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Preliminary test result of a closed cycle gas turbine with supercritical CO, as working fluid
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The development of a closed cycle gas turbine with super-critical carbon dioxide as a working fluid is under
way in order to generate power from waste heat source of a low or intermediate temperature range from
industry. Its demonstration test using a reduced scale turbomachine is under way. Principal specifications
follow; net power output of 10kWe and recirculation CO, flow rate of 1.2kg/s under the given turbine inlet
conditions of 550K and 12MPa respectively. Preliminary test results on the measurements of compressor
required work is presented. Specific work input to compressor was measured and compared with analysis
model that the specific work input is proportional to the value of compressibility coefficient at inlet to

compressor. The model is proved to be valid.
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Fig.1 Flow diagram of super-critical CO , gas turbine test rig.
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Fig.2 T-s diagram of operation of demonstration test.
Table 1 Specifications of main components.
Component Specifications
Cooler Plate-type heat exchanger
Water-cooling type
Heat-transfer area: 5.36 m* x 2
Reciprocating Nominal capacity: 8.8 m*/h x 2
compressor Motor nominal power: 15 kW x 2

Electric heater

External heating method
Tube length: 36 m
Capacity: 160 kW

Turbine In Development

MCHE 1 L x W x H: 550 x 190 x 132 [mm]
2 units in parallel work as MCHE 1
Heat-transfer area: 3.23 m® x 2
Heat exchange rate: 128 kW x 2

MCHE 2 In Development

Centrifugal In Development

compressor

Motor—generator

In Development
Power generation capacity: 10 kW
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Table 2 Experimental range.

tem unit measurement

min max
CIP(DS) MPa 2.86 5.62
CEP(py) [MPa 439 10.83
CIT(T,) |[K 288.65 296.65
CET(T) [K 327.35 372.75
G kg/s 0.29 0.67
Wm kW 13.6 28.4
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Fig.3 Measured compression efficiency.
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Fig.4 Specific work input as a function of pressure ratio
with the parameter compressibility coefficient.
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Fig.5 Averaged overall heat transfer coefficients.
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