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Abstract-Analytical solutions are developed for vacuum-sublimation in an initially partially filled, frozen, 
semi-infinite porous medium. Since the porous medium is partially filled, the vapor generated at the 
sublimation interface will convect into both the dried and frozen regions. The mass transfer of vapor 
through the porous medium is modeled by the application of Darcy’s and Fick’s laws. Recondensation of 
vapor occurs when the vapor convects into the frozen region. The sublimation interface temperature, 
pressure and vapor concentration are obtained in addition to the interface position. Moreover, the effects 
of vapor recondensation and the significant system parameters on the non-dimensional interface position 
are studied. The results show the increased sublimation rate when the vapor recondenses in the frozen 

region. 

INTRODUCTION 

THE APPLICATION of the vacuum-sublimation drying 
process has been widely used in food, medical and 
chemical industries over the past decades. The advan- 
tages of this dehydration process are that the shape 
and quality of the heat-sensitive products can be main- 
tained. For vacuum-sublimation of the initially fully 
filled frozen porous medium, no moisture movement 
exists in the frozen region, there is no need to include 
the transport equations for vapor concentration and 
pressure fields in this region. In this work, we study 
the case for which the semi-infinite frozen porous 
medium is initially partially filled with the bound sub- 
stance. Since the voids are partially filled, a con- 
centration of vapor may initially exist in the frozen 
voids. When vacuum-sublimation begins, the vapor 
concentration and pressure have the highest values at 
the interface. Therefore, the vapor will convect into 
both the dried and frozen regions according to 
Darcy’s and Fick’s laws [l-3]. Since the tempera- 
ture in the dried region is higher than the interface 
temperature, the vapor from the sublimation interface 
is superheated and no recondensation occurs in this 
region. However, the temperature in the frozen region 
is lower than the interface temperature. When the 
vapor generated at the interface flows into the frozen 
region, vapor recondensation will occur. As the vapor 
recondenses, three simultaneous interactions exist, 
namely: (a) the latent heat of condensation will be 
released which will affect the energy equation like a 
source term; (b) the amount of recondensation of 
vapor will affect the mass conservation equation like 
a sink term ; (c) the vapor pressure will be lowered 
due to recondensation of vapor which will affect the 
equation of pressure field like a sink term. 

Based upon the work of refs. [2, 4, 51, this paper 
proposes a model which takes into account the trans- 
port equations for the vapor concentration and pres- 
sure fields in the frozen region as well as the dried 
region. Also, the effect of vapor recondensation is 
included in the transport equations of the frozen 
region. The present formulation leads to an exact 
analytical solution for the transient model of the 
vacuum-sublimation process in the initially partially 
filled frozen porous media. It is of prime interest to 
know the effects of vapor recondensation and the 
important new parameters associated with vacuum- 
sublimation in a partially filled porous medium on the 
sublimation interface position. This study, therefore, 
presents the figures to show the physical trends 
involved in the vacuum-sublimation process in the 
initially partially filled frozen porous media. 

STATEMENT OF THE PROBLEM 

An initially partially filled frozen porous, semi- 
infinite medium is exposed to an environment where 
the pressure and vapor concentration are maintained 
below the triple point of the bound substance, and the 
temperature is higher than the initial temperature of 
the medium. The amount of residual non-condensable 
gases such as air in the partially filled voids is very 
small as compared to that of vapor. The porous 
medium is assumed to be composed of very small 
solid particles of the same size. Also, the medium is 
isotropic, homogeneous and rigid. Figure 1 illustrates 
an initially partially filled, semi-infinite frozen porous 
medium where the temperature, pressure, frozen 
moisture content and saturated vapor concentration 
are initially constant throughout the medium. At time 
greater than zero the vacuum-sublimation process 
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NOMENCLATURE 

specific heat 
molar concentration of vapor 
molar concentration of frozen bound 
substance 
initial saturated molar concentration of 
vapor 
non-dimensional molar concentration 
of vapor, C/C, 
non-dimensional molar concentration 
of frozen bound substance, C,/C? 
effective thermal conductivity 
thermal conductivity ratio, K,/K, 
latent heat of sublimation 
non-dimensional latent heat of 
sublimation, lj(R,T,) 
Luikov moisture diffusivity in region i, 
i = 1 or 2, cl,Ja2 
Luikov filtration diffusivity in region i, 
i = 1 or 2, c+/c~~ 
molecular weight of bound substance 
pressure 
initial pressure in the partially filled 
porous medium 
non-dimensional pressure, P/P, 

