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Abstract—The basic transfer equations for evaporation of a solid body into vacuum are considered.
Experimental results on ice sublimation with thermoradiative and conductive heat supply as well as on
sublimation in drying processes and continuous sublimation process from a permeable plate are presented.
These studies explain the peculiarities of the sublimation mechanism for different energy supplies and
under periodic and continuous conditions of the process. With ice sublimation from a porous permeable
plate near a surface, a stepwise change in temperature is observed at a distance of several lengths of the
mean free path of vapour molecules.
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NOMENCLATURE
mass transfer flux;
diffusion coefficient ;
mass transfer coefficient (8 = D/6);
boundary-layer thickness;
vapour concentration (¢ = mn);
mass of vapour molecules;
number of molecules;
velocity of molecules;
accommodation coefficient;
mean free path of molecules;
proportionality factor between j, and
Cos
characteristic linear dimension;
Nusselt mass transfer number, gi/D;
Knudsen number;
vapour pressure;
partial air pressure;
velocity;
external force;
vapour density;
dynamic viscosity coefficient;
time;
ratio of isobaric to isochoric gas heat
capacity;
continuity coefficient ;

s =g

T

ice?

s

Mach number;

volume of a bounded surface S;
viscous stress tensor;

ice temperature;

saturation temperature of water

vapour;
sublimation intensity;

height of crystals;

heat flux;

boundaries of zones of ice and liquid;
total pressure in a sublimator;

mean thickness of an active vapour
layer above a permeable plate.

1. TRANSFER EQUATIONS WITH EVAPORATION
OF A SOLID BODY INTO A VACUUM

UsuaLLY it 1s considered that the evaporation
rate of a liquid or a solid body (sublimation) is
determined by vapour diffusion from the surface
of the body into the surrounding medium and
by hydrodynamics of flow past the body. In
some cases of ice sublimation into vacuum the
evaporation rate is calculated on the basis of the
solution of the heat conduction equation for a
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solid body (the problem which is similar to
Stefan’s problem on liquid solidification).

However, in case of liquid evaporation from
capillary-porous bodies into a vacuum this
assumption is not always valid. The process of
liquid evaporation consists not only of a vapour
transfer process but also of the phase change
process itself (true kinetics of phase transition).
Usually with liquid evaporation under atmos-
pheric pressure the rate of phase transition
kinetics is neglected (it is considered to be
infinitely high, as compared to that of vapour
transfer).

The rate of diffusional vapour transfer is
determined by Fick’s diffusion law which for
stationary mass flow may be written thus:

e e=Ble—c O
where f§ is the mass transfer coefficient (f =
D/d), 6 is the reduced thickness of a boundary
layer and D is the vapour diffusion coefficient.

The liquid evaporation process is a dynamic
one; vapour molecules not only leave a liquid
surface but also return to it and partially
condense. The amount of liquid evaporated
is the difference between the amount of the
molecules departings and those returned again
from the surrounding medium.

If the accommodation coefficient of molecules
is denoted by A, which characterizes the prob-
ability of the fact that molecules after impinging
on the liquid surface condense, then the number
of molecules which condense on the liquid
surface will be } Anii where n is the number of
molecules per unit volume and # is the mean
velocity of vapour molecules.

Assuming that the number of molecules con-
densing at the surface is equal to that approach-
ing the surface as a result of diffusion the follow-
ing equation [1] is obtained:

- cs) = %Acsﬁ (2)

where m is the mass of a vapour molecule, c is
the concentration (c = mn). From formula (1)
it follows

j= —DVc =

j =% Anmi = B(c,
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where K* is the factor of proportionality
between j,, and ¢, equal to

1

=
From equation (5) it follows that the total
resistance to transfer (1/K*) is equal to the sum
of the diffusional (1/8) and kinetic resistances
(1/% An).

