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ABSTRACT

The usage of Casson tri hybrid nanofluids improves the fuel efficiency and engine operation
in automobile engineering, and cooling techniques used for food preservation and process-
ing. This gives an awareness for energy storage systems, heat exchangers and other industrial
applications. Current investigation aims to address the consequences of heat generation with
thermal slip effects on a steady, incompressible, two-dimensional, laminar flow of tri-hybrid
nanofluid over a flat stretching sheet. The resultant nonlinear and highly complicated physical
flow is explained by utilizing a Matlab-based robust Runge-Kutta-4 scheme. For higher val-
ues of volumetric fraction, the fluid motion decelerated whereas, the concentration diffusion
enhanced. By enhancing the volume fraction from 0.01 to 0.03 led to a uniformity in the con-
centration profile and their interaction within the base fluid has profound effect. Magnifying
the porosity number decelerated the tri hybrid Casson nanofluid flow. 20% of aluminium
oxide and 40% of Cathode nanotubes in the base fluid enhances the heat transfer rate up to
36.35% which is a good result. Novelty of the existing study is to simplify the former study by
considering porosity, heat generation and thermal slip parameters to produce a more refined
tri-hybrid Casson nanofluid definition.
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INTRODUCTION

The research of boundary layer fluid flow across a lin-
ear stretching sheet plays a vital part in various applications
like instant cooling, aerodynamics, process of condensation
metallic plates etc. These kinds of flows have very favorable
applications in the polymer sheet extrusion or in the draw-
ing of plastic films. While producing these sheets, melting
and stretching issues have been taken into consideration to
derive the required thickness. Applications of heat transfer
and boundary layer flow have been found in different fields
such as cooling of metallic plate, drawing of polymer sheets,
extrusion of laments from a die, etc. These fluids are basi-
cally used for cooling due to their ample abundance. The
theory of boundary layer gives us insight about body shape
to avoid the separation of boundary layer.

Nanofluid plays an important role for the development
of systems of heat transfer as it demands a solid need for
upgrading the simulations of fluid and its alternatives.
Nanofluids comprises of solid nanoparticles of Nitrides
(AIN), oxides (ALO;, CuO, SiO,, TiO,), metals (Al, Cu) or
Carbides (SiC) which is suspended in the base fluid like
ethylene glycol, water, engine oil, and toluene. Nanofluids
possess an exclusive physical and chemical physical feature.
These nanoparticles having 5% of the volume fraction are
been used in the nanofluids for enrichment of heat trans-
mission. Due to their small size, they flow very effortlessly
without clogging. These characteristic features captivated
many research scholars to discover the heat transfer effects.
Nevertheless, an upsurge in the thermal conductivity
can't be wholly credited to thermal conductance of these
nanoparticles. Other aspects like nanoparticle size, thermo-
phoresis, shape, temperature, etc. have their impacts. And
these features have to be taken into account as industries
have to recognize fluids which shall be utilized effectively
in the heat transfer also fluids which can be utilized as cool-
ants. Ethylene oil, engine oil, and water have less heat trans-
fer capabilities because of their minor heat transfer features.
The researchers have studied the effects of Joule heating
and Hall current over a chemically reacting and radiating
exponentially stretching sheet along with porous media [1].

Fluids in its pure form, for instance water, oil, ethylene gly-
col etc have a very little thermal conductance which becomes
a drawback in the study of fluid flow. Therefore, to enhance
the performance of thermal conductance in pure fluid or base
fluid, researchers and scientists have invented various meth-
ods and techniques. The researchers have introduced a new
technique wherein a small sized particles are been suspended
[2]. Such a kind of fluid is said to be a nanofluid which is
been used vastly in the industrial applications, for the pur-
pose of cooling of power-plants apparatus and various other
electronic devices. During recent times, a lot of research was
conducted by the scientists regarding transmission of heat. A
numerical review on unsteady finite amplitude with internal
heat source and an applied vertical magnetic field [3]. The
flow of Cu-water nanofluid in between two squeezing plates