C$LJ~I(T,K,) 
recondensation factor 
non-dimensionai gas constant, 

CJVJP, 
umversal gas constant 
position of sublimation interface 
time 
temperature 
initial temperature 
transformation variable, 

T,(rl)+S,C,(?)+6,P,(r) 
G,C,lT, 
MiT3 
space coordinate 

Z,(n) transfo~ation variable, 

~,(~)~~,C,(~) 
Z,(n) transformation variable, 

PZ(V) +PK*(tl). 

Greek symbols 
effective thermal diffusivity 
effective moisture diffusivity in region i, 
i=lorZ 
filtration motion diffusivity coefficient of 
vapor in region i, i = 1 or 2 

thermal diffusivity ratio, a&, 

k%II, - tE--O)qd~, 
c&n2 - @qh% 
transformation coefficient, 
equation (24) 
transformation coefficient, 
equation (25) 
non-dimensional permeability in 
region i, i = I or 2, - P,/@J,) 
porosity 
similarity variable, x/(2j(a,t)) 
non-dimensional temperature, T/T, 
non-dimensional initial temperature, 

To/T, 
permeability in region i. i = 1 or 2 
non-dimensional position of 
sublimation interface, s(t)/(2,/(a,t)) 
density 
volume fraction of frozen bound 
substance. 

Subscripts 
1 frozen region, s(t) < s < cc! 
2 dried region, 0 < .X < s(t) 
3 at triple point of bound substance 
S at surface, x = 0 
V at sublimation interface, .Y = s(t). 

begins, and the boundary conditions at the surface, 
x = 0, are maintained such that the temperature is 
above the initial temperature but below the scorch 
temperature of the porous medium. Also, the vapor 
concentration and vapor pressure are below the triple 
point values. The moving sublimation interface 
located by x = s(t) is assumed sharply thin and separ- 
ates the porous medium into the dried and frozen 
regions. The temperature, vapor concentration and 
pressure at the sublimation interface are in equi- 
librium and unknown but are assumed to have con- 
stant values which will be determined during the solu- 
tion. The frozen region is assumed to maintain its 
initial uniform frozen moisture content throughout 
the process due to the very small amount of vapor 
recondensation as compared to the frozen moisture 

content; and the vapor movements exist in both the 
frozen and dried regions as a result of the interactions 
of temperature, vapor concentration and pressure 
gradients. In this work, we propose a theoretical 
model which applies the heal and mass transport 
equations to both the dried region and frozen region. 
Furthermore, the recondensation terms are included 
in the transport equations of the frozen region. To 
formulate the theoretical model of the above-men- 
tioned vacuum-sublimation process, the additional 
assumptions are made as follows : 

(1) the one-dimensional heat and mass transfer is 
considered ; 

(2) the heat radiation, heat convection, thermal 
expansion of the medium, Soret and Dufour effects 
are assumed small and negligible ; 
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FIG. 1. Schematic description for the vacuum-sublimation 
problem in an initially partially filled frozen porous medium. 

(3) the thermofluid properties remain constant but 
may be different for different regions ; 

(4) the Clapeyron equation and ideal gas law are 
assumed valid at the sublimation interface. 

According to the above assumptions, the vacuum- 
sublimation process in an initially partially filled 
frozen porous medium may be formulated by the fol- 
lowing equations : 

a T, 6-6 t> a% (-7 f) 
at=” 1 ax2 

rz(E--w) aqx,t) 
+ @cp), at s(t) < x < co (1) 

aT,(x, 0 a% (x, 0 
T=” 2 ax2 7 

0 < x < s(t) (2) 

(E _ w) ac, (x3 t) 
7 = %I1 

a%(4 + K a%w 
ax2 I ax2 

the right-hand side of equations (3) and (4) represent 
mass transfer of vapor due to Fick’s and Darcy’s 
flows, respectively. We also note that the terms with 
recondensation factor r on the right-hand side of 
equations (l), (3) and (5) are the source term of heat 
and the sink terms of vapor concentration and pres- 
sure, respectively, due to the recondensation of vapor 
from the sublimation interface in the frozen region. 

