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Abstract—In 1950 Johnstone et al. (Ind. Engng Chem. 42, 2298-2302 (1950)) introduced the tangency
condition to determine fog (or mist) formation in binary mixtures in cooled channels. In the present
analysis it is demonstrated that their condition is erroneous and an improved equation is derived. The
condition is based on the heat and diffusional mass transfer rates to a condenser wall, and the slope of the
saturation line of the vapour component at the wall temperature. The transfer rates follow from a thorough
analysis of the energy and diffusion equation in a stagnant film next to the wall (the classical ‘film model’
or ‘film theory’). The validity of the improved tangency condition is assessed against wall condensation
experiments by Johnstone et al., concerning mixtures of nitrogen with vapours of water and n-butyl
alcohol, yielding satisfactory agreement.

1. INTRODUCTION

A PIONEERING article on fog formation in mixtures of
noncondensables and vapour in cooled channels has
been published by Johnstone et al. [1]. On the basis
of a film model analysis the tangency condition was
derived to determine the critical wall temperature for
fog formation in flowing binary mixtures in the pres-
ence of wall condensation. This condition followed
from a consideration of the vapour pressure and tem-
perature gradients at the wall, which were compared
with the slope of the saturation line at the wall tem-
perature. Until now the condition has been used
unaltered to examine fog formation, see the extensive
reviews by Sekuli¢ {2} and Koch [3] of subsequent
literature in the field of fog formation.

Experiments were furthermore performed by John-
stone et al. [1] with mixtures of nitrogen and vapours
of sulphur, n-butyl alcohol and water to validate the
derived condition. Two experimental departures from
the theoretical predictions of (no) fog formation were
observed, namely :

(a) no fog formation, though predicted, and,
(b) fog formation, though superheating was proved
theoretically.

The former deviation could be attributed to the
absence of sufficient nuclei in the gas flow, although
in the examined mixtures extra nuclei were generated
artificially. The second discrepancy, only found with
film condensation of n-butyl alcohol and drop-
wise condensation of water, could not be explained
satisfactorily.

In this paper it is shown that Johnstone et al. [1]
employed an erroneous equation to investigate fog
formation; the improved tangency equation will be

derived here. Furthermore, the nitrogen—water
vapour condensation experiments of Johnstone et
al. {1] are found to correlate excellently with this
improved condition.

2. BASIC EQUATIONS OF THE FILM AND
THEIR SOLUTIONS

In this section the profiles of the vapour mole frac-
tion and temperature in a stagnant film are derived.
The required basic equations of diffusion and energy
can be found in Bird et /. [4].

In the film—a steady-state system in which vari-
ations in the x-direction (which will later be identified
with the direction of flow in a channel) are neglected—
the local mass balance equation, see Fig. 1, is

de” dict
R o Sl
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where v is given by
D de*
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This velocity is traditionally referred to as ‘convective
velocity’, ‘bulk flow’, or *Stefan flow’. It is induced by
the flow of vapour through the mixture and plays an
important role in mixtures with a high vapour mole
fraction. The boundary conditions on ¢, see Fig. 1,
are

cy=0)=¢" 3
cH(y=398)=¢f )

where ¢ is the vapour mole fraction at the interface
and ¢ the mole fraction of the bulk. Substituting
equation (2) in equation (1), solving the resulting
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NOMENCLATURE
¢t vapour mole fraction X,y coordinates {m].
of molar specific heat [J kmol ™' K™7]
1) diffusion coefficient [m* s~ ']

Dy hydraulic diameter [m]
F*  saturation function, see equation (14)

G*  relation between ¢* and ¢ in the
superheated region
g mass transfer coefficient
[kmolm *K '}
h heat transfer coefficient [Wm~2 K']
k thermal conductivity [Wm ™' K]

Le  Lewis number, kjp* ¢/ D

Nu  Nusselt number, 2D /k

P pressure [bar]

Re  Reynolds number, upD,/n
Sh Sherwood number, gDy, /p* D

T absolute temperature [K]

¢ temperature [ C]

u component of velocity in the x-direction
[ms ']

v component of velocity in the y-direction
[ms ']

Greek symbols

0 film thickness [m]
] dynamic viscosity [Pa s}
0 correction factor

I3 density [kg m™ 7}
¢t molar density [kmol m~ 7.