was reviewed [4]. And they arrived to a conclusion that the
higher volume fraction of nanoparticles and Eckert number
could control the thermal conductance. The investigation
of the irreversibility generation of the flow system under the
impact of thermophoresis, viscosity and magnetic field [5]. A
numerical and statistical analysis of MHD flow over a non-
linear curved stretching surface with heat generation [6].
An analysis of titanium alloy and cellulose carboxymethyl
hybrid nano liquid over a stretching surface [7]. A full study
on Maxwell nanostructure on the flow model with heat
source/sink over a stretching sheet was done [8]. The effects
of Entropy generation on the Williamson nanofluid flow with
porous media was done [9].

The previous studies focussed on the Brownian motion
and thermophoretic effects of a Casson based nanofluid.
Recently, many scientists have comprehensively analysed
the hybrid and trihybrid nanofluid flow in-order to obtain a
more refined nanofluid flow with better thermal character-
istics. The literature of various researchers portrays that the
flow of nanofluid will eventually reduce the heat transfer
for varying kind of flow patterns [10-12]. Comprehensive
analysis of the higher order chemical reaction on microp-
olar fluid flow was carried out [13]. Also, comprehensive
analysis of the upper convective maxwell hybrid nanofluid
flow over a stretching sheet was carried out [14].

Zirconium oxide is a ceramic material with excellent
mechanical properties and high resistance to heat. ZrO,
has multiple applications such as, it can be used as bridges,
dental crowns, and implants as it possesses biocompatibil-
ity, strength and aesthetic appeal. It can also be utilized as
high-performance coatings in engines and turbines. ZrO,
can be employed in solid oxide fuel cells which converts
chemical energy to electrical energy with higher efficiency.
Due to its high melting point and resistance to corrosion,
710, can be used in kilns and furnaces. Aluminium oxide
possesses hardness property so it is widely used as abra-
sive material for cutting, polishing and grinding. Due to its
excellent insulating properties, Al,O; is used in electrical
components, substrates for semiconductors, and capaci-
tors. AL,O; can be employed in biomedical devices such as
in prosthetics and orthopaedic implants. It can also be used
in manufacturing industrial ceramics for cutting tools, noz-
zles and bearings. Carbon Nanotubes(CNT) are cylindrical
nanostructures made of carbon atoms. They are used in the
development of highly sensitive electronic devices and bio-
sensors as it possesses excellent electrical conductivity. CNTs
are incorporated in metals, polymers, ceramics, etc to create
nanocomposites with enhanced mechanical, thermal and
electrical properties. It can also be used in making high per-
formance batteries, supercapacitors and other energy storage
devices due to its large surface area. In the biomedical field,
CNT'’s have potential application in imaging , drug delivery,
and scaffolds for tissue engineering. It is used as heat sinks
and cooling devices because of its high thermal conductivity.
Zr0O,, AL,O; and CNT have unique properties such as ther-
mal resistance, biocompatibility, thermal conductivity and
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high strength which make them indispensable in advancing
technologies in various fields. The analysis of viscous fluid
flow using neural networks with homogenous and heteroge-
nous reactions was studied [15-16].

Sodium alginate is a type of natural polymer and is a
sodium salt in alginic acid which is removed from the
cell walls of brown algae. It has been widely used in the
food manufacturing, pharmaceuticals, fabric printing,
and greasepaints. The utilities of sodium alginate involve
intentional embolization, drug distribution system, encap-
sulation of cells, and cellular therapeutics Barnett [17-26].
The literature presented by scientists clearly illustrates
low oscillating magnetic field for a sodium alginate-based
hybrid nanofluid flow in between two spinning disks [27].
The work on entropy generation analysis and optimizing
mass transfer by examining the effects of endothermic and
exothermic reactions was carried out [28].

