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An increasing interest in heat transfer of industrial working fluids and thermal applications of nanofluids propels
the advancement of nanotechnology. Recently, focuses have been shifted to hybridization of nanofluids with the
aim of enhancing heat propagation rate of conventional fluids. Hence, in this study, the elastic deformation of
thermal radiation and convection for hybridized SWCNT-Ag and MWCNT-MoS,4 magneto-nanomaterials in en-
gine oil is examined. The thermal transfer of the hybrid nanofluids occurs in a vertical cylinder with thermo-

fluidic features being considered in the model formulation. With appropriate variables, an invariant
transformation of the model is obtained, which is then solved using Chebyshev Collocation Scheme (CCS). The
data outcomes revealed that heat distribution is reduced with rising Prandtl number, elastic deformation and the
viscoelastic term for both SWCNT-Ag and MWCNT-MoS, hybrid nanofluids.

1. Introduction

The quest to improve the quality of life, energy saving, economic
saving and product quality propels nanotechnology concept. Nanofluid
serves as an important aspect of nanotechnology, which is useful in
agriculture, chemical industry, electronics, pharmaceutical medicine
and so on [1,2]. In general, nanofluids have good thermal conductivity
characteristics than convectional liquid such as water, engine oil,
kerosine, etc., Jamshed et al. [3]. To strengthen the thermal propagation
performance of a traditional fluid, nanoparticles from nanofluid are
dispersed in a suspension base fluid. Hence, the addition of metal oxide
or solid metal particles of nanometer size in a base fluid raises the heat
conductivity of the fluid, Ogunseye et al. [4]. As reported by Eastman
et al. [5], 0.3% of copper nanoparticles enhanced enthylene-glycol fluid
thermal conductivity by 40%. Das et al. [6] established that Al;O3
nanoparticles of 1-4% increased water based fluid heat conductivity by
10-25%. Gupta et al. [7] presented radiative and convective heat dis-
tribution of nanofluid hydromagnetic stagnation point flow and chem-
ical reaction in a stretched inclined sheet. It was found that
nanoparticles random motion, reduced or increased with respective rise
in Brownian motion or thermophoresis term. Tadesse et al. [8] discussed
the magnetized ferrofluid stagnation point flow along a stretching
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convectively heated plate with saturated permeable media. As seen,
magnetized volume fraction nanoparticles heat transfer is encouraged,
but resisted with rising porous term. Other view thermofluid terms effect
on enhancing thermal conductivity of nanofluids can be obtained in
Refs. [9-13]. However, experimental results have proven that higher
thermal conductivity of nanofluids can be achieved when more than one
nanoparticles are dispersed in working fluids.

The dispersion of two or more kinds of nanoparticles in base fluids
gives rise to hybrid nanofluids. Hybridized nanofluids are characterized
with higher heat distribution, molecules concentration density, diam-
eter and thickness nanomaterial than a unitary nanofluid. This has
numerous usages in biomedical, heat exchanger, nuclear systems, solar
system, generator cooling and many more [14,15]. Hybrid nanofluids
thermal conductivity has no specific model for its prediction. However,
rising in the industrial demand of nanomaterials for an improved tech-
nological advancement has inspired many scientists to study different
nanofluids. Afridi et al. [16] considered in a thin needle, the Cu/A-
[o03-H>0 hybrid nanofluid flow with dissipative irreversibility energy.
It was observed that hybrid nanofluids produced high temperature dis-
tribution than regular nanofluid. Salawu et al. [17] examined heat
conduction of hybrid ferromagnetic HoO-Fe304 and HyO-Mn-ZnFe;04
in a spinning disk using Von Karman swirling flow. The radial velocity
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Fig. 1. Flow geometry description.

