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Abstract-This numerical study documents the elTect of internal now ob structions on heat tran sfer through a
2-dim. porous layer heated from the side. Three types of flow obstructions have been con sidered. Horizontal
d iathermal partitions were found to decrease the heat transfer rate in ca ses where the overall heat transfer was
dominated by convection. In the conduction-dominated regime, horizontal diathermal partitions were found
to increase the heat transfer rate slightly. Horizontal adiabatic partit ions, on the other hand, were found to
increase the heat transfer rate when the dominating mechanism is convection. Finally, vertical diathermal
partitions were shown to reduce the heat transfer rate by roughly 50% in the convection-dominated regime.
NumericalheallransferresultsarereportedinthedomainO.l < L/H < 2and50 < Rail < lOOO,whereL/lIis

the length/height ratio and Rail is the Darcy-modified Rayleigh number based on height.

Greek symbols
a, thermal diffusivity, k/(pcp);
fl, coefficient of thermal expansion;
JI, dynamic viscosity;
v, kinematic viscosity;
p, fluid density;
1/1, stream function;
( )*, dimensionless variables , equations (II).
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fluid specific heat at constant pressure;
gravitational acceleration;
vertical dimension of the porous layer;
thermal conductivity of the fluid-saturated
porous structure;
permeability;
length of horizontal partition (Fig. 1);
horizontal dimension of the porous layer;
conduction-based Nusselt number,
'equation (16);
Nusselt number oflayer with horizontal
adiabatic partition (Fig. 4);
Nusselt number for layer with horizontal
diathermal partition (Fig. 4);
base Nusselt number, for layer without
internal flow obstruction (Fig. 4);
Nusselt number for layer with vertical
diathermal partition (Fig. 5);
pressure;
Rayleigh number based on H, equation
(14);
convergence criterion, equation (15);
temperature;
temperature of cold vertical wall (Fig. I);
temperature of warm vertical wall (Fig. I) ;
overall temperature difference, Twarm - 'fcold ;
horizontal velocity component ;
vertical velocity component;
horizontal coordinate;
vertical coordinate.

INTRODUCTION

Tns FLOW and heat transfer induced by buoyancy
effects in a porous medium saturated with fluids has
attracted cons iderable attention. Much of thiswork has
been summarized in a comprehensive review by Cheng
[1] who showed that the interest in this natural
convection phenomenon is fueled by important
engineering applications, for example, geothermal
energy conversion and thermal insulation engineering.
The latter is the heat transfer application which
inspired the present study.

The basic model used so far in connection with
porous insulations heated from the side, consists of a 2­
dim. porous medium with vertical walls at different
temperatures and with adiabatic top and bottom walls.
The early experimental studies of Schneider [2] ,
Mordchelles-Regnier et al. [3] and Klar sfeld [4]
demonstrated that the net heat transfer rate across the
porous layer increases monotonically as the Rayleigh
number increases . These measurements were verified
later by Bankvall [5]. Similar numerical results were
obtained by Chan et ai, [6] and Burns et al. [7]. The
latter group documented also the effectof fluid leakage
through the walls which contain the rectangular porous
structure.

The theoretical work on the convection-dominated
regime of porous layers heated from the side was
pioneered by Weber [8] who developed an Oseen­
linearized solution for the boundary layer regime in a
tall layer (H/L > I). The Weber solution was modified
later by the present author, to account for the heat
transfer taking place vertically through the core region
of a moderately tall layer [9]. Simpkins and Blythe [10]
reported an alternative theory for the boundary layer
regime, based on a solution of the integral type [11].
The same authors extended their theory to the more
general case where the fluid viscosity is sensitive to
temperature variations [12]. Simpkins and Blythe [10]
showed that the boundary layer theories of refs. [8-10]
account satisfactorily for the heat transfer rates
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816 ADRIAN BEJAN

Using this approximation, and eliminating the pressure
terms between equations (2) and (3), yields a unique
momentum conservation statement,

l\IATIIEl\IATICAL FORMULATION

The focus of the following analysis is on the 2-dim.
rectangular space filled with porous material shown in
Fig. 1. In accordance with the homogeneous porous
medium model [16], the equations accounting for the
conservation of mass, momentum and energy at any
point (x, y) are

(3)

(4)

(2)

(5)

(I)

(6)

p= Po[I-P(T-1O)].