Based on the cited literature, originality and novelty of
present analysis is to simplify the existing investigations by
incorporating the trihybrid-nano particles namely ZrO,, Al,O;
and CNT, porosity number, linear sheet expansions, thermal
production or annihilation effects along with thermal slip
influence and generating more superior solutions of tri-hybrid
nano flow, mass and thermal diffusion characteristics inside
the coolant systems. Current work shows, the porosity number
plays a significant part in the concentration and thermal trans-
missions in tri-hybrid nanofluids. And comparative analysis
with previous outcomes is also presented to display accuracy
of attained similar results and is in good agreement.

The fundamental equations for Casson fluid model are
be given by

Ps
(,uc+ﬁ)2€ij, T > Ty
‘[..:
’ fe +—==) 2e;;, T < Ty
Nz j

where the fluid’s yield stress is considered as as P, =
€ and e;; Tepresents the rate of deformation at the (i,j)th
component.

Table 2. Thermochemical properties of ternary nanofluids

7 - product of rate of deformation multiplied to itself,
71, - product’s critical value which is based on non-New-
tonian model,
.- the non-Newtonian fluids plastic dynamic viscosity.

For m < m,

Tjj (1 + ) 2e;;
and f = ,uc\/ 21, /P, is the Casson parameter.

Table 1. Investigational values of AL,O;, ZrO,, CNT and
C¢H,NaO,

K(W/mK)  p(kg/m?®) C,(J/Kg.K))
CHyNaO,  0.613 989 4,175
ALO, 40 3,970 765
7r0, 1.7 5,680 502
CNT 3,007.4 2,100 790

CsHaNaO7

CNT

Figure 1. Preparation scheme of tri-hybrid nanoparticles.
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Formulation of the Problem
Consider a steady state, incompressible, two-dimen-

sional, linear, laminar, ternary hybrid viscous nanofluid

flow across a flat stretching surface. Present mathemati-
cal description includes the following assumptions under

Prandtl theory predictions:

¢ Three kinds of nanoparticles namely CNT, AL,O;, ZrO,
are been suspended in sodium alginate, which is the
base fluid to form a new composition CNT+AL,O;+ZrO,
/ C¢HyNaO; as depicted in Figure 1.

“ Rectangular coordinate scheme is preferred. x-axis
is along the sheet; y-axis is taken normal to it and the
schematic depiction of the physical problem is shown in
Figure 2.

¢ To stabilize the thermal properties and flow of the new
composition, the heat generation, thermophoresis, ther-
mal slip and Brownian motion values are been included
in flow model.

% Influence of porous media is taken into account in the

flow system.

» The flow takes place in a region y > 0.

Flow is created by expanding the sheet along the x-di-

rection with two opposite and equal forces.

% The expansion of the sheet is linear having a velocity as
u,, (x) = ax where ‘@’ is a constant and x represents the
obtained coordinate over the linear stretching sheet.

% T, and C, temperature and concentration at the stretch-
ing surface.

% As y > oo, the ambient temperature and ambient con-
centration of the nanoparticles are represented as T.,
and C,, respectively.

% Table 1 presents the investigational values of CNT,
Al,O;, ZrO,and C,HgNaO, [29- 31].

L X4

B

X3

A

y

¢ Table 2 presents the thermophysical properties of tri
hybrid nanofluids [31-33].
In the light of boundary layer theory assumptions and
the foregoing predictions, the present situation yields the
following nonlinear partial differential equation [34-35]

ou v
£+5—0 (1)

ua'i'vg_;=19tnf(1+%)(gi;)_19tnf(:_o) (2)

or | oT _ a2T acar\ , oy [ for\?
ua”a—“wmﬁ{%(aaﬁa ) ]} o
+—2 (T-T,)
(Pcp)mf
W 4 p% = p, () 4 or( 1)
ox ay B\ gyz Teo \ dy? (4)

The imposed boundary conditions for the system of
equations are: [37]

aT
u=u,x),v= —vW,T=TW+K1$, 5)
C=C,aty=0.

u=v=0T=T,C=Crasy— o (6)

To complete the mathematical investigation, various
quantities are been presented, by using similarity transfor-
mations. [37-38].