The boundary and initial conditions are 

r,(x,O) = T,(co,t) = T,, (7) 

c, (x, 0) = C, (co, t) = CO” (8) 

P,(x,O) = P,(co,Q = PO (9) 

T2(0, t) = Ts (10) 

C2(0, t) = G (11) 

P2(0, t) = P,. (12) 

At the sublimation interface the conditions are 

T,(s, t) = T2(s, t) = TV (13) 

c, (S, t) = C,(S, t) = C” (14) 

P,(s, t) = P,(s, t) = P” (15) 

where TV, C, and P, are the interface temperature, 
molar concentration and pressure of vapor, respec- 
tively, which are the unknown constants. 

The Clapeyron equation relating the latent heat of 
sublimation to the interface conditions, from equation 
(8) in ref. [6], is 

Z=ezp[&(&-k)]. (16) 

By applying the ideal gas law at the sublimation inter- 
face, we have 

P, = C,R,T,. (17) 

The energy and moisture balances at the interface 
are 

ac, (4 9 
-rG---17 s(t) < x < co (3) _K aT2ht) + K aTl(& t> 

2 ax I ~ = oC&&,&) 
ax 

(18) 

ac,(x, 4 m,(x, t) a2p2(x, t) 
E- = urn2 at ax2 + K2 ax2 7 

0 < x < s(t) (4) 

ap, (X, t) a2p, (X, t) ap, (X, 4 

___ = %I 
at 

ax2 --rat 

s(t) < x < co (5) 

ap2 (x, t) a2p2k 6 
~ = 5l2 ax2 I at 

0 < x < s(t) (6) 

where equations (1) and (2) describe the temperature 
distribution in the frozen and dried regions, respec- 
tively. Equations (3)-(6), based upon the Luikov sys- 
tem [2, 31 which is also employed in the previous work 
[4, 61, describe the vapor concentration and pressure 
fields in the frozen region and dried region, respec- 
tively. It is noted that the first and second terms on 

am 0 aw, 4 + tl ac2e, 0 
-amI ax-” 1 ax “2-c- 

+ Ic ap20j 4 
2- = w(C,-C,)- 

ax “d:‘. (19) 

SOLUTION OF THE PROBLEM 

The system of differential equations (l)-(6) cannot 
be solved directly due to the simultaneities and coup- 
lings among them. Following the similar procedure in 
ref. [4], we introduce the non-dimensional similarity 
variable 

X 

v = 2J(a2t) 
(20) 

into equations (l)-(19). Equations (l), (3) and (5) 
are coupled due to the recondensation terms and the 
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vapor concentration and pressure gradient terms ; 
while equations (4) and (6) are coupled due to the 
pressure gradient terms. Hence, there is a need to 
define three new variables U,(n), Z,(V) and Z,(V) 
as in equations (21)-(23) to decouple the foregoing 
coupled equations, respectively 

where 

(‘-tY)(E--O)dK,CI, 
~____ 

(25) 

and 

(27) 

The location of the interface is assumed to be given 

by 

s(t) = 2i&?,t) (28) 

where i is an unknown constant to be determined 
during the solution. 

