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Abstract: Modern heat transport processes such as fuel
cells, hybrid engines, microelectronics, refrigerators, heat
exchangers, grinding, coolers, machining, and pharmaceu-
tical operations may benefit from the unique properties
of nanoliquids. By considering Al,O; nanoparticles as a
solo model and Al,Os—Cu as hybrid nanocomposites in a
hyperbolic tangent fluid, numerical simulations for heat
and mass transfer have been established. To compare the
thermal acts of the nanofluid and hybrid nanofluid, bvp4c
computes the solution for the created mathematical equa-
tions with the help of MATLAB software. The impacts of
thermal radiation, such as altering thermal conductivity and
cross-diffusion, as well as flow and thermal facts, including a
stretchy surface with hydromagnetic, and Joule heating,
were also included. Furthermore, the hybrid nanofluid
generates heat faster than a nanofluid. The temperature
and concentration profiles increase with the Dufour and
the Soret numbers, respectively. The upsurge perme-
ability and Weissenberg parameter decline to the velocity.
An upsurge variable of the thermal conductivity grows to
the temperature profile. Compared to the nanofluids, the
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hybrid nanofluids have higher thermal efficiency, making
them a more effective working fluid. The magnetic field
strength significantly reduces the movement and has a striking
effect on the width of the momentum boundary layer.
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Nomenclature

consistent coordinates for x-axis and y-axis
positive constant

fluid temperature

C concentration

r time constant

n power law index

p density

u dynamic viscosity

G specific heat capacity

Cs volume fraction susceptibility
T mean fluid parameter

Kr thermal diffusion ratio

Ty temperatures of the surface
T, ambient temperature

Cyw concentration of the surface

Co ambient concentration

Dy mass diffusivity

Q heat source (>0)/sink (<0) amount
ky material porousness

hnf hybrid nanofluid

nf nanofluid

f base fluid

G heat capacity at unvarying pressure
By(Tesla-T) magnetic field strength

M shape factor

®cu volume fraction of Cu
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D a0, volume fraction of Al,0;

o* Stefan-Boltzmann constant
k* coefficient of mean absorption
f nondimensional velocity

0 nondimensional temperature
(0] nondimensional concentration
K porous medium

Mn Hartmann number

w Weissenberg number

Ec Eckert number

Q heat source parameter

Pr Prandtl number

Nr radiation parameter

Du Dufour number

Sc Schmidt number

Sr Soret number

Cs shear stress

Nuy local Nusselt number

Shy local Sherwood number

Rey local Reynolds number

q, radiative heat flux

S extra shear stress

P pressure

I identity vector

Uy zero shear rate viscosity

U infinite shear rate viscosity

1 Introduction

Non-Newtonian fluids are common in engineering and
manufacturing and have undergone a rigorous inspection.
These fluids often have complex constituent interactions.
Both the stress—strain connection in rheology and the energy—
current relationship in thermodynamics are nonlinear for
such fluids. One of the non-Newtonian fluids that may
adequately describe the shear thinning phenomena is the
tangent hyperbolic fluid. Samples of tangent hyperbolic
fluids include magma, sauce, cream cheese, blood, and paint.
Compared to the alternative formulation for non-Newtonian
fluids, this rheological model offers a few benefits such as flex-
ibility, computational ease, and physical resilience. Moreover,
rather than being based on an actual relationship, it is derived
from the physical laws of liquids. Laboratory studies have
shown that this model makes highly accurate predictions about
the shear thinning phenomena. Further, this model provides a
relatively realistic description of blood flow. A porous
material significantly influences how thick the momentum
boundary layer is. Hence, numerous investigators have
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considered porous media while simulating heat transfer
processes in moving fluids.

Nanoliquids have higher heat transfer rates and have
several industrial and technical uses, making them of great
interest to scientists. As deliberated elsewhere, a popular
sort of weird fluid called a hybrid nanofluid suspends
deuce or adds different types of metal particles in the reg-
ular fluid. Numerous nanoparticles may be deferment in a
merged or combination of regular fluids to create hybrid nano-
fluid. The hybrid nanofluid applies to many heat exchange
areas, including transportation, engineering, and health sciences,
as deliberated elsewhere. Alumina (Al,03) is a ceramic sub-
stance with several exceptional qualities, including high stability
and chemical inertness. Al;O3, however, has poorer heat con-
ductivity than metallic nanoparticles. Copper (Cu) and alu-
minum (Al) metallic nanoparticles have very high thermal con-
ductivities. However, two significant factors — stability and
reactivity — always prevent the use of metallic nanoparticles
in nanofluid applications. Hybrid nanofluid flow with an
oblique magnetic field across a rotating cylinder was inves-
tigated by Abbas et al [1]. Heat and mass transport of
GO/kerosene oil and GO + Ag/kerosene oil hybrid nano-
fluids passed through a porous extending sheet were studied
by Ahmad et al [2]. Riaz et al [3] investigated the hybridiza-
tion of the Eyring—Powell nanofluid model with a peristaltic
flow. The study was conducted under the assumptions of
long wavelength and lubrication approximations. Aladdin
et al [4] inspected the magnetohydrodynamics (MHD)
hybrid nanofluid flow with suction impact over a permeable
moving surface. Ali et al. [5] studied the stagnation point
flow of tangent hyperbolic hybrid nanofluid over expending
sheet. Atif et al. [6] examined the variable thermal conductance
and radiative impressions on the hydromagnetic tangent
hyperbolic fluid hybrid nanoparticles over an extending sheet
along with slip and convective circumstances. Awais et al. [7]
found the entropy generation of unvarying MHD hyperbolic
tangent nanofluid flow over a stretchy surface with nonlinear
Boussinesq estimate along with the impressions of the vis-
cous dissipation and Joule heating. Dual separate fluids,
specifically hybrid nanofluid Cu-Al,0s/water and nanofluid
Cu/water, are castoff to examine the movement and heat
transport features over a holey extending sheet in the com-
pany of a magnetic field studied by Devi and Devi [8]. Gul et al
[9] explored the Cu-Al,O3/water hybrid nanoparticles over a
spreading sheet with the outcome of the magnetic dipole to
supervisory the motion and thermal boundary layers. Devi and
Devi [10] explored the study on hybrid nanofluid/water, and
Cu/water flow passes through an extending sheet.