’]\ u-0, wv-0 T=T, C=C,
B O — Porous Medinm

Nanoparticles
m O
o
o smmmnd = Stretching Sheet
f > X
aT
u=u,(x), v=-v, T=T,+K,— , C=C,
dy
. Zro; Concentration Boundary Layer
ALOs Momentum Boundary Layer
B ovr

Figure 2. Schematic representation of the physical problem.

Thermal Boundary Layer
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Y =adxf(n),

a
772\/;3’:

u=axf'(n), }

v=—Vadf (), @)
0 = ==,
P =

Using these transformations, the equations numbered
(2) - (4) are Non-linear ODE’s.

e G Vs A VR VO L )

240" 4 Prf' + PrNb6'¢’ + Prt0’” + PrA— =0 (9)
3 3

¢" +Lefo' + (1) 6" = 0 (10)

u P
Here, A, = —L,A4, =22L, 4,
Henf pr

_ (PCp)tnf — kt_nf
= e JA, r (11)
The related conditions near the boundary are trans-
formed as:
fO)=£; f'(0)=1,6(0)=1+L8'(0);$(0)=1 atn =20
f'(0)=0;0(0)=0; ¢(0)=0 as n — o

} (12)

f,, represents the value of the function f at the start-
ing point and f'(0) signifies the rate at which the velocity
changes at the surface, potentially indicating the behaviour
of the fluid moving over the surface. 6(0) and 6'(0) has a
linear relationship between them and the value of ¢(0) indi-
cates a fixed concentration. f'(eo) indicates that the gradient
or the rate of change of velocity at infinity becomes zero
indicating that the flow becomes uniform in that region.
0(e0) indicates that the temperature that is far from the
boundary approaches the ambient temperature which is
assumed to be zero. The value of ¢(e) indicates that the
concentration vanishes at the boundary. The above-men-
tioned boundary conditions represent heat transfer prob-
lems where the heat is applied at the surface and dissipates
as you move far away from the surface.

= pp= =P g I L .
K= koa,Pr—a,LE—DB,A— (pcp)fa,L—Kl\/;,fw— N
_ (pOpnp (9w o)

(pe) o

(13)

(PO ppy (T Teo)

Nb T (p0)fIT

Incorporating Eq. (7) in the characterizations of skin
friction, rates of thermal and concentration has resulted in
the below presented expressions:

_ Tw_ _ Xqw — Xhm
Cr = oug Ve = -y N4 She = 5o 20y (14)

@ =~k (5)

Deployment of Eq. (7) into Eq. (14) and using Eq. (15) gives:

. and h,, = —Dg (g—;) (15)

y= y=0

Shy

Cr/Rex = —f”(O),\/’\Z‘T’;: —0'(0) and 2= = —h'(0)s. (16)

Numericlal Solution

The computational results of the nonlinear ODE’s (8) to
(10) with its associated boundary conditions in Eq. (12) are
numerically solved with shooting approach and integrated
Bvp4c solved in MATLAB. For this calculation, the choice
of a suitable initial guess value is very crucial as it effects
the overall quality. Boundary layer width has an influence
on how well the numerical solution performs; thus, it is
desired to be chosen wisely into explanation with regard to
the problem. To achieve better degree of accuracy, conver-
gence criterion of 107 is been set. The working mechanism
and flow chart of Bvp4c scheme is depicted in Figure 3 [39].

The following predictions on the governing equations:

f=yuf =Y f'=930=y, 0" =ys

' 1
b= Yo &' =7 (17
The modified equations are:
-1
y: = (1 + %) [AlAz(J’ﬂ’s _flz) + Kyz] (18)

’ A A
ys = —Pr [—A3 (y2 + Nbysy, + Ntys?) + —Ay"] (19)
4 4

vs = = (Leysys + 35 ¥5)

Declaration of
Variables

(20)

Initialization ‘
Discretization
of domain

 System of Call - Guess
(= ™ =
‘Boundary
Evaluate Numerical ‘
solution J solutions

Figure 3. Flow configuration and coordinate system.
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Similarly, following boundary conditions are obtained:

y1(0)= £, ¥,(0) = 1,y,(0) = 1 + Lys(0),y,(0) = 1} on
Y,(00) = 0,y,(0) = 0,y,(0) =0

The produced results have been depicted through
graphs and tables.

