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Abstract

Industrial and naturally occurring absorption aitlptants removal processes include wet removahod-
erately and highly soluble gases by disperseddigiase in various types of packed and spray toamalsin-
cloud scavenging of highly soluble gases. In thisnection the study of gas absorption by clustédsaplets is
of great interest for environmental and chemicaiiegering.

In this study we describe a method that takesactmunt diffusion interactions between dropletsseduby
the overlap of the depleted of soluble gas regamesind the neighboring droplets. The suggested odetim-
ploys a cellular model of a gas-droplet suspensibareby a suspension is viewed as a periodic stiei@on-
sisting of the identical spherical cells with pelimboundary conditions at the cell boundary. lassumed that
gas absorption by cluster of droplets is accomphhiethe subsequent aqueous-phase equilibrium cliégam
reaction. We showed that scavenging of highly delttace gas in a cluster of droplets is descriped system
of transient diffusion equations with the corresgiog initial and boundary conditions at the droptenter,
droplet surface and at the boundary of the celé iRfitial boundary value problem was solved usimy method
of lines and Monte Carlo simulations. Using thegmeed model we determined temporal and spatialnidigme
cies of the concentration of the soluble traceigasgaseous phase and in a droplet and calculagemite of gas
absorption. It is showed that absorption of higktyuble gases by clusters of droplets leads tgrifsiant de-
crease of soluble trace gas concentration in tteestitial gas. We found that scavenging coeffitin gas ab-
sorption by cloud droplets remains constant andpdhaecreases only at the final stage of absampfidis as-
sertion implies the exponential time decay of thherage concentration of the soluble trace gasengdseous
phase and can be used for the parameterizatioaso§cavenging by cloud droplets in the atmosphieitsport
modeling.

In the calculations we employed gamma size didtidbng of droplets. We performed our calculations fo
several soluble gases such as hydrogen peroxig®)ldnd nitric acid (HNG). It was shown that despite of the
comparable values of Henry's law constants forhthdrogen peroxide and the nitric acid, the nitiedas ab-
sorbed more effectively by cluster of droplets tiia@m hydrogen peroxide due to a major affect ofdissocia-
tion reaction on nitric acid scavenging. We obtdiaéso the analytical expressions for the “equiilibor values”
of concentration of the active gas in a gaseous@had for the total concentration in the liquichgdh for the
case of the hydrogen peroxide and nitric acid giigor by cloud droplets.

The results of the present study can be usefuhiaralysis of different meteorology-chemistry madahd in
particular in various parameterizations of the lmid scavenging of the atmospheric soluble gasealyAis of
the diffusion interaction between droplets in seagnclusters provides a fundamental knowledge efptoc-
esses that occur in atomization and spray systems.

The developed cell model of highly soluble gasesogition or parameterizations based on the obtaieed
sults can be easily integrated into online couphedeorology-chemistry or climate-chemistry modelsere the
cloud processes and chemical transformation of gpimeric pollutants are considered together with-wagy
interactions as well as it can be used for the rmogl®f gas absorption by mist formed in gas streanside
various types of packed and spray towers.
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