Subscripts
a critical interface condition
b bulk
¢ diffusional
i condensate (or wall)/gas interface
n noncondensables
sat saturation
t thermal
tot total
v vapour.

differential equation, and applying equations (3) and
{4), produces

l—¢f

NwhlﬂﬁﬁmwgthF».@

This solution for the vapour mole fraction in a film
was first obtained by Stefan [5].

The energy equation for the film, neglecting viscous
dissipation, internal heat sources and radiation, is

” X X . det dr d3r
a;—}—p D(Cp.n*(l’*) dy d}"— dyz‘

The second term on the left-hand sidc represents the
well-known Ackermann term. The boundary con-
ditions on ¢ are

6

prefe

/] bulk

o

X

y/

Fii. 1. The film.

Hy=0)=g (7
Hy=190)=t. (8)

Substituting the relation between the mixture’s molar
specific heat and its composition

o =T (E—=c)e), 9)
and equations (2) and (5) into equation (6), solving
the resulting equation and applying boundary con-
ditions (7) and (8), yields the temperature in the fiim

N
ex ek . |
P Lec, 3,
Hy) = (L —1) s e
kvt
(10)
where
k
Lo = e, "
& P“ (’; D ( )

Equation (10) has been derived independently by
Ackermann [6] and Colburn and Drew [7]. The latter
authors also applied the film model expressions 10
convective heat and mass transfer in a closed channel.
The bulk values of temperature and vapour mole frac-
tion are then taken to be the mixed mean values, while
8, and . are taken to be D,/Nu and D, /Sh, where Nu
and Sh denote the Nusselt and Sherwood number in
the absence of mass transfer. In the next section these
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fitm model expressions are used to investigate super-
saturation in the mixture.

3. THE FOG FORMATION CONDITION

In order to obtain a relation between ¢* and
in the film, which can then be compared with the
saturation line, the coordinate /4, is eliminated from
equations (5) and (10), yielding

=G =14+ —1) (_,.
=
b (1=t o570
: 1 -1 1 .
x (exp {L,T Le é, g (1 - +
(12)

This relation is a monotonically increasing function
of ¢, since the first derivative of G* (1) with respect to
t is positive

dG* _Lecy (ff:_l)

de A

x| ex €0 In e} 1 =5
Pl Les, "\I=ef 1,
Go, . (1—et re ez
BN L I | 1 )
x (6XP {c,f Le &, n (l —¢ L+

(13)

For (Le ¢7)/cr, > 1 the function G™{1) is concave,
G* (1) is a straight line for (Le ¢, )/¢f, =1, while
G* (1) is a convex curve for (Le ¢, )/, < 1. These
properties follow from the second derivative of G* {1}
with respect to 2. The vapour mole fraction on the
saturation line follows from

Posult)

tot

¢t = Fr) = (14)
At the wall, denoting here the condensate/gas inter-
face, ¢ = F* (1) prevails. On the basis of a con-
sideration of vapour and temperature profiles, the
following slope condition is suggested to examine
whether supersaturation occurs in a condenser :

de™
W0 46| Leq ( - 1)
wl T a e, e et

[

+ ot +
X (exp {Cf"‘lf‘a In (; :’;)} - 1) > %_
r © T
(15)

which is based on the slopes of F* (1) and G* (¢} in
t = t;. From this equation and the saturation con-
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dition (implicitly excluding the possibility of super-
saturation) fog formation can be detected.