K OP
11=---,

P ox

K (OP )v = - -;; oy +pg ,

01' 01' (a 2
1' 0

21')

II-+V-;-=Cl -;:;-T+~ .
ax uy ox uy

In the above equations, II, v, p; P, and T are the fluid
velocity components (Fig. 1),the viscosity, the pressure
and the temperature. The two momentum equations (2)
and (3)reflect the Darcy flow model, where K stands for
the permeability of the porous material. It is assumed
that the fluid and the porous solid matrix are in local
thermal equilibrium, at temperature T(x, y). The
thermal diffusivity a. is defined as a. = kl(Pcp ) : here, k is
the thermal conductivity of the fluid-porous-matrix
composite and (pcp) is the thermal capacity of the fluid
alone.

The governing equations (lH4) reflect also the
Boussinesq approximation, whereby the fluid density p
is regarded as a constant except in the body force term
of the vertical momentum equation (3) where it is
replaced by

all av Kgp 01'
oy - ax = --Y- ax'

In equation (6), p and yare the coefficient of thermal
expansion and the kinematic viscosity JIIPo.

The boundary conditions are the same as in the
majority of the existing studies ofporous layers heated
from the side [5-15]

~g

reported experimentally and numerically for high
Rayleigh numbers in tall layers.

A number of recent studies have shown that the
natural convection pattern in a shallow layer (HIL < 1)
can differ substantially from the pattern revealed by the
study of tall layers. Walker and Homsy [13] developed
an asymptotic solution for the flow and temperature
fields, using the geometric ratio HIL as a small
parameter. They showed that, unlike in tall layers, the
core region plays an active role in the heat transfer
process. An integral-type analytical solution for the
same geometry was proposed by Bejan and Tien [14].
Most recently, the shallow geometry was the subject of
an extensive numerical study by Hickox and Gartling
[15] which showed that the patterns of streamlines and
isotherms differ greatly from the corresponding
patterns in tall layers.

The literature reviewed above demonstrates that the
homogeneous model for a 2-dim. porous layer has been
studied extensively. From a practical standpoint,
however, it is worth noting that the results based on this
simple model have limited applicability: there are
many situations where the space to be filled by porous
insulation is not truly 'empty', as there are situations
where the porous insulation itself is not homogeneous.
An example of a space which is not 'empty' is the
double-wall space filled with fiberglass insulation in
contemporary buildings :each side wall is reinforced on
the inside with structural members which , if positioned
horizontally, resemble the internal flow obstruction I
shown in Fig. 1. An example of nonhomogeneous
insulation material is the blanket of fiberglass
insulation: the blanket is covered on one side with
paper which , when more than one blanket is used, acts
as an internal flow obstruction.

The objective ofthe present study is to document the
heat transfer effect associated with the presence of flow
obstructions inside a porous layer heated from the side.

impermeable walls

II = 0 at x = 0, L,

v=o at y=O,H,
(7)

(8)

(9)aT __ 0 0 Hat y = , .
01'

isothermal vertical walls

T = Tc old at x = 0,

T = Twarm at x = L,

adiabatic horizontal wallss-:
L

y

OL,.....,....."..~-,....",......"....",..-cT7""7'"':~

o X

FIG. 1. Schemaiic of 2-dim. porous layer with horizontal
diathermalllowobstruction.
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where t/J is the streamfunction (u = iJt/J/iJy,
v = - iJt/J/ax) and t1T = Twarm -7;,old' The dimen­
sionless forms of the momentum and energy equations
are then

NUMERICAL SOLUTION

The mathematical problem formulated above was
first placed in dimensionless form by defining the new
dimensionless variables

The corresponding dimensionless form of boundary
conditions (7)-{1O) is

t/J* =0 at x=O,I,

at y = 0,1,

at y = 1/2 and 0 < x < I/L,

T. = 0 at x = 0,

(15)

obstruction case (I/L = 0); this test is presented later in
this section.Therefore, since no originality is claimed in
the set-up of the numerical procedure, the reader is
directed to ref. [5] for an outline of the finite dilTerence
approach.

The only unusual aspect of the present work is that it
was performed on a personal computer(Apple II) . Since
personal computers are not widely used in the
numerical solution of nonlinear heat transfer problems,
the reader may be interested in how Apple II performed.
A few details are olTered below.

