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Cloud-clear air interfaces: Population Balance Equation solutions by considering nucleation
information from in-situ measurements, and by modeling the droplet growth on super-saturation
fluctuation data from numerical simulation.
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In this study we will present a preliminary analysis of the droplet population as hosted by a turbulent shear-less mixing air
flow which is mimicking a cloud/clear-air interface. The interface is subject to density stratification and vapor density
fluctuation under super-saturation conditions. We use the Population Balance Equation (PBE) as a tool to represent
a few aspects of the droplet size dynamics by taking into consideration both turbulence results coming from in-
situ and laboratory measurements and from numerical simulations. In particular, we use the PBE formulation
proposed by Park and Rogak in 2004 [1]
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where n(v, t) is the numerical density of drops with volume v at the time t, G(v) = dv/dt is the droplet growth/fallout
and (v — 7, D) is the kernel describing the aggregation/coalescence interaction between drops of different size. Although,
at the state of the art, fragmentation can be included in an approximate way in the global process of aggregation—breakage
[2], we consider here the aggregation process alone because nowadays cloud simulations can take into consideration only
aggregation (by single or multiple coalescence). The kernel S(v — ¥, ¥ ) depends on the size of colliding particles and the
local turbulent dissipation rate according to the classical relationship by Saffman & Turner [3]. However, in the future we
foresee to better this representation by exploiting the statistics on the collisions that can be directly deduced from the
simulations.

We aim at observing the population distribution evolution by exploiting information both from numerical simulation of a
turbulent cloud interface and in-situ/laboratory measurements. The first aim is reached: i) by using as initial condition for
the PBE particle size distributions obtained from direct numerical simulations of cloud-clear air interfaces [4, 5] and ii) by
introducing inside the growth/fallout rate, which is directly proportional to supersaturation variability, statistical
information on the fluctuation of the supersaturation field at the various transient stages of the turbulence in the system
portion we are actually simulating (a volume of 0.25 m x 0.25 m x 0.5 m across the cloud/clear-air interface, 512x512x1024
grid points). The model is based on a series expansion up to the fourth-order moment of the fluctuation. The second aim
is reached by introducing via the boundary condition, always placed at the droplet nucleation size, information from the
time derivative of the numerical density n(v, t) observed in the in-situ experiment by Ovadnevaite et al., 2016 [6], and in
CERN CLOUD laboratory experiment [7], http://cloud.web.cern.ch and
http://www.goethe-university-frankfurt.de/65418923/The CLOUD Experiment.

Starting from three different monodisperse distributions of 6, 18 and 25 microns in radius, the time broadening of the drop
size distribution and the position and value of the peak of the distribution are characterized in terms of the supersaturation
variability [8] and are contrasted with the available in-situ observations and numerical simulations.
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