RESULTS AND DISCUSSION

The visual representation of Casson Tri-Hybrid nano-
fluid motion, thermal and mass diffusion for various para-
metric values is portrayed in the Figs. 4-19, respectively.

CNT + AL O; + ZrO,/ C;HgNaO, Tri Hybrid Nanofluid
Al O; + ZrO,/ C¢HgNaO,, Hybrid Nanofluid
Zr0O,/ C;HgNaO, Nanofluid

Velocity Characteristics

Figures 4-6 depicts the velocity f(1) versus Casson fluid
parameter (f3), porous media (K) and volume fraction (¢).

Figure 4 shows a growth in Casson parameter led to a
decline in the motion of the fluid. Inclusion of ZrO,, Al,O5
and CNT in the base fluid led to a change in the fluid’s vis-
cosity. Due to the hardness and strong bonding of these
nanoparticles, the flow resistance increases and thus leading

--------------- Tri - Hybrid Nanofluid -

......... Nanofiuid

K=Le=5:fw=L =0.5 i

Nt=Nb=0.1; A=0.2; Pr=10

1 ! T T T T

sssssnnsanes Trj - Hybrid Nanofluid -

......... Nanofiuid

F=Le=5;fw=L=0.5

Nt=Nb=0.1; A=0.2; Pr=10

Figure 5. Velocity variations with respect to porous media (K).
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«« Tri - Hybrid Nanofiuid -

Nanofluid

K=g=Le=5;fw=L=0.5

Nt=Nb=0.1; A=0.2; Pr=10

Figure 6. Variation of velocity with respect to volume fraction (¢).

to the reduction in velocity. Variation of velocity profiles
with porous effects have been depicted in Figure 5 and it
displays a falling velocity profile. These nanoparticles cause
the viscosity to raise in the base fluid and this phenomenon
affects the pressure drop and flow resistance within porous
structures. Higher porosity parameter shows the fluid flow
via a bigger number of arbitrarily oriented pores, thus dip-
ping its velocity. From Figure 6, velocity declines with the
nanoparticle’s volume fraction. The trihybrid nature of
Zr0,, Al,0; and CNT can offer synergetic effects in terms
of flow resistance resulting in altered velocity profiles. The

velocity profile becomes very uneven near the bound-
ary and similar outcomes were seen in the literature [40].
The applications of these trihybrid nanofluid are of prime
importance as they exhibit a non-Newtonian behaviour
leading to shear thinning and thickening effects. They can
be widely used in lubrication systems, heat exchangers, and
nanotechnology.

Thermal Characteristics

Figures 7-9 depicts the temperature 6(#) versus heat
generation (M), thermal slip (L), and volume fraction
parameters.

1 T T T T T T T

A=01,0.2 0.3

sssssnnnes Trj « Hybrid Nanofluid -

Nanofluid

F=K=Le=5fw=L=05 ]

Nt=Nb=0.1; Pr=10; ]

Figure 7. Variation of temperature with respect to heat generation (X).
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0.7 T T T T T T T

sesssnsnsnss Trj - Hybrid Nanofiuid

Nanofluid

1 L ] L ] L 1 L]

¢ =0.01, 0.03, 0.05

sesasansnnns Trj « Hybrid Nanofluid .

Nanofiuid

K=g=Le=5 fw=L=05

Nt=Nb=0.1; A=0.2; Pr=10

Figure 9. Variation of temperature with respect to volume fraction (¢).

