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ABSTRACT

We investigate the effects of variable viscosity and dissipation, diffusion of thermal, and hydromagnetic hall current of of
glycol-based Cu nanofluids through a stretched surface in the existence of a heat generating/absorbing source, combined
impact. The equations have been solved numerically. The flow characteristics have been analyzed for different parametric
variations. It has been observed with increase in the viscosity parameter 7 and C enhance in the boundary layer.
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1. INTRODUCTION

The continuous examination seeing as the time then, at that point, has reached out to usage of nano-fluids in micro-
electronics, energy units, drug processes, crossover controlled & motors cool, means of transportations, warm
administration, homegrown cooler, atomic reactor coolant, crushing, machining, space innovation, resistance and boats,
and evaporator pipe gas temperature decrease [3]. Indisputably, the nanofluids are more stable and have acceptable
viscosity and better wetting, spreading, and dispersion properties on a solid surface are analysed several authors
[[4,7,8,12,13,23, 30,39], which is being used by also many current researchers ([14,15, 24,35,29]) have been reported to
thermal and rheological properties.
For the combination of very low subatomic weight (hydrogen-helium) and medium subatomic weight (nitrogen-air) gases,
the thermal effect of dispersion is considered to be so high that it cannot be excluded [16]. Alam et al[5] focused on the
results of Dufour and Sourt on coherent convection and mass exchange flow in a nearly infinitely permeable vertical plane
in a permeable medium. Many inventors (5, 6, 16, 19-21, 26, 32, 37, 41) consider the thickness and temperature of the fluid
to accurately predict flow velocity and thermal motion.
It is important to note that the MHD has historically developed an interest in blocking or ignoring the limit position on a
continuously moving disk with respect to the decoy field influenced by the Hall current. The MHD analysis with Hall
Effect related have been thoroughly described to several researchers [1, 2, 10, 21, 26, 28, 30, 33, 34, 39, 40]. Mahanthesh
et al. [18], Mustafa et al. [22], Anuradha et al [8], Sudhakara Reddy [38] debate a non linear stretching in the existence of
Soret and Dufour effect with magnetite water and the pressure of non-linear thermal radiation on three dimensional steady
flow of a nanofluid past.
At the present, the variable viscosity, Hall Effect, heat sources on non linear transmission heat transfer flow of Ethylene
Glycol- Cuo nano fluid past stretching sheet effects. The resulting is numerically workout. The rate, temperature(6), and
concentration(C), Skin friction, Nusselt(Nu) and Sherwood(Sh) Numbers were showed in figures and table.
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whichever thusly creates a cross-stream speed toward already stated path & afterward, stream look right now three-layered.
Temperature and species fixation sustain at surface approved consistent levels Tw, Cw and T and C; are decent ratings
left from the outside.

Assuming the flowing thickness 71 varies as the inverse of a linear role of warmth, as

1_ L[l + 7, (T =T)] shown below
Heoou, '
1

—=a(T-1,)

i, 1)
Yo 1

a= and I, =1, —— 5
i, 2 )

Because of the above presumptions, the limit layer free convective stream with mass vehicle and the summed up Ohm's
law and Rossland guess administering conditions with Hall current impact are
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somewhere (u, v, w) exist rate mechanism (x, y, z) length. Dm, K1,Cs,Q1,Cp, T are solution diffusivity, thermal diffusion
ratio, concentration susceptibility, specific heat at constant pressure, coefficient of radiation absorption and mean fluid
temperature respectively.

