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Thermal response of convective boundary layer stagnation
flow of nanofluid over shrinking surface influencing
suction and variable stream conditions
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Abstract:

In this paper, we analysed convective boundaryrlagggnation point flow of nanofluid influencing by
suctionand magnetic field over a porous shrinkimdege is investigated numerically and simulatethwiaple
18 Software. Thermophoresis and Brownian motiora$f are included in the nanofluid model.Governing
nonlinear boundary layer equations for momentungrgy and continuity equations are transformed imto
system of nonlinear ordinary coupled differentigliations by using similarity transformations. Tlifees of
physical parameters on nanofluid (Water and Gageanss analysed. It is found that for a certain g
suction process, solutions exists for velocity fle@mperature flow and volume concentration.
K eywor ds: Stagnation point flow, nanofluid, Brownian motiohetmophoresis and magnetic field.

Introduction:

Heat transfer is one of the top technical challendaced by high-tech industries such as
manufacturing, metrology, microelectronics, nucleareactors, domestic refrigerator, grinding,
machining,ships,hybrid-powered engines, chillergace technology,boiler flue gas temperature redngti
vehicle thermal management and defence. These tirehisfacing heat transfer problems because of
unprecedented heat loads and heat fluxes. To anertioe heat transfer issue, nanofluids are termed.

Nanofluids attains more attention from researchersto its enhanced properties. This innovativiel flu
for heat transfer was introduced by Choi [1]. Suslyeg nanoparticles into base fluids attains unighgsical
properties as well as chemical properties increaghe thermal conductivity and therefore
substantiallynanofluidenhances the heat transferacheristics. Nanofluid consisting of metallic andn-
metalicsolid nanoparticleswith sizes typically tve brder of 1-100 nm,dispersing evenly in a badd 8uch as
air, water, toluene and liquid nitrogen(Wang [2]).

The boundary layer flow of nanofluidinfluencing lmyagnetic field has numerous applications in
engineering problems such as MHD generator, poveseigtion in nuclear reactors, petroleum industries
power plants and Coal extraction. Considering thality of operation process, radiative heat trangiethe
boundary layer plays vital role in applications.afty of process depends on the ambient fluid pladi heat
transfer rate. Usually nanofluid includes the dfeaf thermophoresisandBrownian motion. It was folated
by Buongiorno [3]. He stated that nanofluids flowvhk affected by many physical factors (see [4, B
Brownian motion and thermophoresis plays vital role

Thesteady flow over aporous surface is a major rx@atal research all over the industries in past
recent years due to its numerous application beiiftd On another hand stagnation point flow ostetching/
shrinking sheet studies also going on with manyliepiion oriented process. Nanofluid subjectedtsmsation
point flow possesses highest pressure, highest thaasfer and the highest rate of mass decompositio
Miklavcic and Wang [12] investigated stagnationmidiow and obtained duel solution. He also obtdisady
viscous flow in the investigation of boundary layow near a shrinking surface. Mass transfer ulgto
shrinking sheet was investigated by Fang et all. [8steady three dimensional boundary layer flave do a
permeable shrinking sheet was analysed by Bachak gt6].

Hamad and Ferdows [6] investigated the boundargrlflpw of electrically conducting fluid and heat
transfer over a shrinking surface. They studiedediht types of nanoparticles and found each natiofga
differs from others in physical characteristicstepossess different character. They enclosed Heatging the
nanoparticle type changes the behaviour of thel fllsw. Numerous studies on nanofluids are undegd¢r—
11]. Magyari and Keller [14] have obtained the $amiiy solutions which describe the steady planaruary
layers on a shrinkinging sheet with flow of tempera distribution analytically. The numerical sadut was
obtained by Al-odat et al. [15] for thermal bound&ayer on shrinking sheet with temperature distiitn due
to the effect of magnetic field. Following them myaresearcherslike [18—-20] investigated the numkrica
solutions for the boundary layer flow problem owhirinking sheet. Later kameswaran et al.[17] deriaa
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analytical solution forNewtonian liquid flow on emxpential shrinking sheet due to radiation effeatsl a
observed that the species boundary layer thickenitigthe increase in increase of magnetic paramete

The present paper is to study the simultaneoustedfethe thermal radiation and magnetic fieldoa th
heat transfer and fluid flow of boundary layer flama porous surface. Results presented focus onthew
magnetic field, porosity, Brownian motion, thermopésis and thermal radiation affects thenanofluid
characteristics.