field was raised with increasing ferromagnetic interaction. Roy et al.
[18] presented dissipation and radiation of composite nanofluid heat
dispersion in an annular cylinder. The heat gradient was noticed to have
increased with rising nanoparticle volume fraction. Khan et al. [19]
numerically investigated the magnetized CNTs-ferrous oxide nanofluid
flow in a channel. It was presented that 0.01-0.04% rise in the nano-
material volume fraction raised the heat transfer from 1.7614 to
7.4413% and 1.6336-6.9519% for Fe304-MWCNTs and Fe304-SWCNTs
respectively. Waqas et al. [20] studied thermal distribution of magne-
tized Ag-SWCNT and MoS4,-MWCNT hybrid nanoparticle interaction in a
cylinder. Tiwari and Das nanoliquid formulation was considered, and
temperature profile was found to have been raised with an increased
temperature ratio. More valuable articles on hybrid nanoliquid can be
seen in Refs. [21-24].

The essential of mixed convection and thermal radiation in main-
taining heat transfer phenomenon of hybrid nanofluids cannot be over-
emphasized. The interesting applications of the thermophysical terms in
nuclear reactor, solar collector, heat exchanger, atmospheric flows and
others has fascinated scientists [11,25]. As such, Izadi et al. [26] dis-
cussed the convective hybrid ferrohydromagnetic nanoliquid in a porous
saturated enclosure T-shape device. It was revealed that high convective
heat distribution nanofluid was obtained with rising convective ratio
between nanofluid and solid phases. Chamkha et al. [27] considered the
flow of water-base hybrid nanoliquid with natural conjugate convection
inacircular cavity. A high solid-liquid interface of thermal propagation of
nanoparticles was observed. Zainal et al. [28] presented stagnation flow
of mixed convective hybridized magneto-nanofluid along a convective
vertical sheet. The volume fraction nanoparticle was seen to have
increased the temperature distribution and the flow velocity was raised
with an increasing mixed convection. Mandal and Shit [29] studied
biviscosity of convective and radiative nanofluid heat transfer and en-
tropy generation in a rotating stretchy disk. Observation revealed that the
heat gradient and the skin friction was strongly influenced by nano-
particle size and thermal radiation. Fatunmbi et al. [12] examined tem-
perature dependent properties of Casson nonlinear radiative nanofluid
flow past an electromagnetic actuator. As noticed, temperature ratio and
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Table 1
Thermofluidic properties values the hybrid nanoparticles and base liquid.
Properties p(kg/ kw/ C(J/ o(S/m) px107°
m®) mK) kgK) (/K
Silver (Ag) 10,500 429 235 3.60 x 1.89
107
Molybdenum 5060 904.4 397.21 2.09 x 2.8424
tetrasulfide 10*
(MoS4)
Engine oil 884 0.1410 1910 1071 — 0.00007
107°
SWCNTs 2600 6600 425 1076 — 27
1010
MWCNTs 1600 3000 796 10°-107 44

radiation terms influenced the nanoparticle interaction, thereby
increased heat transfer. Therefore, nanoparticles thermal propagation is
highly supported by radiation and mixed convection increased.

This study aim to examine the elastic deformation of thermal
convective and radiative hybrid SWCNT-Ag and MWCNT-MoS4
magneto-nanofluids flow in a porous cylinder. In the study, enhancing
thermal conductivity of stagnation flow of hybridized nanofluids is
considered in the presence of porosity, nonlinear radiation, material
elastic deformation, mixed convection, isothermal wall and magnetic
field. Despite the usefulness of the study, the flow model has not been
earlier posted and the flow characteristics has not been previously
investigated. Various reports on the industrial applications and
advancement of hybrid nanofluids motivated the investigation. Elastic
deformation of materials is essentially used in ceramics, foam, plastic
industry and many more. The mathematical model is solved by spectral
based Chebyshev collocation technique, and the outcomes are presented
in figures and tables. A qualitative discussion of the flow dynamical
behaviour is accordingly presented.