The relevant conditions are
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u=bx+4’ 7; H
Gy
Uu—>0w—>0,7—71.C—Cs at  yow (9)
According to reference Mustafa[22] Nanofluids were clear followed to below properties:
25 kn
Mo =1, (1) Q=" 0w = (=)o, +dp,
f f f (pC,), f
(PC,),; =(L=9)PCp) , +#(PCp), (PB),; =U=9)(pP) ; + P (ph),
. ky(k, +2k, —2¢(k, — k,)
Y (k4 2k, + 24k, —F,)

yv=w=0T7T=1,C=C, at v=0 (8)

(10)

The nanofluid of the thermophysical spectacles were given in Table 1.
Physical Properties (Etiiﬁiii)lé;i_iol) CuO (Copper)) | Al203 (Alumina) (Titani::f;ioxide)
Cp(/kg K) 2415 385 765 686.2
p(kg m’) 1110 8933 3970 4250
k(WmK) 0.26 401 40.00 8.95
Bx10~ 1/k) 57.00 1.67 0.630 0.85
ox10’ 1.07 5.96 1.0x10° 0.85x10°

The non-dimensional temperature &(17) = can be simplified as

T=T_(+(0,-10) (11)

T, .
where @ =—"1is the temperature parameter (12)

Under the dimensionless variable

u = bxf'(n).v = by f (n):w = bxg(n):
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Where :
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Modified setting are the
S)=1+AY £7(n) AN)=0.8(M)=0.6(n)=1.C (n)=1 at n=0 (18)
S >0, gn)—>0,6(n) > 0.C(n) »0atn > =
dimensionless parameters are in the Egs. (14)-(17) are sequence as or [ v "T5 10" 10,
TW Tu‘ 1 \O(TW TH)‘ |
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chemical reaction parameters, Prandtl number Grashof number, Buoyancy ratio, thermal radiation, Soret parameter,
Schmidt number , heat generation / absorption, Eckert number, radiation parameter and Hall parameter respectively.

3. NUMERICAL PROCEDURE
The coupled ordinary differential equations (14)-(17) have been numerically proved by 5thorder Runge-Kutta-Fehlberg
unification format with mechanical grid generation format which ensures combining at a closer rate.

4. SKIN FRICTION(Cs), NUSSELT(Nu) AND SHERWOOD(Sh) NUMBERS
The non dimensional Skin friction, rate of heat and mass transfer at the boundary (=0 are given by

Cf TTW;?Y\\f\\ (0), Nul B(Tgww TT77), Sh Dl\o/[(CmWWHCH)HHCH(O) (20) bx kv

5. COMPARISON
The consequence values of References [36 & 27] the outcomes are in good concurrence given below.

Table 1a.Comparison of Nu and Sh at n=0 with Shit et al. [36] with
S=0,Ec=0,9=0,A=0,A11=0

. . | Shit et al.[36]Results Present Results

ML Ry QT TR0 [ sko) | Na) Sh(0)

05 | 1 | 05| 05 | 2| 06911 | 06267 | 0.69047 | 062433
15 | 1 | 05| 05 | 2| 06973 | 0654 | 0.69456 | 065236
05 | 3 | 05 05 | 2| -12379 | 09279 | -12.3699 | 091999
05 | 1 | 15| 05 | 2| 06952 | 10957 | 06925 | 109124
05 | 1 | 05| 05 | 2| -069%4 | 04399 | 06935 | 04877
05 | 1 | 05| 15 | 2| 0692 | 04247 | 069235 | 041437
05 | 1 | 05| 15 | 2| 05970 | 04075 | -0.59465 | 040529
05 | 1 | 05 | 15 | 4| 0692 | 06256 | -0.695%6 | 062149
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Table 1b Comparison of Nu and Sh at n=0 with Rahman et al. [27] with Pr=0.71, m= S, =0,
Rd=Q=y=Ec=0,6=0,A=0,A11=0 for different values of Or

Different Values Rahman et al. [27] Results Present Results
of Or Nu(0) Sh(0) Nu(0) Sh(0)
- -0.37865 4.80535 -0.37759 4.80546
-4 -0.30537 4.54269 -0.30497 454268
2 0.24825 448563 0.24238 448568
4 0.23878 433566 0.23879 433568

6. RESULTS AND FINDINGS

The combined effects of nonlinear thermal radiation, partial slip, dissipation, variable viscosity effects, Hall currents for
hydromagnetic free convection, and heat and mass transfer in glycol-based Cuo nanofluids in the presence of stretched
surfaces have been investigated. Heat

generation/absorption is discussed. The conclusion of this analysis are

The Hall-current(m): velocities of (f [1)&(g), enhance, temperature (7]) and concentration(C) reduce(Fig.2). With enlarge
in m, skin-friction(Cfy, Cfz), Nusselt(Nu) and Sherwood(Sh)Number grow in Ethylene Glycol-Cuo nanofluid.