2. Flow analysis

Consider the steady two-dimensional MHD stagnagiomt flow of an incompressible viscous electrigall
conducting nanofluid impinging normally on porousisking surface. The fluid is subjected to a unifo
transverse magnetic field of strength Big. 1 describes the coordinate systemand pHysiodel.The axix
measured along the porous medium surface andyaxésmal to it.
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FigPhysical model and the coordinate system
It is assumed that the velocity of the porous $timigp surface ist,,(X) =CX and the velocity outside boundary
layer is U(X)=ax, where a and c are constants wita>0. We note thatC<Ocorrespond to porous
shrinking surface,gcorresponds to gravitational forces. Cartesian dioates xand Y of theenergy,
momentum and continuity equations for nanofluids lsa writtenas, [21].
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We have analysing the flow with influencing magaodigeld, so we have induced magnetic fieldin EqQ. This
assumption is justified for flow of electrically mducting fluids such as liquid metals e.g., mer¢uiguid
sodium etc. Let the velocity components along theand Y axes areu and Vv, free stream velocityl (X)

),porous mediumpermeabilitgi),specific heat at constant pres{m;,@, radiative heat flugg,.), nanoparticle
volume fractioiC), Brownian diffusion coefficieriDg), electrical conductivity of the fluido),kinematic
viscosity(v),thermal diffusivity(a,,), base fluid densi()pf), thermophoresis diffusion coefficidift;) and
ratio of the effective heat capacity of the nantpler material to the heat capacity of the ordinfuwid(z), fluid
temperaturé€T). Thenanoparticle volume fractiéf, )and the wall temperatu{E, )are assumed to be constant



at the surface and also whetends to infinity, the ambient values of the nanmtple volume fractionC,_, and
the temperaturd, attain to be constant values respectively. The Banconditions of shrinking surface:
v=vyu=u,x)=cx,C=C,T=T,aty =0;

T>Twu—-UX)=ax,C >C, asy - o (5)
By Rosseland approximation, [9] the radiative hestsfer as
45 oT*
=7 6
o 3k, dy (6)

Where,Mean absorption coeffici€k{) and Stefan—Boltzmann constadt).( Assuming within the flow the
temperature difference is such thdtin Taylor series it can be expanded abdytand neglecting higher order

terms, we geﬂ'4 =4TjT—3Tof.Hence Equ. (7) becomes,
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The dimensionless variables and the stream functorbe defined as follows:
T-T. c-C a
=vavxt (), 6(n) = = = 2 N=y, - 8
b =avxd (1), 007) =3 9 =& y\[ ®)
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Where,(ip)the stream function defined ag = — Eandu = a—y .
Based on the above mentioned stream functions,. Efus(4) become

f"+ ff =2+ (M +A)A-f)+Gro+Gmg+1=0 (9)
L1148y 1 tg + N0 +NG? =0 (10)
Pr 3
(p”+Lef<p’+g—;9”=0 (11)
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(Prand (R)independently is presented at Equ. (10) [10], bepeshd on a combinatioRreff =

parameter,S=

Pr

which is the effective Prandtl number. Equ. (10) ba written as

l " U
%‘9 +f0 +N, 8¢ +N,8% =0 (12)
with boundary conditions:
6(0) = 1,¢(0) = 1,f(0) = S,f'(0) =a ==,f'(w) = 1,6(e) = 0,¢(c0) = 0 (13)

Where, the ratio of rates of the shrinking velo@hd the free stream velocitgis
The local Nusselt numbétu, ,the skin friction coefficien€r , and the local Sherwood numigx, are

physical quantities of interest. which are defiasd

T xq. xq
Com —— Nu = N Sh = (14)
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Where, the shear stress along the stretching ®(rfay, and the wall heat and mass fluggs), respectively.
Hence using Egs. (8) and (15), we get
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Rex” C.=/"(0), NuRex * =-6'(0),ShRex > =-¢'(0) (15)
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v

Where, the local Reynolds numbex =

3. Result and discussion

The set of equations (9), (10) and (11) is highbnlmear. It can be solve analytically and numdiycay
manual, subject to the boundary conditions (13)ibig not easy and it take month of time to getneucal
solutions. So in this research we use MAPLE 18wbhey robust computational algebra software to et t
analytical and numerical solutions. Fourth-fiftder Runge—Kutta—Fehlberg method is used by thisvaoé as
default to solve boundary value problems numenricille transformed system represented in the forthef
governing equations momentum, energy and contifyityoupled nonlinear ordinary differential equatd?9),
(10) and (11) wiyh boundary conditions (13). Congpioins are carried out for several sets of valdethe
streaming condition parameters, namely, Lewis nur(its), thermal radiation parametek)( Brownian motion
parameter ), magnetic parameteM(), effective Prandtl numberPt, (), thermophoresis parameteV,},
shrinking sheetd < 0), and suctior$ > 0. In order to serve the salient features of the ehaithe numerical
results are presented in the following figures Viited parameterd = 1, N, = 0.05,N, = 0.01,R = 0.2,Le =
1.0,4 = 0.3,6r = 3,6m = 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., &ny [3]
with our present results of’(0). The present results shows a good agreement voth dt al[22] and
Hamad.,& Wang [3] results since the errors are dbownbe very minimum.

