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sangseok@cnu.ac.kr Abstract >> The thermo-acoustic instability in the combustion process of a gas

_ turbine is caused by the interaction of the heat release mechanism and the pres-
Ez\iies'zzd g iifﬁf,g?zgfg 18 sure perturbation. These acoustic vibrations cause fatigue failure of the com-
Accepted 30 October, 2018 bustor and decrease the combustion efficiency. This study is to develop a seg-

mented dynamic thermo-acoustic model to understand combustion instability of
gas turbine. Therefore, this study required a dynamic analysis rather than static
analysis, and developed a segmented model that can analyze the performance
of the system over time using the Matlab/Simulink. The developed model can
confirm the thermo-acoustic combustion instability and exhaust gas concen-
tration in the combustion chamber according to the equivalent ratio change, and
confirm the thermo-acoustic combustion instability for the inlet temperature and
the load changes. As a result, segmented dynamic thermo-acoustic model has
been developed to analyze combustion instability under the operating condition.
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Fig. 1. Schematic of the feedback processes responsible for a
combustion instability
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Fig. 2. Schematic of combustor with divided region
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Table. 1. Specification of the combustor

Parameters Value Unit
Equivalence ratio 0.45-1 NA
Combustor pressure 1 bar
Inlet length 428 mm
Combustor diameter 184 mm
Combustor length 854 mm

Table. 2. Inlet flow conditions of the combustor

Parameters Value Unit
Inlet velocity 10-60 m/s
Reactants mass flow rate | 171.42-174.94 g/s
Air density 0.4991 kg/m’
Temperature 700 K
Pressure 1-20 bar

Table. 3. Length of regions and nodes

Parameters Value Unit
A 428 mm
bt 854 mm
dx; 85 mm

dx3 85 mm

Canluitin Combustion ¥
Inlet duct o products x
4 I 3
! ! : ! 1
| dv=85 | dxy=85 x
H - H -
Xi3 e Xig X Xivg sss Xivg

Fig. 3. Sketch of the segment combustor model with nodal po-
sitions

Vol. 29, No. 5, October 2018

.5 3.0
RIS - oG - TS| - R4AM 543
|
2400
B model
® gaseq g
2300 [
.
2200 [ -
) ®
‘:;:' 2100 | .
g H
2
£ 2000 [ *
5
&
1900 | ]
1800 | ®
1 1 1 1 1 1 1
0.50 0.55 0.60 0.65 0.70 075 0.80

Equivalent ratio

Fig. 4. Comparison of model results and the commercial pro-
gram according to equivalent ratio

1800

T
L

1600 - node(1)

node(2)
1400
1200

1000

Temperature(K)

800

600

400

1 1 1 1 1 1 1 1 L

00
00 02 04 06 08 10 12 14 16 18 20

time(s)

Fig. 5. Analysis of the build-up time of the adiabatic flame
temperature according to the number of nodes
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