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Abstract — The present work analyzes the problem of condensation in porous insulation. Specific
consideration is given to a steady-state one-dimensional formulation, representing a porous slab exposed to
two different humid environments on both sides. The analysis includes both the convective and the diffusive
transport mechanisms along with phase change. Condensation (or freezing) is shown to take place in a wet
zone in which the air-vapor mixture is saturated. When the two external environments are not saturated, the
wet zone is bounded by two dry zones with no condensation. The effect of condensation, due to release of
latent heat, on the overall thermal performance is found to be significant. Both the condensation rate and the
resulting increase in heat transfer depend on the Peclet number, the Lewis number, and the Biot number, as
well as on the temperatures and humidities of the two external environments.

NOMENCLATURE

a;, coefficients in temperature distributions,
equations (17)-(19), (23);

b, coefficients in vapor concentration distri-
butions, equations (20), (21), (23);

Cp coefficients defined by equation (25);

constant pressure specific heat

Dkg ' K]

D, vapor diffusivity [m?s™'];

G, overall condensation rate {kgm™~2s517;

h, heat-transfer coefficient [Wm~2K™'];

1 length [m];

L, latent heat of evaporation or sublimation
[Tkg™'];

Le,  Lewis number (ay/Dy);
Nu, Nusselt number {hi/i;);
Ng, ratio of Nusselt number with condensation

to the one without condensation (Nu/Nu,);
P,  pressure [Nm~?*];

Pe,  Peclet number (ul/a,);

t, time [s];

T,  temperature [°C];

U, cross-flow velocity [ms~1];

W,  vapor concentration [kgkg ! air];

X, coordinate across the porous slab {m].

Greek symbols

a thermal diffusivity [m?s™1];

B, nondimensional parameter defined by equa-
tion (10);

T, volumetric condensation (or freezing) rate
[kgm™?s™1];

n, vapor saturation gradient with respect to

temperature [K™'];

tPresently, Assistant Professor of Mechanical Engineer-
ing, University of Illinois, Urbana, Illinois.
1 Professor.
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0, liquid saturation [m®m~3 void];

4, thermal conductivity [Wm™'K™'];
i, relative humidity (W/W));

p.  density [kgm3};

®,  porosity [m*m~*].

Subscripts
a, air or warm environment ;
b, cold environment;
d, dry (no condensation);
I liquid ;
0, porous medium;
s, saturation;
1,3, dry zones;
2, wet zone.
Superscript
* nondimensional quantity.

1. INTRODUCTION

WATER-VAPOR condensation within a porous wall
insulation has been observed, particularly when ex-
posed to large temperature differences and high hu-
midity environments. Wetting of porous insulation has
been found to persist despite the presence of vapor
barriers or impermeable close-cell wall coverings. This
is attributed to the unavoidable formation of openings
arising from faulty installation and aging. The wetting
phenomenon is generally believed to cause a signi-
ficant deterioration in the thermal performance of wall
insulation, hence being the subject of major concern
[1-4]. However, the existing knowledge on this sub-
ject is rather limited. Although some qualitative ex-
perimental work has been carried out [1, 4], very little
quantitative analysis is presently available [5].
There exists a large body of literature dealing with
the general subject of heat and mass transfer in porous
medium ranging from general formulation of the
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phenomenon [6-8] to specific applications such as
heat and moisture transport in soils [9-13] and in food
products [14]. Recently, the problem of transient
intensive drying in porous media has been investigated
[15-17], and numerical solutions of heat and mass
transfer in porous media have been presented [18, 19].
The above is by no means an exhaustive survey of the
work on this subject; it is rather a representative
sample of the enormous effort in this area. However, as
mentioned earlier, very little work exists on the
particular subject of condensation in porous insu-
lation. The unique features of this problem are: (1) the
convective and diffusive components are equally im-
portant, (2) the liquid saturations involved are re-
latively small, (3) the medium is highly porous and in
most instances fibrous rather than the granular or
consolidated low porosity materials investigated in the
past, and (4) the phenomenon is studied from the
standpoint of its resulting effect on the insulating
capabilities of the porous medium.

