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ABSTRACT

In this article, the impacts of magnetic fields and fluid motion with exponential heat generation inside a slit porous
microchannel affected by suction/injection impact are investigated analytically. We analyzed the natural
convective flow of an incompressible fluid over a parallel plate microchannel exposed to a perpendicular magnetic
field. One of the parallel plates has a superhydrophobic surface (SHS), while the other plate has a no-slip surface
(NSS). A closed-form approach was employed to treat the governing equations for case I, representing the physical
scenario of a heated SHS while the NSS remained unheated, and case 11, depicting the realistic conditions where
a no-slip wall is heated while the SHS remains unheated. The consequences of various flow parameters, such as
suction/injection, Darcy number (Da), exponential heat generating parameter (Qg), and MHD, on velocity and
temperature, volume flow rate, skin friction, and Nusselt number are graphically demonstrated. It is concluded
that the action of suction/injection is to decrease/increase the temperature and velocity components, respectively,
for both cases. It is revealed that thermal profiles rise in both cases, considering the impact of the exponential heat
generation parameter (Qg). The velocity component and volume flow rate substantially increased with the
influence of the Darcy number (Da) and the exponential heat source parameter (Qg). This work will encourage
the advancement of knowledge in fluid dynamics and heat transfer, with possible uses for heat transfer advances
in the chemical and engineering sectors, microelectronic cooling/heating, biomedical devices, and lab-on-a-chip
devices.

Keywords: Exponential heat source, Suction/injection, Magnetohydrodynamics (MHD), Porous material, Slit
Microchannel.

1.0 INTRODUCTION

expounded by Jha et al. (2018). Additionally, Jha et al.

A planar layer or channel surface with porosity or
passageways that let fluid leak will experience suction
or injection. In the management of the boundary layer
region, particularly in engineering, aerodynamics,
space technology, and medical sciences, the
suction/injection impact is very crucial. These
applications prompted our quest to dig further into the
effect of suction/injection in industrial working fluids.
References such as Mishra et al. (2022), Chaudhary and
Jain (2007), and Khalid et al. (2015) explain the
demonstrations of this concept. Given this, Hamza et
al. (2024c) explored the effect of wall porosity on
unsteady magnetized slip flow affected by temperature-
dependent thermal property and asymmetric/symmetric
wall heating in an upward-facing channel. Jha et al.
(2022) studied the outcomes of injection or suction on
buoyancy-induced flow in an upward channel due to a
point/line heat sink/source using the Laplace transform
technique. Uwanta et al. (2014) analysed the action of
wall suction/injection on magnetized buoyancy-
induced flow in an up-facing plate. It was established
that fluid velocity can be effectively regulated by
injection or suction. The significance of
suction/injection on magnetized natural convection was

(2019) investigated how buoyancy-induced flow is
affected by suction and injection. They found that the
fluid motion is lowered by raising the injection
parameter. Also, the suction parameter goes up, and so
do the shear stress characteristics. Kamis et al. (2021)
investigated heat flow analysis in the blood fluid-based
copper and alumina nano elements across a transient
stretching sheet affected by suction/injection. Other
works that provided some comprehensive insights into
the impacts of unsteady magnetized hybrid nanofluid
flow across a stretching or shrinking thin film with
suction/injection effects can be seen in references
Kamis et al. (2023), Kamis et al. (2022), Bachock et al.
(2023), and Karouei et al. (2024).

