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Abstract

In this study, we analyze the effects of thermdiation and magnetic field on unsteady natural ective flow
of a nanofluid past an impulsively started infinitertical plate in presence of heat source. Theofhaid
contains Copper, Nikel, Zinc Oxide nanoparticleshwivater as base fluid. The partial differentiabiatipns
governing the flow are solved numerically by Laglalransform Technique. The effects of various patans
on velocity and temperature profiles examined anesgnted graphically .It is found that the incre&se
magnetic field causes the decrease in fluid velpditid velocity and temperature profiles are morguenced
by Radiation, Heat source and Volume fraction & tfanoparticles. Shape of nanoparticles does ros h
effect on the velocity of the fluid.

Key Words: Heat transfer, Nanofluids, Thermal radiation, MHi®at source, Volume fraction.

Introduction

Unsteady natural convection flow of a nanofluid tpas impulsively infinite vertical plate in presenof
radiation and magnetic field have received a loatténtion in the field of several industrial, stiéc, and
engineering applications in recent years. Nanodliidve many applications in the industries sinceerizds of
nanometer size have unique chemical and physiagbepties. With regard to the sundry applications of
nanofluids, the cooling applications of nanofluidslude silicon mirror cooling, electronics coolingehicle
cooling, transformer cooling, etc. This study isremémportant in industries such as hot rolling, hsginning,
extrusion, glass fiber production, wire drawingd ananufacture of plastic and rubber sheets, polyheet and
filaments, etc. among the tasks facing by the erggiis the development of ultrahigh-performanceliogan
many industrial technologies. This is where narfmtetogy takes important part for further developtarhigh
performance, compact, cost-effective liquid cookygtems.

Researchers Hossain and Takhar (1996) discussesfféwt of thermal radiation using the Rosselarftlisiion
approximation on mixed convection along a vertiptdte with uniform free stream velocity and surface
temperature. Kuznetsov and Nield (2010) preserftechaitural convective boundary layer flow of a rflid
past an infinite vertical plate by considering thephoresis and Brownian motion of nanoparticlesurigiary
layer flow of a nanofluid over a permeable stratgfghrinking sheet was studied theoretically byHgécet al
(2012).

Takhar et al. (1996) studied the radiation effectehe MHD free convection flow of a gas past aisefinite
vertical plate. Ghaly (2002) considered the thermsaliation effect on a steady flow, whereas Rapitgl
Massalas (1998) and El-Aziz (2009) analyzed théeanly case. Sattar and Alam (1994) presented whystese
convection and mass transfer flow of a viscouspnmgressible, and electrically conducting fluid pashoving
infinite vertical porous plate with thermal diffesi effect. Radiation convection interaction proldeame found
in consideration of the cooling of high temperataoenponents, convection cells and their effect adiation
from stars, furnace design where heat transfer fsonfiaces occurs by parallel radiation and coneactthe
interaction of incident solar radiation with thertbas surface to produce complex free convectiotigpas and
thus to complicate the art of weather forecasting marine environment studies for predicting freavection
patterns in oceans and lakes this was discuss&idgel and Howell (1981). Hady (2012) analysedatazh
effect on viscous flow of a nanofluid and heat sfen over a nonlinearly stretching sheet.

Yao et al. (2011) have recently investigated that hleansfer of a viscous fluid flow over a permeabl
stretching/shrinking sheet with a convective boupdaondition. Magyari and Weidman (2006) analyzbd t
heat transfer characteristics on a semi-infinit¢ filate due to a uniform shear flow, both for frescribed
surface temperature and prescribed surface heatlflis worth pointing out that a uniform sheaw\l is driven
by a viscous outer flow of rotational velocity whas the classical Blasius flow is driven over ttaepby an in
viscid outer flow of irrotational velocity. Sandegp. al (2013) discussed Radiation effects on astéhay
Natural Convective Flow of a EG-Nimonic 80a NanaflRast an Infinite Vertical Plate and they coneldidhat
nanofluid velocity influenced by radiation paramet®andeep and Sugunamma (2014) studied Radiatidn a
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Inclined Magnetic Field Effects on Unsteady Hydrgmetic Free Convection Flow past an Impulsively gv
Vertical Plate in a Porous Medium.

