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A b s t r a c t — T h e stage corresponding to effective droplet nucleation on the macroscopic condensat ion nuclei 
d in ing the gradual creat ion of the metas tahle state in vapor was studied in a c a s e when the diffusion growth of 
supercritical droplets prevails . The condi t ions of (he applicabili ty of the kinetic theory were analyzed. It was 
revealed that the macroscopic ity of the condensat ion nuclei results in more severe conditions. The algori thm of 
the calculation of the all important kinetic characterist ics of the droplet nucleation process, i.e., the total number 
of nucleating droplets, the time of the beginning of the droplet nucleat ion and the durat ion o f this p rocess , and 
the width of the droplet size spectrum, was formulated. It was shown that under the given propert ies of the 
vapor -gas med ium and the liquid condens ing from vapor, as well as at the given d imens ions of the condensat ion 
nuclei , the a lgor i thm al lows us to cover (he entire range of the characterist ic t imes of the creation of the meta
stahle state in vapor and the initial concentrat ion of condensat ion nuclei admit ted by the condi t ions of the appli
cability of the kinetic theory. Based on the algori thm, numerical calculations were performed demonst ra t ing the 
ability of the proposed theory to make some interesting and practical predictions in a rather wide range of She 
values of the initial parameters . The factors were revealed, which determine the prevalence of the diffusion or 
free molecular absorption of vapor by the supercritical droplets at the stage corresponding to their effective 
nucleation at the given initial parameters of the theory. The ability to apply (lie theory to the case of polyu'isperse 
condensat ion nuclei was demonstra ted . 

INTRODUCTION 

We continue to study the stage corresponding to the 
effective nucleation of supercritical droplets on the 
macroscopic condensation nuclei during the gradual 
creation of the metastahle state in vapor which was 
begun in [1-3]. The interest in macroscopic nuclei is 
due to the fact that these particles can ensure vapor con
densation at low supersatu rat ions. As lo the interest in 
the gradual and externally regulated creation of the 
metastahle state in vapor, it is explained by the fact that 
such a regime enables us to control the development of 
the condensation process. 

We remind the reader what has already been accom
plished in the study which we undertook earlier. In [1), 
we constructed the kinetic theory of condensation for 
macroscopic nuclei during the gradual creation of the 
metastahle state in vapor. In its initial stage, this theory 
is not restricted by any regime of the exchange of mat
ter between the droplets and the vapor. In the case 
where at the stage corresponding to the effective nucle
ation of supercritical droplets the free molecular 
growth of these droplets prevails, the theory con
structed in [1] was elaborated to the form [2] enabling 
us to perform simple calculations of all practically rel
evant kinetic characteristics of" the nucleation process 
of supercritical droplets. Typical kinetic times at the 

stage corresponding to the effective nucleation of the 
supercritical droplets and the hierarchy of these times 
were established in [3]. This hierarchy enabled us to 
describe the stage corresponding to the effective nucle
ation of the supercritical droplets and to understand the 
complex smith step mechanism of this stage in the cases 
where the free, molecular or the diffusion absorption of 
vapor by supercritical droplets prevail. 

The main aim of this work is to formulate the algo
rithm of the calculations for the case of the prevalence 
of diffusion growth of the supercritical droplets at the 
stage corresponding to their effective nucleation and to 
perform (using this algorithm) numerical calculations 
of all poetically relevant kinetic characteristics of 
droplet nucieation on the macroscopic condensation 
nuclei under the conditions of the gradual creation of 
the metastahle state in vapor. The great deal of atten
tion, which wil! be focused on the calculation algorithm 
and numerical calculations on the conditions of the 
applicability of this theory, is explained by the severity 
of these conditions at the macroseopicity of condensa
tion nuclei that was elucidated in this work.. 

As Hi [1, 3], wfc considci the condensation nuclei to 
be soluble in nucleating droplets, whereas the sub
stance comprising the nuclei is assumed to be the sur
face-inactive substance. The generalization of the 
kinetic theory to the case of the partially soluble, or 
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• INITIAL RELATIONSHIPS OF THE KINETICS 
OF DROPLET NUCLEATION 

nuclei are macroscopic, then v,'/ 3 > 1. 

The supei saturation of vapor, denoted by C,, is 
defined by the equality 

? - ( / f / r t j - 1, ( L I ) 

where // is the number of vapor molecules per unit vol
ume of the vapor-gas medium, and n,„ is the number of 
molecules per unit volume of saturated vapor. For the 
threshold supersaturation C,lh of vapor above which the 
formation of droplets on condensation nuclei is barrier-
less, we have [1, equation (1.3)] 

^ = 2{2o)y2/21vl'\ (1.2) 

where 

a (4Ka/kT)(3v/4K)2/\ (1.3) 

O is the surface tension of a droplet, k is the Boltzmann 
constant, T is the temperature of the droplets and the 
surrounding vapor-gas medium at the stage corre
sponding to effective nucleation of the supercritical 
droplets, and v is the molecular volume of the condensing 

liquid. At v,J'3 > 1, we have the inequality £^ < I. 

