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Code Development for Online Assessment of Combustion Stability

Margin by Utilizing Damping Ratios of Dynamic Pressure Data

Won Joon Song®, Kwangho Ahn™, Seik Park™, Sungchul Kim™, Dong Jin Cha

st

ABSTRACT

Combustion stability margin of a model gas turbine has been assessed by utilizing
damping ratios of measured dynamic pressure data. It is known that acoustic oscillations
in combustion chambers can be described as a superposition of nonlinearly interacting
oscillators. Based on this theoretical background, CSMA (Combustion Stability Margin
Assessment) code has been developed. The code has been employed into a model gas
turbine combustion experiment, focused on the combustion instability, to show its
capability to determine the damping ratio of measured dynamic pressure and further to
assess combustion stability margin of the experiment, and turned out that the code

works well.

Key Words :

Damping ratio
HZ 7] o&EF 14, AT 29, 7% dg
T, el #3 #Ao]l FUEWEA HAAEE
defxl HAATk=o] Abgo] AGE I QL
FAAAT =] AMEE FREH T QITHI] 28
Hed7ks dRE A2MHENOYE WFshol
WIS EAE o ek wekd A}
~g g ARR AgeE F3elE NOx i
AAe= o] AAs] AstEa Qo2 A7t
229 AE, Adx F NOy ¥A vWyllsL 1A
Aoz 4z A HA WIUEF F T2 therm
al NOgell 711gtt}. o] W7l &L st %o
AR FFE w7 vl Fee Stk
AR SEeEE wFo NOE AR + 9
= 3 dEgdagae] AeEEa gtk 1Y
v sldh o &AL A S FutrtA gkl A
Al AAEHER AXEIAS YT 5 A o
T HEd AAAES XA A EH S
z#sh, E3 A3 ArTd T FES
FEAA A o] b ARl ] AFE +
* ghEdistn AAERTIEAT A
wr o ght o ekal AW E ek o 3kl
s S A Y FAL A AT
s GO kL A4 W) 38k

+ A4 2}, djcha@hanbat.ac.kr
TEL : (042) 821-1182; FAX : (042) 821-1175

Gas turbine, Combustion instability, Stability margin, Dynamic pressure,

=3

AR Ao AAEeHe ALy dAbo
S Regl g g WiEo] AdHAS w L
Al dwrEE WEe e dd(vortex sh

edding), £37] WE, 22l 75 2 AsA ¥
L = PR
B ] w7ty Sl
2 McManus et al.[4]

=

T2 AR U9 dAFH
| =] A 279 1Y
Jol e A 2294 (piezoelectri
flachrigpRCs
TNA LEIA

A+HFd 7t=ERle] A&
A3 9 A (acoustic assess point)ol]
Z3 ¥ (waveguide)S AA3FA[5] °ol& F3lA
A7t F4S €S THAAE o] 8351
SAsHA ok A TdE JtAENY g A

H
&7 (commissioning) Al £+ Al & oA H] (over
haul) 5 2743le] 7F2EHle] Fyo &ga=
Aol gutA oy, ey Az sz wE
Aol e MEvla BATEA So] ALgH
3, 7|e} - x2A9 RBliFo] Told oz d4
He d dAE baENe AT A4



18 Al 463 KOSCO SYMPOSIUM % &3 (2013 %= FAI8k=]3])

b el HEQ AATHES A AAEE Health
monitoring®] 5] & FOo=R o FHrt,
T Lieuwen[6]> 7FAEHIS] FAH A &4
o =& & Ar oHAvH(stability margin)
Hrlel @ AFAHRE Husdrh F 7aH
AZ wjE(fuel splits) W3 S5 4
Z7& WHIAZ u) olE WEI sxEdle] oF
e mAE FF o o bAgnkxlel 2
| Soll &3 Wygolt}

B Ao A= Lieuwen[6]o] A ot3k oF
oJES EdE WE y|gtow A

7} SEE
Aata AA 23 AxENdzI7e) AxB
g Ayel g3t AY A Axve Az
FArR S FouatA Hrtste]l R =
Ass AT w3 AEE m=E AART
DAQ Al=wlol| st A4 s 2242 o
7t F A% At

