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Handling Editor: Huihe Qiu Nanofluids can be used in different solar thermal systems. Solar energy devices utilized in in-
Keywords: dustries and nanofluids as a source of solar energy in thermal engineering are two other sources of
Prabhakar fractional derivative solar energy, according to the article. This work inspects a viscous, incompressible nanofluid
CMC-nanofluid made of different (graphene oxide (GO) and molybdenum disulfide (MoS5)) nanoparticles sus-
Viscous flow pended in carboxymethyl cellulose (CMC). The governed model also considers permeability and
Vertical channel angled magnetic effects. Due to memory effects, classical derivatives cannot explore and estimate
Porous medium the physical significance of several fluid limitations. We have addressed the issues with nanofluid

suspension using the Prabhakar fractional derivative definition, the quickest and latest modern
fractional technique. First, the governed leading equations are transferred to a fractional version
using the integral transform technique and Laplace transform, and then it is resolved with various
numerical approaches. Each constraint visual impact and significance are analyzed by varying
their considered values. The numerical influences of the heat and flow rate are observed at
multiple time values. Therefore, we deduce that the momentum and heat profiles are slowed as
the Prabhakar fractional restraints increase. While with the increment in the radiation parameter,
the velocity profile shows an increasing behavior. Furthermore, the impact of graphene oxide-
based suspension is more significant than molybdenum disulfide nanofluid on all governed
equations due to the physical features of the considered nanoparticles.
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Nomenclature:

Symbol Quantity. Unit

Wy Fluid velocity. (m/s)

t Times (s)

g Gravity acceleration (m /s?)

M Magnetic field ( — )

C, Specific heat at constant pressure (J /kgK)
kg Nanofluids Thermal conductivity (W /mk)
Pof Dynamic viscosity (Kg /ms)

Cr Skin friction ( — )

Puf Nanofluid density (Kg/m®)

Uy Characteristic velocity (ms™1)

[ Inclination angle ( — )

Gm Mass Grashof number ( — )

Pe Peclet number ( — )

T, Wall temperature (K)

Gr Heat Grashof number ( —)

T, Ambient temperature (K)

] Volume Fraction of Nanofluid ( — )
afy Fractional parameters ( — )

Sc Schmidt number ( — )

q Laplace transform variable ( — )

B, Magnetic field strength (Kg /s?)

Br Thermal expansion coefficient (1 /k)
c Electrical conductivity ( — )

Nu Nusselt number ( — )

Sh Sherwood number ( — )

1. Introduction

Nanofluids are a combination of Nano-sized particles often suspended in the base fluid to improve the thermodynamic properties of
the base fluids. Researchers have shifted their focus to the use of nanoparticles, such as carbon nanotubes, oxides, metals, nitrides, or
carbides, along with numerous base fluids, including water, tri-ethylene glycol, and ethylene, engine oil, kerosene, in order to increase
the exterior area and thermal expansion of typical fluids. There is no getting around the reality that typical fluids have low thermal
conductivities and that these thermal conductivities can be increased by combining 1% of dispersed nanoparticles from 40 to 150%. At
least two materials with different physical and chemical properties, like heat flow and thermal conductivity, were mixed to create this
new product. In essence, this new substance has undergone an excessive transformation due to a hybrid nanofluid. The performance of
thermal solid conductivity in nanofluids attracted the attention of many researchers. Choi [1] first proposed the term “nanofluid” and
determined that the features of heat transmission in ordinary fluids might be amended by suspending nanoparticles. Subsequently,
Buongiorno et al. [2] proposed a model that predicts the amplification of heat transmission by nanofluids due to the Brownian
diffusion of nanomaterials. On the MHD free convection heat transmission supplied with Al;O3-water nanofluid, Sheikh et al. [3]
examined the impact of Brownian motion and thermosiphon-physical factors. They applied the control volume-based finite element
method to the leading equations. They concluded that the buoyancy ratio value is an essential determinant of the Nusselt number,
whereas the Lewis and Hartmann numbers are decreasing functions. The non-Newtonian copper-water nanofluid with free convection
was seen by Domairry et al. [4] between two infinitely parallel vertical flat surfaces. The leading model was transformed into ODE
using the differential modeling approach. They noticed that when the volume percentage of nanoparticles grew, the thermal boundary
layer’s thickness decreased while the velocity boundary layer’s thickness increased.