In the kinetic theory of supercritical droplet nucle
ation, the important parameter is the time required for 
the establishment of the steady-state (to be more exact, 
quasi-steady-state) regime of overcoming the activa
tion barrier of droplet nucleation. According to formula 
(5.2) from [I] , this time denoted by ts is expressed as 

Here, a is the condensation coefficient of the saturated 
vapor molecules, and x is the mean free time of satu
rated vapor molecules. This time is expressed by the 
eqv\ality 

x = 1 2 / [ ( 3 6 J c ) 1 / 3 v 2 / V v r ] , (1.5) 

where vT is the average thermal velocity of the vapor 
molecules ( v 2 7 3 is introduced to estimate the cross sec
tion of molecular collision). 

The number of molecules of matter condensed in a 
droplet from the vapor is denoted by v. As was shown 
earlier [4], when the condensation nuclei are macro
scopic and the solubility of nuclei-forming matter in 
droplets is high, the solution of this matter is already 
iaiher dilute in the droplets overcoming the activation 
barrier of nucleation. Apparently, the solution will be 
even more dilute in droplets that have overcome this 
barrier. Then, for supercritical droplets with a high 
degree of accuracy, we have 

v = 4KR*/3V, (1.6) 

where R is the droplet radius. 
Whatever the exchange regime for condensing mat

ter between a droplet and vapor is, we always pass from 
the variable V to such a variable p, which is the function 
of v and increases in time for all supercritical droplets 
with a velocity that is independent of p (and of v) and 
is determined only by the vapor sit per saturation, In the 
case under consideration, when the diffusion growth of 
supercritical droplets prevails at the stage correspond
ing to their effective nucleation, an appropriate variable 
p for describing the behavior of supercritical droplets is 
given by the equality [3] 

p = VV\ (1.7) 

The normalization of variable p is defined by (1.7), 
when p V 2 governs the number of molecules condensed 
in a droplet from vapor, is important for the forthcom
ing analysis. 

The gradual creation of the metastable state in vapor 
is described by the law of the growth of ideal supersat-
u rat ion with time determined by the equality 

* = («„. / /?-) - 1, (L8) 

where nlnl is the total number of molecules of matter 
condensing in the unit volume of the vapor-gas medium, 
also including the molecules contained in droplets 
(/)„„ is larger than n by the number of vapor molecules 
condensed by the droplets contained in the unit volume 
of the vapor-gas medium). The ideal supersa titration is 
dependent only on the external conditions of the cre
ation of the metastable state in vapor. As in [1-3], we 
assume the power approximation 

* = (t/tj\ (1.9) 

as the law of the growth of the ideal supersaturation 
with time. This equality contains two independent pos
itive parameters, namely, the scaling time tm and the 
exponent in. The time t is counted from the moment 
when according to power approximation (1.9) O = 0. 
The approximation (1.9) will be significant only at the 
stage corresponding to the effective nucleation of the 
supercritical droplets, which is our main concern. It 
was shown [2] that this approximation is rather appro
priate; it was also demonstrated [2] how the parameters 
tm and m can be determined using the law (which was 
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insoluble condensation nuclei and to the case of surface 
activity of a substance comprising the nuclei wilJ be 
made in forthcoming publications. 

As in [ 1-3], in the main part of this paper we assume 
that all condensation nuclei are identical. The possibil
ity of (he generalization of the theory to the case of 
polydisperse condensation nuclei will be demonstrated 
at the end of this work. 
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.1 / 2 m 

iiu + 3 ) / 6 m 

inate during condensation is the most important kinetic (h>\ or h < 1) 
characteristic of this process. This number is referred to 
as the unit volume of the vapor-gas medium and 
is denoted by N. This quantity is expressed as [I, equa- 2 PA R AMETRIZ ATIO N OF THE SCALING TIME 
tion (4.9)] OF AN INCREASE 

M w u I , . /, m n i n IN IDEAL SUPERSATU RATION N = T ] ( - ° ° ) [ 1 - exp( - I / f l ) J • (111) 
T , , . , , . . . . . - According to [ 2 ] , let us pass from the scaling time t 
Here, Ttf -oo) denotes the initial concentration ot the o f ^ j n t h e i d e a , s u p e r s a t u r a t i o n t o t h * d i m e n : 
condensation nuclei, that is, their number per unit vol- „ n r r , „ n t a „ <i- a w * „ . . _ _ . : . . . t -si on less parameter equal to the A//t quantity. Denotim 
stage corresponding to effective nucleation of the ™is paiametei by k, we nave 
supercritical droplets. The dimensionless parameter ft K = At/ts. (2.1) 
describing the dependence of the activation energy of 
nucleation on vapor supersaturation is defined by the Although, contrary to the time C the k parameter is not 
relationship (5 9) [3] the key parameter, which seems to be more appropriate 

