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Abstract : The main objective of the present investigation is to study Hall current effects on the three dimensional squeezing flow
of TiO2 nanofluid with water and Ethylene Glycol(Eg) base fluids in a vertical channel and its heat transfer characteristics. The
governing equations are reduced to set of ordinary differential equations and then numerically solved by employing Runge-Kutta-
Fehlberg fourth-fifth order method. Effect of pertinent parameters on velocity, temperature fields is examined through the plots.
Skin-friction coefficients, Nusselt number for different variations are studied numerically. The authors have hope that the results
obtained in the present study not only provide useful information for applications, it also serves as a complement to the previous
studies.

1.INTRODUCTION:

Dissipation is the strait of metamorphosing mechanical energy of downward-flowing water into acoustical and thermal
energy. Viscous dissipation effects play a momentous role in free convection in various devices which are operated at high speeds.
To define the viscosity of dilute suspensions, dissipation function is used (Einstein [39]). Viscous dissipation with magneto
hydrodynamic flow has many momentous geothermal, technological and industrial applications such as MHD accelerators and
MHD power generation, liquid, and metal nuclear reactors. When the flow field is in high gravitational field or at low temperature
or of exhaustive size, the viscous dissipation heat in the free convective flow is momentous. The importance of viscous dissipative
heat in free convection flow in the case of constant heat flux and isothermal at the plate has been demonstrated and implicit finite
difference method of Crank-Nicolson’s type to obtain the numerical solution heat transfer on MHD through electrical conductivity
by Gebharat [40], Kishore et al. [41], Sakiadis [42], Jewel Rana et al.[43].

After the outstanding development of nanotechnologies in early 1990, a new type of suspension containing nanoparticles
called nanofluid has appeared. These nanofluids have gained attention due to their importance in improving the efficiency of thermal
systems. The nanoparticles may be metals, oxides, carbides or nitrites, while the base fluid may be water, kerosene, motor oil,
tolune, ethylene and tri-ethylene glycol are according to the process used.

However, the heat transfer efficiency also depends on the thermal performance of working fluids. Thus, improving the thermal
conductivity of working fluids becomes a major and challenging task for industrial necessity. The inspiration of suspended
nanoparticles in a base fluid to increase the thermal conductivity was proposed by Choi [5] about a decade ago. Thereafter,
theoretical and experimental investigations on the nanofluid heat transfer property have been conducted by Wang et al. [37],
Eastman et al. [10], Buongiorno [3], etc. They have concluded that the thermal conductivity of the base fluid can be dramatically
enhanced in the presence of nanoparticles. Besides, there are two models are available to incorporate nanoparticle effect on fluid
flow problems namely single phase model and two-phase model. Further, Buongiorno or Tiwari and Das model is used to model
the single-phase nanofluid.

It has been established by Chen et al [4] on measuring the effective thermal conductivity that improvement in Tio2
nanoparticles and Tio2 nanotubes with Ethylene glycol as base fluids are higher than those with water as a base fluid. Several
authors have (Das [6], Hamad and Pop [13], Sheikholeslami and Ganji [30, 31], Turkyilmazoglu, Turkyilmazoglu & Pop [34, 35])
studied the MHD effects on nanofluid flow in a permeable channel. Kuznetsov and Nield [18] critically analyzed the natural
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convection flow of a nanofluid past a vertical plate. A comparison of MHD convective flow Tio2 —water and Al203-water nanofluids
is made by Reddy and Chamkha [28]. Mebarek-Oudina [21, 22] numerically investigated convective heat transfer of nanofluids in
an annular space between two vertical coaxial cylinders containing a constant heat source. Pak and Cho [27] experimentally
analysed improvements in heat transfer with Tio2 and Al203 nanofluids in a pipe under turbulent flow condition and suggested
Nusselt number correlation.

In this study, Tio2 nanofluids are used, where they appear in various applications particularly in energy systems. With the
development of hat transfer process, the sector of application of Tio2 nanofluids expands in the fields of solar collectors, heat pipes,
energy storage refrigeration, and other energy applications. The thermal conductivity of the Tio2 nanofluids can be affected by the
ingredients of the base fluids.

On the other hand, an unsteady squeezing flow of an electrically conducting fluid occurs in many engineering and industrial
applications such as lubrication, food industries, transient loading of mechanical components, power transmission, polymer
processing, compression and injection modelling. The squeezing flow of a fluid was first introducing by Stefan [33], Following this
work, many researchers have investigated such flow with different aspects. Numerical solution for a fluid film squeezed between
two parallel plane surfaces have been reported by Hamza and Macdonald [15], Domairry and Aziz [9], Mustafa et al [24], Hamza
[14], Munawar et al [23], Hayat et al [16], Mahantesh et al[19], Freidoonimehr et al. [11], Gireesha et al. [12], Das [6].

To accurately predict the flow the heat transfer rate, it is necessary to take into account this cariation of viscosity.
Convection flow in nature and engineering phenomena requires that viscosity and thermal conductivity of fluids vary with
temperature. For instant, the viscosity for dry air at 100° C is 21.94x1056 kg/ms while at 200° C it is 26.94x10 kg/ms, Ali [1] was
briefly discussed the effect of variable viscosity on mixed convection heat transfer along a vertical moving surface. Vajravelu et al
[36], and Issac and Anselm [17] showed that, velocity distribution decreases with increase in viscosity while the temperature profiles
increase with increase in variable viscosity. Several authors [Devi and Prakash [8], Sreenivasulu et al[32], Makinde[20], Satya
Narayana and Ramakrishna [29], Nagasasikala [25], Devasena[7]) one step used to variable viscosity of the MHD flow of a variable
viscosity nanofluid over a radially stretching convective surface with radiative heat.

Recently Tulasilakshmidevi and Sreenivasa Reddy [38] have brief discussed about three-dimentional squeezing flow of
Ttania nanofluid in different base fluids with heat sources and this research work was comparison with their results.