One of the first to demonstrate nanofluids with nano-particles was Choi in 1995. There are many advantages that nanofluids can
offer, including thermal conductivity. Choi and Eastman [1] designed most of these for use in fluid mechanics, mechanical design, and
biomedical engineering. The research of Ali et al. [5] on the sporadic scientific evidence of hybrid nanofluids and its applications in
mass and heat transmission was published. Examples of Casson nanofluid complementary convection flow settings over an unending
vertical panel were presented by Ahmad et al. [6] in their study. The flow of a hybrid nanofluid via the cone-shaped aperture was
studied by Gul et al. [7]. Rafique et al. [8] defined the Casson nanofluid flow with mass and energy transport on an inclined slanted
surface. Using a hybrid fractional operator, Asjad et al. [9] studied the thermo-physical properties of clay nanofluids. Ikram et al. [10]
used a constant proportional Caputo fractional operator to build the fractional model of a Brinkman-Type Fluid transporting Hybrid
Nano-particles in a confined microchannel. Other recent work on the nanofluid can be seen in Refs. [11-15].
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Several researchers [16-20] have studied the viscid fluid flowing among vertical side walls to the bottom plate over which the fluid
flows. Although the fluid velocity in these open channel flows varies at every location, the calculations used to determine the fluid’s
velocity depend entirely on the flow rate in the channel’s center. The side walls effects on the fluid’s motion are significant and strongly
correlated with time since they intensify with elapsed time. In the absence of side walls, Vieru et al. [21] investigated the solutions to a
fractional Maxwell fluid model. Wang et al. [22] have utilized the recent definition of the fractional technique to explore the impacts of
different constraints on the sediment suspension in ice-covered channels. In Ref. [23] khan et al. have used the CF-fractional derivative
definition to explore the physical significance of fractional Brinkman-type nanofluid flowing in a closed channel. Using MHD and
porosity, Rao et al. [24] discovered the accurate Casson fluid solution close to an infinite, exponentially accelerating, and vertical
channel. The heat transport combined with graphene oxide nanoparticles was examined by Aman et al. [25] using the CG fractional
derivatives. Goud et al. [26] used the finite element method to precisely solve the Casson fluid natural convection MHD flow near a
vertical plate via a porous material. The behavior of a non-Newtonian micro-polar Casson fluid pulsatile flow in a restricted channel
under the influence of the Lorentz force is investigated by Ali et al. [27]. Using the use of fractional derivatives, Sunthrayuth et al. [28]
investigate the fractional Casson fluid flow solution over a porous channel. They have utilized the CF-fractional derivative and
examined the effect of porosity at the boundaries of the oscillating channel.

Many industrial environments use channel flow, comprising thermal exchangers in the power plants industry. While many natural
two-phase systems work Newtonianally, there are many related submissions where the continuous liquid phase reveals non-Newtonian
flow features. Many instances exist in the biochemical, biomedical, and food processing industries [29]. In a channel, Zheng. et al. [30]
looked at how constructing a vortex generator affected the flow of fluids and the heat evolution of hybrid nanofluids. In all research
areas, fractional calculus has recently been used as a tool. Non-integer derivatives are preferred over classical calculus in any scientific
investigation. Applications of fractional order calculus have been cited in medicine, viscoelasticity, diffusion, wavelets, electro-
chemistry, fractional filters, combustion, geophysics, fractional, and numerous other branches of science and technology [31].
Compared to solutions produced from analogous integer order differential equations, non-integer order differential equations are
shown to approximate real-world conditions more closely. Numerous fluid dynamics studies have shown that various fractional op-
erators help understand heat and mass transport processes. According to Shah et al. [32] examination of the electro-osmotic flow of
Oldroyd-B fluid in a micro-channel, the fluid velocity exhibits a dual behavior for both vast and slight values of time when it is subject
to the Caputo-Fabrizio fractional parameter. More work on the channel flow can be seen in Refs. [33-38].