1/9 <n 3 ( » ' + ' ) / 2 m 

71 (2 
P / s 4 27 

As we w i 

( 1 . 1 2 ) 

mxJ x , t ? » ^ 9>^f2>»* 
1 (T \ aCf l ' 

II » V (, 

where %D is the time characterizing the prevalence of (/, §> { 0 r /? 1), 
the diffusion absorption of vapor. This parameter is 
* " so! 

int 
3v)m/Dn„, (L13) 

where Z> is the diffusion coefficient of the vapor mole- ~ " 1 ^ / 2 J a (4m + ? ) / 2 « i (2.3) 
cuies in the vapor-gas medium. " a 

At h > 1 and h < 1 from (1.11), we have (/1 > \ or /i <s i ) , 

A/ « - q ( ^ c o ) / / , ( / ; 1 ) > (1 .14) which expresses the scaling time rM via the pai 
and the external parameters m, t , a , V„, and a 

and 

2v?( 27 y K m t v , , 

JV«q (-<*>) (/? <§ 1). (1.15) parameter enables us to pass easily from the parameter 

According to (1.14), supercritical droplets in the h> 1 K t 0 t h e h m e . „ 
case consume only a very small fraction of the initial Substituting U.3) into (1.12), we find 
amount or" the condensation nuclei (each droplet coo 
sumes one such nucleus). On the other hand, according /, * * ' * H l ^ f J i l ' l ^ 

1/2 , . 3 / 2 29 /12 

( U 5 ) , in the A < \ case, supercritical droplets con- 2 7 / 2 3 l / 4 V ^ t p J ^ 9 / 4 

cases (h > 1 and h < 1) are of 1 / 7 ^ 1 o r " ^ ^ 
interest due to both their comparative simplicity and From (1.14) and (2.4) we obtain 
physical clearness, as well as due to the fact that, at lin
ear dependence of the /; parameter on ? i ( -~) demon- 2 ? / V / 4 (axD\ a

M , n ^ 
strated by relationship (1.12), these situations occur N = ~Z~^n,H~^' { H > 

within the entire wide range of the initial nuclei con- 8 1 7 1 J v » 
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set by experiment) of the creation of the metastable central ion i|(-<~) much more often than the intermedi-
stale in vapor. ate situation when h ~ 1. 

The reference parameter in the kinetic theory [1,2] In the kinetic theory of nucleation of supercritical 
is time moment j * by which half the total number of droplets the important parameter is also the time period 
supercritical droplets that originate during condensa- At of the duration of the stage corresponding to the 
tion have already appeared. This moment is expressed effective nucleation of the supercritical droplets. This 
as [2, equation (3.1)] time is estimated as [3, equation (5.14)] 
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As is seen, at h > 1, the number of droplets N is 
independent of the concentration ri(-<*>) [at // < 1, the 
number of droplets N is set by relationship (1.15)]. 

In the theory of nucleatiori of supercritical droplets, 
the width of the droplet size spectrum is also an impor 
(ant parameter. Obviously, this parameter (as indepen
dent of time) may be valid only at the p-axis, which 
moves with time at the same (at each present moment) 
rate for all the supercritical droplets. According to rela
tionship (7.16) [3], the width of the supercritical diop-
let size spectrum (denoted by Ap) at the p-axis, which 
is introduced by means of (1.7), is defined as 

. 1 / 2 5 /6 

'Oct 
1/2 {h > 1 or h < 1). (2.6) 

In this formula, we cook into account definition (2,1). 

Note that the m parameter of the power approxima
tion (1.9) remained only in relationships (2.2) and (2.3) 
and is not present in expressions (2.4)-(2.6), thus indi
cating the advantage of the K variable introduced 
instead of the tm time. 

In accordance with definition (1.7), the N(Ap)m 

quantity estimates the number of vapor molecules con-. . . . . . . . k ( 

stage corresponding to effective nucleation. From (2.5) 
and (2.6) and with an allowance made for (1.2) at /; I, 
we obtain for this quantity the following relationship 

/V(Ap) 

where 

3f2 i n i si 
\ - 4 / J T ) / U „ / T (h> 1), (2.7) 

r = ( 2 4 / 6 l / 2 ) v f . (2.8) 

The equality (2.8) coincides with the equality (4.12) 
from [1] for the parameter V. According to the physical 
meaning of the parameter V [\] and the conditions of 
the beginning and the termination of the stage corre
sponding to the effective nucleation of supercritical 
droplets, the nJL,lhIY in (2.7) estimates the number of 
vapor molecules consumed at this stage by the super
critical droplets. 

