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Abstract: This evaluation inspects an analytical computation
of magneto carboxymethylcellulose (CMC)-water-based
hybrid nanofluid containing molybdenum disulfide (MoS,)
and zinc oxide (ZnO) nanoparticles through an immersed
porous surface. The flow is considered an exponential surface
along a hybrid nanofluid. The energy and mass expression
has been computed through thermal radiation, heat genera-
tion/absorption. The plate temperature obtains higher to T,
and the concentration of species C,, surrounding the plate
climbs linearly over time. Employing nondimensional factors
allows a model’s leading equation to transform into dimen-
sionless. The Laplace transformation methods are employed
to address the nondimensional differential equations of
hybrid nanofluid in the MATHEMATICA 12.0 software. The
impact of developing factors on temperature, concentration,
velocity, drag force, Nusselt, and Sherwood number is
explored which are examined graphically and tabular form
for the MoS, + ZnO/CMC-water and MoS,/CMC-water. The
flow variables such as porosity flow, radiative variable,
heat source variable, Prandtl number, chemical reaction,
and Schmidt number. It is concluded that the greater estima-
tion of porosity and magnetic variable declined the velocity
distribution for the MoS, + ZnO/CMC-water and MoS,/
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CMC-water. Thermal radiation causes the temperature to
rise distribution but declining phenomena is observed for
Prandtl number. The porosity of flow and magnetic field
enhances the drag force by 32.13-55.76%.
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Nomenclature

By Magnetic field strength (-)

C* Concentration of hybrid nanofluid (mol m™3)
cf Skin friction (-)

Ce Chemical reaction parameter (-)

Co Ambient concentration (-)

Erfc Complementary error function (-)

g Acceleration due to gravity (m/s?)

Ky Porosity medium (-)

M Magnetic field (-)

Pr Prandtl number (-)

Q Heat Sink parameter

Rd Thermal radiation

Sc Schmidt number

T Temperature of the fluid (K)

t Dimensionless time (-)

T. Ambient temperature (-)

u*, v*  Velocity component (m/s)

U Dimensionless velocity (-)

X Coordinate horizontal to the plate (-)

Y Coordinate normal to the plate (-)
Greek symbol

Unns Coefficient of viscosity (m?/s)

Vhnf Kinematic viscosity of hyrid nanofluid (kg/ms)
Prut Density of hyrid nanofluid (kg/m>)
(pcp)nne  Specific heat of hyrid nanofluid (J/kg K)
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o* Stefan Boltzmann constant

Kinf Thermal conductivity of hyrid nanofluid
(W/(m Kk))

C] Dimensionless temperature (-)

P Dimensionless concentration (-)

y Porosity parameter (-)

() Similarity parameter (-)

Subscript

f Base fluid

hnf Hybrid nanoparticle

1s Solid nanoparticle of MoS,

2s Solid nanoparticle of ZnO

Abbreviation

CcMC Carboxymethylcellulose

HNF  Hybrid nanofluid

MHD  Magnetohydrodynamics

TR Thermal radiation

1 Introduction

Porosity flow is the flow of substances via a porous sub-
stance, where they pass via connected vacuums (pores).
This occurrence is influenced by the material’s porosity
as well as the movement of fluid within the pores.
Porosity and fluid flow in porous materials are essential
ideas in a variety of scientific and technical fields, particu-
larly hydrogeology, chemical engineering, ecologic science,
and material biology. Understanding the interplay
between porosity and flow is crucial for accurate modeling
of subsurface fluid dynamics, developing filtering systems,
and maximizing recovery in hydrocarbon reservoirs.
Sekhar [1] elucidated the magneto-porous time-dependent
flow upon a vertical porous sheet with force convection
through a Laplace transformation. Bajwa et al. [2] deli-
neated the mechanism of porosity flow of Lorentz force
past an accelerated exponential plate using an analytical
solution. They noted that the magnetic field has a reducing
impact on the velocity of the fluid. Khattak et al. [3] expli-
cated the significance of Fourier heat theory embedded in
a porous medium through numerical simulation. It was
predicted that the temperature profile has been reduced
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for the larger magnitude of thermal relaxation time. Abbas
et al. [4] reported the thermal slip porosity flow of visco-
elastic nanomaterial immersed in a porous surface in the
presence of the heat source past a slipping surface. They
found that the heat transmission is enhanced by the heat
source. Zeeshan et al. [5] reported the velocity effect on the
nanoparticle impinging porosity sheet with nonlinear
thermal radiation. It was illustrated that the velocity
decayed due to the larger magnitude velocity slip effect.
Jawad et al. [6] narrated the activation energy of the Max-
well nanoparticles subject to the porous flow past a stretch-
able sheet. They observed that the Maxwell fluid velocity
augmented behavior through the numerical solution.
Ahmed et al. [7] expressed the role of variable viscosity
on the peristaltic nanomaterial immersed in the porous
medium via numerical simulation. They noted that the
porosity flow of nanofluid enhanced the reducing impact
on the velocity of fluid. Pradhan et al. [8] presented the
impact of heated radiation on the magneto mixed convec-
tive time-dependent flow past a porous flow via a heat
source/sink considering the Laplace technique. From this
analysis, the Garshof number provided the velocity goes
up. Shafiq et al. [9] discussed the machine learning
approach for the hybrid process of Darcy-Forchheimer
flow of nanofluid past a wedge via a porous surface.
They found that the escalating values of inertia coefficient
and porosity medium decline the velocity of wedge. Haq
et al. [10] noted the magneto flow of mixed convection in a
cavity channel via a porosity surface. It was elaborated
that the drag force reduces with the effect of magnetic field
and mixed convection. Mahabaleshwar et al. [11] described
the influence of porosity flow of viscous fluid via various
conditions through the exact method.