Because academics are curious, many characterization techniques of fractional derivatives have been published in the literature. To
solve the issues with past research on the singularity problem of the kernel, Caputo-Fabrizio (CF) developed a fractional order de-
rivative predicated on an exponential function. In recent years, modeling most dynamic processes typically involving memory factors
has heavily relied on fractional derivatives (FDs) and fractional differential equations. Typically, global fractional derivatives can be
used to solve dynamic models, including the full memory effect. In contrast, only fractional derivatives with short memories can be
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Fig. 1. Flow geometry.
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used to solve models involving the local memory effect. There is no distinct kernel in the Caputo and Fabrizio fractional model [39].
Recent works in fractional calculus have given this concept of fractional order a lot of thought. Multiple researchers have adopted the
definition of CF for numerous scientific investigations due to its ubiquitous use. Atangana and Nieto et al. [40] developed a novel
formulation to solve the problem of the kernel’s non-locality in the definition of CF. Atangana [41] provided the most recent
explanation of fractional derivatives without these issues. The term “AB derivatives” is new and is infrequently used in the study. This
most modern idea of AB fractional derivatives was employed by Arif et al. [42], and the current problem is also applied to CF fractional
derivatives in order to compare the two concepts. Another well-pair stress fluid model is also solved in this paper using a closed-form
channel and an external pressure gradient despite using the fractional Caputo and CF models. Akhtar et al. [43] estimated closed-form
solutions for channels (CSF). You may see other examples of fractional derivatives being used to solve various fluid issues in Refs. [5,
14,44-46].

Based on past research, this study examines a nanofluid consisting of carboxymethyl cellulose (CMC) as a base fluid with a variety
of graphene oxide (GO) and molybdenum disulfide (MoS5) nanoparticles. To close this knowledge gap, PDEs are used to develop the
guided model for the suggested flow system. Because when memory effects are present, classical derivatives cannot evaluate and assess
the physical trend of many flow limits. Generalized Fourier, Fick’s law, and the leading and most recent fractional technique, the
Prabhakar fractional derivative, are used to addressing the problem. The LT method is used to solve the dimensionless classical model
after it has been transformed into a non-integer ordered model. The visual inspection looks at how significant physical and frictional
properties behave and how they affect things. As a result, GO-based nanofluid has a more significant impact on the governed model
than MoSy-based nanofluid due to the physical significance of considered nanoparticles.

2. Problem description

Consider the flow of a graphene and molybdenum-disulfide-containing carboxymethyl cellulose-based nanofluid in a vertical
channel under an unsteady, free convective, and incompressible condition. Fluid moves in the x-direction while the y-axis is adjusted to
be orthogonal to the flow direction. The flow with an inclination of angle 6 direction is subjected to a continuous magnetic field of
strength By (along x -axis). The system is at rest at time t = 0, but as time passes, the static fluid starts to flow due to changes in the
temperature field and oscillations of the static plates, as depicted in Fig. 1. After t > 0, the temperature of the channel increases from T
to Ty, increasing the buoyancy force and causing the fluid to flow in the x-direction. The effect of viscous dissipation is neglected in the
energy equation. The temperatures of the left and right plates are represented by T, and Ty in the vertical channel, respectively, while
the concentrations of the left and right plates are denoted by Cy and Cy. The following presumptions are made in relation to this flow
model.

e The length of parallel plates is infinite at width d.

o The x-axis is aligned with the oscillating plates, which are vertical to the y-axis.

The hybrid nanofluid is moving perpendicular to the y-axis and in the x-direction.

At time t < 0, the temperature and concentration, T, and C,, respectively, have constant values.

The boundary of the vertical channel is also considered while analyzing the influence of the porosity parameter.
The x-direction is accelerated by various hybrid nanofluids made up of mixed nanoparticles.

The momentum equation disregards the effect of viscous dissipation.

A magnetic field with a constant B, field intensity is present around the flowing fluid.

