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ARTICLE INFO ABSTRACT

Many viscoelastic fluid problems are solved using the notion of fractional
derivative. However, most researchers paid little attention to the effects of
nonlinear convective in fluid flow models with time-fractional derivatives
and were mainly interested in solving linear problems. Furthermore, the
Nanofluid nonlinear fluid models with a fractional derivative for an unsteady state are
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rare, these constraints must be overcome. On the other hand, nanofluids are
thought to be trustworthy coolants for enhancing the cooling process in an
electrical power system. Therefore, this research has been conducted to ana-
lyze the unsteady upper-convected Maxwell (UCM) hybrid nanofluid model
with a time fractional derivative. Incorporating Cattaneo heat fl 1to the
energy equation has increased the uniqueness of the research. The numerical
solutions for the coupled partial differential equations describing velocity and
temperature are presented using an efficient finite difference method assisted
by Caputo fractional derivative. The graphs demonstrate the significant im-
pact of all governing parameters on fluid flow, including the nanomaterial
volume fraction, fractio rivative, relaxation time, and viscous dissipa-
tion. Furthermore, both the skin-friction coefficient and Nusselt number are
discussed to illustrate the current problem more thoroughly and clearly. To
manifest a surface heat increase, the nanomaterial concentration, the frac-
tional derivative parameter, and the relaxation time parameter must all be
substantial.

UCM fluid model

Viscous dissipation

1. Introduction

A crucial topic in fluid dynamics is the behavior of materials with the qualities of elasticity and

viscosity when they deform. The term "Maxwell fluid" has been coined to describe these kinds of
=4 hanifahanif@outlook. com (H. Hanif); sharidan®@utm. my (S. Shafie)
ORCID(s): 0000-0003-0053-0653 (H. Hanif); 0000-0001-7795-2278 (S. Shafie); 0000-0003-1526-4183
(R. Roslan)

Hanif et al. Page 1 of 22




Nomenclature

Latin Letters H Heaviside function

C, specific heat capacity (Jkg7'K™!) T ERtera-stress tensor (Nm~2)
k thermal conductivity (Wm~1K™!) U dynamic viscosity (kgm~!s™!)
Nu; Nusselt number v gradient operator

p hydrostatic pressure (Pa) v kinematic viscosity (m2s~!)

q at flux (Wm=2) P density (kgm=)

T temperature (K) Cauchy stress tensor (Nm~2)
t time (s) @ volume fraction of nanomaterials
V velocity component in x direction (ms~') Subscripts/Superscripts

Pr Prandtl number * non-dimensional

Greek Letters f base fluid

a/p ctioal derivative order e:f hybrid nanofluid

At time step I grid point in x direction

Ay grid size in y direction J grid point in y direction

Az grid size in z direction k time level

Ay /4, relaxation time (s) nf nanofluid

A, Rivilin-Erickson tensor (Nm~2) p1/p, nanoparticles

materials, postulated by James Clerk Maxwell in 1867, and James G. Oldroyd popularized it a few
years later [ 1, 2]. The UCM model is a function of relaxation time, stress tensor, deformation rate
tensor, velocity and viscosity. It uses the Oldyrold derivative as a Maxwell material extension for
massive deformations [2]. The UCM model depends on relaxation time, stress tensor, deforma-
tion rate tensor, velocity, and viscosity [3]. It uses the yrold derivative as a Maxwell material
extension for massive deformations [4]. The influence of thermophoretic particle deposition and
magnetic dipole in the flow of Maxwell over a stretching sheet is examined by Kumar et al. [5]. The
results showed that while heat and mass transmission are improved, the velocity gradient reduces
by increasing the ferromagnetic interaction parameter value.

The history of fractional calculus is fairly similar to that of classical calculus. However, over
ﬂe past few decades, it has grown in popularity in the structural modeling of non-Newtonian fluids.
The primary reason for this advancement is that a fractional model mam{plain the complicated
features of viscoelastic material in a simple and elegant manner. For instance, the exgpnential
relaxation moduli of traditional ordinary models are unable to effectively describe the ?g]ebraic
decay during the relaxation process of many materials [6]. Experiments, however, show that frac-
tional m(mls are capable of properly capturing and connecting these phenomena [7, 8]. Dalir and
Bashouppsesented a real-world application of fractional calculus in [9]. Moreover, a comprehen-
sive list of fractional calculusggmplications in science and engineering is given in [10]. Researchers
demonstrated innovative use of the fractional derivages in several fluid models [11-13].

