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Numerical Analysis of Super-critical Carbon-dioxide Flows
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ABSTRACT

A new type of closed-cycle gas turbine utilizing supercritical carbon-dioxide (SC-CO,) as a working fluid was

proposed and has been studied. Since the thermo-fluid properties of SC-CO, near the critical point would change

drastically by the slight change in temperature or pressure, the behavior of flow in the compressor for the

SC-CO, gas turbine is different from that of perfect gas. In order to design the compressor of stability and

performance, numerical analysis is also desired as well as experimental approach. In the present study, the flow

field of SC-CO, in a centrifugal compressor was tried to be simulated.
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Fig.1 Schematic of SC-CO, gas turbine "



Table 1 Types of EOS and their constants
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Fig.2 Compression coefficient z of CO, in SC-CO,GT
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Table 2 Critical Constant and Acentric Factor for CO,
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Fig.3 Density of CO, at 9.0 MPa
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Fig.5 Viscosity of CO, at 9.0 MPa
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Fig.6 Density profiles in steady nozzle flow
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Fig.7 Compression coefficient in 2-D nozzle
Near critical point
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Fig.9 Compression coefficient in 2-D nozzle
Super critical and high density condition
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Fig.10 Configuration of centrifugal compressor

Table 3 : Dimensions and specs of centrifugal compressor

Number of impeller blades 13
Mass flow rate [kg/sec] 1.2
Design wheel speed [rpm] 100000
Inlet hub diameter [mm] 5.23
Inlet tip diameter [mm] 10.46
Outlet impeller diameter [mm] 20
Outlet diffuser diameter [mm] 40

Tip clearance [mm] 0.15
Pressure ratio(outlet : static , inlet : total) 1.46
Adiabatic efficiency(outlet : static, inlet : total) 0.729
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Fig.13 Iso-contour of compression coefficient z =0.46
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