An increase in the radiation parameter(Rd) enhances the (f (1), (g), [I and reduces (C) (Fig.3). Cfx, Cfz,Sh increase and
Nu reduces with Rd.

Higher the dissipative heat larger f (], g, [1 and smaller C in entire flow region (Fig.4). Cfx, Cfz, Sh grow and Nu decay
with Ec at the wall.

f J, g enhance and [, C reduce in the border line with upsurge in the nanoparticle

concentration([1)(Fig.5). Cfy, Cfz,Nu,Sh increase on the wall with [1.

f (1, g decrease in the region (0,1) and enhance in the region(1,5) alongside upsurge in the 6r. Among upsurge in the (6r),
[1and C enhance in the boundary layer(Fig.6). Cfx, Cfz,Sh decrease and Nu enhances with [Ir on [1=0.

Higher temperature ratio(A) smaller the f [1, g, [J and larger C (Fig.7). Cfx, Cfz, Sh decrease and Nu enhances with A.

An increase in slip parameter (A11) upsurge in the area (0,1.0) and down in the remaining area. [ and C depreciate in the

flow region(Fig.8) . Cfreduces Cfz, Nu and Sh enhance on [1=0 with Al11.
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Table-2 Skin Friction(Cfx_z), Nusselt(Nu) and Sherwood(Sh) Numbersat (1 =0

Parameter | Cfx(0) | Cfz(0) Nu(0) Sh(0) Parameter | Cfx(0) | Cfz(0) Nu(0) Sh(0)
m | 0.5 | 4.04492| 0.328518 | 0.248042 | 0.608825 | (1, | -2 | 4.04492| 0.328518 | 0.248042 | 0.608825
0.75 | 4.13846| 0.353634 | 0.248043 | 0.613222 -4 | 3.73872| 0.290692 | 0.248043| 0.602503
1 4.25982 | 0.386476 | 0.248055 | 0.618924 -6 | 3.62549| 0.277399| 0.248043| 0.600032
15 | 4.31683| 0.405194 | 0.248103 | 0.621598 -10 | 3.56642 | 0.270606 | 0.248043| 0.598713
Rd | 0.5 | 4.04492| 0.328518 | 0.248042 | 0.608825 | A 1.01 | 4.04492 | 0.328518 | 0.248042 | 0.608825
15 | 4.04692| 0.328616| 0.246757 | 0.609298 1.15 | 4.0449 | 0.328517 | 0.248063 | 0.608819
3.5 | 4.04785| 0.328663| 0.246143 | 0.609524 1.2 | 4.04486 | 0.328516 | 0.248089 | 0.608811
5 4.04834 | 0.328687 | 0.245833| 0.609639 1.25 | 4.04484 | 0.328515 | 0.248105 | 0.608806
Ec | 0.1 | 4.04492| 0.328518 | 0.248042 | 0.608825 | A11 | 0.2 | 4.04492| 0.328518| 0.248042 | 0.608825
0.2 | 4.04506| 0.328525| 0.247923 | 0.608865 0.4 | 2.93188| 0.346196| 0.248051 | 0.624144
0.3 | 4.04523| 0.328532| 0.247805 | 0.608904 0.6 | 2.33497| 0.354957| 0.248054 | 0.631805
0.5 | 4.04534| 0.328538| 0.247691 | 0.608942 0.8 | 1.93708| 0.360557 | 0.248056 | 0.636725
71 ] 0.05 | 1.92748| 0.260771| 0.248041| 0.505712
0.1 | 4.60472| 0.304916| 0.248618 | 0.650264
0.15 | 6.90033| 0.315601 | 0.249035 | 0.761482
0.2 | 8.65629| 0.300779| 0.249361
0.798965.