Magnetized flows with heat transfer features in porous
media have been largely explored in recent times owing
to their significance in numerous engineering
processes, namely liquid metal separation, metallurgy,
compact heat exchangers, and fusion control. A good
number of authors have accomplished quality works to
exemplify this phenomenon. In this regard, Adeyemo
et al. (2024) modelled a numerical study on the
thermally and chemically transfer characteristics of a
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nonlinear convective heat source fluid flow affected by
variable viscosity and porosity impacts. The research
examined the interplay between variable viscosity,
porous medium properties, and heat emission on fluid
flow, heat transfer, and mass transport, shedding light
on the complex relationships between these factors.
The findings offer valuable insights into optimizing
energy and mass flux processes in various porous media
applications. Ajibade et al. (2023) discussed the
implications of viscous and Darcy dissipation on MHD
free flow over a slit channel partially filled with porous
material affected by heat generation, using the
homotopy perturbation method. Ojemeri and
Onwubuya (2023c) emphasized the consequences of
viscous dissipation and porosity factors on magnetized
buoyancy-induced flow of an incompressible fluid
traveling along a slit microchannel that is alternately
heated and equipped with SHS and temperature jump
conditions. Nihall et al. (2024) examined the thermally
and chemically propelled flow in a nanofluid over a
radially elastic sheet, taking into account the effects of
activation energy. Their results show that increasing the
exponential heat source or sink leads to difficulty in
effectively transporting heat, thereby reducing the heat
transfer amount. Fathi et al. (2023) investigated the
thermal performance of porous-fin microchannel heat
sinks for the cooling of advanced micro-electronics.
Their numerical study examined how porosity, fin
thickness, and fluid flow affect heat transfer rates. The
results indicated that porous-fin microchannels
markedly encourage heat transfer rates and decrease
thermal resistance, presenting a promising solution for
cooling high-power micro-electronics. Chakravarty et
al. (2022) examined the consequences of liquid coolant
sub-cooling on boiling heat transfer with porous media
through numerical simulations utilising a two-phase
flow model. Their findings revealed that subcooling
significantly improves boiling heat transfer rates and
postpones drying out. The study identified optimal
levels of subcooling that maximize heat transfer while
minimizing the risk of drying out. Allan and Dardery
(2018) outlined the impact of chemically and thermally
driven flow on a time-dependent mixed convection
flow across an upstanding porous channel. Bordoloi et
al. (2021) gave the interpretation of the diffusion-
thermo effect on a three-dimensional flow through a
porous upstanding plate in a porous medium affected
by a periodic suction factor. Other references that
provided more insight into the concept under
consideration can be found in Hamza et al. (2022),
Bordoloi et al. (2023), Kadeethum et al. (2022), and
Gireesha and Sindu (2020), to cite a few.

In heat transfer analysis, the study of fluid flow in
microchannels with SHO characteristics and jump
temperature is a fundamental one of long interest. Some
of the features of microchannels with SHS are
extremely water repellent, self-cleaning mechanisms,
reduced friction, and enhanced flow. Lee et al. (2021)

opined that microchannels with SHS can minimize the
effect of water exposure on surfaces and enable self-
cleaning behaviour. Microchannels with SHS have
found applications in the creation of lab-on-a-chip
medical diagnostic devices, regulated microfluidic
transport, heat transfer augmentation through effective
liquid flow, and oil and water separation in microfluidic
structures. Akhtari and Karimi (2020) mentioned that
SHS used in microchannels can minimize the pumping
power needed to initiate the fluid’s speed. A good
number of outstanding authors have greatly contributed
to the studies of different effects in microchannels
influenced by SHS. To this end, Ojemeri et al. (2024)
underscored the significance of the heat source/sink on
chemically reactive fluid flow in a SHO-heated
microchannel using a semi-analytical method. Hamza
et al. (2024a, 2024b) reported the influence of
electrokinetic effects on free and combined flows in
SHO microchannels and a temperature jump scenario.
It is revealed from their analytical result that the
function of the SHS and electrokinetic features is to
enhance the fluid motion in the microchannel. Hamza
et al. (2025) studied the impact of heat generating fluid
in a superhydrophobic microchannel affected by
velocity slip and temperature jump conditions. In the
field of MHD, Jha and Gwandu (2018, 2020) studied
fluid flow in the application of a magnetic intensity in
an up-facing microchannel coated with SHO
conditions, porous medium, and temperature jump.
Yale et al. (2023) explored the function of viscous
dissipative fluid in a slit microchannel with
SHS. Ojemeri and Onwubuya (2023a, 2023b)
examined this phenomenon with mixed convection
flow affected by porous medium and chemically
propelled heat source or sink fluid in a SHO
microchannel. Sharma et al. (2020) provided a
theoretical simulation that describes the pressure-
driven flow along a microchannel involving SHS
characteristics with constant heat flux. Other interesting
research with different thermal boundary scenarios
with SHS can be seen in these references: Sia et al.
(2023), Heidarian et al. (2020), and Zhang et al. (2019).