By utilizing the Boussinseq’s approximation [47] and Roseland approximations [48], the governed partial differential equations
can be formulated as follows [25].

ow, (v, Iwi(y, . ot
220, T ), (11000 = 1) = (B 5n(0) + 5 o )+l (C160) - €. W
oT, 96, (y, oT1 (v,
(vG),, ‘g”): - 'd(;t)+4ai(T7To)7r51(y«,t): oy ‘a(j ! @
oCi(y,t) _ oh(y,t) . 0Ci(y1)
o dy Ji(0,1) = — Dy 3y 3

Here, a_(g,, = 4a2(T —T,) is used to indicate the radiative heat flux, 51 (y, t) and Ji (y, t) indicates the Fourier and Fick’s laws considered in
thermal and concentration profiles. Where ¢ is the nanoparticles volume fraction, p; and p; is the density of the graphene nanoparticles
and base fluid, g;, f; , PG)s » (pCp )f , Ks, K , are the volumetric coefficient of thermal expansion, specific heat capacities, and thermal
conductivities of nanoparticles and CMC-base fluid, respectively, with the succeeding boundary conditions

Wl(%o):07T1(}’70):T07C1(}’70):Co 4
wi (0~ t) =w,, T (07 t) =T,,C (07 t) =G 5)
wi(d, 1) =w,,Ti(d,1)=T,,Ci(d,1) =Cy (6)
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The initial condition for governed equations is taken into account at t = 0 in condition (4) above, and condition (5) represents the
boundary condition aty = 0, indicating the static position of the hybrid nanofluid for y = 0. In the contrary, condition (6) displays the
motions of the fluid’s flow at y = d. And the non-dimensional constraints

s Y . W, Uf . h—-T, T\-T,
Yi==w) = —,1 :7Z7T1 = =
d U, vy T,—T, AT
¢ -C C -G, 2 Ji
Cl=——-= Sf=—J ==
'Yo,-c, AC VU,

ignoring the steric notation and substituting the governing equations and conditions (1) through (6). The following are the non-
dimensional governed equations that we obtain

ow; (y,t Pw (y,t . a
a;Re ]0(;) ) =a, aly(zy )_ (M sin(0) + %)wl (3, 1) + a3GrTy (y, 1) + asGm Cy (y, 1) )
0T1(y7 t)i aél(yvt) 2 . aTl ()’J)
Pe P 3 +N°Ty(y,1) 6, (y, 1) = o (8)
acl(yﬂ)iiajl(y?t) _ 70(:1()}7[)
by o dy iy, ) = dy (C)]

and the succeeding dimensionless conditions

wi(y,0)=0,T1(,0)=0,T1(y,0)=0 10)
wi(0,£) =0,T,(0,£)=0,C;(0,) =0 (11)
W](I,Z)ZO,Tl(l,t):LC[(L[)ZI (12)
Where:

e U OB K dad

v H d kr

C,), B.),d*(T; — T, B.),d*AC
Pr:(ﬂ p)‘/,Gr:g(/T)‘f (Ta ),SC:UJ7Gm:g(/ )_f

Kr DU(, D l/UO

are the Reynolds number, magnetic, Porosity, radiation, Prandtl number, heat grashoof number, Schmidt number, and mass grashoof
number, respectively.

Basic definitions:

The single-parametric Mittage-Leffler function

This has been looked into by Mittage-Leffler [50]. After a while, Wiman [51] studied the double-parametric Mittage-Leffler
functions, which are a more extensive version of the single-parametric function.

NS
Eup(f) = ZW (13)

i=0

In [52], the authors presented the triple-parametric Mittage-Leffler function

B = 30

Sy il (ai+p)
with
Eo(f) =Eq () Eap(f) = Ep (), E1 1 (f) = exp(f)
AP E ) = (1 - ag Y (14)
(Prabhakar kernel):
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e pla;)=1""El J(ar"); tex

is the mathematical interpolation of the Prabhakar kernel.
(Prabhakar Integral) This can be stated as [53,54].

t

Egpaf (1) = e (1) 5 h(1) = /(f —x) B} p(a(t = x))h(x)dx

0

with its Laplace

sTP
:Z{Ezﬂvah(t)}(s) :J{e;ﬁ(a; t)}J{h(t)} =g L) (15)

The mathematical notation of regularized Prabhakar is specified as [53,54].

R a8 () =Bl a8 (1) =yl ) 8" (1)

= [ et -0t a6)
2[R, 80)] =2 [0 el @0 = 2 0} 2 {e,) @) |

= Z{ )1 —as ) 17)

By assuming f =y = 0, we might be able to achieve the standard Fourier’s rule. Given that Fourier’s law efficiently describes the
Prabhakar fractional derivative, the subsequent Fick’s and Fourier’s laws likewise apply to the Prabhakar derivative.

