Investigation of a linear stability of annular gas-liquid flow
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The report deals with a joint flow of a turbulent gas and a wavy liquid film in a circular tube. Because of the smallness of liquid velocity in comparison with gas velocity the problem is divided into two steps: calculation of the pressure and the shear stress, produced by gas flowing over a rigid wavy wall with small amplitude and investigation of film dynamics in the presence of these stresses on its surface. Owing to the smallness of the film thickness the disturbances of gas flow, induced by the wavy film, are linear. Therefore, initial hydrodynamic system of equations for gas phase turns into one of the linear systems of ordinary differential equations, which are simple for numerical solving. There are many different models of near-wall turbulence used in practice. Comparisons of the results predicted by them with experimental data were made in the series of papers by Hanratty et al. However, it is not evident how the choice of the model influences on film dynamics.
In paper [1] a new system of equations was obtained for modeling nonlinear waves on the surface of liquid film flowing down a vertical wall. The system is written in special coordinate system, which transforms the film flow area into a band of constant width. The main advantages of the system are immobility of boundaries and a conservative form which is convenient for numerical simulations. It was shown [2] that the considered system may be reduced to well-known Shkadov model under the assumption of profile self-similarity. For small Reynolds numbers we have managed to show that it reduced to Nepomnyaschii equation for the film height. 
The aim of our work was to obtain analogous system for co-current gas – liquid flow and to investigate the linear stability results for this system in a wide range of parameters and for different models of gas turbulent flow. 
The neutral stability curves were obtained and analyzed, as well as dispersion characteristics of the flow. The waves of maximum growth rate were also found. It was shown that for moderate Reynolds numbers of liquid film all models give qualitatively similar data. A decreasing Reynolds number leads to divergence between results obtained by different models. 
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