With the introduction of the new variables q 
and I, we note that the dried region corresponds to 
0 < q < 1, and the frozen region corresponds to 
i < q -C co. The problem is transformed to the fol- 
lowing system of ordinary differential equations, 
equations (29)-(34), with variable coefficients subject 
to the transformed boundary and interface con- 
ditions : 

d*I.i,(r) ~2 dU,trl) 
-7+221y 

dv 
~ = 0, 

d? 
i < n < cc (29) 

d*Tz(rl) 
7 + 2rl 

dTz(rl) 
----0, 

d? 
0 <n < i (30) 

d*P, (r) ~2 dP,(?) 
-@-+2(l+r)s(,.ll dn ----=o, i<~<co 

(31) 

0, 0 < q < 1 (32) 

The system of equations (29)-(34) can be solved 

exactly for U,, T,, P,, P,, Z, and Z2 with the trans- 
formed boundary and interface conditions, and the 
solutions for T,, C, and C2 are then obtained from 
equations (21)-(23). After substituting the above 
solutions into the interface equations and performing 
the required manipulations, we obtained the four 
transcendental interface equations. By using the non- 
dimensional parameters defined in the nomenclature, 
the solutions for the vacuum-sublimation model are 
presented as follows : 

(35) 

(36) 

erf(r/J(&,)) P,(q) = Jj? + (F” - p,) ..-.--- ~-.-~_--. 
erf(JlJ(Lu,,)) 

(38) 

C,(q) = ~oo,+[A,(~o--~)++~~-~~v)l 
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c2(ry) = ~~+[A2(~~--Isv)+(~“--~)] 

X 
erf JGup2) ( ), 
erf J(b,, ( > 

(40) 

The energy and moisture balances at the sublimation 
interface become 

K2,(e,-e,)e-“’ 

erf (1) 

’ J(_E,~,)erfc(J(‘l+~~-“)n)m))J.) 

= JMG&!~ (41) 

and 

J((I +r)(&-o)Lu,)[Al(~~-~“) 
+ (C” _CO”)] e-Kl+rw~)~~W~~, 

2 

+ 
E J(Lu~~)A~(P~ -Fs) e-“*/““p2 

= JILh(C~ - C”). 

The Clapeyron equation becomes 

cVOV = exp [L(l- l/e,)] 

and the ideal gas law becomes 

pv = CR& 

(42) 

(43) 

(44) 

The non-dimensional sublimation interface position 
1 and non-dimensional temperature 8,, pressure pV,, 
molar concentration cV at the interface are then 
obtained by numerically solving the simultaneous 
equations, equations (41)-(44). Once the interface 
constants are known, equations (35)-(40) readily 
yield the exact solution to the vacuum-sublimation 
problem of an initially partially filled frozen semi- 
infinite porous medium. 

RESULTS AND DISCUSSION 

To better understand the effects of vapor recon- 
densation and significant new parameters in the frozen 
region on the vacuum-sublimation process in an 
initially partially filled frozen porous medium, sample 
calculations are performed for illustration. Since the 
sublimation rate is of major interest and is pro- 
portional to 1 during the sublimation drying process, 
results are now presented which illustrate the effects 
of vapor recondensation and some important par- 
ameters on the non-dimensional interface position. 
On the figures presented in this study, only the par- 
ameters having values different from the reference 
values are indicated. The selected reference values are : 
w=O.l, .s=0.8, A,=4.0, A2=4.2, Lu,=l.O, 
Lu2 = 1.0, Lu,, = 300, LU@ = 300, R = 1.0, 
az, = 0.8, K2, = 0.8, B. = 0.96, p. = 0.25, c,,” = 0.25, 
co = 1000, L = 1, Q = 0.1 x 10-6, I’, = 0.6 x W6, 
v, = -0.4~ 10-5, 8, = 1.0, Ps = 0.25, Cs = 0.2. 

The results of this study show that a faster sub- 
limation rate is predicted with increasing recon- 
densation factor r. This result demonstrates that the 
recondensation of vapor in the frozen region has a 
favorable effect on the vacuum-sublimation process 
in a partially filled porous medium. The sublimation 
rate depends upon the removal of vapor from the 
sublimation interface. As the recondensation factor 
increases, the pressure gradient in the frozen region 
at the sublimation interface increases. This pressure 
gradient results in a larger vapor flow from the sub- 
limation interface into the frozen region as governed 
by Darcy’s law. In the following figures, the recon- 
densation factor r is chosen at 0,0.4 and 0.8. The zero 
value of r corresponds to the case of no recon- 
densation of vapor. It should be noted that a portion 
of the vapor generated by the sublimation process 
may flow into the frozen region and recondense ; thus, 
r is a measure of the fraction of the rate of vapor 
concentration increase in the frozen region that does 
recondense. The enhancements in 1 are defined as 
[(1,~,.,-1,~,)/1,,,1~100. 