Figure 7 shows the significant temperature varia-
tions when heat source parameter is increased. Mixture
of ZrO,, AL,O; and CNT nanoparticles allows more uni-
form temperature distribution across the fluid due to its
better thermal conductivity and causing the thermal resis-
tance to reduce. Similar outcomes were observed [40]. In
Figure 8, displays the effects of slip parameter on thermal
field. Thermal slip refers to the difference in tempera-
ture in between surface of the solid nanoparticle and the
bulk fluid, caused by reduced thermal resistance near the

interface. By introducing the thermal slip boundary con-
dition can significantly affect the temperature distribution
within the fluid. It conveys that, an increase in the slip
parameter improves the thermal transmission with reduced
temperature distribution. Similar results were seen [41].
Figure 9 depicts the effects that the volume fraction has on
the temperature. ZrO,, A,O; and CNT has high thermal
conductivity in comparison with conventional base fluids.
When they are combined into a trihybrid nanofluid, their
individual the overall heat transfer properties improve. The
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volume fraction significantly influences the overall thermal
conductivity of the nanofluid. An increase in the volume
fraction leads to higher thermal profile for the fluid.

Concentration Characteristics

Figures 10-12 depicts the concentration @(#) versus vol-
ume fraction (@), Thermophoresis (Nt) and Lewis number
(Le).

Figure 10 represents the influence of volume fraction
on the concentration profile. By enhancing the volume

fraction from 0.01 to 0.03, there is an addition of ternary
nanoparticles which causes the concentration profile to
become more uniform, and their interaction within the
base fluid has profound effect. It is evident that thermopho-
resis force which is formed due to the gradient in tempera-
ture to its free stream value. So, higher values of Nt shows
that a greater number of fluid particles would move from
the warmer zone to the cooler zone and toughen the spe-
cies layer thickness as depicted in Figure 11. The effects of

é(n)

=

-

==sss=s Tri - Hybrid Nanofluid

Nanofiuid

K=g=Lle=5 fw=L=0.5

Nt=Nb=0.1; A\=0.2; Pr=10

e ey

25 3

7

35

4 45 5

Nt= 1.0, 1.5, 2.0

ssvsssnnssnanns Trj « Hybrid Nanofiuid

Nanofluid

K=4=Le=5;fw=L=0.5

Nb=0.1; A=0.2; Pr=10

Figure 11. Concentration variations with thermophoresis (Nt).
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+==s=x Tri - Hybrid Nanofluid -

Nanofiuid

K=g=5;fw=L=0.5

Nt=Nb=0.1; A=0.2;, Pr=10

Figure 12. Variation of concentration with respect to Lewis number (Le).

higher Lewis number upon ¢(#) is depicted in Figure 12.
Lewis number is the ratio of thermal diffusivity to mass dif-
fusivity. By enhancing the values of Le heat diffusion takes
place more rapidly than mass and hence causing the con-
centration to decay. The volume fraction and Lewis num-
ber effects of the trihybrid nanofluid has a significant role
on the concentration profile. These can be used in thermal
management, Lubrication, and energy storage.

Percentage Variations In Skin Friction

Figures 13-18 depicts the bar graph for skin friction,
Nusselt and Sherwood number with several governing
parameters.

1
09
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Skin Friction

K=1
0.65037
hnf  0.71988

K=2
0.73691
0.89003
0.98813

K=3
0.82074
0.99335
0.99778

= nf
= inf 0.75204

Figure 13. Skin-friction variation with porous parameter.

From Figure. 13, it has been noticed that the porous
parameter reduces velocity due drag effects, increasing skin
friction. Addition of nanoparticles ZrO,, Al,O; and CNT
increases viscosity which then leads to the enhanced resis-
tance at the surface. From Figure 14, as the volume fraction
of the nanoparticles increase, nanofluid viscosity also rises,
this leads to momentum diffusion at the surface, enhancing
the skin friction. CNT’s have high aspect ratios and excel-
lent thermal conductivity and hence contributes to the rise
in viscosity compared to ZrO, and Al,O, particles. Given
the significant impact on skin friction, this nanofluid can
be used in Energy systems, biomedical applications, etc.