The finite-dilTerence approximation ofthe governing
equations was based on dividing the 0::::; x. ::::; I
interval into N x equ al segments separated by N .x+ 1
nodes. Likewise, the y* interval was divided into Ny
segments. As shown in ref. [5], the numerical work
starts with postulating a certain distribution offlow and
temperature in the x, - y. space: in the present
solution the 'start-up' distributions were taken as t/J.
= 0 and T. = x.' i.e, no flow and pure conduction.
Based on these 'old' fields, themomentum equation (12)
is used to determine point-by-point the new t/J. field,
while the energy equation (13) is used to determine the
new T. field. The new t/J. and T. are next relegated to
the 'old' status and the calculation is repeated until the
changes in t/J*and T. during one calculation (iteration)
satisfy the convergence criterion

I
Tnew-Told I::::; Res

Told

at every point in the system. In criterion(15), T stands for
either t/J. or T. , while Res is a sufficiently small number
chosen so that the Nusselt number change during one
iteration is negligible [7] .

Table 1showsasampleofcomputational parameters
noted in the course of solving the case Rail = 400,L/H
= 0.5and I/L = O(no obstruction). The duration of one
iteration and the total number of iterations increase
dramatically as the grid fineness is enhanced. The
corresponding changes in the Nusselt number, defined
by equation (16), are negligibly small if the grid is 12
x 12 or finer . The total computation time decreases

sharply as the convergence criterion is relaxed, i.e. as
Res increases. All the numerical solutions documented
in this paper were obtained using the 20 x 20 grid and
Res = 10- 5 ;it is worth noting that Res = 10- 5 is more
stringent as a convergence criterion th an the value

(11)

(14)

'T' _ T - 7;,old
J* -

Twar m - 7;,old

x* = xfl.; y* = y/H,
t/Jv

t/J* = KgfJLt1T'

However, in addition to these peripheral conditions, we
take into account the new feature which constitutes the
focus of the present study

partial flow obstruction (Fig . 1),

v = 0 at y = H/2, 0 < x < I. (10)

The obstruction is assumed to interfere only with the
fluid circulation through the porous layer; in other
words, the temperaturedifference from y = (H /2)+ to
Y = (1//2)-, across the obstruction, is assumed negli­
gible . The heat transfer elTect of the partial flow
obstruction was evaluated numerically, as shown in the
next section.

aZt/J* + (L)Z aZt/J* = _ aT* (12)
ax; Hay; ax* '

( L)ZR (at/J* et; iJt/J* aT*)
1/ all ay* ax* - ax. ay.

=a2
T. + (L)Z a2

T. (13)
ax; H By;

where Rail is the Darcy-modified Rayleigh number

KgfJHt1T
Rail = .

IXV

x = I,

y = 0,1.

T* = 1 at

aT. = 0 at
ay.

The present numerical solution was developed using
the finite dilTerence scheme employed earlier by
Bankvall [5] in the study of natural con vection in
porous layers without internal flow obstructions. The
choice of an already-used numerical scheme was
intentional, in order to be able to check the validity of
the present results against published results for the no-

Table 1. Sample of computational parameters (RaH = 400,
LIH = 0.5,IIL = 0)

Time
Grid Res for one Total Nil

finene ss equ ation iteration number of equation
Nx xN, (15) (s) iterations (16)

8 x 8 10- 6 11 69 4.807
12 x 12 10- 6 26 154 5.133
16 x 16 10- 6 46 352 5.175
20 x 20 10- 6 72 387 5.131
20 x 20 10-' 72 136 5.210
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Table 2. Comparison of the present results with previously
published numerical heat transfer data for porous layers

without internal flow obstructions (IlL = 0, Lfll = 2)

Nusselt number, equation (16)

Rayleigh Hickox and Burns
number Present Gartling Bankvall et al.

Rail study [IS] [5] [7]

25 1.397 1.410 ~ 1.43* -1.54*
50 2.213 2.155 ~2.30* -2.81*

* Values reported graphically by their original authors,
hence approximate values given.

0.005 used in an earlier study of porous layers without
internal flow obstructions [7]. Due to the low value
chosen for Res and the fineness of the grid, the
computation times required by the present study can be
characterized as 'long'. However, 'speed' is no longer a
deciding factor when a personal computer is being used.