The Dufour number (diffusion-thermo impact) is regarded
as a heat transfer due to the concentration gradient, whereas
the Soret effect (thermal-diffusion) is regarded as mass
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transport caused by the temperature gradient. These effects
hold significant importance in a wide range of fields such as
geothermal energy, nuclear waste repositories, and drying
technology. Cross-diffusion effects were investigated by Hafeez
et al [11] and Kasali et al [12] using non-Newtonian fluids in a
variety of geometries. Research conducted by Noreen et al [13]
looked into the characteristics of mass transfer that occur during
the electroosmotic flow of Jeffrey fluid inside of a microchannel.
They came to the conclusion that the Soret number is respon-
sible for reducing the concentration. The mixed convective Car-
reau fluid flow that occurred across an active vertical plate with
cross-diffusion effects was modeled by Gautam et al [14], who
offered a framework for the flow. In addition, they observed
that the friction factor dropped as the Dufour number climbed.
Salleh et al [15] described the phenomena of forced convective
nanofluid flow across a very thin needle. This phenomenon was
discussed within the context of Dufour and Soret effects.

When there are potential large temperature variations
between the surface (such as the spacecraft body) and the
fluid around it, the heat source/sink impacts in thermal
convection become important. The production of heat is
significant when it comes to endothermic or exothermic
chemical processes. Hanif et al. [16] studied the 2D viscous
fluid flow over a flat surface with viscous dissipation
impact. Hanif et al. [17] inspected the unsteady upper-con-
vected Maxwell hybrid nanofluid flow with a time-frac-
tional derivative and Cattaneo—Christov heat flux. Izady
et al. [18] studied the 2D MHD radiative Fe,03—CuO/water
hybrid nanofluid flow over a porous stretchy/reduction
wedge. Jamshed et al. [19] analyzed the thermal transfer-
ence of Cu—ZrO,/EG (ethylene glycol) hybrid nanofluid past
within solar arms parabolic trough solar gatherer along
with numerous impacts such as porous mode, Cattaneo—
Christov heat flux, and viscous dissipation. An investiga-
tion of the thermal features of radiative Cu-TiO,/EG over a
slippery extended surface along with Joule heating and
including changing thermal conductance was examined
by Jamshed et al. [20]. Khan [21] studied the linear viscoe-
lastic fluid flow over stretching/shrinking sheet with MHD
impact. Khan [22] discussed the MHD viscous fluid flow
over an extending sheet to outline the coupling of He’s
polynomials and Laplace transformation. Khan and
Mohyud-Din [23] analyzed the effects of variable viscosity
and thermal conductivity on the flow and heat transfer in a
laminar liquid thin film on a horizontal shrinking/stretching
sheet.

Viscous mechanical dissipation effects, which are often
indicated by the Eckert number, are significant in geophy-
sical flows as well as in some industrial processes. The
biological fluid that is present in living things and is
affected by magnetic fields is known as the bio-magnetic
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fluid. One of the most prevalent types of bio-magnetic
fluids is blood. Due to its significant uses in bioengineering
and the medical sciences such as the development of magnetic
devices for cell separation, the reduction of surgical bleeding,
and the targeted delivery of medications, researchers have
focused more on bhio magnetic fluid studies in recent decades.
In addition, certain components of the human body can be
imaged using magnetic particles during magnetic resonance
imaging or during cancer therapy.