Heat and moisture transport in an installed porous
insulation is generally a complex multidimensional
problem including air--vapor mixture flow due to free
convection and infiltration through openings [20, 21],
heat transfer by conduction and convection, vapor
transport by diffusion and convection, flow of liquid
due to gravity and capillary action (provided the liquid
saturation is high enough to render the liquid mobile),
and condensation or freezing with a possibility of
reevaporation accompanied by release or consump-
tion of latent heat. The solution to this problem is not
attempted at this stage; instead, the problem is
reduced to a one-dimensional configuration, which
still retains, however, most of the important para-
meters of the original problem.

2. PROBLEM STATEMENT

The one-dimensional configuration investigated
here consists of an initially dry porous slab, the
boundaries of which are exposed to two different
environments : a warm environment with temperature
T,, vapor concentration W,, and pressure P, and a
colder environment with temperature 7,, vapor con-
centration W,, and pressure P,. Cross flow of air and
water-vapor mixture with velocity u is established
due to the pressure difference across the porous slab
(Fig. 1). Velocities of magnitudes similar to those
encountered in porous insulation due to free convec-
tion and infiltration are considered. These velocities
are very small (of the order 107> m s~ !), hence render-
ing both the convective and the diffusive transport
mechanisms equally important.

The dry porous slab is expected to exhibit three
stages in its response to the two external humid
environments. While these three stages are actually
segments of a continuous process and do overlap, it is
convenient to consider them separately. First occurs a
relatively short initial transient stage in which the
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F1G. 1. One-dimensional porous slab exposed to two humid
environments.

temperature and vapor concentration fields are de-
veloping within the porous slab. During this process a
very small quantity of liquid water, mostly in a bound
form, is accumulated in the porous medium. This
transient liquid accumulation is governed by the well-
known Kelvin relation [9]. This relation describes the
equilibrium liquid saturation in the presence of vapor
at a given temperature and vapor concentration,
taking into account the capillary or adsorption poten-
tial at the interface between the liquid and gaseous
phases. Condensation is defined here as the accumu-
lation of liquid beyond the adsorption process de-
scribed above. The region where the air—vapor mix-
ture is saturated and condensation, as defined here,
occurs is referred to as a wet zone. In the transient stage
the wet zone is being established along with the
temperature and vapor concentration distributions. In
the second stage, a steady-state situation prevails and
the temperature and vapor concentration fields are
invariant in time. This situation is maintained so long
as the liquid content, which does vary in time, is small
enough as to have an insignificant effect on properties,
and provided the liquid is in a pendular state which
renders it practically immobile. Under these con-
ditions the wet zone, in which liquid is accumulated at
a constant rate, is stationary. When the two external
environments are not saturated, two dry zones will
exist adjacent to the two boundaries, as shown in Fig.
1. However, if one of the environments is saturated, the
wet zone will extend to the corresponding boundary.
In a dry zone the very small quantity of adsorbed
liquid, corresponding to the equilibrium condition
described by the Kelvin relation, remains unchanged.
Finally, a transient stage follows when the liquid
saturation reaches high enough values as to affect the
properties significantly. As the liquid content increases
further, the liquid starts to flow out of the wet zone by
capillary action. In this stage the distributions are time
dependent and the wet zone expands due to the liquid
outflow. The condensation rate decreases in time due
to reevaporation occurring in the expanded wet region
and due to a decrease in cross flow velocity caused by
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the additional impedance presented by the liquid in the
porous medium.

The initial transient stage is of little significance due
to its relatively short duration and therefore is not
studied here. Furthermore, due to the very small rate of
condensation occurring during the steady-state situ-
ation (as is demonstrated in the solution to follow),
the second stage will be maintained over a relatively
{ong period of time. The present study is confined to
the investigation of the steady-state situation de-
scribed above; the latter transient stage will be the
subject of future work.

Before analyzing condensation, it must be estab-
lished whether, for the conditions considered, conden-
sation indeed takes place. This is done by following a
procedure similar in principle to Takashi’s [1, §].
Solutions for both the temperature and vapor con-
centration distributions are obtained neglecting con-
densation (these solutions are presented later as special
cases of the general analysis). If at any point in the
porous slab the vapor concentration, obtained from
this dry solution, is higher than the saturation value
corresponding to the temperature at that point, con-
densation occurs and the analysis which includes con-
densation must be followed. Otherwise, condensa-
tion does not take place and the simple dry solution is
the solution to the problem.