If the diffusional resistance is larger than the
kinetic one (1/8 » (1/4 Ai1) or 1 Aéi > p), then
from equations (3) and (4) it follows
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i.e. the rate of condensation and, consequently,
of evaporation is determined by that of transfer
(diffusion) since f = D/6. If the diffusional
resistance is considerably smaller than the
kinetic one (1/B < (1/% A1) or 1 Aii < p), then:

K* =1 dii (7)

I

Cs = Coo5

jm = %Aﬁcm (8)

l.e. the rate of condensation (evaporation) is
determined by the rate of phase change of a
liquid into vapour.
Let us denote the Nusselt diffusional number
by Nuj, and the Knudsen number by Kn
Nuy, = %; Kn = % 9)
where [ is the characteristic length (length of a
liquid surface along the gas flow) and A is the
mean free path of vapour molecules. Then
taking into account that the diffusion coeffi-
cient is proportional to the product 44 (D =TI"ul,
where I' is a numerical coefficient I' < 1), it is
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possible to write

o
~ —1“&—1 = TK**ic,  (10)
NupKn + A

because to a first approximation it is possible
to consider I' =~ 4. The total resistance (1/K**)
is thus equal to

1 1 1

K™ Nugkn T 4

(11)

The diffusional resistance (1/Nu,Kn) is in-
versely proportional to the product of the
Nusselt and Knudsen numbers (Nu,Kn).

Under ordinary conditions of liquid evapora-
tion at atmospheric pressure the Knudsen
number is small (Kn < 1). The Nusselt number
is also small. Then the diffusional resistance
(1/NupKn) is large, as compared to the kinetic
one (1/4), and the evaporation process is
determined by the transfer process (see equation
1)

However, with evaporation into a vacuum the
Knudsen number Kn sharply increases (Kn ~ 1),
therefore, for some evaporation regimes the
diffusional resistance becomes less than the
kinetic one (NupKn > A). The evaporation
process is then determined by the rate of phase
transition (j ~ ['Adic; = T'Aiic,). These rela-
tions are valid in the molecular evaporation
regime. In a transient molecular-viscous regime
when the liquid vapour pressure P, is consider-
ably higher than the partial pressure P, of the
air (an inert gas), ie. P, > P_ hydrodynamics
of heat and mass transfer between a body and a
surrounding medium may be described by the
Navier-Stokes transfer equation with a correc-
tion for the continuity coefficient K, which was
for the first time introduced by A. S. Predvo-
ditelev [2].
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Predvoditelev’s equation may be written
thus:

g—: + (1 = KpYoV)o — Ky dive

=F—1Vp + L2y
p " p

+ grad div o

2—vm (12)
p

where v is the velocity, F is the external force,
p is the density, n is the dynamic viscosity
coefficient, 7 is the time, y is the relation of gas
heat capacity at a constant pressure to that at
a constant volume.

If the continuity coefficient K, is equal to
zero (K; = 0), then at y =1 equation (13) is
reduced to Navier-Stokes’ classical equation.

The continuity coefficient K, is

K;=3Kn.M (13)
where M is the Mach number.

Thus, at a low velocity v (the Mach number
is small) the continuity coefficient K, is small,
however, in a deep vacuum (Kn > 1) the con-
tinuity coefficient may not be taken as equal to
zero. A. S. Predvoditelev’s theory is based on the
assumption that transport velocities of mole-
cules vary at a distance of a mean free path of
molecules. Thus, when solving heat and mass
transfer problems involving sublimation it is
necessary to start with equation (12) but not
with the Navier-Stokes’s equation.

The experiment shows that evaporation from
an ice surface occurs non-uniformly. Evapora-
tion takes place from certain surface sections
and is related to microdefects of an ice surface.

If ice evaporation occurs from a porous body,
then pores and capillaries of a body filled with
the ice are the sites of evaporation.

In this case some averaged velocity of a
vapour {v) is observed.
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According to Truesdell’s averaging formula

[3]:

(VPy = V) + %J ¥nds (14)

(s)

where . is some function which may be a scalar,
vector or tensor, v is the volume of the bounded
surface s, n is the normal to the surface s.

