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Abstract: This paper mainly focuses on the three dimensional heat and mass transfer analysis of Al,O;

nanofluid over a stretching sheet in view of enhancement of thermal conductivity and hence more heat

transfer capability of nanofluid. The non-linear partial differential equations have been converted into

strong non-linear ordinary differential equations by employing suitable transformations and these

transformed equations are solved by Runga-Kutta method of fourth order along with Shooting technique.

The results are presented through graphs for various parameters on velocity, temperature, concentration.
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l. INTRODUCTION

It is well known that nanofluids are a new class of
nanotechnology-based heat transfer fluids engineered by
dispersing nanometer scale solid particles whose length
scales is between 1 nm to 100 nm in traditional heat transfer
fluids. Choi [1] was the first who introduced the term
‘nanofluids’. Several industrial applications of nanofluids
include improved heat transfer, chemical production, power
generation in a power plant, automotives, microelectronics
production, advanced nuclear systems, micro channel
cooling. Therefore, a significant research interest has been
carried out in recent years due to wide range of applications
of nanofluids [2]-[4]. In the presence of spherical Au-
Metallic Zubair et al.[5] analyzed and investigated the heat
and mass transfer analysis of MHD nanofluid flow with
radiative heat effects. In porous media over a permeable
stretching/shrinking sheet Bhatti et al.[6] investigated and
stuided new numerical simulation of MHD stagnation-point
flow with heat transfer. Khan et al.[7] studied boundary
layer flow of a nanofluid past a stretching sheet. Over a
stretching sheet Sravan Kumar et al.[8] discussed a
comparative study of thermal effects on MHD flow and
heat transfer of nanofluids. On mass transfer Hayat et al.[9]
studied three-dimensional flow of a visco elastic fluid.
Nayak et al[10] explained three-dimensional free
convective MHD flow of nanofluid with thermal radiation
over permeable linear stretching sheet.
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From the above literature 1 noticed the scope of studying
3D heat and mass transfer analysis of Al,Oz nanofluid over
a stretching sheet. The present work is the extension of the
work of Nayak et al.[10] to analyze three dimensional heat
and mass transfer analysis of Al,O; nanofluid over a
stretching sheet.

1. FORMULATION OF THE PROBLEM

Consider a steady three-dimensional incompressible
electrical conducting free convective nanofluid flow past a
permeable stretching sheet. The physcial representation of
the problem is shown in Fig. 1.Assume that a transverse
magnetic field of uniform strength By is applied parallel to
the z-axis. The magnetic Reynolds number is assumed to be
small so that the induced magnetic field and impressed
electric field are neglected.
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Fig.1 Physcial representation of the problem.
The governing equations ( Nayak et al.[10] ) based on the
assumptions are as follows.
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The boundary conditions are
u=U,(x)=ax,v=V,(x)=bx ,w=0,T=T,, C=C,, atz=0
u—>0,v>0,w—>0,T->T,C>C, asz—ow (6)
where a > 0 and b > 0 for stretching sheet.
The properties of nanofluid are given by
P =A=0)pi +dos. (PC) 0 = A=)(C,) ¢ +8(C ). (PB) i =A=8)(0P) ¢ +d(0P)s.
K. +2K, -2¢(K. — K
an _ Kf S f ¢( f s) (7)
K, +2K; +2¢(K; —K,)
The effective dynamic viscosity of the nanofluid is
o = 1t (1+39.114 +533.94%)
®)
The Rosseland approximation is
_ * 4 3 _* A2
g, =2 T vé-gror-art, e 1617 O T ©
3k oz 1674 3k oz

From (7), (8) and (4) energy equation is
or oT aoT  ky T 1 160°T? 0T

Uu——+V——+W—= > * 2
ox oy a (pCy)y 2% (pC,)y 3K @z (10)

The following are the dimensionless variables

: : T-T c-C
u=axt'(n). v=ayt’n). w=—(@av,)(F+am). o) =7—=  Co=c—=
w o Cw _Coo
b

a
n= (—] Z (1)

Vi
Using (7)-(11) Egs. (2),(3),(8) and (5)
7+ el (F +9)F = (£ )+ (e,0+£,7,C)f '~ Mf'|=0 (12)
gm+5{‘91((f + g)g”_(g,)2)+ (52739+‘9474C)g'+ Mg,}= 0 (13)
(A+R)0"+¢&,Pr(f +9)0' =0 (14)
C"+Sc(f +g)C' =0 (15)

with the boundary conditions
f'(7) =1 9'(m) =4, £(n)=0,9(7)=0, 6(n)=1LC(n)=14n=0
f'(n) =0, 9'(n) >0, 8(17) - 0,, C(7) >0 as 77 —> 0 (16)
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1. RESULTS AND DISCUSSION

The numerical solutions of the governing ordinary
differential equations (12) to (16) with the boundary
conditions equation (17) are obtained by using Runge-
Kutta fourth order method along with shooting technique
using MAT lab. We have converted the boundary value
problem into initial value problem and assumed a suitable
finite value for the far field boundary condition.
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Fig.2 Effect of Primary velocity for various M values
using Al,O3 nanofluid.

The effect of primary velocity is shown in Fig.2 and effect
of secondary velocity is shown in Fig.3 using Al,O;
nanofluid for various magnetic parameter values. It is clear
that for increasing values of M the primary velocity
decreases and secondary velocity increases.
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Fig.3 Effect of secondary velocity for various M values

using Al,Os nanofluid.
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Fig.4 Effect of temperature for various S values using
Al,O3 nanofluid.
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Fig.5 Effect of temperature for various R values using
Al,O3 nanofluid.

The effect of temperature using Al,Os; nanofluid for
various values of suction parameter S is displayed in Fig.4.
It stated that with the increase in suction parameter,
temperature decreases. The effect of temperature using
Al,O3 nanofluid for various values of radiation parameter
R is displayed in Fig.5. It depicts that the temperature
decelerates as R accelerates.
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Fig.6 Effect of concentration for various Sc values using
Al,O3 nanofluid.

© 2018, IJREAM All Rights Reserved.



From fig.6 it is clear that concentration increases for the
increasing values of Schmidt number.

V. CONCLUSION

The three dimensional heat and mass transfer analysis of
Al,O; nanofluid over a stretching sheet is analyzed by
solving the governing ordinary differential equations with
the boundary conditions equation using Runge-Kutta
fourth order method along with shooting technique using
MAT lab. The following conclusions are obtained from the
present study.
1. For increasing values of M the primary velocity
decreases and secondary velocity increases.
2. Temperature decreases with the increase in suction
parameter and radiation parameter.
3. Concentration increases with the increase in Schmidt
number.
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