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Abstract

In this present paper, we studied about the flow behaviour of
ethyleneglycol(EG)-based  Titanium-Dioxide  (Ti0,) and
Magnesium-Oxide (M g0) hybrid nanofluid passing through a porous
surface with the presence of magnetic field. In addition, the
convective-heat and slip velocity boundary layer is being considered
to generate suction/injection onto the characteristic region. Thermal
radiation and heat generation impact also incorporated in the energy
equation. A suitable similarity transformation is being used to non —
dimensionalize the system of governing equations along with
boundary conditions. Final form of equations are solved numerically
with the aid of MATLAB software. The converted system of nonlinear
ordinary differential equations has been solved numerically by
operating Spectral Quasi-linearization method (SQLM). The salient
features of convergent flow parameter on velocity and temperature
fields are described in the form of graphically. The temperature
increases with an enhancement in thermal Biot number for both
assisting and opposing flow. It is also found that the heat generation
is consequently uplift the thermal boundary layer thickness of hybrid
nanofluid flow.

Keywords: Thermal radiation, magneto-hydrodynamics, hybrid nanofluids, Free
convection, velocity slip, SQLM.
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1. Introduction

The hybrid nanofluids are the significant features of thermal conductivity and heat
transfer effects. In the current study, | have discussed the slip conditions and thermal
radiation on a magneto hydro dynamics fluid flow with chemical reaction. The
nanofluids are such a fluid in which some nanosized particles like metal or metallic
oxide or polymer are combined with some base fluid like as water, oil, and ethylene
in such a manner that no sedimentation takes place. This special kind of fluid has a
great and considerable industrial and biomedical application in heat and mass
transfer, nowadays it has been observed that Hybrid nanofluids are more effective
compared to nanofluids in many cases, basically hybrid nano fluids are the combined
amalgam of two or more metal, metallic oxide, polymer. This kind of fluids are
essentially used for its significant properties in various region like high thermal
conductivity, solidity, cooling, heat interchanger. finer heat regulation in electronics
devices such as freezer, air-conditioner, generators, power improvement of various
motor pumps. Furthermore, economic state to operate hybrid nanofluids are also
affordable as it cost low, nowadays its use in various medical experiments, drugs
delivery in human bodies is highly considerable, overall effects of hybrid nanofluid
are very much remarkable in several wide regions from industrial to medical area.

Typically, thermal radiation is an important parameter in many research it has been
found that due to radiation temperature profile increases. Magnetic field has a
significant impact in momentum, in presence of it, Lorentz force produces which acts
opposite to the velocity, due to this phenomena fluid velocity deteriorates. Many
researchers [1 —4] examined the behaviour of magnetic field in heat-mass
transportation in nanofluid flow. Bagh et al. [5] analysed the Cattaneo—Christov
nanofluid model considering microbes and thermal radiation. Brownian diffusion
effect with thermophoresis in nanofluid flow has been studied by Ahmad et al. [6].
They noticed that the radial velocity and temperature enhanced with the continuous
increment of nanoparticle volume fraction, also found the temperature profile
enhanced due to thermal relaxation parameters. Hybrid nanofluid is an amalgam of
two or more nanoparticles suspended in suitable base fluid. This kind of fluid has
considerable heat and mass transfer capacity compared to ordinary fluid.