Equation (12) with no external forces (F = 0)
for a steady-state flow (87'/6t = 0) at y = 1 may
be written thus:

(1 — Kp)div(p < 9.p) = — Vp — div (e

+ % onds (15)
(s)
where ¢ is the viscous stress tensor
o =n[Vo + V] (16)

Vi 'is the transposed diode V7.

From equation (15) it follows that in our case,
apart from the pressure gradient Vp, an addi-
tional force influences a unit volume. This force
is equal to

1
~ | onds
v

(s)

and is caused by the discrete evaporation process
itself. The heat transfer equations with regard
for evaporation kinetics are presented in [4].
However, in case of discrete evaporation these
equations should be averaged according to
equation (15).

2. EXPERIMENTAL STUDY OF ICE EVAPORATION
IN VACUUM

In this paper the experimental results on ice
evaporation from model porous bodies at
different modes of heat supply will be discussed
in detail.

It is found [5, 9, 10] that, regardless of the
mode of heat supply, ice or frozen moisture
within porous bodies in a vacuum are over-
heated with respect to a saturation temperature
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of the vacuum medium, a temperature drop
being established at the ice-vapour interface.
The temperature gradient inside the ice and
the temperature drop with respect to a vapour
temperature immediately near the surface are
the driving force of a sublimation process
with all modes of heat supply [5, 9, 10].
Depending on the mode of heat supply, this
temperature drop in the ice was several degrees
in the case of thermoradiative and contact
supply of heat and several tens of degrees in
sublimation from metallic permeable plates.

Ice sublimation with thermoradiative heat supply

The value of the temperature drop at the
ice-vapour interface is determined by the level
of the thermoradiative heat supply, surface (or
volume) absorption of infrared energy and by
the vacuum in the sublimator.

The pressure of a temperature gradient inside
the anisotropic ice causes plastic deformation
of a polycrystal which represents a slip of one
of the molecular planes of a crystal lattice
relative to the other.

The volumetric character of an ice sublima-
tion process is, first of all, determined by the
depth of radiation penetration. Figure 1 shows
an ice surface irradiated by an infrared energy
flow at temperatures of a black emitter over a
range from 300°C to 900°C (over a range of
wavelenghts from 4 to 2 p). As is seen from Fig,. 1,
the ice sublimation surface at the temperatures
of a black emitter equal to 900°C is covered by
porous craters and becomes extremely rough.
The range of wavelengths from 2 to 4p is the
region of the most active penetration of infrared
radiation [16]. The crater formation at a
sublimation surface illustrates the increasing
probability of volumetric evaporation which is
accompanied by vapour migration from inside
a polycrystal of the ice [ 7].

Ice sublimation occurs from micro- and macro
ditches and has a jet character. The length of
free jets, at which the velocity of vapour mole-
cules sharply decreases, is several lengths of the
mean free path. The length of a free jet deter-
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FiG. 1. Change in the state of an ice surface at different temperatures of an infrared (black) emitter. The vacuum
is 0-5 mm Hg.

H.M, (facing page 1090)
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FiG. 2. Different shapes of crystals growing at a sublimable ice surface (Thermoradiative hent supply). The side
ol a gauze mesh is 70 um.
a-—growth of crystals at a sublimable surface of ice made of water
b.c--growth of crystals at a sublimable surface of ice made of water with pH 10
d-—growth of crystals at a sublimable surface of ice made of bidistilled water with Ca'? jon addition
e-~growth of crystals at a sublimable surface of ice made of water with pH-—12'5

H.M.



FiG. 4. Ice surface in a sublimation process with thermoradiative heat supply. The side of the gauze mesh is 70um.
The vacuum is 0-5 mm Hg. The temperature of the emitter is 200°C.

