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Turbine Combustor using a 3-Dimensional Finite Element Method Approach
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Abstract

In this study, the combustion instability characteristics according to the change in the hydrogen ratio in the fuel in the sin-
gle nozzle system of the hydrogen-natural gas mixed gas turbine for power generation was analyzed using a three-dimen-
sional finite element analysis-based Helmholtz solver. This combustor shows the instability characteristics in which mode
transition occurs from a mode having a low amplitude near 70 Hz to a mode having a high amplitude of 250 Hz or higher
as the hydrogen fraction in the fuel increases. The current modeling results are found to reasonably predict the main char-
acteristics of the change in measured instability frequency and growth rate with the change in fuel composition.
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: A5 % (perturbation quantity)
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Fig. 1 Schematic of hydrogen-natural gas mixed fuel gas
turbine single nozzle system'?
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Plenum (0.25 m) Combustor (1.55 m}

Nozzle (0.42 m)
Fig. 2 Simplified geometry for acoustic modeling
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Table 1 Modeling conditions

Parameters Notation Value
Air flow rate 0.342 kg/s
Equivalence ratio 0.484
Hydrogen fr?ctlon in total fuel 0 ~ 65%
(in vol.)
T 718 K
Temperature
T 1781 K
1
Pressure P 1.3 bar
p2
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Fig. 3 OH-PLIF images with various hydrogen composi-
tions in fuel'?
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Fig. 4 Definition of time delay for thermo-acoustic mod-
eling
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Fig. 5 Mode transition with increase in hydrogen fraction
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Fig. 7 Predicted instability growth rate as a function of
gain and time delay
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