Hence, the relationship (2.7) has the significance of 
being the balance equation for the number of vapor 
molecules. The validity of the theory, which we devel
oped, is verified by the fact that this equation in fulfilled 
within the framework of this theory. In particular, the 
fact that the right-hand part of equation (2.7) is inde
pendent of the K parameter [which is demonstrated by 
expressions (1.2) and (2.8)] confirms the agreement 
between the dependences of the N and Ap quantities on 
this parameter. The latter dependence is set by relation
ships (2.5) and (2.6) and is proportional to K ~ 3 / 2 and K, 
respectively. 

3. CONDITIONS OF THE APPLICABILITY 
OF KINETIC THEORY 

It was revealed earlier [3] that only three conditions 
of the applicability of the kinetic theory are indepen
dent. 

First, this is condition ts < At, securing the steady-
state (actually, quasi-steady-state) regime of overcom
ing (by droplets) the activation barrier of nucleation 
during the entire stage corresponding to the effective 
nucleation of supercritical droplets. Making an allow
ance for definition (2.1), the condition /, < At may be 
written as 

JC>1. (3.1) 
Second, the trel <? At condition provides the quasi-

steady-state of vapor during the entire stage corre
sponding to effective nucleation of supercritical drop
lets. Here, tlel is the time required for the establishment 
of this state. With respect to definition (2.1), the condi
tion trel <§ At in its disclosed form is reduced to the ine
qualities [3, inequality (7.8)] 

, 5 / 3 
1 

i («„v) a v„ 

and [3, inequality (7.7)] 
7 / 2 

2 /3 1 oc a h < (3.3) 

which was expressed as the restriction on the concen
tration T| (-<*>) of the condensation nuclei. We approxi
mated the numerical factors in order to follow (hem 
more easily. 

Finally, the Ap/p, > 1 condition provides the prev
alence of the diffusion growth of the supercritical drop
lets at the stage cones ponding to effective nucleation. 
Here, p ( is the characteristic droplet size at the p-axis 
introduced by equation (1.7), above which the mass 
exchange between the droplet and vapor occurs by the 
diffusion mechanism. With account for definition (2.1), 
the Ap/p/ condition at h > 1 and h <s 1 is reduced to 
inequality [3, inequality (7.18)] 

, 5 / 6 1/2 

2 8/3 1/3 (3.4) 

which was expressed as the restriction on the K param
eter. The number of the molecules of passive gas per 
unit volume 1 of the vapor-gas medium was denoted 
by ns. 

Although the treatment of extreme conditions, 
w h e r e 1 or/r<§ L simplifies the theory, it suggests, 
in addition to the aforementioned conditions, the fulfill
ment of two additional conditions that determine the 
implementation of these same extreme situations. As is 
apparent from (2.4), these conditions are reduced, 
respectively, to inequalities 
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7/2,, 1/4 fQf% \ 1 2 9 / 4 into the theory of heterogeneous nucleation of super-
)(-<*,) $> - -—nj ' D) — ^> )y< (35) critical droplets during the gradual creation of the 

8 l7 t l / 2 V K T / v 2 9 / i 2 ' metastahle state in vapor results despite the severity of 
the conditions of the applicability of the theory. The 

2 7 / 2 3 " 4 foci \ n 9 1 4 same statement was made in [ 2 ] , when the free molec-
l ( - o o ) < j-p?nj-—- j (h I ) . ( 3 . 6 ) ular growth of supercritical droplets prevails at the 

81 K V KT 2 v ^ 2 stage corresponding to effective nucleation. 
imposing additional [to inequality ( 3 . 3 ) ] restrictions on l U ° u r § r e a t , n t e r e s t m ^ s e conditions in [2] and m 
the concentration T)(-~>) of the condensation nuclei. T H E P R E S E N T P A P E R 1 8 ^ P ' a , " e d ^ t h ° ^verity of t h e 

As a result, the concentration T I ( -~ ) appears only in C ? N D , T , ° ™ O F . T H E A P P , , C A B ! I I R > ' o f h e t h e o r y 1 1 1 l h e c a s e 

inequalities ( 3 . 3 ) , ( 3 . 5 ) , ( 3 . 6 ) , and in the relationship of macroscopic condensation nuclei. 
(J.15). 

Let us analyze the conditions of the applicability of 

the case h > I. ___ _ 
inequalities ( 3 . 1 ) . ( 3 . 2 ) , ( 3 . 4 ) , and ( 3 . 5 ) . The inequality 
( 3 . 2 ) is independent of both the k parameter and the 1 » r , . ,, , , . . . , . . . 
concentration ri(—)- Moreover, inequalitie 3 1) amd • ^ u s / 0 ™ u l a t e . ^ calculation algonthm for all the 
c\ A\ th* in«'/*»r limit* rtf (f J " 4 . ,1V a " u important characteristics of the nucleation of supercnt-
(3 .4) are the lower limits of the K parameter. It ,s the i c a l d m p l e t s o n t h e condensation nuclei during the 
most severe out of these restrictions that determines the g r a d u a , creation of the metastahle state in vaoor In n w p r l m rnfrhe variat nn nf rtp r n a r ^ w a H m ; ^ e . . c r e a o o n O T r n e metastapie state in vapor, in 

nes the . ,, " , • v , '- J ' — and the initial concentration of condensation nuclei 
theoretically admissible range of the variation of the a J , o f h e f i ( l i E i a | p a r u n i e ( e r s o f t h e t h e o r y : a % a 

