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Abstract. The processes of condensation of sulfur trioxide SO3 and water 
vapor H2O. Sulfuric anhydride is formed in flues of thermal power plants 
(TPP) by partial oxidation of SO2 (up to 5 % of the total SO2) from the 
combustion of high-sulfur fuels, and belongs to a class of mild-hazard 
products. Sulfuric anhydride in the interaction with water vapor, which 
refers to greenhouse gases, under certain conditions, it forms sulfuric acid. 

1 Introduction 
One of the factors of the negative impact of thermal power plants (TPP) on the environment 
is the possible formation of acidic precipitation in areas immediately adjacent to the TPP 
[1, 9]. Various pollutants released to the environment from the combustion of fuels [1]. 

In real practice the atmosphere always contains water vapor of natural origin [2]. In 
addition, a significant increase of the water vapor concentration in the air is possible in 
areas adjacent to the power plants by emissions of H2O due to the work of the heat 
engineering equipment of the station [1, 3]. The analysis of processes of sulfuric acid drops 
formation in the air upon jointly proceeding processes of condensation of SO3 and H2O 
vapors on the condensation nuclei surface is of interest. 

According to [1] it was assumed that the formation of sulfuric acid drops is the result of 
condensation of SO3 and water vapor at the surface of the “condensation nuclei” – 
microscopic drops of water. The speed of the thermodynamic process significantly depends 
on the temperature [4]. Accordingly the reliability of the simulation results of condensation 
process is determined by the accuracy of the condensation surface temperature 
determination. 

2 Study technique 
The mechanism of the sulfuric acid formation [1] is based on cooperation, where sulfurous 
anhydride SO3 is absorbed by water vapor. 
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SO3+H2O→H2SO4+Q (1) 

The process of transfer of energy, momentum and mass in these circumstances is 
described by the system of non-stationary partial differential equations [5]. It is considered 
that the temperature and concentration on the left border of the solution domain (chimney 
of TPP) do not depend on time. Unsteady two-dimensional equations of mixed convection 
in the approximation of the Boussinesq approximation [6] are used to model the changes in 
the main sought for functions. 

Calculation of the condensation rate was conducted using the formula [4]: 

0 exp

2

i

A i

K

i

E
P P

R T
W

R T

M

�
�

� �� � �� 	�
 �� �
� � �

, (2) 

where 
A
P – the atmospheric pressure, Pа; 0 i

P – the preexponent, Pа; Еi – the activation 
energy of process of condensation, J/kg; R – universal gas constant, J/(mol·K); М –molar 
mass, kg/mol; β – the coefficient of condensation.  

To solve the formulated boundary problem it was used the algorithm [7], developed for 
the decision of tasks of conjugate heat transfer in areas with a local energy source. 
Assessment of reliability of the obtained results was performed by verification of difference 
scheme conservative similar to [8]. 

The value of the coefficient of condensation of water vapor was varied in the range 
from 0.05 to 0.4. Below are the results of numerical simulation of growth of sulfuric acid 
drops in the condensation process of sulfur dioxide and water vapor, calculated at a wind 
speed of 5 m/s in summer. 

Figure 1 shows the changes of the sulfuric acid drop sizes, depending on the time at 
various initial sizes of condensation nuclei. 
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Fig. 1. Changes of the sulfuric acid drops size (1 – δ0=0.8·10-6 m; 2 – δ0=1.0·10-6 m; 3 – δ0=5.0·10-6

m; δ0 – the initial size of the condensation nuclei): а) β=0.05; b) β=0.1; c) β=0.2; d) β=0.4. 

The results (Fig. 1) of numerical investigations show that when the coefficient of 
condensation β=0.05 it is possible to form the sedimentary acid precipitation already 
through 1800 s since the beginning of the process on the condensation nuclei surface 
δ0=5.0·10−6 m. Further course of the simultaneous condensation process of sulfur dioxide 
and water vapor promotes the formation of sulfuric acid drops with sizes to 2.5·10−3 m
during the analyzed time interval. 

It was established that formation of acid precipitation occurs on the condensation nuclei 
surface at δ0=1.0·10−6 m during 9000 and 7200 s, respectively, in the range of changes of 
the condensation coefficient from 0.1 to 0.2. For the considered period of time, the 
formation of sulfuric acid drops in the airspace adjacent to the power plants, with size from 
1.0·10−3 m to 1.2·10−3 m is possible. Numerical evaluation of the particle border growth on 
the condensation nuclei surface at δ0=5.0·10−6 m illustrates the possibility of the sulfuric 
acid sedimentary drops formation during the 1800 s and 600 s since the beginning of the 
simultaneous introduction process of sulfur dioxide and water vapor at the surface of the 
“embryo”. 

3 Conclusion 

The formation of sulfuric acid drops in the atmosphere of the Earth occurs more intensive 
on the condensation nuclei surface with initial size from 1.0·10−6 m to 5.0·10−6 m when the 
coefficient of condensation β=0.05 as the researches have shown. 
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