The MHD Darcy-Forchheimer flow of a third-grade
nanofluid over a linearly stretchable sheet was investi-
gated by Khan et al [24]. Loganathan et al. [25] explored
the entropy investigation of radiative third-order nano-
fluid slipping flow over a stretchy sheet fixed in a porous
plate along with non-Fourier heat flux and nanoparticle
volume fraction in zero mass flux situations. Madhukesh
et al [26] investigated a curved stretchy sheet with non-
Fourier heat flux model, Newtonian heating, and continuous
wall temperature over a water-based AA7072-AA7075
hybrid nanofluid. Nadeem et al. [27] studied the heat
transfer rate of unsteady tangent hyperbolic fuzzy hybrid
nanofluid flow over an exponentially extending surface. An
investigation of the heat and mass transference in 3D hydro-
magnetic radiative Al,03—Ag/water-based hybrid nanofluid
flow through a stretchy sheet was investigated by Shoaib
et al [28]. Suresh et al. [29] analyzed the heat transference
rate of a Cu—Al,03/blood-based hybrid nanofluid flow. Ullah
et al [30] inspected the hydromagnetic tangent hyperbolic
fluid flow along an extending sheet in the suction/blowing
upshot attendance. Venkateswarlu and Satya Narayana [31]
worked on the momentum impressions of inconstant viscidness
and viscous dissipation on a permeable extending sheet in the
company of radiative Cu-Al,03/H,0 hybrid nanofluid.

Based on the previous research, this research aims to
fill a gap by investigating the flow, thermal, and mass fea-
tures of an MHD radiative tangent hyperbolic hybrid nano-
fluid structure that passes over a porous stretching surface
with some objectives:

* What are the impacts of viscous dissipation, and heat
source\sink on hybrid and nanofluid flow?

* What is the impact of the cross-diffusion?

* How the flow, heat, and mass transfer affect by Al,03 and
Cu nanoparticles with blood base fluid?

The suitable symmetry variables are utilized to trans-
form the standard tangent hyperbolic fluid equations into
potential ordinary differential equations (ODEs). The ODEs
will then be mathematically explained using the BVP4C
method for the parametrical effects. The study results
were presented in graphical and tabular forms for tech-
nical debates. We carefully considered the impacts of cross-
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diffusion, hydromagnetic parameters, viscous-based dissipation,
joule heating, and morphologies of the suspended particles
under thermal radiation exposed to boundary conditions.

2 Mathematical formulation

2.1 Concept of tangential hyperbolic
constitutive

Only one mathematical model cannot account for all the
rheological working fluids. The works cover a range of
fluid models that address various fluid characteristics.
The four-constant tangent hyperbolic fluid model can accu-
rately designate the effects of shear thinning. Between zero
shear rate and infinite shear rate, the apparent viscosity
changes. The fundamental formula for the tangent hyper-
bolic fluid is provided by the following equations [6,20]:

S=-PI+r1, (4]
7= [U, + (U + U,) tanh(TQ)"]Q. 2

The shear rate Q [3,6] is assumed by

. [Teen - 1
Q= Ezzgijgljafgn, €)
i

where II is the second invariant strain rate [3,6] tensor and
is specified by

1
= Etr[gradV + (gradV)T 2. 4)
Given that we are concentrating on the shear thinning
fluid behavior and that we assume y,, = 0, the additional

stress tensor 7 for TQ < 1 simplifies to,

T = p[(TQ)"Q = o[ + yQ - DML

. . (5)
= ul1 + n(yQ - DI

The flow model is based on the preceding conditions
and objectives:
* 2D time-independent nonlinear incompressible laminar
boundary layer flow.
+ Aporous stretching sheet is measured about to the x-axis
and erects to the y-axis.
* A constant magnetic field and joule heating is measured.
+ Radiative tangent hyperbolic hybrid nanofluid.
» Flow with heat source and viscous dissipation.
* Cross-diffusion impacts are addressed.

The geometrical fluid flow setup is shown in Figure 1.
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Figure 1: Movement model picture.

The following equations are the ones that have been
found to control previous studies [6,9,28]:

v

+ =0,
ox oy (6)
ou  du ou |o%u
Prng| U5+ V_] = #hnfl(l SEOREINET el o
ox ay ay | dy %
) u
= OmtBo“U — ﬂhnfk_,
p
(pCy) uﬂ + vﬂ
p p/hnf ox ay
_ 1‘k* o], Ea_u[%]z
ay|” May| " 2 ay|ay ®
2
ou aq
+ (1 = 1) 5] - a_yr + Qu(T = T) + OnneBiu?
. Dok 2%
CCp 0y?’
oC oC 0’C  Dpkp 0°T
—— t Vv =Dt + - 9
Lrw Vay (DB)nnt 5 T oy &)

The present examples have the following boundary
circumstances [10]:
U=Uy=cX;v=0;,T=TyC=Cy aty =0.

u—0;T— T;C— Co;aty — o, (10)

