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Abstract 

Using ComSol software modules for calculating three-dimensional turbulent flows of air in the presence of suspended particles is presented. 
Shown, that the suggested approach lets fill the gap in the construction of suitable models of the hydrodynamic description of the dust 
storms with the use of spatial information technologies. 
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1 General 

The system of hydrodynamic equations describing the 
motion of suspended particles in a turbulent flow [1] based 
on the ideas of A. Kolmogorov on the balance of power flow 
fluctuation, published with respect to a homogeneous 
incompressible fluid in 1942 and received the development 
and application to problems of the turbulent motion of a 
homogeneous and thermally non-homogeneous fluid in the 
works A.M. Obuhov and A.S. Monin [2, 3]. 

For values of K (Richardson number), that are small com-
pared with unity, the motion can be described by the so-called 
diffusion theory based on the assumption that the suspended 
particles do not affect the dynamics of the rotor flux. For 
values of K, is comparable to the unit account the impact of 
suspended particles in the flow dynamics of the carrier stream, 
and is determined to uplift the work of suspended particles in 
the energy balance equation for the fluctuating flow.  

ComSol software modules package is designed for cal-
culations of atmospheric and climatic processes, which is 
closely associated with a set of land surface characteristics, 
among which is taken into account topography, soil organic 
and mineral composition of soils, vegetation, water balance. 
The mathematical model underlying the ComSol package, 
allows determining the temperature, pressure, humidity and 
movement of air masses of arbitrary regions of the Earth. A 
mathematical model is scaled to a wide range - from the 

local areas to large regions, stretching thousands of kilome-
ters. In the latter case, take into account the curvature of the 
earth's surface. 

The package of ComSol software modules lets to model 
the status and development of processes and phenomena in 
the lower part of the earth's atmosphere. It calculates the wind 
speed and direction, temperature, pressure and humidity for a 
researcher's geographic area of interest. Area calculations can 
be quite extensive, so that it is necessary to take into account 
the sphericity of the earth's surface. Moreover, the ComSol 
system may include additional features, in particular clouds 
and dust concentration, which allows its use not only for 
weather forecasting, and modeling the dynamics of the 
emergence and development of dust storms. 

2 Conclusions 

Thus, using ComSol software modules for calculating three-
dimensional turbulent flows of air in the presence of 
suspended particles lets to get the theoretical estimations of 
the removal and loss of mass of sand and salt spray from the 
dried bottom of the Aral Sea, explore the direction of 
transport of sand in the 200-mile zone of the Aral Sea and 
obtain statistically valid direction of moving sands in this 
region.  

 

References 

 Barenblatt G I 1953 On the motion of suspended particles in turbulent 

flow Applied mathematics and mechanics 17 261-74 

 Monin A S, Yaglom A M 1963 Statistical gidromechanics. Part 1 

Moscow 639 

 Byrne R 1968 Aerodynamic roughness criteria in aeolian sand 

transport J. Geophys. Res. 25 292 – 321 

mailto:aikombi@gmail.com

