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A Study of the Second Stage Effect on a Partially
Admitted Small Turbine

Chong-Hyun Cho*, Bong-Soo Cho*, Sang-Kyu Choi** and Soo-Yong Chos*

ABSTRACT

A tested turbine consists of two stages, and an axial-type and a radial-type turbine are
applied to the first and second stage, respectively. The mean diameter of the axial-type
turbine rotor is 70 mm, and the outer diameter of the radial-type turbine is 68mm at the
inlet. In this experiment, an axial-type turbine, two different radial-type turbines, and three
different nozzle flow angles are applied to find the optimal design parameters. To compare
the turbine performance, the net specific output torque is evaluated. The test results show
that the nozzle flow angle on the first stage is a more important parameter than other
design parameters for partially admitted small turbines to obtain high operating torque.
For a 3.4% partial admission rate, the net specific output torque is increased by 13% with
the addition of a radial-type rotor to the second stage when the turbine operates at 75°
nozzle flow angle.
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Blade height at inlet (/,: mm)| 20 3.2 | 3.2
Blade height at exit (A mm)| 20 10 10
Blade angle at inlet (8, | 51.9°| 0° 0°

AR IN Table 1. Geometric parameters of the tested
NOZZLE BLOCK NOZZLE' CHAMBER ‘ rotors at the meanline
AXIAL TURBINE AIR EXIT| \ . . .
Types Axial |Radial|Radial
‘ no! W ) Parameters (A | (R1) | (R2)
|
‘ | No. of blades (M) o8 | 11 | 11
H Rotor dia. at inlet (D,: mm)| 70 68 68
' ‘ AN Pitch at exit (s mm) | 7.85 | 9.14 | 9.14
STATOR
% | Solidity (o: ¢/s) 255 | - -
RADIAL TURBINE d ‘
|

Fig. 1. Structure drawing of the tested turbine Blade angle at exit (f) | 51.9 | 45.6 0
Blade thickness (#:mm) | 5.08 - -

ao Leading edge thick (#:mm)| 0.93 | 1.35 | 1.35

D Trailing edge thick (f:mm)| 0.93 | 1.40 | 1.45
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Fig. 2. Definition of the geometric parameters
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Fig. 4. Picture of the tested turbine
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Fig. 5. Schematic diagram of the
experimental apparatus
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Table 2. Degree of accuracy and models of
measuring instruments

Measuring Models Accuracy

Instruments

Flowmeter I}-—ilaFg{I%%L Less than 0'53%
Instruments at %FS, 0.025m"/sec

Torque SN-50L +0.03%

CAS Max. 290 N.m

RPM ACT-8 +0.0015%

Gauge Monarch Max. 100,000RPM

Pressure 811 FMG Less than 0.25%

Gauge Sensotec at %FS, 1.03MPa
Temperature| RTD-PT100 +0.1%

DAQ 34970A +0.0035%
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