_, O0Ty(y,t
st =~ ‘D1, ‘a(y ) (18)
'y
_, 0Cy(y,1)
_ a7 1,
Jy (y7 t) - i'n(ﬁ.nt dy 19
3. Solution of the model
3.1. Thermal field
For the simulations of heat equation taking the LT on Egs. (8) and (18) as follows
_ 06, (y, _
PeqTi(y,q)= 7$7N2T1 (v.9) (20)
- 0T (3,
()= -¢(1-aq “)VM (21)
dy
_ — 1
Putting Eq. (21) into Eq. (20)
d&*T\(y,q) Peq — N> _
—— Ti(y,q)=0 23
0 70 —agy 17, 9) (23)
The heat flux solution will be determined by utilizing the preceding conditions as follows
Table 1
Representation of the thermophysical properties of NFs quantities [49].
Quantities Nanofluid Parameters
Density pop = (1 = @)ps+ ops
Dynamic Viscosity g = g/ (1 — (/;)5/2
Electrical conductivity ong /o =1+ 3(0s5 Jor — 1)gp /(05 oy + 2) — (05 /oy — 1)gp
Thermal conductivity Kpp [Kp = ks + 2ks — 29 (ks — ky) /ks + 2ks + (ks — kf)
Heat capacitance (I’Cp>nf =(1-9) (I’Cp>f + (GCp)s
Thermal Expansion Coefficient (PBr)ns = (1 — @)(pBr)s + @(pBr);
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Table 2
The thermal characteristics of considered nanofluid [45].
Material cMce MOS, GO
plkg /m?) 997 5060 1800
C,(J /kg K) 4179 397.20 717
k(W /m K) 0.613 904.4 5000
ﬁT(K’l) 70 x 105 2.842 x 107> 2.84 x 104

. —N?
_ 1 Smh[y %}
Ti(y,q) == — =

q Smh[ %

(24)
We will utilize numerical approaches to find the inverse of Laplace’s equation (24), such as Stehfest and Tzou’s systems in Tables 3

and 4.

3.2. Concentration field
Like the energy equation, implementing the LT on the governed Egs. (9) and (19).

_i(vq)

_ _ 2
by q Ci(y,q) Ty (25)
aC (y,
1) = — (1 - aq oy 209 (26)
dy
_ — 1
Presenting Eq. (26) into (27)
d*C(y, by g’ —
ally(;V “- (a - Zq—a)ycn(y-, 9)=0 8
The solution of the concentration field will take on the following form when the above condition is used
1-p
1 Sinh e
Cily,q) = sinlyy iy | (29)

q Smh[ b g!7P

(—ag @)

For the inverse of Laplace’s equation (23), Tables 3 and 4 will once more use numerical methods like Stehfest and Tzou’s schemes.

3.3. Momentum field

This section will also employ the strategy used to resolve the momentum equation for the energy and concentration profiles. Using
the LT technique and the proper conditions in Eq. (7), we obtain

Pe g—N? . by ¢\
Py, 1 4 a Gr Smh[ P g ] a, Gm Sinh {y B v}
701(21 q)f—(Msin(0)+E2+a1Re q)Wl(y,q): -2 70 qz) -2 4 {f,,f) (30)
Y a @ Sinh { q/’ff:l(;INu)r @ Sinh { (lbiuzra)r
W1(0,¢9)=0,w(1,9)=0
Using the above conditions, we yield
_ a3 Gr 1 asGm 1
Wi (yvq) = arq Peqg—N? | . @ t @q big' P 1 . a
<W) —E(Msm(ﬂ)—s—?—l—a]Req) <(l—aq”‘)y> —Z(Msm( +%+a,Req)
. . a eq—N?
Sinh {y\/i(Msm(G) +7+a1Req)J asGr | Smh qﬂP] qm;\/u)
Sinh{\/i(Msin(G)-i-‘%-&-a]Req)] g (%) —;—Z(Msin(0)+‘”+a1Req) Smh[ %}
. brg\ P
a,Gm 1 Sinh [y 7(13;,“),] 1)
@ (L) L (Msin(0) +%-+aiReq) sinh [\ /224
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Table 3

