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A COMBINED EULERIAN-LAGRANGIAN TWO-PHASE
ANALYSIS OF THE SSME HPOTP NOZZLE
PLUG TRAJECTORIES

R. Garcia, P. K. McConnaughey, NASA/MSFC
F. de Jong, J. Sabnis, Scientiflc Research Assoclates
D. Pribik, Rocketdyne Division, Rockwell International

Abstract

As a result of hilgh cycle fatigue, hydrogen embrittlement,
and extended engine use, it was observed in testing that the
tralling edge on the first stage nozzle plug 1n the High
Pressure Oxygen Turbopump (HPOTP) could detach. The
objective of thils study was to predict the trajectories
followed by particles exiting the turbine. Experiments had
shown that the heat exchanger colls, which lie downstream of
the turblne, would be ruptured by particles traveling in the
order of 360 ft/sec. An axisymmetric solution of the flow
was obtained from the work of Lin et al [1] who used INS3D to
obtain his solution. The particle trajectorles were obtalned
using the method of de Jong et al [2] which employs
Lagranglan tracking of the particle through the Eulerian flow
field. The collision parameters were obtained from
experiments conducted by Rocketdyne using problem specific
alloys, speeds, and projectile geometries. A complete 3-D
analysls using ¢the most 1likely collislon parameters shows
maximum particle velocities of 200 ft/sec. 1in the heat
exchanger reglon, Subsequent to this analysis, an engine
level test was conducted in which seven particles passed
through the turbine but no damage was observed on the heat
exchanger coils.
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