The heat transfer phenomena of nanofluid flow have recently attracted the attention of many
academics because of their immen d fundamental significance from both an applied and the-
oretical perspective. Nanofluid is a colloidal mixture of nanometer-sized particles(metallic and




non-metall'ain a typical convectional fluid. Because of their superior thermal and tribological

properties, nanofluids are considered potential heat transfer fluids. Due to this critical importance,
we would like to highlight the abundance of various publications on this topic. Tawfik [14] has
presented a brief overview of the evolution of nanofluids in various applications. According to their
research, nagstubes have higher thermal conductivity than spherical particles. Gowda et al. [15]
analyze theﬂct of magnetic field on Casson-Maxwell nanofluid flow confined between two uni-
formly stretchable disks using the Buongiorno model. The outcomes showed that, in comparison
to the Casson fluid, the Maxwell fluid is more strongly affected by the Lorentz force. Said et al. [16]
presented a comparison of traditional and nanofluid-base rmal photovoltaics in terms of per-
formance and environmental impact. They concluded that PV/T systems that employed nanofluid
in any form, either coolant or filter, had higher overall exergy and energy efficiency than PV/T sys-
tems that used conventional fluid. A steady Maxwell model for nanofluid flow across a permeable
stretched she@ontaining gyrotactic microorganisms is explored by Safdar et al. [17]. Entropy
production in a parabolic trough smﬁe collector (PTSC) mounted inside a solar-powered ship us-
ing Maxwell nanofluids ggntaining single wall carbon nanotube (SWCNTs) and multi-wall carbon
nanotube (MWCNTSs) is analyzed by Jamshed et al. [18]. Their results revealed that the thermal
efficiency has boosted from 1.6% to 14.9% when SWCNTSs compared to MWCNTSs. Parvin et al.
[19] constructed a 2D-double diffusive fluid modelggspanalyze Brownian and thermophoretic diffu-
sion on Maxwell fluid flow over an inclined sheet under the effe f magnetic field and suction.
Jamshed et al. [18] analyzed the renewable solar energy by usingcg]pper-methanol (Cu—-Ch,OH)
and Titanium-methanol (TiO,—-Ch;OH) in the Maxwell fluid moving over an infinite stretchable
plate inside the PTSC. According to the results, Cu—Ch;OH nanofluid transfers heat more ef-
fectively than TiO, -Ch;OH. Some insightful discussions on the applications of nanofluids are
addressed in references [20-23]

It is worth mentioning thermal conductivity of a nanoparticle plays a leading role in enhancing
the efficacy of a thermal system. Among the metallic nanoparticles, gold (Au), silver (Ag), and
copper (Cu) owned highest thermal conductivity. However, these particles are only available in
restricted quantities because of their exorbitant price. Additionally, toxicity problems may stem
from unmodified Au, Ag and Cu [24]. Although oxide nanoparticles are inexpensive, they have a
lesser thermal conductivity than other nanomaterials. Using a novel fluid dubbed hybrid nanofluid,
a combination of nanomaterials and nanofluid, these limitations can be overcome. Hybrid nanoflu-
ids offer synergy and advantageousmtrmal effects in contrast to ordinary fluids and nanofluids
[25]. Entropy production in hybrid nanofluid flow over a stretchy surface in Darcy-Forchheimer
medium with Marangoni convection was investigated by Khan et 31926]. A two-phase model with
modified Fourier heat flux law was used to investigate thegempact of hybrid nanoparticles on the
dusty fluid flow through a stretched cylinder [27, 28]. Li et al. [29] studied the consequ s of
viscous nonlinear convection and radiation on thermal and solutal Marangoni convection flow of
Casson hybrgimanofluid flow over a spinning disc. Turcu et al. [30] may have been the first to
describe the synthesis of crossover nano-composite particles, which included two distinct halves
of PPY-CNT nano-composite and MWCNT on attractive Fe,O, nanoparticles. Several aspects
affecting heat transfer increases in hybrid nanofluggs have been found, including nanoparticle syn-
thesis, thermal conductivity, preparation process, particle level, nanoparticle compatibility, shape,
and optimal thermal network development within fluids [31-36].