To test the validity of the present heat transfer
calculations, Table 2 shows a comparison with
previously published Nusselt numbers for a porous
layer without internal flow obstruction (ilL = 0, LIH
= 2).Table 2 is an extension of the test used by Hickox
and Gartling [15] to check the accuracy of their finite
element scheme. It is clear that the present results agree
well with the earlier data, especially with the earlier
Nu's which have been reported in numerical form by
their original authors (e.g. ref. [15]).

HEAT TRA!'\SFER RESULTS

Figures 2 and 3 illustrate the flow and temperature
patterns calculated numerically in order to determine

o

the effect of the flow obstruction on heat transfer. The
flow documented in Figs. 2 and 3 takes place in a
moderately tall enclosure (LIlI = 0.5) at the highest
Rayleigh number permitted by the numerical scheme
(RalI = 400): this case belongs to the "boundary layer
regime" [8], because the vertical boundary layer
thickness (~HIRaJF) is ten times smaller than the
horizontal dimension of the space (L). The streamline
patterns plotted in Fig. 2 show that as the length of the
lateral obstruction increases from IlL = 0 to IlL = 0.5
and, finally, to IlL = I, the single cell is eventually
divided into two cells. Most importantly, the flow
obstruction has the effect of 'snuffing out' the
circulation: the total flow rate decreases from (t/J *)ma.
= 0.060 in the original no-obstruction case, to (t/J*)max
= 0.0388 in the ultimate case where IlL = 1. As shown
laterin this section (Table 3),when the heat transfer rate
is strongly dominated by convection, the slowing down
of the counterclockwise circulation reflects in a
decreasing Nusselt number. In other words, in the
boundary layer regime the flow obstruction enhances
the thermal insulation capability of the porous layer.

The pattern of isotherms displayed in Fig. 3 shows
the distortion associated with the growth of the
flow obstruction. The three patterns of Fig. 3 corres­
pond on a one-to-one basis to the three streamline
patterns shown in Fig. 2 (//L = 0,0.5,1). The isotherms
show that there is heat transfer through the flow
obstruction, and that the direction of the heat transfer
is upward.

The net heat transfer between the vertical walls of the
porous layer was calculated for 70 different cases,
covering the effect of changing LIH, Ran and IlL. Table
3 reports the Nusselt numbers resulting from these

1.3

(0) Ib) (c)

FIG. 2. Pattern of streamlines for Ljll = 0.5,Ra., = 400.(a) IlL = 0, (b)IlL = 1/2,(c)IlL = I. (The numbers on
the streamlines are the values of 100 if!*.)
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FIG. 3. Pattern of isotherms for LIIl = 0.5, Ran = 400. (a) IlL = 0, (b) IlL = 1/2, (c) IlL = 1.

The flow obstruction causes significant reductions in
the heat transfer rate as Rail increases and as LIH
increases. For the (Rail, LIH) case documented in Figs.
2 and 3, for example, the heat transfer rate decreases by
13%as the obstruction grows to full length. In another
case (Rail = 200, LIH = 1) the full growth of the flow
obstruction causes a 44% drop in the overall heat
transfer rate.

.. When pure conduction is still the dominant heat
transfer mechanism, i.e. when Nil is of order one, the
flow obstruction actually causes a slight increasein the
heat transfer rate. This unexpected effect is present in
tall layers and at moderately low Rayleigh numbers
(fable 3). A possible explanation for this effectmay be
given based on the distortion of the isotherms (Fig. 3).
When the heat transfer is conduction-dominated, the
heated fluid travels through the entire porous structure
(not through a thin wall layer, as in Fig. 2). Thus, when
the lateral flow obstruction is present, the L/2-thick
stream cooled by the left wall is pushed closer to the
warm wall :although small, the convective heat transfer
contribution is enhanced in this manner. In the
boundary layer regime, on the other hand, the stream
cooled by the left wall (the wall holding the obstruction)
is much thinner than the opening left beyond the tip of
the partition (see the middle streamline pattern in Fig.
2).Even when the obstruction severs the layer (l/L = 1),
the stream cooled by the left wall reaches the warm wall

calculations: the Nusselt number is defined as

* In these cases the numerical solution did not converge.