T l ( - o o ) concentration. „ b i „ v > x > 0 j v , „ and m we assume to be the parame-
Lel us turn now to the case h < 1. Here, the condi- ters set in the algorithm (moreover, the value of v„ musl 

tions of the applicability ot the kinetic theory are 1 / 3 

reduced to inequalities ( 3 . 1 ) , ( 3 . 3 ) , ( 3 . 4 ) , and ( 3 . 6 ) . As satisfy constraint v„ ~ > I imposed on the macroscop-
before, inequalities ( 3 . 1 ) and (3.4) are still the lower icity of the condensation nuclei). Parameter Kand con-
limits of the K parameter. The strictest of these inequal- centration r((-«>) may be varied, however, within the 
ifies determines the admissible lower bound of the van'- limits of the conditions of the theory applicability. Of 
atioti of the K parameter imposed by the theory. Ine- course, this considerably widens the possibility of the 
quality ( 3 . 3 ) and converse inequality ( 3 . 6 ) determine calculation algorithm and improves its efficiency. 
f l , a - ^ ™ ™ : m - variation of the TI( -«) con- Before we begin the calculations, we first must be 

these inequalities compatible, the fulfillment of rela- 0 f equivalent inequalities (3.2) and ( 3 . 7 ) are satisfied 
tionship and then to establish the admissible range of the varia-

5/3 tion of parameter tc using the most severe inequality 
1 f 7 r — ^ T i - r T T v i i *> 1 « O (3.7) [(3.1 l o r (3.4)]. 
2 (n^v) a v M We begin our calculations with the quantities Q, an 

using formulas (1.2) and (1.4), which do not conlai 
... . *~ r ^ " " 1 ' v 1 - ; -" » " ; i u parameter K and concentration t i ( - ~ > ) . 
account. Inequality (3.7) is equivalent to inequality r _ . . t . . ' • . . , ^ , » 
( 3 , 2 ) , which was established a t h > 1 , based on other , F " f er, the quan t i ty^ is determined at h > 1 and 
considerations. The independence of inequalities ( 3 . 2 ) * < 1 by loniwla (2.3). In this case, we may return eas-
and (3.7) of the K parameter ond the concentration T)<-~) l h / f r o m £ a c k t o K" ™ " converse passage enables us 
makes these parameters sensitive to the only parameter t o

u

i m a S m e < h e bd]*vl0<°* f ""Portant , k , ; i e t , c 

of a theory, namely, to the v„ quantity (the values of characteristics ol the nucleation otsupercritical drop-
and /virtually remain unchanged). lfs as dependent on h < I (the initial parameter of a 

The larger the v„ value, i.e., the more macroscooic 
the condensation nuclei, the worse the inequalities (3^2) U s m £ «"ormula (2.5), we then calculate ihe N quan-
and ( 3 . 7 ) are fulfilled. As is seen from ( 2 . 1 ) and ( 2 . 2 ) , ^ at h > 1, At h < i, N is defined by relationship 
the inequality ( 3 . 1 ) , which was taken as the basic rela- ( U 5 ) -
ionship for the K parameter introduced by means of Then, using equation (2.1) and the calculated val 

, n , m , l A n (2.1), is also fulfilled less well. n V * — — 5 — < A * 

i Ha u i w i . u i , aiiuuugii uiequaiiiy i^j.hj uecomes »t« 
weaker with an increase in v,„ we can make the follow- at // > I and h < I. 
ing general statement. The macroscopicity of the con- Using formula (1.10) and the already calculated val-
densation nuclei introduces significant simplification ties of and U we calculated /* at the time moment 
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(accepted in the theory) at which, according to the severest inequality with respect to inequality (3.1). 
power approximation (1.9), <I> = 0. The tmi and re t imes According to this constraint, the admissible range of 
of the beginning and the end of effective nucleation of the variation of parameter K is determined by the ine-
droplets may be obtained by the approximate equalities 

r r t / / ~f* + A / / 2 , (4 A) k>H 

u i i . .1 . i . a This range is fairly wide, where it was considered that the /* moment is located . ° J 

approximately at the middle of the time interval cone- Using formulas (1.2) and 

aropiets p , oj. m e gener.. , , „ ^ 
the case of arbitrary (in time) gradual creation of the — 2.1 x 10 , (4.4) 

x-4 
The calculation algorithm is ended by the establish- T s ~ 4.1 x 10 s. (4.5) 

ment of the range of concentrations T K - ~ ) admitted by Then, using formula (2.3) and taking inl 
the inequality (3.5) (in the h > I case) and matched by (4 2 ) we obtain 
inequalities (3.3) and (3.6) (in the h < I case). Accord
ing to (1.15), at h < 1, this range also determines the f ~ 5 5 x 1 0 ' K s (K >̂ 10). 

