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Motivation Sectorized Cascade
The ongoing development of high-pressure turbines The cascade consists out of 48 vanes, adapted from the design of
(HPT) in jet engines and stationary gas turbines, yields a modern second-stage high-pressure turbine. For this
for higher efficiencies. Modern engines are required to investigation two vane profiles, front-loaded and aft-loaded, have
operate at higher temperatures and total pressure been designed by GE Aerospace. For both vane designs, a basic
ratios, which adds significant challenges to the study of geometry and one with increased fillet radius and trailing edge
high-performance high-pressure turbines—particularly thickness (TET) have been implemented in a sectorized vane row,
due to rising secondary flow losses in the low aspect see Fig. 3. To ensure flow uniformity, both vane designs feature
ratio vanes. The secondary flows, shown in Fig. 1, can similar throat areas and nearly identical inlet angles and nearly
account for up to 50% of the total vane loss. With identical exit angles at the design point.
increasing performance requirements, their contribution g .
is expected to grow further. To assess the contribution of Sectorization Inlet statlcmpressure
the individual effects, the full annulus high-pressure = T
turbine cascade rig (FAHR) , was developed (see Fig.2). ,Q\'\ \ ' ‘ “7 |
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o e | Pretest CFD results, see Fig. 4, revealed that the flow uniformity is
It operates at Mach number similarity with vane sizes disrupted at the boundaries between the sectors, but not in the
close to true scale. The vanes are assembled into a full mid-passages of each sector. Experiments verified that the
annulus vane row cascade. influence on mid-passages is negligible.
Instrumentation Exemplary Results
« Five-hole probes (see Fig. 5) Increase of feature size: Base features® Large features®

* Hot wire probes (see Fig. 6)

« Profile pressure taps

Various p,-rakes, boundary layer-
rakes, static pressure taps and
temperature probes

* increases secondary
loss core size (see Fig.7)

 shifts the secondary
loss cores towards

Inlet Flow Conditioning midspan (see Fig.7)

» Inlet grids » influences vortex
» Turbulence quantities v e interactions (see Fig.8)
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Fig. 1 Secondary flows in turbine vanes (simplified) [1]
Fig. 2 Simplified cross section of rig
Fig. 3 Sectorization of full annulus
P I a n e I N P | a n e EX Fig. 4 Static pressure field ~ 50% chord length upstream of vanes
- Fig. 5 Five-hole probe
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