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Abstract— The fluid convey cylindrical in general. Due to vaous
physical factors, the nano fluid flows and exhibitsinteresting
characteristics in Heat transfer. The particle sizeand the liquid
like layer around it affects heat transfer very mud. We
investigates theoretically the effect of particleize and the layer
around it on heat transfer under the influence of magnetic field
and heat source in porous medium. The magnitude oheat
transfer decreases with increase in particle size.

Index Terms— MHD Nano — fluid, Annulus, Porous material.

|. INTRODUCTION

The investigation for enhancing the heat and measster
through a fluid gives birth to the nano-fluid due the
presence of metal particle in the fluid enhancesheat and
mass transfer widely. The literature is providinmgexcellent
support for the enhancement of heat and mass ¢éransf

Xuan and Li [10] presented a studytbe thermal
conductivity of nano-fluid comprise of copper ngvarticles.
The measured data showed that adding 2.5-7.5% copjuke
nano particles to the water increased its conditigtiy about
24-78%. Rafee [4] had concluded that for a consteedt
transfer rate, by increasing the length ratio of amulus
(L/Dh), firstly the entropy generation ratio wiledrease until
reaches its minimum value.

Free convection flow and heat ¢fan in hydro
magnetic case is important in nuclear and spadentéagy
(Singh KR 1963[6], Yu CP 1969 [8], Yu CP 1970[9n
particular, such convection flow in a vertical alusuregion in
the presence of radial magnetic field had beenietuthy
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(1976) [2] had analyzed the free convection of arrial
conducting viscous incompressible fluid inducedttaveling
thermal waves on the circumference of a long valrarcular
cylindrical pipe. Whitehead (1972) [7], Neeraja 989 [3] had
made a study of the fluid flow and the heat transfe a
viscous incompressible fluid confined in an annuesinded
by two rigid cylinders. The flow was generated gripdical
traveling waves imposed on the outer cylinder arelihner
cylinder was maintained at constant temperature.

Ali J. Chamkha [1] had studied theaHand Mass
Transfer from MHD Flow over a Moving Permeable Gylier
with Heat Generation or Absorption and destruc@remical
Reaction. He found that the diffusion decreaseth witrease
in chemical reaction.

The above studies motivated to inveség
theoretically the effects of particle size, cherhieaction and
heat source on convective heat transfer in a ndluid-while
passing through horizontal porous annulus in tresgmce of
magnetic field.

Il. FORMULATION OF THE PROBLEM

We consider free and force convection flow of Cu-
water nano-fluid through a porous medium in a dacu
cylindrical annulus in the presence of heat sounteyhich
inner and outer walls are maintained at a conséanperature
and concentration. The flow velocity, temperaturad a
concentration in the fluid to be fully developedherfluid
region has constant physical properties and thve iBca mixed
convection flow taking place under thermal and roolar
buoyancies and uniform axial pressure gradient. Wtre

Sastry and Bhadram (1978) [5].Nanda and Purushotham
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momentum and energy are coupled, and also the fow
annullise
boussenissque approximation is invoked so, thatdéresity
variation is confined to the thermal and the molacu
buoyancy forces. By making use of the above assanmgpthe

unidirectional along the axial cylindrical

governing equations are:
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The appropriate initial and boundary conditiforsthe
Problem are given by
T=T,, w=0on r =a

T=T,, w=0o0n r=a+s

Thermo-Physical properties are related asvid!
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where [51 = 0.01 is a constant for considering thepktza

resistance per unit ar
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We introduce the following dimensionless variables:
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Using equations 4, 5, 6 and the thermo-physicgbegnties

than the Equation 2 & 3 can be written in the failog
dimensionless form:
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Where the corresponding boundary conditions (4)bzan

written in the dimensionless form as:
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W=0,=00n R=1 increase in heat source {QThe flow increases with increase
W =0,6d=1on R = 1+s in the porosity O ™).
Here p, is the Prandtl number, M is the magnetic From Figs. 9 — 14 the heat transfer tgkase from

inner cylinder to outer cylinder linearly for alasations of
¢, s, h ¢ Qi and D'. The temperature enhances with

increase in volume fractiongf) of Cu particles. The

parameter (Hartmann number),; Qs the heat source

parameter,D ™" is the Darcy numberGr is the Grashof

b hich defined as: . ) o
number, which are defined as temperature increases rapidly with increase ofatiaith (s)

of an annulus. The temperature is maximum in arulasn

Pr= Vi M = o By a,Qy = Q a, when the inner and outer cylinders are of the seadais.

f Ht K The layer (h) around the nano-particle reduces the
1 _a g (pﬁT)(Tm‘To) temperature due to less thermal conductivity of BuO
D k Gr = v f2 when compared with Cu. The temperature enhancds wit

increase in size of the particle ,d The temperature

The local Nusselt number Nu in dimension less form: decreases with increase in heat sourcey).(QThe

k nf
Nu=-—— 68" (1+s)
K; 9.00E-03
8.00E-03 |
[ll. SOLUTION OF THEPROBLEM 7 00E-03 |
The cross section of the cylinder which considensl a 6.00E-03 1
appears in the annulus form for numerical computati The 5.00E.03
governing equations are solved for momentum (w) and e
temperature @) by using method of lines with the help of 4.00E-03 @ = 0,0.02,0.04,0.05
Mathematical package across the cylindrical annsligect to 3.00E-03 +
the boundary conditions. 2. 00E-03 1
IV. RESULTS 1.00E-03
The profiles of momentum and temperatueedzawn at 0.00E+00 . L)s 1‘1 R ‘15 1‘2 ) ‘251‘3 ) ‘351‘4 R ‘451 .
Pr = 7 for constant axial temperature and axialceatration -1.00E-03 o
gradients.
From Figs. 1 - 8 the flow is maximum irethnid region temperature reduces with the increase in poroiii)_/l().

of the annulus. The momentum decreases with salidnvwe

fraction (¢). If the amount of Cu nano-particles increases, th Fig.1 Variation of w with ¢

momentum decreases due to Brownian motion. Thehvaofit 2 50E-02

an annulus affects the flow very much. The flownaximum

for width of an annulus (s). The velocity enhanceish 2. 00E-02 1

increase of the thickness of the layer (h) aroum& nano-

particle due to increase in friction. The velodgymaximum 1.50E-02 |

for 10nm or more and almost constant for 2nm ors les

thickness. The flow has obstructed by the Cu naartigle 1.00E-02 + $=0.2,05,0.8,1

very much. As the Particle sizeg(dncreases from 20nm to

100nm the velocity is decreased due to low Browmirtion. 5.00E-03 -

The velocity is maximum for small particles at ab@dnm

and the velocity is almost constant at about 10@nrmore. 0-00E+00 T4t
L o . 1 2 3456 7 8 9101112131415161718192021

The velocity increases with increase in thermal sBod 5.00E.03

numbers (Gr). The velocity decreases with increias¢he

Hartmann number (M) and the velocity found maximiarthe

absence of the magnetic field. The velocity de@sasith Fig.2 Variation of w with s
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