EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2024-12-26

dEEm8Ey — bV ERRIDRinRNERE
ICE T AEERMAZE - FREAF—IFI

I, &= / AKIYAMA, Koji

EHMKRFERERE T 2HRR
ERARZEAFIRME. BT - T2HREHE
60

1

7

2019-03-31

https://doi.org/10. 15002/00021957



FERRZRERLE BIZ- - TEMERE Vol.60(2019 £ 3 A)

BEEmY —EVEREINDEIRRFENIEKER

EBKE

ICEAT SRBEMNHER
-RBAXF—FRSICHT HAHADEE -

EXPERIMENTAL STUDY ON REDUCTION OF TIP LEAKAGE LOSS IN ULTRA HIGHLY
LOADED LINEAR TURBINE CASCADE
-EFFECTS OF INCIDENCE ANGLE ON OPTIMUM SQUEALER DEPTH-
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In this study, the squealer tip was applied to the ultra-highly loaded turbine cascade (UHLTC) with
the turning angle of 160 degrees. The detailed internal flow measurements by using the 5-hole Pitot

tube and oil flow visualisations were conducted for the UHLTC in order to investigate the influences

of the squealer depth and the variation of incidence angle on the reduction effects of the tip leakage

flow by the squealer tip. The present experimental results clarified that the optimum squealer depth

depended on the incidence angle because the squealer depth and the incidence angle influenced the

behaviour of characteristic three vortices inside the squealer cavity.
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Fig. 1 Test blade

Table 1 Major specifications of cascade

Number of blades N [-1 8
Chord length C [mm] 80.0
Axial chord length  C [mm] 68.5
Passage height Hy [mm] 100.0
Blade height H [mm] 99.0
Blade pitch S [mm] 114.28
Inlet metal angle o1 [deg.] 80.0
Outlet metal angle o, [deg.] 80.0
Turning angle [deg.] 160.0

Outlet guide plates

Test section

Inlet guide plates
Fig. 2 Test wind tunnel
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Table 2 Inlet conditions
Inlet angle S; (deg.) | Inlet velocity V; (m/s)

78.0 29.23
80.0 35.00
o)
Tip | W fa)
T
Blade T
Hub

Fig. 3 Squealer tip geometry

Table 3 Major specifications of squealer tip

Squealer width W [mm] 4.0
Squealer depth D [mm] 0.0 | 4.0 | 8.0
Tip clearance size 6 [mm] 1.0
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Fig. 4 Measured planes

Table 4 Measured positions

Measured plane ZIC o
Planel 0.70
Plane2 0.90
Plane3 1.10
Plane4 1.30

Table 5 Compounding ratios of oil

Experiment | Titanium dioxide : Liquid paraffin : Oleic acid
Oil flow 10:12:10
Oil dot flow 1.0:2.0:1.0

Axial direction

Pitch direction

Fig. 5 Distribution of oil dots
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Fig. 6 Secondary flow velocity vector (5i=80.0°, Planel)
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Fig. 7 Total pressure loss distribution (5i=80.0°, Planel)
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Fig. 8 Secondary flow velocity vector (5i=80.0°, Plane2)
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Fig. 9 Total pressure loss distribution (5i=80.0°, Plane2)
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Fig. 10 Secondary flow velocity vector (5i=80.0°, Plane3)
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Fig. 11 Total pressure loss distribution (5i=80.0°, Plane3)
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Fig. 12 Secondary flow velocity vector (8i=78.0°, Planel)
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Fig. 13 Total pressure loss distribution (8i=78.0°, Planel)
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Fig. 14 Secondary flow velocity vector (£i=78.0°, Plane2)
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Fig. 15 Total pressure loss distribution (8i=78.0°, Plane2)
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Fig. 16 Secondary flow velocity vector (8i=78.0°, Plane3)
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Fig. 17 Total pressure loss distribution (5i=78.0°, Plane3)
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Fig. 18 Mass-averaged total pressure loss (Plane3)
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Fig. 19 Oil flow visualization on blade tip surface (D=0mm)
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Fig. 20 Oil flow visualization (D=4mm, £i=80.0°)
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Fig. 21 QOil dot flow visualization (D=4mm, £i=80.0°)
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Fig. 22 Oil flow visualization (D=8mm, i=80.0°)
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Fig. 23 Qil dot flow visualization (D=8mm, £i=80.0°)
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Fig. 24 Oil flow visualization (D=4mm, £i=78.0°)
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Fig. 25 Qil dot flow visualization (D=4mm, £i=78.0°)
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Fig. 26 Oil flow visualization (D=8mm, i=78.0°)

1

2)

3)

4)

(a) Blade tip surface
Fig. 27 QOil dot flow visualization (D=8mm, i=78.0°)
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