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Abstract: A vital role of ternary hybrid nanofluid is visualized as a significant improvement of thermal
performance and enhancement in thermal rate which is applicable in automobiles for coolant process,
thermodynamics of fuel. This process of ternary hybrid nanofluid is utilized to enhance maximum
performance of thermal energy and applicable in chemical products, solar power, melting process, wire
paintings, biological products, solar system, cooling process, glasses melting, glass fiber, metal
grinding etc. Three-dimensional motion of ternary hybrid nanoparticles in partially Casson fluid over
a vertical stretching surface is addressed using Darcy’s Forchheirmer theory. Further, effects of Joule
heating, non-uniform thermal radiation and viscous dissipation are considered in the energy equation
and motion of ethylene glycol contains alumina, silica, and titania nanoparticles with various shape
effects. Similarity variables are utilized to derive the system of ODEs from PDEs. A system of ODEs
is numerically solved by a finite element method. It was concluded that the thermal field for platelet
nanoparticles is greater than the thermal field for cylindrical nanoparticles. Nusselt number increases
versus change in ion slip, Hall and magnetic parameters. Maximum production of heat energy is
obtained for the case of tri-hybrid nanomaterial rather than for the case of hybrid nanomaterial.
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List of symbols:
w,v,u Velocity components (ms™1) V, X, Z Space coordinates (m)
v Kinematic viscosity (m?s™1) B Casson fluid number
p Fluidic density (Kgm™3) Bi, Be Ion slip and Hall parameters
T Temperature (K) To Ambient temperature (K)
u Viscosity (Kgm™1s™1) G Gravitational acceleration (N)
B,y Buoyancy parameters By Magnetic induction (4.Kgs™2)
o Electrical conductivity (Sm™1) n Power law index number
a,b Constants T, Wall temperature (K)
n Independent variable Pr Prandtl number
M Magnetic number b3, D1, D2 Volume fractions
A Stretching ratio number cf Skin friction coefficient
Nu Nusselt number TH Tri-hybrid nanofluid
bf Base fluid EG Ethylene glycol
Al, 04 Aluminum oxide Sio, Silicon dioxide
Wi, W3, Wy, Wy, Ws Weight functions o Infinity
K Thermal conductivity (Wm™1) PDEs Partial differential equations
ODEs Ordinary differential equations Sp1, SP3, SP2 Solid nanoparticles
0, Temperature ratio number N, Thermal radiation number
€ Porosity parameter (m?) fs Inertia coefficient
k! Permeability of porous (m?) E, Forchheirmer number
o k* Stefan-Boltzmann constants a Thermal diffusivity (m?s~1)

1. Introduction

Nanofluid is an engineered colloidal mixture regarding base fluid with single nanoparticles. Such
behavior of fluid is applicable in cooling process, thermal process, thermal enhancement, thermal
reduction and microelectronics. Deep exploration regarding case of mixture of base fluid with two
kind’s nanoparticles is termed as hybrid nanofluid. Moreover, Casson fluid behaves like a non-
Newtonian liquid and shear thinning. Such type of non-Newtonian rheology is applicable in petroleum
products, syrup drugs, production of plastic materials and engineering field etc. Rheology related to
Casson fluid was investigated by Casson [1]. He has investigated that Casson model displays role like
a shear thinning, plastic liquid model and high shear viscosity. Chabani et al. [2] discussed features of
hybrid nanoparticles involving Lorentz force in triangular enclosure. They have studied convective
flow considering the Darcy Forchheirmer model and included that flow is reduced when Lorentz force
is implemented. Chu et al. [3] investigated a study related to hybrid nanofluid in the presence of
magnetohydrodynamics for unsteady flow in two parallel plates including shape effects. They
considered engine oil as base fluid and model is numerical solved by numerical scheme. Selimefendigil
et al. [4] studied the role of various shapes regarding nanoparticles in ventilated cavities considering
artificial neural networks. They implemented a finite element approach to find numerical results. It was
included that maximum temperature was obtained using L-shaped cavity. Saleem et al. [5] estimated
performance of several shapes of nanoparticles in horizontal surface considering base fluid (water).
They have used a shooting approach to find parametric study on temperature and flow profiles. It was
established that mass transport rate is enhanced versus erratic motion. Saleem et al. [6] established
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modeling related to Eyring-Powell material considering magnetized effect in mass species and heat
transfer involving chemical reaction using finite element approach. Algehyne et al. [7] studied thermal
features of Maxwell fluid in hybrid particles over a stretching frame. They have utilized finite element
approach to find computational study and parametric study. It was investigated that highest thermal
performance can be achieved by hybrid nanofluid rather than nanofluid. Imran et al. [8] performed
thermal aspects of the solar collector using approach of hybrid nanoparticles via several shape effects
implementing a numerical approach. Several studies regarding hybrid nanofluid are mentioned in [9].
Khan et al. [10] discussed features of Lorentz force in Casson fluid inserting dust particles along with
hybrid nanoparticles past a stretchable sheet using an analytic approach.