Figures 2 and 3 show the effects of recondensation 
factor r, non-dimensional permeability A, and Luikov 
filtration diffusivity Lu,, on non-dimensional inter- 
face position 1. A comparison between cases r = 0.8 
and 0 indicates an enhancement in 1 from 0.59% at 
A, = 1.0 rapidly to 2.72% at A, = 7.0 and from 
0.96% at Lu,, = 100 to 2.42% at Lu,, = 600. As the 
permeability A, and Luikov filtration diffusivity Lu,, 
increase, more vapor generated at the interface will 
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1 2 3 4 5 6 7 

Al 

FIG. 2. Effects of recondensation factor and non-dimensional 
permeability A, on non-dimensional interface position. 

2 07 

2.05 

2.03 

1 

100 200 300 400 

Lup1 

500 600 

FIG. 3. Effects of recondensation factor and Luikov filtration 
diffusivity Lu,, on non-dimensional interface position. 

convect into the frozen region due to less resistance 

to the vapor flow and faster propagation speed of 
pressure waves through the media. Thus, the amount 
of vapor recondensation increases which results in a 
higher pressure drop in the frozen region. Both the 
non-dimensional interface position and the signifi- 
cance of the effect of recondensation increase by this 
enhanced Darcy’s flow. 

Figures 4 and 5 illustrate the effects of recon- 
densation factor r, non-dimensional permeability AZ 
and Luikov filtration diffusivity Lupz on non-dimen- 
sional interface position 1. As compared to Figs. 2 
and 3, the AZ and Lupz have similar and greater effects 
on L over the same ranges of non-dimensional per- 

x 

’ 1.0 
,““““‘,““““‘r 

1 2 3 4 5 

A2 

FIG. 4. Effects of recondensation factor and non-dimensional 
permeability A2 on non-dimensional interface position. 

meability and Luikov filtration diffusivity. Com- 

paring the results for Y = 0.8 and 0 shows that the 
variations of the percent enhancement of i change 
from 3.47% at AZ = 1 to 1.55% at A, = 5 and from 
2.94 to 1.31% for Lupz = 100 to 500. It is noted that 
the general trend of the percent enhancements in A in 
these figures is the reverse of that in Figs. 2 and 3 over 
the ranges of Lu, and A studied. Since the higher AZ 
and Lu,, allow the vapor to move more easily through 
the dried region, most of the vapor produced at the 
interface is convected outwardly. and the amount of 
vapor convected into the frozen region is reduced 
resulting in the smaller amount of vapor recon- 
densation. Thus, as the A2 and Lupz increase, one 
would expect the higher values of i, but the effect of 
recondensation of vapor in the frozen region is more 
important for lower values of A1 and Lup2. 

Figure 6 depicts the effects of recondensation facto1 

r and non-dimensional initial pressure P,, on non- 
dimensional interface position i. When the initial 
pressure increases, the pressure gradients in the frozen 
region decrease, so that less vapor is convected into 
this region due to the weakened Darcy’s flow. This 
results in the lower values of I and the reduced effect 
of vapor recondensation on i as P, increases. For 
instance, as the recondensation factor r varies from 0 
to 0.8, the enhancement in 1 is 2.05% at P, = 0.1 and 
only 0.38% at P, = 0.8. 

