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As has been established in [1, 2], in a number of cases use of classical and quasi-
chemical condensation models leads to disagreement with experiment. Thus, the data of mo-
lecular beam studies [3], obtained at moderate temperatures and pressures, indicate that
clusters of large dimensions exert a major effect on the evolution of monomers, while ana-
lytical and numerical solutions of equations for the Szillard model performed in [2] indi-
cate that dimers and trimers play such a role.

An attempt was made in [4] to explain this disagreement by the fact that the Szillard
model does not consider nonequilibrium of the distribution of internal degrees of freedom
within clusters. That study considered kinetic equations describing the evolution popula-
tions xi(k) of clusters of j molecules with internal energy Ej(K). On the basis of the
generalized quasisteady state method developed therein closed equations for cluster
concentration were obtained in the 1limits of high and low pressure. It proved to
be the case that only for a Boltzmann distribution of monomers over oscillatory and rota-
tional degrees of freedom in the high pressure limit corresponding to large complexes (j >
r, r being the parameter of the theory of [4]), do these equations coincide with those used
in the Szillard model. However, in the low pressure limit (small complexes j < r) the equa-
tions differ significantly. The system of equations obtained in [4] will be termed the
"multimolecular condensation model' below. An analytical method will be developed for so-
lution of these equations, based on a nonlinear replacement of variables which is a general-
ization of the replacement used in [2].

Analysis of solutions has shown that at normal pressure and temperature small clusters
do not affect the evolution of monomers. These results are in part similar to the conclu-
sions of classical liquid drop nucleation theory [1]. At high pressure and temperature,
on the other hand, the evolution of monomers is completely determined by their interaction
with small clusters. The analytical solutions obtained for the multimolecular condensation
model show that in contrast to the quasichemical model, upon consideration of nonequilibrium
effects several condensation regimes may develop, controlled by the ratio of the parameters
T, jx = 27jxc1/8 and the classical critical size criterion jx,ci. The existence of such
regimes permits description of a number of experimentally observed effects, not well de-
scribed by existing models: In particular, anomolously high supercooling of water vapor in
the high pressure region [5], the effect of uncondensed gas on the nucleation rate [6, 7],
and the bimodal nature of the cluster distribution function over size observed in some ex-
periments [8].

The physical meaning of increase in maximum supercooling AT with increase in pressure
p (or temperature at the dew point) can be explained as follows. As is evident from the
analytical solution, a discontinuity in condensation occurs at the point where the condi-
tion jy = r is satisfied. With increase in pressure the parameter r decreases, since clus-
ters of ever smaller dimensions will correspond to the high pressure limit. The quantity
j« depends on T and p, and at the Wilson point (point of maximum supercooling), only on p.
By differentiating the condition js = r at the Wilson point with respect to p with consider-
ation of the fact that 8r/3p < 0, we find that 3AT/3p > O.

Corresponding to the bimodality of the cluster size distribution function, a maximum
appears in theory at jx o3; < r. This maximum cannot be identified with similar extrema ob-
served in numerical solution of the Szillard model equations [9], since this extremum is
located at the point j = r (r depends weakly on time), while the maximum described in [9]
departs rapidly to infinity over the course of time.

Moscow. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 4,
pp. 122-123, July-August, 1991. Original article submitted February 24, 1989; revision
submitted March 28, 1990.

580 0021-8944/91/3204-0580$12.50 © 1992 Plenum Publishing Corporation



o=

LITERATURE CITED

Yu. I. Petrov, Clusters and Small Particles [in Russian], Nauka, Moscow (1986).

A. V. Bogdanov, Yu. E. Gorbachev, G. V. Dubrovskii, et al., "Analytical study of
equilibrium and quasisteady solutions of a quasichemical condensation model," Khim.
Fiz., 9, No. 5 (1989).

Yu. S. Kusner, V. G. Prikhod'ko, G. V. Simonova, and V. E. Firstov, '"Mechanism of
homogeneous condensation with rapid adiabatic gas expansion,' Zh. Tekh. Fiz., 54,

No. 9 (1984).

A. L. Itkin and E. G. Kolesnichenko, "Role of nonequilibrium in condensation kinetics,"
Dokl. Akad. Nauk SSSR, 311, No. 3 (1990).

V. R. Gorbunov, Yu. G. Pirumov, and Yu. A. Ryzhov, Nonequilibrium Condensation in High
Speed Gas Flows [in Russian], Mashinostroenie, Moscow (1984).

A. L. Itkin and E. G. Kolesnichenko, "Causes of the carrier gas effect on condensation
kinetics," Pis'ma Zh. Tekh. Fiz., 12, No. 7 (1989).

B. A. Korobitsyn and V. N. Chukanov, "Effect of carrier gas concentration on the kinet-
ics of homogeneous nucleation in supersaturated vapor," Proc. 9th All-Union Conference
on Rarified Gas Dynamics [in Russian], Vol. 2, Sverdlovsk (1988).

I. Yamada, H. Usui, and T. Takagi, "Formation and kinetics of ionized cluster beams,"
Z. Phys. D. — Atoms, Molecules, and Clusters, No. 3 (1986).

K. Binder, "Phase layering kinetics," in: Synergy [Russian translation], Mir, Moscow
(1984).

581