In this research paper, authors have been discussed the heat transfer characteristics of Hall current effects on the three
dimensional squeezing flow of TiO, nanofluid with water and Ethylene Glycol(Eg) base fluids in a vertical channel. For different
parametric variables and tabular values on velocity, temperature fields are examined through the plots. Skin-friction coefficients,
Nusselt number for different variations are studied numerically. The authors have hope that the results obtained in the present study
not only provide useful information for applications, it also serves as a complement to the previous studies.
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Figure 1 : Flow configuration and coordinate

2. MATHEMATICAL FORMULATION

Consider an unsteady three-dimensional squeezing flow of Tio2 nanofluid with water and Ethylene Glycol base fluids in
a vertical channel. The plane positioned at y = 0 is stretched with velocity Uy, = ax/(1 — a t) in x-direction and maintained at the
constant temperature To and concentration Co. The temperature at the other plane is Tn and located at a variable distance
h(t) = \/m In negative y-direction, the fluid is squeezed with a time dependent velocity v, = dh/dt =-a/2.fv, /al—at) - The

fluid and the channel are rotated about y-axis with angular velocity 3 = @] /(1— at) . The transverse magnetic field is assumed to be

variable kind B = B,/+/(L—at) and it is applied along y-axis. The fluid is sucked/injected from the plane located at y = 0 as shown

in figure 1. The magnetic Reynolds number is assumed to be small thus induced magnetic field is negligible. In addition, effects of
Hall current, viscous dissipation and Joule heating are neglected.

Under those assumptions, the governing equations with Hall effects and non-linear thermal radiation for the velocity and
temperature fields in the presence of internal heating source are given by [Hayat et al 2015 [16], Munawar et al 2012 [23]].
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where u, v and w are velocity components along x,y and z directions respectively, p is pressure. By is the magnetic field, o is the
electrical conductivity, g is the magnitude of acceleration due to gravity, o is characteristic parameter with the dimension of
reciprocal of time t and at < 1. T is temperature of the fluid Qo is uniform volumetric heat generation/ absorption; here Qo<0 and
Qo > 0 are respectively corresponds to internal heat absorption and generation, pyr is effective density of the nanofluid, vis = it / pn
is effective kinematic viscosity of the nanofluid, kqs and (pCp)ar are effective thermal conductivity and heat capacity of the nanofluid
respectively. They are defined as follows;
Pt =1=0)pi +0ps, (PB)or =(@)@B) +P(pP)s, (PC,) =A=0)(PC,) ¢ +9(C,),

ae k(Ko +2K0) —20(k, —k,) (26)
L-9)*" Ky (K, +2K,) +20(k, —k,)
where the subscripts nf, f and s represent the thermo physical properties of the nanofluid, base fluid and the nanosolid particles
respectively and ¢ is the solid volume fraction of the nanoparticles. The thermo physical properties of the nanofluid are given in

/unf =

The thermo physical properties of the nanofluids are given in Table 1 (See Oztop and Abu-Nada (2008).
Table — 1 : Physical Properties of nanofluids

Physical properties | Fluid phase (Water) | Fluid phase (Ethylene Glycol) | Tio2 nanofluid
Co(ikg K) 997.1 1115 686.2
p(kg m®) 4179 2430 4250
k(W/m K) 0.613 0.253 9.9538
Bx107 1/k) 21 5.7 0.90
o 5.5x108 10.7x10°® 6.27x10°
The approximate boundary conditions for the present problem are;

U(lelt) :UWO’ V(X, y’t) :VWO’ aty:0 (27)

W(nyyt)zoa T(X7y’t):T0’

ulxy. =0, VOYD =V g Sy (2.8)

W(nyvt)zoa T(X7y’t):T 1

where T, =T, +T,/ (1-at),,V,,

corresponds wall suction.
The dynamic viscosity of the nanofluids is assumed to be temperature dependent as follows:

#;(T) = Exp(=m(T —T,)) (2.9)

where 4 is the nanofluid viscosity at the ambient temperature To, m is the viscosity variation parameter which depends on the

=-V,/(1—at) . Here Vo is constant, Vuwo < O corresponds injection whereas Vo > 0

particular fluid.
The radiation heat term(Brewster[2]) by using The Rosseland approximation is given by

. 14
q ——d0 T (2.10)
3B oy
T =477} -31;) (2.11)
where ¢ is the Stefan —Boltzman constant and ﬂR is the mean absorption constant.
The non-dimensional temperature 0() = T-Tv canbe simplified as
0 _Th

T=T,1+(6,-1)6) (2.12)
T,
where @ = —2is the temperature parameter.
h
To reduce the governing equations into a set of similarity equations, introduce the following similarity transformations
[Munawar et al 2012[23]].
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where a suffix 7 denote the differentiation Wlth respect to 77 and vz is the kinematic viscosity of the base fluid. Using the above
transformations (2.13), the equation (2.1) is automatically satisfied, while the equation (2.2) — (2.5) are respectively reduces to the
following nonlinear ordinary differential equations;

(2.13)

u:UWqun, V=—

£, —Bf, 0, =Exp®0)| ff —f2—p[ 12t j—przf PP g
,,,, xp( ){ ) ﬂ( 2, .+ o [ (2.14)
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a’x ox’
1 t 1 25 BH
fU”—Bfﬂﬁﬂ+Exp(BQ)[—f f77+§(f +77f,7)}— ( “)Loa¢) P, (2.15)
Yo
9,, ~Bg9,0, + Exp(Bﬁ)({f 9,-f,9 —ﬂ(g gg,,ﬂ——flvl ’9) =0, (2.16)
nf
K
Rd[(1+(9w_1)¢93)<9’]'+2k—fPr[As{ﬂ(mg@n)Jr f9”}+Q9}
nt . (2.17)
+—[2EcPr{( ) +( )}+M EcPrAS{(f) +g%}]=0
knf ay ay
The transformed boundary conditions are;
f,=1, f=fw, g¢g=0, 6=0, at n=0
f,=0, f=2, g=0, 6=1, at n=1 (2.18)

where
B = (afa) is the squeezing parameter, B =m(T, —T,) is the viscosity parameter, m = (@) is Hall parameter,