Figure 7 indicates the effects of recondensation fac- 

tor r and non-dimensional surface pressure pS on non- 
dimensional interface position 3, for c, = 0.1. This 
figure shows the lower sublimation rate for higher 
values of surface pressure P,. A comparison of cases 
with r = 0 and 0.8 demonstrates that the i. is increased 
by 1.53% at P, = 0.1 and by 2.76% at P, = 0.7. This 
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L”P2 

x 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 

FIG. 5. Effects of recondensation factor and Luikov filtration FIG. 7. Effects of recondensation factor and non-dimensional 
diffusivity Lup2 on non-dimensional interface position, surface pressure on non-dimensional interface position. 

x 

0.2 0.4 0.6 0.8 

b 

FIG. 6. Effects of recondensation factor and non-dimensional 
initial pressure on non-dimensional interface position. 

is due to the fact that the higher value of isS will hinder 
the vapor produced at the interface to be convected 
outwardly, and the amount of vapor convected into 
the frozen region is increased which causes the greater 
effect of vapor recondensation on the percent 
enhancement in 1. By comparison with Fig. 6, it is 
noted that pS has a similar but greater effect on 1, but 
the physical trend of the percent enhancements of f 
in this figure is the reverse of that in Fig. 6 over the 
ranges of non-dimensional pressure studied. 

Figure 8 illustrates the effects of recondensation 
factor r and volume fraction of frozen bound sub- 
stance w on non-dimensional interface position 1. 
When w increases, the non-dimensional interface posi- 

1.42- 

0.15 0.20 0.25 0.30 0.35 

w 

FIG. 8. Effects of recondensation factor and volume fraction 
of frozen bound substance on non-dimensional interface 

position. 

tion decreases significantly because there is more sub- 
stance to be sublimated per unit volume at the inter- 
face. This results in the decreasing effect of the 
recondensation factor on 1 for higher values of o. As 
indicated in the figure, the enhancements in 1 vary 
from 1.28% at w = 0.15 to only 0.57% at w = 0.35 
between the cases of r = 0.8 and 0. 

The important new characteristics for vacuum-sub- 
limation in an initially partially filled frozen porous 
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medium have been studied in the above. Results for the system parameters except for the parameters (A*, 
other parameters such as L, cO, 0,, O,,, K,,, x2,, Lu,, Lup2, P,). 
Lu2, C, and C,, have also been obtained. The effects 
of variations in these parameters except coo, on the 
non-dimensional interface position ,I have been dis- 
cussed in ref. [Sj. However, the effect of cO” is found 
to be small and is negligible. Therefore, the discussion 
concerning these parameters and the effects of vapor 
recondensation over the ranges of these parameters is 
omitted in this work. 
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trend of variations of the percent enhancement in t3 

CONCLUSION 

According to the above discussion, the following 
conclusions for vacuum-sublimation in an initially 
partially filled frozen porous medium may be drawn. 

(1) The new parameters (AI, Lu,,, P,, o) for the 
frozen region associated with vacuum-sublimation in 
a partially filled porous medium have been shown to 
have definite effects on the sublimation rate, while the 
other new parameters (&,, Lu,) have been shown 
to have negligible effects. The effects of the corre- 
sponding dried region parameters (A2, Lu,,, pS) are 
more significant than those of the frozen region par- 

ameters (A,, Lu,,, P,,). Also, the sublimation rate is 

closely dependent on w. 
(2) The vapor recondensation in the frozen region 

will increase the sublimation rate, but this effect is 
usually small and negligible. Moreover, the fluid- 

related parameters (A,, A2, Lupl, Lup2, PO, P,, co, c,,) 
and sublimation latent heat L influenced the general 

5. 

6. 

8. 

9. 

10. 

11. 

i due to vapor recondensation more than did the 
thermo-related parameters (&, B,,, K2,, x2,). 

(3) The general trend between 1 and Ai (e.g. 13. 

4= 0.8 -I+,) is that the (percent) enhancement in 1 L4, 
due to the effect of vapor recondensation increases 

