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EXPERIMENTAL STUDY FOR AERODYNAMIC PERFORMANCE OF
ULTRA-HIGHLY LOADED AXIAL TURBINE BY USING SMALL SIZED WIND
TUNNEL FOR ANNULAR CASCADE
-APPLICATION EFFECT OF SQUEALER TIP-

AT
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The increase of turbine blade loading by the increase of blade turning angle is an effective method to improve

the efficiency of gas turbines. However, it intensifies the secondary flows, such as passage vortex and leakage
vortex. The squealer tip, which has a cavity on the blade tip surface, is one of the techniques to reduce the leakage
flow. In this study, the performance tests were performed for the ultra-highly loaded turbine cascade (UHLTC)
with three kinds of squealer tip, which were different in the cavity depth, by using the small sized wind tunnel

test rig for an annular cascade. The test results showed that the application of the squealer tip with minimum
cavity depth contributed to the enhancement of aerodynamic performance of the UHLTC. It increased the torque
but had almost no effects on the efficiency due to the increase of the loss in the high flow coefficient region. On

the other hand, its application improved the efficiency in the low flow coefficient region because of the reduction

of the loss as well as the increase of the torque.
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(a) Stator (b) Rotor
Fig.1 Profile of blade

(b) Rotor
Fig.2 Annular cascades

Table 1 Specification of cascades

Symbol | Unit Stator Rotor
Tip clearance TCL [%] 0 1
Number of blades 17 18
Blade axial chord Cax [mm] 747 6.57
Blade pitch at midspan S [mm] 13.01 13.01
Blade span H [mm] 9.6 9.5
Tip clearance size AH [mm] 0.0 0.1
Hub diameter Dy [mm] 60.8 60.6 ~ 60.8
Midspan diameter Dy [mm] 70.4 70.2 ~70.4
Tip diameter Dr [mm] 80.0 79.6 ~79.8
Inlet metal angle [ [deg.] 0.0 80.0
Outlet metal angle )i [deg.] | 81.94 80.0
Design inlet flow angle o [deg.] 0.0 80.0
Casing
T
Tip [37 3 i =
3 <| TCL= X100 [%]
Blade (AH+H)
Hub

Fig.3 Definition of tip clearance size
and squealer tip geometry

(a) Flat
Fig.4 Shape of blade tip surface

(b) Squealer

Table 2 Specification of squealer tip

Symbol | Unit | Typel | Type2 | Type3
Cavity depth D [mm] | 0.192 | 0.384 | 0.768
Squealer rim width Wgq [mm] 0.384
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Test section
Flow straightener "E?{que detector

X

Flexible couplihé
(a) Schematic

(b) Photograph of equipment
Fig.5 Small sized annular turbine cascade test rig
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Fig.7 Measurement positions of temperature and pressure

Table 3 Test condition

Condition
Corrected mass flowrate  Gc  [kg/s] 0.022 ~0.042
Corrected rotational speed N¢  [rpm] | 5,000 | 11,000 | 18,000
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Fig.16 Increment of aerodynamic loss
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