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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 thecondensation 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 

coefficients in temperature distributions, 

equations (17)-(19), (23); 

coefficients in vapor concentration distri- 
butions, equations (20), (21), (23); 
coefficients defined by equation (25); 
constant pressure specific heat 
[Jkg-‘K-l]; 
vapor diffusivity [m* s- ‘1; 
overall condensation rate [kg me2 s- ‘1; 
heat-transfer coefficient [W me2 K-l] ; 
length Em] ; 
latent heat of evaporation or sublimation 

[JW’I; 
Lewis number (cro/D,); 
Nusseh number (h1/3,,); 

ratio of Nusselt number with condensation 
to the one without condensation (~~/Nu~); 
pressure [N m - ‘1; 
Peclet number (I@,); 
time [s] ; 
temperature c”C); 
cross-flow velocity [ms- ‘1; 
vapor concentration [kg kg-’ air] ; 
coordinate across the porous slab [ml, 

Greek symbols 

thermal diffusivity Em’ s- ‘1; 
nondimensional parameter defined by equa- 
tion (10); 
volumetric condensation (or freezing) rate 

[kgm I; -3s-1 

vapor saturation gradient with respect to 
temperature [K-‘3; 

TPresently, Assistant Professor of Mechanical Engineer- There exists a large body of literature dealing with 
ing, University of Illinois, Urbana, Illinois. 

$ Professor. 
the general subject of heat and mass transfer in porous 
medium ranging from general formulation of the 

0, liquid saturation [m” mF3 void] ; 
3 ‘, thermal conductivity [W m-l K- ‘1; 

PL, relative h~idity (W/W,); 

P% density [kg m- “3 ; 
Q, porosity [m3 m- “1. 

Subscripts 

a, air or warm environment ; 

6 cold environment ; 

4 dry (no condensation); 

1, liquid ; 
0, porous medium ; 
S, saturation; 
1, 3, dry zones; 

2, wet zone. 

Superscript 
* > nondimensional quantity. 

1. IN~ODW~ION 

WATER-VAPOR condensation within a porous wail 
insulation has been observed, particularly when ex- 
posed to large temperature differences and high hu- 
midity environments. Wetting ofporous 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 ofwall 
insulation, hence being the subject of major concern 
[l-4]. However, the existing knowledge on this sub- 
jeet is rather limited. Although some qualitative ex- 
perimental work has been carried out [l, 43, very little 
quantitative analysis is presently available [5]. 
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phenomenon [6-81 to specific applications such as 
heat and moisture transport in soils [9-131 and in food 
products [14]. Recently, the problem of transient 
intensive drying in porous media has been investigated 
[15-171, and numerical solutions of heat and mass 
transfer in porous media have been presented [lg, 191. 
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 [20,213, 
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 Tb, 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 lo- ’ 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 

FIG. 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 
long 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 [l, 51. 
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 liquid 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 

slab is approximately unity. 
(7) Cross-flow velocities are small (of the order 

10m3 ms-I). 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: 

dT d2T 
(pc,),u- = Lo----- + LI- 

dx dx2 (1) 

(2) 

In addition, both the conden~tion rate I and the 
a~~~ulat~ liquid saturation 8 are identi~lly 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 : 

x = 0: h[T - T(O)] = - 3 g ’ P ‘0 
dx ,,’ 

&rw”-w(o)l= -dg/ 
0 

(4) 

x=1: @T(l)-q= -i.,g ; 
I 

&WCs - %I = -Dog/ 
I * 

All the symbols in the above equations are defined in 
the Nomenclature. 

The variables are nondimensionaliz~ as follows : 

x 
x*=_; T*= 

1 

The resulting nondimensional equations and boun- 
dary conditions are 

d@ 
- r* 

dt*- 

(6) 

(7) 

(8) 

x* xc 0: a[1 - T*(O)] = -‘g ; 
_ 0 

I&&[1 - w*(o)] = -dS 

O (9) 

x* = 1: &T*(l) = _ ?!$ ; 
1 



LeBi W*(l) = - :T 
dWTI ___ 

‘1 dx* ,: 

where (16~) 

Pe = d/a, ; Le = cq,/D, ; Bi = hl,li,, .x* = 1:: T:(I;) = T;(l;); W;[T,(/;)] = I+‘;(,;) 
I16d) 

510 = ~.ol(PC,), ; P = L( w, - W,)/c,(T, - T) (10) 