2. Model description and development

Consider a thermal absorber and augmentation of mixed convective
hybridized nanofluids flow influenced by electromagnetic force and
gravity along a stretchy porous cylinder. An elastic deformation, viscous
dissipation and varying radiation of the nanoparticle heat distribution is
examined in an unbounded slip device. The dispersion of hybrid single
walled carbon nanotube-silver (SWCNT-Ag) and multiple walls carbon
nanotube-molybdenum tetrasulfide (MWCNT-MoS4) nanoparticles is
done in an engine oil base liquid. The r-axis is considered in the cylinder
direction while the axial direction of the configuration is in x-axis as
geometrically presented in Fig. 1. Without electric field polarization of
the fluid material, the nanoparticles clustering is prevented by the sur-
factant of the particles. In modules, the controlling flow dimensional
model based on the assumptions are as [30,31].

The controlling flow dimensional equations

0,(vr) + 0,(ur) =0, D)
2
() + v, (1) = Ux% + Vg Ga,.(u) + 0,,(14)) + (B#‘:f
4 ”};") (US W)+ gB (T-T)), @
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(06, 00T) +v0,(T)) = 20,10, (7)) +

g |0,(0) 10, (rud, () + 1, () |,

Following Nadeem et al. [32], the subjected boundary conditions are
considered as:

u=ad,(u)+U,(x), v=0, T=T,, at r = R, and u—U,(x)

= x—UO, T—-T, as r-oo, (@)
c
kg (0-(T)),—g = V(R, X)pyelcn(Ty — To) + 6], (5)

where the respective terms T temperature, Ty far stream temperature, T
wall temperature, Us stretching velocity, u, v hybrid fluid velocity
modules, U, stretched surface velocity, kpy heat conductivity, U free
fluid flow velocity, R radius, ppns fluid density, ¢, nanoliquid heat ca-
pacity, K permeability, ¢ characteristic length, a latent heat, op,s electric
conductivity, q, heat radiation, fr heat expansivity coefficient, C, spe-
cific heat, g gravity, Bo magnetic strength, vp,s kinematic viscosity,
elastic deformation, 6 Stefan-Boltzmann and k, elastic term.

As given by Refs. [33,34], the values of the effective thermophysical

l’l4 Ra
2 2 1 e+ ——
Prie (2240; + (2A& + 1)0s) + 10: + Prin

PrEchy

240:(0(0, — 1) + 1) + 0::(246 + 1)(0(0, — 1)+1)] 7

EC}’ls

=226+ 1)(f)" =0,
1

factors of the nanofluid in terms of the nanoparticles and engine oil base
fluid is given in Table 1. Meanwhile, the thermofluidic description of the
nanofluid variables are respectively expressed in Table 2. Whereas, the
hybridized nanomaterial variables is demonstrated in Table 3.

To present the formulated mathematical equations in an invariant
dynamically dimensionless form, the subsequent quantities are employed

Table 2
Nanofluid thermofluidic physical variables.

Variables Nanofluid

Heat capacity
(G = (PCp)s (V/M —w+ 1)

(PCp)s
Heat conduction ko (m—1D)ks + km —y(m — 1)(ky — ki)
ke (m—1)ks+km +yik; — km)
Viscosity oy = M .
1 —y)”

Density Pop = Pf {q/(%) +(1 7111)}

w [ G
ey
<pﬂr>m)

Electrical conduction

Thermal expansion

(/’ﬁr)nf = </’ﬁT)f (1 B (/)ﬁT)f
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(6)
Employing the quantities in Eq. (6) on Egs. (1)-(5), the dimension-
less invariant equations are obtained as:
1
h]hz
+ h3 (p9
=0,

1 h
(2Afee + 226+ feee) = ()" +fee +€7 + (—h —Da + h—7M) (e 1)
1742 6

)

(06, — 1)+ 1)*[3(0:)°(22¢ + D)0, — 1) +

Uee (fefee — feee) |+ (8)

the transformed invariant boundary conditions are

f(0) =1+ %f::(o)ml%(w) = £,0(0) = 0,0(c0) = 1,5(h4)0:(0) + Pr(h:)f (0)