Each variable in the process is named and described in
the Nomenclature section, and the topographic formulas
for nanoparticles are shown in Table 1.
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Table 1: Nanofluid and hybrid nanofluid formulation constraints in the system, as mentioned earlier in the equations [23]
Thermal properties Nanofluid Hybrid nanofluid
Thermal diffusivity _ Kt _ _knnt
nf = (pCont nnf = (oCpnar
Viscosity Hnf _ 1 Hhnf _ 1
e (1= Papeg)?® e (1= pe)* (1 - Papyg)?S
Heat capacity (PGo)nt (PGp)ALyos (PGp)hn (pGp)cu (PCp)Algoy
@~ |1 Paog) * Paoos™ (o oo - Pecioiyr T A= 9|~ Panog) * Do (oo
Density (0)nf (PAlyos (Pnnf (P)cu (P)Alz03
[ a- ¢A1203) * ¢A1203 Px o Peu or G (G ¢Alzos) * ¢A1203 (253
Thermal conductivity _ Katgog* (M - Dkt = (M = D p1p05(ks = Kalyog) - keu+ (M - Dknt = (M = Deey(knf - kcu) k
nf = Kalyog+ (M ~ Dt + $z1y05(kt ~ Kalyo3) f hnf keu* (M — Dk + dcy(knf — Kcu) nf
Electrical conductivity PAlyor0AL _ ocu* (M — Dont — (M ~ Dfcy(0nt ~ ocu)
3[ Zoif 22— oy Onnf = ™ g0y + (M - Dong * fou(ont - oc) 0N
Onr = 1+
9 Aly030 Alyog ol - b Aly039 Alyog — 6 )
(BAl02)0t of Alzog
Table 1 lists the pure working fluid and two nanoma- T4 = AT3T - 3T.. 13)

terials’ formulations (Table 2).

Table 3 also highlights the various shape factor coeffi-
cients and different shapes of nanoparticles.

The thermal conductivity of nanoparticles combina-
tion is reputed as [6,9]

1+E—

11
Ty - T» )

K*nnt = Kint

T—Twl

The Al,03 blends the hybrid nanofluid and Cu suspended
in the blood. The adequate small volume ¢, and ¢, ,. are
made secure at 0.03 and 0.0, respectively, throughout the study.

The penultimate term in energy Eq. (8), the radiative
heat flux, denoted by ¢, is outlined by the Rosseland
approximation [6,9]:

_~to*or!
b= “gpex ay

(12)

Next, we can approximate the form by using the Taylor
series for the term T* at a location T, and ignoring the
higher order terms.

By using Taylor’s arrangement extension about T;, and
ignoring advancing terms, we can express T* as a linear
connection of temperature; thus,

Table 2: Cu-Al,03/blood hybrid nanoparticles’ physical properties [10]

Physical characteristics Blood Cu Al 03

p 1,060 8,933 3,970
G 3,770 385.0 765

k 0.492 401.00 40

o 43 % 10°5 5.96 x 10’ 35 x 10°

Pr 24 — —

Consideration of the following symmetry variables
may help us conduct a more efficient model analysis in
the present context [12]

n= \/vzfy, v=-Jovf,u=cxf’,0(n) = gv__T;;,

and
C-Cs
o(n) = m (14)

Pseudo-similarity variables can now be differentiated
using primes.

Table 3: The form factor coefficient (M) for various nanoparticle
shapes [9]

Types of nanoparticles Shape Shape factor

Sphere ‘ 3
Hexahedron @ 3.7221
Tetrahedron 4.0613
Cylinder

Column aﬁ 6.3698
L

Blades 8.6

Lamina 16.1576
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Using the similarity modifications Eq. (14), controlling
Eqs. (6)—(10) are created where complete satisfaction of the
continuity Eq. (6) is attained, and the remaining necessary
equations take the following dimensionless form:

Onnf/O¢

Uing/Hy

V
Y

Vhnf

f71A = n) + nWf”] = (f )+ Mnjf”

15)

+ Kf' -

0”[1 + &0 + PrNr]

Knne/Ke
p Cphnf / p Cp f
Kint/ ke

- Unne/Ms 1
kpne/ke 2

= (-1)Pr —WEcf”?

| (16)
. Hpng/Ug

King/ ke
. Ohnt/Of PCopnt! Pp ¢

Kine/ ke Knnt/Ke

¢” = (~DSc(f¢" + Sr6”)/(Dpnnt/Dy+)
with the boundary circumstances:
f(0)=0,f(0)=1,06=1¢=1atn = 0.
f’(oo) -0, 0(x) = 0, ¢(oo) - 0,atn — oo,

Ec(1 - n)f* + 00 + &0’

knn /kf

MnEcf’? + Dug”

il

(17

(18)

Dimensionless constraints in Eqs. (10)-(12) are described
using the following notation. These factors are given in the
following numerical form:

O'fB() 2C3 uwz
K= , Mn S, W=1TIx JEC= —————,
ck psC Vi (Cp)e(Ty = T)
_Q pre Yt Npo 160*T3
(PCp)ic’ ¢’ 3k*ve(pCp)s”
DKr Cyy — Co v DKt Ty — T
= T oW ,Sc = —— and Sr = LW )
ccpvr Ty — T Dg¢ TVt Cw — Co

The shear stress, heat transport rate, and mass trans-
port rate are the physical quantities of practical impor-
tance in engineering, and they are defined as follows:

The shear stress is C; = the Nusselt number is

prZ)
Xqw

R T and the Sherwood number

well-defined as Nu, =

XjW

Dpf(Cyw = Co)”

Shy =

. ou
The surface shear stress 7, is assumed by 7, = uhnf[g] ,
y=0

and we obtain

wf). (19

n
Rl = (i@ -~ ) + [
The rate of heat transfer g, is assumed by q, =

khnf[ ay] + (q,)y=0, and we obtain

y=0
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Nu, Re; = (=1)(knni/ks)(1 + Nr)6’(0). (20)
The rate of mass transfer j, is assumed by j, =
_DBhnf[%] , and we obtain
y=0
ShyRe;!"? = (=1)(Dpmnt /D) (0), @D

where Re, = % is the Reynolds number.