The lowest permissible £ at which fog is not yet
formed, denoted as ¢,, is obtained when equation (15)
is an equality. Applying equation (13) and rewriting
equation (15) then yields as the tangency condition

8 0F ef —¢f

=1, ()c 01+ fy—1,

aF*

| _d6"
dt N

i
T (é)

where ¢] denotes the critical interface mole frac-
tion {¢f = F(z,)). In this equation the thermal
(Ackermann) correction factor is introduced as

c,?ﬁt in 1—¢
Le ey o, 1—cf

erud, ~ | —cf
oxp 4 —FYt il LT L L |
P {Le oo (1 e )}

and the diffusional mass transfer correction factor as

0F = amn

0 = (18)
-A

Both these conventional film model correction factors
can be found in Bird et al. [4], and are widely used
in practice. For ¢, <1,, a part of the film is fog-
ging (4, < ¢ < 1,), in this part r and ¢* are coupled
by equation (i14). In the superheated part
(1. <t < 1) ¢t = GH(2) prevails. In Fig. 2 the physi-
cal principles of equations (15) and (16} are illustrated
graphically. Johnstone er al. [1] were the first to
employ the principle of the slope and tangency con-
dition to assess fog formation. However, they used an
incorrect expression, as will be explained below.

Their expression for the critical £ (‘equation
(9)") is obtained when in equations (15)—(17) are
substituted

3. “E,;—Le‘ . (19)

and
ey =€ 20y

and
6 =1 2

Equation (19) is applicable to turbulent flow (the so-
called Chilton—Colburn analogy) and to forced con-
vective laminar flow in the entrance region of a chan-
nel. Johnstone et al. [1] experimentally examined lami-
nar flow (Re = 700) of binary mixtures in this region
of a circular tube. Approximation (20) implies that
cry = ¢f,, see equation (9), and introduces an unac-
ceptable inaccuracy. This is particularly the case with
nitrogen and n-buty! alcohol mixtures (n-butyl alco-
hol, ¢, = 135 kJ kmol™' K™'; water, ¢/, = 34 kJ

kmol~' K~'; nitrogen, ¢, =28 kJ kmol~' K™ ").
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F1G. 2. Determination of ¢, and prediction of fog formation (for (Le ¢ )jc,;, = 1 and d, = 4,).

Approximation (20) actually follows from a film
model analysis where the Ackermann term in energy
equation (6) is not taken into account. Assumption
(21) is not correct either, since the diffusion correction
factor 07 is of the same order of magnitude as the
thermal correction factor; they are even identical
when (Le ¢;f)/cf, = 1. Equation (21) follows, in fact,
from a fitm model analysis where the effect of the
induced velocity on diffusion is neglected. The intro-
duction of equations (20) and (21) might therefore be
the reason why Johnstone es al. {1] observed dis-
crepancics between some experiments and theory. In
the next section these cases are discussed in some
detail.

It is interesting to realize that the negative effect of
cquations (20) and (21) is less pronounced for mix-
tures with dilute vapour. To these mixtures the fol-
lowing applies ; namely that 0 = 1 and 0;% = 1. since
¢t < ¢f « 1. To determine fog formation and assess
the boundary of the superheated and saturated
regions in flowing mixtures of dilute wall condensing
water vapour (with 0F = 0 = 1) in air, equations
(15) and (16) have been applied fruitfully in lin-
carized form by Toor [8, 9] (with §,/6. = Sh/Nu = 1),
Koch [3] (8,/6.=1) and Hayashi er al. [I0]
(8,/0, = Le®* = 0.95).

Using equation (15) (or equation (16)) fog can be
detected. But on the other hand, if equation (15) is
not fulfilled, superheating in the entire film is not
necessarily guaranteed. This aspect of criterion (15) is
discussed in the following. For (Le ¢, )/c,, = | super-
heating can be examined correctly with equation (15),
since G*(r) is a straight line or a concave curve,

whereas F*(7) is convex. However, for (Lec,))/
¢y < 1, it is theoretically possible that equation
(15) predicts no fog formation, while both convex
curves F*(¢r) and G * (¢) intersect in the film. In Fig.
3 an example of such a supersaturation case in the
film ts depicted.