Table 3. Summary of heat transfer results: the numbers
represent the values of Nil defined by equation (16)

IlL

Rau 0 0.25 0.5 0.75

50 1.897 1.721 1.423 1.286 1.275
100 3.433 2.855 2.273 1.914 \.876
200 6.044 5.167 4.244 3.494 3.369

50 1.383 1.314 \.250 1.235 \.234
100 2.023 1.884 \.729 \.688 \.688
200 3.226 3.021 2.758 2.664 2.669
400 5.210 4.950 4.617 4.507 4.556

50 \.052 1.054 1.062 \.067 1.068
100 1.205 1.204 1.229 1.247 1.249
200 1.607 1.587 1.633 \.703 \.708
400 2.431 2.374 2.365 2.599 2.616
800 3.807 3.724 3.628 * *
250 \.069 1.076 1.092 1.099 1.100
500 1.215 1.233 1.293 \.323 1.325

1000 1.565 1.582 • * *
0.1

0.25

0.5

L/Il

after it was heated by its counterpart vertically through
the obstruction.

To summarize, the obstruction deflects one stream
(boundary layer) laterally, If the stream makes thermal
contact with the opposite vertical wall, then the heat
transfer is augmented; this is the case of wide streams
(low Raff , Nu '" 1).Ifthestream is narrow, then it willbe
heated by heat transfer through the partition, before it
will come in contact with the heated vertical wall.
Consequently, in the boundary layer regime (high Rail,
Nil> 1) the heat transfer rate is not augmented by the
stream-deflection mechanism.

(16)

kfH(aT) d
o a; .x=O.L Y

kHI1TIL

net heat transfer
Nu = -.-,-----

pure conduction
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(17)

Table 4. The Nu reduction associated with a vertical
diathermal partition : the numberslisted belowrepresent the

ratio Nu,/Nuo

THE THERMAL I~SULATlO~ EFFECT OF A

VERTICAL DIATIIERMAL PARTITIO;-';

The numerical scheme used to obtain the heat
transfer results discu ssed so far, was easily adapted to
calculate the heat transfer in a porous layer partit ioned
by a full-height diathermal wall (Fig. 5). The effect of a
vertical internal partition on heat transfer is important
in a number of engineering problems. For example,
when double-wall spaces arc filled with fibergla ss
insulation, in many cases the fiberglass insulation
comes in a blanket with paper backing; when two or
more blankets are used, the paper backing interferes
with the circulation of air through the porous
insulation. It is useful to know the size of the additional
insulation effect provided by the vertical internal
surface which interferes with the fiow.

Table 4 summarizes the NusseIt number calcu­
lations Nil . made for the system sketched in the upper
halfof Fig. 5. For orientation, Table 4 lists also the base
Nusselt numbers Nllo for the case where the vertical

The graph shown in the lower halfofFig. 4 enforces this
conclusion, and shows that the discrepancy between
Nil. and Nlld increases as both Ral1 and LIH increase.

It is worth commenting on the fact that both the
single-cell flow of Fig. 4(a) and the two-cell partitioned
flow of Fig. 4(c) satisfy the same outer boundary
conditions, namely, isothermal vertical walls and
adiabatic horizontal walls. Thus, Figs. 4(a) and (c) may
suggest the existence of steady solutions which arc not
unique, in the med ium defined by the outer boundaries.
In this author's view,such an interpretation is incorrect
since the flow of Fig. 4(c) cannot exist in the
unpartitioned layer of Fig.4(a),beca use it wouldexhibit
a step change in horizontal velocity (this feature can
only be associated with the presence of an internal
impermeable partition).

is brought (cold) in contact with the warm wall, and the
heat transfer rate is enhanced iNu, > Nllo)' When the
obstruction is a good thermal conductor, the cold
boundary layer warms up before reaching the opposite
warm wall and, as a result, the tran sfer of heat is
inhibited (Nlld < Nllo).

The important engineering conclusion of the above
discussion is that the vertical heat transfer through the
horizontal flow obstruction has a measurable thermal
insulation effect, hence,

(d)

__ _ 0

___ - - -0

(a)

0--

-- ' 0 . 2 5

10)

c · cold
w " worm

, ,, /. /. ,, ~

1.5r-----------------,

TilE EFFECT.OF HEAT TRA~SFER

TIIROUGII TIlE 1I0RIZOl'o'TAL FLOW

OBSTRUcrlO~

In the numerical solutions discussed so far the
horizontal flow obstruction was modeled as diathermal
(perfect conductor in the y direction). In a real-life
engineering system any flow obstruction will,at least in
part, act as a thermal insulator as well.The purpose of
this section is to document the Nil effectassociated with
modeling the horizontal obstruction as adiabatic.