Skin Friction

¢ =0.01 ¢=0.02 ¢ =0.03

=nf 7.5986 8.31338 8.64193
hnf 8.9003 9.89941 10.35574
=tnf  12.074 13.79941 14.59283

Figure 14. Skin-friction variation with volume fraction ¢.
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o Gk "
8 o5 E 12
§os :E, 10
=
- 0.52 =2 8
S 051 £
2 os 9 6
= 040 S a
0.48 )
0.47
A=0.1 A=0.2 A=03 0
=nf 0.50805 0.52976 0.54848 $=0.01 ¢ =0.02 ¢=0.03
hnf  0.51852 0.54015 0.55876 =nf 7.5986 8.3133 9.4193
=tnf 052228 0.54496 0.56431 hnf  8.9003 9.8954 10.0355
=tnf 12.0741 13.7994 14.5982

Figure 15. Nusselt number variation with heat source pa-
rameter.

Percentage Variations in Nusselt Number

Figure 15 portrays the Nusselt number variations for
increasing values of Heat generation (A\). When an internal
heat generation parameter is introduced, the temperature
gradient increases, impacting the boundary layer thick-
ness. For higher heat generation, the thermal boundary
layer expands. CNT’s have higher thermal conductivity
in comparison with ZrO, and Al,O;. From Figure 16, the
addition of nanoparticles improves the effective thermal
conductivity of the base fluid due to their higher intrin-
sic conductivity. CNTs in particular possess exceptional
thermal conductivity (~3000 W/mK) boosting heat trans-
fer efficiency. As the volume fraction upsurges, Nusselt

3.16
5 34
£
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=
2 34 /
-
g 3.08 /
< 3.08
=
Vi 304
3.02
A=01 A=02 A=0.3
=nf 3.07298 3.09549 3.12177
hnf  3.10489 3.12476 3.14772
=tnf  3.10529 3.12306 3.14511

Figure 17. Sherwood number variation with heat source
parameter A.

Figure 16. Nusselt number variation with volume fraction ¢.

number generally increase due to better thermal diffusion
and Brownian motion effects. And similar recordings were
found. [42].

Percentage Variations in Sherwood Number

With the raise in heat generation from 0.1 to 0.3, the
Sherwood number had enhanced in all the three cases as
depicted in Figure. 17. Increasing heat generation, leads
to rise in temperature within the field. This reduces fluid
viscosity, thereby enhancing convective effect. Enhanced
convection results in an increase in Sherwood number.
Figure 18 depicts Sherwood number variations with vol-
ume fraction. ZrO, improves thermal and mechanical

16

:.l' 14
‘g 12
g 10
T 8
g 6
84
“ o2
0

¢ =0.01 ¢ =0.02 $b=0.03

=nf 8.69863 9.83133 10.5193

hnf 9.60037 11.9994 13.6355

=tnf  13.8741 14.8994 15.6928

Figure 18. Sherwood number variation with volume frac-
tion ¢.
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Table 3. Simulated Skin-friction values for varying 3, K and fw

B K Jw -£"(0)
1 1 0.5 0.759886
3 0.864193
5 0.895258
1 0.094355
2 0.481303
3 0.759886
0.5 0.759886
1.0 0.626806
1.5 0.521262

stability, enhancing the diffusion process. AL,O; increases
heat transfer efficiency and mass diffusion properties.
CNTs provide exceptionally high thermal conductivity

and contribute to turbulence, enhancing mass transport.

Table 4. Computed Nusselt -0'(0) for varying values of Pr,
Aand L

Table 3 shows Skin-friction values by changing f, K
and fw. Skin friction was seen to increase for larger val-
ues of Casson fluid and porous media parameters while
an opposite trend was found in case of suction parameter
fw. Table 4 shows the computed Nusselt -0'(0) for chang-
ing values of Pr, X and L. As the value of Prandtl number
increased, a rise in Nusselt number was seen whereas an
opposite trend was found with regard to heat generation
and thermal slip parameters. Similar recordings were
found in the literature [29]. Table 5 depicts the calcu-
lated Sherwood values -@'(0) by changing values of Le, Nt
and Nb. There was a raise in the local Sherwood number
for higher values of Lewis number, Thermophoresis and
Brownian motion parameters.