4. CONDENSATION EXPERIMENTS

The experimental results of Johnstone er «f. [1]
are now compared with the correct criterion for fog
formation. We are particularly interested in the cases
where fog was not predicted by the erroneous equa-
tions (16)~(21). though fog formation was observed
for some situations. The introduction of equation (20)
results namely in too high a value of r, (since
¢y, > ¢ (>c,,)), while assumption (21) causes too
low a value of ¢, (since ®F > 1), sec cquation (16).
The net result of both introductions could be too low
a value of 1,. resulting in an erroneous theoretical
prediction of a superheated mixture and hence no
fog formation. These situations were found only with
mixtures of nitrogen and vapours of n-butyl alcohol
and water, which are therefore treated herc.

In Table | the experimental data for water vapour
nitrogen mixtures are listed, while in Table 2 thosc of
n-butyl alcohol-nitrogen mixtures are summarized.
In these tables 7, and the related predictions of John-
stone ¢t al. [1] regarding fog formation are included.
Using equations (16)—(19) the improved critical tem-
peratures 7, are now re-determined. As the physical
properties of air and nitrogen are very similar. the
physical properties of air are used here, taken from
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FiG. 3. Erroneous prediction of a superheated film with equation (15) for (Le ¢ )¢, < Tand é, = 4.

V.D.L [11]. The latter is also used to supply the prop-
erties of water vapour. The diffusion coefficient of
both gases is given by Edwards ez ¢/. [12] as
T K 1.685
—4(_1[__1)_W. (22)
Po,/[Pa]
The molar specific heat ¢, of n-butyl alcohol is taken
from Reid er al. [13], and the values of k and D of
this vapour, provided by Landolt-Bdrnstein [14], are
approximated by

EWm™ K" =11.88x 107 +¢/['C](5.54 x 107°
+2.155x 107 74°Cy (23)

D/[m?s '] = 1.758 x 10

] L72

D/m?s™']=074%x10 ° (Q%) . (24
The molar densities p* of all the mixtures are simply
determined using the ideal gas law, in combination
with P, =1 atm (=1.01325 bar). The Antoine
relations for the saturation pressures of both vapours
stem from Reid er al. [13]. These vapour pressures
yield saturation lines for both mixtures which cor-
respond excellently to the lines drawn by Johnstone
et al. [1] (‘Fig. 2’ and ‘Fig. 3°). The saturation lines in
Figs. 2 and 3 are, in fact, those of water vapour. The
mixtures’ molar specific heats are evaluated at the

Table 1. Dropwise wall condensation experiments of water vapour in nitrogen

Johnstone et al. [1]

Equations (16)-(19)

Iy t, [CY ; [°C) t, [°C] Prediction Observation ¢, [°C}] Prediction Le
0.101 1o 12.0 8.0 no fog no fog [0.1 no fog 0.84
0.101 110.0 10.7 8.3 no fog no fog 10.3 no fog 0.84
0.098 107.0 9.6 8.5 no fog no fog 10.3 fog 0.84
0.097 105.0 8.3 8.3 critical value no fog 10.4 fog 0.84
0.125 110.0 13.7 12.6 no fog no fog 14.4 fog 0.83
0.123 111.0 124 12.4 critical value fog 13.9 fog 0.83
0.123 [12.5 12.0 12,0 critical value fog 13.7 fog 0.83
0.095 1235 1IN 5.0 no fog no fog 7.0 no fog 0.84
0.100 134.0 6.0 4.5 no fog no fog 6.5 fog 0.84
0.102 136.5 4.7 4.5 no fog no fog 6.5 fog 0.84
0.096 135.0 4.5 37 no fog fog 5.6 fog 0.84
0.169 129.0 16.5 15.0 no fog no fog 17.0 fog 0.82
0.172 135.0 15.0 14.5 no fog fog 16.3 fog 0.82
0.172 137.0 16.0 14.2 no fog no fog 16.0 critical value 0.81
0.174 139.0 16.0 14.0 no fog no fog 159 no fog 0.81
0.176 140.0 15.0 14.0 no fog fog 16.0 fog 0.81
0.176 142.0 16.5 13.8 no fog no fog 15.7 no fog 0.81
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Table 2. Filmwise wall condensation experiments of n-butyl alcohol in nitrogen
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Johnstone ¢t . [1]

