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Fig.2 World coal consumption by region and proved recoverable

reserves-to-production (R/P) ratio of coal, oil and natural
gas (NG) at end 2010.
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and CO; recovery rate is set at 90%". In the case of oxy-fuel
IGCC employing technologies currently under development,
COg recovery rate is set at 99%".

Fig.5 Thermal efficiency of coal-base power plants with and
without COz capture and compression
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Fig.6 Schematic diagram of oxy-fuel IGCC and semiclosed
cycle gas turbine
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Fig.7 Influence of carrier gas conveying pulverized coal into

gasifier on oxygen-blown gasification performance under
conditions of coal input of 118.5t/h
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Fig.8 Schematic flow diagram of demonstration plant of dry gas purification

system for current IGCCs
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Table 2 Subjects of semiclosed cycle gas turbine of gasified
fuel/O2 stoichiometric combustion with exhaust
recirculation
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Oxidation reaction is restrained | at T, =1573K
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Dilution gas to Exhaust recirculation L Air
adjust combustion | Some exhaust is used as coal
temp. carrier gas, and then O,

concentration has to be decreased |
to a safe level. '

Hot/dry cleanup and exhaust Only

NOx emissions
recirculation cause increased » thermal-NOx
NOx emissions | emissions
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Fig.9 Chemical species behavior over time in gasified fuel/O;
stoichiometric combustion with exhaust recirculation
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Fig.10 Chemical species behavior over time in conventional
CHy/air combustion
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Fig.12 Chemical species behavior over time in H2/O2 combustion
with steam recirculation
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Fig.13 Stoichiometric combustion characteristics of each fuel;
overall equivalence ratio is 1, markers (%) are test data
under conditions where combustion pressure is set at
25MPa and recirculated steam temperature is 623K ©.
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Fig.14 Effects of CO/Hz molar ratio in fuel on stoichiometric
combustion characteristics; overall equivalence ratio is 1.
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Apparent equivalence ratio: ¢*

¢* apparent equivalence ratio calculated from fuel and oxidizer
without O in recirculated exhaust
Fig.15 Effects of apparent equivalence ratio (¢*) on combustion
emission characteristics
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Fig.16 Effects of Oxygen concentration in oxidizer derived from
air separation unit on combustion emission characteristics;
overall equivalence ratio is 1.
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Development of Super-critical CO2 Closed Cycle Gas Turbine
— Results of Power Generation Experiments in Bench Scale Test Facility —
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Power generation with supercritical COz closed cycle gas turbine was successfully demonstrated

using a bench scale test facility. 60 minutes self-sustaining operation including 40 minutes of continuous

power generation was realized. Compressor work reduction depending on decrease in compressibility

coefficient at the compressor inlet was experimentally confirmed. The typical continuous power

output was 200W, which was much smaller than the designed specification of the test plant. The main

reason of small generated power was estimated to be low adiabatic efficiency of the turbo machineries,

windage around the generator rotor, leakage flow from the compressor outlet to the turbine inlet

through the inside of generator.

Key words : Gas Turbine, Carbon Dioxide, Supercritical, Power Generation, Demonstration
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Table 1 Design Specifications of CO2 Loop

Pressure Temp. Mass
(MPa) () Flow (kg/s)
Compressor inlet 8.23 35 1.2
Compressor outlet 12 67 1.2
Turbine inlet 11.8 277 12
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Fig.2 Cross Section of Gas Turbine Power Generator
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Table 2 Specification of Regenerative Heat Exchangers

Item Specification

Temperature effectiveness | 0.98

RHX1 - -
Heat exchange capacity 153kW X 2 units
Temperature effectiveness | 0.98

RHX2 - -
Heat exchange capacity 26kW X 1 unit
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Fig.5 Morrier Diagram of Plant Operations at Maximum Speed
and Stable Power Generation
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A Multi-Objective Optimization of Three-Dimensional Blade Shape
for an Axial Compressor Rotor in Transonic Stage

IBUI S R RERET g el
MYOREN Chihiro TAKAHASHI Yasuo KATO Yasuhiro

ABSTRACT

An aerodynamic design system to optimize a 3D blade shape of an axial compressor transonic stage
is developed in this paper. Three aerofoil profiles and a radial stacking line of the blade are optimized
using 3D-CFD. In order to estimate an off-design performance of the blade, shock positions and pressure
differences at leading edges are introduced as objective functions. Applying this system to a design of
an axial compressor transonic rotor, the efficiency of design point increased and the operation range is
expanded compared with the original blade.
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