=0,
€©))
Table 3
Hybridized carbon nanotubes MoS4-Ag nanofluid physical variables.
Variables Hybrid nanofluids
Heat capacity (pcy)
nC, = (pCp)(1 —y py | =RAmL ) (1 —y ]+
(p p)hnf (v P)f( Ws) {Vl ( (ﬂCp)f (1—y)
W2 (PCp)m2
Thermal Knnf _(m— ks + kma — o (kg — km2)(m — 1) & _
conduction ke (m—Dkg+kma +yo(ky —kma) Tk
(m —1)ks + km1 —yq (kf —km )(m—1)
(m — 1)ks + km1 + wy (kg — Kn1)
Viscosity Hhg = Mg
" (1- W2>5/2<1 - W1>5/2
Densit;
Y Phnf = WoPma + pp(1 = yr3) [1 -1 (/)/)Lfl) + W1}
electrical V202 + Y101
conduction Ohnf |: 3( of a2 +v1) +1
o Wa0o + 4y (71> <l//2()‘2 +yq01
2+ - Yo+ )
( (2 +y1)or of W2t v
Thermal (OB
expansion (PBr)hng = (PPr)p(1 — W)(l —vty (ﬂﬂT;; + V2 (PPr)ma
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the resulting terms in Egs. (7)-(9) are respectively the fluid curvature
_ oB}
— Uopy®

_

_]ay
A= = Tk

R2Uy’

Porosity Da magnetic term M

stagnation term

& =2 Grashof number Gr = &2 T-Ts) mived convection term ¢ — -S-,
c v @ XRe’

L ~ 160,T _ Ui
thermal radiation Ra = Wk Eckert number Ec = T TGy temper-

v5(pCp )f
kg

a(apro)l/ 2 viscoelastic term ¥ = "T’;e and designate factors (hy, hy, hs,
hy, hs, hg & hy). The h;, i = 1, 2...7 is defined as:

hy = (1—y)) (1 —y,)>,

ature ratio 6, = %’, Prandtl number Pr = , slip term y =

N N
s :me)(’ﬂw, +(17w1)>,
Py Py
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Cf.Re'* = thf:g(O) and Nu,Re /> = —(hy +Ra(8(0)(0, — 1) 4+ 1)*)6:(0),
(12

where Reynolds number Re = %

3. Solution procedures
3.1. A summary of the Chebyshev collocation schemes (CCS)

The elastic deformation equations were solved using the CCS. For its
global perspective and effectiveness in solving partial differential
equations, ordinary differential equations, linear and nonlinear equa-
tions, the CCS basis functions are used in the solutions of the governing
ordinary differential equation as adopted by Obalalu [35]. To make sure
that the controlling ordinary differential equation is correct, the co-
efficients are arranged in a certain order. In order to generate residuals
or errors, the predicted solutions are incorporated into the governing
equations for the unknown dependent functions in the differential
equations. The assumed CCS solutions with unknown coefficients were
introduced. Also, by using the collocation method, the errors are then

e /)Z;?z;‘zll’z +(1- V’z)(/)z;:ﬁ;”‘/ﬁ +(1- V’]))
3= ,
%2‘//2 +(1- 1//2)(/];;;"//1 +(1 = Wl))
P Wy (m = 1)k — k) + (m = Dks ko =y (m = 1) (kyy — ko) + (m — Dky
.= .

YV (kf - kml) + (m - l)kf + kml

Pu2(Co) Pt (Cp)mi
hy =Py, (1 —yry) [ PRy (1 - ,
=),y ¥, + (1-y,y) (G, wy + (1—yy)

P Pm
he :_2’//2 +(1 _Wz)(_lllfl +(1 _‘//1)>v
Pr Pr

¥, (ka - kmz) + (m - l)kv[ + ka

reduced to zero. A system of algebraic equations is built and then solved
to get the values of the unknown coefficients.

