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ABSTRACT

In this work, we have developed a 1D network model aimed at predicting eigenvalues for
resonance frequency analysis in a lab-scale industrial gas turbine single nozzle combustion system.
Modern industrial gas turbines generally adopt combustors with very complex geometry and flow
path to meet various design requirements simultaneously. The current study has developed a
network model for combustion systems with backflow at the same axial location. The modeling
results of resonance frequencies and mode distributions for a given system using the network
model were validated from comparisons with prediction results using a 3D Helmholtz solver.
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/. ¢ Axial-momentum flux

Jf, ¢ Angular-momentum flux
k : Axial wave number

n : Circumferential wave number
M : Mach number

p : Pressure

q : Heat release

r : Radial coordinate

T : Temperature

t : Time

: Velocity

S

: Circumferential velocity
. Axial coordinate
. Area ratio

. Circumferential coordinate

S S w R oe

: Density

£

: Cutoff frequency
: Complex angular frequency

: Upstream and downstream

[ S S

: Mean quantity
: Complex amplitude

: Perturbation quantity
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(a) SGT-750 gas turbine

Transition duct

Burner Can

RPL-
Igniter

(b) Sectional schematics of the combustor

Fig. 1 Siemens SGT-750 gas turbine and combustion

system[15].
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fuel injection premmix duct and swirler unit

combustor

plenum

compressor outlet turbing inlet
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(a) Schematics of a real gas turbine
combustor

choked end premix duct and swirler unit

combustor

X K2

fuel injection

(b) Relocation of acoustic module with
backflow

Fig. 2 Example of relocation of acoustic module with
backflow for network model[16].
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(b) Relocated acoustic modules for network
model

Fig. 3 Target combustor and its simplification for

network model.
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Table 1. Operating conditions and gas properties.
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Unburned air Burned gas Plenum ~ ) i ! «
(Plenum + :
(Combustor)
Nozzle) 841 Hz 839 Hz
Operating condition ‘ '
Temperature(K) 719 1788 Ple:“m '
Operating pressure 15 15 Nozzle i
(bar) ' ' 107 Hz 110 Hz
Speed of sound
(m/s) 523.9 800.0 Fig. 4 Comparison of resonance frequencies and

Acoustic boundary condition

closed(plenum inlet) - closed(combustor outlet)

mode shape in the plenum and nozzle
between the 1D Network model and the 3D
Helmholtz solver calculation results.
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Combustor
= 1D network model mode shape (115 Hz)

—— 3D Helmholtz Solver mode shpae (118 Hz)
© Measurement modeshape (115 Hz)
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Fig. 5 Comparison of resonance frequencies and mode

shape in the whole system between the 1D
Network model and the 3D Helmholtz solver
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