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Design of Counter Rotating Centrifugal Turbine with Large Expansion Ratio

LI Bo,YANG Ze-hai,HUANG Dian-gui
(School of Energy and Power Engineering, University of Shanghai for Science and Technology , Shanghai, China, Post Code ;200093 )

Abstract: In order to design an efficient, light and compact turbomachinery, according to the structural
characteristics of the counter rotating centrifugal turbine, nine independent initial design variables were
selected, and one dimensional aerodynamic design of the counter rotating centrifugal turbine with large
expansion ratio was carried out. The blade profiling of high pressure stator blade and low pressure rotor
blade was carried out by means of superposition thickness of middle arc line, and the blade profiling of
the high pressure rotor blade with the scalable flow channel was completed by the separate modeling of the
pressure surface and the suction surface, and the steady numerical simulation was carried out by using
CFX software. The research results show that the flow rate, wheel efficiency and output shaft power of the
counter rotating centrifugal turbine with large expansion ratio are reasonable, and the errors of each aero-
dynamic design value and one dimensional design value are both in the range of 3% . Compared with the
referenced two-stage centrifugal turbine, the efficiency of the counter rotating centrifugal turbine is in-
creased by 2.35% , and the radial dimension is reduced by 4.42%.
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Fig. 1 Schematic diagram of meridional plane of counter

rotating centrifugal turbine
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Tab. 1 Initial design parameters of counter rotating

centrifugal turbine
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Fig. 2 Variations of maximum wheel efficiency

with reaction degree
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Fig. 3 Variations of optimum velocity ratio with

reaction degree
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Tab. 2 Main aerodynamic design results at the point

of maximum wheel efficiency
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Tab. 3 Main aerodynamic design results at design point
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Tab.4 Geometric parameters at design point
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Fig. 4 Velocity triangle of counter rotating centrifugal

turbine
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Fig.7 Calculation domain of counter rotating centrifugal

turbine
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Tab.5 Grid independent verification
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Tab. 6 Numerical simulation results
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Tab.7 Comparison of numerical simulation value and

design value
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Tab. 8 Comparison of two centrifugal turbines
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