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ABSTRACT

In this paper, we analysed convective boundary rlatagnation point flow of nanofluid influencing by
injectionand magnetic field over a porous shrinkisgface is investigated numerically and simulatéth Maple 18
Software. Thermophoresis and Brownian motion effeate included in the nanofluid model.Governing limear
boundary layer equations for momentum, energy andiruity equations are transformed into a systédnmanmlinear
ordinary coupled differential equations by usinmitarity transformations. The effects of physicaf@meters on nanofluid
(Water and Gaseous) are analysed. It is foundfthiad certain range of injection process, solutierists for velocity
flow, temperature flow and volume concentrationteltds to provide solutions for skin friction, rateheat and rate of
mass transfer of nanofluids (Water and Gaseous).

K eywor ds: Stagnation point flow, nanofluid, Brownian motiohgetmophoresis and magnetic field.

INTRODUCTION

Heat transfer is one of the top technical challenggced by high-tech industries such as manufagjuri
metrology, microelectronics, nuclear reactors, detioerefrigerator, grinding, machining,ships,hybpidwered engines,
chillers, space technology,boiler flue gas tempeeatreduction, vehicle thermal management and defeifhese
industries facing heat transfer problems becausmpifecedented heat loads and heat fluxes. To @averthe heat transfer
issue, nanofluids are termed.

Nanofluids attains more attention from researcloes to its enhanced properties. This innovativil ffor heat
transfer was introduced by Choi [1]. Suspendingopanticles into base fluids attains unique physicaperties as well as
chemical properties increases the thermal condtictand therefore substantiallynanofluidenhances tieat transfer
characteristics. Nanofluid consisting of metallidanon-metalicsolid hanoparticleswith sizes typgicah the order of 1—
100 nm,dispersing evenly in a base fluid such asaiter, toluene and liquid nitrogenbyWang[2].

The boundary layer flow of nanofluidinfluencing Inyagnetic field has numerous applications in enginge
problems such as MHD generator, power generationuiclear reactors, petroleum industries, powertplamd Coal
extraction. Considering the quality of operationgass, radiative heat transfer in the boundaryrlplays vital role in
applications. Quality of process depends on thei@mbluid particles heat transfer rate. Usuallyofuid includes the
effects of thermophoresisandBrownian motion. It icasnulated by Buongiorno [3]. He stated that n&ndé flow have
affected by many physical factors (see [4, 5]), Butwnian motion and thermophoresis plays vitaérol

Thesteady flow over aporous surface is a major xatal research all over the industries in pasent years
due to its numerous application behind in it. Onthar hand stagnation point flow over stretchirgirking sheet studies
also going on with many application oriented precdsanofluid subjected to stagnation point flow gesses highest
pressure, highest heat transfer and the highest ahtmass decomposition. Miklavcic and Wang [12}estigated
stagnation point flow and obtained duel solutior &lso obtained steady viscous flow in the invesibm of boundary
layer flow near a shrinking surface. Mass tranttieough shrinking sheet was investigated by Farg.d13]. Unsteady
three dimensional boundary layer flow due to a einhe shrinking sheet was analysed by Bachok Et&jl.

Hamad and Ferdows [6] investigated the boundargrifipw of electrically conducting fluid and heaansfer
over a shrinking surface. They studied differemtety of nanoparticles and found each nanopartifierslifrom others in
physical characteristics each possess differentactex. They enclosed that changing the nanopartigle changes the
behaviour of the fluid flow. Numerous studies omaffuids are undergoing [7—11]. Magyari and Ke[lbt] have obtained
the similarity solutions which describe the steathne boundary layers on a shrinkinging sheet ¥iitly of temperature
distribution analytically. The numerical solutionasv obtained by Al-odat et al. [15] for thermal bdary layer on
shrinking sheet with temperature distribution du¢he effect of magnetic field. Following them mawegearcherslike [18—
20] investigated the numerical solutions for theiary layer flow problem over shrinking sheet.dratameswaran et
al.[17] derived an analytical solution forNewtoniliguid flow on exponential shrinking sheet dueradliation effects and
observed that the species boundary layer thickenitigthe increase in increase of magnetic paramete