H.M.,



Fii. 6. Propagation of the sublimation front (zone) in the film model.
A-—vapour zone
B—ice zone of a fine-crystalline structure
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FiG. 7. Moisture sublimation into vacuum in a sing
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Fig. 8. Ice-water sublimation into vacuum in the “film model” with a metal gauze for the case of conductive
heat and mass supply.
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mines the temperature drop at the ice-vapour
interface which may be equal to several degrees.
The proof of this statement* is as follows:

(1) measurement of values of temperature
jumps with ice sublimation from a permeable
plate in case of continuous conductive heat
supply [9]

(2) re-emission effect with ice sublimation into
vacuum as established in [7] which shows that
in vacuum when the length of the mean free
path considerably differs from the distance of an
ice surface to an emitter screen the flow of
sublimable vapour molecules is reflected from
the emitter screen back to the sublimation
surface and intensifies the sublimation process

(3) pressence of small optical non-uniformity
near a sublimation surface [20]

(4) growth of crystals at a sublimation surface.

The growth of crystals at the surface of a
sublimable ice layer with thermoradiative heat
supply is determined not only by a decrease
near a sublimation surface but is a result of
simultaneous action of the following factors
[6, 7, 14]:

(a) considerable increase in the concentration
of water vapour subliming from an ice surface
at the interface (ice—vapour in the sublimator
chamber);

{b) geometrical non-uniformities
structure™) of an ice surface, Fig. 4.

The geometrical non-uniformity of an ice
surface in a thermoradiative flow causes the
existence of local temperature gradients, which
determine the possible existence of vapour flows
not only from the sublimation surface into
vacuum but also along it. It may be assumed
that the “striped structure” of an ice surface
conditioned by its plastic flow is the accumula-
tion of different imperfections and defects of a
structure of a crystalline lattice. Each imperfec-
tion causes a local increase in free energy of the
ice.

(“striped

* A temperature drop near a sublimation surface with
thermoradiative heat supply may be measured directly
with considerable errors.

1091

(c) Existence of internal defects of an ice
structure. These internal defects of a structure
after appearing at a sublimation surface become
apparent as “centres” of the growth of crystals
from the vapour phase.

For example, different ions in water, of which
the ice polycrystal [14] is made, may be such
“centres” of crystallization. If at the surface of
the ice, made of bidistilled water, there is
practically no growth of crystals, then the
inclusion of different ions into the water (into
a crystalline lattice of the ice) considerably
changes the pattern of surface growth of crystals,
Fig 2.

Figure 2a shows a crystal growing at a
sublimable surface of ice made of conducting
water. The growth and the shape of crystals at
the ice surface considerably change, depending
on pH in a liquid bidistilled water sample. In
Figs. 2b and c are given the crystals growing at a
sublimation surface at pH = 10. While increas-
ing pH up to 12:5 the dendrite shape of crystals
turns into a “petalled” one, Fig. 2e. The addition
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F1G. 3. Dependence of maximum height of crystals growing
at a sublimable surface of ice and of sublimation rate
AG/At upon pH in a liquid water sample.
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of Ca®" ions into a bidistilled water sample
creates a new curious spherical shape of crystals,
Fig. 2d. The dependence of the sublimation
intensity upon VG/Vt in a liquid water sample
and appropriate height I* of the crystals growing
at a sublimable surface is shown in Fig. 3.

As is seen from Fig. 3, the growth of crystals
somewhat decreases the sublimation intensity.

The experiments presented in [14] show that
the growth of crystals at a sublimable surface
in a vacuum occurs not from a liquid phase
(bulging of liquid films) but from a gaseous
phase due to the defects of a crystalline lattice
of an ice polycrystal. The considerable difference
in the mean height of monocrystals, their shape
depending on a value and modes of the inclusion
of different ions in a liquid sample points out
various molecular conditions of the interactions
at a sublimation surface (fields of concentration,
supersaturation, etc.).

The experimental studies at present show that
in the appropriate thermodynamic case at a
sublimable surface the growth of crystals is
also possible inside glass macrocapillaries [13].