Ternary hybrid nanofluid is a mixture of three kinds of nanoparticles in base fluid. It is an efficient
approach to achieve the highest temperature rather than nanofluid and hybrid nanofluid. The process
regarding tri-hybrid nanoparticles is most efficient for development of thermal enhancement and
thermal reduction. Sarada et a. [11] estimated enhancement process in energy efficient using
applications of ternary hybrid nanoparticles in curved stretching sheet implementing shooting
approach. Nazir et al. [ 12] visualized comparison enhancement into different fluids using Hall currents
inserting mixture of multiple nanoparticles in base fluid via finite element methodology. Dezfulizadeh
et al. [13] discussed impacts of Lorentz force in MHD flow using exergy an efficiency approach in the
presence of ternary hybrid nanofluid. Oke [14] determined performance of tri-hybrid nanofluid in mass
dissuasion and thermal energy considering base fluid (EG) past a rotating surface. Xiu et al. [15]
studied dynamic behavior of ternary-hybrid nanoparticles in mass diffusion and thermal field
considering small and large volume of nanoparticles with platelet, spherical and cylindrical
nanoparticles over wedge using shooting approach. They have found that tri-hybrid nanofluid was
observed very significantly for thermal performance rather than hybrid nanofluid. Animasaun and
Asogwa [16] discussed comparative influences among alumina and water-based nanoparticles
including based cupric nanoparticles (water-based) over stretching surface. Rasool et al. [17]
experienced multiple aspects based on radiation and viscous dissipation using theory of non-Fourier’s
in second grade rheology using analytic approach on porous surface. Ashraf et al. [ 18] captured thermal
features of magnetohydrodynamic flow in peristaltic fluid inserting magnetite nanoparticles in blood
using the D-quadrature algorithm.

Nowadays, several industrial applications in pigments, electronics, cosmetics, food processing
and utilizing engineering process metal oxide nanomaterials such as silicon dioxide, aluminum oxide
and titanium dioxide. The retention and transport of nanoparticles (Al,05,Si0,,Ti0,) ware utilized
to resolve issues of petroleum engineering and environmental. Nanoparticles (Al,03,Si0,, TiO,)
were introduced for enhancement of oil recovery by Hendraningrat et al. [19]. Al,05; nanoparticles
have higher boiling and melting points which are useful for enhancement of thermal inertia (see Song
et al. [20]). In addition, Al,0; nanoparticles are applicable to enhance the strengthens of smoothness,
ceramics, creep resistance and crack hardness. Dynamic features of thermal transport in the presence
of partially ionized liquid subjected to magnetic field is significantly exaggerated by magnetic field.
Animasaun et al. [21] investigated that the Hall effect occurs when a magnetic field is applied
perpendicular to the current flow through a thin sheet. As a result, an electric field is created parallel
to the magnetic and current fields and directly proportional to the product of the magnetic induction
and current density. Animasaun et al. [22] discussed comparison impacts among 47 nm and 36 nm
alumina nanoparticles in base fluid (water) under action of Hall currents. Farooq et al. [23] developed
model of entropy production rate in mass diffusion and thermal field under effects of Hall currents,
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viscous dissipation, magnetic field and Joule heating in cylindrical tubules.