The present paper is to study the simultaneousteffe the thermal radiation and magnetic fieldoe theat
transfer and fluid flow of boundary layer flow omrpus surface. Results presented focus on how tmgmaetic field,
porosity, Brownian motion, thermophoresis and th@madiation affects thenanofluid characteristics.
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FLOW ANALYSIS

Consider the steady two-dimensional MHD stagnatioimt flow of an incompressible viscous electrigatonducting
nanofluid impinging normally on porous shrinkingfsice. The fluid is subjected to a uniform transeemagnetic field of
strength B. Figure 1 describes the coordinate systemand gdlysiodel. The axi® measured along the porous medium
surface and axiy normal to it.
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Figure 1. Physical model and the coordinate system
It is assumed that the velocity of the porous $imig surface isU,(X) =CX and the velocity outside boundary
layer isU(X) =ax, wherea andc are constants witd>0. We note thatC<Ocorrespond to porous shrinking surface,

gcorresponds to gravitational forces. Cartesian dioates x and Y of theenergy, momentum and continuity equations

for nanofluids can be writtenas, [21].
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We have analysing the flow with influencing magaodield, so we have induced magnetic fieldin EQ. [This
assumption is justified for flow of electrically mducting fluids such as liquid metals e.g., mercliguid sodium etc. Let

the velocity components along the and Y axes areu andv, free stream velocityl (X) ),porous mediumpermeability

(k),specific heat at constant press{ux;,é, radiative heat flufg,.), nanoparticle volume fractigd), Brownian diffusion
coefficien{Dg), electrical conductivity of the fluifo),kinematic viscosityv),thermal diffusivity(a,,), base fluid
densit)(pf), thermophoresis diffusion coefficiéit;) and ratio of the effective heat capacity of thaaparticle material
to the heat capacity of the ordinary flGid, fluid temperaturgT). Thenanoparticle volume fracti@fy,)and the wall
temperaturéf,,)are assumed to be constant at the surface andvalsp ytends to infinity, the ambient values of the
nanoparticle volume fractionC, and the temperaturd, attain to be constant values respectively. The danpn
conditions of shrinking surface:

v=vyu=u,x)=cx,C=¢C,,T=T,aty =0;

+{J U-u)+g BT-T.)+g B (C-C.) @)

Ps

T > Typ,u—U(x)=ax,C > Cxn asy - (5)
By Rosseland approximation, [9] the radiative Hestsfer as
46 oT*
S — (6)
3k, oy

Where,mean absorption coefficiéhf) and Stefan—Boltzmann constardt).( Assuming within the flow the
temperature difference is such thatin Taylor series it can be expanded abdytand neglecting higher order terms, we

get T* =4T3T -3 Hence Equ. (7) becomes,
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The dimensionless variables and the stream functiorbe defined as follows:
T-T, c-C a
=Javxf , 0 = = =— 2 p= — 8
Y=A (1), 6(7) T.oT. $(17) c.-C. n y\ﬁ (8)
. . P ay
Where(y)the stream function defined as = — Eandu = a—y .
Based on the above mentioned stream functions,. Efus(4) become
f"+ff" = f'2+(M+A)L-f') +Gr8+Gmg+1=0 (9)
i(1+ fje" + 16 + N9 +N,82 =0 (10)
Pr 3
(p”+Lef<p’+g—;9”=0 (11)
2 3
WhereM = 98 magnetic parameterR= = _ thermal radiation parameteF,’r=L- Prandtl number,
pPra 3K Om
Gr :MU—TW) - Grashof number andGm=W-modified Grashof numberN,, = TM-
al

M— thermophoresis parameteg = Vo
vV

) vav

injection parameterLe=DL - Lewis number.The temperature really does noeddpon (Prjand (R) independently is
B

. . v
Brownian motion parameter =K -porous parameterN, =7
a

Pr

presented at Equ. (10) [10], but depend on a coatibim,Preff = which is the effective Prandtl number. Equ.

