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EXPERIMENTAL STUDY ON REDUCTION OF SECONDARY FLOW IN ULTRA-HIGHLY LOADED AXIAL
TURBINE LINEAR CASCADE BY APPLICATION OF LEADING EDGE FILLET
-EFFECT OF FILLET WIDTH-
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An increase of turbine blade loading by increasing the blade turning angle contributes to the downsizing and

weight reduction of gas turbines, but simultaneously intensifies the secondary flows. The application of a fillet at

the leading edge endwall junction (LEF) is effective for the reduction of the horseshoe vortex, which is a

predominant secondary flow. Since the pressure side leg of horseshoe vortex entrains the endwall boundary

layer and grows into the passage vortex, the reduction of the horseshoe vortex leads to the reduction of the passage

vortex. In this study, the LEF was applied to the ultra-highly loaded axial turbine linear cascade (UHLTC)

with the turning angle of 160 degrees. The effectiveness of the LEF on the UHLTC was examined focusing

on the fillet width by means of the internal flow measurement, the endwall surface pressure measurement

and the oil flow visualization. The experimental results showed that the application of LEF to the UHLTC

suppressed the passage vortex as well as the horseshoe vortex, and consequently reduced the secondary flow

losses. In addition, the increase of the fillet width enhanced the suppression effect caused by the LFE.
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Fig.2 Test blade

Table 1 Specifications of cascade

Number of blades N [-] 8
Chord length C [mm] [ 80.0
Axial chord length C,, [mm]| 68.3
Blade pitch S [mm] | 114.28
Blade height H [mm] | 100.0
Inlet metal angle o [deg.] 80.0
Outlet metal angle a, [deg.] 80.0




Endwall
Fig.3 Configuration of leading edge fillet

Table 2 Specifications of leading edge fillet

Fillet heightat LE: & [-] 0.25H
Fillet length at PS © L, [-] 0.70C .
Fillet length at SS © L [-] 0.53C
Normal -
Fillet width at LE © L, [-] 2251 | 0125C
Type2 | 0.2375C
Type3 0.35C
Z/C,.. __Plane3 Plane?

1.0 ——&%<  Planel
0.0 . . |
Fig.4 Measured planes

Table 3 Axial location and number of measured points

Plane |2/C . Number of measured points

Pitch Span Total
1 0.5 13 49 637
2 1.1 41 35 1435
3 1.3 41 35 1435

Fig.5 Static pressure taps on endwall

Table 4 Axial location and number of static pressure taps

Line | Z/C ., |Number of measured points

Ll -0.05 25
1.2 0.1 20
L3 0.3 12
14 0.5 8

L5 0.7 8

L6 0.9 15
L7 1.1 25
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Fig.7 Oil flow visualization on endwall
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Fig.9 Oil flow visualization on SS and endwall
near inlet of turbine cascade
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