The purpose of the present flow problem is to study characterizations of Casson fluid involving
Lorentz force and thermal radiation (non-linear) over a 3D vertical surface accompanied with
buoyancy force, Forchheirmer porous model and Joule heating. In additionally, mixture of three kinds
of nanoparticles (Al,05,Si0,,Ti0,) in ethylene glycol is inserted to visualize thermal performance
among cylindrical and platelet nanoparticles. The current problem fills the gap while not adequately
studied with the following points.

e Analysis of heat transfer in Casson liquid under effects of Joule heating and viscous dissipation,
thermal radiation (non-linear), Hall and ion slip forces using Darcy’s Forchheirmer theory past
a 3D surface has not been investigated yet.

e Previous to this investigation, no comparative analysis on Casson fluid among cylindrical and
platelet nanoparticles over 3D surface using Forchheirmer porous model has been existed in
literature works computed by finite element method.

e In existence literature, no investigations have been reported including ternary hybrid
nanoparticles and shape effects rather than [24] to visualize comparative analysis among
cylindrical and platelet nanoparticles.

Existence works demonstrate that development of Casson liquid inserting ternary hybrid
nanofluid using thermal properties of various shapes of nanoparticles over 3-dimensional vertical using
Forchheirmer porous model frame is not studied yet. Moreover, ion slip and Hall currents are
considered with viscous dissipation and variable thermal conductivity. Present complex development
is numerically handled by a finite element approach. In addition, section I, section II, section IV and
section V are based on literature review, problem modeling, numerical approach, results and
conclusions, respectively.

2. Modeling of developed model

A 3D model of Casson fluid is developed over a stretching surface using theories of
generalized Ohm’s law and Darcy’s Forchheirmer model. Three types of nanoparticles are inserted
into EG (ethylene glycol) while various shapes of nanoparticles (cylindrical and platelet) are addressed.
Motion of nanoparticles is produced using movement of wall velocity. Buoyancy force is considered
whereas viscous dissipation and thermal radiation (non-linear) are added in the energy equation.
Suspension of nanoparticles regarding aluminum oxide, titanium oxide and silicon dioxide in working
fluid is considered. Reduced form regarding Navier-Stoke equations is obtained and physical model is
considered by Figure 1. Thermal radiation in terms of non-linear is utilized to determine thermal fields.
Surface is assumed as non-conducting in terms of electrically and non-isothermal. Figure 1 is 3D
vertical surface in y-, x- and z-components while non-uniform magnetic field is considered along z-
component and gravitational force acts along downward direction. Partially flow over surface is
induced by bidirectional movement of wall velocities U, and V,, at z = 0. A 3D surface lies in
planeat z = 0 and flow occupies region in field at z > 0. Wall temperature and ambient temperature
are considered as T, and T,. Further, it is studied that ethylene glycol is shear thinning [25], non-
Newtonian liquid [26] and plasma [26]. Casson fluid model is also known as non-Newtonian liquid
and shear thinning [1]. Table 1 reveals thermal properties of various nanoparticles. So, its rheology is
prescribed by the Casson fluid stress tensor relation.
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Figure 1. Physical representation of 3D model.

Table 1. Thermal conductivity, density and electrical conductivity in EG [27].

k p o
Al,04 32.9 6310 5.96 x 107
Sio, 1.4013 2270 3.5 x 10°
Tio, 8.953 4250 2.4 x 10°
EG 0.144 884 0.125 x 10711

Conservation laws for energy equation, momentum equation for incompressible and steady flow [24]
using Casson liquid are

U, + Vy + W, =0, )
_HtH 1 HrH fs 2
UU, + VU, + WU, —E<1+E)UZZ—E]§U—WU
4 LB O or 1p v (1 4 BBV + Gy (T — T, @

prul(1+B8iBe)?+BZ]

