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This study focuses on the electro-osmotic flow of Eyring–Powell nanofluids through a non-Darcy porous medium, 
incorporating the effects of time-periodic variations. A comprehensive mathematical model is developed, considering key 
physical influences such as activation energy, pressure work, Hall currents, mixed convection, thermal radiation, electro-
osmosis, viscous dissipation, Ohmic heating, and diffusion-thermo effects. Mass momentum, energy and nanoparticles 
concentration conservation principles are used to formulate the governing partial differential equations that are nonlinear 
which have been resolved by the explicit method of finite differences. A set of figures are presented to elucidate the impact 
of the problem's physical factors on the solutions found. In addition, the Sherwood number, Nusselt number, and skin 
friction coefficient are computed. An upsurge in Gebhart number and thermodynamic Rayleigh number lower both the fluid 
velocity and temperature while raising the nanoparticles concentration. Moreover, the increase in dimensionless Helmholtz–
Smoluchowski velocity and Darcy number lead to a rise in Nusselt number while lowering the Sherwood number and skin 
friction coefficient. The importance of this kind of research therefore comes from its prospective applications in industry and 
biomedical engineering, as it may be utilized to dewater sediments and liquids from human tissues that are infected. 
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Introduction 
Recently, the importance of fluids for increasing 

heat transport in many engineering structures, such as 
flood defense and fuel cells has attracted many 
researchers. However, to address this topic, we focus 
on high-thermal conductivity fluids because of their 
ability to transfer heat. The mixture of a base fluid 
with nanometer-sized particles is called nanofluid. 
The usage of nanofluids in the storage systems of 
thermal energy causes both solar power plants and 
heat pumps to operate more effectively. Choi and 
Eastman introduced the idea of nanofluid for the first 
time1. Bhatti et al. 2 used Keller-Box method to obtain 
a numerical solution for the action of uniform 
magnetic field on hybrid nanofluid flow. The MHD 
convection heat transport of hybrid nanofluid has 
been studied experimentally and numerically by 
Narankhishig et al.3. The MHD pulsatile Newtonian 
nanofluid circulation in a wavy channel with radiation 
and a heat source was examined by Dawood et al.4. 
The electroosmotic micropolar non-Newtonian 
nanofluid flow along an endless vertical surface with 
ohmic and viscous dissipation componentsis 

discussed by Abouzeid and Shaaban5. Ouaf and 
Abouzeid6 analyzed the action of radially varying 
viscosity on Newtonian nanofluid transport through a 
non-Darcy porous media. The effects of both Ohmic 
heating and variable thermal conductivity on non-
Newtonian nanofluid flow past a moving surface of 
variable thickness are explored by Eldabe et al.7. 
Abouzeid and Ibrahim8 utilized the multi-step 
differential transform method for treating the problem 
of both activation energy and Hall current impacts on 
MHD mixed convection non-Newtonian nanofluid 
flow. In order to gain significant knowledge for 
magnetic drug delivery, intelligent lubrication, and 
heat management systems, Sharma and Kumar9 
examined the impacts of low-frequency oscillation 
magnetic fields, nanoparticle dimension impacts, and 
nanolayer dynamics on ferrofluid flow across an 
upward/downward moving revolving disc. Taking 
into account the impacts of viscous dissipation, 
Sharma et al.10 examined the flow and heat 
transmission properties of water-copper (Cu/H2O) 
nanofluids over a spinning disc moving uphill or 
downhill. In order to provide insights for utilization in 
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heating and cooling and rotating machinery systems, 
they examined the effects of nanoparticle 
concentration, disc rotation, and vertical motion on 
velocity profiles, distribution of temperatures, and 
thermal performance. Other researchers have also 
explained the nature and application of nanofluid on 
different surfaces11-22. 