Ice sublimation under vacuum with conductive
heat supply

The drawback of conductive heat supply to a
sublimation surface is the fact that between an
ice briquette and a heating surface, at which it
occurs, the vapour cushion is formed, which
introduces a considerable [15-17] thermal
resistance decreasing the intensity of sublima-
tion. The sublimation rate may be greatly
increased if, for example, a continuous contact
between heating and sublimation surfaces is
established by means of a coil, i.e. arrangements
are present for conductive energy supply with a
movable boundary [9]. In this case of ice
sublimation heat transfer occurs mainly in the
sublimable boundary layer of ice and corres-
ponds to a temperature distribution shown in
Fig. 5.

From the analysis of the temperature field in
an ice polycrystal (schematically presented in
Fig. 5) it follows that it separates the ice poly-
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crystal into two regions: first which is in contact
with the heating surface and second in which
there takes place volumetric sublimation.

°C

Fi1G. 5. Temperature field in an ice polycrystal at conductive
heat supply with a movable boundary.

In case of ice sublimation with contact heat
supply under a vacuum up to 10~ ! mm Hg the
thermal resistance in the boundary layer limits
the rate of the process. This resistance, first of
all, depends upon the quality of the contact
between the ice and the heating wall.

Sublimation in drying processes

The processes of sublimation drying of
materials are sufficiently studied and described
in many text-books and monographs [19, 21].
The thermoradiative mode of heat supply is
widely used in case of sublimation drying. In
this mode of drying the continuous deepening of
the sublimation surface is observed. In the first
period when (free) moisture is removed the rate
of the process and temperature of the material
remain practically constant. In the second period
of drying with removal of adsorption-bound
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moisture there occur both a decrease in the rate
of drying and increase in temperature of the
material.

Sublimation from a porous skeleton

In the film model [18], of the diaphragmatic
radiative flow g where the nickel imitates the
edge of a capillary-porous body, there took
place plastic ice deformation of a glass-like
structure (region B) with the formation of a fine-
crystalline structure of the ice and its subsequent
sublimation, Fig. 6. In the sublimation process
two zones are formed: zone of a vapour A,
Fig. 6¢c and zone of a fine-crystalline structure.
The sublimation region may be referred to as a
region of the destructive ice of a fine~crystalline
structure.

It may be observed in Fig. 6 how elements of a
fine-crystalline structure of the ice are sublimed
(decrease in sizes) and are partially, under the
action of a created pressure drop, entrained in
the form of separate fine crystals into the subli-
mation chamber.

In the case of a constant radiative heat flux
the thickness (depth) of the sublimation region
decreased with a decrease in vacuum as well as
the diameter of the pores of a skeleton. The
increase of a thermoradiative heat flux led to
increase in the thickness (depth) of the sublima-
tion region. Strictly speaking, it is impossible to
speak here about the concept on a sublimation
surface in a capillary-porous skeleton since a
sublimation process occurs in a surface layer
of the ice (sublimation zone) of a fine-crystalline
structure.

The process of preliminary freezing of a
capillary-porous skeleton considerably influ-
ences sublimation in vacuum. The presence of
unfrozen free moisture in a capillary-porous
body in a sublimation process leads to the forma-
tion of local regions with an overestimated
vapour pressure [13]. In Fig. 7 is shown a
process of formation of vapour bubbles; in
Figs. 7a, b, their sublimation; in Figs. 7c, d, the
ejection of ice plugs and unfrozen moisture from
a glass macro-capillary (Fig. 7e).
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The ejection of a vapour and ice particles
through an ice interlayer into the vacuum may
lead to the destruction of the whole capillary-
porous skeleton. This fact should be borne in
mind not only with sublimation drying when
using the traditional modes of energy supply
(radiation, conduction) but also with drying by
means of high-frequency currents.