I-* = ~~21D,~y(W, - W,); t*= tDop,(Wa - wb)/@p12 

Since in the dry zones (designated as 1 and 3) the 116~) 

liquid saturation and the volumetric condensation 

rates are identically zero, the above equations reduce 
to the following : x* = 1: Bi T:(l) = - 2 I ; 

I 
(11) 

dW7 3 d2W;,, 
LePeA=-----. 

dx* dx*2 
(1-v 

In the wet zone (designated as 2), the vapor con- 4. SOLCTIOI 
centration is a singular function of temperature, W* 
= W:(T). Therefore, equations (6) and (7) can be 

The above formulation constitutes a set of five 

combined, by eliminating the source term between 
differential equations for the five unknown distri- 

them, into the following single equation in T* : 
butions T:(x*), Tf(x*), T$(x*), WT(.x*): and W:(x*) : 
two linear equations, (11) and (12) for each of the dry 

d-t 
LePe[l + &*(7,)]$ 

zones, and a single nonlinear equation, (13) for the wet 
zone. The vapor concentration distribution in the wet 

= & [Le + Ss*(T2)1s 

zone is the saturation distribution corresponding to 

(13) the temperature field, Wt(x*) = W:[T,(x*)]. The 
liquid accumulation can be found, after the solution 

where 
for temperature and vapor concentration has been 
obtained, with the use of the temperature solution in 

dW,V) 
6’3 = 7 

T, - Tb 
and q*(T) = ~ w, _ w, q(T) 

the wet zone, equation (15). There are altogether 
twelve boundary and interface conditions given by 

(14) equation (16). However, the five second-order differen- 

Transforming equation (7) into an equation in T* and 
tial equations require only ten of these conditions. 

substituting for the source term in equation (8), there 
therefore the remaining two serve to locate the two 

results 
interfaces IT and I:. 

The differential equations are integrated twice. 

incorporating the four boundary conditions, equa- 
tions (16a) and (16f), to yield the following expressions 

- Le Peq*(T,)s = r*. (15) 
T:(x*) = a, [exp(Pex*) - (1 - Pe!Bi)] + I 

117) 

Continuity of both the temperature and vapor 

concentration distributions as well as the continuity of 
their gradients at the interfaces between the dry and 

T~(x*)=u~l:iexp[~~~~~dvl~d~ + u4 (1st 

wet zones constitutes a set of eight interface conditions TS(x*) = a5 [exp(Pex*) - exp(Pe)(l + Pe,‘Bi)] (19) 

in addition to the four boundary conditions stated 
earlier, equation (9). The nondimensional form of these 

W:(x*) = bl [exp(Le Pe x*) - (1 -. Pe/Bi)] + 1 

interface and boundary conditions is : 
(20) 

W$(x*) = b, [exp(Le Pe x*) 

x*=0: Bi[l - T:(O)] = - ‘s ; - 
0 

exp(Le Pe)(l + Pe!Bi)J (21) 

Le Si[l - W:(O)] = - zm 
where 

(16a) 
0 

f(x) = 
Le Pe [l + fia*(x)] - fldr)*(x)/d.x ; 

Le + /h*(x) 
x* = If: T:(If) = T;(lr); WX) 

= W:[7’2Wl 
v*(-x) = q?*[T2(x)]. (22) 

(16b) The six coefficients in the above expressions (aiS) and 
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&s) are determined from six interface conditions, 
equations (16b)-( 16e), to yield 

a1 = 1/[c&4wk5 - c&z - cdl ; 
a3 = N4c&6 - c&t - c3) 

a4 = f + Ct/[C4CJ/C6 - c&z - c3)l; 

a5 = c5/[&4%& - Cl/C2 - c3,l 

bl = (w:p,u:)I - 1)/c,; 

b, = VV-~(W’c,. (23) 

The locations of the two interfaces, 1: and 12, 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 

brc, = &Q*(g); a,c,$(l$) = b,c,o. (24) 

Coefficients cr-cIo are defined as follows: 

cr = exp(Pel:) - (1 - Pe/Bi); 

c2 = Pe exp(Pe l:) 

c4 = exp(Pe I:) - (1 + Pe/Bi) exp(Pe) 

cs = exp[ 1: j(v)dv] ; cg = Peexp(PeQ) 

c, = exp(Le Pe I:) - (1 - Pe/Bi) 

c, = exp(Le Pe i:) - (I + Pe/Bi) exp(Le Pe) 

cg = Le Pe exp(Le Pe If) ; 

cl0 = Le Pe exp(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 (259, in order to solve the nonlinear equation for 
the temperature dist~bution in the wet zone TV+. 
The outer iteration procedure searches for a com- 
bination of the interface locations, 1: and lz, 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 analyti~ly 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 