droplets N. Hereafter, the range of possible variations of parameter 
It is apparent from (2.5) and (1.15) that, as the con- K i s determined by the inequality (4.3). The measure-

units are 

critical droplets diminishes, irrespective of the fact that Then, by formula (2.5) and making allowance for 
the ever larger fraction of condensation nuclei becomes (4.2), we obtain at h > I 

' in the nucleation of supercritical droplets. | 0 _ 3 / 2 _3 

Note that the determination of parameter IT is N = 1.8x10 K m . (4.7) 
-ithm. Parame- A t h <= A > t h e N v a i L i e i s 

ter h is needed only to indicate (by means of inequali- (L15). 
ties h > 1 and /? <? I) the extreme situations where „ . , ,> • •t. , , . . ' , , • 1 ,, c Using definition (2.1) and c; supercritical droplets consume only a fairly small irac- , * , . . ' 
.. 1 , . . . • ... •; , J . r v a l u e of /„ we obtain tion or almost the entire initially stored amount or the s 

condensation nuclei, respectively. Ar ~ 4 1 x 1 0 ~ 4 K S 

out the numerical calculations. Let us set the following lhen, according t 
values of the initial parameters of a theory: (4.2), we find that 

fl- 10, a = 1, « „ « 1 0 2 3 m \ nR~ I 0 2 5 m~3, A p - 2 . 1 x l o Y (4.9) 

v _ |Q~ 2 8

 m

3

 %=, j q - 6

 s £ j = | Q - 4

 m

2 -1 ( 4 2 ) Using formula (1.10) and known [from (4.4) and 
(4.6)] values of C,lh and tM we have 

) s, v„~ 10 , m ~ I. 

selected value of v„ satisfies constraint v.! 7 3 > 
,4x 10 K s 

imposed on the macroscopicity of the condensation a t the time moment (accepted in a theory) at which, 
nuclei. For completeness, we included the iD time into the t 0 t h e F™™ a P P , o x i m a t i ™ ( J 9 > , * = °-• ... , , r

 U 1 , .. . ... r , ' t , c ... Then the moments and tllff may be readily deter-initial parameters, a though this quantity [due to definition • f m , , /" , \ A ' & , J , , , •'. . , / 1 1 i m - c r & l n T / 1 , r t . mined by formulas (4.1) and the already calculated val-(1.13)1 is a function of nm, v, and D. The value of time i D u e s 0 ^ ̂  a n c j ^ J 

in (4.2) was detemiined by means of equality (1.13). _ . „ 
NR. J , 1 . •• , c Equalities (4.4), (4.5), and (4.8) are valid regardless 
The data shown 111 (4.2) are realistic magnitudes for o f ^ v a l u e o f parameter h. Equalities (4.6), (4 9), and 

a typical condensing liquid water and its vapor at com- ( 4 . l 0 ) are valid at both/r >̂ 1 and/i<^ 1. 
mon temperatures), as well as for the passive gas at 
pressures close to atmospheric pressure. The value of According to (3.5) and (4.2), the range of the varia-
a = 1 is admitted by the results of a number of recent tion of the T } ( - ~ ) quantity admitted by the theory at 
experiments [7] and studies into molecular dynamics ' 7 ^ * i S s e t by the inequality 
t 8 ' A s i S seen from (4.2), the equivalent inequalities ^ > L S x l o V " 1

 m \ (4.11) 
(3.2) and (3.7) are fulfilled, although almost as the lim- At the same time, according to (3.3), (3.6), and 
iting case. It is also apparent from (4.2) that (3.4) is the (4.2), the range of the variation of parameter T | ( - ° ° ) 
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admitted by the theory at h < I is restricted by the fol
lowing conditions 

3 . 8 x I 0 V 3 / 2 r r f 3 ^ r i ( - ° o ) 

This range, which also determines [in view of (1.15)] 
the range of the possible variations of the number of 
droplets N, is rather narrow, because according to the 
initial data accepted in (4.2) inequality (3.7) [responsi
ble for the compatibility of inequalities (3.3) and (3.6)] 
is fulfilled (as was mentioned above) as the limiting 
case. 1 Note that the quantity in the right-hand parts of 
inequalities (3.5) and (3.6) was already calculated: it is 
equal to the quantity in the right-hand part of relation
ship (4.7). Of course, this fact makes our calculations 
easier. 