Recently, research on the flow of non-Newtonian 
nanofluids in boundary layers under the influence of 
electroosmotic forces has attracted significant 
attention. When the bulk liquid moves through a 
narrow tube due to the effect of an external electric 
field along the tube axis, an electrokinetic 
phenomenon is induced, known as electroosmosis. If 
the tube wall carries a negative charge, it attracts 
cations from the electrolyte solution and repels 
anions, thereby forming an electric double layer 
(EDL). Ahmed et al.23 discussed the electro osmosis 
and mixed convection action on Non-Newtonian 
nanofluid circulation across a non-Darcy porous 
medium. The influence of both chemical reaction and 
activation energy on electro-osmotic flow of the 
boundary layer of a micropolar Williamson nanofluid 
was examined by Hegazy et al.23. Hafez et al. 24 
examined viscous and Joule dissipations impacts on 
Casson nanofluid on a stretched sheet with 
electroosmosis force present. A mathematical model 
for the electroosmotic flow of viscoelastic fluids has 
been investigated by Herrera-Valencia et al.25. 
Banerjee and Pati26 studied the problem of two 
immiscible fluids flow in a microchannel with the 
effects of both electro-osmosis and pressure driven. 
There are some other research pertaining to the 
electro-osmosis nanofluids flow through various 
shapes that can be observed via studies27-30. 

According to the literature reviewed thus far and 
ongoing research, no effort has been made to examine 
how Hall and time-periodic fluctuations affect 
Eyring-Powell nanofluid movement in a porous 
material that isn't Darcy with linear thermal radiation. 
No attempt has been made to develop a model that 
integrates Zadunaisky's technique on the impact of 
pressure work and Hall currents on electro-osmotic 
flux of non-Newtonian nanofluids.  

In the present work, the solutions for the Eyring-
Powell nanofluid flow affected by diffusion-thermo, 
electro-osmosis, viscous, and Ohmic dissipation 
effects are examined, along with the activation energy 
suggested by Arrhenius. This paper investigates 
electro-osmotic nanofluid flow without Newtonian 
motion past an endless vertical surface. Numerous 

cutting-edge components contribute to this research 
study's uniqueness and significance. The following 
summarizes this study's distinctive contribution: 
 The impact of the rmodynamic Rayleigh numbers 

on velocity and temperature distribution.  
 How skin friction and the distribution of velocity 

are affected by electro-osmosis factors. 
 The behavior of temperature and nanoparticles 

concentration is based on the thermophoresis 
parameter and Gebhart number. 

 How momentum and the Sherwood number are 
affected by the dimensionless chemical interaction 
parameter. 

 Using the capabilities of Zadunaisky's technique, 
a new numerical computation methodology is 
presented to examine how Eyring-Powell 
nanofluid circulation in a non-Darcy porous 
material is affected by Hall electricity and 
electromagnetic hydrodynamics. 

 The efficiency of Zadunaisky ‘s method in 
justifying the use of estimated answers as an 
appropriate approximation for physical values 
that have been calculated. 

 

Formulation of problem 
Consider the unstable two-dimensional structures 

flow through the boundary layer of mechanical  
heat transfer Powell-Eyring fluid along an infinite 
vertical plate, as illustrated in Fig. 1. This scenario 
includes flow over a non-Darcy porous media. The 
mathematical framework incorporates the equation  
for continuity (Eq. 1) as well as the momentum 
conservation equations, energy, and nanoparticles 
concentration (Eqs 2-4) that govern fluid flow 
behaviour. It is important to look at the theories of 
Maxwell and Ohm's laws during this visualization. 

 
 

Fig. 1 — Sketch of the problem 
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Heat transportation is analyzed using Joule heating, 
viscous dispersion, the pressure work, linear radiation, 
mixed convection and heat source. In addition, 
pressure work and activation energy are considered. 
Furthermore, Powell-Eyring nanofluid model 
incorporates the impact of Hall current. In this case, 
the fluids are electrically conducting, and the Powell-
Eyring nanofluids are impacted by the Hall current 
that is generated at higher magnetic field intensities. 
The problem's governing equations are provided as23. 
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Considering the beginning and boundary 
circumstances 23: 
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By applying both consequence of Rosseland 
approximation and Taylor series31, the divergence of 
radiated thermal flux can be characterized as: 
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By applying Gaussian's theory 18,32, we acquire: 
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with the net charge number density calculated as32: 
By using Debye–Huckel linearization principle
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By applying boundary-layer approximations,  
Eq. (8) can be written as18,32: 
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We consider the boundary conditions (0) 1  and