Table 1: Comparison of the present results f6(0) with published works

M o= ¢ 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 @rin)andp(n)- comparison with Samir Kumar Nandy and Pop [21]

Figures 2(a) — 2(b) depicts the precision with theoretical solution of(n)andp(n) profiles for different
values of Brownian motion\,) exactly correlates with the first solution of Sakumar Nandy and Pop [9].
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Figure 3: Porosity effects on velocity profiles Figure 4: Magnetic effects onogity profiles

The effect of porosity and magnetic strength oroeigy distribution of two different nanofluids omrgnking
surface with suction pressure are shown in Fig® Rig.4. In Fig. 3 it shown that increasing of kimegic
viscosity and decreasing of porous surface pertitygbihe velocity of nanofluids increases with irase of
porosity. From Fig. 4 it observed that the velogfynanofluids increase with increase of magneffiece The
lorentz force usually acts in opposite directiomiagt the nanofluid flow, opposing the motion loé thanofluid
but suction provides an additional effect to thefluid flow. It makes the fluid to move at a retaddrate. It is
interesting to note that the momentum boundaryrlfyeMis equall to the momentum boundary layeioft is
because of the combined effect of Brownian motind thermophoresis nanoparticle deposition on shrink
surface. There is water / gaseousnanofluid momenten®.75 / n = 0.95 for Aand M. Comparing the

nanofluids, gaseousnanofluid has higher velocigntthe water nanofluid. It is because of fluid &ty and
friction on porous surface.
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Figures 5 and 6: Brownian miotim temperature and nanoparticle volume fraction

Fig 5 and 6 presents the variation in temperatnderenoparticle volume concentration profiles of wfferent
nanofluids subjected to Brownian motion with théiiance of suction and magnetic effect. Fig 5. shadhat,
increase in Brownian motion parameter increasesmaleboundary layer and decreases nanoparticlemalu
concentration for both gaseous and water nanofieggectively. The physics behind this is, incredeavnian
motion increases the thermal boundary layer thiskaed then decreases thediffusion boundary lagkrnéss,
which ultimately decelerates nanoparticle volumaction andenhances the temperature. It is notemthat
nanoparticle volume fraction, strength of the maignéeld plays an important factor, Fig. 2i)= 0 and
Fig.5M = 1whereas there is no significant change in temperapuofile, as well as Fig. 2(d)= 0and Fig.



6M = 1. Thermal and diffusion behaviours of nanoparticisnanoscale level are governed by various
parameters. It is noted that Brownian motion onopanticles plays avital role in governing theseawbur of
nanoparticles. Due to the size of particles in flards system Brownian motion occurs, which coutitetheat
transfer properties.As the size of the particleneacto the nano-meter scale, the Brownian motiothef
particles and its effects on the neighbouring liguplay a vital role in heat transfer. This is hesathe
Brownian motion enhances thermal conduction dukeeito nanoparticles transporting heat or the micro
convection of the fluid surrounding individual ngeticles.
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Figures 7-8: Thermophoresis on temperature andpaaticle volume fraction
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Figures 9- 10: Thermal radiation on temperatukreanoparticle volume fraction

Fig 7 and 8 depict the variation in temperature aadoparticle volume concentration profiles of thifferent
nanofluids subjected to thermophoresis with théuarfce of suction and magnetic effect. Fig 7 shtves,
increase in thermophoresis parameter decreasesdhdoundary layer and increases nanoparticle velum
concentration for both water and gaseousnanoflegterctively.It is observed that the thermal boundyer
thickness ofgaseousnanofluid is slightly decredssdtwater nanofluid. While diffusion boundary layer
stronglyincreases with increase inthermophoresiamater §,) for both nanofluids.The thermophoresis states
that the fact, increasing the temperature of naalessized particle in base fluid will acquire moruen from
heated surface and moves on. Gaseousnanofluid rasquiomentum from heated surface and spreads
throughout the boundary where water nanofluid maess the surface. We perceive that, negaiipeint out a

hot surface and positit to a cold surface. For hot surfaces, the nanaganrtiblume fraction boundary layer is



blow away from the surface by the high strengthhefmophoresis, since a hot surface drives the Saren
particles from it, thereby forming a relatively pele-free layer near the surface. On cold surficehigher
values of thermophoretic parameigihat distinctive peaks in the profiles occur inioegadjacent to the wall.
This means that the nanoparticle volume fractioarrtée surface is higher than the nanoparticle nelu
fraction at the surface and consequently, due ¢otliermophoretic effect the nanoparticles are eepeto
transfer to the surface. As a result, the diffadi@undary layer is formed just outside. In paticuincreasing
the thermophorestg, slightly increases thermal boundary layer bubrgjly increases the nanoparticle
diffusion boundary layer.