with the higher values of 3, over the ranges of most of 

ETUDE ANALYTIQUE DE LA SUBLIMATION DANS LE VIDE ET 
RECONDENSATION POUR DES MILIEUX POREUX INITIALEMENT EMPLIS 

PARTIELLEMENT DE GLACE 

R&m&Des solutions analytiques sont dheloppies pour la sublimation dans le vide dans un milieu 
poreux semi-infini partiellement empli et gel&. Puisque le milieu poreux est partiellement empli, la vapeur 
form&e a l’interface de sublimation convecte a la fois dans les regions s&he et gel&e. L,e transfert de masse 
de la vapeur B travers le milieu poreux est modelid par application des lois de Darcy et de Fick. La 
recondensation de la vapeur se produit quand la vapeur convecte dans la region gel&e. La temperature a 
l’interface de sublimation, la pression et la concentration de vapeur sont obtenues en plus de la position 
de l’interface. On Ctudie les effets de la recondensation de la vapeur et des paramitres caracteristiques du 
systeme sur la position de l’interface. Les resultats montrent l’accroissement du taux de sublimation quand 

la vapeur se recondense dans la region gel&e. 
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ANALYTISCHE UNTERSUCHUNG DER VAKUUM-SUBLIMATION IN EINEM 
ANFANGS TEILWEISE GEFULLTEN, GEFRORENEN POROSEN MEDIUM MIT 

REKONDENSATION 

Zusammenfasaung-Fur die Vakuum-Sublimation in einem anfangs teilweise gefilllten, gefrorenen halb- 
unendlichen pordsen Medium werden analytische Liisungen entwickelt. Da das poriise Medium teilweise 
gefiillt ist, wird der an der Sublimationsgrenzfllche erzeugte Dampf sowohl in die getrockneten als such 
in die gefrorenen Bereiche stromen. Der Dampftransport durch das poriise Medium wird durch Anwendung 
der Gesetze von Darcy und Fick dargestellt. Rekondensation des Dampfes tritt auf, wenn der Dampf in 
den gefrorenen Bereich stromt. Zusltzlich zur Position der Sublimationsgrenzfhiche wird deren Temperatur, 
der Druck und die Dampfkonzentration berechnet. Dart&r hinaus werden die Auswirkungen der Dampf- 
rekondensation und der signifikanten Systemparameter auf die dimensionslose Position der Grenzhache 
untersucht. Die Ergebnisse zeigen die wachsende Sublimationsgeschwindigkeit bei der Rekondensation 

von Dampf in den gefrorenen Bereichen. 

AHAJIHTWIECKOE MCCJIEAOBAHHE BAKYYMHOH CYBJIHMAHHM I4 
PEKOHAEHCAHHM 3AMEPBIIIEH XHAKOCTM, BHA%.JIE r4ACTHgH0 

3AI-IOJIH~IOI.QEH HOPHCTYIO CPEAY 

Ammaum---llonyqem ananrirmieckne pememin n.as earryy~riofi cy6nn~a1~r~ 3aMep3md XC~OCTH, 
nna~a.ae qacrmmo 3anonrinrometi nony6ecrconenriym nopncryro cpeny. Ferrepirpyeti na rpamfne 
pasnena @a3 nap IlepeHoIXTCX KoHneKuneri rcaz B cBo6omIym qacrb IIOpHCTOfi CpeilbI, TBR H B o6nacTb, 

3anonHeHHyro ~nepnbr~ cy6~nihfa~o~. Macconepenoc napa Irepe3 nopacryro cpeny MonemipyeTcx c 
EIOMOlJIbIO 3aKOHOB Aapm H @HKa. PeKOFWHcaqHX IIapa lIpOHCXOJl&iT IIpH KOHBeKTHBHOM lIepeHoO2 a 
3ahiopoxemiyro o6nacrb. Onpe.nenenbr rehmeparypa, namremre A KornreHTparnin napa ria rpamrne 
pa3nena 4a3, a TaKxe MecTononoxeIrkie no0TeJUie8. KpoMe Toro, Eccne~oBanO Bnunrine peKoHAeHcanJin 
napa n ocrronnbrx napaMerpoe cricreh5r tia nonoxemie rparrmrbr pa3nena @x3, rtoropoe npencrannerro n 
6e3pa3MepHoM BnJJe. Pe3yJrbTaTbI nOKa3brBaMX, WO B TOM cJQ”rae, KOTAa IIap peKOtiAeHCIipyeTCX B 

o6nacru,3anonHeHHofi3aMep3mefi xmKOCTbm,CKOpOCTbcy6nEiMaImiBo3pacTaeT. 


