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METHODIC APPROACH TO CALCULATIONS AND SELECTION OF
PARAMETERS OF SPLASHING SYSTEM FOR PROPELLANT PREPARATION

One of the important problems is to provide the required parameters of propellant components, which are
attained by the propellant preparation. This problem is resolved by facilities for spacecraft propellant filling. In
practice splashing the propellant by gas is widely used to resolve the problem of dehydration of hydrogen-carbon
fuel, gas saturation and degassing.

The research subject is to develop a generalized methodic approach to description of a physical pattern dur-
ing the propellant preparation with splashing as well as determination of the design parameters of splashing col-
lectors for levelling a technological balance of the process.

To define the splashing characteristics and the design parameters of splashing collectors, the mechanism of
the gas flow in fluid through orifice is examined.

In accordance with the research results the design procedure of the determining parameters for splashing
during the propellant preparation is developed including: determination of the limiting conditions for splashing;
critical radii of bubbles resulting in crushing, diameters of stable bubbles as well as calculations of a specific
interface surface represented by the relation of an overall surface of gas bubbles and a fluid volume; determination
of variations in the gas content in propellant layer for a horizontally-located capacity depending on gas intensity
of the splashed gas.

Recommendations are made for the design of splashing collectors of propellant preparation facilities.

Keywords: propellant preparation, splashing, parameters of splashing collectors,
gas content.

1. Leshchiner L. B. Designing Propellant Systems of Airplanes (in Russian) / L. B. Leshchiner, I. Ye. Ulyanov. –
Moscow: Mashinostroyenie, 1975. – 344 p.

2. Petrov V. I. Cavitation in High-Speed Impeller Pumps (in Russian) / V. I. Petrov, V. F. Chebayevsky. – Mos-
cow: Mashinostroyenie, 1982. – 192 p.

3. Aksenov A. F. Airplane Fuels, Lubricants and Special Liquids. (in Russian) Second Edition Revised and En-
larged / A. F. Aksenov. – Moscow: Transport, 1970. – 225 p.

4. Rocket Engines (in Russian) / M. Barrer, A. Jommot, B. F. Vebek, J. Vandenkerkhove. – Moscow: Obo-
rongiz, 1962. – 800 p.

5. Bolshakov G. F. Reduction and Control of Oil Products Qualities. (in Russian) Second Edition Revised and
Enlarged / G. P. Bolshakov. – Leningrad: Nedra, 1982. – 350 p.

6. Belyanin P. N. Industrial Cleanliness of Machines (in Russian) / P. N. Belyanin, V. M. Danilov. – Moscow:
Mashinostroyenie, 1982. – 224 p.

7. Chemotology for Civil Aviation: Reference Book / V. A. Piskunov, V. N. Zrelov, V. T. Vassilenko, et al. – Mos-
cow: Transport, 1983. – 248 p.

8. Khlybov V. F. Bases for Design and Operation of Fuelling Equipment (in Russian) / V. F. Khlybov. – Mos-
cow: Publishing House of RVCN imeni Petra Velikogo, 2003. – 248 p.

9. Ermashkevich B. N. Hydraunotic and Thermal Dynamics of Pump Systems of Power Plants Operating with
Nitric Tetroxide (in Russian) / V. N. Ermashkevich. – Minsk: Nauka i Tekhnika, 1987. – 287 p.

10. Ramm V. M. Gas Absorption (in Russian) / V. M. Ramm. – Moscow: Khimiya. 1974. – 656 p.
11. Levsh I. P. Calculations of hydraulic resistances in splashing (in Russian) / I. P. Levsh, O. B. Erofeeva //

Zhurnal Prikladnoy Khimii. – 1963. – Vol. 36, Is. 4. – P. 779 – 788.
12. Azizyan A. G. Hydrodynamics of splashing (in Russian) / A. G. Azizyan, R. A. Melikyan, N. I. Smirnov (in

Russian) // Izvestiya AN Arm. SSR, Seriya Tekhnicheskikh Nauk. _ 1961. – Vol. 14, Is. 2. – P. 31 – 42.
13. Tsiborovsky Ya. Processes of Chemical Technology (in Russian) / Ya. Tsiborovsky. – Leningrad: Khimiya,