The study of fluid suction or injection flow is of crucial
importance for medical sciences as well as technical
applications such as the cooling and drying of paper and
textiles and the extrusion of metals and polymers, to
name a few. It is used in particular for problems with
blood circulation, blood flow, cancer treatment,
aerodynamics, and so on. These developments have
been made possible by the use of improved working
fluids, novel channel walls with enhanced heat
insulation features, or inventive geometric designs.
Therefore, this paper intends to build on the
contribution of Hamza et al. (2025) by incorporating
the novel and interesting interactions between
suction/injection, exponential heat generation, and
porous SHO microchannel features on fluid flow
patterns and thermal characteristics. The results from
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this research would not only be essential for controlling
fluid flow in microchannels but would also aid in the
addition and removal of reactants during chemical
reactions. Additionally, by understanding these
interplays, the outcome of the work can serve as a guide
for the design of advanced heat control mechanisms for

applications  involving  high-performance  and
microfluidic equipment.

2.0 DESCRIPTION OF THE FLOW

We consider buoyancy-induced flow of an

incompressible fluid in an up-facing slit microchannel

Superhydrophobic surface
Bo
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—1
|

y'=0

Figure 1: Schematic D
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with parallel plates. The channel is coated with a porous
medium and exponential heat generation, causing the
fluid to rise. The two plates in the microchannel are
intentionally modified such that one plate has SHS and
the other has a no-slip surface, both exposed to a
transverse magnetic field, as illustrated in Figure 1. The
coordinate system is defined with the X-axis aligned
with the flow direction and gravitational force (g),
while the Y-axis represents the perpendicular direction.
A uniform magnetic field of specified strength is
introduced perpendicular to the plates.

No slip surface

Y
g

<—
<«— Fluid injection

BB

y'=L
iagram of the Flow

The study considers two cases: one where the SHS is heated and the other one where the NSS is heated. Building
on the work of Hamza et al. (2025), we have incorporated suction/injection and a porous medium into the
governing momentum equation and introduced an exponential heat source parameter into the temperature
component. The dimensional equations for the current model can be written as

vZZTZ+VOZ—;+g,B(T—T0)—%u—UB—°u= 1)
kaPZTZ 0 Z—; + —qe(ZZ;TO) exp(—nyL ) =0 )
Subjected to following boundary conditions
TO) = AT =Ty +V' 5
du aty=0 3)
u(y) = )IIE
T) =To +B(T, —T,) _
With dimensionless quantities as
1 r 2
(Y,M):M, gzu, Q:qeL , U:+,
L T,-T, k gpL [T2 —T1] )
Me=TBL gtk o veCe g Vb
pv L2 k © v

Putting equation (5) into equations (1) and (2), we get
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d?e de
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Substituting non-dimensionless quantities into equations (3) and (4), we get
ae

o) =A+y—

av aay=0 (8)
uy)=21—

ay
6(Y) =B B
U(y)zo} aty =1 ©)
Case I: When SHS is heated (A = 1,B = 0)
Case II: When NSS is heated (A = 0,B = 1)
3.0 METHODOLOGY
Solving equations (6) and (7) in steady-state form using the theory of simultaneous equations, the solutions of
energy and momentum have been obtained as
0(y) =D, + D, exp(—S] Pr Y) + D3 exp(—nY) (10)
U(Y) = D, exp(MsY) + Ds exp(—=M,Y) + Dg + D, exp(—S, PrY) + Dg exp(—nY) (11)
The solution to the Volume flow rate is obtained as:

g — DaKy | Dsky D7Ks | DaKe
Qn = J, UM)dY = iy T, T D6t sor T (12)
The skin friction and Nusselt Number for both plates is also determined as:
Y = p,M; — DsM, — D,S; Pr — Dgn (13)
ayly=g
Z—: . = DyM; exp(M3) — DsM, exp(— M,) — D;S; Prexp(— S; Pr) — Dgnexp(—n) (14)
=1

dae
d_Y Y0 = —DZS] PT‘ - D3Tl (15)
dae
arl,_, = —D,S; Pr exp(—S,Pr) — Dynexp(—n) (16)