The following analysis applies to both condensation
and freezing. However, the latent heat of sublimation
must replace the latent heat of evaporation in the
region where freezing occurs.

3. MATHEMATICAL FORMULATION

The following assumptions and restrictions, of
which some were mentioned earlier, are invoked in the
present formulation:

{1) Local thermal equilibrium exists among all
phases due to the relatively low velocities considered
and the small pore dimensions of the medium. There-
fore, all phases have an identical temperature at a point
in space, and the air—vapor mixture is at saturation
conditions in the presence of liquid.

(2) The liquid is immobile and its effects on the
properties is negligible. Both of these assumptions are
reasonable for small liquid saturations.

(3) The initial adsorption process is not taken into
consideration in light of its very small contribution to
the overall liquid content; only the liguid accumu-
lation due to condensation in the wet zone is
investigated.

(4) The properties of the gas phase are taken to be
those of dry air because the vapor concentration is
rather low {less than 5%) at the temperatures con-
sidered here.

(5) All the properties are independent of tempera-
ture in view of the relatively small temperature differ-
ences studied (less than or equal to 40°C).

(6) The transfer coefficients on the slab boundaries
are known, and the Lewis number outside the porous
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slab is approximately unity.

(7) Cross-flow velocities are small (of the order
10~ *ms™'). Hence both convective and diffusive
components of transport mechanisms are included.

(8) Free convection in the porous slab is negligible.

Based on the above assumptions and restrictions,
the conservation equations for energy, vapor, and
liquid, respectively, are:

T d*T
(pcp)aua; = )‘.o'a';'z- + LF (1)
dw aw
Pt~ paDOd + =T 2)
06
n® i T. )

In addition, both the condensation rate I" and the
accumulated liquid saturation 8 are identically zero in
a dry zone, whereas in a wet zone the vapor con-
centration is given by the saturation relation which is a
sole function of temperature, W= W,(T). The boun-
dary conditions, invoking Le = 1 outside the slab, are:

T
x=0: KT, - T(O)}——Zoc‘;

3

4]

[, - W(0)] = -Dodw)

(pC,),,
@

WTO~B] = ~Zog|

3

dTI

daw
[0 - W] = - Doz |

(p p)a

All the symbols in the above equations are defined in
the Nomenclature.
The variables are nondimensionalized as follows:

T—T,
T,-T,’

W- W,
W, - W,
The resulting nondimensional equations and boun-
dary conditions are

X*: T*: W*-_—

x.
I

)

dT*  d*T* B
P P ©
dw*  d*we
Lebega=gar - @
dé
de* = ®)
aT*
=0: Bifl — T*0)] = — 3
dw*
LeBi[1 — w* = —
m-weo)= -S|
i )
. T
x*=1: BiT*1)= T l;
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. dw*
LeBiWw*(1) = — -
dx* 11
where
Pe = uljoy; Le = ay/Dy; Bi= hlj,

% = 4o/(pCp)as B = L(W, = W))/c,(T, - T,)
= TP/Dop (W, — W,);

(10)

Since in the dry zones (designated as 1 and 3), the
liquid saturation and the volumetric condensation
rates are identically zero, the above equations reduce
to the following:

dT% d:r*
= __“1.23 (11)
dx* dx*
dw* ,  d?
LeP L= 12
¢ Tdx dx*? {12

In the wet zone (designated as 2), the vapor con-
centration is a singular function of temperature, W*
= WX(T). Therefore, equations (6) and (7) can be
combined, by eliminating the source term between
them, into the following single equation in T*:

*

Le Pe[1 + pn*(T,)] 73

dx*
—— [Le + pn*(Ty) dj (13)
x
where
_dW(T) I e [
nT) = and (7)== (T)
(14)

Transforming equation (7) into an equation in T* and
substituting for the source term in equation (8), there

results
*

o, d
o dx*
Le Pen*(T )dT2
en 2 ge*

=I*

(15)

Continuity of both the temperature and vapor
concentration distributions as well as the continuity of
their gradients at the interfaces between the dry and
wet zones constitutes a set of eight interface conditions
in addition to the four boundary conditions stated
earlier, equation (9). The nondimensional form of these
interface and boundary conditions is:

. dT¥|
x*=0: Bi[l - T¥O0)]= — ae* |,
. awy
Le B[l — W¥(0)] = — i | (16a)
x* =1t Ti(Y)=T2(1);,  Wi()
= W T.(1)]

(16b)

t*= tD()pa(Wa - Wb)/d)plz
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dT¥ ary dw¥
clo= | ,:l TS |
dx* o dx*|p 0 dx* dx I
(IGL)
x* T3(3) = T3(%); W TLU%)] = wids)
(16d)
dT% dT% dT% | dwi,
I CE g
dx lix dx ¥ dX* % dx* f
{16e)
daT*
x*=1: BiT¥1l)= — —
dx* i
Le Bi W¥(1 dW;i iof)
= e ]
e BiW3(1) dve | {
4. SOLUTION

The above formulation constitutes a set of five
differential equations for the five unknown distri-
butions TF(x*), T%(x*), T%(x*), W¥(x*), and W¥(x*):
two linear equations, (11) and (12), for each of the dry
zones, and a single nonlinear equation, (13), for the wet
zone. The vapor concentration distribution in the wet
zone is the saturation distribution corresponding to
the temperature field, W¥(x*)= W¥[T,(x*)]. The
liquid accumulation can be found, after the solution
for temperature and vapor concentration has been
obtained, with the use of the temperature solution in
the wet zone, equation (15). There are altogether
twelve boundary and interface conditions given by
equation (16). However, the five second-order differen-
tial equations require only ten of these conditions,
therefore the remaining two serve to locate the two
interfaces /¥ and .

The differential equations are integrated twice,
incorporating the four boundary conditions, equa-
tions (16a) and (16f), to yield the following expressions

T¥(x*) = a, [exp(Pe x*) — (1 — Pe/Bi)] + 1

17

TH(x*) = a3J~ {exp[ [& f(v)dv\'} dl + a, (1%)
[ JiF ]

T¥(x*) = a5 [exp(Pe x*) — exp(Pe)(1 + Pe/Bi)] (19)
W¥(x*) = b, [exp(Le Pe x*) — (1 — Pe/Bi)} + 1

(20)
W%(x*) = bs [exp(Le Pe x*)
— exp(Le Pe)(1 + Pe/Bi)] (21)
where
Le Pe[1 + pn*(x)] — pdn*(x)/dx
S = Le + pn*(x) ;
n*(x) = p*[Ty(x)]. (22)

The six coefficients in the above expressions (a;3) and
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bs) are determined from six interface conditions,
equations (16b)-(16e), to yield
a; = 1/[calcacs/cs — ¢1/cz — €3)];
as = 1/{cses/ce — €1/c2 — ¢3)
ay = 1+ ¢y/[cacs/es — e1/c; — ¢3)];
as = cs/[celcacs/ce — ¢1/ca — c3)]
by = {(W¥T,()] — 1}/eq;
by = W[ Ta(5))/cs.

The locations of the two interfaces, If and I, are
obtained via the remaining two interface conditions
for continuity of vapor concentration gradients across
the interface, equations (16¢) and (16e). These con-
ditions can be rewritten as

ascsn*(1f) = bscqo
Coefficients ¢;—c,, are defined as follows:

¢, = exp(Pelt) — (1 — Pe/Bi);

¢y = Peexp(Pel¥)

13 s
¢y = J. {exp[ j f (v)]dv}d{
i d i

¢, = exp(Pelf) — (1 + Pe/Biyexp(Pe)

(23)

bico = asn*(If); (24)

)
5 = exp[ f(v)va ; ¢g = Peexp(Pel¥)
iy

¢y = exp(Le Pelf) — (1 — Pe/Bi)
cg = exp(Le Pelf} — (1 + Pe/Bi}exp(Le Pe)
¢g = Le Peexp(Le Pel});

¢y0 = Le Peexp(Le Pe I%). (25)

To generate solutions from the above expressions, a
numerical code was developed. This code consists of
two iteration procedures, one within the other. The
inner one involves a successive substitution into
equation (18) in conjunction with equations (22), (23)
and (25), in order to solve the nonlinear equation for
the temperature distribution in the wet zone T#(x*).
The outer iteration procedure searches for a com-
bination of the interface locations, I¥f and {¥, which
satisfy equation (25).