7. CONCLUSIONS

Axial and secondary velocities elevate with rise Hall parameter(m), Eckert number(Ec), Radiation(Rd), Nanoparticle
concentration (1) and Slip parameter(All), depreciate with viscosity parameter([;), Temperature ratio (A).
Temperature([) and nanoconcentration(C) experience depreciation with rising values of m, Rd,[], A, A1l and upsurge
with viscosity parameter([1;). Higher dissipation larger the temperature and nanoconcentration in the flow region. Skin
friction([7) increases with m, Rd, [ and decreases with [1,, A, A11, Nusselt Number(Nu) reduces with Ec, Enhances with
higher values of Rd, [, (1, A, A11. Sh upsurge on n=0 by means of rising values of 77 & All.

2597



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 2, 2022, p. 2589 - 2599
https://publishoa.com

ISSN: 1309-3452

8. REFERENCES
[1]. Abel, MS, Mahesha N. Heat transfer in MHD viscoelastic fluid over a stretching sheet with variable thermal
conductivity, non-uniform heat source and radiation. Appl. Math. Model V.32(10), pp:1965-83(2008).

[2]. Abo-Eldahab EM, Salem AM. Hall effects on MHD free convection flow of a non-Newtonian power-law
fluid at a stretching surface. Int. Commun. Heat Mass Transfer,V.31, pp:343-5 (2004).

[3]. Adgarwal. S. Bhadauri, B.S. Siddheshwar, P.G (2011): Thermal instability of a nanofluid saturating a rotating
anisotropic porous medium, STRPM, vol.2, pp:53-64

[4]. Akbarinia, A, Abdolzadeh, Laur. R : Critical investigation of heat transfer enhancement using nanofluids in
microchannels with slip and non-slip flow regimes,” Appl Therm Eng, vol.31, pp:556-565(2011).

[5]. Alam MS, Rahman MM, Sattar MA. Transient magnetohydrodynamic free convective heat and mass
transfer flow with thermophoresis past a radiate inclined permeable plate in the presence of variable
chemical reaction and temperature dependent viscosity. NonlinearAnal. Modell. Control, V.14(1), pp:3-
20(2009).

[6]. Ali ME. The effect of variable viscosity on mixed convection heat transfer along a vertical moving surface.
Int. J. Therm. Sci., V.45(1), pp:60-9 (2006).

[7]. Alsaedi. M, .Awais. T Hayat.: Effect of heat generation/absorption on stagnation point flow of nanofluid
over a surface with convective boundary conditions,” Comm. Nonlinear Sci. Number
Simulation, vol.17, pp:4210-4223(2012)

[8]. Anuradha, S. and Priya, M. : Rotating Flow of Magnetite-Water Nanofluid over a Stretching Surface
Inspired By Non-Linear Thermal Radiation and Mass Transfer, International Journal of Mathematics
Research., Vol.9(2), pp. 89-97, (2017).

[9]. Buongiorno. J (2006): Convective transport in nanofluids,” ASME J Heat Tran vol.128, pp:240-250(2006)

[10]. Chamkha AJ, Mansour MA, Aly AM. Unsteady MHD Free Convective Heat and Mass Transfer from a Vertical
Porous Plate with Hall Current, Thermal Radiation and Chemical Reaction effects. International Journal for Numerical
Methods in Fluids V.65, pp:432-47(2011).

[11]. Das,S Jana R.N and Makinde O.D : MHD boundary layer slip flow and heat transfer of nanofluid past a vertical
stretching sheet with non-uniform heat generation/ absorption., Int. J. Nanoscience, V.13(3), pp:145 (2014).