3.2. Application of Chebyshev collocation schemes

Unknown functions f(¢) and 6(¢) are considered to be solved by
adding the Chebyshev base functions.

2.1. Quantities of physical interest

The quantities of interest are the heat gradient and the skin drag
force, which are described as:

gpx 21,
Nu, = ——— and Cf, = . (10)
(Th - TDO) f U(z)pf
The shear stress 7, and heat flux gp at the wall takes the form
Ty = ”hnfar(”) r—R and g, = (q),, — khnfar(T)}r:R' (1)

Substitute in Egs. (6) and (11) in Eq. (10), then Eq. (10) becomes

Table 4

CCM solutions in various approximation orders of Convergence when 1 = 0.2, M
=2,9=0.02,0,=1.1,¢=0.2,Da= 0.9, Pr =3,Ra=0.8, Ec=0.02,y=0.1,S
=02,y=0.5,=1.0

Number of iteration (N) fe 0:

4 1.035916 2.71253
6 1.004772 2.53722
8 1.003268 2.34009
10 1.002291 2.23211
12 1.002291 2.11111
14 1.002291 2.11111
16 1.002291 2.11111
20 1.002291 2.11111
24 1.002291 2.11111

30 1.002291 2.11111
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Fig. 2. Temperature profile for shape factors (single).
Table 5

Comparison of the heat gradient with Unyong et al. [36] and Kameswaran et al.
[37]whenA=M=2=¢9p=0,=¢=Da=Ra=Ec=y=S=y==0.

Pr

current work Unyong et al. [36] Kameswaran et al. [37]

0.72 1.08852 1.08852 1.08852
1.0 1.33333 1.3333 1.33333
3.0 2.50973 2.50973 2.50973
10.0 4.79687 4.79687 4.79687
100.0 15.71163 15.71163 15.71163

76 =Yty (3~ 1) ana 0(6) = 13)

Jj=0

where g; and b; are unknown constant coefficients and scale parameter L
denoted the boundary layer for the effective numerical computation.
Using the domain truncation method, the problem domain is shifted
from [—1, 1] to [0, L]. Furthermore, in order to calculate the unknown
coefficients, equation (13) is substituted and used on the boundary
conditions in equation (9). In addition, R¢ (&, a;, b;) and Ry(¢, a;, by) are the
residuals obtained by inserting equation (13) into Egs. (7) and (8). The
collocation technique is used to reduce residues to the maximum degree
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of possibility.

17

forh(g—g,):{o £=¢

otherwise,

L
/ Rh(E—&)dE =R (&,a;) =0, forj=1,2,.N—1, 14
0

L
/ Roh (& — &)dé = Ry(§;,a1,b;) =0, forj=1,2,.N—1. (15)
0

The transformed CCS (shifted Gauss-Lobatto points) that were
employed are:

i)

The algebraic equations with 2 N + 2 unknown constants are
generated by Egs. (14) and (15). With the help of MATHEMATICA 11.3,
a mathematical symbolic program, the obtained equations are solved
using the Newton approach. Due to the fast convergence of approxi-
mations and the ability to solve extremely non-linear systems of equa-
tions, the CCS based on spectral techniques was determined to be
adequate and effective for achieving an approximate solution. The
different approximation orders of convergence of the solution tech-
niques are shown in Table 4. The square residual error produced by
equations (14) and (15) are calculated and reported. Fig. 2 depicts the
temperature profile for different shape factors (Lamina, Blade, Hexa-
hedron, Platelets, Tetrahedron, Bricks and Sphere) of nanoparticles.

(16)

4. Results discussion

In this section, the parameters considered in this problem are given
numerical values as follows: 1 = 0.2, M =2, ¢ =0.02, 6, = 1.1, ¢ = 0.2,
Da=0.9,Pr=3,Ra=0.8,Ec=0.02,y=0.1,5§=0.2,y = 0.5, = 1.0,
unless specifically stated on the graphs or tables. A comparison of heat
gradient Nu, with previously published results is shown in Table 5. The
current results for hybridized nanofluid are in great agreement with
earlier investigations under limiting cases.