For the case of no condensation in the porous slab,
the dry solution for temperature and vapor con-
centration are obtained analytically from equations
(12) and (13), which are now valid for the entire slab.
When the boundary conditions, equations (17a) and
(17f), are incorporated, the following solution for
temperature and vapor concentration distribution
results
exp(Pe x*} — (1 + Pe/Bi)exp(Pe)
1 — Pe/Bi — (1 + Pe/Bi)exp(Pe)
exp(Le Pe x*) — (1 + Pe/Bi)exp(Le Pe)

1 — Pe/Bi — (1 + Pe/Bi)exp(Le Pe)
@7

Tix*) = (26)

Wilx*) =
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As discussed earlier, these dry solutions may be used to
establish whether condensation occurs. If Wj3(x*) is
higher than W¥[T#%(x*)] at any point in the slab,
condensation does take place and the formulation
which includes condensation must be used.

5, RESULTS AND DISCUSSION

In order to demonstrate the effects of the various
parameters as well as the boundary conditions on the
rate of condensation and the resulting thermal perfor-
mance, a variety of cases have been investigated and
are presented here. The propertics and the external
conditions were chosen to simulate typical porous wall
insulations. For the purpose of illustration, one such
set of properties and conditions, along with the
resulting nondimensional parameters and variables, is
given below

ps=12kgm™3;
Cpe = 1000] ™ 1 kg;
D,=25x10""ms™2;
@ = 098;
Dy ~®D, ~245%x 10" 5ms™~2;
Jo=005Wm 1K™ !;
%o = Ao/(pe,)s = 40x 10 ms™?;
Lievap.) = 25x10%Jkg™!;
L(sublim.) = 2.8 x 10 Jkg~!;
I=015m; u=5x10"*ms™!;
h=10Wm™2K"!;
T, =30°C; T, = —10°C;
o=y =08{u= W/W,).

And the resulting nondimensional parameters are

Le = ay/Dy = 1.7; Pe = ulju, ~1.8;
Bi = hljA, ~30

B = LW, — W)/cp(T, — Ty) ~ 14

n*(10°C) = n(10°CXT, — T,)/(W, — W) ~ 0.6
T* = [2/Do p(W, — W) = 3.7 x 10°T

t* = tDop (W, — W,)/Op,I? ~ 38 % 10~* 1.

The dry distributions W§ and W?* ; (which neglect
condensation in the porous slab), along with the wet
distributions W*, W* and I'* (which include the effect
of condensation), are depicted in Fig. 2. The dry vapor
distribution W} crosses over the saturation distri-
bution W¥* , indicating the presence of condensation.
The difference between the dry and wet distributions
appears to be significant. Furthermore, the presence of
the three zones discussed earlier is clearly demon-
strated. Incidentally, T, denotes the average of the
two external temperatures T, and 7T,, while AT denotes
the difference between the two.

Figures 3 and 4 compare distributions of vapor
concentration and temperature for various external
humidities with the corresponding dry curves. The
deviations from the dry curves are larger for higher
external humidities due to higher condensation rates.
Since volumetric condensation is a distributed sink for
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vapor concentration but a source for temperature, the
vapor concentration curves fall below the dry curve,
whereas the temperature curves fall above it. For the
particular temperature levels selected here, freezing is
shown to occur since portions of the wet zones are
below the freezing temperature denoted in Fig. 4 by
T%.
The overall nondimensional condensation rate in
the slab G* is plotted in Figs. 5-7. Its definition in

terms of the volumetric condensation rate is

1
o= |
0

&l
[*dx*.

*
a

{28)

In addition, to demonstrate the trends of the dimen-
sional condensation rate, the product G*(W, ~ W;) is
also presented whenever the overall vapor concen-
tration difference (W, — W) is not constant. This
product arises from the nondimensionalization of the
source term I, equation (10). The solution for re-
latively large convection (Pe == 10) and small Biot
number (Bi = 10) could not be attained because, under
these conditions, the wet zone is “blown out’ of the slab
to the downstream boundary layer, a situation that
cannot be handled by the present formulation.