HUrH 1 HrH fs
va+VVy+WVZ=_<1+,[_3)VZZ_E]CSV_WV2

(Bo)?(y+x)"*
g gai BeU + (L+ BeB)V] + Gyry (T = Toy), 3

(Bo)2(y + )" tory 16T3c*
UT,+ VT, + WT, = W?+Vv¥» +|aT, + ———T,
<y e [+ BB + BE 3k (oc,),
z

TH 1
Hoag (1+3) W7 + 17 @

Boundary conditions [24] of developing model are defined as
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U=alx+y)",V=bx+y)", W=0,asz=0,U=0,
T->T,V=0 asz—-0,T=T, =T+ A To(y +x)*". (%)

Similarity variables [24] are delivered as

1

U=aly+x)"F,V=b(ly+x)"G',n = \/vz(y + x)n%z,
f
Loty NS | n-1 , '
W=—Jave(x +y)2 {T(F+G)+Tn(F +G)}. 6)
Equations (1)—(4) into dimensionless form [24] using variables similarity are
1 +1
(1 + [—g) F" — A [—n(F’ + GF' + nT (F + G)F”] —eF' = L prpr

VTH

M2(1-¢1)*5(1-¢,)*"
(1-¢3)725[(1+BiBe)* +(Be)?]

[BeG" — (1 + BeBF'] + 210 = 0, ™)

1 n+1 v
(1 + —) G" + A, [n(F’ +G6NG' ———(F + G)G”] —eG' — L Frg?
B 2 VTH

M2(1-¢1)*5(1-¢,)*°

T (1=¢2)25[(14BiB2)2 +(B)?] [BeF' + (1 + Befi)G'] + az6 =0, ®)
. kelpc +1
((1+N,(1+ (8, - 1D8)®) + GO Pr [n 6'(F + G) — nO(F' + G")
kTH(pCp)f 2
Ky PrEcM? N2 n2Y —
o Gy () (G =0, ©)
BCs in term of dimensionless [24] are
F(0)=F'(e0) =0,F'(0) =1,(0) =G'(0) =0,6'(0) =1,0(0) =1=0,6(0) =0. (10)

Correlations regarding ternary hybrid nanofluid [28] for density, thermal conductivity and viscosity
are defined as

Ay = (1= s = o= ha) + 1 =2+ 6, 222+ 2522, (1n)

Ura = Unp1Pr T+ Unpad2 + Unpsds, Kry = KNf1¢1+KN{;¢Z+KNf3¢3: (12)

pru = (1 — @1 — P2 — @3)pps + P1Psp, + P205p, + D2Psp, (13)

(PCp)TH =(1-¢1—¢— ¢3)(Pcp)bf + ¢1(Pcp)sp1 + ¢2(Pcp)sp2 + ¢3 (Pcp)sm. (14)

Thermal conductivity and viscosity models for cylindrical and platelet (see Figure 2) [28] are defined
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as
Bnf2 2 _ Kgp, +3.9Kpr—3.9¢(Kpr—Kep,)
s 1+904.4¢° + 13.5¢, Kyfq be[ Kspy +3.9K 5, +6(Kor—Kop,) (15)
HNfs 2 _ Ksm+4.7be—4.7¢(1<,,f—1<5p3)]
Hbf 1461269743719, Kny =Koy [ Ksps +4.7Kpr+(Kpr—Ksp,) (16)
_ Platelet
Cylindrical
Figure 2. Representation of platelet and cylindrical nanoparticles.
Wall shear stresses due to ternary hybrid nanofluid [24] are derived as
_ Tmlmo po1/20p — () P2 1\ pn
= o R = G g (1+ ,g) F"(0), (17)
_ sz|z=0 1/2 _ (1+¢3)_2'5(n+1)1/2 l "
Cg = 52 Re P Cg = g e (1475) 67(O). (18)
Temperature gradient due to ternary hybrid nanofluid [24] is
— _KTH(y+x)Tz|Z=0 _1/2 _ @ ]
Nu=— ok, NuRe 0 (0). (19)

3. Computational approach

Finite element method [6,7] is employed to construct numerical solution of desired problem. It is
described under.
Step 1: Firstly, the problem domain is transformed into a finite number of elements and derived linear
type polynomial over each element. Weak form can be achieved from strong form using weighted
residual function. Weighted residuals [6,7] are derived as