( ) 0   , to obtain a solution of Eq. (16) as 
follows:18,32: 
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Approach to the solution 
 

Method of finite differences 
The system of Eqs (18), (19) and (22) considering 

those boundary constraints (21a-c), they are solved 
numerically utilizing the finite difference method16. 
Therefore, Eqs (18), (19) and (22) can be written as: 
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where y and t are denoted by the indexes i and n, 
correspondingly, with ∆ y= h=0.04 and ∆=0.002. 
Mathematica package is used to solve the algebraic 
Eqs (23)-(25) numerically with the boundary 
conditions (21a-c), subsequently a Newton-Raphson 
iterative technique determines the velocity, the 
temperature, and concentration of the nanoparticles to 
be a function of y and proceeds until whether the 
accuracy objective or the precision goal are reached. 
 
Global error estimation 

Zadunaisky ‘s method33 is used to compute the 
estimation of global error. His idea could be 
elucidated in the subsequent steps: 

It is possible to interpolate the values
n
iu ,

n
iT  and

n
iC , 

where (i=1,2,….., 21). Then, we give them names Pi 
(i=1,2,…..,21). Furthermore, after interpolating the 
values '', '' and ''u T C , identify them by their names 

1 2 3R ( ) '', R ( ) '', R ( ) ''y u y T y C   . 

1) We compute the identify functionalities di 
(i=1,2,…..,21)as follows:  

d1(y)=
21 PP  =0, d2(y)= 2 1P R ( )y  ,  

d3(y)= 3 4P P  =0, d4(y)= 4 2P R ( )y  , 

d5(y)= 5 6P P  =0, d6(y)= 6 3P R ( )y  , 

2) Adding these determine functionalities di 
(i=1,2,…..,21) addressed the initial issues and 
name the new solution zi (i=1,2,…..,21). 
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3) The new answer Z(z), whose elements are zi 
(i=1,2,…..,21), is obtained by solving the dummy 
issue using the finite difference methodology. 

4) Calculating the estimation of global errors using 
ei=Zi-P(zi), (i=1,2,...,21), wherein Z(zi) represents 
the accurate solution of the pseudo-problem at zn 
and zi represents the closest possible solution of 
the pseudo-problem at zi. Clearly, we imagine that 
Z(zn)= P(zn) is the precise answer to the pseudo-
problem. 

5) The global values for errors are acquired and 
summarized as indicated in Table 1. The basis for 
this inaccuracy is the use of 21 points to 
determine the degree of the applying interpolation 
to polynomial PI (I=1, 2,... 6). 20,33. 

 

Sherwood, Nusselt, and skin friction numbers 
The non-dimensional form of the skin-friction 

coefficient involving heat and mass transmission is as 
follows: 
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Results and Discussion 
The analysis of the influence of the various 

problem variables, which is shown in Figs. (2)–(22), 

validated the conclusions that were achieved. 
Furthermore, it is believed that the non-dimensional 
parameters have the ones that follow fixed values: 
 

 0.01, 𝑡 ൌ 0.1 𝜋, 𝛾 ൌ 0.4, 0.05, 0.3  ,𝑀 ൌ
1,𝐷𝑎 ൌ 0.1,𝐹𝑠 ൌ 0.5,𝐺𝑟 ൌ 0.5,𝑃𝑟 ൌ 2.5,𝑄 ൌ
5,𝐸𝑐 ൌ 1, 𝑆𝑐 ൌ 1,𝐷𝑓 ൌ 0.01,𝑁𝑏 ൌ 2.5,𝑁𝑡 ൌ

3.5, 0.1em  , 2HSU  , R=1,𝑘଴ ൌ 0.1, n=2, 

𝛽 ൌ 1.02,𝐸஺ ൌ 0.01, Ge=4, Re=0.4, Λ ൌ 1.4. 
 