Most of the trends observed above can be explained
in physical terms. It is postulated here that the larger
the crossover of the dry vapor concentration distri-
bution W} and the saturation distribution W¥, {an
example of which is shown in Fig. 2), the higher the
condensation rate will become. This crossover occurs
due to the two following reasons: the saturation
relation W,(T) is nonlinear in 7, and the deviation
from the linear distribution due to convection (Pe > 0}
is larger for vapor concentration than for temperature
at Lewis numbers greater than unity. In addition, the
condensation rate is generally larger for higher vapor

FiG. 5. Overall condensation rates for various external
humidities.
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mass fluxes as well as higher vapor concentrations.

Figure 5 demonstrates an expected increase in
dimensional and nondimensional condensation rate
with the external humidities and more so with the
humidity on the warm side due to increased crossover
as well as higher levels of vapor concentrations. For
higher overall temperature differences AT and lower
temperature levels T, the nonlinearity in W(T) is
more pronounced, causing a larger crossover which
results in higher nondimensional condensation rates
(Fig. 6). However, due to the rapid increase in vapor
concentration levels with temperature, the dimen-
sional condensation rate, which is proportional to
G*(W, — W,), exhibits an opposite trend with respect
to temperature levels. The rate of condensation in-
creases considerably with the Peclet number (Fig. 7),
due to the increased vapor mass flux. Since the
crossover becomes larger as the Lewis number in-
creases, so does the condensation rate. The smaller
condensation rates observed for Bi = 10, in com-
parison with Bi-» oo, are due to a smaller effective
temperature difference across the slab for the same
external temperatures.

The effect of condensation on the overall heat-
transfer coefficient is represented by the ratio of
Nusselt number with condensation to the one without,
N = Nu/Nu,, and is plotted in Figs. 8,9, and 10. The
Nusselt number is defined as the ratio of the sensible
heat crossing the cold boundary by conduction and
convection to the heat flux by conduction alone. The
higher the ratio of the Nusselt numbers, the more
severe is the deterioration in the insulating perfor-
mance of the porous slab due to condensation. This
effect is generally proportional to the rate of conden-

20 -
15 -
6% 10

o~

o

x

15 - ¥

o

z

[Se]
10

F16. 6. Overall condensation rates for various mean tempera-
tures and temperature differences.
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F1G. 7. Overall condensation rates for various Peclet, Lewis,
and Biot numbers.

sation as can be seen by the similarity in trends
between Figs. 8-10 and Figs. 5-7. The only exception
occurs in the case of Pe =0 (Fig. 10), where the
moderate increase in condensation rate with the Lewis
number exhibited in Fig. 7 is accompanied by a
decrease of the Nusselt-number ratio. This is attri-
buted to the proportionality of the source term in the
energy equation (6), to the inverse of the Lewis
number. Therefore, if the condensation rate increases
slower than the Lewis number, this source term will
actually decrease. '

Pe=10

06
1.2 =
04
1 | |
0.2 04 06 08 10
Hy

Fi1G. 8. Effect of condensation on the Nusselt number for
various external humidities.
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FiG. 9. Effect of condensation on the Nusselt number for
various external temperatures.

6. CONCLUDING REMARKS

A steady one-dimensional solution is presented for
the problem of condensation in porous insulation due
to diffusion and convection of vapor. The existence of
three zones, one dry and two wet, is demonstrated.
Despite a relatively small rate of condensation, a
significant effect is observed on the thermal perfor-
mance of insulation due to the release of latent heat
within the porous slab. The condensation rate and the
resulting increase in overall heat transfer is found to
increase with external humidities, temperature levels,
and overall temperature differences. The effects of the
porous medium properties, such as thermal diffusivity,

Fic. 10. Effect of condensation on the Nusselt number for
various Peclet, Lewis, and Biot numbers.

vapor diffusivity and thermal conductivity, as well as
its width in addition to the cross flow velocity and
external heat-transfer coefficients, are demonstrated
via the following three nondimensional parameters:
the Peclet number, the Lewis number and the Biot
number. Both the condensation rate and the overall
heat transfer generally increase with the above three
parameters.
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ANALYSE DE LA CONDENSATION
DANS LES ISOLANTS POREUX