Equations (16) (19)

or [ Cl L[ Cl 1, [ Cl Prediction Observation 1, ['C} Prediction Le
0.181 219.0 3.7 337 critical value fog 310 no fog 1.41
0.178 229.0 350 327 no fog no fog 299 no fog 1.42
0.180 265.0 310 30.2 no fog no fog 27.3 no fog .41
0.180 [38.0 56.6 44.0 no fog no fog 413 no fog 1.43
0.180 152.0 439 41.5 no fog fog 388 no fog 1.42
0.182 167.0 45.9 393 no fog no fog 36.8 no fog .41
0.181 212.0 KL 343 no fog no fog 316 no fog .41
0.180 292.5 28.2 28.2 critical value no fog 256 no fog 1.40
0.136 95.6 54.8 49.0 no fog no fog 47.5 no fog 1.63
0.140 1623 37.0 353 no fog fog 33.5 no fog 159
0.136 174.0 34.7 333 no fog fog 3o no log 1.60
0.137 200.5 34.0 30.2 no fog no fog 284 no fog .59
0.139 209.0 317 30.3 no fog fog 28.2 no fog 1.58
0.139 210.0 303 30.3 critical value fog 283 no fog 1.58
0.139 2104 331 30.2 no fog no fog 28.2 no fog .58
0.138 207.3 322 30.5 no fog fog 284 no fog .58
0.139 207.5 328 30.6 no fog no fog 28.5 no fog 1.58
0.147 229.0 326 29.5 no fog no fog 274 no fog 1.54
0.149 250.0 29.1 28.0 no fog no fog 26.0 no fog 1.53
0.153 250.0 28.8 28.3 no fog no fog 26.3 no fog 1.51
0.147 220.8 314 30.2 no fog fog 281 no fog 1.54
0.107 1220 38.7 37.0 no fog no fog 357 no fog 1.77
0.107 122.0 385 370 no fog fog 3587 no fog 1.77
G.110 128.0 42.1 363 ne fog no fog 351 no fog 175
0.106 129.0 38.7 35.3 no fog fog 343 no fog 1.77
0.108 169.0 31.2 30.2 no fog fog 289 no fog 1.75
0.109 180.5 34.4 29.0 no fog no fog 278 no tog [.74
0.110 190.0 329 28.0 no fog no fog 26.9 no log 1.73
0.108 195.0 337 27.5 no fog no fog 26.2 no fog .74

bulk composition (see equation (9) with ¢ replaced The new results in Table 2 indicaic. however. that

by ¢i). The mixtures’ thermal conductivities arc
evaluated at the bulk composition, taking account of
their composition following Perry and Green [15]

cuky (T=c )k,

L Iwn — L+
¢yt (!\//V> (I—c)

MmN
l—eg + ( M:,) o

(25)
All the properties of the two components are
evaluated at the bulk temperature. In Tables |
and 2 the newly determined 1, and calculated Le are
listed.