4.1. Parametric effects on the quantities of engineering interest

Table 6 specifically shows the reactions of the skin friction coeffi-
cient CfiRe'/? and the Nusselt number NuRe /2 for both hybridized
nanofluid SWCNT — Ag and MWCNT — MoS4 for variations in some
chosen physical parameters (y, M, Ra, ¢, Da&Ec). Evidently, an increase
in the slip term y (1.0, 1.5, 2.0) reduces MWCNT — MoS4/CfRe'/? by

Table 6
Values of heat gradient and the skin drag force for MWCNT and SWCNT.
Parameter y M Ra @ Da Ec MWCNT MWCNT SWCNT SWCNT
CfRe'/? Nu,Re 12 Cf Re'/? Nu,Re 12

1.0 1.9743 1.8143 2.2551 3.1241
1.5 1.8321 1.8008 2.1300 2.2679
2.0 1.7501 1.7909 2.0123 2.1031
1.5 1.7199 2.4322 3.3211 3.6747

2.0 1.6643 2.4113 3.2522 3.5531

2.5 1.5521 1.9918 2.1321 3.2422

0.5 1.2346 1.9730 2.5511 1.6130

1.0 1.3213 1.8178 2.5218 2.1233

1.5 1.4325 1.7990 3.4205 2.5765

0.4 1.5302 1.8990 2.6743 3.6532

0.6 1.7474 1.9102 2.8784 3.7943

1.8 1.9435 1.9833 3.1772 3.8234

1.9 1.2353 2.1632 2.5423 3.4522

2.3 2.7545 2.0456 2.3463 3.5561

2.7 2.2954 2.0115 2.2523 3.8189

1.1 1.4255 1.7991 2.4457 3.2722

1.7 1.6211 1.7991 2.5821 3.4898

2.5 1.7491 1.7991 2.6532 3.6441




S.0. Salawu et al. Results in Materials 17 (2023) 100380

A
25 0.6 F\

\ — — MWCNT-MoS,
SWCNT-Ag 05F

20F — — MWCNT-MoS,

SWCNT-Ag

=0.1, 0.3, 0.
y=01, 0.3, 0.5 M =03, 0.5, 0.9

fl
fl

0.3
1.0F
0.2}
0.5
0.1
0.0 — 0.0
0 5 10 15 0 2 4 6 8 10 12
§ §
Fig. 3. Velocity field response to various y Fig. 6. Effect of M on flow rate field.
or 250\
— — MWCNT-MoS, \ — — MWCNT-MoS,
0.8 SWCNT-Ag 20k SWCNT-Ag
06} vi=y2 =0.1, 0.4, 0.8 150 =01, 0.3, 0.5
G- G-
0.4F 10k
0.2r 0.5
0.0 0.0 e e e
0 1 2 3 4 5 6 7 0 5 10 15
§ §
Fig. 4. Reaction of flow rate to rising y Fig. 7. Rising effect of ¢ on velocity field.
0.5 ~\ 0.6 - 1
\ — — MWCNT-MoS, \ — — MWCNT-MoS,
SWCNT-Ag 05} SWCNT-Ag
0.4
e=0.5,0.7, 0.9
0.3}
- G-
- Da=10.1, 0.4, 0.8
0.2}
01}
0.0 L I I I L I I I I
0 o 4 6 8 10 0 1 2 3 4 5 6 7
£ H