Because of its many technical and commercial possi-
bilities, nanofluids study has attracted significant attention
from academics. Nanofluids are a significant, intriguing,
and exciting topic of investigation in many technical and
technological fields due to their numerous enhanced
exchange of energy applications. Recent studies have
shown that nanofluids transmit heat far more strongly
than traditional liquids. As a result, using nanoliquids as
substitutes for conventional fluids is safer. Researchers
and academics have investigated the mechanical and
thermal characteristics of nanofluids using a range of
models. Choi [12] was the first to propose the inclusion of
nanomaterials to a traditional fluid in order to increase its
thermal conductivity. Aman et al. [13] discussed the
thermal transportation of non-Newtonian nanoliquid,
which comprises the CNTs past the various molecules.
They observed that the drag force, heat, and mass trans-
port are computed by numerical simulation. Song et al. [14]



DE GRUYTER

traced the effect of magnetized viscoelastic nanoliquid past
a cylinder via heat generation and absorption. In this
exploration, it was illustrated that the curvature variable
reduces the velocity of the cylinder but enhances the tem-
perature and concentration. Hussain et al. [15] considered
the cooling features of non-Newtonian nanomaterials of
chemical reactivity for the solar collector subject to the
chemical reaction. It was delineated that the chemical reac-
tion depreciates the concentration of nanomaterials.
Shafiq et al. [16] illustrated the heat radiation of viscous
nanofluid on the Darcy-Forchheimer flow past a stretch-
able sheet. It was noticed that the fluid parameter are
enhanced on the machine learning process. Waqas et al.
[17] observed the thermal radiative flow of nanoliquid sub-
ject to the Lorentz force within the rotating plate. Shafiq
et al. [18] explained the effect of Lorentz force of simulation
of microrotating nanofluid for the simulation of machine
learning process. They probed that the larger estimation of
micro-rotating values accelerates the drag force. Haq et al.
[19] reviewed the effect of heat source on the forced con-
vection of nanofluid subject to the chemical reaction past a
tilt channel. Parmar et al. [20] explored the irreversibility
exploration of magneto flow mixed convective nanofluid
past a porous surface using fractional derivation solution.
It was probed that the mixed convection accelerates the
speed of the fluid particles. Zaheer et al. [21] inspected the
stagnant point flow of the Lorentz force of nanofluid via
semi-analytical solution. Bilal et al. [22] discussed the bio-
convective flow of nanomaterial subject to the porosity
flow and magneto dual diffusive mechanism. It was
described that the porosity flow reduces the velocity of
the fluid. Riaz et al. [23] computed the convective flow of
viscoelastic nanofluidic in the presence of suction is influ-
enced by triple stratification. They introduced the stratifi-
cation in the thermal, concentration, and motile microor-
ganism. Waseem et al. [24] elaborated the chemical species
of nanofluid for the comparative analysis of viscoelastic
fluid past an exponential sheet.

A novel fluid type known as hybrid nanofluid has
recently aroused the curiosity of academics and experts.
Compared to conventional nanofluids, such fluids demon-
strated superior heat conduction. Whereas the standard
nanofluid only includes a single kind of nanoparticle, a
hybrid nanofluid has two different kinds. In order to
improve the rate of thermal exchange, multiple investiga-
tors used the hybrid nanofluid models throughout their
research period. Arshad et al. [25] computed the radiative
flow of chemical species of the hybrid nanofluid for the
rotating flow between parallel plates. They used the homo-
topy analysis method for the modeled equation. Shah et al.
[26] discovered the microorganism effect of Prandtl hybrid
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nanofluid due to the chemical reaction past a stretchable
sheet and illustrated that the velocity of the fluid declined
due to the fluid parameter. Mishra et al. [27] performed the
numerical simulation of hybrid nanofluid subject to the
chemical species bioconvective mixture. In this problem,
they noted that the buoyancy parameter enhanced the
fluid velocity. Abbas et al. [28] obtained the effect of Mar-
angoni convective flow condition for the buoyancy flow of
tri-hybrid nanofluid subject to the heat source. They noted
that the Marangoni parameter enhances the velocity of
fluid and reduces the drag friction. Vijay and Sharma
[29] reported the heated radiation of magneto hybrid nano-
fluid on the second law analysis with chemical species.
It was expected that the greater magnitude of magnetic
field declines the Bejan number and entropy generation.
Das et al. [30] reported the chemical species of water-based
hybrid nanofluid containing Cu—Al,03 nanoparticles past a
stretchable sheet. They observed that the larger estimation
of Biot number intensifies the temperature profile. Shah
et al. [31] narrated the homogenous-heterogenous che-
mical reaction of hybrid nanofluid subject to the tri-hybrid
nanofluid past a cylinder. Jubair et al. [32] discussed the
numerical simulation of hybrid nanofluid for the homoge-
nous and heterogenous chemical species past a tilted porous
cylinder. It was decided that the homogenous variable inten-
sifies the Nusselt number. Hussain et al. [33] deliberated the
dual diffusive of hybrid nanofluid immersed in a porous sur-
face in a cavity surface. They identified that the bigger esti-
mation of porosity flow of hybrid nanofluid decayed the
velocity profile. Algarni et al. [34] produced the mechanism
flow of time-dependent squeezing flow containing Ag + TiO,
based on blood hybrid nanofluid due to a Riga plate via the
machine learning process. They detected that the nano and
hybrid nanofluid accelerates the drag force for the unsteady
parameter. Tassaddiq et al. [35] presented the significance of
interspacing nanoparticle radius on Williamson hybrid nano-
fluid, the micro-squeezing surface for the Hall effect. They
proved that the squeezing variable enhances the drag force
for the two values of radii. Hussain et al. [36] discussed the
effect of an incinerator on the micropolar hybrid nanofluid
subject to the heat transportation analysis. They noted that
the viscoelastic parameter influence on the drag force. Alge-
hyne et al. [37] discussed the thermal analysis of the micro-
polar fluid containing hybrid nanoparticles upon a vertical
sheet.