Lt wilF' = Hldn = 0, [ w,[G' = T]dn = 0, (20)

(1 + %) H — 4, (—n(H +T)H + "Zil (F + G)H’)

f:eﬂ Wal  m2(1-9)*(1-0)" dn =0, 1
oaotpy P = (L BLIH) + et
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(1 + %) T + A, (n(H +T)T — il (F + G)T') +a,0

fnne+1 Wy M*(1-¢ )2.5(1 -9 ) dn =0, (22)
(1+ﬁﬁ)+(ﬁ) (ﬁH+(1+ﬁ[)’)T)
oy ke PrEcM’ 2 2
Ne+1 O kry (1+B.B )2+(Be)2 {(H) + (H) }
fne Ws _kf(PCp)TH d‘r’ = 0. (23)

o) {”“ 0'(F + G) — n8(H + T)}

Here, w3, wq,w,, w, and ws are weighted functions. Unknown variables and shape functions [6] are
defined as

F =% F;,T=Y71T;,G =35, Gapy, H = X5, Hupj, 0 = X3, 6,3, (24)
_ i-1 (1 Mj-1
l/) ( 1) ' (771 —Nj- 1) (25)

Step 2: Boundary integral vectors, stiffness matrices and force vectors are derived. After it, the global
stiffness matrix is derived. In additionally, Picard linearization approach is utilized for achieving linear
form of algebraic equations. Derivation of stiffness elements are

e e ay;

Kill fn +1 wl( )d K13 — fnne +1 1,01' (d_nj) dn’KinZ — Ki1]'4 — Ki1]_5 — 0’ (26)
e e ayp;

K = e (G dn kGt = = [ (G dn K3 = KB = ki =0, D)

_(1_1_%)‘1_1’”%_,4 (_n(ﬁﬁ)wiwj "“(F+G)¢ w,)

dn dn

M (1-9)" “(1-9)"
(1+8,8,)" +(8.)° ((1 BV 1/)])

K3 = [ dn, (29

Kt = [ (Bewitpy)dn, K = [ aa (it )dn, K3 = 0,K7 = 0,B7 =0, (29)

o ((F+G)1pl n >n+1
—Ay| n(H+ DY) ——F——
Kt =" dn,Bff = 0,K}* =0, (30)

_m2(-9)"(1-9)" o
(1+88,) +(8,)" ((1 +ﬁeﬁi)¢l¢1)

- (1 +N,(1+ (6, -1) ) 397" L dd‘f]’ k;f[ipi)T” (A + Dap;

dll’] f(p p)TH n+1
+ ———7—Pr F
kTH(pCp) ( ) lpl dT]

K = [ dn, (1)

_ kf(pCP)TH

PrG
kry (pr) l/)l
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K53 f?]e+1 PT'ECM
Ne

— . . .11‘.1: .5.1: .5.2: 1: .4.3:
krn (146,6,) +(8,)’ i, ] dn, Kij = Kij = 0,K;;° =0,B; =0,K;” =0, (32)

54 Ne+1 —PrECM oy 2 — 3 = 35 — [Mle+1 .

K fne [kTH (1+ﬁ B ) +(B )2 wllp}:l dn’ Bl 0, Bl 0, KU fne %1 (lpll’b])dn’ (33)
Step 3: System of linear equations is solved in form of iteratively under numerically tolerance (107>).
Convergence and error analysis is mentioned below

Err = |6 — 81|, Max |6t — 61| < 1078, (34)

Step 4: MAPLE 18 is used to design programming of finite element approach. Mesh free study is
recorded in Table 2. Flow chart of numerical methodology is addressed by Figure 3. Validation results
of present model is verified with already published work [24] considering absence of ternary hybrid
nanofluid, power law index number, Darcy’s Forchheirmer model and Casson fluid. Validation of
numerical results with published work is mentioned in Table 3.

