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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 [1-3]. 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, 5], 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
c, specific heat Z{(y) transformation variable,
C molar concentration of vapor Pm+8.Ci(m)
C, molar concentration of frozen bound Z,(n) transformation variable,
substance Po(n)+ B,CH(n).
Cov initial saturated molar concentration of
vapor Greek symbols
c non-dimensional molar concentration o effective thermal diffusivity
of vapor, C/C, Xins effective moisture diffusivity in region i,
on non-dimensional molar concentration i=1lor2
of frozen bound substance, C,/C, Olpi filtration motion diffusivity coefficient of
K effective thermal conductivity vapor in region i, i = 1 or 2
K,, thermal conductivity ratio, K,/K, %24 thermal diffusivity ratio, «,/a,
{ latent heat of sublimation By [t — (e — @Yo, 1,
L non-dimensional latent heat of i (oo — 802 MK
sublimation, [/(R,T;) 4§, transformation coefficient,
Ly, Luikov moisture diffusivity in region i, equation (24)
i=1or2,a,/c, 4, transformation coefficient,
Lu,  Luikov filtration diffusivity in region i, equation (25)
i=1lor2, o/, A; non-dimensional permeability in
M., molecular weight of bound substance regioni, i=1o0r2, — P, H{B.C:)
P pressure & porosity
P, initial pressure in the partially filled 7 similarity variable, x/ (2\/ (a,t))
porous medium 0 non-dimensional temperature, T/7,
P non-dimensional pressure, P/P, 0o non-dimensional initial temperature,
0 CyM0,0/(T5K ) Tyl T,
r recondensation factor K; permeability inregion i, i = 1or2
R non-dimensional gas constant, A non-dimensional position of
C3R, T,/ P, sublimation interface, s(1)/(2./(21))
R, universal gas constant I density
s(t)  position of sublimation interface ) volume fraction of frozen bound
t time substance.
T temperature
Ty initial temperature Subscripts
U,(n) transformation variable, 1 frozen region, s(t) < x <
T\ +6,C\(n)+,P,(n) 2 dried region, 0 < x < ()
v, 0,C4/T, 3 at triple point of bound substance
V, 3,P3/T5 s at surface, x = 0
X space coordinate v at sublimation interface, x = s(1).

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(¢) 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 heat 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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Fi1G. 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 :

0T (x,1) _ o*T (x,t)
or T o
rl(e—w) 0C,(x,1)
(p(,‘p)] T, s()<x<oo (1)
T o7
9 Za(j"’)=aza ;}ff”), 0<x<s@) (2
_ 0C(x,1) _ 3*Ci(x, 1) 3*Pi(x, 1)
(e—0) == =t Tk
aC
—r(s—w)—%)—, sy<x<o (3)
REACT SR A B 216 0)
or M ox? 2T
0<x<s@t) (4
OP\(x,1)  Pi(x,1)  OPi(x,0)
ar T ax? T
st)<x<oo (5
0P, (x,t 0P, (x,t
200 2 0p TPED g cxasy @

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, 3] which is also employed in the previous work
[4, 6], 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
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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 (1), (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

T(x,0) = Ty(c0,8) =T, @)

Ci(x,0) = Ci(o0,1) = Cy, ®

P(x,0) = P,(c0,t) = Py )

T7,00,0) =T, (10)

C,(0,1) =C, (11

P,(0,1) =P, (12)

At the sublimation interface the conditions are

Ti(s,0) = T,(s,t) =T, (13)

Ci(s,t) =Cy(s,1) =C, 14)

Pi(s, 1) = Py(s,0) = P, (15)

where T,, 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
1 (1 1
x| 7\ 7 ") |

C T,
CTs

By applying the ideal gas law at the sublimation inter-

face, we have

(16)

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

The energy and moisture balances at the interface
are

0T (s, t 0T, (s,t ds(z
—K, 2(;: ) 4 K, :3(; ) wCo M, I fi(t) 18)
s OPst) | 0Cy(s1)
™ Bx M Sz ox
OPy(s, 1) ds(?)
ks = (Co=C) g~ (19)

SOLUTION OF THE PROBLEM

The system of differential equations (1)—(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