[12]. Ghadimi. A, Saidur. R, Metselaar. H. S. C : A review of nanofluid stability properties and characterization in
stationary conditions, Int. J Heat Mass Tran. vol.54(17-18), pp:4051-4068 (2011).

[13]. Hajipour. M, A.M.Dekhordi. A. M : Analysis of nanofluid heat transfer in parallel- plate vertical channels partially
filled with porous medium, Int. J Therm. Sci., vol. 55, pp:103— 113(2012).

[14]. Hamad M. A. A, Ferdows. M : Similarity solutions to viscous flow and heat transfer of nanofluid over nonlinearly
stretching sheet, Appl Math Mech Eng Ed, vol.33(7),pp:923-93(2012).

[15]. Hamad M.A.A, Pop. I:Unsteady MHD free convection flow past a vertical permeable flat plate in a rotating frame of
reference with constant heat source in a nanofluid, Heat Mass Tran. vol.47, pp:1517-1524(2011)

[16]. Kafoussias NG, Williams EW. Thermal-diffusion and diffusion-thermo effects on mixed freeforced convective and
mass transfer boundary layer flow with temperature dependent viscosity. Int. J. Eng. Sci. V.33(9), pp:1369-84(1995).
[17]. lbrahim W, Makinde OD. Double-diffusive mixed convection and MHD Stagnation point flow of nanofluid over a
stretching sheet. Journal of Nanofluids, V. 4, pp:28-37(2015).

[18]. Mahanthesh., Gireesha ,B .J., Gorla ., and Rama Subba Reddy :” Nanoparticles Effect on 3D Flow, Heat and Mass
Transfer of Nanofluid with Nonlinear Radiation, Thermal-Diffusion and Diffusion-Thermo Effects,” J. Nano,5(5), pp. 669-
678(2016).

[19]. Makinde OD. Laminar falling liquid film with variable viscosity along an inclined heated plate. Appl Math Comput
V.175(1), pp:80-8(2006).

[20]. Mukhopadhyay S, Layek GC, Samad SA. Study of MHD boundary layer flow over a heated stretching sheet with
variable viscosity. Int J Heat MassTransf, V.48(21-22), pp:4460-6(2005).

[21]. Mukhopadhyay S, Layek GC. Effects of thermal radiation and variable fluid viscosity on free convective flow and
heat transfer past a porous stretching surface. Int J Heat Mass Transf, V.51(9-10), pp:2167-78(2008).

2598



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 2, 2022, p. 2589 - 2599
https://publishoa.com

ISSN: 1309-3452

[22]. Mustafa, M., Mushtaq, A., Hayat, T., and Alsaedi, A.:” Rotating flow of Magnetite- water nanofluid over a stretching
surface inspired by non-linear thermal radiation,” PLOSONE 11(2):e0149304(2016).

[23]. Nguyen. C. T, Roy. G, Gauthier. C and Galanis. N: Heat transfer enhancement Using Al,Oz— water nanofluid for an
electronic liquid cooling system, Appl. Thermo Eng, vol.27, pp:1501— 1506(2007).

[24]. Norifiah. B. Anuar and loan. P. I, Boundary layer flow over a moving surface in a nanofluid with suction
or injection”, Acta Mech Sin, vol.28(1), pp:34-40 .

[25]. Oztop. H. F and Abu-Nada. E : Numerical study of natural convection in partially heated rectangular enclosures
filled with nanofluids.,Int.J.Heat and Fluid Flow., V.29, pp.1326-133 (2008).

[26]. Prasad KV, Vajravelu K, Datti PS. The effects of variable fluid properties on the hydromagnetic flow and heat transfer
over a non-linearly stretching sheet. Int J Therm Sci, V.49(3), pp:603-10(2010).