The inspection of temperature, concentration and velocity profile by numerical approaches.
y Ty, with Stehfest Ty, with Tzou’s C(y) with Stehfest C(y) with Tzou’s w(y) with Stehfest Wy with Tzou’s
0.1 0.0479 0.0483 0.0707 0.0715 0.0922 0.0937
0.2 0.0985 0.0991 0.1432 0.1447 0.1780 0.1810
0.3 0.1542 0.1553 0.2191 0.2215 0.2515 0.2555
0.4 0.2185 0.2197 0.3002 0.3029 0.3065 0.3114
0.5 0.2943 0.2957 0.3885 0.3916 0.3379 0.3431
0.6 0.3857 0.3872 0.4859 0.4890 0.3409 0.3458
0.7 0.4972 0.4986 0.5943 0.5973 0.3113 0.3156
0.8 0.6339 0.6351 0.7156 0.7180 0.2460 0.2492
0.9 0.8007 0.8014 0.8510 0.8523 0.1427 0.1440

Table 4

The inspection of governed results at different time values.
y Ty, fort=0.5 Ty, fort=1.0 Cyy fort=0.5 Cyy fort =1.0 Wy fort =0.5 Wy, fort =1.0
0.1 0.0402 0.0469 0.0658 0.0768 0.0489 0.1504
0.2 0.0833 0.0966 0.1335 0.1550 0.0952 0.2894
0.3 0.1323 0.1516 0.2052 0.2360 0.1365 0.4059
0.4 0.1906 0.2150 0.2830 0.3211 0.1697 0.4901
0.5 0.2620 0.2903 0.3689 0.4120 0.1920 0.5334
0.6 0.3511 0.3814 0.4655 0.5100 0.1998 0.5294
0.7 0.4635 0.4931 0.5752 0.6166 0.1893 0.4741
0.8 0.6055 0.6305 0.7001 0.7332 0.1559 0.3659
0.9 0.7835 0.7987 0.8419 0.8608 0.0947 0.2064

1.
0.1 (CMC+MoS2) — Pe=0.5 (CMC+GO)
0.4 (CMC+MoSg) —— Pe=1.0 (CMC+GO)
08 0.6 (CMC+MoS2) 08 — pe=1.5 (CMC+GO)
a=p=y=0.9 (CMC+MoS) — Pe=2.0 (CMC+GO)
2 o0s 2 06
§ H
H g
i g
£ 04 £ 04
[ 2
————— Pe=0.5 (CMC+MoSz)
- 02l | gt emmm- Pe=1.0 (CMC+MoSz)
Pe=15 (CMC+MoS2)
@ —_—— Pe=2.0 (CMC+MoS2)
L
00 — 0.
00 02 04 06 08 0 0.0 02 04 06 08 10
y ¥
1
14f— N=10(CMC+GO) T~ | - =001 (CMC+MoS2)
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— N=2.0 (CMC+GO) PEofs St siote)
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= 2
Z 086
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508 E
] H
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2 - e B
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0.0 (R I $=0.04 (CMC+MoSz)
§ s
0.0 0.2 0.4 06 0.8 10 09 = o o " P
y ¥y

Fig. 2. Impact of different constraints on temperature field.
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To examine the Laplace inverse, numerous researchers have considered altered numerical approaches. We have used the Stehfest
technique to assess the thermal and momentum fields numerically. The Gaver-Stehfest method [55] is described mathematically as

We have also utilized Tzou’s approach, an alternative approximation for the composition of the thermal and momentum fields, to
confirm our Stehfest technique-achieved calculated values. Tzou’s strategy may be described as mathematical.

