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SEAL PERFORMANCE AND DURABILITY OF ROTATING
SHAFT SEALS OF LIQUID OXYGEN TURBOPUMP

By
Mineo SUZUKI, Kenjiro KAMIJO, Yoshiaki WATANABE,
and Masahiro MORI

ABSTRACT

The development of a 10-ton thrust liquid oxygen (LOX) and liquid
hydrogen (LH,) rocket engine (LE-5) has been conducted by the National
Space Development Agency of Japan (NASDA). National Aerospace La-
boratory of Japan (NAL) has carried out research and development of the
turbopumps for the LE-5 engine in co-operation with NASDA.

A study of the LOX turbopump rotating shaft seals has been performed
in connection with the research and development of the LOX turbopump.
This report describes the seal performance and durability of the rotating
shaft seals of the LOX turbopump.

The shaft seal system of the LOX trubopump consists of a liquid oxygen
seal (a face-contact metal bellows mechanical seal), a turbine-drive hot gas
seal (a segmented hydrodynamic circumferential seal), and a helium purge-
gas seal (a double segmented hydrodynamic circumferential seal). The
operating conditions are as follows; rotating speed is 16,500 rpm, and
sealed fluid pressures and temperatures are 15 ata and 90 K for the mech-
anical seal, 3 ata and 700 K for the turbine-drive hot gas seal, and 3 ata and
ambient for the helium purge-gas seal. respectively.

The performance of the LOX turbopump shaft seal system has been
satisfactory in a series of LOX turbopump and LOX/LH, turbopump system
tests. The wear amount of the seals after total test time of about 2,000 sec.
was acceptable.
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The durability tests of the seals were carried out using a seal tester, in
which the structure of the hot gas seal was change to a double seal. The
durability-test conditions were the same those for the LOX turbopump

tests except the starting and stopping periods.
Through all the test duration of about 7,000 sec., the performance of the
seals was satisfactory. The wear depth of the seals was less than 10um for

carbon nose-piece of mechanical face seal and 15um for the carbon seal

rings of segmented circumferential seals, respectively.

From these test results, it was confirmed that the seal performance, dura-
bility and reliability of the rotating shaft seals satisfied the requirements for

application to the LOX turbopump.
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