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ABSTRACT

Hydrogen is gaining significant attention as a clean energy source. However, its high cost requires the development of high
efficiency power plant systems. The Graz cycle has been regarded as a promising power plant system due to its high efficiency
potential and favorable technological maturity. To address this need, this study adopted preheating in the hydrogen fueled Graz
cycle to improve efficiency. Two different preheating heat extraction locations were considered, and performance variations and
sensitivity to key design parameters were analyzed. According to the performance analysis, efficiency increased by 0.15 %p
when heat was extracted from the high pressure turbine outlet steam and by 0.33 %p when heat was extracted from the
economizer outlet feedwater. According to the sensitivity analysis, efficiency increased with increasing turbine inlet temperature,
whereas efficiency variation with pressure ratio was relatively small. Under all analyzed conditions, the case with heat extraction
from the economizer outlet feedwater resulted in greater efficiency improvement. In addition, preheating enabled a design with
a lower pressure ratio without efficiency penalties. The adoption of preheating in the hydrogen fueled Graz cycle can be an

effective option to enhance efficiency.

Nomenclature

¢, . specific heat at constant pressure [kJ/kg * K] S—GC : simple Graz cycle
GTCC : gas turbine combined cycle St © Stanton number
h . specific enthalpy [kJ/kg] T * temperature [K]
HPT : high pressure turbine TIT . turbine inlet temperature
HRSG : heat recovery steam generator w : power [kW]
HTT : high temperature turbine
LHV : lower heating value [kJ/kg] Greek
LPT : low pressure turbine
m . mass flow rate [kg/s] € - effectiveness
n . efficiency

P-GC : preheated Graz cycle
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Subscripts

aux . auxiliary

b . blade

. Brayton cycle

c . cold side

comp . compressor

f . fuel

gen . generator

h . hot side

in . inlet

mech : mechanical

n . nozzle

out . outlet

r . rotor

R . Rankine cycle

S . isentropic

turb : turbine
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Table 1 Comparison between GTCC and Graz cycle

Category GTCC Graz cycle
Oxidant Air Pure oxygen
Turbine working fluid| Air-gas mixture Pure steam

Turbine exhaust fluid | Vent to atmosphere |Recirculation to compressor

Cooling fluid source | From compressor From HPT
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Table 2 Design parameters and specifications of the Graz cycle

A o2 7l

Parameters Value('*'?
H, and O, supply temperature [TC] 15
Compressor isentropic efficiency [%] 88
HTT isentropic efficiency [%] 92
HPT/LPT isentropic efficiency [%] 90
Pump isentropic efficiency [%] 80
Cold side 3.15
Heat exchanger pressure loss [%] -
Hot side 2.5
Combustor pressure loss [%] 4
HTT inlet temperature [TC] 1500
Pressure ratio 40
HPT inlet pressure [bar] 170.4
Condenser pressure [bar] 0.05
Pinch point temperature [C] 10
Mechanical efficiency [%] 99
Generator efficiency [%)] 98.5
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Table 4 Result of validation

T;Lr‘cp.r.(yz:.outijz‘,in) X

e=— (8) Parameters Ref"? | Simul.
G (T~ Toin) Compressor inlet mass flow rate [kg/s] 63.68 63.68
HTT inlet temperature [C] 1500 1500

oln Aa7|E TIE Sa0f AFA0] OtE B Lml HTT inlet pressure [bar] 40 40
HTT exhaust temperature [C] 596.2 596.2
Table 3 Cases of preheating heat extraction locations in the Condenser pressure [bar] 0.025 0.025

preheated Graz cycle Pinch point temperature [C] 5 5

Case Preheating heat extraction location Fuel mass flow rate [kg/s] 2.5 25
A HPT outlet steam Gross power [MW] 211.05 211.05
B Economizer 2 outlet feedwater Gross efficiency [%] 70.35 70.35
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Table 5 Performance of the preheated Graz
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cycle and comparison with the simple Graz cycle

. Preheated Graz cycle
Parameters Simple Graz cycle
Case A Case B
Preheater effectiveness [%o] - 90 90
Preheated H, temperature [C] - 97.2 97.2
Preheated O, temperature [C] - 100.5 100.5
TIT [C] 1500 1500 1500
Pressure ratio 40 40 40
Compressor inlet temperature [C] 112.7 112.7 112.7
Compressor inlet mass flow rate [kg/s] 68.01 68.01 68.01
Fuel mass flow rate [kg/s] 2.49 2.37 242
HTT power [MW] 239.3 233.1 2379
HPT power [MW] 17.8 17.5 17.8
LPT power [MW] 28.7 27.1 27.1
Net power [MW] 200.0 190.9 195.7
Net efficiency [%] 66.96 67.11 67.29
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