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space becomes increasingly stratified arid, for sufficiently high
Rayleigh numbers (order of 109), the flow down the cold wall
does not penetrate this region at all, but instead separates
from the wall toward the baffle tip, thus forming a weak recir-
culation in the lower-baffle/cold-wall region.

Nusselt Number Results
Figure 3 compares the hot- and cold-wall Nusselt numbers

for different aperture locations. Also included in the figure is
Bajorek and Lloyd's11 experimentally determined correlation
for an air-filled enclosure with he/ff equal to 0.25 and aper-
ture ratio of 0.5. As expected, the perfectly conducting predic-
tions with he/H= 0.25 agree reasonably well with the correla-
tion, while the predictions with the adiabatic end walls are
substantially higher. The lowest heat transfer occurs for
h(/H=Q.5 and Nu increases with decreasing h(/H. Similar be-
havior is noted along the cold wall, except that when the end
walls are conducting the average Nusselt number appears to be
relatively insensitive to the value of hf /H. To explain some of
these trends, it should be noted that, as hf IH is increased,
thermal stratification in the lower-baffle/cold-wall region
becomes stronger, resulting in lower heat transfer between the
fluid stream and the lower portion of the cold wall. The local
Nusselt number alo'ng the hot wall also decreases with increas-
ing h/H. At a higher value of h-t/H the flow detaches earlier
from the cold wall; therefore, the flow up the hot wall is corre-
spondingly less cold, leading to a decrease in Nusselt number.
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Conclusion
A numerical study has been made to determine the influence

of the aperture locatiori in an enclosure with centrally located
upper and lower baffles and dimensionless aperture opening
of 0.5. The aperture location is found to have a significant in-
fluence on the heat-transfer, velocity, and temperature pro-
files along the cold wall, but a weaker influence on the corre-
sponding quantities along the hot wall.
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Nomenclature
= dimensional and dimensionless constant

temperature gradients, Eq. (9)
= dimensional and dimensionless excess

temperatures, Eq. (9)
= dimensional and dimensionless excess

temperatures of the inner pipe
= thermal conductivity, W/(m2 - K)/m
= radius of outer periphery, m
= ellipticity of the annulus
= dimensional and dimensionless pressure,

Eq. (2)
= Peclet number, ReLPr
= Prandtl number, via
- characteristic heat flux, Eq. (9)
= mass flow rate through the annulus, kg/s
= Reynolds nutnber, WL/*>
= temperature, [CZ + E(X,Y)}, K
= outer and inner wall temperatures, K
= dimensional and dimensionless transverse

coordinate
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Y,y = Y/L = dimensional and dimensionless transverse
coordinate

Ztz = Z/L = dimensional and dimensionless longitudinal
coordinate

a = thermal diffusivity, m2/s
/x, = dynamic viscosity, kg/(m - s)
v = kinematic viscosity, m2/s
£ = dimensionless elliptic coordinate,

x = £[1 + (m2/?)] cosr/

t\ = dimensionless elliptic coordinate,

x = £[i + (m2/?)} COST;

co = core size or dimensionless inner radius of the
annulus defined as the ratio of the inner radius
to the outer radius

Introduction

THE problem studied here follows Ref. 1 and is the com-
plete form of Ref. 2. A special case of this study, where

ellipticity m equals zero, is given in Ref. 3. The velocity and
temperature distributions with fully developed profiles are
presented in closed forms. The heat flux for the inner and
outer walls are obtained explicitly. The numerical results are
given in graphical form. In Ref. 4, results for an elliptic tube
with constant wall temperature are presented. A recent liter-
ature survey5 showed that no analytical or experimental work
was done in this area. The subject matter covered here has im-
portance in a large variety of traditional engineering
disciplines, i.e., nuclear engineering and compact heat ex-
changer design.

Viscous Flow in Annular Elliptic Pipes
The velocity distribution for an incompressible, constant-

property fluid in laminar flow inside a confocal elliptic an-
nulus in regions away from the inlet where the velocity profile
is considered fully developed is given by1

W=ReL cos2r?) (1)

where

dP
~dZ~

dp
L3 dz

2m2

(3)

(4)

The rate of mass flow through the annulus of the elliptic pipes
is

^oo (5)

where

(6)

(7)

Temperature Distribution

The temperature distribution in a flow between confocal
elliptic boundaries each maintained under constant wall heat
flux conditions must have the following functional form1 of
T=CZ + E(X,Y) where £=0 on the outer periphery and
E=Ein on the inner periphery, which requires each wall
temperature to be constant at any cross section* Note that
for noncircular cross sections, peripherally uniform
temperature distributions do not correspond to uniform heat
flux distributions around the peripheries.1

Including an arbitrary heat generation term WGEN and
neglecting viscous dissipation, the energy equation to be
satisfied is

(8)

The variables involved in the analysis are nondimension-
alized as

Q. Q Lq
QGEN = ~~r~ QGEN* C=—-— c, E--—^

Introducing Eqs. (7) and (9) into Eq. (8), one obtains the
dimensionless energy equation in elliptic coordinates as

a2

+ G(E0-E2

where

cos4rj) (10)

m« G = cPe,

(11)

The general solution to the energy equation is given by Ref.
2 as

= *in£o + QGEN C/b

where

+ G ( *o

logo?