[27]. Rahman,M and Salahuddin,K.M:Study of hydromagnetic heat and mass Transfer flow over an inclined heated surface
with variable viscosity and electric conductivity., Commun. Nonlinear Sci.Numer.Simulat,V.15,pp.2073-2085(2010)
[28]. Rashad AM, Modather M, Chamkha AJ. MHD Free Convective Heat and Mass Transfer of a
Chemically-Reacting Fluid from Radiate Stretching Surface Embedded in a Saturated Porous Medium. International
Journal of Chemical Reactor Engineering; V.9, pp:A66(2011).

[29]. Rudraswamy NG, Gireesha BJ, Chamkha AJ. Effects of Magnetic Field and Chemical Reaction on Stagnation-Point
Flow and Heat Transfer of a Nanofluid over an Inclined Stretching Sheet. Journal of Nanofluids; V.4, pp:239-46(2015).
[30]. Rana. P and Bhargava R:Flow and heat transfer of a nanofluid over a nonlinearly stretching sheet, Comm.
Nonlinear Sci. Number Simulation, vol. 7, pp:212-226.

[31]. Rushi Kumar. B and Sivaraj. R : Heat and mass transfer in MHD visco-elastic fluid flow over a vertical cone and flat
plate with variable viscosity, Int. J Heat Mass Tran,vol.56(1-2), pp:370— 379(2013).

[32]. Salem AM. Variable viscosity and thermal conductivity effects on MHD flow and heat transfer in viscoelastic fluid
over a stretching sheet. Phys Lett A; V.369(4), pp:315-22(2007).

[33]. Sarojamma. G, Mahaboobjan. S and Nagendramma. V : Influence of Hall currents on cross diffusive convection in
a Mhd boundary layer flow on stretching sheet in porous medium with Heat generation, Int. Jour. Math. Archive, V.6(3),
pp.227248(2015).

[34]. Sarojamma. G., Mahaboobjan. S and .Sreelakshmi. K (2015): Effect of Hall current on the flow induced by a
stretching surface, Int. Jour. Sci., and Innovative Math. Res, V.3(3)pp.11391148(2015).

[35]. Satyanarayana. P. V, Venkateswarlu. B. and Venkataramana. S : Thermal radiation and heat source effects on a MHD
Nanofluid past a vertical plate in a rotating system with porous medium, Heat transfer-Asian Research (J.Wiley),
DOI:10.1002/htj.211001.

[36]. Shit GC and Haldar R. Combined effects of Thermal Radiation and Hall Current on MHD FreeConvective Flow and
Mass Transfer over a Stretching Sheet with Variable Viscosity. J Applied Fluid Mechanics; V.5, pp: 113-21 (2012).

[37]. Sreedevi,G, Raghavenra Rao,R,Prasada Rao,D.R.V and Ali J Chamka:Combined Influence of radiation absorption
and Hall current effects on MHD douible —diffusive free convective flow past a stretching sheet,Ain shams Engineering
Journal,Vol.7(1),pp.383-397(2016)

[38]. Sudhakara Reddy,M:Rotatring flow of magnetite water nanofluid past a stretching sheet with variable viscosity and
Hall effects inspired by non-linear thermal radiation., Ph.D thesis, S.K.University, Anantapuramu,A.P(2020)

[39]. Tiwari. R. K and Das. M. K: Heat transfer augmentation in a two-sided lid-Driven differentially heated square cavity
utilizing nanofluids”, Int. J Heat Mass Tran, vol.50:2002-2018.(2007)

[40]. Watanabe T, Pop I. Hall effects on magneto-hydrodynamic boundary layer flow over a continuous moving flat plate.
Acta Mechanica; V.108, pp:35-47 (1995).

[41]. Xi-Yan Tian, Ben-Wen Li, Ya-Shuai Wu, Jing-Kui Zhang. Chebyshev collocation spectral method simulation for the
2D boundary layer flow and heat transfer in variable viscosity MHD fluid over a stretching plate. International Journal of
Heat and Mass Transfer, V.89, pp:82937(2015).

2599


http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967
http://www.sciencedirect.com/science/article/pii/S0017931015005967

