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EXPERIMENTAL STUDY FOR AERODYNAMIC PERFORMANCE OF
ULTRA-HIGHLY LOADED AXIAL TURBINE CASCADE
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The objective of this study is to reveal the influences of the expansion ratio, the rotational speed and

the relative inlet flow angle on the performance characteristics of ultra-highly loaded axial turbine
cascade (UHLTC) with the blade turning angle of 160 degree. Moreover, in order to examine the

performance characteristics of the aerodynamic performance of UHLTC, the performance of UHLTC

was compared with that of conventional axial turbine cascade (CTC) with the blade turning angle of
113.3 degree. The experimental results showed that the turbine efficiency of UHLTC was increased

according to the increase of the rotational speed. Near the design inlet flow angle of UHLTC, the

increase of the relative inlet flow angle from the design one degraded the turbine efficiency. On the
other hand, the decrease of the relative inlet flow angle from the design one enhanced the turbine

efficiency.
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(a) Stator (b) Rotor
Fig.1 Profile of blades (UHLTC)

(b) Rotor

(a) Stator
Fig.2 Annular cascades (UHLTC)
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(a) Stator (b) Rotor
Fig.3 Profile of blades (CTC)
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(a) Stator (b) Rotor
Fig.4 Annular cascades (CTC)

Table 1 Specification of cascades (UHLTC)

Stator Rotor

Number of blade 17 18

Blade axial chord length ¢, [mm] 7.47 6.57

Blade pitch at midspan s [mm] | 13.01 | 12.23

Blade span H [mm] 9.60 9.30
Tip clearance size AH  [mm] 0.0 0.3
Tip clearance TCcL [%] 0 3

Tip diameter Dy [mm] 80.0 79.4
Midspan diameter Dy [mm] 70.4 70.1
Hub diameter D, [mm] 60.8 60.8
Inlet metal angle a [deg.] 0.0 80.0
Outlet metal angle B [deg.] | 824 80.0

Design inlet flow angle g [deg.] 0.0 80.0

Table 2 Specification of cascades (CTC)

Stator Rotor

Number of blade 34 38

Blade axial chord length ¢, [mm] 7.76 6.93

Blade pitch at midspan s [mm] 6.50 5.80

Blade span H [mm] 9.60 9.30
Tip clearance size AH  [mm] 0.0 0.3
Tip clearance TCL [%] 0 3

Tip diameter Dy [mm] 80.0 79.4
Midspan diameter Dy [mm] 70.4 70.1
Hub diameter D, [mm] 60.8 60.8
Inlet metal angle a [deg.] 0.0 49.8
Outlet metal angle B [deg.] | 68.2 63.5

Design inlet flow angle o [deg.] 0.0 43.6

“Casing 7/
Tip

Fig.5 Definition of tip clearance
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Test section Torque detector  Hysteresis brake

Flow straightener

(b) Photograph of equipment
Fig.6 Small annular turbine cascade test rig
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Fig.7 Definition of axial gap between stator and rotor

Total pressure tube Total pressure tube

Static pressure tube Static pressure tube

i

Fig.8 Measurement points of temperature and pressure

Table 3 Test conditions

UHLTC CTC
Corrected mass flowrate G, [kg/s] 0.022~0.042 0.061~0.100
Corrected rotational speed N, [rpm] 5,000~18,000

Table 4 Reynolds number

UHLTC CTC

Reynolds number Re [] (2.65~5.86)x10* | (2.87~5.01)x10*
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Fig.14 Variations of enthalpy drop and specific power
with relative inlet flow angle (CTC)
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Fig.15 Variations of enthalpy drop and specific power
with relative inlet flow angle (UHLTC)
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Fig.16 Relationship between stage loading coefficient
and flow coefficient
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Fig.17 Relationship between turbine efficiency
and flow coefficient
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