M? =oBZ / ap; is magnetic parameter, Gry = Gr / Re? is mixed convection parameter, Gr=g(f,), T,x*/vi(l—at) is

modified Grashaf number, Re = xUwo/ v is Reynolds number, Pr = (ucp)s / ks is the Prandtl number, Q = Qo / a(pCp)s is heat
source / sink parameter and fw = Vo / ah is suction / injection parameter. Q = Qo / a(pCp)s is heat source / sink parameter,
46°T) - Ugs ' . T, .
is the Radiation parameter, EC = ——*°—— s the Eckert number(verify), 8, = =* = A is the temperature
Ky Br (PCy) Ty To

1 P (PC,)s (PB) K 3
1— s 1— _ sy oa K _ (1-o0)p oy
=) A =( ¢)+¢(pf) A=1-p+ w( C.), T A= <0+(p(( oy A= , A =1+ = )) -

It is important to mention that, 3 = 0 represents plates are stationary, > 0 corresponds to the plate which is located at y = h(t)
moves towards the plate which is located at y = 0 and 3 <0 corresponds to the plate at y = y(t) moves apart with respect to the plate
aty=0.

For engineering and industrial point of view, one has usually less interest in velocity and temperature profiles nature than
in the value of the skin-friction and rate of heat transfer. Therefore expression for the local skin-friction coefficient and the local
Nusselt number at both the walls are defined as;

Rd =

difference ratio, A =

. (Z’ ) . (z,.) ht
Cilayo= ' Cia =h(t) — S (2.19)
e quuz 1§ pnva%O
) Vi (Gy)y - Vi (g )yona
Nu . .= _fL, Nu . ... = _M, (2.20)
at y=0 a kao at y=h(t) a kaO
where 1y is the shear stress and gyy is the heat flux, which are given by
u ou T OT
Ty = My au +a— and g, =k, 0 —t+— 0 (2.21)
ox oy oxX oy

In view of equation (2.20) and similarity transformations (2.13); equations (2.19)-(2.20) will takes the following form;

C:' aty=0 = \/@C: aty=0 fr?f? (O)/(1_¢)ZY5[1_¢+¢[&J1

Ps

C:, at y=h(t) = \/%C:, at y=h(t) = fﬂ’l (1) /(1_¢)215(1_¢+¢£&J1
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K.
aty=0 — _k_gyl (0)! Nu
f
3. NUMERICAL METHOD AND VALIDATION
A set of non-similar equations (2.15)-(2.17) are nonlinear in nature and possess no analytical solution, thus, a numerical
treatment would be more appropriate. These set of ordinary differential equations together with the boundary conditions (2.14) are
numerically solved by employing fourth-fifth order Runge-Kutta-Fehlberg scheme with the help of Maple. This algorithm in Maple
is proven to be precise and accurate and which has been successfully used to solve a wide range of nonlinear problem in transport
phenomena especially for flow and heat transfer problems. In this study, we set the relative error tolerance to 10 . Comparison
results are recorded in table 1 and are found to be in excellent agreement. The effects of development of the squeezing three-
dimensional flow and heat transfer in a rotating channel utilizing nanofluid are studied for different values of squeezing parameter,
rotation parameter, magnetic parameter, suction/injection parameter, mixed convection parameter, nanoparticle volume fraction
parameter, Prandtl number, radiation parameter and heat source/sink parameter. In the following section, the results are discussed
in detail with the aid of plotted graphs and tables.

Nu =(1—at)"® Nu”

at y=0 at y=h(t)

. K
= (A=) NU'y g == 56,0) 222
f

4.COMPARISION:

Table 3a :In the absence of Eckert number(Ec=0) the results are in good agreement with those of Reddy et al [38]

Parameter Water-TiO2 nanofluid Water-TiO2 nanofluid
Sreenivasa Reddy et al[ 38 ] Present Results
7x(0) Ty (0) Nu(0) 7x(0) Ty (0) Nu(0)
m 0.5 [-6.45102 |-0.0076562 |-1.002476 -6.45099 |-0.0076560 [-1.002474
1 -6.53071 |-0.0481799 |-1.002487 |-6.53067 |-0.0481790 |-1.002486
1.5 |-6.62365 |-0.1194525 |-1.002588 |-6.62364 |-0.1194522 |-1.002582
Rd 0.5 |-6.44609 |-0.0130798 -1.002478 -6.44608 |-0.0130791 |-1.002476
1.5 }-6.53071 |-0.0481799 |-1.002487 |-6.53067 |-0.0481792 |-1.002484
5 |-6.67127 |-0.0949682 |-1.002634 |-6.67122 |-0.0949680 |-1.002630
Q 0.5 |-6.44608 | -0.013082 |-0.995255 |-6.44602 | -0.013079 |-0.995252
1 -6.44606 | -0.013081 |-0.994049 |-6.44601 | -0.013075 |-0.994042
1.5 -6.44604 | -0.013079 |-0.990444 |-6.44600 | -0.013069 |-0.990439
B 0.2 |-5.17273 | -0.001953 |-0.997932 |-5.17268 | -0.001952 |-0.997930
0.4 |-5.15858 | -0.001984 |-0.997928 |-5.15855 | -0.001980 |-0.997922
0.6 |-5.14578 | -0.002093 |-0.997925 |-5.14572 | -0.002090 |-0.997926
d 0.05 |-6.44609 | 0.027971 |-1.002445 |-6.44601 | 0.027969 |-1.002446
0.1 |-6.56401 | 0.092948 -1.002456 -6.56399 | 0.092944 |-1.002457
0.15 | -6.6933 | 0.165833 |-1.002567 |-6.69250 | 0.165830 |-1.002566
B 0.2 |-6.44608 | -0.013087 |-0.995255 |-6.44606 | -0.013086 |-0.995259
0.4 |-5.81921 | -0.008275 |-0.993134 |-5.81930 | -0.008276 |-0.993132
0.6 |-5.22743 | -0.003886 -0.991125 |-5.22742 |-0.0038888 |-0.991127
A 1.05 |-5.12163 | -0.002099 -0.997919 |-5.12165 | -0.002097 |-0.997920
1.15 |-5.12167 | -0.002082 |-1.000456 -5.12169 | -0.002080 |-1.000455
1.2 -5.12176 | -0.002081 |-1.005377 |-5.12172 | -0.002079 |-1.005376

