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Opening Characteristics of a Main Oxidizer Shut-off Valve
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ABSTRACT

We study opening transient responses of a self-sustainable poppet valve, which is
usually used for the main oxidizer shut-off valve of liquid rocket engines. In order to
perform numerical analysis, a pneumatic supply system was simulated as an orifice with a
diameter of 3.2 mm and the equations of motion of valve moving part were derived. For
the validation of the study, a comparison of numerical predictions and experimental results
has been done. As one of the practical applications of this study, the employment of an
orifice in a high pneumatic pressure has been presented to control the valve opening time.
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Nomenclature

A : Effective flow area, mm? H, : Gap for poppet & seat separation, mm

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

A,, : Area where F,, is applied, mm’ I : Initial compressed length of spring, mm

A,, + Area where upward £, is applied, mm®  m : Mass of valve moving part, kg

d . Effective dia. of solenoid valve, mm mg : Mass flow rate of pilot gas, kg/s

D, : Outer dia. of actuation chamber, mm P, : Pilot gas pressure, MPa

D, :lInner dia. of actuation chamber, mm P, : Passage flow pressure, MPa

D, : Seat diameter, mm P, : Supply pressure of pilot gas, MPa

F,  : Actuation(Pneumatic) force due to P, N R : Gas constant of pilot gas, J/(kg-K)

F, : Reaction force by a deformed seat, N T : Valve travel, mm

F,  : Max, reaction force, N T : Pilot gas temperature, K

Fy . Friction force, N %4 : Volume of actuation parts, mm?®

F, i Hydraulic force due to 7,, N v, : Initial volume of actuation parts, mm?®

F,, : Downward hydraulic force, N v : Heat capacity ratio of pilot gas

F, : Spring force, N At : Valve opening maneuvering time, ms

H : Valve operating stroke, mm
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Table 1. Predicted values and Experimental
results of At and P, at valve
opening (combustion test)
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