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Thermodynamic Performance Evaluation of an Integration Design

between the Combined-cycle and Air Separation Unit
in an IGCC Power Plant

On Nu-ri Won’, Hyun-jeong Kim", Sung-koo Park, Jong-moon Na™,

Gyung-min Choi,”"

, Duck-jool Kim®,

ABSTRACT

In this paper, the integration issue, such as an air-side integration design between the
gas turbine and air separation unit, is described and analyzed by the exergy and energy
balance of the combined-cycle power block in an IGCC power plant. The results showed
that the net power of the system was almost same, but that of the gas turbine was
decreased as the integration degree increased. The highest exergy loss was occurred in
the combustor of gas turbine, which was affected by the chemical reaction, heat
conduction, mass diffusion, and viscous dissipation.
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Fig. 1 System layout of the combined cycle in the IGCC power plant
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Table 1 Main input data for the calculation.

Gas turbine GE 7F Syngas
Pressure ratio 16
Cgrppressor isentropic 379
efficiency
Turbine stage efficiency | 88%
Syngas flow rate 53.78kg/s
Nitrogen diluent flow 49.75kg /s
rate
Steam diluent flow rate | 7.735kg/s
Firing temperature 1590.72K
Turbine exhaust 869.91K
temperature
Turbine cooling fraction | 12.56%

tripple pressure,
Steam cycle

reheat cycle
HP/IP/LP isentropic 1 ) g/ 60/ 89
efficiency
HP/IP/LP pressure 12856.5/3808.9/700kPa
HP/IP/LP pinch 375/36.8/7.58K
temperature difference
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Fig. 2 Temperature-heat transfer rate (T-Q)

diagram of the combined cycle
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Fig. 3 Exergy loss(lesft) and power output(right) of the combined cycle
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