(10) can be written as

1 " ]
me +f0 + N, 8¢ +N,&8% =0 (12)
With boundary conditions:
6(0) = 1,9(0) =1,£(0) = S,f'(0) = & ==, f'() = 1,6(c0) = 0,¢(x) = 0 (13)

Where, the ratio of rates of the shrinking velo@hd the free stream velocitgis
The local Nusselt numbéiu, ,the skin friction coefficien€ ¢ , and the local Sherwood numli&, are physical quantities
of interest. Which are defined as:

T xq xq

F > Wy — ’ —
p ) KT, = Tw) T Dy(C, = C)
Where, the shear stress along the stretching g(rfay;, and the wall heat and mass fluggs), respectively.Hence using
Egs. (8) and (15), we get
1 1 1

Rex” C,.=f"(0), NuRex * =-6'(0),Sh Rex > =-¢'(0) (15)
xU (x)

v

Where, the local Reynolds numb&ex =

RESULT AND DISCUSSION

The set of equations (9), (10) and (11) is highdplimear. It can be solve analytically and numélyday manual,
subject to the boundary conditions (13) but it & easy and it take month of time to get numerszdlitions. So in this
research we use MAPLE 18 the very robust computatialgebra software to get the analytical and nmigaksolutions.
Fourth-fifth order Runge—Kutta—Fehlberg method sedi by this software as default to solve boundatyes problems
numerically.The transformed system representetiérfarm of the governing equations momentum, enarg/continuity
by coupled nonlinear ordinary differential equatdg), (10) and (11) with boundary conditions (18hmputations are
carried out for several sets of values of the stirg condition parameters, namely, Lewis numlie),(thermal radiation
parameter R), Brownian motion parameterNf), magnetic parameterM(, effective Prandtl number Pt,sf),
thermophoresis parametéy,}, shrinking sheeta < 0), and injectiors < 0. In order to serve the salient features of the
model, the numerical results are presented in tilwing figures with fixed parametevs= 1,N, = 0.05,N, =
0.01,R=0.2,Le =1.0,4A =0.3,6r = 3,G6m = 3,S = —1, and shrinking parameter= —1.20.



In order to validate our results, In Table 1 we paned the results of Lok et al[22] and Hamad., &nyy [3] with our
present results of''(0). The present results shows a good agreement withet al[22] and Hamad.,& Wang [3] results
since the errors are found to be very minimum.

Table 1: Comparison of the present results fbf(0) with published works

M _c Lok et al. [22] Wang [3] Present results
a
0 0.0 1.232588 1.232588 1.232587542
0.1 1.146561 1.146560 1.146560893
0.2 1.051130 1.051130 1.051130448
0.5 0.713295 0.713300 0.713298653
1.0 0.000000 0.000000 0.000000001
5.0 -10.264749 -10.26475 -10.26474869
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Figures:2(a)-2(b): Brownian motion o (n)andp(n)- comparison with Samir Kumar Nandy and Pop [21]

Figures 2(a) — 2(b) depicts the precision with theoretical solution ofi(n)andp(n) profiles for different values of
Brownian motion §,) exactly correlates with the first solution of Saumar Nandy and Pop [9].

£y

7"

£

""" (Gaseous
| Water
— NN L Gaseous
— =01 I
4 A =03 | M
S I A j1.9 g e
A =01 n
A =03
""" A=10
1 1}
Figure 3: Porosity effects on velocity profiles Figure 4: Magnetic effects on velocity profiles