Continuous process of ice sublimation into vacuum
from a permeable plate

In a steady-state regime with the continuous
supply of the constant-temperature water and
with a constant heat flux inside a metal-
ceramic plate the temperature fields are estab-
lished which divide this plate into three phase
regions [11, 13]:

1. liquid-phase region, in which the entering
water supercools up to crystallization tempera-
ture;

2. solid-phase region, in which there take
place solidification (crystallization) of the water
and supercooling of crystals up to sublimation
temperature;

3. gaseous or vapour phase-region, in which
there occurs migration of sublimable molecules
into the ambient medium—the vacuum cham-
ber.

Unlike the ice sublimation processes with the
thermoradiative and contact heat supply when
the ice temperature (with a heat load up to
1600 kcal/m?h and a pressure in the sublimator
of 0-5mm Hg = 66:6 N/m?) was not more than
—18°C, its temperature in a porous plate did
not exceed —2, —4°C, whereupon accordingly
the ice had smaller density and strength.

For the study of a mechanism of this complex
process of sublimation the model imitating this
process was developed in [13]. The model
consisted of a fine gauze fixed between flat
transparent optical glasses. The water and heat
were supplied to this gauze from below. During
experiments the upper part of the gauze was
connected to a vacuum.

The model developed made possible the
visualization of the process and high-speed
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photography confirmed the hypothesis stated
in [11, 13] and explained that continuous
migration of a substance into vacuum in the
presence of a fixed solid phase ice occurs due to
a periodic increase and decrease of sublimation
and has a pulverizing character. When deepening
or decreasing a sublimation surface in some
places the thickness of the ice of a glass-like
structure may decrease so that there occurs
local ejection of moisture which after penetra-
tion into a sublimation zone almost instan-
taneously freezes, sometimes forming ice
columns. Then in these places there occurs ice
formation of a fine-crystalline structure and a
glass-like structure, i.e. the process has a
pulverizing character, Fig. 8. The analysis of
the films obtained allows the separation of the
mechanism of pulsations into the following
stages (Fig. 9):

F1G. 9. Basic periods of a cycle of ice-water sublimation into
vacuum with continuous mass and conductive heat supply.
1—vapour region; 2—region of ice of a fine-crystalline
structure; 3—liquid region A, B, C—formation and des-
truction of ice of fine-crystalline structure by sublimation;
C—liquid-breakthrough.

(a) formation of ice of a “glass-like” structure
and continuous development of a region (front
0,) of the ice of a fine-crystalline structure (Fig.
9a). Most destruction of ice of a “glass-like”
structure takes place near the walls of a skeleton
(in a heat supply region), Figs. 9 a, b:

A. V. LUIKOV and D. P. LEBEDEYV

(b) coalescence of an ice fine-crystalline struc-
ture zone with a liquid region near the walls of a
skeleton, Fig. 9b;

{c) ejection (breakthrough) of a liquid near
the walls of a skeleton and its flow along a
surface (first stage of ejection), Fig. 9c. The most
possible regions of ejection are shown by the
arrows in Fig, 9c.

The duration of the cycles diminishes with a
growth of a heat load and a decrease in the
diameter of capillaries. The efficiency of micro-
ejections with a decrease in a diameter of pores
and heat load also becomes smaller.

It should be noted that the processes in all
three phase regions are in a close dynamic
interaction. If the moisture inflow from a liquid
region is disturbed or the vacuum in the sub-
limator increases there occurs deepening of the
sublimation surface, unless the dynamic equili-
brium sets in with respect to the water supply
from a liquid region, its crystallization in a solid
phase region and sublimation in a vapour phase.