- (20
LN )

into equations (1)~(19). Equations (1), (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,(n) and Z,(n)
as in equations (21)—(23) to decouple the foregoing
coupled equations, respectively

Ui(n) = Ti(n)+8,C () +5,P (1) (21
Zm) =P, (m)+B,Ci(n) (22)
Zy(n) = Po(m) +B,C.(n) (23)
where
N (e—w)ria,,,
| = 24
O o —an gy, P
5. = (A +r(e—w)ri,o,
2T (U4 )y — o (1 7) (e — @)ty —am 1(pC,) 0
(25)
and
R (6)
Oy — €02 .
=t @n

The location of the interface is assumed to be given
by

5(t) = 2/ (@1) (28)

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

With the introduction of the new variables #
and 4, we note that the dried region corresponds to
0<# <2/, and the frozen region corresponds to
i <n < c0. 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:

2 au
Pl 502, 00 _ o5 oy e 29)
dn” o dn
2
T
Tl 0, 9200 o oy (0)
dn”® dn
d? Pi(n) oy dP(n)
A =0
d2 + 201+ )%‘n dn , A<n< o

€2))

d*P,(n) ay dP,y(n)

dn? +2ocp2n dy
d*Z,(n)
dn?

=0, 0<n<i (32)

a, dZ(n) .
+2(1 +r)(£—(o)rmln— PR 0,
A<p< oo (33)
dIZZ(rI) 23] dzz(ﬂ)
dr,Z * 2% am2,7 dr’

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

=0, 0<np<i (34)
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exactly for U\, T,, P,, P,, Z, and Z, with the trans-
formed boundary and interface conditions, and the
solutions for T, C, and C, 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 :

0,(m) = 0o +1(0,—0) +V (C, = Co )+ Vo (P, — Py)]

e/
; |

erfc(\/(“ll)))

1 -
ae((“2))

[Al(l_)vﬁpﬂ)_(év_c()v)]

et s L L A(Py—P)
()
erfc ( \/ <2:Pr) 'I) ~
X ———— e — VZ(PV - PO )
erfc <\/<Lup1>/'>
erfc (\/ <l—+r> ﬂ)
upl
A s A (35)
¢ 147\,
erie (\/ (Lupl> A)
erf (1)
0201) = 05+ (0. = 0,) Zes (36)
erfc (\/(1 +r>’7>
. _ L Lug,
P\() = By+(P,—P)— ———1=5 (37)
er c( Lu, )"
~ erf (n/+/ (Luy,))
o NUN e )] 38
Pan) = P, +(P. )erf()u/\/(Lupz)) 9
(‘:1(") = Cou+ [Al(Po _]3\,) +(C,— Col
wlfO=))
+ A 1 (Pv - PO)

X
erfc ( \/ (E___l +rL)T(48, —w )> )
erfc ( \/ (%g;:) 11)

X 2L (39)

(| (227)7)
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yW&J
(/)

erf ( Z
x \/ ( ;pz) ;
erf <\/ (Lupz))

The energy and moisture balances at the sublimation
interface become

Ky (6,—0,)e "
erf (1)

J@ )0, —00)+V, (C,—Co)+Vy(P,— Py)] et
erfc (\/(x2)4)
VilA (P, —P,)+(C,—Cy,)]
x \/((1 +r)(£—w)) e~((1+r)(s—w)lz)/Lu,

J @) erfc< \/ (“—*'L)—i‘jﬂ) /1)

(VA +V3) (P, = Po) (14D e 225

()

= /(MwC,04

and

V(A +n(e—o)Luy)[A (B~ P,)
+(C,—Co )] e~ (1 +9E-w)ah)/Ly,

()

V47~ @)y Lty )A (P, = Py) e~ @0

N———

(40)

(41)

+

(| (57)2)

\/(E Luz)[Az(Fs — I_)v) + (C_'v _ C‘s)] e-gAZ/Luz

(@)

o &/ L) Ay (P~ Py e 04

erf ( 4 >
\/ (Lupz)

