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TEMPEZRATURE DISTRIBUTIONS AND THERMAL STRESSES IN A GRADED ZIRCONIA/METAL GAS PATH
SEAL SYSTEM FOR AIRCRAFT GAS TURBINE ENGINES

Christopher M. Taylor® and iobert C. Bill**
National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

Abstract

A ceramic/metallic afreraft gas turbine outer gas
path scal desigrad to enable improved engine perfor-
mance is studied, Transient temperature and stress
profiles in a test seal geometry have been determined by
numerical analysis, During a simulated engine deceler-
ation cycle from sea-level takeolf to idle conditions it
has been shown that the maximum seal temperature oc-
curs below the seal surface and that the top layer of the
seal is probably subjected to tensile stresses exceeding
the modulus of rupture, In this regard the analysis sup-
ports experimental thermal fatigue testing of the seal
where surface cracking has been observed, In the
stress analysis both two- and three-dimensional finite
element computer programs were used, Predicted
trends of the simpler and more easily usable two-
dimensional element programs were borne out by the
three-dimensional finite element program results,

Introduction

Improved gas turbine el ciencies can be reaiized
through a variety of approaches, including increased
turbine inlet temperatures and the maintaining of re-
duced turbine blade tip clearances, The high pressure
turbine (HPT) outer gas path seal system, an example of
which is shown in Fig, 1, is an important feature from
the standpoint of engine performance, [Its primary func-
tion is to maintain minimum clearance over the blade
tip, thercby reducing acrodynamic and leakage losses,
For example, in a typical large commercial aireraft gas
turbine engine it is estimated that for every 0,010 inch
reduction in HPT tip clearance realized, a performance
payoff of 0. 5 percent to 1 percent improvement in thrust
specific fuel consumption (TSFC) can be achieved (based
on ref, 1), This translates i to roughly a 10° bbl/yr
fuel savings for wide-bodied jets in this country alone,

Present day metallic seal systems are limited to
temperatures of about 1266 K (2000° F) and require
cooling air to maintain them within material operating
capabilitics, This cooling air is bled from the compres-
sor section and results in some lost performance as high
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pressure air is removed from the cycle, With increased
turbine gas temperatures, the metallic high pressure
turbine seals may require as much as 4 percent total en-
gine air for cooling purposes, Clearly, substantial bene-
fits would arise Iif materials with a high temperature
capability were emploved in the high pressure turbine
outer gas path seal location,

One proposed form of improved urbine first stage
outer gas path seal is a plasma-sprayed, layerc
zirconia/CoCrAlY system on a metallic substrute, 2
Such a seal is designed to have a temperature capability
of about 1589 K (2100° 1) enabling projected turbine inlet
temperatures of around 1811 K (2800° F) to be accommo-
dated, As well as having an improved temperature capa-
bility and allowing a reduction in the required cooling air,
the proposed scal has another important advantage in its
rub tolerant (abradable) nature, This will result in re-
Gueed rotor wear during blade and scal contacts, Rub
tolerance of the plasma-sprayed zirconium oxide is due
in part to the porous nature of the material, with most of
the rub effects being accommodated by wear to the ce-
ramic under some rub interaction conditions, In addi-
tion, being an oxide ceramic, greater oxidation and ero-
sion resistance cempared to metallic systems would be
realized in the gas path seal application, Thus it should
be possible to maintain a tighter clearance between the
turbine first stage blade tips and seal, henee improving
the turbine efficiency,

There are a number of requirements to be met by
the suggested seal system, These include satisfactory
performance as regards oxidation and corrosion resis-
tance, abradability, hot gas and particulate erosion re-
sistance, and of course, the obvious nced to maintain
structural integrity, The purpose of the work described
in the nresent paper was to investigate the latter aspect,
The study had involved finite element analyses of a par-
ticular seal geometry to determine stress and distortion
patterns likely to be encountered during steady state and
transient engine operating conditions, The analyses are
intended to compliment experimental testing of the seal
which is socmewhat smaller in size thar will be required
for full scale engine use, 2 Some details of the experi-
mental behavior of the seal during thermal fatipue test-
ing will be presented in the next section,
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CIRCUMFERENTIAL STRESSES

Figure 13, - Stresses in outer gas path seal i‘ 294" K assuming a stress free condition
at 1366 K and elastic behavior (units MN/m¥),
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