AxA veo &3 252 vt v gl A
A8t S FIE7Y TR BAE 9
o[8le] TABIY, Axetd wA Wy} ArzmE
(Combustion Stability Margin Assessment, CS
MAE 47 o daBe AERYE SR
= (acoustic mode)®] Fagroll dfFat= Az E

FHstal FREAAA VEE B3 dF T
AREol Z+4¥](damping ratio)E AlAFsle] o] &
ALeHA wpxle] HI7F AAZ ALE3) 72w
b A on AT AL ArEdte &Y =
ghg Aol Algke] Aol wEl Az A,
15 dart SAFHA APHS gu3 S 3
T FaE AR 93 dAsBEokgoe] wayd v}

< oulgtia A
AAn g Ze

o

| Time-domain dynamic pressure data |

[ Calculate the autocorrelation of n®):C(t) |

[ FFT ]

l Capture the envelop of (t) by using
| Identify dominant mode frequencies | Hilbert transform

| :

Construct frequency filters centered at the Fit the E“V_EIQP of G(t) inco the EX!”"E""BI
mode frequencies of interest function of a damping coefficient

| ;
A | Find the damping ratio { |
| Apply the filters to the pressure data |

| |

Obrtain time history of a mode frequency
component: f(f)

Assess the combustion instability |

Fig. 1 Flowchart of CSMA, Combustion
Stability Margin Assessment, developed in this
study.
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Fig. 4 Variation of P,ns as a function of the
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Fig. 5 Variation of damping ratio as a function
of the equivalence ratio

= R4 o =
AE CSMA ZEE JEsle], 28 7t o
2719 AAESGA Agd HL&sn. B A
AZA Ay A 288 Aoz AFREHZA
R mee) @4 48 Bede s
Aow Fasith HHA FHAAES] LEelo=w
BEAEE dasde AHHE 83l A4 ot
AulzlE HAAZE o Fsto] B Adb e Ho kA
A EHAE ERT F QS Bl

B oATE 20139% AA4A%e) Ao @
ol A7) 5B 7HA(KETEP)S] A% 291 (3})
o gy 300 MWH IGCC AFZHE V&
MeAF AT wol S on, olo] Ak
=gy,

o 23l

[11 J. M. Beer, "Minimizing NOx Emissions

from Stationary Combustion: Reaction
Engineering Methodology,” Chemical
Engineering Science, Vol. 49, No. 24A, 1994,
pp. 4067-4083.

[21 A. H. Lefebvre, "The Role of Fuel

Preparation in Low-emission Combustion,” J.

Eng. Gas Turbines Power, Vol. 117, 1995, pp.
617-654.
[3] G. A. Richards and M. C. Janus,

"Characterization of Oscillations During Premix
Gas Turbine Combustion,” J. Eng. Gas
Turbines Power, Vol. 120, 1998, pp. 294-302.
[4] K. R. McManus, T. Poinsot, and S. M.
Candel, "A Review of Active Control of
Combustion Instabilities,” Prog. Energy
Combust. Sci., Vol. 19, 1993, pp. 1-29.

[5] L. Angello, Tuning Approaches for DLN
Combustor Performance and Reliability, EPRI
Technical Report 1005037, 2005, Ch. 2.

[6] T. Lieuwen, "Online Combustor Stability
Margin Assessment Using Dynamic Pressure
Data,” J. Eng. Gas Turbines Power, Vol. 127,
2005, pp. 478-482.

[7] S. Park, U. Kim, J. Chung, ]J. Hong, S.
Kim, and D. Cha, "Effects of Hydrogen in
SNG on Gas Turbine Combustion
Characteristics,” Trans of the Korean
Hydrogen and New Energy Society. Vol. 23,
No. 4, 2012, pp. 412-419.

[8] F. E. C. Culick, "Nonlinear Growth and
Limiting Amplitude of Acoustic Oscillations in
Combustion Chambers,” Combust. Sci.
Technol., Vol. 3, 1971, pp. 1-16.





