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Numerical simulation of opening force for

circumferential segmented seal
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Abstract; The helium gas isolation seal in the oxygen turbopump of LOX/LH, rocket engine is used
to prevent the mixture of the liquid oxygen and the hydrogen-enriched gas driving the turbine. At present,
the main application of helium seal abroad is the circumferential segmented seal with Rayleigh step hydro-
dynamic lift pad, which can effectively reduce the helium leakage. The key to this seal design is to calcu-
late the opening force generated by Rayleigh step hydrodynamic lift pad. In this paper, the opening force
was calculated by Fluent fluid analysis software, and the accuracy of the three-dimensional simulation
calculation method was verifiedby compared with the resulis of one-dimensional calculation method and
the calculation results in foreign literatures. In addition, the effects of the gas film thickness, the number
and the depth of Rayleigh steps, the distortion of shaft and Rayleigh step caused by machining errors on
the opening force were analyzed. The opening force decreases with the gas film thickness increasing. The
opening force reaches its maximum when the depth of Rayleigh steps is 0. 01 mm. The larger the shaft dis-
tortion and the Rayleigh step, the smaller the opening force.
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Fig.1 Schematic of circumferential segmented seal
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Fig. 3 Pressure profile of segmented rayleigh step seal
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Fig. 4 One-dimentional calculation model
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Tab.1 Geometric parameters of LE-7 helium isolation seal

YREE =7 By
Bt 3
TR B AL 7
EREE b,/ mm 0.015
R b,/ mm 4
FHERK L,/mm 7.77
AU & FE b, /mm 0.6
JBEJRE R,/ mm 0. 0028
iz D/mm 100
HA L,/ mm 3.89

x2 LE7TEBTRSE

Tab.2 Operating conditions of LE-7 helium isolation seal

RV = Bl
5% 3%/ rpm 18 000
S5 JEF1/MPa 0.4~0.6
ARIRE/K 183
L[EBE w/ (Pa - s) 1.43x107°
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Fig. 5 Three-dimentional calculation model
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Fig. 6 Calculated pressure with 1-d and 3-d methods
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Fig. 9 Effect of step number on opening force
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