The analysis of heat radiation’s effect on the flow has
gained attention for its everyday use in domains such as
influence, crystal manufacturing, furnace design, and
metal roll. Addressing the transfer of radiative heat is
essential for designing equipment for things like nuclear
reactors, turbines for gas, rockets, and atomic power
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plants, as numerous industrial operations involve elevated
temperatures. Naqvi et al. [38] narrated the thermal radia-
tion of second law analysis on the thermal radiation of
hybrid nanofluid via numerical solution. From this ana-
lysis, they noted that the larger estimation of thermal
radiation escalates the entropy generation. Reddy and
Sreedevi [39] discovered the second law analysis on the
thermal radiation of magento hybrid nanoflid within a
square cavity. It was probed that the Lorentz reduces the
velocity of the fluid. Kodi et al. [40] explained the chemical
species of heated radiation of 3D rotating flow past a
stretchable sheet, considering heat absorption. They
obtained that the temperature enhances owing to the value
of heat generation. Saleem et al. [41] described the heated
radiation of hybrid nanofluid using shrinkable sheet. They
exhibited that the shrinkable parameter enhances the skin
friction. Naqvi et al. [42] obtained the irreversibility ana-
lysis on the hybrid nanofluid for the thermal radiation past
a shrinkable sheet. It was explained that the Brikman
number influences on the Bjean number for the increasing
phenomena. Madhu et al. [43] explained the activated
energy on thermal radiation for the hybrid nanofluid
toward the stagnant surface. It was described that the acti-
vation energy parameter intensifies the concentration of
nanoparticles. Gangadhar et al. [44] explained the thermo-
dynamical analysis of the Lorentz force for the heated
radiation of hybrid nanofluid-based MgO and Ag nano-
fluid. Ullah et al. [45] exhibited the convective flow of acti-
vated energy of heated radiation subject to the hybrid
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nanofluid past a stretchable sheet. In this analysis, bigger
values of Biot number enhance the temperature profile.
Mottupalle et al. [46] explored the heat radiation of micro-
polar nanofluid in the porosity flow past an oscillatory
surface with bioconvection. They observed that the larger
estimation of the heat radiation parameter enhances the
heat transport.

Established on the works assessment, no study has
been reported to produce the computation of the magne-
tised flow of hybrid nanofluid (MoS,~ZnO/CMC-water)
in an exponential surface impinging porous medium.
This exploration communicates by studying the hybrid
nanofluid in a porous medium. The thermal radiation
and chemical equation have also been accounted. The fun-
damental equations have been transformed into non-
dimensional partial differential equations by inserting
non-dimensional quantities. The Laplace transformation
method is used to solve the equations and determine the
fluid velocity, temperature, and concentration. Graphs
illustrate how flow factors affect fluid velocity, thermal
distribution, and concentration. Moreover, carboxymethyl-
cellulose (CMC-water) is considered a convectional fluid,
and MoS,-ZnO nanocomposites are added to ordinary
CMC-water to improve heat and mass transmission rate.
The current model is considered by applying the Laplace
transforms. The final findings show the impact of physical
characteristics through several plots, with a brief discus-
sion of each graph. We tabulated the drag force, heat, and
mass estimated the enhancement for hybrid nanofluid
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Figure 1: Geometry of the hybrid nanofluid with porosity flow.
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(MoS,-Zn0). We also explored the uses of these nano-com-
posites in CMC-water in detail.

2 Model formulation

We consider the time-dependent flow of magneto flow of
CMC-water-based MoS; + ZnO hybrid nanofluid over a
porous accelerated plate. Heat and mass computed
through the expression of thermal radiative and chemical
species. The y*-axis is considered vertical upward, while
the x*-axis is considered horizontal. Here, an infinite plate
with temperature T, and concentration C,, is surrounded
by the erratic flow of a viscous incompressible fluid that is
initially at rest. At time t* > 0, the plate accelerates expo-
nentially with a velocity u = uy exp(a*t*) in its own plane.
The plate’s temperature rises to T,,, and mass diffuses uni-
formly to the fluid below. A magnetic field strength B, is
applied to the plate. Furthermore, a radiation heat flux of
q, is thought to be absorbed into the plate.

Both the system of coordinates and the physical descrip-
tion are demonstrated graphically in Figure 1. The fluid is a
CMC-water-based hybrid nanofluid that incorporates a
variety of MoS,, and ZnO nanoparticle combinations. Tables
1 and 2 list the hybrid nanoparticles’ physical characteristics.

3 Assumption of the current flow
problem

To create a realizable mathematical framework to simulate

the unsteady flow of a hybrid nanofluid through a porous

medium over an accelerating vertical plate, the following

assumptions are made:

* The hybrid nanofluid is deemed incompressible, with
laminar flow throughout the domain.

¢ Flow is assumed to be one-dimensional in the plate’s
normal direction (along the y-axis), with no change in
the horizontal or spanwise directions.

Table 1: Physical attributes of the nanoparticles with conventional liquid

Physical CoU/kgK) p k o (s/m)
properties (kg/m®)  (W/mK)

CMC-water (<0.4%) 4,179 997.1 0.613 0.05

MoS, 397.65 5,060 34.5 2.09 x 1077
Zn0 495.2 5,600 13 7.261

x 1070
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Table 2: (a) Thermophysical significance of (MoS,/CMC-water). (b)
Thermophysical model for (MoS, + Zn0O)

Properties MoS,/CMC-water
Viscosity (u) Hpp _ 1

N
Density (p)

Pnf S1p1s
Fnf _ - + Z2Fs
Pt a %) Pr

onr _ O1(1+291) +205(1- 91)
o T od- g +apt 91
knt _ ki+2kp - 291(ks - k1)

kg k1 + 2kg + S1(ks — k1)
(pcpInf F1(pcp)1s

Electric conductivity

Thermal conductivity (k)

Heat capacity (pCp)

