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Closing Characteristics of a Main Oxidizer Shut-off Valve
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ABSTRACT

We study the closing characteristics of a self-sustainable poppet valve which serves as a main
oxidizer shut-off valve for liquid rocket engines. Numerical analysis for predicting closing
transient responses are presented and the calculated results have been verified by a comparison
with experimental data. The effective area of a pilot gas discharge system and the pressure
distribution of passage flow around the valve moving part are shown to be main parameters in
determining the closing characteristics for dry and cryogenic conditions, respectively. Moreover,
it is presented that the passage flow pressure at the valve closing moment as well as the valve
closing velocity can be effectively adjusted by the appropriate employment of the pilot gas.
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Nomenclature

A, : Area whare P, is applied, mm? k : Stiffness of spring, N/mm

A, : Effective flow area, mm? l : Initial compressed length of spring, mm

A,, - Area where F), is applied, mm? m : Mass of valve moving part, kg

A,, © Area where upward F, is applied, mm? m, : Mass flow rate of pilot gas, kg/s

e : Specific heat at constant pressure P, : Pilot gas pressure, MPaG

Cy, - Coefficient for downward hydraulic force P, Initial pilot gas pressure, MPaG

d, : Effective dia. of pneumatic system, mm P, : Pressure at the exit of pilot gas, MPaG

D, : QOuter dia. of actuation chamber, mm P, : Passage flow pressure, MPaG

D, :Inner dia. of actuation chamber, mm P,, : Downward passage flow pressure, MPaG

D, 1 Poppet diameter, mm P, Initial passage flow pressure, MPaG

D, : Poppet sealing diameter, mm R : Gas constant of pilot gas, J/(kg-K)

F, : Actuation(Pneumatic) force (P,x4,), N T : Valve travel, mm

Fy  : Friction force, N T . Pilot gas temperature, K

Fy. : Kinetic friction force, N v : Volume of actuation parts, mm?®

Fy, @ Static friction force, N v, : Initial volume of actuation part, mm?®

F, : Upward hydraulic force (P,x4,,), N vy : Heat capacity ratio of pilot gas

F,,  Downward hydraulic force (P,,xA4,,), N A : Exponential decay constant for P,

F, ¢ Spring force, N AV @ Total volume change of actuation part, mm?®
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