Hall34 first discovered the concept of Hall current. 
The result of a potential variation that runs counter to 
an electric current flowing within a conductor of 
electricity is known as Hall action. The Hall current 
parameter is the ratio of the magnetic field that is 
generated to the combination of the current density 
and the produced electric field. Since its value 
depends on the range of charges and their types, it is 
always a distinctive attribute of the material. Figs 2 
and 3 display the action of the dimensionless velocity 
of Helmholtz-Smoluchowski HSU  and Hartmann 

Number Ha on the distribution of velocity 𝑢, 
respectively. There is evidence that the acceleration 

Table 1 — Estimation of the global errors for temperature, velocity, and concentration of nanoparticles 

y u e1 T e3 C e5 

0 0 0 0.05 0 0.05 0 

0.2 0. 005399 0.200D-3 0.090910 0.1800D-4 0.012517 െ0.4300D-6 
0.4 0. 007874 0.100D-2 0.117415 0.1200D-3 െ0.008571 െ0.2500D-6 
0.6 0.009740 0.170D-3 0.130125 0.4100D-3 െ0.016760 െ0.2100D-5 
0.8 0.008655 0.530D-3 0.130801 0.8000D-4 െ0.008571 െ0.1400D-4 
1 0.008456 0.700D-2 0.121790 0.2300D-3 െ0.016300 െ0.8000D-5 

1.2 0.007962 0.110D-3 0.105522 0.5600D-3 െ0.005719 െ0.8900D-6 
1.4 0.006847 0.120D-2 0.084115 0.6200D-4 െ0.001625 െ0.2900D-4 
1.6 0.003764 0.410D-2 0.059074 0.1600D-3 െ0.000128 െ0.5300D-4 
1.8 0.001940 0.160D-3 0.031097 0.3200D-3 െ0.000490 െ0.2600D-4 
2 0 0 0 0 0 0 

 

 
 

Fig. 2 — Velocity profile for 
HSU  
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distribution rises as values of HSU  increase, but it falls 

as Ha rises. Furthermore, as the dimensionless 
coordinate y increases the highest value that can be 
found for u for each value of both HSU and Ha, 

increases, but when Ha rises,  it falls. The  top  of  this 
paragraph explains the result in Fig. 3. The outcome 
in Fig. 2 is explained as follows: it is well-known that 
any solution containing electric field charges creates a 
force called Coulomb force. Electro-osmotic flow is 
caused by Coulomb force. The Debye layer is an 
accumulation of mobile ions that forms in the area 
close to the interface since the chemical equilibrium 
involving the surface as well as a solution of 
electrolytes often causes the interface to acquire an 
overall fixed charge of electricity. The ensuing 
Coulomb force causes the overall charge in the 
electrically charged double layer to move once an 
electrical field is introduced to the fluid. Electro-
osmotic flow is the name given to the resultant flow. 
Thus, a greater resultant Coulomb force facilitates 
fluid movement. The interaction between the 
acceleration distribution u and the dimensionless 
chemical response constant kα is depicted in Fig. 4. 
With the exception of the generated curves 
overlapping close to the surface wall, it is discovered 

that the impact of HSU  on u is identical to the impact 

of kα on u, namely, in the interval 𝑦 ∈ ሾ0.0, 0.2ሿ.  
Fig. 5 illustrates how the Schmidt number Sc affects 
the velocity distribution u. It is shown that the 
behavior of u for different values of Sc in the interval 
of coordinate 𝑦 ∈ ሾ0.0, 1.11ሿ is precisely the same as 
the behaviour of u for different values of Ha in Fig. 3. 
Additionally, it is shown in Fig. 5 that the curves are 
extremely close to one another within the range of the 
axial coordinate 𝑦 ∈ ሾ1.11,  ሻ. Additionally, the 
highest possible value of u persists at y = 0.67 in the 
very initial interval, and this optimum value slowly 
declines as the overall value of Sc increases. 