= /niw(Co—C,). 42)
The Clapeyron equation becomes
C.0, = exp[L(1-1/8,)] 43)
and the ideal gas law becomes
P, =C,R0,. C)
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The non-dimensional sublimation interface position
A and non-dimensional temperature 6,, pressure P,,
molar concentration C, 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 A 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=01 ¢=08 A, =40, A,=42, Lu, =10,
Lu, =10, Lu, =300, Lu,=300, R=10,
ay, = 0.8,K,, =0.8,8, = 0.96, P, = 0.25, C,, = 0.25,
Co=1000, L=1, 0 =0.1x10"% V,=0.6x10"¢
V,=—04x107%0,= 1.0, P,=0.25 C, = 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 A are defined as
[(A-0.8~2=0)/4 - o] * 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 4. A comparison between cases » = 0.8
and 0 indicates an enhancement in A 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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FiG. 2. Effects of recondensation factor and non-dimensional
permeability A, on non-dimensional interface position.
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F1G. 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 A,
and Luikov filtration diffusivity Lu,, on non-dimen-
sional interface position A. As compared to Figs. 2
and 3, the A, and Lu,, have similar and greater effects
on A over the same ranges of non-dimensional per-
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Fi1G. 4. Effects of recondensation factor and non-dimensional
permeability A, on non-dimensional interface position.

meability and Luikov filtration diffusivity. Com-
paring the results for r = 0.8 and 0 shows that the
variations of the percent enhancement of i change
from 3.47% at A, =1 to 1.55% at A, = 5 and from
2.94 to 1.31% for Lu,, = 100 to 500. It is noted that
the general trend of the percent enhancements in 4 in
these figures is the reverse of that in Figs. 2 and 3 over
the ranges of Lu, and A studied. Since the higher A,
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 A, and Lu,, increase, one
would expect the higher values of 4, but the effect of
recondensation of vapor in the frozen region is more
important for Jower values of A, and Lu,,.

Figure 6 depicts the effects of recondensation factor
r and non-dimensional initial pressure P, on non-
dimensional interface position 4. 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 1 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 4 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 P, on non-
dimensional interface position A 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 2 is increased
by 1.53% at P, = 0.1 and by 2.76% at P, = 0.7. This
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F1G. 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 P, 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 recondefisation on the percent
enhancement in A. By comparison with Fig. 6, it is
noted that P, has a similar but greater effect on 1, but
the physical trend of the percent enhancements of 1
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 A.
When o increases, the non-dimensional interface posi-

1651

2.24

2.0+

1.2

0.1 02 0.3 0% 05 06 0.7
s

FiG. 7. Effects of recondensation factor and non-dimensional
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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 A for higher values of @. As
indicated in the figure, the enhancements in A vary
from 1.28% at @ = 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
other parameters such as L, Cy, ., 0y, K»\, 25, Lu,,
Lu,, C; and C,, have also been obtained. The effects
of variations in these parameters except Co, on the
non-dimensional interface position 4 have been dis-
cussed in ref. [5]. However, the effect of Cy, 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.

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 (A,, Luy,, P,, w) 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 (C,,, Lu;) have been shown
to have negligible effects. The effects of the corre-
sponding dried region parameters (A,, Luy,, P.) are
more significant than those of the frozen region par-
ameters (A, Lu,,, B,). 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, Ay, Luy,, Luy, Py, P, o, Cy)
and sublimation latent heat L influenced the general
trend of variations of the percent enhancement in
A due to vapor recondensation more than did the
thermo-related parameters (6;, 8y, K, % )-

(3) The general trend between A and Al (e.g.
Jp—o.8—Ar—p) 18 that the (percent) enhancement in 1
due to the effect of vapor recondensation increases
with the higher values of 4 over the ranges of most of

Y. C. Fey and M. A. BoLEs

the system parameters except for the parameters (A,,
Lu,,, P,).
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ETUDE ANALYTIQUE DE LA SUBLIMATION DANS LE VIDE ET
RECONDENSATION POUR DES MILIEUX POREUX INITIALEMENT EMPLIS
PARTIELLEMENT DE GLACE

Résumé—Des solutions analytiques sont développées pour la sublimation dans le vide dans un milieu
poreux semi-infini partiellement empli et gelé. Puisque le milieu poreux est partiellement empli, la vapeur
formée 3 Uinterface de sublimation convecte 4 la fois dans les régions séche et gelée. Le transfert de masse
de la vapeur & travers le milieu poreux est modélisé par application des lois de Darcy et de Fick. La
recondensation de la vapeur se produit quand la vapeur convecte dans la région gelée. La température a
Vinterface de sublimation, la pression et la concentration de vapeur sont obtenues en plus de la position
de l'interface. On étudie les effets de la recondensation de la vapeur et des paramétres caractéristiques du
systéme sur la position de Pinterface. Les résultats montrent I'accroissement du taux de sublimation quand
la vapeur se recondense dans la région gelée.