2.2 Numerical structure

The equations are solved using the bvp4c method. The use
of MATLAB software to generate the table and the figures is
detailed. Let
f=y, " =yQ@), f*
and ¢” = y(7).

Eqgs. (15)-(18) reduce into newform as follows:

f71A = n) + nWwy@3)]

Ly + [

=y(3), 0=y(4), 6" =y(5), ¢ = y(6),

Ml iy + Ky@) )

thf hnt/ g

0”[1 +&y(4) + PrNr]

Knne/ke

PCpyue! PCp
k nf/k

llhnf/ U
khnf/ ke

Opnt/O¢
+ ———MnEcy(2)?
Kint/ke V@)

¢” = (-DSc(y)y(6) + Sr”)/(Dennt/Dss),

with the boundary circumstances:

.Uhnf e n

= (-1DPr ke 2

Lyaye) + 5 WE(3)°

23
———Ec(1 -

ny@3)? + + & (5)*

k/k

pcphnf/ PCp¢

Du 7
Knnt/Ke ¢

il

24

Table 4: Analyses of Pr and 6’ (0) values in the absence of other
remaining parameters

Pr Devi and Devi [10]
(Runge-Kutta-Fehlberg integration

Present study
(BVPA4C solver)

method)
1 — 0.582010509
2 0.91135 0.911352752
6.13  1.75968 1.759681708
7 1.89540 1.895400400
10 — 2.308001329
20 3.35390 3.353901837
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y0(1) = 0,y0(2) =1,y0(4) =1,y0(6) =1,atn = 0.
yo(2) = 0, yo(4) —» 0, yo(6) - 0 atn - o,

The choice n(«) = 8 for a desired accuracy and a con-
verge criterion of 1075 is satisfied for various parameters

(from 1073, the border remained constant).
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2.3 Code validation
(25)
Current findings are verified by comparing them to recent
studies. The known research consistency comparison is
presented in Table 4. However, the present analysis yields
extremely precise results.

1 T T T T T T T 1 T T T T T T
Das Lines ~ AlzoalBlood
Solid Lines ~Cu + Alzoalalood Das Lines ~AI203lBlood
0.8} 08¢ Solid Lines ~ Cu + Al,0,/Blood
0.11
qf=3Z52z:=z2: ¥
T&e --------- T&s .
= (YY) = o
= I — T w
- M=3 v M=3
0.08 = L |
04r OM=37221 0.4 ‘:‘\ \ Om=37221
007 (OM=4.0613 R\\ QM=40613
M=49 a 3 ‘M :4.9
- OM=6.3698 - \ 'M =6.3698
0.2 % 2005 201 2015 202 @OM=86 : EOAR M=86
a =16.1576
16.1576 AN O
\\\
N
0 A AL TR pevemrmre am— 0 L A
0 1 2 3 4 5 6 7 8 0 1 2 5 6 7 8

7 —> n—>
a b
15 : : ; : . : :
\
\ Das Lines ~ Al,0,/Blood
Solid Lines ~Cu + AlzoslBIood
08
0.28
T \ —
06} \ ]
— \ 028 \
5 \ —
B % 024 —
04 [ = ~-a
"3 0225 §835 =
M=3 > LR
Om=37221 *9 =
02 b M=4.0613 - 39 3.95 4 ]
“lOm=49 N
O M=63698 N
Om=36 »
0 Oy =161576 . . . , . p
0 1 2 3 4 5 6 7 8
7 —>
C

Figure 2: Variance outlines of shape factors. (a) f(eta), (b) theta (eta) and (c) phi(eta).
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027 028 029 03 031
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Y

3
05—t
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04

0.2 f 1
ow=01

Oow=1
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0 L eoed
0 1 2 3 5 6 7 8

70 —>

04
W=01,1,2
02
Ow=01
Ow=1
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0 A A A — A — A
0 1 2 3 4 5 6 7 8
7 —>
a
1 T T T
08

T
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04

02Ff
0 . N L
0 1 2 3

Figure 3: Variance outlines of W. (a) f(eta), (b) theta (eta) and (c) phi(eta).