Fig. 5. Rising effect of Da on velocity field. Fig. 8. Effect of ¢ on flow rate field.
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11.4% while SWCNT — MoS4/CfxRe'/? decreases by 10.8%. A rise in the
magnetic field term M (1.5, 2.0, 2.5) also causes MWCNT — MoS4/
CfiRe? to fall by 9.8% compared to a decrease of 35.8% in SWCNT —
MoS4/CfRe’?. The trend is however reversed for a rise in the Eckert
number Ec and the mixed convection term ¢ as shown in the table. The
engine oil base MWCNT — MoS4/CfRe'/? rises by 22.7% (27.0%) as Ec
() increases while SWCNT — MoS4/Cfoe1/ 2 increases by 8.5% (18.8%)
respectively. Meanwhile, escalating values of Darcy term Da signifi-
cantly raise the CfyRe'/? by 85.5% for MWCNT — MoS4 whereas GfxRe'/
2/SWCNT — Ag declines by 11.4% with growth in Da. A rise in the
magnitude of ¢ (0.4, 0.6,1.8) propels an improvement in the heat
transfer (Nul;e1 / 2) for both hybridized nanofluid MWCNT — Ag and
SWCNT — MoS4. Furthermore, the Nusselt number NuRe /2 (relating to
surface heat transfer) for the SWCNT — MoS4 improves significantly by
59.7% increase with escalating values of the thermal radiation term Ra
(0.5, 1.0, 1.5). Conversely, the engine oil base SWCNT — MoS4 hy-
bridized nanofluid reduces by 8.8% as Ra rises. The heat transfer also
depreciates by 18.1% for the MWCNT — MoS4 hybridized nanofluid with
arise in M whereas a decrease of 11.8% is encountered in the SWCNT —
MoS4 hybridized nanofluid as M increases (1.5, 2.0, 2.5).
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4.2. Parametric effects on the flow velocity distribution

The offered graphs in Figs. 3-8 demonstrate the structure of the
hydrodynamic boundary layer and the trend of velocity profiles for
variations in some chosen parameters for both hybridized nanofluid
SWCNT-Ag and MWCNT-MoS,. As visualized in Fig. 3, the fluid motion
decelerates due to escalation in the magnitude of the slip term y (0.1,
0.3, 0.5). Here, augmenting values of y compels an unequal flow speed at
the stretching surface and near the sheet. Consequent upon a rise in y, a
decline in the hydrodynamic boundary layer occurs in the presence of y
since the momentum induced at the stretching wall is partly transmitted
to the hybridized nanofluid. However, the velocity profile for the engine
oil base hybridized nanofluid SWCNT-Ag is lower as compared to
MWCNT-MoS,. The velocity profile enhances as the volume fractions of
nano tiny particles y; and 5 are raised as sketched in Fig. 4. Higher
magnitudes of y; and y» accelerate the fluid motion for both hybridized
nanofluid SWCNT-Ag and MWCNT-MoS4. On the other hand, fluid
movement is impeded by growth in the porosity term Da as found in
Fig. 5. An enhancement in Da creates a resistance to the free motion of
the fluid which causes the velocity profile to be declined. In Figs. 6 and
7, the impact of the magnetic field M and ¢ on the velocity profile is
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Fig. 14. Temperature field for 6,.

respectively exposed for the engine oil base hybridized nanofluid
SWCNT-Ag and MWCNT-MoS,. Fig. 8 has been sketched to demonstrate
how an increase in the stagnation term ¢ impacted on the motion of the
fluid. It is found that the velocity profile uplifts as the magnitude of ¢
rises due to the direct proportionality of ¢ to the wall stretching rate a.
With arise in ¢, the wall stretching rate a becomes higher than that of the
upstream stretching rate, thus the velocity profile is uplifted.

4.3. Temperature field for various rising parameter values

The plots displayed in Figs. 9-16 elucidate the reaction of the ther-
mal field to variations in some chosen parameters. Higher magnitude of
M raises the thermal boundary layer structure for both SWCNT-Ag and
MWCNT-MoS, as plotted in Fig. 9. The resistance created to the motion
of fluid due to Lorentz force generates friction thereby creating extra
heat in the fluid and consequently boost the temperature. Likewise,
Fig. 10 reveals that the temperature distribution increases as the Eckert
number Ec rises. A hike in Ec creates a frictional heating owing to viscous
dissipation. Conversely, an increase in the elastic deformation term f
and the viscoelastic term y shrink the thermal boundary layer and
consequently lower the surface temperature as respectively visualized in
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Fig. 16. Temperature profile for Pr.