The aforementioned literature reveals that the studies UCM model using the notion of a frac-




tional derivative are rare. Therefore, this research aims to perform a numerical analysis of the
fractional UCM viscoelastic hybrid nanofluid flow model with Cattaneo heat flux. The consid-
ered hybrid nanofluid is a mixture of MWCNTs-Al,O; composite nanomaterials and mineral oil.
The oxide nanoparticles Al,O; is chosen because of its availability at a low cost. But the thermal
conductivity ofs4l,0, is not enough to acquire the desired heat transfer rates. On the other hand,
many writers, on the other hand, have suggested increasing the thermal conductivity of nanoflu-
ids by selecting particles with higher thermal conductivity [14]. Therefore, MWCNTSs have been
added into Al,O,-mineral oil nanofluid to get better results. The appropriate quantities of alumina
nanoparticle and MWCNTs are dispersed in mineral oil wiht a 90:10 proportion, respectively. The
study has become more innovative by incorporating time-fractional derivatives into the UCM fluid
model. Moreovgy, the previous studies on Maxwell fluid are solved using similarity transformation
that transforms partial differential equations into ordinary differential equations. But this research
solves partial differential equations using an unconditionally stable numerical method based on the
Crank-Nicolson and L1 algorithm of the Caputo derivative. Investigations are conducted into how
the relevant variables affect fluid properties, and the results are presented graphically and explored
in depth.

2. Governing equations

The following continuity and momentum equations govern the flow of an incompressible anoma-
lous Maxwell fluid [13]

V.V =0 (1)
p(%JrV-vV):v-g. (2)

24
Here V' gthe velocity field, p is the density of the fluid, and o is the well known Cauchy stress

tensor defined as
c=—-pl+T, (3)

where p represents hydor-static pressure, I denotes an identity matrix, and 7 refers to extra-stress
tensor given as follows

T+Al(%+V-VT—(VV)T—T(VVf)=,u,41. (4)

Here T represents transpose of a matrix, 4, denotes time relaxation parameter, y is the dynamic
viscosity, and .4, is the first Rivlin-Erickson tensor defined as

, T

A =VV +(VV), (5)

A basic way for introducing fractional derivatives to linear viscoelasticity models is to replace the

first derivative in the constitutive equation with a fractional derivative of order a. The fractional




expression of constitutive Equation (4) is
T+ a(0T +V VT = (V)T =T (VV)') = ;. (6)
The internal (thermal) energy balance law is as follows

pCP(%+V-VT)=—V-q+T:VV. @)
The heat flux ¢ is given by the Fourier law of heat conduction as follows

q = —kAT, (8)

where k is the thermal conductivity of the fluid. Several variations of Fourier’s law have been
offered. The most well-known of them is the Maxwell-Cattaneo law, defined as

d
1+ 4,— |g =—kVT. 9
( + ddr)q 9)

Here A, represents the thermal time relaxation parameter. In terms of time-fractional derivative of

order f, the Maxwell-Cattaneo Equation (9) can be modified as
(1 +A§af)q=—wr. (10)

3. Problem description

Conside?horizontal plate in the xz plane that is being surrounded by a Maxwell nanofluid.
At first, the fluid is assumed to be at rest. Afterward, the mainstream flow is initiated due to an
applied pressure gradient in the x direction

dp
— = —ppyH(1), (11)
ox

where H indicates the Heaviside function, which has the following definition:

H() = 1120, (12)
)0, t<0.