The effect of porosity and magnetic strength oroeigy distribution of two different nanofluids orrnking
surface with injection pressure are shown in Figgirend Figure 4. In Figure 3 it shown that incregsdf kinematic
viscosity and decreasing of porous surface pertitigbihe velocity of nanofluids increases with irase of porosity.
From Figure 4 it observed that the velocity of rfnds increase with increase of magnetic effedie Torentz force
usually acts in opposite direction against the flaitbflow, opposing the motion of the nanofluidithinjection provides
an additional effect to thenanofluid flow. It makihe fluid to move at a retarded rate. It is inséirey to note that the
momentum boundary layer fdfis equall to the momentum boundary layerioft is because of the combined effect of
Brownian motion and thermophoresis nanoparticleodiéion on shrinking surface. There is water / gaseanofluid
momentum = 1.5 / n = 1.65andn = 1.4 / n = 1.4for Aand M. Comparing the nanofluids, waternanofluid has bigh



velocity than the gaseousnanofluid. It is becawdeen gaseous fluids pushed into high pressure \&le&ity decrease
appropriately.From Table 2 we can understand tteeahskin friction of water and gaseous nanofluitise rate of skin

friction is higher in waternanofluids during poryseffect as well as Magnetic effect. this is dadhe viscosity of water
nanofluids.

Table 2: Comparison of skin friction between water and gasenanofluids subjected to porosity and Magnédid f

Brownian motion Water Nanofluid Gaseous nanofluid

Parameterk,)
Skin friction (") of 0.1 4.091403442166857 4.408675648678622
Porosity parameter 0.5 4.287327562199928 4.616247127653834
1.0 4.53275361904694 4.872020632368101
Skin friction (f'") of 1.0 4.189291716300051 4.512800007137655
Magnetic parameter 1.5 5.1692692998328 5.5195937718981005
2.0 6.130982667041403 6.2394700596872
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Figure5: Brownian motion on temperature distributiofrigure 6: Brownian motion on and nanoparticle volume fractio

Table 3: Comparison of rate of heat and mass transfer legtwater and gaseous nanofluids subjected to Beoswni

motion
Brownian motion Water Nanofluid Gaseous nanofluid
Parameteri{,)
Rate of heat transfgr 0.01 0.002816853155819181 0.2495586350925985
(-6") 0.03 0.004957892875245413 0.24561724531857382
0.05 0.00560424026087922 0.2458544112334064
Rate of mass transfer 0.01 0.9684255410637425 0.4670513267553846
(—¢") 0.03 0.48437072250744734 0.2823002966026594
0.05 0.3725860259042714 0.246046719968635

Figure 5 and 6 presents the variation in tempesaturd nanoparticle volume concentration profilestved
different nanofluids subjected to Brownian motioithathe influence of injection and magnetic effdegure 5 shows that,
increase in Brownian motion parameter increasesrleboundary layer for gaseous nanofluidand dege thermal
boundary layer for water nanofluid. Whereas nantigdarvolume concentration for gaseous / water flaius firstly
increases tilD < n < 0.95/ 0 < nn < 1.45and then decreasgs> 0.95 / n > 1.45respectively. The physics behind this is,
increased Brownian motion increases the thermahdiaty layer thicknessand then decreases thediffusmundary
layerthickness, which ultimately decelerates nartop@ volume fraction andenhances the temperattiis. notedthaton
nanoparticle volume fraction, strength of the maignigeld plays an important factor, Figure2fb)= 0 and Figured! =
1whereas there is no significant change in temperaiwfile, as well as Figure 2{d)= 0and Figure 8/ = 1. Thermal
and diffusion behaviours of nanopatrticles at naalestevel are governed by various parameters.ribied that Brownian
motion on nanoparticles plays avital role in govegnthese behaviour of nanoparticles. Due to tlze sif particles in
nanofluids system Brownian motion occurs, whichldaifectheat transfer properties.As the size efghrticlereaches to
the nano-meter scale, the Brownian motion of thtigles and its effects on the neighbouring liqupdiay a vital role in
heat transfer. This is because the Brownian matiomances thermal conduction due either to nancfestiransporting



heat or the micro convection of the fluid surroumgdindividual nanoparticles.From Table 3 we canarathnd the rateof
heat and mass transfer of water and gaseous nalsofis subjected to Brownian motion the rate aitheansfer is higher
in water nanofluids and rate of mass transferghédi in Gaseous nanofluids.
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Figure 7:Thermophoresis on temperature distribution  Figure 8: Thermophoresis on nanoparticle volume fraction