To the author’s knowledge, no studies have beemuamtated so far with regard to radiation and mégfield

effects on an unsteady natural convective flow n&aofluid past an infinite vertical plate. The exttjve of this
paper is to analyze the effects of radiation angnaécfield on transient natural convective flowr@nofluid
past an infinite vertical plate in presence of temitrce. The unsteadiness is caused by the imputsotion of
the vertical plate. The present study is of immidapplication to all those processes which aralpigffected
with heat enhancement concept
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Fig.1 Physical M odel of the problem
Mathematical Formulation
Consider an unsteady, incompésstwo dimensional flow of a nanofluid past anpulsively
started infinite vertical plate. The flow is considd along x-axis, which is taken along the platthé vertically

upward direction and the y-axis is measured notméhe surface of the plate. At time< 0, the plate and the

fluid are at the same temperature. At time 0, the plate is given an impulsive motion in thetioatly upward
direction with the constant velocity.urhe surface of the plate is maintained at a esisemperaturg,, higher
than the temperaturk, of the ambient nanofluid. The fluid is water basahofluid containing the nano
particles. Zinc Oxide (Zno), Nikel (Ni) and Copp@u) .In this study, nanofluids are assumed to belss
single phase fluids with local thermal equilibrilvatween the base fluid and the nano particles sdggkin
them, so that no slip occurs between them. A sctiemepresentation of physical model and coordisysem
is depicted in Fig. 1. The thermophysical properté the nanofluids are given in Table 1 .The basisteady
momentum and thermal energy equations accorditigetonodel for nanofluids in the presence of radiaand
magnetic field along with heat source are as fadlow

u_1) du, V-
o_ 1 |\ OT 09, e
o (ex,) {K"fayz oy AT Tw)} @

The boundary conditions for the problem are
t'<0,u=0T=T, forally,

t>0,u=u,,T=T, for y=0, ®3)
u-0T-T, as y - c.

Where u is the velocity along x- axig) ; is the effective density of the nanofluigj ; is the effective dynamic

viscosity of the nanoﬂuid,Bnf is the thermal expansion of the nanofluid, g is dlgeeleration due to gravity

.k is the thermal conductivity of the nanoflu@j, is the radiative heat fluxJ is surface tension anB, is

applied magnetic field. For nanofluids the expressi of density0, , thermal expansion coefficient

( B )nf and heat capacitanc(qocp)nf are given by
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Py =(1-9)p; +¢p.

Mg = M /(1_ ¢)2.5

(pB), =(1-¢)(pB), +¢(0B), (@)

(pcp)nf - (1_¢)(pcp)f +¢(pcp)s

The effective thermal conductivity of the nanofl@idcording to Hamilton and Crosser model is given b
ky _k+(n-Dk - (-1, ~k,)
kf ks+(n_1)kf +¢(kf _ks)

Where n is the empirical shape factor for nanoglartin particular n=3 for spherical shaped nantiglas and
n=3/2 for cylindrical shaped nanoparticlgsis the solid volume fraction of the nanoparticlisjs thermal

conductivity. Here the subscrigt§, f and s represents the thermo physical properties of naidofoase fluid

and solid nanoparticles respectively.
By using Rosseland approximation (26) the radidteat flux leads to

(®)

q=- 40" oT* )
" 3k oy

Whered” and K are Stefan-Boltzmann constant and the mean absorpoiefficient respectively.

0 -

B = ta o (T4 -T) (7)

oy

If the temperature differences are within the flave sufficiently small such thatl * may be expressed as a
linear function of temperature, then expand'lﬁé in Taylors series abouk,  and neglecting higher order
terms we get

T O4rT-31° (8)
In view of equations (6)-(8) and introducing thédwing non dimensional variables in equations (@)-
* 2
U= y=Yb -1k
u0 Uf Uf
- 16a 0 U TS oBu
g=1"1= R= — M =— ©)
Tw -T. kf Uy Uy
T,-T.)u v?
Gr:g'g( 2 -) f,Pr:—f,H:Q .
uO af kf u0
Governing equations reduces to
ou U
—=a,—+a,0-a 10
ot oy ° ) _
08 0°0
—=a,—-at 11
ot tay? 7 -

The corresponding dimensionless boundary conditimas

t<0,U=0,8=0 foraly,
t>0,U=0,6=1for Y=0, (12)
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Where
a= 1 k. 1
1