In this present paper, hybrid nanofluid is comprising of ethyleneglycol(EG) as
base liquid and Titanium Dioxide Ti0, and Magnesium Oxide MgO as two different
metal nanoparticles are used. Choi [7], was the first person who have been studied
about the nanofluid in 1995. They found that the nanofluids has a considerable
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application in heat exchanger pumping power. Tiwari and Das [8] nanofluid model is
a well-known model in this field of nanofluid. Waini et al [9] has been studied about
the impact of hybrid nanofluid flow which is a combination of alumina (Al,05) and
copper (Cu). They observed that heat transport increases for higher values of radiation
parameter with high volume faction of hybrid nanofluid. Kumar KG [10] et.al suggested
that heat transfer reduced with the increment of Prandtl number. Shoaib et al. [11]
examined about the rotational hybrid nanofluid fluid flow through an extended
surface. They numerically investigated the drag coefficient and Nusselt number, also
attestor that heat transfer rate enhanced with magnetic parameter. The investigation of
Dinarvand et al. [12] is very much considerable in biomedical experiment, they
investigated the numerical model of hybrid nanofluid consisting of pure blood as host
fluid and Ti0, and Ag nanosized particles passing through a porous medium, their
examination will be a great impact in medical drugs delivery in artery in the human
body. Khan et al. [13] tested about Si0, & MoS, with H,0 hybrid nanofluid.
Additionally, Sudarsana Reddy P et al., Waini et al. also investigated the hybrid
nanofluid, and indicated the impact of various significant fluid parameters. [14-16].

Shankar et al. [17] did their research on Casson fluid past over a variable permeable
medium. They stated if the heat source/sink parameter rises the temperature as well as
velocity also enhanced. Anwar et al. [18] used Ti0, and Ag hybrid nanofluid in blood
flow in their experiment, the results are considerable in various medical field. Philip
et al. [19] also investigated about blood coagulation in human body. The blood and
anticoagulation enhanced the dynamic properties through micro tube. Yaseen [20]
have shown about the assisting as well as opposite flow behaviour for different fluid
parameters, they also calculated about skin friction, film coefficient coefficient of
heat transport and investigated the momentum and energy equation, our paper is an
extension of the above paper, we investigated the mass transfer coefficient also in the
presence of chemical reactions, which can be very significant in industrial
experiments. Moreover, experiments on hybrid nanofluid on numerous conditions has
been done by many authors. [21-24]. Waini et al. [25] studied the Buongiorno's
model, numerically and also graphically calculated flow behaviour at the equilibrium
point.

Careful survey on accessible literature discloses that no peruse have been described to
investigate the sequel of chemical reaction, convective heating surface and slip effects
on heat transportation and mass characteristics of MHD hybrid nanofluid by
considering Ti0,/MgO as different metal nanoparticles and ethyleneglycol(EG) as
basic liquid over permeable moving surface. The converted differential equations
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have been decoded using SQLM technique. The problem inscribed in this inspection
has instantaneous applications for cooling purpose in electronic, transformer,
generator etc.

2. Mathematical Formulation

Consider steady, two — dimensional, convective and MHD boundary layer heat and
mass transfer of Ti0,/MgO — ethyleneglycol(EG) based hybrid nanofluid flow
past a permeable moving surface with slip effects. To inspect the heat and mass
transfer ability of hybrid nanofluid flow through a porous medium, heat source/sink,
thermal radiation, velocity slip, Suction/injection and chemical reaction effects has
been considered. This article exhibits the contrast of hybrid nanofluid flow posture
considering buoyancy flow. Fig. 1 demonstrate the geometry of the ongoing
investigation. The x — axis is measured in the direction of flow and parallel to the
lamina, while the y — axis is measured normally to the lamina.
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Fig. 1: Coordinates system of the flow model

By
VZx
denotes mass flux velocity. v,,(x) < 0 stand for suction whereas v,,(x) > 0 prevail
injection. Qq, hs, h¢, k'™ and g* are functions of x only which denotes the heat

source, convective heat transfer coefficient,

Magnetic field of strength B = has been applied normally to the sheet. v, (x)
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Under prior conventions, boundary layer leading equations of the stream associated
with hybrid nanofluid along with convection and slip effects, porous media, thermal
radiation (Rd)are given by :

Continuity equation:

du  Ov

=0 (1

Momentum equation:

u—

du Ou _ Huns 0%u | OpnsB? (0B )hns 9 Vang
v—=- —+ " (U —uU) +——=(T —Ty) — u 2
ox 3y Phnf 0Y2 ' Phns (oo — 1) Phnf ( ) K* )

