Promising subject areas – Development of research techniques for liquid propellant dynamics at launch vehicle tanks

 Samara Space Centre TsSKB-Progress carries out activities in the framework of Scientific and Teaching Personnel Training Federal Target Program. The key objective of this Program is to support promotion of scientists and teachers; to attract and motivate young people in the areas of science, education and high-tech, and, thus, to obtain world competitive results over a wide range of research targets.

Samara Space Centre TsSKB-Progress jointly with Samara State University (SSU) and Samara State Aerospace University (SSAU) in 2009 won a contest of research and development activities in the area of Space Systems to be conducted in research groups under DE supervision, therefore, R&D work is under way on the subject “Development of research techniques for liquid propellant dynamics at promising launch vehicle tanks”. This work has been planned for 3 years, yet by the end of the first year considerable effort has been realized, and the first phase of research has been successfully completed.
Research issue refers to use of cryogenic propellant for launch vehicle propulsions, which seems to be a trend in rocket-building. Here a number of special features typical of this kind of propellant should be taken into account:

1. Since cryogenic propellant is a fast-boiling fluid it is essential to simulate heat flows approached to tanks, and to calculate thermal fields to uncover fluid critical areas.
2. Cryogenic propellant filled into tanks of a launch vehicle at the launch pad, is typical of density break due to their temperature non-uniformity. This leads to intensification of free convective motions and noticeable disturbances on the intakes. This features of cryogenic propellant may cause its boiling prematurely before launch vehicle takes off.

3. Due to unbalanced vibrations, injection orbit maneuvers and other effects, fluid sloshing occurs in the tanks, which leads to considerable dynamic loads on launch vehicle tank design. This should be taken into account both for design integrity analysis and for development of launch vehicle flight control system.

To solve problems listed above, it is necessary to define math models associated with heat and mass transfer during free convection, and to calculate velocity and temperature fields of cryogenic fluid. Simulation of fluid sloshing and computation of dynamic loads acting on launch vehicle tanks.

On the first phase of research effort problem analysis concerning convective motion and cryogenic propellant sloshing was performed. It was shown that the most suitable way is to apply numerical methods for solving complete Navier-Stokes and energy equations. We considered various conditions of two-phase mixture flow, typical of cryogenic propellant gasification. Moreover, we defined math models of fluid dynamics of still cryogenic fluid in launch vehicle tanks during free convection and under laminar and turbulent flow conditions of gas-fluid mixture through cylindrical passage.

Currently on  the second phase the following research activities are carried out:

1. Math modeling of fluid sloshing in launch vehicle tanks during take-off phase. Dynamic loading calculation, caused by fluid sloshing.
2. Math modeling of flow on the section of film evaporation for flat/cylindrical passage using Reynolds random numbers.
3. Math modeling of condensate film under gravity. Numerical modeling, Performance calculation.

In conclusion, it should be noted that development of math models for convective heat and mass transfer at cryogenic propellant tanks, dynamic loading modeling due to vibrations and launch vehicle maneuvers, modeling of liquid hydrogen gasification prior to combustion chamber are all critical tasks to be solved by launch vehicle designers and engineers. Research significance of cryogenic propellant features lies in capability to obtain data on physical processes through math experimentation, which, in turn, leads to time and fund savings, to be spent on new launch vehicle development.          