= - g
(pept a- 7+ (pep)t
iffusi D, _
Mass diffusive (Dy¢) Dfnff =(1- A
Properties MoS, + Zno/CMC-water
Viscosity (u) Unnf _ 1
g (A== 99
Density (p) Phnt Sopys |, P1s
Phnf _ 1 — _ 4 L2P2s | L 7AP1s
rR R (RO RE - R
Electric Ohnt _ 02(1+299)+20n0¢(1-F5) Onf _ o1(1+291) +20¢(1- 1)
Conductivity Onf a2(1= ) + onf 2+ F2) ’ of o1(1- 91) + o2 + .71)
Thermal Kinf _ Ks1+ 2knnf = 24(Knnf = k1) - Ks2 + 2knf = 22(Knf = ks2)
conductivity ke ks1+ 2knnf + S1(Khnf = k1) Ks2+ 2kng + Sa(kng — ks2) | L
(k)
Heat (pcp)hnt F2pcplas F1(pep)1s
——=01- - +
capacity (pep)t - sd- 2 (pept (pep)t
(PCy)
D _
Mass =1 - A~ AT
diffusive
(Drnnf)

» The physical parameters of both the base fluid and the
suspended nanoparticles (such as viscosity, thermal con-
ductivity, density, and specific heat) are assumed to be
constant and unaffected by temperature or concentration.

* The porous material is supposed to be homogenous and
isotropic with consistent porosity and permeability.

¢ The fluid is initially at rest. At time ¢t > 0 ¢ > 0, the vertical
plate accelerates as a function of time. Far from the plate,
the fluid velocity approaches zero.

* A no-slip condition is imposed on the plate’s surface,
which means that the fluid velocity precisely matches
the plate’s velocity at the boundary.

The constitutive equations may be written in the
boundary layer through magnetic, porosity heat radiation,
and chemical reaction effects [41]

ou*  9ov*
=0, 1
ox*  oy* m
ou*  Upys 0%u* Unos U* O *
— = hnf - hnf & hnfBozu , )
ot*  pppe Oy Prnt Ko Prnt
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OT* _ ke 0°T* QT*-To) — 160*T3 )
ot*  (pCpnns OY* (PCo)nnt 3(PCo)nt”
ac* d:C*
W = Dhnfw - Ke(C* - Cw). (4)

The problem is solved analytically using the Laplace
transform method under physically realistic boundary
conditions

t*<0u*=0,T*=
t*>0, u*=uyexp(a‘t*),
C*=Co+ (Cy -
t*> 0,

T., C* = C,, forall y*

T* = T, + (T, - T.)Bt*
C.)Bt* at y* =0 ’
u*=0,T*=T,C*=C, at y* » =

(@)

uZ
where B = -*.

Here, x and y are coordinates in terms of u* and v*
velocity component, B, describes the magnetic field
strength, p,, denotes the density of the hybrid nanofluid,
K, describes the porosity flow, a,,r symbolized the electric
conductivity of hybrid nanofluid, vy, represents the
kinematic viscosity of hybrid nanofluid, T* defines the
temperature fluid, T., describes far away from the tempera-
ture, C* describes the concentration, (pcp)hnf represents
the heat capacity of hybrid nanofluid, t* elaborates the
time, Q, is the rate of absorption, y . is the dynamic visc-
osity of hybrid nanofluid, and K, is the chemical species.

The dimensionless variables are

* * t* *1 uZK
= x- Xl L oy Y, L%
U u* to v* ay
T* - T, 16v2T2 v(Gy) VK,
0= JRd = 5 ,Pr=u,Ce= o )
TW - Too kuo kf uo
® C* - Co SC_KM—O-BO 0, = Qv
Cw~ Co’ D’ pud T p(Cud

The molybdenum disulfide (MoS;) and zinc oxide
(ZnO) are displayed in Tables 1 and 2. The solid nanopar-
ticles are indicated by % and %;.

The constitution equations (1)—(4) produces

ou o
-2~ myU - TLMU, %)
ot ey WY TR
0 1%
+ ILORA + I,OQ, ®)
at  Proy: ° 00
90 1 0%
9 . ~ KyCe®. ©)
ot scoyz o€

Here, porosity parameter , heat sink parameter

y= Ka

5

. B¢
[QO = p(Ci)fuoz]’ magnetic field (M = %), Prandtl number
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uc, . iati
[Pr = 7"] Schmidt number [Sc = %] thermal - radiation
273
[Rd = 1‘2’};‘”], chemical reaction parameter [Cr = % .

The relevant boundary conditions are

®=0,U=0,0=0, forall Y,t<0
d=t,U=et0=t at Y=0 ,
®-0,U—-0,6—-0, as Y—>

(10)

Bing _ 1
N R S ()

Dynamic viscosity = K; =

S1p <115
f

Prunt 9pzp T2

Py

Density = K; = =1-%A)\0-9%A)+——

f

Electric conductivity

K, = oot _ 0y(1 + 29) + 200¢(1 - 5)
T ow ol- K+ o2+ K
au _ 0l + 24) + 20,1 - S)

o ol-A+aq2+A)’

King
ke
- ks1 + 2knng = 2F1(knnt — K1)
ks + 2Knnt + S1(Knnt ~ K1)
% ksz + anf B zﬂ(knf - ksz)
ksz + 2kne + So(kng = Ks2)

Thermal conductivity = K, =

ke,

C,
Heat capacity = K = % =(1- 5@)‘(1 - %)
p/f
. S1(pCp)as .\ SAPCplis
(pep)s (pep)s
Dt

Mass diffusion = Kg = =[1 - A1 - A

f

4 Exact analytic solution

A function time-dependent f(t) may be changed into a
function of complex frequency f(s) using the Laplace
transform, a potent mathematical tool. It is particularly
helpful in the processing of signals, system control ana-
lysis, and the solution of linear differential problem.