Henceforth, the velocity field is assumed to be

V= (u(y, z, r),o,o). (13)
Following that, the momentum Equation (2) reduced to

‘ d dr., odrt._.
pl = P "y Tl (14)
dit dx dy dz
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Thermal and physical attributes of base fluid and nanomaterials

Properties ~ Mineral oil  AlLO;  MWCNT

plkg/m?) 861 3970 2100
kﬁmm 0.157 40 3000
C,(J/kgK) 1860 765 710

u (Pa.s) 0.01335 - -

The constitution relation (6) gives us

0T, ou 0"
T+ A—2L = —, and 7, + A
x¥ 1 dra 'udy “

Ty:  Ou
o~ Moz

(15)
Eliminating 7, , and z,. from Equations (14) and (15) results in

L 00w )2 = pp (10 + ot ) 4 g 2 4 21 (16)
P 1% ) 5r = PPo Ti-w)  "\oy2 " 922)

Now, implementing the fractional Maxwell-Cattaneo Equation (10) together with Equation (13) to
energy Equation (7) leads us to

g\ oT *T  0°T ou ou
cli1+ )8 = + ‘1 —+T,,—. 17
P P( 2 ') ot (c'}y3 623) T’”’dy T2z a7

4. Mathematic odeling for Maxwell hybrid nanofluid

To evaluate the effect of hybrid nanoparticles on fluid flow and heat transfer characteristics,
it is obvious to introduce Maxwell hybrid nanofluid model. It is straightforward to replace the
thermal and physical parameters of ordinary fluid with the equivalent attributes of hybrid nanofluid
in Equations (16) and (17)

wan | OU . " Pu  Fu
Pw(l + 419, ); = Pwpo(h’(f) + ﬂlm) + t“hnf(a_yz + ;) (18)

: gap\O0T *T T - du du
(pCP)hnf(1+Ade)E_khﬂf(w+y + | 1+ 450, ’rx}.a-{-’rﬂa . (19)




4.1. Thermal-physical attributes of hybrid naquid

Let ¢, and @, are the volume fraction of two different types of nanoparticles, and the sub-
scripts f,nf, and hnf denote the base fluid, nanofluid and hybrid nanofluid, respectively. The
mathematical expressions for thermal-physical attributes of nanofluid and hybrid nanofluid are
given below [20, 26]

Density
The density of nanofluid p,  in terms of p, and ¢, can be define as

Pur = (L= )0p + 0,0, (20)

The density of hybrid nanofluid may then be generated by altering the aforementioned density of
nanofluid

Phng = (1- gap:)pﬂf + Pp,Pp,- e2)

Dynamic viscosity
Below is an expression for nanofluid viscosity ,, in terms of base fluid viscosity u, and
nanoparticles volume concentration ¢,

, -25
an::“f“—';apl) - (22)

Modifying the above expression of viscosity (22) for hybrid nanofluid yield us to

=25
mnf=#f((l—<;apl)(l—<oh)) : (23)

Thermal conductivity
A relation between the thermal conductivities of nanofluid k, , and regular base fluid k ; is

ks _ (kpl +2kf) +2gapl(kpl —kf) 04

kf (kPL + 2kf) - anl (kPl - kf)

The above relation (24) helps us in obtaining the thermal conductivity of hybrid nanofluid &, ,

k, +2k,)+20, (k, —k,
Ky = s, /) A /) X Ky, (25)
(kp: + 2knf) - gap:(kp: - kﬂf)

ﬁ)wcver, the thermal conductivity of CNT-hybrid nanofluid is provided as

k k, +k
2 T nf
l—§0p1+2§0plk —Pk In ka
k, = p_ Y xk 26
hnf — nf- ( )
K, s k, + ks
l_';opz+2§apzk _kfln o,
P n n




Heat capacitance
If the heat capacitance of a nanofluid (pCp)nf is provided as

('DCP)nf = (1 —gopl)(pCp)f +¢Pl('ocp)pl' (27)

Then the heat capacitance of hybrid nanofluid (pCP)W can be written as
(PCo)pay = (1= 9,)(0C,) ., + @,,(0C,) (28)

5. Non-dimensional problem

This section is designed to introduce nano-dimensional parameters which will help us in ob-
taining the non-dimensional form of considering the Maxwell model. Below is a list of non-
dimensional parameters

37
.* y S Z £ Vf t S u ZJH’(IX g T - TDO
y = L 7= L 0= T u = , = __k ,
Zmax Z pmax Zm ax Vi Qu'zmax/ s
(29)
2 2
1% = Alvf  _ ‘szf zrnr:xfx}' £ iaix X2
1~ .2 M T s T Txy T LS .
Z ax Z ax ‘uf Vf 'ufvf