5. ANALYSIS OF THE CALCULATION RESULTS 
OF THE KINETIC CHARACTERISTICS 

OF DROPLET NUCLEATION 

According to (4.6), the scaling time C of an increase 
in the ideal saturation, which (but not the auxiliary 
parameter K) is the initial parameter of the theory, var
ies within a wide range of t„ §> 6.5 s, that is, quite real
istic in practice. 

The. values of the characteristics of droplet nucle
ation, which are defined by relationships (4.4), (4.5), 
and (4.8)-(4.10) also seem to be realistic for the exper
iment. Possible experimental determination of time ls 

was discussed at the end of our previous publication [1], 
According to relationships (4.6) and (4.8), the scaling 
time of the creation of the metastable state in vapor 
is much longer than the time At of the duration of drop
let nucleation. This conclusion is also true in general of 
the proposed theory; we can ascertain this conclusion 
with the equality (1.16). 

The values of the most important of all kinetic char
acteristics, namely, the total number N of supercritical 
droplets nucleated in the unit volume of the vapor-gas 
medium, is determined by relationship (4.7) at the con
centration of condensation nuclei T)(—^>) satisfying ine
quality (4.11) and by relationship (1.15), provided that 
T|(-<*>) is satisfied by the double inequality (4.12). The 
range of possible values of the number of droplets N 
covered by relationship (4.7) is fairly wide and realis
tic. It extends down from value N ~ 10 8 rrr 3 where con
straint (4.3) is virtually fulfilled. Moreover, the range of 
concentrations T| (-<*>) admitted by inequality (4.1 I) is 
even wider and still more realistic. However, the range 
of the number of droplets N covered by relationship 
(1.15) and restricted by inequalities (4.12) at the 
selected [in (4.12)] values of the initial parameters of 
the theory is rather narrow; naturally, we disregarded 

However, it seems justified by ihe physical evidence that equation 
(1.15) remains valid even al the concentrations n / - « 0 lower than 
their minimal values admitted by inequalities (4, i 2) and (3.3). 

the footnote for relationship (1.15) and inequality 
(4.12), which was made in the previous section of this 
paper. 

The dependence of the kinetic behavior on parame
ter K selected in the calculation algorithm instead of the 
scaling time t„ as independent parameter [this depen
dence was described by relationships (4.6)-(4.12)] is as 
obvious as the dependence on time t„. In order to return 
from the parameter K to time t„, it is sufficient only to 
solve linear relationship (4.6) with respect to K and then 
to substitute the result obtained into the relationships 
(4.7)-(4.12). 

It follows from (4.6) and (4.7) that the longer time 
Cis , i.e., the slower the establishment of the metastable 
state in vapor, the smaller the number of droplets N is. 

The surface area A — 4%R2 of the droplet is a more 
appropriate parameter than the "size" p of a droplet 
introduced by equality (1.7). According to (1.6) and 
(1.7), for this surface area we have 

A = ( 367 tv 2 ) ' / 3 p- (5.1) 
From equality (5.1) at the proportionality of the val

ues A and p that was demonstrated by this relationship, 
we obtain for the width AA of the supercritical droplet 
size spectrum on the A-axis 

AA = (367 iv 2 ) ' / 3 Ap. (5.2) 

The width AA as well as width Ap are independent 
of time, because the A and p values grow at each 
present moment at the same rate for all supercritical 
droplets. It should be emphasized that at the diffusion 
absorption of vapor by supercritical droplets, which is 
considered here, it would not be possible to state that 
the supercritical droplet size spectrum at the axis of 
their radii is independent of time, since the growth rate 
of the radii of supercritical droplets is not identical at 
each present moment for all supercritical droplets. 

At the accepted (4.2) value of volume v, we obtain 
from (4.9) and (5.2) the following relationship 

A A - 2 . 2 X IO" l 2 Km 2 (K > 10). (5.3) 

The calculations performed demonstrate that the 
proposed theory is capable of predicting some promis
ing practical results within a rather wide range of the 
magnitudes of the initial parameters of the theory, irre
spective of the severe conditions (which were disclosed 
in the course of this work) of its applicability at the 
macroscopic ity of the condensation nuclei. 

The nontrivial behavior of the kinetic characteristics 
of the supercritical droplet nucleation on macroscopic 
condensation nuclei during the gradual creation of the 
metastable state in vapor, which is described by the the
ory and illustrated by the relevant calculations, is due to 
the fact that this process is characterized by nonlinear, 
nonstationary, and nonlocal time dynamics. It would be 
impossible to predict this behavior, even qualitatively, 
without the study of this dynamics performed in [1, 5, 6]. 
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where the extreme conditions at whicl 
droplets consume only a quite small fraction or almost 

