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INVESTIGATION OF FLOW IN ULTRA-HIGHLY LOADED LINEAR TURBINE CASCADE
-EFFECTS OF INCIDENCE ANGLE AND TIP-CLEARANCE-
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An increase of turbine blade loading by the increase of turning angle makes it possible to reduce the

numbers of the blades and the stages, and consequently to decrease the size and the weight of gas

turbine. However, the aerodynamic performance of turbine cascade may be decreased significantly by

the strengthened secondary flow.

In this study, the oil-flow visualization, the blade surface static

pressure measurements and the detailed internal flow measurements by using the 5-hole Pitot tube were

performed for the ultra-highly loaded turbine cascade with turning angle of 160 degree in order to clarify

the effects of incidence angle and the existence of tip-clearance on the flow in the cascade. The present

experimental results showed that the increase of incidence angle strengths the horseshoe vortex and

passage vortex, and expands the high loss region at the downstream of turbine cascade, but does not so

influence the formation of leakage vortex.
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Fig.1 Test blades

Table 1 Major specifications of blade

Number of blades N 8
Chord length C(mm) 80.0
Axial chord Ca(mm) | 68.5
Blade span H (mm) 100.0
Blade pitch S(mm) 114.28
Aspect ratio H/C 1.3
Pitch-chord ratio S/C 1.4

Inlet metal angle

(deg.from axial direction) i(deg) | 80.0
Outlet metal angle
(deg.from axial direction) a;(deg) | 800
Turning angle (deg.) 160.0

. | _ Outlet guide plates

Inlet guide plates
Fig.2 Test wind tunnel

Table 2 Inlet conditions

Incidence angle i (deg.) | Inletangle #;(deg.) | Inlet velocity(m/s)
-2.0 78.0 29.23
0.0 80.0 35.00
+3.0 83.0 49.90
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Table 3 Compounding ratio of medicine

Incidence angle i (deg.) |Painted point| Titanium dioxide : quwdparafﬁn Oleic acid
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Fig.3 Static pressure taps on blade surface
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Fig.4 Measured planes
Table 4 Measured positions
Plane | z/C Measured point
& | Pitch | Span | Total
1 -0.06 30 47 | 1410
2 0.30 24 49 [ 1176
3 0.50 14 49 | 686
4 0.70 18 49 | 882
5 0.90 28 49 | 1372
6 1.10 41 35 | 1435
7 1.30 41 35 | 1435
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Fig.5 Inlet boundary layer profiles

Table 5 Inlet boundary layer parameters

Incidence angle i (deg.) | Hub | Tip

-2.0 155 | 25.0

Boundary layer thickness (mm) 0.0 22.0 [ 340
+3.0 25.0 | 34.0

-2.0 2.00 | 3.55

Displacement thickness (mm) 0.0 3.61 | 381
+3.0 3.39 | 419

-2.0 1.73 | 3.08

Momentum thickness (mm) 0.0 3.06 | 3.25
+3.0 2.90 | 359
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Fig.6 Oil flow visualization on blade pressure surface
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without tip-clearance
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Fig.7 Oil flow visualization on endwall without tip-clearance

>Jmﬁ:zm rmw=a&'

LE€ —>TE

Tip

Hub

(@i=-20" (b)i=00" (c)i=+3.0°
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Fig.10 Static pressure distribution on blade surface
without tip-clearance
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Fig.18 Streamwise distribution of mean velocity
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Fig.19 Oil flow visualization on blade pressure surface
with tip-clearance
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Fig.20 Oil-flow visualization on blade tip surface
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Fig.21 Oil-flow visualization on tip-side endwall
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Fig.22 Oil flow visualization on blade suction surface
with tip-clearance
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