Table 3b : In the absence of Eckert number(Ec=0) the results are in good agreement with those of Reddy et al [38]

Parameter

Ethylene Glycol-TiO2 nanofluid
Sreenivasa Reddy et al[ 38 ]

Ethylene Glycol-TiO2 nanofluid
Present values

x(0)

7y(0)

Nu(0)

x(0)

7y(0)

Nu(0)

0.5

-6.40185

-0.007319

-1.00102

-6.40179

-0.007259

-1.00096

1

-6.48053

-0.047942

-1.00106

-6.48047

-0.047882

-1.00100

15

-6.57389

-0.118815

-1.00117

-6.57383

-0.118755

-1.00111

Rd

0.5

-6.39665

-0.013527

-1.00102

-6.39659

-0.013467

-1.00096

1.5

-6.48053

-0.047942

-1.00106

-6.48047

-0.047882

-1.00100

5

-6.62173

-0.094449

-1.00112

-6.62167

-0.094389

-1.00106

0.5

-6.39664

-0.0108298

-1.001327

-6.39658

-0.0107698

-1.001267

1

-6.39544

-0.0107455

-0.997689

-6.39538

-0.0106855

-0.997629

1.5

-6.39535

-0.0090196

-0.996191

-6.39529

-0.0089596

-0.996131

0.2

-5.12368

-0.0019567

-1.001556

-5.12362

-0.0018967

-1.001496

0.4

-5.10816

-0.0019708

-0.999249

-5.10810

-0.0019108

-0.999189

0.6

-5.09512

-0.0019849

-0.999242

-5.09506

-0.0019249

-0.999182

0.05

-6.39665

0.0291706

-1.001026

-6.39659

0.0292306

-1.000966

0.1

-6.49823

0.0933258

-1.001066

-6.49817

0.0933858

-1.001006

0.15

-6.61669

0.1666359

-1.001125

-6.61663

0.1666959

-1.001065

p

0.2

-6.39664

-0.0125298

-1.001325

-6.39658

-0.0124698

-1.001265
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Parameter |Ethylene Glycol-TiO2 nanofluid |Ethylene Glycol-TiO2 nanofluid
Sreenivasa Reddy et al[ 38 ] Present values
7x(0) ty(0) Nu(0) 7x(0) ty(0) Nu(0)
0.4 |-5.76833 |-0.0062137 |-0.997351 | -5.76827| -0.0061537 | -0.997291
0.6 |-5.17641 |-0.0037926 |-0.996557 | -5.17635| -0.0037326 | -0.996497
A 1.05 |-5.07139 | -0.002091 |-1.001555 | -5.07133| -0.002031] -1.001495
1.15 |-5.07235 | -0.001668 |-1.001866 | -5.07229| -0.001608| -1.001806
1.2 |-5.07321 | -0.001068 |-1.002317 | -5.07315| -0.001008| -1.002257

5. DISCUSSION OF THE NUMERICAL REASULTS:

We make an investigation of the three dimensional squeezing convective flow, heat transfer flow of an electrically
conducting Water based Tio2 nanofluid and Ethylene Glycol based Tio2 nanofluiud in a vertical channel in the presence of internal
heat generating source/sink. In our numerical simulation the default values of the parameters are considered as : $=0.4, M?=0.5,
Q=0.5.m=0.5, B=0.5,$=0.05,Rd=0.5,B=0.2,Ec=0.05,A=1.05, Pr=0.71,.In order to analyse the effects of various pertinent
parameters on velocity, temperature and concentration profiles, several graphs are plotted. The axial velocity is positive, transverse
velocity and temperature are negative for all variations. We follow the convention that the non-dimensional temperature (6)is
positive/negative according as the actual temperature(T) is greater /lesser than the ambient temperature (To).

Figure.2a-2c are plotted for f,9,6 profiles against n for different values of G by fixing other parameters. Thermal Grashof
number signifies the relative magnitude of the thermal buoyancy force and the opposing frictional force (viscous hydrodynamic
force) acting on the nanofluids. It can seen from the profiles that the actual temperature decrease with increase in Grashof number
G while the axial velocity f’ reduces in the region (0,0.5) and enhances in the region(0.5,1) and the transverse velocity g enhances
in the entire flow region (0,1.0) with increase in G. This may be attributed to the fact that an increase in G reduces the thickness of
the momentum boundary layer and increases the thickness of the thermal boundary layer. The values of the axial velocity in water
based Tio2 nanofluid are greater than the values in Eg based Tio2 nanofluid in the flow region (0,0.5) while in the region(0,5,1,0)
opposite effect is observed. The values of transverse velocity and actual temperature in Water based Tiuo2 nanofluid are relatively
smaller than those in Eg based Tio2 nanofluid.

