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Reduction Mechanism of Leakage Flow by Squealer Tip

in Ultra-Highly Loaded Turbine Cascade
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The objective of this study is to investigate the reduction mechanism of tip leakage flow by squealer tip in ultra-
highly loaded turbine cascade (UHLTC) with the turning angle of 160 degrees. The flow in the UHLTC with the
squealer tip was numerically analyzed by using the commercial CFD code. The computed results were examined

in detail by comparing with the experimental results obtained by oil flow visualization, and consequently clarified
that the separation vortex along the squealer rim and the re-circulating flow in the cavity reduced the leakage flow

into and out of the tip clearance region.
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Fig.1 Configuration of UHLTC
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Table 1 Specification of cascade

Inlet metal angle : o, [deg.] 80.0
Outlet metal angle : «, [deg.] 80.0
Chord length : C [mm] 80.0
Axial chord length : C ,, [mm] 68.5
Blade pitch : S [mm] 114.28
Passage Height : H, [mm] 100
Blade height : H [mm] 99

Tip clearance size : 0 [mm] 1

Tip clearance : TCL [%] 1
Squealer depth : D [mm] 0 4
Squealer rim width : W [mm] 0 4

Tip side endwall

Tip W Di

Blade

Hub

Fig.2 Definition of tip clearance and squealer tip parameters
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Fig.4 Spanwise distribution of inlet velocity
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Fig.6 Secondary flow velocity vector and distribution of Cpt
(Z/Ca=0.5,Calc.)

(b) D=4 mm
Fig.7 Secondary flow velocity vector and distribution of Cpt
(Z/Cax=0.85,Calc.)

(b) D=4 mm
Fig.8 Secondary flow velocity vector and distribution of Cpt
(Z/ICax=1.1,Calc.)

Table 2 Mass-averaged total pressure loss (Z/Ca=1.1,Calc.)
D [mm] 0 4
Cuu [ | 027 0.24

(b) Tip side EW

(a) Blade tip surface
Fig.9 Limiting streamline (D=0mm,Calc.)
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(a) Blade tip surface (b) Tip side EW
Fig.10 Limiting streamline (D=4 mm,Calc.)

(a) Blade tip surface (b) Tip side EW
Fig.11 Oil flow visualization (D=0 mm,Exp.)

(a) Blade tip surface (b) Tip side EW
Fig.12 Oil flow visualization (D=4 mm,Exp.)

(a) Blade tip surface (b) Tip side EW
Fig.13 Oil dot flow visualization (D=4 mm,Exp.)
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(b) Y/H0=0.999
Fig.14 Distribution of Cpsand velocity vector (D=4 mm,Calc.)
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Fig.15 Streamlines in squealer cavity (D=4 mm,Calc.)
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