For the specified circumstances (10) the Laplace trans-
formed technique is used precisely as following to equa-
tions (7)—(9): The flow chart for the specified analytical
approach is shown in Figure 2.

_y ILis + My
\ s-a

L(U) = Exp , 11
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29) = le-Y st l 12)
-Y/Sc(Ce+s)
Z(Q) = eT' 13)

Equations (11)-(13) are converted via employing
inverse Laplace.

4.1 Velocity profile

at
U= e i Erfe(o - M+ Th)

(14)
+ "M ThErfe(g + My + Th)].
4.2 Temperature profile
1
= -JIBPrR Y, _
0 [4 \/H—3R1€ N (TR t - Y/Pr)(1 + Exf[o
- YJ/Pr]) + e2VPIBRY (2 TR t + /PrY)Erfcle  (15)

+ Y/Pr ).

Figure 2: Flow chart of Laplace transformation.

Hybrid nanofluid for the porosity flowing through an accelerated plate

—_ 7

4.3 Concentration profile

(eIVSeCo))[Erfe(o/KeSc) - +/Sc(KqCet) 1+
(e)VSe(KsCe)) [ Exfe(o/KsSe) — /KeSc(Cet) ]

1

=2 . (16)

4.4 Engineering variables

Engineering quantities are described by drag force,
Nusselt, and Sherwood number

Cf— Iﬂ B ﬂ _ leat _ze—M—y-HrY M-y+I
Y ly-o 00 0=0 2 JT
zee—M—y—l'll—Y M-y+II} (17)
e ]
-2 - l@
oY y=0 GQ =0
[ g [0 PrRa ”
N *AARd T I (18)
Q@ PrRd Q@ PrRd
- - =+ - +
ErfVra " (R T |
on (PDEs form)
ry conditions
uation (PDEs form)
dary conditions
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Table 3: Computation of the drag friction for the various magnitudes of
aytM
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Table 5: Exhibits variation in the Sherwood number for various mag-
nitudes of Sc, t, Ce

cf Sherwood number
My t a MoS,/CMC-water MoS, + ZnO/CMC-water Sc t Ce MoS,/CMC-water  MoS, + ZnO/CMC-water
0.1 0.155331 0.160613 1.0 0.441538 0.454456
0.4 0.140034 0.144787 2.0 0.405080 0.416564
0.7 0.126255 0.130537 3.0 0.376055 0.398575
0.1 0.411089 0.457303 0.01 0.243204 0.267951
0.2 0.394123 0.437573 0.02 0.236079 0.244687
0.3 0.373621 0.426748 0.03 0.228081 0.234096
0.1 0.155332 0.206191 0.1 1.0 0.301878 0.323535
1.0 0.166594 0.221141 2.0 0.86363 0.897660
2.0 0.178674 0.237176 2.5 1.086471 1.109886
0.1 0.269271 0.278482
1.0 0.297592 0.307773
20 0328889 0340134 results are displayed in graphs and tables in order to
examine the properties of hybrid nanofluids along with
nanofluids. The nanofluid and hybrid nanofluid in this
Sh = [ l KGCeSc discussion are represented by MoS, + ZnO/CMC-water
aY Y=0 =0 and MoS,/CMC-water, respectively. Drag force, heat, and

19

B 2(V/Sc - JKqCeSct)
NG .

5 Results and discussion

This section focuses on the technique of the Laplace trans-
form that is employed to address the variables defining a
flow and obtain accurate analytical results regarding velo-
city, temperature, and concentration. A graphical analysis
of the influence of multiple physical attributes on the
movement of fluids was also conducted. The numerical

Table 4: Computation of the Nusselt number for various magnitudes of
Pr, Qo, t, Rd

Nu

Pr Q t Rd MoS,/CMC-water MoS; + ZnO/CMC-water

6.2 0.651454 0.668753
6.7 0.696560 0.708765
7.3 0.715656 0.728595
0.2 0.106586 0.124346

0.3 0.116884 0.134556

0.4 0.125674 0.146564

0.1 0.218736 0.248113

0.2 0.465232 0.496226

0.3 0.707673 0.744739

0.1 0.817673 0.867687

0.2 0.863627 0.898760

0.3 0.908373 0.926538

mass varied depending on various physical parameters;
these values are shown in Tables 3-5.

Figure 3 shows the mechanism of velocity of the fluid
for the variation with respect to magnetic field. A magnetic
field from the outside provided transverse to the flow
direction creates a Lorentz force in magnetohydrody-
namics that prevents the electrically conducting fluid, in
this case a nano and hybrid nanofluid. Figure 4 shows the
significance of time (¢) on the velocity of the fluid. It is
observed that the greater estimation of the time (¢) the
fluid of velocity enhances near the exponential plate in
the scenario of MoS; + ZnO and MoS,. Figure 5 shows the
velocity field with the variation of porosity medium ().
Greater values of the porosity medium (y) decline the

0.4}

MoS; ; M=0.2 MoS$;+Zn0O ; M=0.2
> — — MoS;; M=0.6 — MoS;+ZnO ; M=0.6
‘g’ 0.3 — = MoS;; M=1.0 = Mo0$;+ZnO ; M=1.0
S
3
~ 0.2}
=
~
~
=~ 0.} .