The external problem for the process under
consideration deals with the outflow of a water
vapour through pores of a permeable plate into
the vacuum accompanied by a stepwise change
of temperature in the vicinity of a surface at a
distance of an order of a mean free path.
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FiG. 10. Dependence of the active thickness of a surface
vapour layer under a permeable plate upon heat load ¢ and
vacuum p.
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The value of the temperature jump depends
on heat load and vacuum in the sublimator as
well as type of flow of water vapour (viscous,
molecular-viscous, molecular). The mean free
path of a jet may be taken as a thickness of an
active layer of vapour which is considerably
superheated with respect to a vapour tempera-
ture at a prescribed vacuum in the sublimator.
So, for example, when decreasing a pressure in
viscous flow at a constant heat load ¢ = 7-7 %
10® W/m? the thickness of the vapour layer
increases up to 3 mm (Fig. 10), the value of a
temperature jump, up to 58°C. For a constant
vacuum the thickness of a vapour layer adjacent
to a wall remains constant and equal to 1 mm,
which corresponds to a value of a temperature
jump around 2°C.
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ETUDE DU PROCESSUS DE SUBLIMATION DE LA GLACE

Résumé—On considére les équations fondementales de transfert pour P’évaporation d’un corps solide
dans le vide. On présente des résultats expérimentaux sur la sublimation de glace avec apport de chaleur
par rayonnement et conduction aussi bien que ceux sur la sublimation dans des procédés de séchage et le
procédé de sublimation continue & partir d’une plaque perméable. Ces études expliquent les particularités
du mécanisme de sublimation pour différents apports d’énergie et sous des conditions périodiques et
continues du processus. Avec Ja sublimation de glace depuis une plaque poreuse perméable prés d’une
surface, un changement échelon de temperature est observé i une distance de plusieurs longeurs de libre
parcours moyen des molécules de vapeur.
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UNTERSUCHUNG DES EISSUBLIMATIONSPROZESSES

Zusammenfassung—Die Grundgleichungen fiir die Verdampfung eines Festkérpers im Vakuum werden
einer Betrachtung unterzogen. Es werden Versuchsergebnisse angegeben fiir die Eissublimation bei
Warmezufuhr durch Temperaturstrahlung und Konvektion, fiir die Sublimation in Trocknungsprozessen
und fiir kontinuierliche Sublimationsprozesse von durchlidssigen Platten. Diese Untersuchungen erkldren
die Eigenheiten des Sublimationsvorganges fiir unterschiedliche Arten der Energiezufuhr und fiir
periodische und kontinuierliche Prozessabldufe. Bei der Eissublimation von einer pords durchldssigen
Platte wird nahe der Oberfliche eine sprunghafte Anderung der Temperatur beobachtet in Entfernungen
von einigen freien Weglidngen der Dampfmolekiile.

NCCJIEJOBAHUE ITPOUECCA CYBJIMMAIIUN JIBJA

AHHOTANHMA—PacCMOTpEHEl OCHOBHHIE yDABHEHUA NE€pPEHOCA NpPH HUCIApeHUM TBEPAOro Texaa
B BakyyM. IIpuBefeHbl pe3yJbTaTH JKCIIEPMMEHTAJBHBIX MCCIENOBaHUN mpu cyOaumanuu
Jbla NpU TepMOPATMEIIMOHHOM M KOHAYKTHMBHOM IIOABOJNE TellNa, a TaK#e CyOIUMaunn B
nporeccax CYUIKNM U IIPUM HENMpepHIBHOM Ipoliecce cyOauManui M3 MPOHUIAeMOH [IJTacTHHBL.
OTH HCCIeR0BAHNA O0BACHAIOT 0COOEHHOCTM MeXaHM3Ma mnpollecca cy06aumMauuu npu pas-
JIMYHBIX 3JHEPTOMOABOJAX W IpH NEPUOAMUECKHX M HENpephiBHBIX VCIOBUAX IPOTEKAHNA
310r0 mnpouecca. Ilpn cyGaumauum 7bIa M3 MOPUCTON NPOHHIAEMOH MIIACTUHBL BOIN3U
MOBEPXHOCTH HalaI0JaeTcA CKAYyKoOoOpasHOe H3MeHeHMe TeMIepaTypsl HA pPacCTOAHUU
HECKOJILKUX IJINH cB00OZHOTO npobera MoJeKyd napa.