The Figs 6 and 7, illustrate how the temperature 
distribution T changes when considering the 
dimensionless coordinates y for various amounts of 
the thermophoresis coefficient Nt and Gebhart 
number Ge, respectively. As the parameter Nt 
increases, the temperature gradient T rises, according 
to the graphical results in Figs 6 and 7, whereas it 
decreases as Ge increases. Now, the result in Fig. 6 
will be explained; from a physical point of view; 
Thermophoresis also known as thermo-migration or 
thermo-diffusion, is a phenomenon that occurs in a 
blend of mobile particles exhibiting different 

 
 

Fig. 3 — Velocity profile for Ha 
 

 
 

Fig. 4 — Velocity profile for kα  

 
 

Fig. 5 — Velocity profile for Sc 
 

 
 

Fig. 6 — Temperature profile for Nt 
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responses to the temperature gradient force. It 
controls the transfer of molecules along a temperature 
gradient. The particles subjected to the bombardment 
of higher energy molecules will have a higher 
temperature. Consequently, this explains the result in 
Fig. 6. This conduct is consistent with what  has  been 
reported35,36. Additionally, it is noted that T rises with 
y until a certain value, y=y0, which denotes the 
highest value of T, and then falls. Fig. 8 shows how 
the thermal distribution T is affected by the radiation 
level parameter R. It is discovered that the thermal 
distribution T decreases with an increase in R 
throughout intervals 𝑦 ∈ ሾ0.0, 0.67ሿ, otherwise it 
increases with increasing R. T behaves differently in 
the range of y ∈ [0.67], than it does in the remainder 
of the intervals. There exist maximum values of T for 
every value of R within the first interval, and these 
values decrease as R rises. Figs (9) and (10) elucidate 
the variation impacts of the electroosmotic parameter 
𝑚௘ and the thermodynamic Rayleigh number Λ on the 
temperature distribution T, respectively. As seen in 
Figs 9 and 10, except for the fact that the curves are 
much larger than those shown in Figs 6 and 7, the 
curves' behavior is comparable to that found in those 
figures. The following outcomes seen in Fig. 10 are 

caused by the thermodynamic Rayleigh number 
defined as the strength of thermal buoyancy 
thermodynamic to viscous and thermal diffusion. It is 
inversely proportional to the energy generated from 
both viscous dissipation and Soret effect leading to a 
decrease in temperature. 

The random movement of nanoparticles immersed 
in a media, which could be a liquid or a gas, is known 
as Brownian motion in physics. Typically, this motion 
pattern involves a particle moving to a different sub-
domain after experiencing random oscillations in its 
current location within a fluid sub-domain. The newly 
established closed volume undergoes further 
variations after each migration. This pattern increases 
the concentration of nanoparticles and characterizes a 
liquid at thermal equilibrium. This will clarify the 
subsequent outcome. The distribution of the 
concentration of the nanoparticle C with the 
dimensionless direction y is shown in Figs 11 and 12 
for varying values of the parameter for 
thermophoresis Nt and the Brownian motion 
parameter Nb, correspondingly. As can be observed 
from these figures, the concentration of nanoparticles 
rises with increasing Nb values while falling with 
increasing Nt. The nanoparticles concentration 

 
 

Fig. 7 — Temperature profile for Ge 
 

 
 

Fig. 8 — Temperature profile for R 
 

 
 

Fig. 9 — Temperature profile for me 
 

 
 

Fig. 10 — Temperature profile for Λ 
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distribution C of the nanoparticles for small values of 
Nb as well as high values of Nt decreases as the 
coordinate 𝑦 increases, reaching a minimum value 
before increasing. The effect of the Dufour number Df 
on the nanoparticles concentration distribution C as 
determined by the value of  dimensionless  coordinate 
y is shown in Fig. 13. It is evident that the behavior of 
C for different values of Df in the range associated 
with the coordinate y [0.0, 1.3] is exactly the same as 
the behavior of C for different values of Nt shown in 
Fig. 12; otherwise, the produced curves overlap. In 
the starting interval, C has the smallest value at y = 
0.62 for every value of the factor Df. The distribution 
of the concentration of nanoparticles C is shown in 
Fig. 14, which shows the effect of the dimensionless 
chemical interaction constant kα. It is observed that 
the influence of kα on C is the reverse of the influence 
of Df on C, as seen in Fig. 13. The only difference is 
that the curves' behaviour with y is wavy for small 
quantities of kα, but they resemble a parabolic shape 
with a minimum value for large values of kα. Other 
parameters' effects are comparable to those seen in 
Figs 11–14. To conserve space, some figures are not 
included here. 