Résumé—Cet article analyse le probléme de la condensation dans les isolants poreux. On considére le
probléme unidirectionnel et permanent d’une plaque poreuse exposée a deux environnements différents
d’humidité sur ses deux faces. L’analyse inclut les mécanismes de transport par convection et diffusion avec
changement de phase. La condensation (ou le gel) prend place dans une zone humide ot le mélange
air—vapeur d’eau est saturé. Quand les deux environnements ne sont pas saturés, la zone humide est bordée
par deux zones séches sans condensation. L’effet de la condensation due 4 la cession de chaleur latente, sur les
performances thermiques globales est trés sensible. Le taux de condensation et Paccroissement résultant de
transfert thermique dépendent des nombres de Peclet, de Lewis et de Biot aussi bien que des températures et
des humidités des deux environnements.

UNTERSUCHUNG DER KONDENSATION IN POROSER ISOLIERUNG

Zusammenfassung — In der vorliegenden Arbeit wird das Problem der Kondensation in einer pordsen
Isolierung untersucht. Insbesondere wird der stationire eindimensionale Fall behandelt, den eine pordse
Platte darstellt, welche an beiden Seiten einer unterschiedlich feuchten Umgebung ausgesetzt ist. Die
Untersuchung schlieBt sowohl den Konvektions- als auch den Diffusions-Transportvorgang bei
gleichzeitigem Phasenwechsel ein. Es wird gezeigt, daB Kondensation (oder Ausfrieren) in einem feuchten
Gebiet bei Sdttigung des Luft-Wasserdampf-Gemisches stattfindet. Wenn die zwei duBeren Umgebungen
nicht gesittigt sind, ist die feuchte Zone durch zwei trockene Gebiete ohne Kondensation begrenzt. Es zeigt
sich, daB die Auswirkung der Kondensation auf das thermische Gesamtverhalten durch das Freiwerden von
latenter Warme bedeutend ist. Sowohl das AusmaB der Kondensation als auch der daraus folgende Anstieg
des Warmeiiberganges hingen von der Peclet-Zahl, der Lewis-Zahl und der Biot-Zahl ab, ebenso von den
Temperaturen und Feuchtigkeiten der beiden duBeren Umgebungen.

AHAJIU3 TTIPOUECCA KOHAEHCALMU B TIOPUCTON H3OJISILIUMA

Annotamns — [IpoBesieH aHAanTU3 Npoliecca KOHAEHCAUMH B MOPHCTON H3onsumd, OcoGoe BHUMAHHME
YAeA€HO CTAUMOHAPHOMY OJHOMEPHOMY CJ1y4alo, KOrlda PACCMATPHBAETCS MOPHCTAs TUIHTA, 0 0GeHM
CTOpOHaM KOTOPOH OKpyXalollas Cpella HMECT Pa3HuHYlO BIaxHOCTb. Hapamy ¢ (azosbiMu nepe-
XO0JaMH YYMTHIBAIOTCS KaK KOHBEKTHBHBIH, Tak M 1M(y3HOHHBII MeXxaHM3MBI TepeHoca. [TokasaHo,
TO KOHICHCAuUHs (MK 3aMOPaXHBaHHE) NPOHCXOMT BO BJAXHOI 30HE, TMle CMech napa ¢ BO3/1yXOM
ABJIACTCH HAChilleHHOH. ECNH BHeUIHsAs cpena no obe CTOPOHBI MIHTHI HE HACHILEHA, BJAXHAA 30HA
OrpaHdYeHa ABYMs CYXHMH, Tlle KOHIEHCAUMs OTCYTCTBYyeT. HalilieHO, 4TO 3a cCueT BbLIEICHHSA
CKPBITOR TEIUIOTBI NPOUECC KOHACHCAIMH CYLIECTBERHBIM OBDA30M BIHSET Ha CYMMApHBIE TEMIOBbIE
XapakTepUCTHKH. CKOPOCTb KOH/IEHCALMH H HHTEHCHMKALWMA TEMIONEPEHOCa 3aBHCHT OT uHcen [lexe,
Jlbiouca u BHO, a TakXe OT TeMNEPaTypsl K BIAXHOCTH OKPYXaIOIEH Cpeabl.
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