Figs. 11 and 12. The reaction of the heat distribution profile for varia-
tions in the volume fractions y; and 5 is sketched in Fig. 13. In this
graph, the temperature shows a downward trend for increasing values
w1 and y» for both SWCNT-Ag and MWCNT-MoS;,. A rise in the tem-
perature ratio term 0, causes the thermal boundary layer structure field
to depreciate and reduce the surface temperature for SWCNT-Ag and
MWCNT-MoS,4 as demonstrated in Fig. 14. This reaction reveals that an

increase in 6‘a< = %’) is proportional to ambient heat, thus, there is heat

loss to the ambient which consequently cause the surface temperature to
decline. However, the MWCNT — MoS4 hybridized nanofluid offers a
lower temperature as compared to SWCNT-Ag as found in Figs. 13 and

14. Escalating values of thermal radiative term Ra( :13;;)12;)

strengthens the thermal field and causes a rise in the temperature as
depicted in Fig. 15. The growth in Ra causes the mean absorption co-
efficient to decline thereby raises 0(¢). Conversely, rising values of

Prandtl number Pr( = @) created a thinning thermal boundary

layer structure (see Fig. 16) and consequently reduces the surface tem-
perature. This fact emanates from a diminished thermal diffusivity as
compared to viscous diffusivity with growth in Pr which also aids the
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dynamic of heat transfer.

5. Conclusion

The dynamics of flow coupled with heat transport of an elastic
deformation in a thermally radiative and convective magneto hybrid
single walled carbon nanotube-silver (SWCNT-Ag) and multiple walls
carbon nanotube-molybdenum tetrasulfidle (MWCNT-MoS4) nano-
particles over a stretchy porous cylinder has been the subject of this
study. The investigation is carried out with augmentation of mixed
convective hybridized nanofluids under the influence of gravity force,
viscous dissipation, nonlinear thermal radiation and slip condition. The
controlling mathematical equations are solved by Chebyshev collocation
Schemes (CCS) which compared favourably with existing studies under
some limiting constraints. The parametric analysis is visualized via
different graphs as well as tables depicting the significant contributions
of the emerging physical parameters. From the outcomes, the key points
are summarily collated as follows.

@ There is a reduction in the skin friction coefficient CfyRe'/? with
escalating values of the slip parameter term y and the magnetic field
term M for both MWCNT-MoS4 and SWCNT-Ag but the converse is
the case for a rise in the Eckert number Ec and the mixed convection
term ¢.

@ The dynamics of heat transfer across the surface is improved by
growing values the mixed convection term ¢ (0.4, 0.6,1.8) for engine
oil base hybridized nanofluid MWCNT-MoS4 and SWCNT-Ag. How-
ever, uplifting the thermal radiation Ra only improves the Nusselt
number NuRe /2 for MWCNT-MoS,4 while NuRe 1/ 2/SWCNT — Ag
depletes with hike in Ra and magnetic field M.

@ The hydrodynamic boundary structure together with velocity pro-
files expands with growing values of the stagnation ¢ and volume
fractions ¥1&W¥, whereas the trend is reversed for hike in the slip
term y, Darcy Da and magnetic field parameter M for both hybridized
nanofluids.

@ Surface temperature distribution is high in the presence of radiation
term Ra, Eckert number Ec and magnetic field term M but a reduction
in the heat distribution occurs with rising values of the Prandtl
number Pr, elastic deformation $ and the viscoelastic term y for both
SWCNT-Ag and MWCNT-MoS, hybrid nanofluids.

However, due to its usefulness, further study is encouraged on hy-
bridization of SWCNT-Ag and MWCNT-MoS4 nanofluids flow along a
Riga plate in combination with non-Newtonian fluid and activation
energy.
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