 
 

Fig. 13 — Nanoparticles concentration profile for Df 
 

 
 

Fig. 14 — Nanoparticles concentration profile for 𝐤𝛂 
 

 
 

Fig. 15 — Skin friction profile for Ha 
 

The behaviour of the skin coefficient of friction 
with time t for different values of the dimensionless 
Helmholtz-Smoluchowski velocity and Hartmann 
number Ha is depicted in Figs 15 and 16. These 
figures illustrate that as Ha increases, the skin friction 
factor also increases, and conversely, when Ha 
decreases, the skin friction coefficient decreases as 
well. Furthermore, Figs 15 and 16 show that the skin 
coefficient of friction initially becomes negative and 
decreases with increasing t until it reaches a finite 
value, at which point it remains relatively constant 
over time. 

 
 

Fig. 11 — Nanoparticles concentration profile for Nb 
 

 
 

Fig. 12 — Nanoparticles concentration profile for Nt 
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Fig. 16 — Skin friction profile for 
HSU  

 

 
 

Fig. 17 — Nusselt number profile for Ge 
 

 
 

Fig. 18 — Nusselt number profile for Q 
 

Figs 17 and 18 show Nusselt number Nu values 
plotted against time t for different Gebhart number Ge 
values and the parameter of heat source Q values. 
These figures illustrate that Nu increases with Ge and 
decreases with Q. Additionally, Nu values for various 
Ge and Q values initially increase with time tuntil 
reaching a finite value, after which they decrease.  
Fig. 19 demonstrates how Nu changes with y for 
various radiation parameter R values. Nu decreases as 
R approaches the outermost wall y ∈ [0, 0.21], as 
shown in Fig. 19; elsewhere, it increases as R 

increases. This indicates a different behaviour of Nu 
in the region r ∈ [0.21, ∞] compared to y∈ [0, 0.21]. 
In Fig. 20, the relationship between Prandtl number 
Pr and the Nu is shown. The lines in Fig. 20 are closer 
together compared to Fig. 19, suggesting that the 
influence of Pr on Nu is opposite to the impact of  
R on Nu as shown in Fig.19. Due to space constraints, 
additional figures are not included here as their results 
are consistent with those in Figs 17 and 18. 

For various values of the amplitude ratio ε and the 
dimensions chemical reaction parameter kα, the 
behaviour of the Sherwood coefficient Sh with time  
t is shown in Figs 21 and 22, correspondingly. The 
amplitude ratio increases Sh value, whereas the 
dimensionless chemical reaction parameter decreases 
it, as illustrated by these figures. Additionally, it is 
observed that the values of Sh is always positive, that 
the difference between the Sh for various values of ε , 
and that kα is reduced as t grows and approaches a 
minimum value before increasing. As ε increases, the 
absolute minimum value of Sh rises, but when kα 
increases, it falls. 

Table 2 presents numerical results for the skin 

friction  , reduced Nusselt number Nu and Sherwood 

 
 

Fig. 19 — Nusselt number profile for R 
 

 
 

Fig. 20 — Nusselt number profile for Pr 
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number Sh, for various values of the wave amplitude , 
Prandtl number 𝑃𝑟 and heat source parameter Q0. It is 
clear from Table 2, that an increase in  , 𝑃𝑟 and Q0 
gives an increase in the values of dimensionless quantity

  and 𝑆ℎ, but decreasing in the dimensionless 

quantity Nu. In addition, these results have been 
compared with those obtained by B´eg et al.42, and it is 
found that there is a good agreement between our 
results and those of Ahmed et al.23.  
 