3 Result and discussion

In industrial and biological processes, such as lubricants,
emulsions, cancer therapy, biofluids in hiological polymer
and tissue, drug transportation, nuclear fuel slurries, cancer
tumor treatment, and bio-medical fluids, the thermal radia-
tion and magnetic fields with heat transfer containing blood-
based nanoparticles become essential. Utilizing the BVP4C
methodology, the attributes of two blood-based nanofluids,
Al,03/blood and Al,Os—-Cu/blood are quantitatively
investigated. The implications of developing flow features
have been listed utilizing a variety of data obtained through

Ow=0.1]
ow=1
ow=2
1 " " —
5 6 7 8
7 —

graphs and tables. The domain of nanoparticles is 0.01-0.03%
used in this current fluid flow. Using MATLAB, we explore
how changes in variables including speed, temperature, con-
centration, skin-friction quantity, Nusselt parameter, and
Sherwood number might affect the final results are shown
in Figures 2-13 and Tables 5 and 6. The values of the physical
parameters were determined as follows for the current study:
M=3,Mn=Sc=05K=W={=Ec=Q=Nr=Du=Sr=
n=0.1d,,, =001, ¢, = 0.03, and Pr = 24.

Figure 2 illustrates the impressions of nanomaterial
shape factors on motion, temperature, and concentration
for both nf and hnf. Figure 2a depicts the decline motion
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Figure 4: Variance outlines of K. (a) f(eta), (b) theta (eta) and (c) phi(eta).

impact; Figure 2b and c shows the upsurge thermal and
volume fraction impressions for various nanoparticle shapes,
respectively. The shape variety was created, starting with
spherical, moving through hexahedron, tetrahedron, cylinder,
column, blades, and lamina. Physically, these modifications
were made in the following sequence depending on how
well they transmitted heat. Figure 3a shows the declining
motion impressions of increasing Weissenberg parameter for
both nf and hnf. The increased Weissenberg number causes
the flowing fluid to be more challenging to move by increasing
its viscosity and friction. Weissenberg number, in terms of

physics, is the proportion of relaxation time to processing
time. An increasing value of W signifies a rise in relaxation
time, which reduces the fluid movement. An increasing
impression of temperature and concentration of Weissenberg
parameter is shown in Figure 3b and c, respectively. A tem-
perature increases due to the direct relationship between the
Williamson parameter and time.

Figure 4a—c depict the motion, temperature, and concen-
tration variances with the upsurge permeability parameter
for nf and hnf, respectively. The movement decreases with
upsurge permeability, while opposite impressions are seen for
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Figure 5: Variance outlines of Mn. (a) f(eta), (b) theta (eta) and (c) phi(eta).

temperature and concentration. Porous media increases the fluid
flow restriction, which slows the flow down. Figure 4b illustrates
the temperature increases with the increasing permeability para-
meter due to the thickening thermal boundary layer. This is clear
from the opposition of the porous medium to fluid motion. The
flow is provided with resistance, which raises the temperature.

The magnetic parameter declines motion, upsurges tem-
perature, and upsurges volume fraction impacts, which are
shown in Figure 5a—c, respectively. The width of the motion
and momentum boundary layer depreciates as the magnetic
impact upsurges due to the opposite Lorentz force, as shown

in Figure 5a. The well-known thermal dispersion for the
Al,03—Cu/blood hybrid class fluid and the Al,0s/blood nano
class fluid is shown in Figure 5b. The hybrid class fluid has
another factor contributing to its more significant perfor-
mance in thermal transference in addition to its improved
thermal transmitting abilities. The slower the flow, the more
time it has to go over the surface and collect more heat. This is
also a factor in the Al,0s—Cu/blood hybrid fluid’s enhanced
heat transfer rate. The impact of magnetic parameters on the
concentration profiles is shown in Figure 5c. As can be
observed, the magnitude of concentration profiles rises as
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Figure 6: Variation outlines of n. (a) f(eta), (b) theta (eta) and (c) phi(eta).

the magnetic parameter increases. As previously established,
a rise in the magnetic parameter causes the speed of the
boundary layer to be smaller. As a result, the reduced speed
of the boundary layer encourages the diffusion of nanoparti-
cles there.

Figure 6a shows the falloff motion impacts of the
power law index for both nf and hnf. When the power
law index n rises, it means that the viscosity of the fluid
is growing. As a result, the fluid speed decreases, but
the concentration and temperature sectors increase.
Figure 6b and c demonstrates how growing the quantity
of the power-law index parameter raises the temperature

and concentration. This happens because the nature of the
fluid switches from shear thickening to shear thinning at
higher values of m.

An upsurge impression of motion, temperature, and con-
centration for volume fractions of Al;0; and Cu is shown in
Figure 7a—c, respectively. As the volume percentage of nano-
particles rises, the momentum boundary layers thicken, and
the velocity increases (Figure 7a). This is consistent with the
physical behavior; as the volume of Cu and Al,0; nanoparti-
cles grows, thermal conductivity rises as well, resulted in a
thickening of the thermal boundary layer, and therefore, the
temperature increases (Figure 7b).
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Figure 7: Variation outlines of volume fraction of nf and hnf. (a) f(eta), (b) theta (eta) and (c) phi(eta).

Figure 8a and b illustrates the gain temperature impres-
sions of Dufour and the heat source parameter. A concentra-
tion gradient causes an energy flux, which is what the Dufour
number measures, i.e.,, when the Dufour number grows, the
energy flux also rises; therefore, temperature upsurges. On
the other hand, the heat source is a producer of the heat, so
temperature increases.