Table I reveals, owing to the effect of equation (21),
that all the new ¢, are larger than those of Johnstone
eral. [1]. Accordingly, for most cases ¢, < f, and hence
fog formation is predicted, which is in agreement with
the experimental observation. However, in a few situ-
ations fog is predicted but not observed. This can be
explained from the difference between ¢, and ¢, which
is & measure of the degree of supersaturation. In gen-
eral it follows that fog is not observed when ¢ is
slightly below ¢,, while visible fog formation occurs
when 7, exceeds the critical temperature ¢, signifi-
cantly. Table 1 also discloses that, according to the
improved tangency condition, no inexplicable situ-
ations appear where a critical condition (¢, = 1;) or
even superheating is predicted theoretically, but fog
is observed experimentally.

k

the re-determined ¢, arc even lower than those of
Johnstone er al. [1]. This is explained by the [act
that ¢f /¢y is much larger than unity, typically
¢x /ey =32, for all the mixtures considered. This
implies an enhancement of # and reduction of the
calculated 7., see cquations (16) and (17). The
observed fog can therefore not be explained with the
aid of equations (16)—(19) derived here.

An intersection of G* (1) and F7 () in the film,
as depicted in Fig. 3. may result in fog formation as
well. This intersection is possible since {(Le ¢ Yo
< 1 for both mixtures considered (water vapour-
nitrogen, (Le ¢ )jc,, = 0.7; n-butyl alcohol-nitro-
gen, (Le ¢;f )/ef, = 0.5), which implies that G* (¢} is 2
convex curve. A numerical investigation of G * (1) and
F*(#) with r ranging from ¢ to 1, provided evidence
for all the mixtures that an intersection of both curves
does not occur when superheating was predicted by
the slope condition, That is to say, F7 (1) > G (1}
in the entire film, thus predicted correctly by slope
condition (13) or tangency condition (16). Sum-
marizing, the experimental results obtained with n-
butyl alcohol-nitrogen mixtures cannot be explained
satisfactorily.

The major difference with the water vapour-nitro-
gen experiments, besides the higher temperatures and
different Lewis numbers, 1s the filmwise condensation
of n-butyl alcohol, since no promoter could be found
for dropwise condensation. Oleic acid was used by
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Johnstone et al. [1] to promote the dropwise con-
densation of water vapour. This dropwise con-
densation implies that the experimental interface tem-
perature is better defined, which might be the reason
overall agreement is found only between theory and
water vapour—nitrogen experiments.

5. CONCLUSIONS

In this paper an improved tangency condition for
predicting supersaturation in condensers has been
derived. This condition is based on the slopes of the
saturation line and film model expressions for the
vapour mole fraction and temperature.

It has been demonstrated that supersaturation can
be correctly predicted by this condition, irrespective of
the value of (Le ¢, )¢y, but that for (Le ¢, )/c;, < 1
superheating in mixtures cannot be guaranteed. How-
ever, a thorough examination of temperature and vap-
our mole fraction profiles in various binary mixtures
of nitrogen with vapours of water and n-butyl alco-
hol revealed that the condition correctly predicted
superheating.

A comparison of the condition with fog formation
experiments of Johnstone er al. [1]. concerning drop-
wise wall condensation of water vapour in air, yields
good agreement. If dropwise condensation of n-butyl
alcoho! had also been achieved by these investigators,
complete agreement with theory might have been
obtained here.
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UNE CONDITION TANGENTE AMELIOREE POUR LA FORMATION DE
BROUILLARD DANS LES CONDENSEURS-REFROIDISSEURS

Résumé—En 1950 Johnstone et al. (Ind. Engng Chem. 42, 2298-2302 (1950)) introduisirent la condition
tangente pour déterminer la formation de brouillard (ou de buée) dans les mélanges binaires dans les
canaux refroidis. Dans la présente analyse on montre que leur condition est erronée et une équation
ameéliorée est obtenue. La condition est basée sur le transfert diffusionnel de chaleur et de masse & la paroi
d'un condenseur et sur la pente de la ligne de saturation du composant vapeur & la température pariétale.
On traite I'équation d’énergie et de diffusion dans un film stagnant prés de la paroi (le modéle classique du
film ou la théorie du film). La validit¢ de la condition tangente améliorée est éprouvée avec les expériences
de condensation pariétale faites par Johnstone et al. sur des mélanges d’azote avec des vapeurs d’eau et de
n-butyl alcool et on constate un accord satisfaisant,