Fig.3a-3c depict the effect of magnetic field parameter(M?) on f',g ,0.the parameter M is related directly to the applied
magnetic field strength HO.Increasding magnetic field strength therefore elevates the Lorentz drag force which inhibits f*. It can
be found from the profiles that the transverse velocity component g enhances with increase in M in the entire flow
region(fig.3a&3b),while the axial velocity f ’ reduces in the right half (0,0.5) and enhances in the left half (0.5,1.0) of the
channel(fig.3a). Effectively the application of transverse magnetic field to the electrically conducting fluid nanofluid generates a
resistive type force, which acts against the motion of the nanofluid. The thickness of the thermal boundary layers enhance with
increase in M which results in a fall in the actual temperature in the flow region(figs.3c).However the application of the magnetic
field achieves excellent flow control in the regime and provides a simple but effective mechanism for regulating nanomaterial’s
processing operation. The values of the axial velocity in water based Tio2 nanofluid are greater than the values in Eg based Tio2
nanofluid in the flow region (0,0.5) while in the region(0,5,1,0) opposite effect is observed. The values of transverse velocity in
Water based Tiuo2 nanofluid are relatively greater than those in Eg based Tio2 nanofluid. The actual temperature in Water based
Tio2 nanofluid are smaller than those in Eg based Tio2 nanofluid in the flow region(0,1.0).

The influence of Hall parameter(m ) on f',g,0 can be observed from the figs.4a-4c.The Hall parameter features arising in
both the dimensionless primary and secondary momentum equations(2.15&2.16).The axial velocity f ’ reduces in the right half
(0,0.5) and enhances in the left half (0.5,1.0) of the channel while transverse velocity g upsurges, actual temperature reduces with
increase in m. This is due to the fact thickness of the thermal boundary layer decrease with m. The values of the axial velocity in
(0,0.5),transverse velocity in (0,1) in Water based Tio2 nanofluid are relatively greater than those in Eg based Tio2 nanofluid. The
axial velocity in (0.5,1) and actual temperature in (0,1)in Water based Tio2 nanofluid are smaller than those in Eg based Tio2
nanofluid.

Fgs.5a-5¢ show the influence of thermal radiation(Rd) on f’,g,0 .It can be seen from the profiles(figs.5a-5b)that there is
a significant depreciation in the magnitude of the velocity component f ' in (0,0.5) and enhancement in (0.5,1).The transverse
velocity(g) enhances, actual temperature reduces in the presence of thermal radiation throughout the flow region. The radiation
parameter is found to reduce the hydrodynamic boundary layers along x and y-directions .the presence of the thermal radiation is
very significant on the variation of temperature. It is seen that the temperature decreases rapidly in the presence of thermal radiation
parameter throughout the flow region. This may be attributed to the fact that as the Roseland radiative absorption parameter
R*diminishes the corresponding heat flux diverges and thus falling the rate of radiative heat transfer to the fluid causing a fall in
the temperature of the fluid. The thickness of the thermal boundary layer also decreases with increase in Rd(fig.5¢). The values of
the axial velocity in (0,0.5),transverse velocity in (0,1) in Water based Tio2 nanofluid are relatively greater than those in Eg based
Tio2 nanofluid. The axial velocity in (0.5,1) and actual temperature in (0,1)in Water based Tio2 nanofluid are smaller than those in
Eg based Tio2 nanofluid.

Figs.6a-6¢c demonstrate the variation of f°,g and 0 with viscosity parameter(B).An increase in viscosity parameter(B)
reduces the axial velocity f* in the flow region (0,0.5) while the velocity f* in the region(0.5,1.0),the transverse velocity(g),actual
temperature in the flow region(0.1) upsurge in the entire flow region. The values of the axial velocity in (0,0.5),the actual
temperature in (0,1) in Water based Tio2 nanofluid are relatively greater than those in Eg based Tio2 nanofluid. The axial velocity
in (0.5,1) and transverse velocity (g) in the region (0,1)in Water based Tio2 nanofluid are smaller than those in Eg based Tio2
nanofluid.

Figs.7a-7c show the variation of f°,g and 6 with Eckert number(Ec).From the profiles we find that the axial velocity (f°) in the
flow region(0,0.5),transverse velocity(g),actual temperature depreciate in the flow region(0,1) while the axial velocity (f ©) enhances
in the flow region(0.5,1.0) with higher values of Ec .This may be attributed to the fact that the thickness of the momentum and
thermal boundary layers become thinner with increase in dissipative energy. The values of the axial velocity in (0,0.5),transverse
velocity, the actual temperature in (0,1) in water based Tio2 nanofluid are relatively smaller than those in Eg based Tio2
nanofluid.The axial velocity in (0.5,1) in Water based Tio2 nanofluid are greater than those in Eg based Tio2 nanofluid.
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Figs.8a-8c are plotted to illustrate the effect of heat source parameter (Q) on the flow variables. It can be seen from the
profiles that the axial velocity(f’) in the flow region(0,0.5) and transverse velocity(g) in the flow region(0,1) reduce, while axial
velocity in the region(0.5,1),actual temperature in the flow region(0,1) enhances with increase in the strength of the heat generating
source. This may be attributed to the fact that in the presence of heat generating source, energy is absorbed in the flow region(figs.8a-
8c). The values of the axial velocity in (0,0.5),transverse velocity in (0,1) in water based Tio2 nanofluid are relatively greater than
those in Eg based Tio, nanofluid. The axial velocity in (0.5,1) and actual temperature in (0,1)in water based Tio, nanofluid are
smaller than those in Eg based Tio2 nanofluid.

The effect of nanoparticle volume fraction ( ¢ ) on f',g,0 can be seen from the figs.9a-9c.As the volume fraction increases ,the
thermal conductivity of the nano-fluid is elevated. Therefore thermal diffusion is associated in the regime. It can be found from the
profiles that an increase in nanoparticle volume fraction leads to a reduction in the axial velocity in the flow region(0,0.5) ,transverse
velocity(g) in the region(0,1) while f* in the region(0.5,1), actual temperature in the region(0,1) enhances with increase in ¢.This
may be attributed to the fact that the thickness of the momentum boundary layer reduces with increase in ¢. Also the thickness of
the thermal boundary layer increases with increase in ¢ which leads to a rise in temperature in the flow region(figs.9c). The values
of the axial velocity in (0,0.5), transverse velocity in (0,1),actual temperature in (0,1) in Water based Tio2 nanofluid are relatively
greater than those in Eg based Tio2 nanofluid. The axial velocity in (0.5,1) in Water based Tio2 nanofluid are smaller than those in
Eg based Tioz nanofluid.