The effect of viscous dissipation is denoted by the
Eckert number. It is a measurement that illustrates the rela-
tionship between enthalpy and kinetic energy. Physically,
when the dissipation increases, the fluid thermal conductivity
increases, contributing to a rise in the thermal boundary layer

thickness. Figure 9a shows the temperature increases with the
upsurge Eckert parameter. The concentration declines < 2.5
while gaining n > 2.5 (as shown in Figure 9b) for both nf and
hnf. An increase in Ec has been shown to accelerate the
thermal profile. The concentration distributions for the ele-
vating values of Ec are shown in Figure 9b. A growing role
of Ec seems to be the concentration field.

The temperature is improving (Figure 10a), and the
concentration is declining (Figure 10b) for the upsurge
radiation parameter. The reality that more energy is cre-
ated by the radiation mechanism, for which the radiation
parameter is raised, is reinforced physically.
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An increasing consequence of the Prandtl number on tem-
perature is shown in Figure 11a for both nf and hnf. The arcs
in this diagram show that a rise in Pr results in a reduction in
the energy profile. The thermal conductivity reductions cause
the decrease in the thermal outlines as Pr increases.

Figure 11a illustrates the growing temperature impression,
and Figure 11b shows the falling concentration impression of
upsurge Schmidt number for both nf and hnf. In reality, when
Sc rises, the fluid molecular/mass diffusivity declines, which in
go lowers the concentration of flowing fluid.
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Figure 9: (a) Temperature and (b) concentration variances of Ec.
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The temperature declines (Figure 12a), and concentra-
tion grows (Figure 12b) with a rising Soret impression for
both nf and hnf. Temperature gradient impacted the con-
centration variation in the Soret phenomena. Therefore,
more significant Soret numbers lead to more convective
movement and, ultimately, higher concentrations.

Figure 13a and b depict the upsurge temperature and
decline concentration impacts for the variable of thermal
conductivity for both nf and hnf, respectively. It should be
observed that when the variable thermal conductivity

1 T T
Das Lines ~ Al,0,/Blood QEc= o.;l
Solid Lines ~ Cu + Al,0 /Blood ::Ez >
08 1
2
06 3
— \
S A\
= \\\ 0.13)
04 oTd \ 0.12}
\\
0.730 N 0.1 e
NS > ~ \\
02 F o7z} \» N 0.4
' RN N 52 53
orf N Moo <
: \N DN ~
N N s
0.7 b
14105 11 R R 2 L ,
0 1 2 3 4 5 6 7
7 —>



14 — Karuppiah Senthilvadivu et al.

1 T T T T T T T
¥ Das Lines ~Al203/BIood
‘\‘\\ Solid Lines ~Cu +AI203IBIood
08 ]
AL (INr=0.1
x\ ‘\ INr=0.5
\\\\ A\ ONr=1
06F | \\
-~ '\ Y
S AR
o \ \
‘\ W\ A Nr=0.1, 0.5, 1
04r1 '\ E
02 E
0 = ==
0 1 2 3 4 5 6 7 8
7 —>
a

Figure 10: (a) Temperature and (b) concentration variances of Nr.
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Figure 11: (a) Temperature and (b) concentration variances of Sc.

parameter rises, the temperature also tends to increase.
This is caused by the thickening of the thermal boundary
layer; its impact is more significant at the boundary layer
and lessens as you go closer to the free stream.

Tables 5 and 6 express the rates of skin friction, heat,
and mass transportation. Skin friction rate decays with mag-
netic, volume fractions of Cu and Al,03, and permeability,
while the opposite impression shows for Weissenberg
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parameter and power law index. Nusselt number grows with
Prandtl, Soret, and the volume fractions of Cu and Al,03, while
the opposite impact is seen for Eckert, heat source, radiation,
Dufour, Schmidt, the variable of thermal conductance, and
power law index. Sherwood number increases with Eckert,
heat source, radiation, Dufour, Schmidt, the variable of thermal
conductance, and volume fractions of Cu and Al,03, while it
decreases with Prandtl, Soret, and power law index.
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Figure 12: (a) Temperature and (b) concentration variances of Sr.

4 Conclusions

A two-dimensional steady nonlinear incompressible radia-
tive tangent hyperbolic hybrid nanofluid flow over a porous
extending along with the magnetic field, joule heating, vis-
cous dissipation, heat source, and cross-diffusion impres-
sions studied in existing research. We may expand this
work in the future by utilizing other geometries, including
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Figure 13: (a) Temperature and (b) concentration variances of ¢.
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3D surfaces and Riga plates, as well as various kinds of

nanomaterials with the base fluid. In addition, we consider

the steady-to-unsteady problem. The following is a list of the

experiment key findings:

* The skin friction rate declines with the magnetic and
permeability impressions.

