24 Z4g . uNe iG]

A Study on the One-Stage 3-Dimensional Axial Turbine
Performance Test with Different Incidence Angle

Soo-Yong Cho* - Chanwoo Park*

ABSTRACT

An axial-type turbine design technology is developed. In order to design one-stage turbine, the
preliminary design method is applied, and then design parameters are chosen after analyzing gas
properties within the turbine passage using the streamline curvature method. Stator blade is
designed using C4 profile, and rotor blade is designed using shape parameters. Stator is
manufactured as an integral type and rotor is manufactured to be disassembled from the disc for
changing blade incidence angle. The output power from the rotor is measured with various RPM
and input power. Experimental results show that the maximum efficiency of turbine rotor is
obtained on the design point, and the output power is proportionally decreased with the negative
incidence angle even the test turbine is a reaction turbine. The efficiency of turbine rotor is

decreased to 5% by 7.5° negative incidence angle from the designed value.
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Table 1. Aerodynamic properties of test turbine

Contents Specifications
Stages 1
Rotating speed (RPM) 1,800
Mass flow 1.88kg/sec (4.11b/se:
Power 1.4kW (1.88hp)

Turbine inlet temperatt| 293.1K (527.6R)
Inlet total pressure | 104.87kPa (15.21psi)
Expansion ratio (Pw/P: 1.012
Exit temperature 290.7K (523.4R)
Efficiency (7 1) 72.6%
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Table 2. Specifications on the design point

Stator exit flow angle (o) 37.3°
Flow coefficient (¢ = Cx/U) 1.68
R = (h-hy)/ (hie-he) 0.373
¥ = 24h/U° 2.55

Mean diameter (Dp) 257.56mm
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Table 3. Basic design parameters at the stator and
rotor

Design Parameters Stator | Rotor
Blade height (h: mm) 46.8 46.6
Chord (c: mm) 3262 | 2820
Pitch (s) 26.11 | 19.74
Number of blade (N) 31 41
Tip clearance (tc: mm) 0 0.2

300.0 299.6

Tip diameter (Do: mm)
Inner diameter (Di: mm) | 206.4 | 206.4
Axial velocity (Cx: m/sec)| 40.61 | 40.74
Aspect ratio (h/c) 1.43 1.64
Solidity (s/c) 0.8 0.7
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Fig. 1 Stator profiles developed with C4 profile
along the radial direction
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Fig. 2 Induced incidence and stagger angle of rotor
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Fig. 4 Test rigs for axial turbine blade
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Fig. 5 Axial velocity profiles along spanwise direction
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Fig. 6 View of turbine performance test apparatus
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