Figs.10a-10c  represent the effect of non-linear thermal radiation on axial velocity, transverse velocity and
temperature.From the graphs we find that the axial velocity(f ‘), transverse velocity(g) and actual temperature experience a
depreciation in the entire flow region with rising values of temperature difference ratio(A).Thus the non-linear ity in thermal
radiation results in a decay in all flow variables in the boundary layer. The values of the axial velocity in (0,1.0) in water based Tio2
nanofluid are relatively greater than those in Eg based Tio2 nanofluid. The transverse velocity in (0,1) and actual temperature in
(0,2)in Water based Tio2 nanofluid are lesser than those in Eg based Tio2 nanofluid.

Figs.11a-11c illustrate the effect of suction on the flow variables. It can be seen from the profiles that an increase in suction
parameter(fw>0) enhances the all the velocity components in the entire flow region(11a&11b).From figs.11c we find that the actual
temperature reduces with suction parameter(fw>0). The values of the axial velocity in (0,1.0) in water based Tio2 nanofluid are
relatively smaller than those in Eg based Tio2 nanofluid. The transverse velocity in (0,1) and actual temperature in (0,1)in Water
based Tio2 nanofluid are greater than those in Eg based Tio2 nanofluid.

Figs.12a-12c present the typical profiles namely f ’,g,0 respectively for different values of the squeezing parameter
(B).From figs.12a-12c show that the magnitude of the axial velocity (f ') and transverse velocity(g) are increasing function functions
of squeezing parameter(B). This implies that squeezing effect on flow field is accumulated by it An increase in 8 results in a
depreciation in the temperature (figs.12c).This is due to the fact that a rise in squeezing parameter() values leads to a decrease in
the thickness of the thermal boundary layer. The values of the axial velocity ,actual temperature in (0,1.0) in water based Tio2
nanofluid are relatively smaller than those in Eg based Tio2 nanofluid. The transverse velocity in (0,1) in water based Tio2
nanofluid are greater than those in Eg based Tio2 nanofluid.

The effect of Prandtl number(Pr) on f ’,g,6 can be seen from figs.13a-13c.Prndtl refers to the relative contribution of
momentum diffusion to thermal diffusion in the boundary layer regime. Futhermore, an increase in Prandtl number results in a
decrease in the actual temperature distribution in the thermal boundary layer. The physical reason is that smaller values of Prandtl
number are associated with greater thermal conductivity, and therefore heat is able to diffuse away from the heated surface more
rapidly than at higher values of Prandtl number i.e the energy diffusion rate is greater than the momentum diffusion rate for Pr<1
where as the converse is evident for Pr>1.For Pr=1 both the energy and momentum diffusion rates are the same. Effectively the rate
of heat transfer is reduced and an increase in Pr induces a reduction in the thickness of the thermal boundary layer. From the profiles
we find that all the axial velocity(f’),transverse velocity(g),actual temperature in (0,1) experience a depreciation in the region while
in the region(0.5,1,0) the axial velocity enhances, with increase in Pr. Also lesser the thermal diffusivity smaller the thickness of
the thermal boundary layer in the entire flow region(figs.13c). The values of the axial velocity in (0,0.5) ,the actual temperature in
(0,2) in water based Tio2 nanofluid are relatively smaller than those in Eg based Tio2 nanofluid. The axial velocity in (0.5,1),
transverse velocity in (0,1) in water based Tio2 nanofluid are greater than those in Eg based Tio2 nanofluid.

The Skin friction components tx,ty,Nusselt number on the walls ((77 = 0,1) are exhibited in tables.2 for different

parametric variations. Increase in Grashof number enhances (tx) at left wall and reduces at the right wall . (ty) reduces at n=0 and
enhances at n=1.Higher Lorentz force smaller (tx) and larger (ty) at both walls. (tx) and (ty) grow at n=0&1with increase in Hall
parameter(m)/ radiation parameter(Rd)/nanoparticle volume fraction(¢)/ suction parameter(fw). (tx) and (ty) decay with higher
values of Ec/Q/B at left wall(n=0). (tx) decays at n=0 and grows at n=1 with higher values of viscosity parameter(B) while opposite
effect is noticed in (ty) at =0 and 1. At right wall(n=1), (tx) enhances with Ec/B and reduces with Q/Pr and (ty)enhances with
Q/Pr,decays with E/B.Increase in temperature difference ratio(A) reduces (tx) at left wall and enhances at right wall while opposite
effect is observed in (ty) at =0 and 1 in both types of nanofluids. For an increase in M/m/Rd/Ec/Q/B/fw/A, the skin friction
components at left wall(m=0)in water based Tio2 nanofluids are relatively greater than those in Eg based Tio2 nanofluid while
reversed effect is noticed with rising values of G/¢/Pr.At the right wall(n=1)for an increase in M/m/Rd/Ec/Q/B/B/A/Pr,the values
of skin friction components in water based Tio2 nanofluid are lesser than those in Eg based Tio2 nanofluid.For rising values of
¢/fw, values of (1x) and (ty) in water based Ti02 nanofluid are grater than those in Eg based Tio2 nanofluid.