She selected (4.2) values of the initial parameters of a all of the amount of the condensation nuclei are still 
theory and the closeness of (he vapor supersaturations, indicated by inequalities h > 1 or h < 1. 
causing heterogeneous vapor condensation, to its Ineoualife (6.1) and (6.2) are responsible for the 
threshold value g , disc osed in UJ under the conditions p r e v a | e n c e 0 f either diffusion or free molecular regimes 
of macroscoptcity o . t h e condensation nuclei and the o f t h e a b s o r p t j o n of vapor by supercritical droplets at 
gradual creation ot the metastahle stale in vapor mdi- t h e , ct^nf* ^ n ^ n m v S i ^ ( n «*fF~~n™ T>U„ 

c h a r a c t e r - 0 , : c . r r each other, i.e., securing NATURAL distinction 
T " U 1 l l , ° 1

A , " o u " v . . « i « ^ i c i . o u ^ ui o f t n e extreme regimes of vapor absorption, confirms 
the condensation process to the scaling time tM of the t h e c o n S i s t e n c y of treatment undertaken in [2] and in 
creation of the metastahle state in vapor demonstrated m j s r ^ 
by relationships (4.6)-(4.10) is indicative of the possi
ble control for the development of the condensation T ^ validly of inequality {6.1} imposes the lower 
process at the gradual creation of the metastabie state in h o " n d 0 1 1 t n e v a l u e s o f + °- a n d >~ a n d t h e l , P P e r 

vapor. Of course, the fact that the value of parameter m b°»nd, on V,, On the contrary, the validity of equality (6.2) 
in the power (with respect to time) law of the creation s e t s t h e u P P e r b o u n d f o r t h e v a l u e * of {n„ + « > , a, and tM 

of the metastabie state in vapor was fixed in our calcu- a n d imposes the lower bound on v„. The bounds for a 
lations [according to (4.2), it was set as equal to unity] (naturally, compatible with condition a < 1} are strongly 
did not allow us to reveal the dependence of the kinetic exhibited in inequalities (6.1) and (6.2) due to the qua-
characteristics of the condensation process on this dratic dependence of their left-hand sides on a. 

dence is illustrated by equality (2.3). ( a - i and a = 0 . 1 ) selected in this work and in [21 that 

droplets at the stage corresponding to effective nucle
us find out what are the key factors that deter- ation, respectively, 

above) or free molecular (treated in [2]) absorption of I t w a s assumed in this work that all condensation 
e l ^ l t ? ! P ] % a t S t^f- C T ? S p ( ? n d " ™ c l e i a r e i^ntical. Let us demonstrate how the devel-

mg to effective nucleation of the supercritical droplets. 0 ped theory may be generalized to the case of polydis-
Once expressed directly in terms of the initial perse nuclei. 

. - neory, the con......... ^. ...^ r v » u because or tne nigh sensitivity ui mc supeicrmcai 
lence of the diffusion absorption of vapor by supercrit- droplet nucleation intensity to the height of activation 
ical droplets at the stage corresponding to effective barrier nucleation, the nucleation of supercritical drop-
nucleation is described, according to inequality (7.18) lets has the time (at the gradual creation of the metasta-
and relationship (5.13) of [3], as ble state in vapor) to occur completely [3] within the 

( l l l + l ) / m prethreshold range of the vapor supersaturations 
2"BKLI (25l2\ ' which at the macroscopic sizes of the condensation 
~" 5/6 I "27" J + 11 ^ nuclei fills the entire range of supersaturation (0< ^,/() 

^ rather than a narrow part with the width of the order of 
nzf i(m + i)/2m (6.1) distance extending from this part to the upper boundary 

x v— S> 1 
iwz c " ' + ^ ) ^ " ' 

V'I As was found in [I] , in the actual case of polydisper-
{h > I or h < \ ) n

 s ^ y ° ^ t n e U 1 ' t ' a * condensation nuclei only their small 
which is equivalent to inequality (3.4). On the contrary, f r a c t i o n < o f t h e o r d e r o f v ~ ™ ) a d i a c c n t to t h e u P P e r 

according to inequality (7.13) and relationship (5.13) boundary of the initial nuclei size spectrum will be 
from [3], the condition of the prevalence of free molec- responsible for the effective nucleation of supercritical 
uiar absorption of vapor by supercritical droplets at nuclei, because the prethreshold range of vapor super-
the stage corresponding to effective nucleation is de- saturation (provided that condensation nuclei are mac-
scribed as roscopic) is narrow. In this case, it will not be difficult 

to generalize the proposed theory to the case of polydis-
w 2 , „ 5 / 2 , ( " ' + l ) / " ' 2^ 3(m+i) /2m perse condensation nuclei. We need only assume that 

, (/(„ + » , > — — 1 ^ ^ the total nuclei concentration in the indicated upper 
,5/21 7 7 I v 0 0 H' {7/H + 3 ) /6 /n {F\^\ r i - • •, • i • . i . • 

v„ p a r ( 0 f (heir initial size spectrum (with the relative (h > 1 or h <? 1), width of the order of v , ; 2 n ) is nothing other than the 
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r j ( - o o ) quant it) 
racy, such a generalization will be quite sufficient. 
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