4.0 RESULTS AND DISCUSSION

The steady-state analysis of the wall porosity effect on
buoyancy-driven flow with exponential heat generation
in a porous SHO microchannel is performed. The
effects of the key parameters, namely, exponential heat
source parameter (Qs), suction/injection (Sj), velocity
slip parameter (A), and temperature jump parameter,
embedded in the flow pattern, have been discussed
given their possible applications. The solutions of the
governing equations in terms of temperature, velocity,
volume flow rate, skin friction, and Nusselt number
have been determined using the theory of simultaneous
differential equations. Some illustrative graphs have
also been plotted using MATLAB software (Version
R2021a) to describe various flow characteristics. It is
important to state that Sj < 0 represents fluid injection,
while Sj > 0 denotes fluid suction.

The impact of suction/injection on temperature and
velocity profiles is described in Figures 3(a, b) and 4(a,
b), respectively, for both cases. From these figures, it is
evident that increasing values of the injection parameter
promote the thermal and hydromagnetic flows, whereas
fluid suction does the opposite. Suction/injection
factors contribute significantly to boundary layer
control, such as in engineering, aerodynamics, space
research, and medicine. Therefore, the outcome of

these findings can be very useful for controlling fluid
flow in channels as well as aiding the addition and
removal of reactants during chemical reactions. Figures
5(a, b) and 6(a, b) explain the flow pattern when the
exponential heat source parameter is varied on the
energy and momentum components, respectively. It is
worth mentioning that both the fluid temperature and
velocity demonstrate an increasing tendency for cases |
and Il when the level of Qg is raised. This is inherently
true since the system may be able to transfer heat more
quickly because of the exponential growth of the extra
heat boost. Additionally, it is assumed that the heat
generation parameter near the plate conveys additional
heat, increasing the fluid flow rate and, thus, the
temperature and velocity distributions across the
boundary layer region. Increasing efficiency,
performance, and safety in a wide range of applications
is made possible by the ability to regulate velocity flow
in both SHS and NSS that are being heated by
manipulating exponential heat source parameters.
Numerous industries, including energy, transportation,
construction, and healthcare, will be significantly
impacted by these discoveries.

The impact of the suction/injection parameter with the
temperature jump on the volume flow rate is plotted in
Figure 7(a, b) for both case | and case 11, respectively.
It was established in case | that the function of the fluid
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injection parameter is to escalate the fluid flow rate as
the temperature jump impact rises, while a counter
attribute is noticed in the application of fluid suction. In
case 11, the fluid injection is observed to bring down the
volume flow rate, whereas increasing the fluid suction
parameter produced a reverse effect.

The deviations of suction/injection impact on the rate
of heat transfer and skin friction affected by velocity
slip and temperature jump conditions are demonstrated
in Figures 8 to 11. The characteristic behaviour of the
rate of heat transfer, also known as the Nusselt number,
is plotted in Figures 8(a, b) and 9(a, b) for both case |
and case Il respectively. In case |, it is revealed that an
increase in the heat transfer rate is evident when the
fluid injection parameter is increased, as displayed in
Figure 8a at (y=0). In the presence of the fluid suction
parameter, a contrast behaviour is noticed as shown in
Figure 8b. In case Il, the opposite effect of case |
happens for the actions of suction and injection.

WEBSITE: https://fugus-ijsgs.com.ng

Figures 10 (a, b) and 11 (a, b) display the significant
influence of suction/injection on shear stress. In both
cases | and IlI, when SHS and NSS are heated
respectively, it was depicted that the skin friction is
strengthened for higher injection parameters, but an
opposite effect is seen in the presence of suction
parameters at the lower plate as shown in Figures 10a
and 1la. In the upper surface at y=1, a reverse
phenomenon happens as illustrated in Figures 10b and
11b. There are, however, observed points of
intersection in Figures 10a and 11a.