The rate of heat transfer(Nu) enhances with increase in G/M/m/Rd /$/A and reduces with increase in B/fw/Pr at left
wall(n=0) in both types of nanofluids.Nu reduces with Q/p and enhances with Ec in Water based Tio2 nanofluid while in Eg based
Tio2 nanofluid, it reduces with Ec at n=0. At the right wall(n=1) Nu grows with higher values of G/Q/p/fw/Pr and decays with
M/m/Rd/Ec/B/¢/A,in both types of nanofluids. Fr an increase in G/Ec/Q/ S(B)/A/Pr the values of Nusselt number in water based
Tio2 nanofluid are relatively smaller than those in Eg based Tio2 nanofluid while opposite effect is observed win Nu with variations
in M/m/Rd/¢/fw.At the right wall(n=1)for variations in G/MQ/B/B/fw/A/Pr,the values of Nusselt number in water based Tio2
nanofluid are relatively greater than those in Eg based Tio2 nanofluid while for variations in m/¢,opposite effect is noticed in Nu
in water /Eg based Tio2 nanofluids.
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Table 3a:
Parameter Water-TiO2 nanofluid Ethylene Glycol-TiO2 nanofluid
7x(0) Ty (0) Nu(0) 1x(0) Ty(0) Nu(0)

G 2 |-6.44609 | 4.9064523 | 0.027971 |-6.39665 | 4.963214 | 0.02916
4 -6.71814 | 4.7002634 | 0.105404 |-6.61848 | 4.812793 | 0.10663

6 |-7.04123 | 4.5069145 | 0.217266 |-6.89402 | 4.672944 | 0.21991

M 0.5 -6.41078 |-0.0033373 |-1.002373 |-6.37428 | -0.003357 | -1.00101
1 |-6.38951 |-0.0130473 |-1.002474 |-6.33873 | -0.009728 | -1.00102

1.5 |-6.35378 |-0.0282596 |-1.002535 |-6.30275 | -0.028121 | -1.00103

m 0.5 |-6.45102 |-0.0076562 |-1.002476 |-6.40185 | -0.007319 | -1.00102
1 |-6.53071 |-0.0481799 |-1.002487 |-6.48053 | -0.047942 | -1.00106

1.5 |-6.62365 |-0.1194525 |-1.002588 |-6.57389 | -0.118815 | -1.00117

Rd 0.5 -6.44609 |-0.0130798 [-1.002478 (-6.39665 | -0.013527 | -1.00102
1.5 [-6.53071 |-0.0481799 |-1.002487 |-6.48053 | -0.047942 | -1.00106

5 -6.67127 |-0.0949682 |-1.002634 |-6.62173 | -0.094449 | -1.00112

Ec 0.1 |-5.12163 |-0.0020824 |-0.997915 |-5.07139 |-0.0019897 | -1.00155
0.2 -5.12162 |-0.0020822 |-0.998076 |-5.07035 |-0.0016683 |-0.999301

0.3 | -5.1216 |-0.0020819 [-0.998277 |-5.07024 |-0.0012168 |-0.998362

Q 0.5 |-6.44608 | -0.013082 |-0.995255 |-6.39664 |-0.0108298 |-1.001327
1 |-6.44606 | -0.013081 |-0.994049 |-6.39544 |-0.0107455 |-0.997689

1.5 |-6.44604 | -0.013079 |-0.990444 |-6.39535 |-0.0090196 |-0.996191

B 0.2 -5.17273 | -0.001953 |-0.997932 |-5.12368 |-0.0019567 |-1.001556
0.4 |-5.15858 | -0.001984 |-0.997928 |-5.10816 |-0.0019708 |-0.999249

0.6 |-5.14578 | -0.002093 [-0.997925 (-5.09512 |-0.0019849 |-0.999242

I 0.05 |-6.44609 | 0.027971 |-1.002445 |-6.39665 | 0.0291706 |-1.001026
0.1 |-6.56401 | 0.092948 |-1.002456 |-6.49823 | 0.0933258 |-1.001066

0.15 | -6.6933 | 0.165833 |-1.002567 |-6.61669 | 0.1666359 |-1.001125

B 0.2 -6.44608 | -0.013087 |-0.995255 |-6.39664 |-0.0125298 |-1.001325
0.4 -5.81921 | -0.008275 |-0.993134 |-5.76833 |-0.0062137 |-0.997351

0.6 |-5.22743 | -0.003886 |-0.991125 |-5.17641 |-0.0037926 |-0.996557

fw 0.1 |-5.12163 | -0.002182 |-0.997919 |-5.07139 |-0.0020917 |-1.001554
0.2 -6.44608 | -0.013082 |-0.995255 |-6.39543 |-0.0097456 (-0.998189

0.3 |-7.72907 | -0.024927 |-0.992628 |-7.67902 |-0.0248692 |-0.997155

A 1.05 |-5.12163 | -0.002099 |-0.997919 |-5.07139 | -0.002091 |-1.001555
1.15 |-5.12167 | -0.002082 |-1.000456 |-5.07235 | -0.001668 |-1.001866

1.2 |-5.12176 | -0.002081 |-1.005377 |-5.07321 | -0.001068 |-1.002317

Pr 0.71 |-6.44608 | -0.013082 |-0.995235 |-6.39664 | -0.013598 |-1.001324
1.71 -6.44607 | -0.013083 |-0.991516 |-6.39545 | -0.013745 |-0.996694

6.2 -6.44606 | -0.013086 |-0.981059 |-6.39537 | -0.014019 (-0.992498
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Table 3b :

Parameter Water-Tio2 nanofluid Ethylene Glycol-Tio2 nanofluid
tx(+1)  [ry(+1) Nu(+1) fx(+1) |[y(+1) Nu(+1)

G 2 14.90645 |-0.013079 |-1.002484 |4.96321 | -0.013529 | -1.00102
4 14.70026 |-0.049164 |-1.002494 |4.81279 | -0.048664 | -1.00106
6 |4.50691 |-0.099269 |-1.002653 | 4.67294 | -0.097601 | -1.00112
M 0.5 [4.90351 |0.0070826 |-0.996341 |4.96174 |0.0071577 | -0.998465
1 14.90204 |0.0280166 |-0.996317 | 4.95956 |0.0205467 | -0.998456