The Nusselt number for a vertical porous layer
severed in half by an impermeable and adiabatic
partition can be deduced directly from Table 3. If the
porous system of interest is described by (LIB, Rail),
then the same system partitioned by an adiabatic wall is
equivalent to placing two (L/(1I12), Ra/1/2) systems on
top of one another. For example, in the porous layer
illustrated in Figs. 2 and 3 (LIB = 0.5, Rail = 400) the
calculated Nusselt number is Nil = 5.21 (from Table 3,
IlL = 0). Now, if the full-length partition is adiabatic,
then each square half of the partitioned system is
described by (IlL = O,LIH = 1,Rall =200):thus,from
Table 3, the Nusselt number for the partitioned system
is Nil = 6.044.

The above example is presented graphically in Fig. 4 :
the base Nusselt number for the system without flow
obstruction is NIIO = 5.21, while for the case of a full­
length adiabatic partition we have Nil. = 6.044. The
example is completed by adding the case where the full­
length partition is diathermal: Table 3 for LIB = 0.5,
Ral1 = 400, liB = I yields Nlld = 4.556.

The example of Fig. 4 illustrates vividly the heat
transfer enhancement mechanism discussed as conclu­
sion to the preceding section. Whcn the flow
obstruction is a good insulator, the cold boundary layer

Rail

L/ll 50 100 200 400

0.5 1.134/2.023 1.445/3.226 2.193/5.210
1 1.217/1.897 1.677/3.433 2.696/6.044
2 1.510/2.213 2.419/4 .201 4.285/7.993

III1'-- -'- --L-__--'-_--'

100 RS
H

500

FIGA. ThedecreaseinoverallNusseIL numberassociatedwith
heat transfervertically through the partition;(a)no partition,

0; (b)adiabatic partition, a; (c)diathermal partition, d.
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H
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0
A

a a
-------

REF.1171 /

L/H IGIGI Nu.

a 0.5

A 1 lui0 z
Nuo

10 103
Ra H

0.1L-----l_.l.--'---'--..L--'::-;- -'--__-'-_---.l._-'------l.-J.-JL.l-,!

FtG. 5. The decrease in overall Nussclt number due to the presence of a vertical diathermal partition.

diathermal partition is absent. It is clear that as Rail
increases, the vertical partition reduces the heat
transfer rate to roughly half of the heat transfer rate in
the same system without a partition.This conclusion is
shown graphically in the lower half of Fig . 5: the ratio
NII.lNllo drops asymptoticalIy to the '-37%' level
predicted theoreticalIy by Bejan and Anderson [17J
from the study of natural convection on both sides of a
diathermal waII imbedded in an infinite porous
rnedium. .

In conclusion, the presence of an impermeable
vertical partition has a significant effecton reducing the
net heat transfer rate through the porous layer.

The ratio NIIJNlId increases as both Rail and L/H
increase.

III. A vertical diathermal partition reduces by about
50% the heat transfer rate in a convection-dominated
porous layer (Table 4, Fig. 5).

The present numerical solutions are based on the
Darcy flow model and, as such, they may not represent
adequately the flow and temperature fieldsright next to
the solid walIs.The study of the true near-wall behavior
would require an improved flow model to take into
account the possible 'channelling' of fluid along the
walIs.

CO:-;CLUSIO:-;S

This study determined numericalIy the effect of
internal flow obstructions on heat transfer through a
porous layer heated from the side. Three kinds of flow
obstructions have been considered:

I. Horizontal diathermal partitions of variable
length (Fig. 1).

IJ. Horizontal adiabatic partitions of fuII length
(Fig. 4).

III.. Vertical diathermal partitions of fuII height
(Fig. 5).

The engineering conclusions reached in the case ofeach
of these flow obstructions are:

I. When the heat transfer is dominated by
convection, the heat transfer rate decreases steadily as
the partition length increases (Table 3).
When the heat transfer isdominated byconduction, the
heat transfer rate increases slightly as the partition
length increases (Table 3).