Table 2. Numerical study of mesh free analysis [6] for F’ (nm“x), G' (n";ﬂ) and 6 (nmax)

e ; (Mmax ; (NMmax Nmax
P (5) ¢ (75°) 0(75%)
30 0.5172614186 0.4141116019 0.5331053851
60 0.5009743321 0.3991196957 0.5166109650
90 0.4955010944 0.3940814743 0.5110865969
120 0.4927563199 0.3915549156 0.5083195950
150 0.4911066420 0.3900362436 0.5066578927
180 0.4900077513 0.3890241819 0.5055494665
210 0.4892201185 0.3882992913 0.5047574611
240 0.4886298879 0.3877558788 0.5041632925
270 0.4881717384 0.3873337477 0.5037009996
300 0.4888027764 0.3879944431 0.5033311740
Table 3. Validation of present problem for wall shear stresses with published study [24]
considering n=0,¢p; =0,M =0,¢, =0,¢3 =0, = 00,e =0,Fr = 0.
n A Khan et al. [24]  present results for —F"'(0) Khanetal. [24] present results for —G''(0)
0.0 1.0 1.0 0.0 0.0
1 0.5 1.224745 0.2210013530 0.612372 0.6124360703
1.0 1.414214 0.4111910216 1.414214 0.4145020304
0.0 1.624356 0.6238906653 0.0 0.0
3 0.5 1.989422 0.9893026033 0.994711 0.9950661609
1.0 2.297182 0.2969018879 2.297182 2.2960670811
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4. Results and discussion consequences

Updated
initial

guesses

Post

processing

Figure 3. Flow diagram of solution approach.

The parametric study is captured to determine flow behavior and transport of thermal energy into
a mixture of ternary hybrid nanoparticles in base and working fluids. The graphical outcomes are
displayed in Figures 4—12. It is noticed that ternary hybrid nanofluid is a mixture of aluminum dioxide,
titanium dioxide, silicon dioxide in base fluid and working fluid. Hybrid nanofluid is considered a
mixture of silicon dioxide, titanium dioxide while nanofluid is a mixture of titanium dioxide in Casson
fluid. In additionally, thermal and velocity fields are plotted versus different parameters implementing
ranges of 0.5<f <4, 01<n<3,00<M<20,,00<6,<3.0,,00<pB,<54.0,,204<
Pr <208, 00<Ec<30, 00<a; <15, 0.0<¢; <0.04, 0.0<1<0.5, 0.0<¢, <0.07,
00<¢, <007, 0093006, 00<a; <20, 00<e<15, 0.0<Fr<30, 00<
N, <3.0 and 0.0<6, < 2.0.
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Dot Curves: Cylindrical Nanoparticles

B=08,25,3.0

08
06
G(n)

04

02

Solid Curves: Platelet Nanoparticles
Dot Curves: Cylindrical Nanoparticles

Figure 4. Distribution in velocity fields with £.
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Solid Curves: Platelet Nanoparticles Solid c“""’imf"d?‘ N“'!‘W“"id}‘ﬁ
Dot Curves: Cylindrical Nanoparticles Dot Curves: Cylindrical Nanoparticles
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Figure 5. Distribution in velocity fields with £,.
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Figure 6. Distribution in velocity fields with ;.
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Figure 7. Distribution in velocity fields with Fr.
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Figure 10. Distribution in thermal field with f,.
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Solid Curves: Platelet Nanoparticles
Dot Curves: Cylindrical Nanoparticles
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Figure 11. Distribution in thermal field with ;.
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Figure 12. Comparison influences among fluid, hybrid nanofluid, trihybrid
nanofluid and nanofluid.