4
4
4
0.0} ~ .
0 2 4 6 8 10
o

Figure 3: Display of M against velocity of fluid U ify = 0.2,t = 0.2,
1 =0.01, % = 0.08, Q, = 0.4, Pr = 6.7,Rd = 0.4, Sc = 0.9, Ce = 2.2.
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Mo$; ; t=0.1 MoS$;+Zn0O ; t=0.1
= = Mo$;;t=0.3 = Mo0S;+ZnO ; t=0.3
= = Mo$;;t=0.6 = Mo0S;+ZnO ; t=0.6

o
o

Fluid Velocity U
>
N

0.4
0.2
0.0p 7 - —
0 2 4 6 8 10
o

Figure 4: Display of t against velocity of fluid U ify = 0.2, M = 0.2,
9 =0.01, 43 = 0.08,Q, = 0.4, Pr = 6.7,Rd = 0.4, Sc = 0.9, Ce = 2.2.

velocity of the fluid in the scenario of MoS, + ZnO and
MoS,. Physically, the velocity profile of a hybrid nanofluid
passing through a porous media is strongly influenced by
the porosity parameter. The consequences of time (¢) for
the temperature of fluid is shown in Figure 6. The aug-
mented flow rate enhances the effect in the scenario
of MoS, + ZnO and MoS,. It is a basic idea in heat transmis-
sion that is transient (time-dependent). Figure 7 shows
the effect of radiation (Ryq) over temperature of fluid 6. A
fluid with a larger radiation has a greater temperature of
fluid, whereas a fluid with a larger heat flux has a higher
temperature. The influence of heat source (Q,) over the
fluid temperature © is shown in Figure 8. As the larger
estimation of heat source variable causes the augments
of fluid temperature. In thermodynamic evaluation, a
value or term that denotes the source (or sink) of thermal
power inside a system is called a heat source variable. The
heat equation, computer simulations, or thermodynamic

MoS; ; y=0.1 MoS;+Zn0O ; y=0.1
= = MoS;;y=0.4 =— Mo$+Zn0O ;y=0.4
= = MoS;;y=0.8 = MoS$;+ZnO ;y=0.8

Fluid Velocity U
>
-

Figure 5: Display of y against velocity of fluid U ift = 0.2, M = 0.2,
1 =10.01, % = 0.08, Q, = 0.4, Pr = 6.7, Rd = 0.4, Sc = 0.9, Ce = 2.2.
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0.4r
<) Mo$; ; t=0.1 MoS;+ZnO ; t=0.1
§ 0.31 — = Mo$;;t=0.2 — MoS+Zn0 ; t=0.2
‘§ — — Mo$;t=0.3 — MoS$;+ZnO ; t=0.3
V
0.2t
§ 0.2
~
=
'§ 0.1
<Y

0.0f ¢

0 2 4 6 8 10
4

Figure 6: Display of ¢t against temperature of fluid ©@ ify = 0.2, M = 0.2,
91=10.01, % = 0.08, Q, = 0.4, Pr = 6.7,Rd = 0.4, Sc = 0.9, Ce = 2.2.

models where heat generation or absorption takes place
can all contain it. The variation of Prandtl number against
the fluid temperature © is shown in Figure 9. It is clear
from the graphic that the thermal distribution exhibits
retarding behavior as the amount of Pr increases. This
occurs in thermal the physical behavior of the momentum
diffusivity to thermal diffusivity ratio. This happens more
frequently with MoS, nanofluid than MoS, + ZnO. The
impact of the time (¢) on the concentration of fluid is shown
in Figure 10. The concentration of fluid is enhanced due to
the larger estimation of time (t) for the scenario of MoS, +
Zn0 and MoS,. Figure 11 depicts the influence of Schmidt
number (Sc) against the concentration of fluid. Mass fluxes
shift from lower to higher concentration species when the
concentration of fluid grows with growing values of this
variable, indicating the physical situation caused by the
temperature gradient. The graph makes it clear that the
chemical reaction parameter (Ce) has a substantial impact
on the concentration profile as depicted in Figure 12. A

1.4-\

1.2F\"
D MoS; ; Rd=0.1 MoS,+ZnO0 ; Rd=0.1
§ 1.0¢ — — MoS;;Rd=1.0 = Mo0S;+ZnO ; Rd=1.0
‘§ 0t — = MoS;;Rd=2.0 — MoS;+ZnO ; Rd=2.0
X
S 0.6}
~
Z’§ 0.4}
= 04}

0.0p

0 2 4 6 8 10
14

Figure 7: Display of Rd against temperature of fluid © if y = 0.2, M = 0.2,
91 =0.01,%=10.08,Q,=04,Pr=6.7,t= 04,5 =09, Ce = 2.2.
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0.20

MoS; ; Qp=0.1 MoS;+ZnO ; 0y=0.1
= = MoS;; 2=2.0 = Mo0S;+Zn0O ; 0y=2.0
= = MoS;; Q=4.0 = MoS;+ZnO ; Qy=4.0

0.15

Fluid Temperature @
>
s

0.00}

Figure 8: Display of Q, against temperature of fluid U if y = 0.2, M = 0.2,
1 =10.01, % =0.08,t=04,Pr =6.7,Rd = 04, Sc = 0.9, Ce = 2.2.

1.2
Q 1.0 MoS; ; Pr=6.2 Mo0S,+Zn0 ; Pr=6.2
§ 08 — = MoS,; Pr=6.4 = MoS,+Zn0O ; Pr=6.4
s = = MoS;;Pr=6.7 = MoS;+Zn0O ; Pr=6.7
~
V
0.6
S
S04
:E ' '
S .
Z 0.2 g

0.0} 4

1] 2 4 6 8 10

4

Figure 9: Display of Pr against temperature of fluid® ify = 0.2, M = 0.2,
$1=0.01, % =008,t=04,Q,=6.7,Rd = 04,Sc =09, Ce = 2.2.

rapid depreciation in the concentration of fluid occurs as
chemical reaction (Ce) enhances. This mechanism is con-
sistent with the scientific knowledge that enhanced

S 0.3 MoS; ; t=0.1 MoS;+ZnO; t=0.1
§ = = MoS;;t=02 == MoS;+ZnO; t=0.2
g — = MoS;;t=03 = MoS;+Zn0; t=03
g

S0.2

L

=

)

Y

:E 0.1

= 0.

&

0.0

Figure 10: Display of t against concentration of fluid @ if y = 0.2,
M=02,9 =001, % =0.08, Pr = 14,Q, = 6.7, Rd = 0.4,
Sc=0.9,Ce=22.