J_
4 °

4 cos4r? )

(12)

8=~7-w 2 (13)

w2m
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(16)

Heat Fluxes Through the Walls
The element of heat flux dU measured in the positive

direction of £ through an elemental area of £ = constant ellip-
tic surface is

dU= - de • drj (17)

The energy transfer rates (// and £/0 per unit length of inner
and outer pipes, respectively, which are taken to be positive
when heat flows into the fluid, are expressed as

(18)

(19)

f 2 * / de \U^-Lq^ (——)
Jo \ d£ /{=«

P 2

U0=Lq\
Jo

Substituting from Eq. (12),

(o>) logo?] /logoo

U0 =

(20)

ilogco]/logw (21)

where /07 (co), /0' (1), e0' (w), and e0' (1) are the derivatives of
/0 and e0 with respect to £ evaluated at £ = co and £ = 1 and
are given in the Appendix. Also,

(22)
LcPe

Two special values of 0 are given as follows:
1) For insulated outer wall, U0=Q:

logco] (23)

2) For insulated inner wall, £/,=0:

w) logoj + coGe0' (co) logo;] (24)

The differences of Eqs. (23) and (24) can be written as

1
~G~

o o
/3 /~/5o= oW-UJo (O))]

(25)

Using Eqs. (A5) and (A6), the preceding equation reduces to

0 o tfo/avlogo)
2G (26)

Let the ratio of the heat gain rate from the outer wall to
that from both walls per unit length of pipe be denoted by X.
Then

(27)

which depends only on the dimensionless inner-wall
temperature. The value of X for the special case of equal wall
temperatures can be defined in terms of the inner wall
temperature Tt and the outer wall temperature T0 and

E-m = (Tt-T0) at 0 = 0

Therefore, the value of X from Eq. (30) becomes

X0=fc/(fc-00)

Introducing the ratio /i = X/X0, /5 can be expressed as

0= - (1 - A) [-1. <7<Wo'd) logw + *;(!) logo>]

(28)

(29)

(30)

Upon the substitution of this value of /3 into Eqs. (20) and
(21) for the inner and outer heat fluxes, respectively, the
results become

(32)

For the special cases considered, the values of X, 0, and pi
are as follows:

1) For insulated outer wall:

2) For equal wall temperatures:

T0 = Ti9 X = X0, /3 = 0, A=l

3) For insulated inner wall:

*/,. = <), X = l , |8 = j80> A = /i0 = l/X0

Numerical Results and Conclusions
Energy transfer in steady laminar convection in the an-

nulus of two confocal elliptical pipes is analyzed, and the
results are presented in analytical closed form. Equations
(31) and (32) show that (// and U0 depend on five indepen-
dent parameters, namely the magnitude of heat generation
QGEN> tne ellipticity of the pipe — the core size co, the
Reynolds number, the Prandtl number, and the wall temper-
ature gradient c.

The heat gains are plotted vs core size of the pipe, co, for
constant Peclet number and uniform heat generation and
with one ellipticity, m = 0.5. This is presented in Fig. 1. The
case of a circular annulus, m = 0, is given in Ref. 3. The
graphical results are only for one value of the heat genera-
tion density that is characteristic of nuclear phenomenon.
This nondimensional value is 0.719 and was calculated using
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SUBSCRIPTS
I:INNER PIPE
0:OUTER PIPE
I : INSULATED OUTER WALL
2:EQUAL WALL TEMPERATURE

DOTTED CURVES: WITHOUT HEAT GENERATION (qGEN=0-0)
FULL CURVES: WITH HEAT GENERATION (qGEN=0-7!9)

o!7
CORE SIZE,

Fig. 1 Energy transfer vs core size for ellipticity of 0.5.

data given in Ref. 6. It is indeed easy to evaluate Eqs. (31)
and (32) numerically for any other generation density. The
intent is to show the effect of heat generation in the annulus
on energy transfer through the walls of a confocal elliptical
annulus.

Appendix

(Al)

(A2)

— C(16 l(

(A3)

where

me'

1 / , m4 \
—Cl(^—^-jlogc.

(A4)

(A5)

(A6)
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Introduction

THE computational aspects of transient thermal analysis of
structures has been approached by several researchers1-2

using finite elements; the most common being the step-by-step
time-marching schemes, modal superposition techniques, etc.
The present Note describes a viable computational approach
with emphasis on a generalized transfmite-element methodol-
ogy3 for applicability for the computational aspects of heat
transfer in structures. Highlights and characteristic features of
the approach are described via general formulations and appli-
cations to sample one- and two-dimensional problems. Com-
parative numerical test cases therein validate the fundamental
capabilities via the proposed concepts.

Transform-Methods-Based
Finite-Element Methodology

Briefly summarized, the transform-methods-based finite-ele-
ment approach combines the modeling versatility of contempo-
rary finite elements in conjunction with transform methods and
classical Galerkin schemes. In this Note, the formulations are
applied for transient thermal analysis; however, the general
concepts are applicable to other transient and/or interdisci-
plinary problems. First, the region under consideration is ideal-
ized as a finite number of discrete elements. Therein, numerical
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