Td*(x*) = 
exp(Pe x*) - (1 + Pe/Bi) exp(Pe) 

1 - Pe/Bi - (1 + Pe/Bi)exp(Pe) (26) 

W:(x*) = 
exp(Le Pe x*) - (1 + Pe/Bi) exp(Le Pe) 

1 - Pe/Bi - (1 + Pe/Bi)exp(LePe) ’ 

(27) 

As discussed earlier, these dry solutions may be Used to 
establish whether condensation occurs. If W,*(x*) is 
higher than ~,*[Tz(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 properties 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 

pII = 1.2kgm-‘; 
C~ = lOOOJ-‘kg; 
0, = 2.5 x 10-5ms-2; 
Cp = 0.98; 

Do z QD, = 2.45x 10-5ms-2; 
I,, = O.O5Wm-‘K-l; 
01~ = ;lO/(pcr)o N 4.0x 10-5ms-2; 

L(evap.) = 2.5 x lo6 J kg-r ; 
L(sublim.) = 2.8 x lo6 J kg-’ ; 

I=O.lSm; u=5x10-4ms-i; 
h = 10Wm-2K-1; 

T. = 30°C; T, = -10°C; 
p‘, = p& = 0.8 f/i = W/W,). 

And the resulting nondimensional parameters are 

Le = so/Do N 1.7; Pe = d/a, = 1.8; 
Bi = hll’l,, = 30 

/I = L( W, - ~)~C~( T, - Tb) = 1.4 

‘1*(10X) = q(lO”C)(T, - Tb)/( W, - W,) = 0.6 

l-* = lTlz/D,p,( W, - W,) =r 3.7 x lo4 r 

t* = tD,p,( W, - W,)/@pJ2 ‘u 2.8 x lo- * t. 

The dry distributions Wz and Wz ,, (which neglect 
condensation in the porous slab), aIong with the wet 
distributions vY*, W,* and I?* (which include the effect 
of condensation), are depicted in Fig. 2. The dry vapor 
distribution IV: crosses over the saturation distri- 
bution Wz dt indicating the presence of condensation. 
The difference between the dry and wet dist~butions 
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 To and Tb, 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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I Pe=iO Le=20 3,-w ~ 

: lnterfoce between 

dry end wet zone9 

0.2 04 06 oa ‘3 
XX 

FIG. 2. Dry and wet distributions of vapor concentrations, 
saturation, and volumetric condensation. 

08 

0 

e=20 al---= 

- I Interface De?ween 

dry and wet zones 

02 04 06 08 IO 

XX 

FIG. 3. Vapor concentration distributions for various external 
humidities. 

I I 

0 02 04 06 08 10 
X* 

FIG. 4. Temperature distributions for various external FIG. 5. Overall condensation rates for various external 

humidities. humidities. 

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 bv 
T;. 

The overall nondimensional condensation rate in 

the slab G* is plotted in Figs. 5 7. Its definition m 

terms of the volumetric condensation rate is 

I ‘I! 
G* = 

j 
I-*dx* = 

i 
P*du*. 12x1 

0 ” I: 

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 r, equation (10). The solution for re- 

latively large convection (Pe = 10) and small Bier 
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 fdr vapor concentration than for temperature 
at Lewis numbers greater than unity. In addition. the 

condensation rate is generally larger for higher vapor 

!6- -; _,” 
,,’ /’ 
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mass fluxes as well as higher vapor concentrations. IO2 I I , ! I 

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 con~ntrations. 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 tem~rature, 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 --+ co, are due to a smaller effective 
temperature difference across the slab for the same 
external temperatures. 

T,;IO”C 
i\T =40°C 
p* =~b:08 

Id’ 
I / I 

w~,‘wb:205r10-z 
I / 

3 5 7 
Le 

The effect of condensation on the overall heat- 
transfer coefficient is represented by the ratio of 
Nusselt number with condensation to the one without, 
NR = Nu/Nu,, and is plotted in Pigs. 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- 

FIG. 7. Overall ~nden~tion 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. lo), where the 
moderate increase in condensation rate with the Lewis 
number exhibited in Fig. 7 is accom~ied by a 
decrease of the Nusseit-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 wili 
actually decrease. 

20~ 

1.5 

G* IO t- 

IO 20 30 40 
AT PC) 

FIG. 6. Overall condensation rates for various mean tempera- 
tures and temperature differences. 