II. When the horizontal partition is adiabatic, the
heat transfer rate Nil. is generalIy higher than the
corresponding heat transfer rate when the partition is
diathermal, Nlld (Fig. 4).
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CONVECTION THERMIQUE NATURELLE DANS UNE COUCHE POREUSE
AVEC DES OBSTRUCTIONS DE L'ECOULEMENT INTERNE

Resume-vCette etude numerique concerne l'effet des obstructions de l'ecoulement interne sur Ie transfert
thermique a travers une couche poreuse bidimensionnelle chauffee lateralement. On considere trois types
d'obstruction. Des partitions diathermales horizon tales dirninuent Ie taux de transfert therrnique dans Ie cas
ou Ie transfert global est dornine par la convection. Dans Ie regime dornine par la conduction, les partitions
diathermales horizontales augmentent legerernent Ie transfert thermique. Des partitions diathermales
verticales reduisent Ie transfert thermique d'environ 50% dans Ie regime dornine par la convection. Des
resultats nurneriques sont donnes dans IedomaineO,1 < L/H < 2 et50 < Ran < 1000, ou L/l1 est Ie rapport

longueur/hauteur et Ran est le nombre de Rayleigh base sur la hauteur et modifie au sens Darcy.

WARMEOBERTRAGUNG DURCH FREIE KONVEKTION IN EINER POROSEN SCHICHT
MIT INTERNEN STROMUNGSHINDERNISSEN

Zusammenfassung-Diese numerische Studie belegt den Einfluf von internen Strdmungshindemlsseh aufdie
Wiirmeiibertragung durch eine von der Seite beheizte, zweidimensionale porose Schicht. Drei Arten von
Stromungshindernissen wurden beriicksichtigt. Es wurde festgestellt, daf horizontale, diatherme
Unterteilung den Wiirmedurchgang vermindert, wenn der Warmetransport durch Konvektion beherrscht
wird. Wenn Wiirmeleitung vorherrscht, wird durch horizontale, diatherme Unterteilung der Warme­
durchgang leicht verbessert. Horizontale, adiabate Unterteilung vergroflert andererseits den Wiirmedurch­
gang, wenn Konvektion der vorherrschende Mechanismus ist. SchlieJ31ich und endlich wird gezeigt, daf
senkrechte, diatherme Unterteilung den Wiirmedurchgang im durch Konvektion dominierten Zustand urn
rund 50% vermindert. Numerische Wiirmedurchgangs-Ergebnisse werden fUr die Bereiche 0,1 < L/H < 2
und 50 < Ran < 1000 mitgeteilt, wobei L/l1 das Langen-Hohen-Yerhaltnis und Ran die nach Darcy

modifizierte, auf die Hohe bezogene Rayleigh-Zahl ist.

TEnJIOnEPEHOC ECTECTBEHHOH KOHBEKUMEH B nOPMCTOM CJIOE C
BHYTPEHHMMM nEPErOPO,UKAMM

Aunorauaa-c-Flposeneno '1IlCJleIlHOe IICCJle.!lOBaIlUe BJIIllllIlIll euyrpeunnx neperoponox na rennonepeaoc
B narpeuaesroxr C60Ky .llBYMepIIO~1 nopncrost C,10e. Paccsrorpeau Tpll Tllna neperoponox.: Haiineuo,
'ITO ropmouransnue naarepsmxecxne paanenurensusre nepcroponxa CHII)i(aIOT mrreacnanocrs
rennonepcnoca B cnyxasx, xorna a CY~I~lapHo~1 rennoncpeuoce npeofinanaer KOIIBeKTIlBllali coc­
TaB.l11lOlUali. B pexuxre c npeofinanaunext TenJlOnpOBO./lIlOCTIl raxae neperoponxa npnaozisr K
IlCKOTOpoii mrreucndmxauun rennonepcnoca. C rrpyroii croponsr, anaatiarnsecsue neperoponxn
npasonar K ysennxeumo nnOTHOCTII TennoBoro nOTOKa, xorna npeofinanaiouurxr MexaHII3~1O~1

llB.ll1eTCli xonaesuus. Haxoueu, noxaaano, 'ITO B pescnxre C npeofinanaioureil KOHBCKllIleii BepTlIKaJJb­
usre naarepxtnuecxuc neperopozixn CIlIl)i(aIOT 11IITellCIIBIloCTb .rcnncnepenoca npaxrepao ua 50%.
4I1c.lellllbIe peaym.rarsr no .rercronepcnocy npcncraancnu .llJIli rnranasoaoa 0,1 < LIH < 2 II
50 < Rail < 1000, rne LI II - oruourcane ./lJIIlllbl K BblCOTe, a Rall - MO.!lllepllllllpoBaHlloe '1IlCJJO PJJJell

C Y'leTO~1 saxona JlapclI.