DE GRUYTER

0.8
S MoS; ; Se=1.0 MoS;+Zn0 ; Sc=1.0
= — = MoS;;Sc=2.0 == MoS;+Zn0 ; Sc=2.0
=) -
‘§ 0.6 = = MoS;;Sc=3.0 == MoS;+ZnO ; Sc=3.0
s
=
3
= 0.4}
S
S
=
S
0.2

0.0f

0 2 4 6 8 10
4

Figure 11: Display of Sc against concentration of fluid ® if y = 0.2,
M=02,9%=0.01 .9 =0.08Q,=14,Pr =6.7,Rd = 04,
Sc=0.9, Ce =22.

molecular mobility brought on by greater chemical reac-
tion (Ce) enhances mass transfer, which lowers the local
fluid concentration in both MoS, + ZnO and MoS,.

Figure 13 shows skin fraction under the effects of %]
and %. Greater values of y = 0.1, 0.3, 0.5 skin friction ele-
vated again M. The study focuses on the nanomaterials
MoS, + ZnO and MoS,. Figure 14 depicts the rate on transfer
of heat with the influence of Rd and Q,. Stronger Q,
strengthen Nusselt number. In the scenario of hybrid nano-
fluid nanomaterials, MoS, + ZnO and MoS, efficient beha-
vior is examined. Plotting for changes in Sherwood
number via increased Sc is shown in Figure 15. Higher
estimation of Sc obtained MoS, + ZnO and MoS, by exam-
ining intensification in Sherwood number. The drag force
bar plot with the variation of y versus M is shown in Figure
16. The hybrid nanofluid was found to have maximum and
minimum values of 0.45 and 0.11, respectively. The bar plot

0.8

MoS; ;Ce=1.0 MoS;+Zn0 ; Ce=1.0
= = MoS;;Ce=2.0 == MoS;+Zn0O ; Ce=2.0
— = MoS;;Ce=3.0 = MoS;+Zn0O ; Ce=3.0

Fluid concentration &
o o
'S =

S
o

0.0

Figure 12: Display of Ce against concentration of fluid U if y = 0.2,
M=02,9 =001 9 =008,t=04,Q,=67Rd =04,
Rd = 0.9, Sc = 2.2
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Figure 13: Display of skin friction against M for y if 1 = 0.01, % = 0.08,
t=04,Q,=67,Rd=04,Rd =009, Sc=22.

1.4}
1.21 MoS$,+Zn0 ; Qy=0.1 MoS; ; Qp=0.1
§ Lok — Mo0S$;+Zn0; 0y=0.5 = = MoS; ; 0p=0.5
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= 0.8}
5 —— ————————————
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§ 2
04" T T T T PTTT T T ssss s
0.2 !
I
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Figure 14: Display of Nusselt number against Rd for Q, if % = 0.01,
9, =0.08,t=04,Q,=67,M=04,y=09,Sc =22.

displays the highest and lowest values of the nanofluid,
which are 0.4 and 0.10. Both MoS,/CMC-water and MoS,
+ ZnO/CMC-water nanofluids’ Nusselt numbers vary with

Hybrid nanofluid for the porosity flowing through an accelerated plate

-—_ 1"

35
3.0
-~ MoS;+Zn0O ; Se=1.0 MoS; ; Se=1.0
§2.5 — Mo0S;+Zn0;Se=1.5 — — MoS; ; Se=1.5
= = Mo0S;+Zn0; Sc=2.0 — = MoS;;Sc=2.0
= 2.0
S A
§15_ e
S 1
1.0
2
0.5 I
I
0.0
0 1 2 3 4 5 6

Figure 15: Display of Sherwood number against Ce for Sc if %7 = 0.01,
9 =008,t=04,Q,=67,M=04,y=09,Rd = 0.2.

the radiation parameter Rd, as shown in Figure 17. For
MoS,/CMC-water, the heat generation/absorption para-
meter @, ranges from 0.7 to 0.05, while for MoS, + ZnO/
CMC-water, it ranges from 0.68 to 0.04. Figure 18 illustrates
the variation of the Sherwood number with respect to the
chemical reaction parameter (Ce) in the presence of the
Schmidt number (Sc). For higher values of Sc, the Sher-
wood number for the hybrid nanofluid ranges from a max-
imum of 1.21 to a minimum of 0.05, while for the regular
nanofluid, it ranges from 1.2 to 0.03.

Streamlines of the nanofluid flow with a distinct por-
osity parameter phase are shown in Figures 19 and 20. As
the flow is affected by the porosity variable y, the stream-
lines are visible. The trajectory of particles that are
embedded in the liquid and carried by it is shown by the
streamlines. The direction of the fluid velocity at any given
location in the streamline is indicated by the tangent. The
velocity boundary layer patterns with the time and without
time are shown in Figures 21 and 22. A comparative

y=0.1,03,0.5

S S
LN

Skin Friction
S S S
~ N W

5

"

4 5

Luudl

M

@ Nanofluid W Hybrid nanofluid

Figure 16: Bar plot of skin friction against M for y if %1 = 0.01, %, = 0.08,t = 0.4, Q, = 6.7,Rd = 0.2, Sc = 0.1, Ce = 0.1.
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Figure 17: Bar plot of Sherwood number against Rd for Q, if 1 = 0.01, %, = 0.08,t = 0.4,M = 0.4, y = 0.9, Pr = 6.7, Sc = 0.1, Ce = 0.1.
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Figure 18: Bar plot of Sherwood number against Ce for Sc if %3 = 0.01,
Q,=01.
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Figure 19: Contour sketch of nanofluid when ¢t = 0.2, %7 = 0.01,
S =00,y=03,M=0.2.

analysis reveals that the time has a shearing effect upon
the velocity boundary layer region based on the previously
described data. The shearing effect of time and porosity
parameter is caused by the resistnace of flow, which pre-
vents fluid from moving. Figures 23 and 24 reveal the sen-
sitivity analysis of nanoparticles volume fraction, time,
magnetic field, and porosity variable.