0.2 04 0.6 00 IO 

FIG. 8. Effect of condensation on the Nusselt number 
various external humidities, 

for 
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’ * /-- / 

FIG. 9. Effect of condensation on the Nusselt number for 
various external temperatures. 

6. CONCFLJDING 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 di~us~vity, 

20- 

I8 - 

c 

- 

NR 

FIG. 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 coefkients, are demonst~ate~~ 
via the following three nondimensional parameters : 
the Peclet number, the Lewis number and the Boor 
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 

RbumGCet article analyse le probldme de la condensation dans les isolants poreux. On considere le 
problkme unidirectionnel et permanent d’une plaque poreuse exposCe 21 deux environnements diffkrents 
d’humiditd sur ses deux faces. L’analyse inclut les m&canismes de transport par convection et diffusion avec 
changement de phase. La condensation (ou le gel) prend place dans une zone humide oli le mtlange 
air-vapeur d’eau est saturt. Quand les deux environnements ne sont pas saturts, la zone humide est bordCe 
par deux zones &ches sans condensation. L’effet de la condensation due g la cession de chaleur latente, sur les 
performances thermiques globales est tr& sensible. Le taux de condensation et l’accroissement risultant de 
transfert thermique dependent des nombres de Peclet, de Lewis et de Biot aussi bien que des temptratures et 

des humiditts des deux environnements. 

UNTERSUCHUNG DER KONDENSATION IN PORtiSER ISOLIERUNG 

Zusammenfas.sung - In der vorliegenden Arbeit wird das Problem der Kondensation in einer portisen 
Isolierung untersucht. Insbesondere wird der stationiire eindimensionale Fall behandelt, den eine porijse 
Platte darstellt, welche an beiden Seiten einer unterschiedlich feuchten Umgebung ausgesetzt ist. Die 
Untersuchung schliel3t sowohl den Konvektions- als such den Diffusions-Transportvorgang bei 
gleichzeitigem Phasenwechsel ein. Es wird gezeigt, da13 Kondensation (oder Ausfrieren) in einem feuchten 
Gebiet bei SIttigung des Luft-Wasserdampf-Gemisches stattfindet. Wenn die zwei %uBeren Umgebungen 
nicht gesHttigt 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 Wiirme bedeutend ist. Sowohl das AusmaB der Kondensation als such der daraus folgende Anstieg 
des Wlrmelberganges hlngen von der Peclet-Zahl, der Lewis-Zahl und der Biot-Zahl ab, ebenso von den 

Temperaturen und Feuchtigkeiten der beiden 2uSeren Umgebungen. 

AHAJIkI3 I-IPOLIECCA KOHAEHCAL@II4 B IlOPklCTOGi M30JIRIJMM 

Awo+aunn - rlpoBeneH aHanH3 npouecca KOHneHcauWB B nopecToii H30nlUHB. Oco6oe BHWMaHHe 
yneneH0 CTaUaOHapHOMy OnHOMepHOMy Cny’ialo, KOrLla PaCCMaTpHBaeTCa flOpHCTaa nJlHTa. n0 o6eeM 
CTOpOHaM KOTOpOfi OKpymaIOmaa Cpena HMeeT pa3JlHqHyH, BnaTHOCTb. Hapany C +a30BbIMB nepe- 
XOLlaMIl y’iHTb,BaloTCa KaK KOHBeKTHBHUfi, TaK a LWi@lY380HHbIti MeXaHW3MbI nepCHOCa. nOKa3aHO. 
~TO KoHneHcamia (ane 3aMopaxHBaHHe) npoHcxonHr ~0 Bna*Hofi 30He. rfle cMecb napa c BO3DyXOM 
IlBnlCTCIl HaCbIUeHHOk Ecnu BHemHIlR Cpena n0 o6e CTOpOHbI nnATbl He HaCbIII&?Ha, BnaxHall 30Ha 

0rpatimeHa LlByMn CyXHMkf. me KOHneHCauHll OTCyTCTByeT. HaBneHo, ‘,TO 3a CqeT BbtneneHHa 
CKpbITOti TenJlOTbl npOUeCC KOHLIeHCaUWA CYUleCTBeHHblM o6pa3oM BJlHReT Ha CyMMapHbIe TellJlOBbIe 

xapaxTepacTaxu. CKOpOCTb KOHfleHCaUBH w HHTeHCH@HKaUHR TennonepeHoca 3aBHCBT OT wren flerne, 
JIbmica w Ekio, a TaKxe 0T TeMnepaTypbl H anax0iocTa oKpyXamme8 cpem. 


