that 
skin friction is higher when the 
value of K is big. Figure 9(b) 
exhibits contrasting behavior 
when the value of y is equal to 1. 

 
(a)                                                        (b) 

Figure 8: Temperature profiles for 𝜆𝜆𝜆𝜆 = 100 and different values for 𝛾𝛾𝛾𝛾𝑡𝑡𝑡𝑡 

 
(a)                                                        (b) 

Figure 9: Skin friction at y = 0 and y = 1 with different values of 𝜉𝜉𝜉𝜉 



ISSN: 2180-3811         Vol. 15     No. 2    July - December 2024

Journal of Engineering and Technology 

32

Journal of Engineering and Technology 

14 
ISSN: 2180-3811 Vol. XX No. X 

 

Figure 10 presents the 
relationship between skin 
friction and the variable K for 
different values of N. The skin 
friction at both the lower (y = 0) 
and upper (y = 1) plates is 
observed to increase as the 
values of N increase. Figure 11 

illustrates the influence of a heat 
absorption (S) on skin friction. 
The skin friction diminishes as 
the values of S increase at the 
cold plate (y = 0). A contrasting 
phenomenon is observed at the 
upper plate located at y = 1. 

 
(a)                                                        (b) 

Figure 10: Skin friction at y = 0 and y = 1 with different values of N 

 
(a)                                                        (b) 

Figure 11: Skin friction at y = 0 and y = 1 with different values of S 
 

Figures 12 depicts the impact 
of temperature differential on 
the heat transfer coefficient at 
two distinct plates, namely y = 0 
and y = 1, respectively. It is 

noticed that increasing tγ  
reduces the heat transfer amount 
but mounting values of K it seen 
to improve the heat transfer 
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amount. Figure 13 is sketched to 
see the impact of heat generation 
on the heat transfer rate at both 
plates y = 0 and y = 1 

respectively. Higher values of S 
significantly reduce the heat 
transfer coefficient. 

 

 
(a)                                                        (b) 

Figure 12: Nusselt Number at y = 0 and y = 1 with different values of 𝛾𝛾𝛾𝛾𝑡𝑡𝑡𝑡 

 
(a)                                                        (b) 

Figure 13: Nusselt Number at y = 0 and y = 1 with different values of S 
 

V. Conclusion 
This paper examines a class of 

fluids known as non-Newtonian 
fluid flow where stress and 
viscosity variations are 
independently related and have 
several interesting applications 
in practical existence such as in 
the mining industry, metallurgy, 

nanotechnology, material 
science and food processing. 
The influence of symmetric wall 
temperature and concentration 
conditions with heat sink are 
also considered. The velocity 
and temperature distributions 
are derived analytically by the 
application of the theory of 
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simultaneous ordinary 
differential equations. This 
study investigates the impact of 
many parameters, specifically 
the Frank-Kamenetskii 
parameter (K), sustentation 
parameter (N), Casson fluid 
flow, and heat sink (S). The 
study's findings can be 
summarized as follows: 
(i) It has been concluded that 

raising the Casson fluid 
parameter ( ξ ) results in a 
deceleration in the velocity 
distribution of the flow. 

(ii) It has been revealed that an 
increase in the heat sink 
parameter (S) results in a 
notable reduction in the 
temperature and velocity 
distributions of the flow. 

(iii) The velocity and 
temperature of the fluid are 
strongly influenced by the 
action of symmetric wall 
temperature and 
concentration. Flow 
reversal is observed as the 
symmetric wall temperature 
and concentration increase. 

 
VI. Appendix 
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