Invoking aforementioned parameters (29) in governing Equations (18) and (19) of Maxwell hybrid
nanofluid model and removing * for simplicity yields us to

a1+ 217" u_, H(r)+A"L +a ﬂ+@ (30
! 1% Jor T Abo Ti-a) T\5y2 Toz2 )
g \OT >’ T T . N, du ou
“3P"(1+’13‘}')E_“4(ay3+a23 +&( 1+ 400, 'rxya+’rﬂa . (31)
Given that
3 2 C

PoZ v Hel, Pn Pp,

=P g ,zf1Pr:__J1£1:(1_¢m)_i+¢mla

V} qﬂ'z;na: kf ) 'of i pf
(32)

25 (C,) (pC,) k
) ) nf Pl ps hnf
a, = U—¢)U—¢J) ,%=(1—¢Jf———+¢,- s ay=——.
(a-en1-s, ")), e, T




%ﬁ: non-dimensional initial and boundary conditions are

a

uy,z,t) =0 = w T(y,z,1) =0,t <0, (y,2) € [0,00) X [0, z,,,., ]
u(0,z,1) =0, ade =-1,1>0,z€10,z,,]
< - (33)

u(»,0,0) =0 =u(y, z,,,,.1), T(¥,0,0) =0=T(p,2,,..0, 1 >0, y €0, 00),

u(y,z,t) - 0, T(y,z,t) — 0 as y — oo.

6. Heat transfer coefficient

The Nusselt number commonly referred to as the heat transfer coefficient, is a measure of heat
transport in a thermal system. The definition of it in mathematics is [37]

zq,,
Nuj= ———, (34)
k(T,—-T,)
here g, = —kﬂf ((:}—T) refers to wall heat flux, the fractional form is appended below [3]
Y/ y=0
. oT
1+ 470" )q, = —k (— . 35
( 2 I)QM- njf a}')y:(l ( )

Operating | 1 + Agé}f on both side of Equation (34) and using the non-dimensional parameters

(29) and the fractional form of g, (35), we arrived at

iy (ar)
—za,( &
. dy /y=0
1+ AP0 \Nuy, = ————— 36
( + 5 ,) Uy T(O) (36)

7. Numerical approximation

This sectigpgpresents the numerical approximation for the non-dimensional Equations (30)
and (31). An implicit finite difference method, namely the Crank—Nicolson method will be used
to approximate the integer-order derivatives, whereas fractional-order time derivatives will be ap-
proximated using Caputo fractional derivative. (60

Define y;, = iAy,i = 1,2, ,1, z; = jAz,j = 1,2, ,m, where Ay = y,.. /I, and Az =
Za /M are the mesh size in (y, z) direction. Let ¢, = kAt,k = 0,1,---,n with the time step
At =1, /n. We will use the following approximations for derivatives from now on:




e Integer-order derivatives

Ko gkl k k=1
ou _ ki ij oT _ Tu Y
ot Iy, At 7 adt At
K k k-1 k-1
d_u| - My = W + Mg =Wy
ayl, 2Ay

29

k ._ k k=1 _ =1
ﬂ_u| _ _hitl ij—1 ij+1 ij—1
dzly, 4Az '

k k k k-1 k-1 k-1

Fu| Uiy~ 2“&;‘ Ut 2”&;‘ t W
d2y? i, 2Ay '

q k k k=1 k-1 k=1
(’}iu _ Wi~ 2uf,j Ut 2ur',j T
de i 2&2 '

k k k k

k -1 k-1 -1

F;T| Ti—l,_;' B ZTF,;' + TF+1.;' + Tf—l,j B 2Ti.j + T;+1.;'
oy I, INE '

q - k k=1 _ pk—1 k-1
*T _ Ti,j—l 2Te',j + Ti,_;'+1 + T;'\;'—l ZTJ.;' + TiJ+1
0z Ity 2Az2 '

e Fractional-order derivatives

l,:’|r,\'+1 u

c’l'!”‘“

b Lan

k—1
Aol k k—1 k—s k—s—1
= uk W oV (u —u
o I'(2 - a)( i.J iJj E AN W) i

5=

ar,ﬁ-}-l

k-1
—p—1
_ Ar @ k-1 _ Z dr(T_kl—r _ T_kl—r—l))
Iy rea-pm i i.f if i.f

r=1

)