Table 4: Comparison of rate of heat and mass transfer leetweter and gaseous nanofluids subjected to thetroresis

Thermophoresis parameter Water Nanofluid Gaseous nanofluid
(Ne)
Rate of heat transfer 0.01 0.5305922553321809e-2 0.24563660662059783
(=6") 0.03 0.003598643741919622 0.24837611788114408
0.05 0.0028168531555896716 0.2495586350931346
Rate of mass transfer 0.01 0.419002637656383 0.25962243080012143
(=) 0.03 0.810135281978577 0.39666827489488155
0.05 0.9684255410564628 0.4670513267574654

Figure 7 and 8 depict the variation in temperaamné nanoparticle volume concentration profilesnaf tifferent
nanofluids subjected to thermophoresis with thkigrfce of injection and magnetic effect. Figurén@vgs that, increase in
thermophoresis parameter decreases thermal boutalgey for gaseous nanofluid and increases for masmofluid.
Whereas nanoparticle volume concentration decrdaséy till 0 <n < 1.5 /0 <n < 0.95 for both water and gaseous
nanofluids and increases> 1.5 / n > 0.95respectively. It is observed that the thermal baupdayer thickness of
gaseous nanofluid is slightly decreased. Whileudiin boundary layer strongly increases with insega thermophoresis
parameter ;) for both nanofluids.The thermophoresis states the fact, increasing the temperature of nanossiakd
particle in base fluid will acquire momentum froraated surface and moves on. Gaseous nanofluidrasquomentum
from heated surface and spreads throughout thedaoymvhere water nanofluid moves near the surfatzperceive that,
negativéV,point out a hot surface and positNjeto a cold surface. For hot surfaces, the nanapartiolume fraction
boundary layer is blow away from the surface byhgh strength of thermophoresis, since a hot serthives the Nano
sized particles from it, thereby forming a relalyvparticle-free layer near the surface. On coldaxe for higher values of
thermophoretic parametéithat distinctive peaks in the profiles occur inioegadjacent to the wall. This means that the
nanoparticle volume fraction near the surface ighéi than the nanoparticle volume fraction at thefage and
consequently, due to the thermophoretic effectriéwgoparticles are expected to transfer to the seurfaAs a result, the
diffusion boundary layer is formed just outside.plarticular, increasing the thermophorakisslightly increases thermal
boundary layer but strongly increases the nanagpeadiiffusion boundary layer for water nanofluisom Table 4 we can
understand the rate of heat and mass transfer tef \aad gaseous nanofluids. As subjected to themoregis the rate of
heat transfer is higher in water nanofluids and tdtmass transfer is higher in Gaseous nanofluids.

Variation in temperature and nanoparticle volumacemtration profiles of two different nanofluids the
presence of injection and magnetic effect is figune Figure 9 and 10. According to equations (1agy (1.3), the
divergence of the radiativeheat flux decreasediasrtal conductivity of the nanofluidraises whichtimn decreases the
rate of radiativeheat transfer to the nanofluid &edce the nanofluidtemperature accelerates whém@asFig. 10 the
profile of nanoparticle volume fraction of on shiimg porous surface firstly decreasgs<n < 1.55) / (0 < n < 2.6)
and then increases) & 1.55) / (n = 2.6). From here we observed that, thethermal radiatidecé#fecomes more
significant asR — 0(R # 0) and wherR — oo it can be neglected. It is perceive that the naitemperature enhances
with increase of the thermal radiation param@&tePorosity and absorption of shrinking surface setucombined effect
on radiation parameter, tends to enhance the temyersignificantly in flow region. The total amawf radiation of all