* Growing Prandtl increases Nusselt number, while the reverse
impression is seen with Eckert, Dufour, and radiation.
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Table 5: The rates of skin-friction, Nusselt, and Sherwood with Mn, K, W, Pr, Ec, Q, and Nr when Sc = 0.5, ¢, = 0.03,
P, = 0.0, Du=&=Sr=n=01
Mn kK W Pr Ec Q Nr Cf, Re, Nu, Re,!? Shy Re, /2
Al,03/blood Cu-Al,0s/blood Al,03/blood  Cu-Al,03/blood Al,0s/blood Cu-Al,05/blood
0.1 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090 0.352582161
05 01 01 24 01 04 0.1 -1.768430863 -2.342184990 0.686440322  0.545480251 0.323699920 0.336523046
1 -2.037717519  -2.677253781 0.435904247  0.200677487 0.308704087 0.323850347
0.1 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090  0.352582161
0.5 -1.764154213  -2.330158692 0.778232693  0.677930601 0.321423416  0.334357109
1 -2.029368949 -2.653562760 0.625000555  0.475019722 0.303799785  0.318951436
0.1 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090 0.352582161
1 -1.486264867 —1.988183489 0.904476306  0.842676581 0.339428284  0.349577886
2 -1.446536957  -1.931175841 0.892671157 0.82750776 0.335856695 0.345908753
2 -1.518727324  -2.034439869 0.537039455  0.462423840 0.352064296  0.360637534
4 -1.518727323  -2.034439869 0.773357166 0.711275819 0.345886126  0.355339479
6.8 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090 0.352582161
0.1 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090 0.352582161
0.5 -1.518727323  -2.034439870 -0.337925759  -1.060205382 0.378552765  0.395477368
1 -1.518727322  -2.034439870 -2.072309392 -3.799577167 0.428803013  0.456988972
0.05 -1.518727323  -2.034439869 1.051862218  1.035798236 0.338427065 0.348595624
0.1 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090 0.352582161
0.15 -1.518727323  -2.034439870 0.757251826 0.642347944 0.346791449  0.357219344
0.1 -1.518727323  -2.034439869 0.913483700  0.854196684 0.342362090 0.352582161
0.5 -1.518727323  -2.034439869 0.827419319 0.801491203 0.350221111  0.357906888
1 -1.518727323  -2.034439869 0.742097035  0.728033522 0.355658172  0.362077765

Table 6: The rates of skin friction, Nusselt, and Sherwood with Du, Sc, Sr, &, n, ¢A1203 and @, whenMn = 05, K= W =Ec=Q =Nr =01,Pr =24

Du Sc Sr & n ¢y, O Cf, Re, 1?2 Nu, Re, 2 Sh, Re,1/2
Al,Oz/blood  Cu-Al,03/blood Al,03/blood Cu-Al,0s/blood Al,03/blood Cu-Al,03/blood
0.1 -1.518727323  -2.034439869 0.913483700 0.854196684 0.342362090 0.352582161
0.2 05 0.1 01 0.1 0.01 0.03  -1.518727323 -2.034439869 0.844064382 0.779039847 0.344279584 0.354221877
0.3 —-1.518727323  -2.034439869 0.772432733  0.701636439 0.346259848 0.355910819
0.1 -1.518727323  -2.034439869 0.965239128 0.910800944 0.180224920 0.194430817
0.5 —-1.518727323  -2.034439869 0.913483700 0.854196684 0.342362090 0.352582161
1 -1.518727323  -2.034439869 0.864786380 0.799817685 0.550629116  0.563117378
0.1 -1.518727323  -2.034439869 0.913483700 0.854196684 0.342362090 0.352582161
0.25 —-1.518727323  -2.034439869 0.917932182  0.856720000 0.311547841  0.331916348
0.5 —-1.518727323  -2.034439869 0.925364503 0.860854562 0.259481628 0.297214574
0.1 -1.518727323  -2.034439869 0.913483700 0.854196684 0.342362090 0.352582161
0.5 —-1.518727324  -2.034439869 0.316681473  0.174117260 0.358635848 0.366861819
1 -1.518727323  -2.034439868 0.032468154  -0.191696210 0.365797830 0.374520528
0.1 -1.518727323  -2.034439869 0.913483700 0.854196684 0.342362090 0.352582161
0.4 -1.221562313  -1.634816788 0.837573044  0.752175253 0.309373251  0.320390537
0.6 —-0.963648343 -1.286431580 0.708457012  0.565621380 0.279121881  0.291994418
0.009 0.02 -1.179776516  —1.429270257 0.864422507 0.843539169 0.318675753  0.319074286
0.010 0.025 -1.339046942 -1.882579563 0.891121437  0.833345698 0.329556705 0.338493866
0.010 0.03 -1.518727323  -2.429228233 0.913483700 0.795560466 0.342362090 0.365295232
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» Sherwood number upsurge with Schmidt number and
decays with Soret number.

» Temperature and concentration rise with the upsurge
power law index, while the motion declines with the
upsurge power law index.

» Temperature increases with the increasing variable of
thermal conductance, while concentration declines with
the growing variable of thermal conductivity.

* Many practical and scientific applications based on the
dynamics of blood flow over a stretching sheet are
expected in the future. The current study’s findings could
be used to numerous model investigations. The results of
the current issue are also very intriguing for many fields of
science and technology, such as lubricants, emulsions,
cancer therapy, biofluids in biological polymer and tissue,
drug transportation, nuclear fuel slurries, cancer tumor
treatment, and bio-medical fluids.
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