)

(37

(38)

(39

(40)

(41)

(42)

(43)

(44)

(45)




i -# _ _
"_(Tx.d_”) —__ar? (f“,+f“‘,1)(u’,‘ —ut sut 1,—u’,‘,1)
otf\ oyl 4AY[(2 - f) RO i+1.j i.J i+1,) i.Jj
(46)
k-1
B Z d (T:( +T,¢_1)(uk—r . uk—r _ IMk—a"—l _ uk—r—l)
A i+1,j i.j i+1,j i.j .
(8
o’ ou ArF P 1)( k k k-1 k-1
(. ZE) = —— “Vu'  -u U —u )
or? (Tx- dz) h  8AZI[(2 — ﬂ)((fﬂ T W\ TR T
@7
k-1
_ k k=1 k—r o k—r k—r—1 _ k—r—1
Z;dr(rxy“LTxy )(ui,jﬂ - N4 W B ))
-
Note that b, = (a,_, — a,) and d, = (¢,_, —¢,). Let us introduce
a, a, At At PoAt €263
‘2_1‘2_1‘2 1‘= ':E: 'JE:“:E:“'JE: £l
€ a, %) a, Gy _2é.y3 ¢4 A 1T Ty ! CiCy L3 = €10y Pr
(48)
ey e, AyE(1 +5,) e, AzE(1 +6,) ATAre KA
E. = —, = 7 = = ——— 6y = —————.
ST opr 0 2a,Pr ’ 4a, Pr 'TIre-a) T IR-p)
Using Equations (37)—(48) in Equations (30) and (31), we arrived at

koo k-1) i T Kk k
(1 + 51)(uf!j -u ) - E, (H(r,() + H(tyy) + A m) + Ez(ur,_l‘j —ou)

+u ! —2u"‘1+u"‘1)+,€3(u’,‘, —2uf}, (49)




Provided that

b4, ]—Z?(

b|A3]— 1+5

blA,] = (1 +6,)

Tk —1 _ZT:( 1

ij+1

- 2T" E I

i+1,j

- 2T“ + Tk

ij+1

k k= k
(v)(

k
-u..
i.j

k-1

+u:’+1._j_

k—1

+53(p|,43] — E,p[A;] — E-;D|A4]).

—5— 1)

k—1

P{A] = )

=1

d,— (Tk—r _ T.k._r_l ),
ij ij

k _m uk—r . uk—r k—r=1 _
i+1,j iJj i+1,j
k—r k—r—1 k—r k—r k—r—l
T T )(ur'._j+1 ij—17T %

+ T = 2T+ T

i+l

&
)

i,j+1

k—1
ij (50
k=1
ij—1
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Figure 1: Velocity profile for different values of nanoparticle %ume fraction ¢
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Figure 3: Velocity profile for different values of relaxation time 4,
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Figure 4: Temperature profile for different values of fractional derivative parameter f
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8. Results and discussion

The purpose of this part is to help to understand the explanation of the graphical illustrations.
This part will go over the theoretical components of the problem, such as nanomaterials volume
fraction, fractional-ordegederivative, relaxation time and viscous dissipation. To attain this goal,
the MATLARB software 1s used to solve the discrete governing equatgs Equations (49) and (50).
Figures 1-10 are intended to determine the effect of all governing parameters on fluid flow and
heat transfer characteristics. The parameters are considered to have the following fixed numerical
values: ¢ = ¢, te, = 0.0L,& =05, =0.7=f,and 4, = 0.1 = 4,, unless otherwise stated.

To begin, the numerical computations in Figure | are performed to determine the impact of
the nanomaterial volume fraction on the gglocity field. This figure evidenced a decrement in fluid
flow velocity on adding nanomaterials. The fluid becomes more viscous as the concentration of
particles inside the fluid incrﬂqes, which causes a drop in velocity flow.