Variation in temperature and nanoparticle volumecemtration profiles of two different nanofluids in
the presence of suction and magnetic effect isrdigiin Fig 9 and 10. According to equations (11) é1.3),
the divergence of the radiativeheat flux decreasethermal conductivity of the nanofluidraises vkhic turn
decreases the rate of radiativeheat transfer ton#mofluid and hence the nanofluidtemperature acatds
whereasfrom Fig. 10 the profile of nanoparticlewné fraction of on shrinking porous surface firgtBcreases
(0<n<0.75) / (0<n<15) and then increases; & 0.75) / (n = 1.5).From here we observed that,
thethermal radiationeffectbecomes more signifiea® — 0(R # 0) and wherR — o it can be neglected. It is
perceive that the nanofluid temperature enhanc#s imerease of the thermal radiation paramgtePorosity
and absorption of shrinking surface induces combiefect on radiation parameter, tends to enhahee t
temperature significantly in flow region. The totahount of radiation of all frequencies increagesy as the
temperature rises and accelerates the nanopavidblene fraction; it grows aT*, whereT is the absolute
temperature of the nanopatrticle. This is the fhat the thermal radiation is one of the principachnanisms
of heat transfer. The velocity of water and gasemsofluid increases as the radiation increaseshonking
surface. The Fig. 9 depict temperature profilegaseousnanofluid is more than the temperaturelmfiwater
nanofluid. This is due to the fact that thermal maary layer thickness changes with change in teenthl
radiation strength of nanofluid.

4. Conclusions

Thermal response of convective boundary layer stigm point flow of two nanofluids (water and gassp
over porous shrinking surface influencing suctioesgure with various stream condition parametdss i
magnetic, porosity, Brownian motipthermophoresis, thermal radiation parameters om field velocity, heat
transfer characteristics and nanoparticle volumecentration is investigated. The results obtainesl ia
excellent agreement with the previously publishathdavailable in the literature in limiting conditi for some
particular cases of the present study. The effetthese parameters on the velocity distributiemperature
distribution and nanoparticle volume fraction cansommarized as follows:

1. lItisinteresting that the momentum of the nandfinicreases with increase of the magnetic strefogth
both water and gas nanofluid over porous shrinkungaccet. The lorentz force usually acts in opeosi
direction against the nanofluid flow, opposing thetion of the nanofluid but suction provides an
additional effect to thenanofluid flow. Comparitgetnanofluids, gaseousnanofluid has higher velocity
than the water nanofluid. It is because of fluisicaisity and friction on porous surface.

2. Brownian motion in the presence of magnetic fielthvguction plays a dominant role on nanoparticle
volume fractionand temperature ofboth the nanofiditie physics behind this is, increased Brownian
motion increases the thickness of thermal bound@ygr and then decreases the thickness of the
diffusion boundary layer, which ultimately enhandbe temperature and decelerates nanoparticle
volume fraction. It is observed that the magneiiddf strength plays a vital factor on nanoparticle
volume fraction on water and gaseousnanofluids.

3. ltis noticed that the Brownian and thermophoresigion of the nanoparticles provides an alternative
force in the flow region and its affect on surroungdliquids, plays a major role in heat and mass
transfer characteristics whereasthermal and ddfusiehaviours of nanoparticles at nanoscale level i
governed by various parameters. It is noted thabparticles Brownian motion is important factor in
governing these behaviour of nanoparticles. Dugize of nanoparticles Brownian motion takes place
in nanofluids system which has a chance of affgdti@at transfer properties..

4. The effect of thermal radiation on nanofluids iefiiced by magnetic effect and suction pressure is to
enhance the temperature. The temperature of thefln@h enhances with increase of the thermal
radiation paramete®. Porosity and absorption of shrinking surface oeh combined effect on
radiation parameter, tends to enhance the tempersignificantly in flow region.Due to the effect o
suction, shrinking surface exerts a force in floagion over diffusion boundary layerhence the
nanofluid temperature accelerates whereas the aatip volume fraction of water/ gaseousnanofluid
on shrinking porous surface firstly decreases aed increases)(= 0.75) / (n = 1.5).

We may conclude the flow and heat transfer propertif convection boundary layer flow in the stagmat
point region influencing suction and magnetic fieldnanoparticles in water and gaseous base faidbe



controlled by changing the quantity of the thermmglsis and Brownian motion.The problem of nanoffilogv
and heat transfer at a stagnation-point region itmgortant applications in many fields such as tloever
generation in nuclear reactors,nuclear reactoracdpthe aerodynamic of plastic sheet, the cem@dlicooling
system of high grade machinaries, and so forth.
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