frequencies increases steeply as the temperagas and accelerates the nanoparticle volume fradtiggrows asT#,
whereT is the absolute temperature of the nanopartidhés & the fact that the thermal radiation is ofi¢he principal
mechanisms of heat transfer. The velocity of watet gaseous nanofluid increases as the radiatomeases on shrinking
surface. The Figure 9 depict temperature profile gaseous nanofluid is more than the temperatuoéilgrof water
nanofluid. This is due to the fact that thermal madary layer thickness changes with change in tleenthl radiation
strength of nanofluid.. From Table 5 we can un@edithe rate of heat and mass transfer of wategaseous nanofluids.
As subjected to thermophoresis the rate of heastea is higher in water nanofluids and rate of sriaansfer is higher in
Gaseous nanofluids.
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Figure 9: Thermal radiation on temperature distribution Figure 10:Thermal radiation on nanoparticle volume fraction

Table5: Comparison of rate of heat and mass transfer leetweter and gaseous nanofluids subjected to therma

radiation
Thermal radiation Water Nanofluid Gaseous nanofluid
parameterR)

Rate of heat transfer 0.1 0.0010365080442485224 0.2426302594073251
(=6") 05 0.008951566041647808 0.2632165028181593
1.0 0.031987058119420195 0.2669764184608108

Rate of mass transfer 0.1 1.0697591613914985 0.5869931766183135
(=¢") 05 1.1610395698604392 0.4371674833731483
1.0 1.2042912289665375 0.3463736902383167

CONCLUSION

Thermal response of convective boundary layer siagm point flow of two nanofluids (water and gasspover porous
shrinking surface influencing injection pressurethwiarious stream condition parameters like magngibrosity,
Brownian motion thermophoresis, thermal radiation parameters on fleld velocity, heat transfer characteristics and
nanoparticle volume concentration is investigafElde results obtained are in excellent agreemertt thié previously
published data available in the literature in lingtcondition for some particular cases of the @néstudy. The effects of
these parameters on the velocity distribution, 'emajure distribution and nanoparticle volume fiacttan be summarized
as follows:

1. It is interesting that the momentum of the nandflicreases with increase of the magnetic strefatlipoth
water and gas nanofluid over porous shrinking sedt The lorentz force usually acts in oppositeation
against the nanofluid flow, opposing the motiontled nanofluid but injection provides an additioeéfect to
thenanofluid flow. Comparing the nanofluids, gasem@nofluid has higher velocity than the water nlmdf It is
because of fluid viscosity and friction on porousface.

2. ltis noticed that the Brownian and thermophoresidion of the nanoparticles provides an alternafiiree in the
flow region and its affect on surrounding liquigdays a major role in heat and mass transfer ctersiics
whereasthermal and diffusion behaviours of nanapestat nanoscale level is governed by variouaraters. It
is noted that nanoparticles Brownian motion is ingat factor in governing these behaviour of nambgas.
Due to size of nanoparticles Brownian motion tagksse in nanofluids system which has a chance fettifig
heat transfer properties..

3. The effect of thermal radiation on nanofluids iefficed by magnetic effect and injection pressute snhance
the temperature. The temperature of the nanofloltheces with increase of the thermal radiation rpatarR.
Porosity and absorption of shrinking surface inducembined effect on radiation parameter, tendstance the



temperature significantly in flow region.Due to thffect of injection, shrinking surface exerts actoin flow
region over diffusion boundary layerhence the nlmbtemperature accelerates whereas the nandpartitume
fraction of water/ gaseousnanofluid on shrinkinggus surface firstly decreases and then increases1(55) /
(n = 2.6).

4. As subjected to stream conditions the skin fricgoml heat transfer is higher in water nanofluids@sapared to
gaseous nanofluids and rate of mass transfer iehig gaseous nanofluids.

We may conclude the flow and heat transfer propemif convection boundary layer flow in the stagmmapoint region
influencing injection and magnetic field on nandjzdes in water and gaseous base fluid can be altedrby changing the
guantity of the thermophoresis and Brownian mofitwe. problem of nanofluid flow and heat transfea atagnation-point
region has important applications in many fieldshsas the power generation in nuclear reactorsauckactor coolant,
the aerodynamic of plastic sheet, the centralinadig system of high grade machineries, and st for
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