Analytical study of vacuum-sublimation

ANALYTISCHE UNTERSUCHUNG DER VAKUUM-SUBLIMATION IN EINEM
ANFANGS TEILWEISE GEFULLTEN, GEFRORENEN POROSEN MEDIUM MIT
REKONDENSATION

Zusammenfassung—Fiir die Vakuum-Sublimation in einem anfangs teilweise gefiillten, gefrorenen halb-
unendlichen porésen Medium werden analytische Losungen entwickelt. Da das porse Medium teilweise
gefiillt ist, wird der an der Sublimationsgrenzfliche erzeugte Dampf sowohl in die getrockneten als auch
in die gefrorenen Bereiche strémen. Der Dampftransport durch das porése Medium wird durch Anwendung
der Gesetze von Darcy und Fick dargestellt. Rekondensation des Dampfes tritt auf, wenn der Dampf in
den gefrorenen Bereich stromt. Zusitzlich zur Position der Sublimationsgrenzfliche wird deren Temperatur,
der Druck und die Dampfkonzentration berechnet. Dariiber hinaus werden die Auswirkungen der Dampf-
rekondensation und der signifikanten Systemparameter auf die dimensionslose Position der Grenzfliche
untersucht. Die Ergebnisse zeigen die wachsende Sublimationsgeschwindigkeit bei der Rekondensation
von Dampf in den gefrorenen Bereichen.

AHAJIMTUYECKOE UCCJIEJOBAHUE BAKYYMHOM CYBJIMMALIMH U
PEKOHIEHCALIMY 3AMEP3HEN XHAKOCTH, BHAYAJIE YACTUYHO
3ATOJIHAIOMEN MMOPUCTVIO CPEQY

Ansoramms—IToy4eHbl aHAIMTHICCKHE PEIleHHs MUIS BAKYYMHOM cyGIMManuH 3aMep3iedl XHOAKOCTH,
BHAavaJle YaCTHYHO 3aMOJIHAIOUICH INOJyOEeCKOHEUHYO HMOPHCTYHO Cpely. I'eHepHpyeMEbli Ha rpaHHIE
pa3zmesna ¢a3 nap nepeHOCHTCH KOHBEKLHel Kak B CBOGOIHYIO YacTh MOPHCTOM cpesibl, TaK ¥ B 06acTs,
3aMOJIHEHHYIO TBEpILIM cyOiaMaTOM. MacconepeHoC mapa 4epe3 MOPHCTYIO Cpelly MOZIEIHPYETCs C
noMoubro 3akoHOB Jlapcu u Puka. PekoHIeHcalMs napa NPOKCXOAHT NpH KOHBEKTHBHOM IiEpEHOCE B
3aMopoXeHHy:o o6nactb. OnpegesieHbl TeMnepaTypa, daBjleHHe H KOHUCHTpAalHA NMAapa HA I'DaHHALE
pa3nesa a3, a TakKe MeCTONOJIOKEHRE noceaHei. KpoMe Toro, HecnenoBaHO BIHAHHE PeKOHICHCALIMH
1apa ¥ OCHOBHBIX NIapaMEeTPOB CHCTEMBI Ha IIOJIOKEHAE IPAHHLEI pa3fea (a3, KoTopoe NPeACTABJIEHO B
Ge3pa3sMepHOM BHZE. PesynbTaThl MOKa3bBAIOT, ¥TO B TOM CJIyYae, KOrja map peKOHAEHCHpPYeTCs B
061acTH, 3an0HEHHOM 3aMep3mIei KHAKOCTHIO, CKOPOCTh CyOIMMALH BO3PAcTaET.
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