4.1 Results Validation

In order to verify the accuracy and precision of the
present work, Figure 2 was plotted to showcase the
relationship between our work and that of Hamza et al.
(2025) for the limiting case when Sj =0 and Da =
10000. An excellent agreement was established.

0.2 T T T T

=0, v=0 Hamza et al. (2025)
=== =0, =1
=== X1, =0
===2=1, 9

A=0, =0 Presentwork
—2=0, =1
=1, =0
— =1, =1

0 | | L |

0 0.1 0.2 0.3 0.4

Figure 2: Graphical comparison between the Work of Hamza et al. (2025) and the Present Work for the
limiting case
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5.0 CONCLUSION

This work evaluates the significance of wall porosity on
buoyancy-induced flow of an incompressible fluid in a
porous SHS microchannel instigated by exponential
heat generation. The resultant governing equations
representing the temperature and velocity components
are treated analytically using the theory of simultaneous

differential equations. Additionally, the physical
component of engineering interest, namely volume
flow rate, skin friction, and Nusselt number

expressions, has also been determined. Analysis graphs
have been plotted to elucidate the influences of key
parameters such as Sj, Qs, and on the flow dynamics,
facilitating a comprehensive understanding of their
individual and synergistic effects. Comprehending the
temperature variations on surfaces coated with pores is
very instrumental for effective heat management in the
electronics, aerospace, and automotive industries. The
major results from this study are stated below:

i. Increasing the fluid injection parameter encourages
the thermal and hydromagnetic flow in both cases,
while a reverse effect occurs in the presence of the
fluid suction parameter.

ii. The temperature and velocity distributions increase
in both case | and case Il with a rise in Qs.

iii. In the presence of, volume flow rate
increases/decreases with an increase/decrease in Sj in
case I, but produces an opposite effect in case II.

iv. In case I, the rate of heat transfer is increased by
raising the fluid injection parameter at the lower surface
(y=0) but reducing it at the upper wall (y=1). An
opposite effect occurs in case 11.

v. In both cases, the skin friction demonstrates an
increasing trend in the action of fluid injection at the
lower surfaces (y=0), whereas a counter behavior is
seen in the presence of fluid suction at (y=1).

vi. In the future, this work will be extended to study the
impact of the nonlinear thermal variable.
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g gravitational force (m/s?)

T, dimensional temperature of the surrounding (K)
T, dimensional temperature higher than T, (K)

B,  constant magnetic field applied (T)

Y  dimensionless horizontal position between the plates (-)
U  dimensionless vertical velocity of the flow (-)

M magnetic parameter (-)

Da Darcy number

S Suction/injection parameter

L channel width (m)

Qv dimensionless volume flow rate (-)

Nu  Nusselt number (-)

Qs exponential heat source parameter

n exponential index

k thermal conductivity (W/nK)

Greek symbols

y'  dimensional temperature jump (m)

y dimensionless temperature jump (-)

A" dimensional slip length (m)

A dimensionless slip length (-)

T skin friction coefficient

6 dimensionless temperature (-)

v fluid kinematic viscosity (m?/s)

p  fluid density (kg/m3)

o fluid electrical conductivity (4253 /kgm?)

Appendix
A-B-D,(yn+1-exp(—n
M, = (i+M2j,D1=A—D2(st Pr+1)-D,(yn+1),D, = 16 PC))
Da 7S, Pr+1—exp(-S, Pr)
_ =S, +4/S% +4M; S +«/82+4M2 -
Dszz—Q'Msz : : l’M4: : - : ’D62312’D7: 252 l232 2!
n“-—S, Pr 2 2 M; Sy P =Sy Pr—M;
-D
D,=—23  _ P=AM,-1P, =4S, Pr+1P,=An+1 P, =1+ AM,,
8 nz—SJn—Mf 1 3 2 J 3 4 4
D, = D“Pl_D7PTD_ DyP; — D, ,P. = D, + D, exp(=S, Pr)+ D, exp(-n)
4
P, -PRP,
R, =P, exp(M;) + R exp(-M,), P, :(D7P2 + DR + De)exp(_M4)1 D, :T1

6

K, =exp(M;)-1L K, =1-exp(-M,), K, =1-exp(-S, Pr),K, =1-exp(-n)
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