R
)
1-¢g+¢;—°
(),
o= 1 1
4 [1—¢+¢@]
A
) (o8],
1-g+¢,)s
o - (0B), -
1-¢g+¢ Ps
=_ 1 _M
P (1-9)° (@-d)o; +o0.)’
ag = H ,
0’7 = 0’2 —0'6

(13)
Equations (10) and (11) subjected to boundary ¢mmdi in equation (12) are solved using Laplacasf@m
technique and the solutions are given by

a ,t n
exp| 27 ! jerfc( + Ja t]
o (y, t) =2+ [ a, Ja !
a ,t n
+exp(—2/7 —7]erfc[ - a7t]
a, Ja

2

(14)
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U(y,t):% exp[2/7 asjerfc[\/z+ ast]+exp[ 2 asjerfc{\/z 1/0/5t}
1 [ast n a1 - /”_st n__
Z{exp[m agJerfc[\/Z+ astJ+exp( 2n as]erfc[\/z astﬂ
_1 /“_ﬁ /i o t - /“_ﬁ n__
z{exp[Z] al]erfc[\/z+ a7tJ+exp[ 2n a. ]erfc[\/Z aﬂﬂ
o exp[2/7 ,%Jerfc[\/lz_s+ﬂ/(z+a5)q
a0, - 2
+exp[_2,7 (Z+i5)tJerfc[\/,;—3— /(Z+a5)t]_
(2+a7)t] [,7 ] ]
exp| 7 erfc +J(z+a;)t
+eZt [ Ja.
2
+exp[_2,7 (Z+61¥7)t]erfc[\/%—1/(z+a7)tl
(15
Where Z:a1a5—a3a7’,7: Y
a,-a, 24t

Results and Discussion

The partial differential equations (10) and (11)jsets to the boundary conditions (12) were solwecherically

by using Laplace Transform Technique. We condidldr Ni  and ZnO nanoparticles with water as the base
fluid. Table 1 showsthe thermo physical Properties of water and nanoparticles.

Y . G k ,BX105

O | gty | KD |
HZO 997.1 4179 0.613 21
Cu 8933 385 401 1.67
Nl 8890 456 702 1.33
Zno 5600 514 147 3.02
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Fig.1 Effect of Magnetic parametht on the velocity ofCU water nanofluid whersr =5,
H =2, Pr=6.2, R=1, t=0.5, ¢ =0.04.
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Fig.2 Effect of Magnetic parametdvl on the velocity ofNi water nanofluid wherGr 5, Pr=6.2, R=1,
t=0.5, ¢ =0.04, H =2.
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Fig.3 Effects of Magnetic paramefet on the velocity ofZN0 water nanofluid whear =5,Pr=6.2, R=1,
t=0.5, ¢ =0.04, H =2.
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Fig.4 Comparison of velocity profiles of nanofluitisthe presence of magnetic field
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Fig.5. Effects of Heat source paramdteion the velocity field ofCU water nanofluid whesr =5, Pr=6.2,
M=1, R=1,1=0.5, ¢ =0.04.
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Fig: 6. Effects of Heat source paramdtkon the velocity ofNi water nanofluid wherGr =5, Pr=6.2,
M =1,R=1,t=0.5, ¢ =0.04.
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Fig: 7 Effects of Heat source parametkion the velocity ofZN0O water nanofluid whear =5, Pr=6.2,
M =1, R=1, t=0.5, ¢ =0.04.
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Fig.8 Comparison of velocity profiles of water amghofluids in the presence of heat source (H=0.2)
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Fig: 9. Effects of volume fractiogp on the velocity ofCU water nanofluid wher{ar =2,

