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Study on Sealing Characteristics of High Speed, Face-Contact
Bellows Mechanical Seals for Liquid Hydrogen

By
Masataka NOSAKA, Kenjiro KAMIJO, Mineo SUZUKI
Masataka KIKUCHI, Yukio MIYAKAWA

ABSTRACT

This investigation was carried out in order to develop a high speed,
face-contact bellows mechanical seal for a liquid hydrogen turbopump of
a liquid oxygen (LOX) and liquid hydrogen (LH, ) rocket engine.

The present report describes the results of experimental and analytical
studies on the static and dynamic sealing performance and the wear process
of a newly developed mechanical seal for an LH, turbopump. The main
results obtained in this study are as follows:

(1) The starting torque and static sealing performance were markedly
affected by the change of the stationary seal face distortion, which was
caused by fluid pressure and temperature, due to wear. The seal friction
loss power fell by a small value after the mechanical seal faces had
completely run-in.

(2) The sealing balance ratio of the mechanical seal, which stabilized the
dynamic sealing at high rotative speed, was above 0.77. This high value
was due to the large amount of the opening force.

(3) The high opening force ratio noted in the experiment was well
explained by the leakage flow model, in which a liquid phase was assumed
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to be changed, due to viscous friction, to a gas phase in parallel seal
clearance. The opening force ratio increased with the increase of rotative
speed and decreased with the increase of the seal clearance.

(4) The temperature at the rubbing surface of the chrominum plate was
about 500°C at the initial operating stage, according to the measurement
of the chromium plate hardness. Recrystalization also occured in a part

of the chromium plate.

(5) Thermal cracks, which were formed on the chromium plate sealing
surface of the rotating ring, were characteristic of crack edge lifting. The
carbon seal face worn by the cracks made the proper seal clearance,
which increased the opening force and drastically decreased the load on
the rubbing seal surface. This process occured at the initial operating

stage even for a long operation.

(6) The thermal distortion of the carbon seal surface due to friction heat
ocurred when the seal nose-piece temperature was above 60 K. This
dynamical thermal distortion was prevented by the selection of a sealing
balance ratio below 0.82, which allowed the seal surfaces to wear evenly.

(7) The wear of the seal surfaces was efficiently decreased, even under
severe operating conditions, when the proper seal clearance (0.5~

0.8um) was set before the operation.
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