4T 4T al c—( 47+ kni
h(y,t):eT Eh(s,T>+Re E (—I)Ah(s,fl)
k=1

Nusselt number, Sherwood number, and Skin friction

Nu— — dT(y.t) _ :Z/,I {0T(U.q)}
y=0

dy dy
she _9Cu0|  _ _ {0@[,,4)}
W | dy

owy, _, [ow
- V(V)(,.n e 1{ W(O.q)}
Y ly=0

4. Results with discussion

In a proper channel in a porous medium, the effects of MHD mixed convection flow of graphene oxide and molybdenum disulfide
nanofluid with sodium carboxymethyl cellulose as base fluid are briefly examined. Practically practical solutions for temperature,
concentration, velocity field, and Nusselt number are obtained. Changing some constraints while holding others constant demonstrates
how nanofluid behaves when a physical process changes. Table 1 enlists the thermophysical features of the base fluid and nano-
particles. Using Figs. 2-6, it is possible to see how different factors affect the fractional nanofluid’s flow, temperature, and concen-
tration (see Table 2).

Fig. 2 (a, b) depicts the influence of fractional constraint and the impact of Peclet number on the thermal profile by taking other
constraints as constant. This can be seen that with the enhancement of fractional constraints and Pe number, the thermal field indicates
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the decreasing behavior due to escalation in the thickness of the boundary layer. This is because the temperature, concentration, and
momentum profiles fall when the boundary layer widens. Generally speaking, we may state that in fluid dynamics, a fractional method
is preferable for adjusting the fluid characteristics’ boundary layer thickness. Furthermore, this can also be analyzed for the com-
parison of different nanofluid that graphene oxide (GO —CMC) based nanofluid has more significance on temperature field as
compared to molybdenum disulfide (MoS; —CMC) mixed nanofluid due to the physical characteristics of the considered nanofluid. It is
evident that GO-based nanofluid has a greater temperature than MoS,-based nanofluid. Physically, GO-based nanofluid warms up
more quickly than those made of other nanoparticles because GO-based nanofluid’s viscosity and Prandtl values are much lower. Fig. 2
(c, d) shows the visual impacts of radiation parameter N and volume fractiong on the temperature field, respectively. Due to the
increase in radiation parameters enhances the heat energy transfer, resulting in the temperature field. While holding all other pa-
rameters fixed, Fig. 2 shows that temperature rises as volume fraction rises for both fractional and regular nanofluid. Physically, the
fluid becomes hotter by boosting the volume fraction of nanoparticles in the base fluid, which improves thermal conductivity. The
physical influence of fractional constraints and Schmidt number on the concentration field are analyzed in Fig. 3 (a, b) on the con-
centration of flowing fluid. Again like the thermal field, the concentration field decelerates with the improvement in fractional
constraint. And like the thermal field, the concentration of (GO) mixed nanofluid has a more significant impact than (MoS2) mixed
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Fig. 6. Comparison of attained results with Aman et al. [25].

nanofluid for both fractional and Schmidt number cases. The velocity field dramatically benefits from the nanofluid density. The
resulting hybrid nanofluids thicken substantially when base fluid and nanoparticles are joined, which lowers velocity and increases the
temperature.

Fig. 3 (c, d) are strained to analyze the result of fractional constraints and radiation parameters on the momentum profile by fixing
other constraints. The velocity field slows down due to enhancement in the fractional constraints due to the kernel of Prabhakar and
the memory effect. This result is due to the fact that in this scenario, the thickness of the velocity boundary layer is less than that of the
thermal boundary layer. The impact of N on the velocity profile is represented in Fig. 3(d). An increase in N values causes more heat to
be transferred to the fluid, raising its temperature and improving the fractional nanofluid flow. Fig. 4(a) & (b) depict how K and Pe
impact the momentum field. It is investigated whether velocity falls off at higher values of K. As K is raised, the drag forces weaken and
the velocity decreases as a result. Physical explanations for this effect include the fact that as K is raised, drag forces become more
vigorous, and as a result, velocity reduces for both K and Pe parameters. Physically, The viscous forces will be more assertive than the
thermal forces as Pe values increase, which will decrease fluid velocity. The influence of heat and mass grashoof numbers are drawn in
Fig. 4 (c, d) for the velocity field. A rise in buoyant forces resulting from an increase in Gr induces an increase in fluid velocity.
Physically, the buoyancy forces improve as heat, mass grashoof numbers, and fluid velocity also rises.

