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ABSTRACT: In this paper we study the combined free and forced Convection of a conducting fluid in a vertical tube of
circular cross-section. The medium is assumed to be completely saturated and the boundary wall is impermeable. The
expression for velocity, temperature mean velocity and mean temperature have been derived.
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Introduction: The process of combined heat transfer is encountered very frequently, owing to its great practical importance; the
problem under consideration has long been attracting the attention of investigators. A large number of theoretical and
experimental studies have been conducted.

Convective heat transfer from a heated impermeable surface in a field is of growing interest because of its application in
assessment of geothermal resources in design of underground energy storage system, nuclear power reactor engineering and so
on.

Mathematical Formulation:

Let us consider steady fully developed linear flow of viscous in incompressible fluid in a long vertical circular tube of radius a.
The wall of the tube is assumed to be impermeable and the fluid receives uniform heat input per unit length of tube. It is also

assumed that there is a uniformly distributed constant heat source in the flow region, let (I', (9, Z) be the cylindrical polar co-

ordinate system with the axis of z coinciding with the axis of tube directed vertically upward. The fluid properties such as specific
heat C,, the co-efficient of viscosity LI as well as the medium properties such as the conductivity 6, thermal conductivity k etc

are assumed to be constant.

The equation of state reduces to
p=p,[1-B(t-10)] )

Where O is the fluid density, ,OO the standard density, ,B the co-efficient of thermal expansion, t the fluid temperature and to
the standard temperature.

We assume that the conducting fluid is acted on by uniform magnetic field Hyalong the radial direction. Due to the fully
developed laminarity of flow, the wall and the fluid temperature gradients in the axial direction are equal and constant under these

conditions, the steady flow is characterized by velocity (0, O, W) and the temperature T.

The governing equations are.
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O is the density of the fluid at the wall p the fluid pressure, g the acceleration due to gravity and f; is the internal heat source

T=t- t*,t being the temperature of the boundary wall and = H y I being the magnetic permeability
0 0 0

The boundary conditions are

w=0,T=0ar=a )
To convert the equation (2) and (3) in to non-dimensional form,
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Where w,, is the mean velocity
Then the equation (2) & (3) reduce to

2
du 10 usRe=s 0
dg® qdg
d?9 1do
And —— +— —-u=-R (8)
dq® qdg

And the boundary conditions (5) is transformed into
u=0 atg=1
0=0 atg=1 )

S and R in equation (7) & (8) characterize the pressure gradient and heat source respectively in the circular tube and are constant.

Solution of the Problem :
H - - - ! -
The sequence < ‘]0 (ﬂIQ) where J o epresents the zeroth order Bessel function of first kind and Al'S are successive

roots of JO (ﬂ) = O vanishes on the tube boundary (] = 1

We expand f (C]) =10< g=< 1 in fourier-Bessel series in the form 1 = Zzl Ci ‘]0 (ﬂ.lC]), where Al are roots
of the equation ‘]0 (ﬂ) =0 (10)
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(10)  [a]

=;[J1<M>—Jl<o>] a
Using 10 [a] & (11) becomes
2 : 2
—J. (Al)=
A 2id, (i)
JZ(Ai)

Ci=

Therefore 1 = Z:;Ci Jo (ﬂlC])

23" Jo(Aiq)

= 2.3, (i)

= 1 = (12)

Let us choose

u(a)= 2.5 Jo(4ia) @
6(a)=>.".SJ,(4iq) (14)

Substituting (12), (13) and (14) in equation (7) and (8) we obtain

2 Jé(ﬁiQ)ﬁZ-_l o (Aia)—m? X7 6 o (Aia) + R3S, g (4iq)
_253” Jo(2iq)

=203, () (15)
and 37 S, 37 (i) + Z o(Zia) =2 " r I, (2iq)
- 2R M (16)

:ilﬂ,i J,(i)
Aiq)=J,(Aiq)
AlQ

iq) = J,(4iq)—J,(4iq)

Using J(') (
o

And ZJO
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In equation (15) & (16) and equation the co-efficient of J 0 (/IIQ) on both side we get.

: « 25
—(m2+/1|2)ri+R szm (17)
. 2R
And I+ AQ°S, = ———— (18)
” 20, (i)
We thus have velocity and temperature fields :
S| PR -sAE | 3, (zig)
u=2»
Zl:l R*+/12i(m2 +ﬂ,2i) i Jl(ﬂ,i) (19)
e R(m?+2%)+S | 3,(iq)
= ) 20
AR+ 2% (7 + A7) [ 209, (i) @
Mean velocity in non-dimensional form is
} [RR" -S|
u,=2) - (21)
Z'=1,12i[R + A% (mP 4 2% | 8
Mean temperature difference in non-dimensional form is
1 e
6, :;_[OZE gé dg
.| R(m*+2%)s |
:4Zi:1;tz- * 2: 2 2: (22
|[R + A |(m + A |)]
Vertical circular porous channel.
Mean-mixed-Temperature difference in non-dimensional form is
23" [RR =S2% || R(m* + %) +S |
1
, [ u6q dg 2[R+ 2% (m? 4 2% |
v I::qu dg [R R —Sﬂ,zi] )

> A RO A% (4 2%) |
Numerical Results

The first few roots equation (10) are 2.4048, 5.5201, 8.6537, 11.7915

The expressions for velocity u and O are plotted against q for difference values of m.

*
For numerical calculations it is assumed that S =1, R= 2, R = 1,
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The magnetic field decreases the magnitude of the velocity and temperature.
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