Pr=6.2, M =1, R=2,1=0.6, H =3.
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Fig: 11. Effects of volume fractigh on the velocity ofNi water nano fluid whelGr 2, Pr=6.2,M =1,R=2,
t=0.6,H =3.
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Fig: 10. Effects of volume fractiah on the velocity ofZNOwater nanofluid wherGr =2, Pr=6.2, M =1,
R=2,1=0.6, H =3.
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Fig.12 Comparison of velocity profiles of water amhofluids in the presence of volume fraction (230
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Fig: 13. Effects of Radiation parameEron the temperature €U water nanofluid wherPr=6.2,t=0.6,
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Fig: 14. Effects of Radiation parameRobn the temperature dNi water nanofluid wherPr=6.2, t =0.6,
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Fig: 15. Effects of Radiation parameFon the temperature ofNO water nanofluid whePr=6.2,t=0.6,
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Fig.16 Comparison of temperature profiles of nand# in presence of radiation
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Fig: 17. Effects of Heat source paraméteron the temperature d€U water nano fluid wherPr=6.2, R=6,
t=0.1, ¢ =0.04.
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Fig: 18. Effects of Heat source paraméteron the temperature dNi water nanofluid whePr=6.2, R =6,
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Fig: 22. Effects of volume fractic¢ on the temperature oNI water nanofluidvhen Pr=6.2,R =4, t =0.6, H =2.
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Fig: 23. Effects of volume fractigt on the temperature field 1O water nanofiuid wherPr=6.2,R =4, t=0.6, H =2.

Figs. 1, 2 and 3 shows the effect of Magnetic field CU water, Ni water andZNO water nanofluids
respectively. Here we observed that increase innetagfield causes the decrease in fluid velociede may
happen due to the magnetic field pull of the Lazeiorce acting on the flow field. From Fig. 4 itdtear that
magnetic field effect is more o@U water nanofluid .

Figs.5, 6 and 7 depicts the effect of Heat sousrameter orCU water, Ni water andZnO water nanofluids
respectively. Here we observed that increase int Blmarce parameter causes the increase in fluativgl.Here
heat is generated the buoyancy force , which ingltice flow rate to increase giving rise to the éase in the
velocity profiles .From fig.8 we found that increas heat source parameter shows much effect saasing in
fluid velocity in CU water nanofluid.

Figures 9, 10 and 11 depict the effect of Voluneetion parameter oCU water, Ni water andZnO water
nanofluids respectively. Here we observed thatetess in Volume faction parameter causes the ireiedtuid

velocity. These may happen due to the number dasairatoms per unit of interior atoms of nanopkasids
very large when we reduce the volume fraction. Ffiginre 12 it is clear that variation of volumedt®mn shows
much effect to increase the fluid velocity ZNOwater nanofluid .

Figs. 13, 14 and 15 shows the effect of Radiatmmmmeter orCU water, Ni water andZNO water nanofluids
respectively. Here we observed that increase indiad parameter causes the decrease in fluid teahpe,
these may happen due to Rosseland radiation ah@&rpss. From Fig. 16 it is clear that effect ofdR#ion

parameter is more o£NOwater nanofluid .
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Figures 17, 18 and 19 Shows the effect of Heatcsoparameter ofCU water, Ni water andZnO water
nanofluids respectively. Here we observed thateiase in Heat source parameter causes the incredisidi

temperature. From figure 20 it is clear that effefcdtieat source parameter is more bdh water nanofluid .

Figures 21, 22 and 23 Shows the effect of Voluraetion parameter ofcU water, Ni water andZnO water
nanofluids respectively. Here we observed thatease in Volume fraction initially decrease the dlui

temperature after certain period it is reversed.iBwase ofZN0 water nanofluids increase in volume fraction
of nanopatrticles causes the increase in fluid teatpee. These may happen dute to the reason thateitrease

in volume fraction improves the heat transfer rate.

Conclusions

The effects of radiation and magnetic field on aady natural convective flow of nanofluids pastirdimite
vertical plate with heat source using Rosselandagmation for the radiative heat flux are analyz&the
governing partial differential equations are solveyl Laplace Transform Technique. The effects of the
nanoparticle volume fraction, thermal radiation gmeticfield and heat source on fluid velocity aathperature

determined forCU water, Ni water andZNO water nanofluids.

The conclusions are as follows

1. Velocity of water nanofluid is more influenclegd magnetic field parameter

2. The effect of radiation on water nanofluid \atp is less compared to water, water nanofluid

3. Heat sores parameter improves the velocitywafter, water nanofluids.

4. Decrease in Volume fraction of all nanoparticdasses the increase in fluid velocity.

5. The increase in thermal radiation is causesldweease in temperature of the fluid and it is mofleenced
the water nanofluid.

6. Increase in heat source parameter causes theasgc in fluid temperature. Water nanofluid is muc
influenced by heat source parameter.

7. Decrease in volume fraction of the nanoparticksses the increase in fluid temperature.
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