Figure 2 shows features of the fractional derivative parameter a on the velocity field. The
fractional derivative a not only quantifies the frequency-dependent complex modulus but also an-
ticipates the relaxation and creep-responses of viscoelastic fluid [38]. The velocity field declines
when a increases. One may anticipate, that increases, the resistance of the material particles
increases. which decreases the flow speed. Figure 3 depicts the consequences of the relaxati
time parameter A, on the velocity profile of the fluid. According to Figure 3, which illustratest%
delaying property of viscoelastic fluid, the more the relaxation time parameter the more the vq:ity
of the fluid. The length of time needed to return to normal condition grows as 4, increases, which
results in an increase in the velocity field. 2

The fluctuation in the non-dimensional temperature with difterent values of the fractional deriva-
Q& parameter f can be observed in the Figure 4. The fractional derivative parameter § might be
a new indicator of heatgggnduction in a conducting material. An appropriate value of f can in-
crease the effectiveness?g thermo-electric material figure-of-merit [39].The temperature profile
diminishes as f increases. Increasing the magnitude of § can obstruct the temperature distribution.
Drawing Figure 5 is an effort to conjure up the relation between temperature and relaxation time
parameter A4,. This resolves the paradox of unbounded heat propagation speed in thermo-electric
fluid [40]. The temperature profile diminishes as the value of 4, rises. Figure 6 shows the rela-
tionship between the viscous dissipation £ and the temperature of Maxwell hybrid nanofluid. As
Ec rises, the fluid’s capacity to retain heat energy increases due to friction forces, improving the
temperature profile.

Next, the effects of various embedded elements on the surface temperature are sketched out in
Figures 7 and 8. The fluid temperature on the surface of the plate decreases for high volume con-
centration, see Figure 7. Generally, the increased volume of nanomaterials improves the thermal
conductivity of a fluid. However, several factors affect fluid’s thermal gamductivity, including the
nanomaterials concentration, compatibility, preparation process, type, Mpe, and composition of
the nanoparticles. On m other hand, the wall temperature increases due to the viscous dissipation
effect. Figure 8 shows that the surface temperature is a decreasing function of fractional derivative
and relaxation time parameters.

Finally, we arrived at column graphs Figures 9 and 10 at thioint, depict the variation of
the Nusselt number in response to various pertinent parameters. It can be seen in Figure 9 that
the maximum Nusselt number is owned on increasing nanomaterial volume concentration. It is
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Figure 7: Impact of dissipation parameter £ and Figure 8: Impact of fractional parameter § and
nanomaterial volume fraction ¢ on T(0) relaxation time 4, on T(0)
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Figure 9: Impact of dissipation parameter £ and Figure 10: Impact of fractional parameter # and
nanomaterial volume fraction @ on Nu; relaxation time A, on Nuy

closed to physical expectations as ermal conductivity of the fluid increases on interacting
with nanomaterials. Moreover, the Nusselt number decreases abruptly for increasing values of
ge viscous dissipation parameter. Drawing Figure 10 is an effort to conjure up the influences of

actional derivati and relaxation time parameter A, on the surface temperature of Maxwell
hybrid nanofluid. It'is observed that the Nusselt number is an increasing function of fractional
derivative and relaxation time parameters.

9. Conclusions

This research is conducted to evggmte the MWCNTs-Al,O, nanomaterials, viscous dissipa-
tion, fractional derivatives, and their impact on flow an at transfer characteristics of Maxwell
nanofluid. The fractional UCM model is solved using the Caputo derivative and the Crank-Nicolson
method. Below is a list of the main affirmative aspects:

e The less the nanomaterial volume concentration and fractional derivative parameter the more




the velocity of Maxwell hybrid nanofluid.

e To manifest a surface heat increase, the nanomaterial concentration, the fractional derivative
parameter, and the relaxation time parameter must all be modest.

o At high levels of the relaxation time, fractional derivative, and nanomaterial concentration
parameters, Nusselt number augmentation may be projected.

e In general, when ¢ = 0 = Al, it is possible to predict the Maxwell fluid flow.

Itis envisaged that other hybrid flow models will draw ideas from the current work. It is uncommon
to find a flow configuration that includes a fractional time derivative and the hypothesis of a hybrid
nanofluid. Therefore, a number of industrial and engineering issues may be resolved with the aid

of this study.
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