Conclusion 
The adapted Eyring-Powel nanofluid flow 

electroosmosis problem on a sheet that is stretching 

has been addressed. Mixed convection, thermal 
radiation, pressure work, heat source, activation 
energy, Ohmic, and viscous dissipation all have an 
impact on the flow through a porous non-Darcy 
medium. An explicit finite differences approach has 
been used to solve a predefined entire set of nonlinear 
differential equations with partial differentials. 
Additionally, the Zadunaisky technique is utilized to 
estimate the error rate for the scheme in question. As 
a sufficient approximation to the computed physical 
values, the estimated errors contain the approximated 
solutions. It is intended that this work would help 
people grasp more complicated issues in engineering, 
industry, and some physiological flows37-39. Graphs 
have been used to examine the impact of the various 
parameters on these flow variables. The present 
analysis yields the following main findings:  
 Higher values of dimensionless Helmholtz–

Smoluchowski velocity, the dimensionless 
chemical reaction parameter and Brownian 
motion parameter enhance the velocity, whereas 
Hall current parameter, Schmidt number and 
thermodynamic Rayleigh number drop the 
velocity. 

 Both dimensionless Helmholtz–Smoluchowski 
velocity, thermodynamic Rayleigh number and 
Gebhart number lower the temperature profile, 
while it rises as both the electroosmotic 
parameter, the thermophoresis parameter and the 
Brownian motion parameter rise. 

 As y increases, the temperature rises for various 
issue parameter values until it reaches a 
maximum value. 

 Regarding the behaviour of temperature, the 
concentration of nanoparticles exhibits the 
opposite behaviour. 

 The skin-friction drops with increasing 
dimensionless Helmholtz–Smoluchowski velocity, 
Darcy number and heat source parameter, 

 
 

Fig. 21 — Sherwood number profile for ε 
 

 
 

Fig. 22 — Sherwood number profile for kα 
 

Table 2 — Comparison of the physical quantities of present study with those obtained by Ahmed et al.23 

  Pr Q0   in the present 

study 
  

(Ahmed et al.23) 

Nu in the present 
study 

Nu  
(Ahmed et al.23) 

Sh in the present 
study 

Sh  
(Ahmed et al.23) 

0.05 
0.1 
0.2 

2.5 
2.5 
2.5 

1 
1 
1 

0.0805 
0.1705 
0.5812 

0.0797 
0.1816 
0.6342 

-0.0026 
-0.0088 
-0.2003 

-0.0024 
-0.0083 
-0.1749 

0.0059 
0.0780 
0.6005 

0.0066 
0.0821 
0.5998 

0.2 
0.2 
0.2 

3 
3.5 
4 

1 
1 
1 

0.3008 
0.3110 
0.3190 

0.2951 
0.2954 
0.2957 

-0.0301 
-0.0392 
-0.0510 

-0.0221 
-0.0320 
-0.0424 

0.1804 
0.1930 
0.2089 

0.2042 
0.2166 
0.2297 

0.2 
0.2 
0.2 

4 
4 
4 

2 
3 
4 

0.2306 
0.2988 
0.3089 

0.2290 
0.3047 
0.3169 

-0.2407 
-0.6016 
-0.9899 

-0.2348 
-0.5515 
-1.1642 

0.3948 
0.7004 
0.9960 

0.4089 
0.6691 
1.1732 
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however it rises due to the increment of Hall 
current parameterand of the electroosmotic 
parameter. 

 An upsurge in Prandtl number and Reynolds 
number increase or decrease both Nusselt number 
and Sherwood number. 

 The Nusselt number rises, and the Sherwood 
number falls as the Gebhart and Schmidt numbers 
rise. 

Parametric study could be expanded in future 
studies to investigate how other fluid characteristics, 
such as the morphologies of nanoparticles, affect the 
dynamics of flow. A stability analysis of the flow and 
an investigation of the nonlinear effects may offer a 
more profound understanding of the system's 
behaviour in harsh environments, which is crucial  
for high-performance industrial applications. 
Experimental research should be done to support 
theoretical conclusions, with a particular emphasis on 
practical uses like thermal energy storage devices and 
MHD generators. 
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