Figures 4-7 are plotted to determine the effect of several parameters on flow involving
dispersion of ternary hybrid nanoparticles. It is visualized that platelet nanoparticles are
represented by solid curves on graphs and dot curves are associated with cylindrical
nanoparticles on graphs. Figure 4 clearly reveal that there is reduction into flow (y- and x-
directions) when [ is changed. The effect of the Casson parameter for cylindrical nanoparticles
is less than the effect of the Casson number for platelet nanoparticles. This effect is created using
concept of Casson fluid in momentum equations whereas existence of [ is formulated
considering tensor of Casson fluid in momentum equations. Flow becomes reduced in y- and x-

directions because of f is appeared in form of % . Therefore, an inverse proportional relation

can be investigated versus velocity fields. Consequently, flow slows down in terms of y- and x-
directions. Casson fluid behaves as a shear thinning and non-Newtonian liquid. Flow becomes
significant for higher values of [ rather flow for minimize values of [. Thickness for
momentum boundary layers is declined when £ is gradually enhanced. It is studied that current
analysis is transformed into Newtonian model for f — oo while other values of f is case of
non-Newtonian model. In momentum equation, f occurs in the denominator. Hence, an
inclination in £ results velocity field is enhanced. Role f, (Hall parameter) is predicted on flow
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behavior in term of y- and x-directions. An enhancement is studied into flow (x-and y-direction)
versus variation in f,. It is dimensionless parameter which is formulated using the theory of
generalized Ohm’s law in current analysis. Further, flow for platelet nanoparticles is produced
significantly rather than flow for cylindrical particles. Figure 5 visualize the role of ion slip
number (f;) on velocity fields in terms of y- and x-directions. Similar impact is conducted
when f; is increased. It is observed that ethylene glycol was predicted as plasma and its
behavior of flow is exposed as a non-uniform magnetic field. An interaction among plasma and
magnetic field produces ion slip and Hall currents which is responsible for ion slip and Hall
forces. Applied magnetic field is opposite against action of ion slip and Hall forces. Hence,
Lorentz force reduces when B, and f; are increased. Physically, magnetic field was placed
perpendicular along the z-direction of the surface and against flow. Therefore, flow was reduced
by applying higher values of Lorentz force because Lorentz force is addressed as opposite
against applied magnetic field. Thickness based on flow curves for the case of platelet
nanoparticles is higher than thickness generated by cylindrical nanoparticles. Role of Fr on
flow in y- and x-directions is addressed by Figure 7. It was found that velocity distribution in y-
and x-directions is decreased in presence of higher numerical values of Fr. It is noticed that
Fr is dimensionless parameter which is produced considering Forchheirmer-porous theory.
Mathematically, Fr is inversely proportional versus velocity field. Consequently, an
inclination in Fr results flow increases in y- and x-directions. Thickness for the momentum
layers is declined when Fr is changed. Flow for case of Fr = 0 is greater than flow for case
Fr # 0.

Figures 8—11 reveal impact of temperature profile carrying three kind nanoparticles having
cylindrical and platelet shapes against change in N, Fr, ., and p;. Reduction into temperature
versus implication of N, has been estimated by Figure 8. Highest performance of thermal
process for case of platelet nanoparticles has been obtained rather than for cylindrical particles.
It is addressed that N, is termed as dimensionless which is produced using the concept of non-
uniform thermal radiation in energy equation. It was noticed that thermally energy reduces when
N, is distributed. Physically, heat energy moves away from z =0 along with thermal
radiations. Therefore, temperature decreases at walls of plate. Thickness of thermally layers for
case of platelet nanoparticles is greater than thermally thickness for case of cylindrical
nanoparticles. Observations of Fr on thermally field was investigated by Figure 9 including
ternary hybrid nanoparticles. Maximum production of thermal field was estimated versus
distribution in Fr. Thermal enhancement for the case Fr =0 is less than thermal
enhancement for case of Fr # 0. Thermal production for cylindrical particles in presence of
variable thermal conductivity is less than thermal production for platelet particles. Figures 10
and 11 are plotted to estimate distribution into thermal energy using parameters regarding ion
slip (B;) and Hall parameters (f,). Reduction into thermal distribution was visualized using
higher values of ion slip (f;) and Hall parameters (f3,). Ion slip (5;) and Hall (S, ) are opposite
against Lorentz force. Further, collision rate into nanoparticles is inversely directly proportional
to ion slip and Hall forces result in reduction into magnetic intensity. This reduction in magnetic
intensity produces declination on thermal profile. Platelet nanoparticles experience significant
thermal energy rather than experience of thermal energy for cylindrical nanoparticles.
Physically, f; and B, areassociated in the denominator of the Joule heating term in the energy
equation. Consequent, heat energy generates because of the Joule heating process. Figure 12
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reveals comparison analysis among alumina-silica-titania nanoparticles/EG, silica-titania
nanoparticles/EG, silica-titania nanoparticles/EG, titania nanoparticles/EG and working fluid. It
was observed that alumina-silica-titania nanoparticles/EG experiences higher thermal energy
rather than for the cases of silica-titania nanoparticles/EG, silica-titania nanoparticles/EG, titania
nanoparticles/EG and working fluid. Therefore, ternary hybrid nanofluid is observed as most
significant for producing maximum production of thermal energy as well as reduction in thermal
energy.