1958. – 932 p.
14. Kafarov V. V. Bases of Mass Transfer. Second Edition Revised and Enlarged. Manual for Institutions of

Higher Education (in Russian) / V. V. Kafarov. – Moscow: Vysshaya Shkola, 1972. – 496 p.
15. Stabnikov V. N. Processes and Equipment in Food Industry (in Russian) / V. N. Stabnikov, et al. – Moscow:

Pishchevaya Promyshlennost, 1966. – 349 p.
16. Kurbatov A. V. Transactions of Moscow Energetic Institute (in Russian) / A. V. Kurbatov. – Moscow-

Leningrad: Gosenergoizdat, 1953. – Is. 11.
17. Calculating Evaluation and Experimental Check of Degassing and Helium-Pressurizing Rocket Propellant

Components for Loading the Cyclon – 4 Launch Vehicle; Technical Information Cyclon – 4. 22. 6849. 123
Yuzhnoye State Bureau. (in Russian) – 2005. – 29 p.

18. Laptev A. G.  Models of Boundary Layer and Calculations of Heat- Mass Exchange (in Russian) / Laptev A.
G. – Kazan: Publishing House of Kazan University, 2007. – 500 p.

19. Clift R. Bubbles, drops, and particles / R. Clift, J. R. Grace, M. E. Weber. – New York, 1978. – 380 p.
20. Protodyakonov I. O. Hydrodynamics and Mass Exchange in Gas- Liquid Systems (in Russian) / I. O. Pro-

todyakonov, I. Ye. Lyublinskya. – Leningrad: Nauka, 1990. – 349 p.



53

21. Tests Imitating Operational Conditions of Cryogenic Propellant Component Supply in Development Working
Rocket Propulsion Systems (in Russian) / Bershadsky V. A. – Doctor’s Thesis. Sergiev Posad, NIIKh-
IMMMASh, 2001. – 256 p.

22. Kasatkin A. G. Basic Processes and Apparatuses for Chemical Treatment (in Russian) / A. G. Kasatkin. –
Moscow: 1973. – 754 p.

23. Method for improving operational characteristics of propellant for liquid rocket engines of space stages (in
Russian) / M. P. Salo, A. V. Kostyuk, G. M. Ivanitsky, V. N. Oshanin // Scientific and Technical Collected
Papers on Space Engineering and Rocket Weapon. – State Design Bureau “Yuzhnoye”, Dniepropetrovsk,
2007. – P. 51 – 57.

24. Levich V. G. Physical and Chemical Hydrodynamics (in Russian) / V. G. Levich. – Fizmatgiz, 1959. – 639 p.
25. Sokolov V. N. Gas Liquid Reactors (in Russian) / V. N. Sokolov, I. V. Domansky. – Leningrad: Mashinos-

troyenie, 1976. – 216 p.
26. Polukhin D. A. Development Work of Pneumatic Hydraulic Systems for Propulsion of Launch Vehicles and

Spacecraft with Liquid Rocket Engines (in Russian) / D. A. Polukhin, V. M. Oreshchenko, V. A. Morozov. –
Moscow: Mashinostroyenie, 1987. – 248 p.

27. Vengersky E. V. Hydrodynamics of Two-Phase Flows in Feed Systems of Power Plants (in Russian) / E. V.
Vengersky, V. A. Morozov, G. L. Usov. – Moscow; Mashinostroyenie, 1982. – 128 p.

28. Kutateladze S. S. Hydraulics of Gas and Liquid Systems (in Russian) / S. S. Kutateladze, V. A. Styrikovich. –
Moscow-Leningrad: Gosenergoizdat, 1958. – 232 p.

29. Altshul A. D. Hydraulics and  Aerodynamics: Manual for Institutions of Higher Education (in Russian) / A. D.
Altshul, L. S. Zhivotovsky, L. P. Ivanov. – Moscow: Stroyizdat, 1987. – 414 p.