Table 3 displays the skin friction coefficients that cor-
respond to the parameters ¢, M, and . For both MoS, and
MoS; + ZnO nanofluids, it has been found that rising values
of y, M, and t result in a decrease in the skin friction
coefficient. The contributions of Pr, Qo, ¢, and Rd to the
Nusselt number are highlighted in Table 4. For both MoS,

1.0
0.8: ‘,
0.6:'
0.4:

0.2

0.0 I
~1.0

05 10 15
X

—05 00

Figure 20: Contour sketch of hybrid nanofluid when t = 0.2, %1 = 0.01,
S =0.05,y = 03.
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Figure 21: Contour sketch of hybrid nanofluid when t = 0.6,
91 =0.01, %3 = 0.05,y = 0.3.

and MoS, + ZnO, the Nusselt number is improved by
increasing these parameters. The impact of Sc, Ce, and ¢
on the Sherwood number is shown in Table 5 for both
nanofluid and hybrid nanofluid scenarios. It is clear that
the Sherwood number decreases with increasing values of
Sc, Ce, and t. An excellent agreement was found between
the Sherwood number values calculated in this work for

1.5} ,
~ 1.0 ,
0.5/ ,
0.00. ‘ | ‘ ‘ ‘ i
1.0 -05 00 05 10 15 20

X

Figure 22: Contour sketch of hybrid nanofluid when t = 0.2,
% =0.01, % = 0.05,y =0.3.
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Figure 23: Sincerity analysis of volume fraction.

Velocity vs Time and Permeability

Figure 24: 3D surface plot sincerity analysis of ¢, M, and y.

various parameters and those reported in previous studies,
as detailed in Table 6.

Despite being highly respected for their effectiveness
in solving differential equations, Laplace transform

Table 6: Comparison of Sh for the variable of Sc, Ce, t

Sc t Ce Kataria et al. [47] Current analysis Sh
0.22 0.3 0.2 0.2956 0.2956879
0.5 0.3866 0.3866126
07 0.4632 0.4632574
0.22 03 2.0 0.3447 0.3447657
0.5 0.4881 0.4881130
0.7 0.6254 0.6254914
0.22 0.3 5.0 0.4169 0.4169134
0.5 0.6287 0.6287364
0.7 0.9389 0.9389432
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methods have significant drawbacks when used on com-
plicated systems like hybrid nanofluid flows affected
by heat radiation and Darcy-Forchheimer drag. These
systems frequently have dynamic input functions or
time-dependent boundary conditions, which the Laplace
technique finds difficult to handle. The application of
Laplace transforms is further complicated by the inclusion
of time-varying factors or external stimuli, such as
unstable heat sources, which reduces their ability to accu-
rately capture transient characteristics. Furthermore, in
hybrid nanofluid systems, the basic presumptions that
underlie Laplace-based solutions might not be valid, which
could result in differences between the translated analy-
tical solutions and the real physical phenomena.

6 Conclusion

This work aims to examine the magneto-porosity flow of

hybrid nanofluid past an exponential sheet. The impact of

various physical parameters on nanofluid flow has been

investigated. The MoS, and ZnO nanoparticles has been

considered as hybrid nanofluid along CMC-water base

fluid. This study used CMC - a low-concentration water

solution (0.0-0.4%). The Laplace transformation approach

provides solutions for velocity, concentration, and tem-

perature profiles. The main result has been produced as

+ Strengthen the porosity variable and magnetic variable

decline the velocity of hybrid nanofluid.

Velocity of the fluidic is accelerated by augmenting

values of t.

Accelerating the values of heat source amplifies the

temperature of the fluidic.

Larger estimation of Prandtl number deprecation of the

temperature of the fluidic.

¢ Fluidic concentration decays the (Sc) and (Ce) for

augmenting.

Nanoparticles of MoS, and ZnO work well as a cooling

energy.

* Table 4 reveals an increment of heat transport enhan-
cing the Rd, Q.

* The word “heat generation” refers to internal energy sources
such as exothermic chemical reactions or Ohmic heating.

 Furthermore, a species concentration equation is pro-
posed to investigate coupled heat and mass transport
in the presence of diffusion and potential chemical reac-
tions, which are important in environmental engi-
neering, catalytic processes, and biomedical flows.

¢ Porous medium flow has a substantial impact on pres-
sure drop, flow velocity, and heat transfer behavior in

DE GRUYTER

hybrid nanofluidic systems. The presence of nanoparti-
cles changes the fluid’s consistency and particle disper-
sion, affecting the medium’s effective porosity.

* Thermal radiation must be incorporated in heat transfer
modeling in order to effectively forecast temperature
distributions and improve thermal resilience. This form
of heat transport becomes more dominant at high tem-
peratures, when radiative effects outweigh conduction
and convection.

6.1 Limitation of the study

The Laplace transform is an effective analytical solution
approach for linear partial differential equations, espe-
cially in issues with beginning conditions. Still, the method
relies on well-behaved boundary and constraining func-
tions, which are frequently time-dependent or have a
simple functional structure. As a result, the paradigm could
not be directly relevant to circumstances like:

Nonlinear or arbitrary time-dependent boundary condi-
tions, for example, oscillatory acceleration or pulsatile flow.

External forcing functions that change sporadically
over time or contain discontinuities that are not easily
transformable in the Laplace domain.

In such instances, other analytical or numerical tech-
niques may be required to accurately describe the flow
dynamics.

6.2 Future work

In future investigation, we consider the non-Newtonian
fluid, various geometries, and the Soret and Dufor effect.
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Appendix

K K K,
I =—I,=— M=y+ILMI=— R =Rd+Q,
i K, 2 K, 1=Y 2 3 K 1 Q0
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