Table 6 shows the percentage improvement of Nusselt
number with varying values of volume fraction and was
found to be in good agreement with the previously pub-
lished results [31]. Validation of the present work was done
when K=Le=5; fw=L=0.5; Nt=Nb=0.1; 5 > oo;

Table 5. Computed Sherwood -@'(0) for varying values of
Le, Nt and Nb

Pr A L -0'(0) Le Nt Nb -0'(0)
0.7 0.1 1.0 0.478562 1 0.1 0.1 0.388270
1.0 0.509824 1.5 0.731822
3.0 0.707581 2.0 1.079921
0.1 0.548482 0.5 2.562286
0.3 0.508051 1.0 2.715077
0.5 0.451454 2.0 4.223342
1.0 0.508051 0.5 0.907794
1.5 0.408471 1.0 1.076257
2.5 0.291870 2.0 1.125274

Table 6. Comparison of percentage enhancements of Nusselt number

Al O, CNT Nusselt Number % Enhancement (Previous Outcome) [31] % Enhancement (Present Outcome)
0% 0% 0.487 - -

20% 40% 0.664 36.35% 36.37%
40% 40% 0.647 32.85% 32.85%
40% 20% 0.642 31.83% 31.80%
40% 30% 0.645 32.44% 32.39%
30% 30% 0.653 34.09% 34.10%
30% 40% 0.656 34.70% 34.89%
0% 50% 0.682 40.04% 40.04%
50% 50% 0.642 31.83% 31.99%
50% 0% 0.629 29.16% 29.12%
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CONCLUSION

The current study investigates the two-dimensional con-
vective, viscous, steady state Tri-hybrid nanofluid across a
flat linear stretching sheet. Nanoparticles namely Zirconium
oxide, Aluminium oxide and cathode nanotubes are been
suspended in sodium alginate which is the base fluid forms a
tri-hybrid nanofluid. The real time applications of this com-
position is that they are used in Biomedical, Pharmaceutical
applications, drug delivery and control release systems. In
order to stabilize the thermal and flow features of the newly
obtained structure, Brownian and thermophoresis features
are combined in the energy and concentration Navier Stokes
equations. Porous media and heat generation effects are
been incorporated in the momentum and energy equations
respectively. All these physical diagrams have various uses in
the field of engineering. In the study, a numerical investiga-
tion is been done to present the pattern of transmission of
velocity, thermal and concentration in tri-hybrid nanofluids
upon a flat linear stretching sheet. The significant outcomes
of the present study include:

* With greater values of volume fraction of the nanopar-

ticles, the density of the fluid upsurges which causes

more resistance in the fluid motion. Therefore, the fluid
motion declines.

Flow characteristics have decayed for higher values of

porosity and Casson fluid parameter.

% Thermal characteristics were noted to be amplified

with the rise in thermophoresis, heat generation and

Brownian motion parameters. The effects were more

prominent in the tri-hybrid nanoparticles.

Thermal boundary layer was lessened for greater values

of Prandtl number and thermal slip parameters.

% Enhancing the volume fraction and thermophoresis
values upsurges the concentration and species bound-
ary layer thickness. Whereas an opposite trend was
reported for higher values Lewis number.

¢

7
*

¢

7
*

NOMENCLATURE

C Concentration of nano particle
C,  Concentration at the surface
C..  Concentration at infinity

Dy Coefficient of Brownian flow
Dy  Coefficient of Thermophoresis
fw  Suction

hy Heat transfer coefficient

K Porous media parameter

K, Coefficient of Thermal slip
L Thermal Slip

Nb  Brownian motion parameter

Nt Thermophoresis parameter

N,,  Ambient microorganism concentration
Pr Prandtl number

T,  Ambient temperature

T, Temperature at the surface

Greek Symbols

Dimensionless Similarity variable
Casson fluid parameter

Heat source

Fluid density

Deformation rate

Electric conductivity
Dimensionless temperature

QA O 2

Subscripts
f Nanofluid

tnf  Tri-Hybrid Nanofluid
w Condition at the wall
) Condition at the free stream
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