International Symposium and School for Young Scientists INTERFACIAL PHENOMENA AND HEAT TRANSFER, 
Novosibirsk, Russia, 2-4 of March 2016

Two-Layer Fluid Flows With Evaporation: Analytical Methods and Comparison with Experiments
Victoria B. Bekezhanova1, Olga N. Goncharova2,3
1Department of Differential Equations of Mechanics, Institute of Computational Modeling SB RAS, Academgorodok 50/44, Krasnoyarsk, 660036, Russia

2Department of Differential Equations, Altai State University, Lenina 61, Barnaul, 656049, Russia 

3Laboratory of Enhancement of Heat Transfer, Institute of Thermophysics SB RAS, Lavrentyev 1, 630090, Novosibirsk, Russia

bekezhanova@mail.ru, gon@math.asu.ru
The modern technologies  and experimental methods of investigation of the features of the joint convective liquid flows and cocurrent gas fluxes at normal and microgravity are actively developed at the present time. Improvement of the existing techniques and development of new experiments are often based on theoretical results obtained as a results of mathematical modeling of the two-layer flows with interfaces. Such factors as media flow rates, their thermophysical properties, type of a thermal load on the flow domain boundaries and linear scales influence the character of the convective flows (Lyulin and Kabov 2013, 2014).

By mathematical modeling a special attention is paid to construction and investigation of the exact solutions describing the convective flow and taking into account the mass transfer at interface, in particular, due to evaporation. The importance of exact solutions (solutions of special type) is explained by opportunities of a rapid, sensitive and effective analysis of the physical factors, acting on the main flow mechanisms. In the case of a multiparameter problem we can examine the degree of influence of the different physical factors on the flow characteristics and criteria of its stability. The result of such analysis can lead to the refinement of the mathematical model in order to describe the investigated flows more adequately. 
In the present work an overview of the analytical methods used for study of the problems on two-layer flows and appearing difficulties are presented. The methods include formulation of the physically meaningful and correct mathematical models, analysis and interpretation of the exact solutions and their generalization in the framework of the models, investigation of stability of these solutions.

We managed  to construct a generalization of one of the exact solutions of the Oberbeck- Boussinesq equations.  The solution is the analogue of the Birikh-Octroumov solution and describes a joint flow of an evaporating viscous heat-conducting liquid and gas-vapor mixture in the horizontal channel. The basic equations in the gas phase and the interface conditions have additionally terms responsible for the effects of thermodiffusion and diffusive heat conductivity. In this solution the temperature, pressure and concentration of the vapor in the upper gas phase linearly depend on the longitudinal coordinate. Only longitudinal components of the velocity vectors in the upper and lower layers are not equal to zero and depend on the transverse coordinate. This solution has a group nature and describes different classes of flows. Variety of the flow types is explained by properties of the solution. Influence of the boundary conditions and physical effects on the properties of the solution and, consequently, on the characteristics of the two-layer flows are investigated.  Classification of the flow types depending on boundary conditions for concentration function and given parameters of the problem is proposed. The obtained results are compared with experimental data. The qualitative and in some cases quantitative coincidence of the theoretical and experimental results has been justified. 
Methods of the stability theory allow us to describe and to clarify a formation of the thermocapillary and vortex structures in the considered system. In the case of equal thermal load on the boundaries of the flow domain the normal mode method can be used for investigation of the linear stability due to the properties of basic equations and constructed exact solution.  In the case of different thermal load on the channel walls a transition to the “stream function – vorticity” terms and numerical solution of the spatial-temporal problem allow to predict the dynamics of the disturbances and to obtain the conditions when we can guarantee the stability of the basic flow regimes.
Influence of the external disturbing actions,  such as gas flow rates and thermal load, on flow characteristics is investigated. Typical forms of appearing disturbances are defined and critical values of the flow rates and longitudinal temperature gradients are obtained. Thus we can point out the most dangerous mechanisms in the space of the problem parameters. Furthermore, influence of evaporation on stability characteristics is studied. In the system the high frequency regimes can be formed.

The proposed analytical methods enable to improve the theoretical and experimental modeling of the two-layer fluid flows with interfacial processes.
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