Fig. 5(a) and (b) show how M affects the fluid velocity and how the magnetic field’s tilt affects fluid velocity. The velocity decreases
as M rises. Physically, at large values of M, this is true because M intensifies the Lorentz forces, which tend to slow velocity. Addi-
tionally, the applied magnetic field is strongest when it is orthogonal to the fluid flow. The effect of nanofluid Schmidt number and
volume fraction ¢ are depicted in Fig. 5(c) & (d). This can be seen that the velocity profile indicates the decreasing behavior with the
increment for both parameters. The physical explanation for this characteristic of velocity is that as the volume percentage of the
nanoparticles increases, the fluid becomes stiffer, which causes a drop in the nanofluid velocity. The speed for the hybrid nanofluid
reduces with rising values of ¢. Physically, enhancing the volume fraction values increases the density and delays the porosity effect,
due to which fluid moves more slowly. In the comparison of the velocities of several nanofluids is also shown. The graphic trend of the
velocity profile reveals that (GO —CMS) have a higher value as compared to (MoS, —CMS) suspension. Physically, it is because
(GO —CMS) conducts substantial heat since it is effective despite being less dense. (GO) mixed suspension has the higher velocity
among all the fluids considered here.

Table 5

The inspection of Sherwood number, Nusselt number, Skin friction at different time.
a Nu for t = 0.5 Nu fort=1.0 Sh for t = 0.5 Sh fort =1.0 Cyfort=0.5 Cy fort=1.0
0.1 1.3413 1.3229 1.3875 1.4345 0.3106 0.3713
0.2 1.3621 1.3425 1.4128 1.4568 0.3291 0.4078
0.3 1.3874 1.3703 1.4463 1.4909 0.3580 0.4733
0.4 1.4131 1.4048 1.4813 1.5363 0.4027 0.5966
0.5 1.4362 1.4439 1.5132 1.5864 0.4667 0.8229
0.6 1.4550 1.4842 1.5359 1.6357 0.5413 1.2259
0.7 1.4687 1.5262 1.5589 1.6881 0.5889 1.7357
0.8 1.4773 1.5563 1.5714 1.7329 0.5334 1.9778
0.9 1.4814 1.5839 1.5778 1.7697 0.2748 1.0195
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The inversion approaches of Stehfest and Tzou’s algorithms, which are used to derive the numerical solutions of momentum and
thermal fields, are drawn in Fig. 6(a) and (b) to demonstrate their viability. The temperature profile matching curves in Fig. 6(a) and
the corresponding curves of velocity distribution in Fig. 6(b) show that the inversion algorithms are valid. Similarly, for the validity of
attained results, the comparison of this study is associated with the accomplished results of Aman et al. [25]. The conclusion states that
our results can be improved in terms of memory. Finally, the numerical comparison of all governed solutions attained by considered
numerical techniques is analyzed in Tables 3 and 4 And the numerical analysis of Sherwood number, skin friction, and nusselt number
at different time values is examined in Table 5. It is evident that the distributions of all (Nusselt number, Sherwood number, and Skin
friction) rise as «a rises. Additionally, the tables demonstrate that our approaches satisfy the mandated beginning and boundary
requirements.

5. Conclusions

The free convective flow of a nanofluid flow that is unsteady and incompressible, combined with (GO) and (MoS5) nanoparticles
with (CMC) is explored. Using the most recent and improved characterization of a fractional derivative, the Prabhakar fractional
derivative, a fractional model is constructed and then resolved using the LT. The effects of various parameters on the temperature,
concentration, and momentum profile data are examined graphically and numerically. Following is a list of some notable findings from
this work:

o As the Prabhakar fractional constraints rise, the temperature decreases and asymptotically rises over time.

The velocity and concentration profiles also start to decline when the fractional constraints’ values rise.

Based on generalized assumptions, obtained solutions are expected for various values of fractional parameters. Better memory is
achieved according to Fourier’s law rather than artificial replacement.

The two numerical techniques’ solution curves line up, confirming our obtained results.

By boosting the values of Gr and Gm, the velocity rises due to the buoyancy effect.

In the comparison of nanofluids, GO based suspension has a more significant influence as compared to MoS, nanoparticles.

The acquired solutions can be helpful for a thorough investigation of actual data and can be used as a tool to assess potential
estimates of solutions when needed.

By contrasting our acquired velocity solution with that of Aman et al. [25], it is further shown that the velocity profile results in
graphical form are valid.
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