Energy equation:

T aT k a%r 1 ]
w2 o Koy 0T (ar)
dx dy (pcp)hnf dy (pcp)hnf dy

Q% _
) T~ T 3)

Boundary conditions:

The relevant boundary conditions are:
I'x au aT *

u=Ua+k 3 V= vy (%), —khnfa =hi(Ty —T),y=0

U=Uyp > U, T->Ty, asy— o “4)
Here (x, y) are cartesian coordinates, [w, v], T, Unn, Vinfs Knngs Phnfs (pCp)hnf,
Onny, aNd Bp,r are velocity vector, temperature of the hybrid nanofluid, dynamic
viscosity, kinematic viscosity, thermal conductivity, density, specific — heat
capacitance, electrical conductivity, thermal expansion coefficient of the hybrid
nanofluid, orderly. In addition, g is the acceleration due to gravity, k’* denotes slip
length, K* stands for porous medium permeability, R, signifies chemical reaction
rate, g, stands for the radiative heat flux, Qg signifies the coefficient of heat

source/sink. In the present paper, hnf signifies TiO, — MgO/ethylene glycol
hybrid nanofluid, nf signifies the nanofluid and f stands for base fluid.

a > 0 (positive moving parameter) characterize downstream movement of the
surface from the origin, whereas a < 0 (negative moving parameter) indicates
upstream movement of the lamina from the origin.

The approximate Rosseland form is utilized in energy equation (2) to integrate
radiative consequence and is defined as:
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40* ar*
qr = — <3k;‘1nf) (E) ®)
Here o™ indicates Stefan — Boltzmann constant and kp,, s signifies coefficient of mean

absorption.

Presuming the temperature difference (AT) to be insignificant in the stream, we have

T4 = 4T3T — 3T4 (6)

Utilizing (5) and (6), we reconsider (3) as:

oT oT k a%r 1 160*TS\ (9%T 5
uZ Lo g OT (=) T+ E—r-n) O
ox 9y (Pep)pyy 9% (PCp)yns \ 3King / \0Y LY

The following applicable Similarity transformations are proposed as to convert
the leading PDEs to ODEs:

! U ! —loo
w=UF v = (2 ) - F ), 6 = Ay =y [ ®
And the mass flux velocity is presented as:
U
vy (%) = = |3LS ©)

The Egs. (2) and (3) are converted into the following forms orderly as shown below:

" 1 nr C r 1 ’
fFP 4+ f"+eMA=f)+2D 20— —K,f' =0 (10)

(kZ"f+§Rd)9”+EPrf9’+2PrQ9 =0 (11)
f

And the boundary conditions (4) converted as follows:

F =5, f'@) = a+yf"(), =52L0'@) = Bie(1 - 0n),

ffm=1,6m) =0,atn=0 (12)
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The associated dimensionless parameters are interpreted as

Parameter
M

Ky

Rd

Pr

A > 0 symbolize aiding flow and opposing flow is indicated by 4 < 0.

Name
Magnetic parameter

Porosity parameter

Thermal radiation
parameter

Mixed convection
parameter

Prandtl number

Heat source/sink
parameter

Constant mass flux
parameter
Velocity slip
parameter

Thermal Biot
number

1.1. Drag force and Nusselt number

Expression

_ gﬁf(Tw - Too)
= T
”f(cp)f
pr=—--2

ky

Qo

Q=7
U(pcp)r

S > 0 (fluid suction)

S < 0 (fluid injection)

k' v

Yy = o
ZVf

g = |2
R Kf U

A=t
.uhnf
— phnf
Pr
g,
C = hnf
i

B

_ Buns
Pr
_ (pcp)hnf

(pCp)f

D

A=1
(Assisting flow)
A=

—1 (Opposing flow)
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Potential amounts of awareness in this perusal of heat transfer, which controlled the

inflow are the drag force (C;) and the local Nusselt number (Nu,) which are defined

as:

Co = Ny = Xwtar) (13)
f = prZ’ x Kf(Tw_Too)

Sum of gq,, (heat flux onthe lamina) and gq, (radiative heat flux) i.e.,

(qw + q,), wall shear stress t,, are given as:

oT |, 4¢* oT*
qw + qr = — (Khnfg + %5)

IR G N (18

Implementing the dimensionless transformations (13) and Eq. (14), we acquire

_ 1 " Nuy _ 1 (Knnf 4 '
VReCr = o f(0), F = — (24 2R, ) 0'(0) (15)
where Re, = Z—;‘ is the local Reynolds number.

Table 1 illustrates the quantifiable aspects of thermophysical parameters of
ethylene glycol and (TiO, — MgO) metal nanoparticle are given below [20].

Table 1 — Thermal characteristics of base — fluid and nanosolid particles

Thermophysical p(Kg Cp,(J k(W p(1 o(Qm)~?!
/m®) /KgK) /mK) /K)

ethylene glycol 1110 2400 0.253 65 5.5x 107°

(EG)

Titanium Dioxide 4250 686.2 8.9538 0.9 2.38 x 10°

(Tio,)

Magnesium oxide 3560 955 45 1.26  1.42x1073

(Mg0)

2. Result and discussions

In this column, we demonstrate the impact of several parameters as thermal Biot
number (B;, ), porosity parameter (K),), suction/injection parameter (S), local mixed
convection (1), moving parameter («), heat source/sink parameter (Q), Radiation
parameter (R;), magnetic field parameter (M), velocity slip parameter (y) on Ti0O, —
MgO/EG hybrid nanofluid flow and thermal boundary layer in the current model. In
this column, A = —1 signifies contending flow and A =1 indicates aiding flow.
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Furthermore, throughout the discussion, it has been considered that the values of each
parameter are constant.

Fig. 2(a) highlights the impact of thermal Biot number (Bl-t) on the velocity layout
f'(m). We have demonstrated the repercussion of B;, for both aiding flow (1 = 1)
and contending flow (1 = —1) cases. For 1 = 1 (aiding flow), the velocity increase
together with an enhancement in thermal Biot number (Bl-t) while for contending
flow a contrary result has been observed.

Fig. 2(b) sketched the repercussion of B; on 6(»n). Thermal Biot number is
associated with convective heat transfer coefficient (). The numerical enhancement
in B;, associated with convective heating at the wall. Additionally, hike in thermal
Biot number (Bl-t) generate a significant temperature difference (AT) at the surface
(n = 0). Moreover, an increment in the thermal layout has been observed with rising
thermal Biot number. When the thermal Biot number increases, there is a notable
reduction in the thermal resistance of the surface. We witness noteworthy upsurge in
thermal boundary layer thickness because of the increase in convection. The
temperature increases with an enhancement in thermal Biot number for both assisting
and opposing flow.

1.2
1.1 H
1 /
0.9 Bi =12
Bi, =14
0.8 t
Bil =1.8
o7 Bi = 2
~
0.6 $=05;7=04;Q=-0.1;
Pr=2.0;M=0.5;Rd =2.0;
0.5 Kp =0.1;
0.4
03 F
0.2 : : .
0 1 2 3 4 6 7 8 9 10

Fig.2(a): Impact of thermal Biot number B;, on velocity layout f'(1).
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0.6 S$=0.57y=04,Q=-0.1; B
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Kp =0.1;

Bi =1.2
Bi =1.4
Bi =1.8
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Fig.2(b): Impact of thermal Biot number B;, on temperature layout 6 ().