Table 4 is prepared to determine production of wall shear stresses and thermal rate using
change in Hall parameter, magnetic parameter, ion slip parameter, Casson parameter and Fr. It
was numerically investigated that production of thermal rate ingresses when Hall parameter,
magnetic parameter, ion slip parameter are changed. However, the same behavior is investigated
versus f and thermal rate decreases versus change in Fr. Wall shear stresses are inversely
proportional against distribution in ion slip parameter, Casson number and Hall parameter. But
inverse behavior for case of wall shear stresses is estimated when Lorentz force is changed.

Table 4. Numerically behavior of wall shear stresses and Nusselt number [26] with
distribution in Fr,,M, ., and p;.

Parameters Distribution in parameters ~ —Re'/2Cf —Re'/2Cg —Re 2Ny
0.0 0.2625008163 0.4236006667 1.652101988
Fr 0.5 0.2701304207 0.4424323033 1.634134933
1.4 0.2905110133 0.4903136669 1.610193943
1.5 0.2192892414 0.2595109874 1.751988063
B 2.0 0.2403202308 0.2706220343 1.730933030
3.5 0.2700293493 0.2903119971 1.711018177
0.0 0.2233998059 0.2824407947 1.747439085
M 0.6 0.2346098044 0.2903302023 1.754403388
1.2 0.2472144519 0.3184495583 1.780274025
0.0 0.2437500727 0.2688997575 1.754913084
Be 0.4 0.2242905241 0.2214389298 1.764917691
0.8 0.2146742280 0.2116991296 1.794919036
0.0 0.2741394839 0.2805626046 1.754917615
Bi 0.4 0.2341541906 0.2304551660 1.7843013073
0.8 0.2141711628 0.2202741977 1.7899183003

5. Conclusions

Thermal aspects of Casson fluid containing ternary hybrid nanofluid over stretching sheet
utilizing Darcy’s Forchheirmer theory are addressed. Various shapes regarding nanoparticles (platelet,
cylindrical and spherical) are implemented in EG. Thermal radiation (non-linear) is utilized in the
energy equation considering effects of viscous dissipation and variable wall velocity. Performance of
several parameters on flow and temperature profile is addressed and numerical study is tackled by
FEM. Key findings of the problem are listed below.

» Hall and ion slip numbers play a remarkable role in controlling momentum and thermal
boundary layers. However, declination into motion has been investigated versus f and Fr.
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» Temperature decreases against variation in 8, and B; but opposite trend is noticed in thermal

layers against distribution in Fr.

» Ethylene glycol is studied as partially ionized and shear thinning and its interaction with

magnetic field produces ion slip and Hall currents. Due to this process, EG experiences ion slip
and Hall forces which are against Lorentz force. Therefore, flow of EG was accelerated versus
change in S, and f;

» Convergence of current analysis is ensured using finite element methodology.
» Maximum production for thermal energy can be achieved rather than nanofluid and hybrid

nanofluid. This process is applicable in coolants (in automobiles), fuel dynamics, solar system,
microelectronics, temperature reduction, cooling process and pharmaceutical process.

» It was included that platelet nanoparticles experience more heat energy rather than thermal

energy for cylindrical nanoparticles. Similar behavior was analyzed in velocity fields.

»  Nusselt number increases versus change in ion slip, Hall and M parameters but thermal rate

decreases versus distribution in Fr.
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