1.5 | 4.89956 |0.0618998 |-0.996278 | 4.95723 |0.0620935 | -0.998439
m 0.5 |4.90633 |0.0164061 |-0.996314 | 4.96352 |0.0171078 | -0.998452
1 14.91268 |0.1066452 |-0.996226 | 4.96932 |0.1069786 | -0.998415
1.5 | 4.92287 |0.2742553 |-0.996117 | 4.97899 |0.2751285 | -0.998372
Rd 0.5 |4.90645 |0.0279714 |-0.996316 | 4.96321 |0.0291706 | -0.998455
1.5 | 4.91268 |0.1066455 |-0.996227 |4.96932 |0.1069784 | -0.998415
5 |4.92576 |0.2226156 |-0.996061 | 4.98164 |0.2233334 | -0.998349
Ec 0.1 |3.23579 |0.0165416 |-0.999549 | 3.29261 |0.0172881 | -0.997756
0.2 |3.23589 | 0.016541 |-0.999429 | 3.29267 |0.0121369 | -0.997086
0.3 |3.23599 |0.0165406 |-0.999314 | 3.29269 |0.0166273 | -0.996638
Q 0.5 [4.90597 |0.0279703 |-1.000665 | 4.96328 |0.0291706 | -0.997851
1| 4.9059 |0.0279706 |-1.003087 |4.96309 |0.0305168 | -1.001176
1.5 |4.90577 |0.0279709 |-1.010345 | 4.96296 |0.0310562 | -1.004189
B 0.2 |3.23579 |0.0165416 |-0.999549 | 3.29261 |0.0172881 | -0.997756
0.4 |3.23581 |0.0165386 |-0.998176 | 3.29267 |0.0170366 | -0.997342
0.6 |3.23582 |0.0165306 [-0.997478 | 3.29269 |0.0166273 |-0.9969227
) 0.05 |-0.01379 |-1.002434 |-0.996316 |-0.01352 | -1.001024 | -0.998455
0.1 -0.04423 |-1.002455 |-0.996242 -0.04115 | -1.001065 | -0.998413
0.15 |-0.06846 [-1.002559 |-0.996112 |-0.06925 | -1.001126 | -0.998345
S 0.2 |4.90597 |0.0279703 |-1.000663 | 4.96326 | 0.029176 | -0.997851
0.4 |4.22753 |0.0229136 |-1.005043 | 4.28489 | 0.020804 | -1.001978
0.6 |3.58728 |0.0182611 |-1.009214 | 3.64493 | 0.018346 | -1.003548
fw 0.1 |3.23579 |0.0165416 |-0.999549 | 3.29261 |0.0172881 | -0.997756
0.2 |4.90597 |0.0279703 |-1.000667 |4.96309 |0.0205161 | -1.000178
0.3 | 6.62248 |0.0395396 |-1.001745 | 6.68005 |0.0396261 | -1.000689
A 1.05 | 3.23579 |0.0165416 |-0.999549 | 3.29261 |0.0172881 | -0.997756
1.15 | 3.23582 |0.0165417 |-0.996235 | 3.29267 |0.0181366 | -0.996366
1.2 |3.23588 |0.0165418 |-0.989265 |3.29278 |0.0196274 | -0.995473
Pr 0.71 |4.90597 |0.0279703 |-1.000696 |4.96323 |0.0291706 | -0.997853
1.71 | 4.90596 |0.0279756 |-1.004397 | 4.96314 |0.0305166 | -1.001688
6.2 |4.90592 |0.0279894 |-1.014874 | 4.96309 |0.032 0558 | -1.005919

CONCLUSIONS:

1
2)
3)
4)
5)
6)

7)

8)

9)

An increase in G reduces the axial velocity, actual concentration, enhances the transverse velocity. The skin friction component
(tx ), Nusselt number increase and (tz) reduces at n=0 and at n=1, tx, Nu reduce, 1z enhances with G.

Higher the Lorentz force smaller the axial velocity ,actual concentration, and larger the transverse velocity. The skin friction
(tx)reduces, tz,Nu enhances at n=0.while at n=1, tx, Nu decay, 1tz grows with increase in M.

An increase in Hall parameter( m ) reduces the axial velocity, actual temperature while the transverse velocity enhances. The
skin friction components, Nu grows at n=0 and decays at n=1,with increase in m.

An increase in nanoparticle volume concentration (¢ ) enhances the velocities and reduces the actual temperature .The skin
friction components grow at both the walls while Nu enhances at n=0,decays at n=1with increase in ¢.

Higher thermal radiation(Rd) smaller the axial velocity, actual temperature and larger the transverse velocity. The skin friction
components grow at both the walls while Nu enhances at n=0,decays at n=1with increase in ¢Rd.

An increase in the squeezing parameter(3) enhances the velocities and reduces the actual temperature .An increase in 3 reduces
the skin friction components at both the walls while Nu decays at n=0 and grows at n=1.

An increase in heat source parameter(Q) reduces the velocities and enhances the actual, temperature and.tx decay at both walls.
,Ty decays at left all and grows at right wall. Nu reduces at n=0 and grows at n=1 in water based Ti02 nanofluid while Nu groes
at both walls in both types of nanofluids.

Increase in temperature difference ratio(A) depreciates the velocities and actual; temperature. tx, grows at n=0&1in both types
of nanofluids. ,ty decreases at left wall and enhances at right wall in both types of nanofluids. Nu enhances at n=0 and reduces
at n=1 in both types of nanofluids with rising values of A.

Higher the dissipative energy smaller the velocities, and actual temperature. tx reduces at left wall and enhances at right wall
in both types of nanofluis. Ty decays at n1=0&1 in both types of nanofluids. Nu enhances at n1=0&1 in water based Tio2 nanofluid
while in Eg based Tio2 nanofluid, Nu decays with Ec in both types of nanofluids.
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10) The velocities enhances and actual temperature reduces with fw>0. tX, Ty grow at n=0&]1 in both types of nanofluids, reduces
at left wall and enhances at right wall with fw. Decays on the walls with rise in fw.
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