EINE VERBESSERTE BERUHRUNGSBEDINGUNG ZUR BESTIMMUNG DER
NEBELBILDUNG IN KUHLER-KONDENSATOREN

Zusammenfassung—Im Jahr 1950 fithrten Johnstone et al. (Ind. Engng Chem. 42, 2298-2302 (1950)) eine
Berithrungsbedingung ein, um die Nebelbildung bindrer Gemische in gekihlten Kanilen zu bestimmen.
In der vorliegenden Untersuchung wird gezeigt, daB die damals angegebene Bedingung fehlerhaft ist,
weshalb eine verbesserte Gleichung abgeleitet wird. Die Bedingung basiert auf einer Beschreibung der
Wiirmestromdichte und Massenstromdichte durch Diffusion zur Kondensatorwand, sowie der Steigung der
Sédtiigungskurve der Dampfkomponente bei Wandtemperatur. Die Stromdichten errechnen sich aus den
volistindigen Transportgleichungen fiir Energie und Stoff in einem ruhenden Film in unmittelbarer Nihe
der Wand (klassisches Filmmodell, bzw. klassische Filmtheorie). Die Giiltigkeit der verbesserten
Berithrungsbedingung wird anhand der Experimente von Johnstone ef af., welche die Filmkondensation
von Gemischen aus Stickstoff und Wasser- bzw. n-Butylalkohol-Dimpfen untersuchten, gepriift. Es ergibt
sich eine zufriedenstellende Ubereinstimmung,
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TAHTEHLMAJIBHOE VCJIOBHE B OXJIAMUTEISAX-KOHAEHCATOPAX ITPU
OBPA3OBAHHUHU TYMAHA

Asnnorauus—B 1950 r. [xoucroyd u ap. (Ind. Engng Chem. 42, 2298-2302 (1950)) BBe/I IOHSTHE TaH-
TEHUHANLHOTO YCIOBHS npu o0pa3oBaHHM TyMaHa (ABIMKH) B OHHADHBIX CMECAX B OXJIAXIaeMBIX
kaHanax. B macTosmenM HCCHEeAOBaHHA TOKA3AHO, YTO NPEIUIOKEHHOE YCIOBHE ABNASTCH OMOOYHBIM, B
BhIBEAcHO DoJiee aAcKBATHOE BhIpaXeHHe. ITO YCIOBHE COOEPRHT CKOPOCTH Teronepenoca M auddy-
3HOHHOTO MACCONEPEHOCA K CTEHKE KOHACHCATOPA, a TAIOKE Yrofl HAKIOHA JTHHHH HACHINEHHAS napa npH
Temnepatype creHKH. CKOPOCTH nepeHoca Olpelese bl IPH MOMOLIH ASTAJFHOIO aHAJIM3a YpaBHEHHIH
coXpaHeHus JHepruu M audy3un B npuieraromielf K CTEHKE HETIOBMKHON IUIEHKE (KJACCHYECKHE “MO~
IeNb IUIeHKA ™ | “TeopHs IUleHkH ). DdPekTHBHOCTE HCIOJIB30BAHHA PACCMATPUBAEMOTO YCIOBUA HPO-
BEpEHa NyTeM CPaBHEHHA C SKCHEPHMERTAIBHBIMA JAHHBIMH 1O KOHAEHCAIHHA HA CTEHKE, NOJYYEHHBIMH
JPxoHCTOYHOM H Ap. JUIA CMecel a30Ta ¢ DapaMH BOAb! K H-OYTHIOBOrO CIHPTA, TPH 3TOM HOJTYYEHO HX
YAOBACTBOPHTEIIBHOE COTTIACHE,