The profiles portrayed in Fig. 3(a), highlights the repercussion of suction/injection
parameter (S) on f'(n). We have demonstrated the sequel of S for both aiding flow
(A =1) and contending flow (1 = —1) cases. S > 0 and S < 0 manifests suction &
injection orderly and S = 0 denote the absence of both. It has been noticed that
velocity exhibits opposite nature for aiding and contending flow. In case of aiding
flow (demonstrated by solid lines), the negative correlation has been noticed between
suction/injection parameter (S) and velocity, but in case of contending flow
(represented by dashed lines), the analogous enhancement in value of S exhibits
direct relation between suction/injection parameter (S) and velocity layout.

The profiles portrayed in Fig. 3(b) depicts the repercussion of S on 6(n). For A =1
and A = —1, 6(n) diminishes together with an enhancement in S.

10
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0.9
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f'(n)
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Fig.3(b): Sequel of S on temperature layout (7).

The profiles portrayed in Fig.4(a) and 4(b), delineates the impact of heat source/sink
parameter (Q) on the velocity layout f'(n) and temperature layout 6(n). Q >0

11
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denotes heat generation and Q < 0 signifies absorption of heat. We notice the hike in
velocity with increment in Q for aiding flow. However, in contending flow, a contrary
result has been observed. Numerically positive enhancement of Q connote generation
of heat which generating heat in the system consequently uplift the thermal boundary
layer thickness of hybrid nanofluid flow. It is found that heat source/sink parameter Q
and temperature of hybrid nanofluid flow are positively correlated.

09r

f'(n)

0.8 [

Bit=1.2; y=04;S=0.2;
Pr=2.0;M=0.5;

0.7 Rd =2.0; Kp = 0.1;
A=-1
06
05 . . . . . . . . .
0 1 2 3 4 5 6 7 8 9 10

n
Fig.4(a). Impact of heat source/sink parameter (Q) on f'(n).

0.4
0.35 8
Bit=1.2;y=04;S=0.2;
Pr=2.0; M =0.5;
03 Rd = 2.0; Kp = 0.1; 1
0.25 g
< 02 1
Q=-0.2
Q=-04
0.15 Q=-06 g
Q=-0.8
0.1 g
0.05 .

n

Fig.4(b): Impact of heat source/sink parameter (Q) on 6(n).

12
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Fig. 5: Impact of magnetic parameter M on f'(n).

Fig. 5 displays the alteration in velocity layout f'(n) with variant values of M for
both aiding flow (1 = 1) and contending flow (1 = —1) cases. In the region of the
stream, positive enhancement in M helps to restore the magnetic field. The
enhancement in magnetic parameter M generates the Lorentz force to rise and act
against the flow. In both cases (1 = 1 and 1 = —1) velocity layout f'(n) increases,
when magnetic field parameters M is boosted up.

3. Conclusion

The current research addressed Ti0O, — MgO/ethylene glycol based MHD hybrid
nanofluid heat transport analysis over a porous media, developing a model to scrutiny
the aiding and contending flow. The dominance of leading parameters i.e.,
suction/injection, heat generation/absorption, and thermal radiative flow have been
researched densely and delineated in terms of figures. The impact of velocity slip on
boundary layer flow is also analyzed. Moreover, the surface is subjected to
convective heating. Some noteworthy outcomes of the present perusal are
summarized as follows.

e In comparison to contending flow, for aiding flow the hybrid nanofluid velocity
(Tio, — MgO /ethylene glycol) is found to be lofty.

13
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Velocity rises with an enhancement of the porosity parameter for aiding flow
while for contending flow velocity and porosity parameters are negatively
correlated.

In the case of assisting flow, the thermal Biot number has a direct relation with
velocity layout while for the case of opposing flow a contrary result has been
observed. 8(n) and thermal Biot numbers are directly related.

In the case of assisting flow, the slip parameter has a positive correlation with
velocity layout while for contending flow a reverse result has been observed.

In the case of assisting flow, the suction/injection parameter has a negative
correlation with velocity layout while for the case of contending flow, a contrary
result has been observed. For both i.e., A=1 and 1 =—-1, 6(n) and @(n)
diminish together with an enhancement in S(suction/injection parameter).
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