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Axial Turbine Performance Evaluation in a Rotating Facility
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ABSTRACT

This paper describes a turbine test program conducted at Seoul National University(SNU). To measure
blades’ aerodynamic performance, either linear(2-Dimensional) or annular(3-Dimensional) cascades are often
used. However, neither cascade can consider effects such as those due to rotation or rotor-stator interaction.
Therefore, a rotating test facility for axial turbines has been designed and built at SNU, and its description
is given in this paper. The results from an axial turbine performance test are presented. At the design point,
the measured efficiency agrees with the efficiency predicted by a meanline analysis. At off design points,
however, the measured and predicted efficiencies diverge. The most likely cause is hypothesized to be the
inaccuracy of correlations used in the meanline analysis at off design points.
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Fig. 4 Before taking stator casing from the test section
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Fig. 5 After taking stator casing from the test section
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Table 1 Test blade specification at the design point

Variable Stator Rotor

. thglrtr%tot::fple Hub to tip 0.804 0.803
O wall pressure Section A Section B Aspect ratio(h/c) 0.871 1.281
tap Solidity 0.484 0922

' te 0018 0.026

Flow coefficient 0.391

Section C Sectlon D Ma 0.205 0.055
Fig. 9 Tangential instrumentation position Re 220,000
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Table 2 Sensor accuracy

Sensor Uncertainty Comments
Pressure transducer 1 +0.20% Test section
pressure
Pressure transducer 2 +0.19% Flowmeter pressure
Torquemeter
Torquemeter Amplifier +030% Torque
Thermocouple +0.37% Temperature
Table 3 Test repeatibility
Parameter %
m 0.18
Q(torque) 0.37
Tiin 014
Ty out 0.07
@ 014
T 0.17
3 0.01
7 0.40
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Fig. 10 Pressure ratio graph vs. flow rate
Pressure ratio
1.075 :
1.07 i
S 1085 R
©
e
g 106 | .
[
$
= 1.055 [ .
o —e— 02719
—A— 0.2936
1.05 —-0.3153 |
—— 0.3370
1.045 1 Il L Il

0.016  0.0165 0.017 00175 0018  0.0185
nondimentional flow rate

Fig. 11 Pressure ratio vs. non-dimensional flow rate
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Fig. 12 Work coefficient vs. flow coefficient
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Fig. 13 Efficiency comparison of experiment and simulation
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