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Abstract: Lean premixed gas turbine combustors were successful in meeting current NOx emission regulations.
However, these combustors have been found to be susceptible to combustion instability. In this study, general
mechanisms for combustion dynamics and instabilities in lean premixed gas turbine combustors are introduced.
In addition, the flame transfer functions in the combustor are experimentally determined. The inputs to the
flame transfer function are the imposed velocity fluctuations of the mixture. The key results of the
measurements are reviewed.
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Fig. 1 Feedback relationship between pressure wave
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Fig. 2 Combustors damaged from combustion instabilities
(Ref. (2))



o o EF L diANAY gGd A FF L2 977

30, o

o,
19 fo N 3o ke

5 WE(flow fluctuation)o] wWE 3}
HE-S-(flame dynamics)ol] thk &3k o] 3
BEsts flste] 7HE HElAoR Ak
AT ol g9 e 7 (Flame transfer
function)S T8h= Aot}

2 oATA dEF AnT|eAY B A
e oEd #Zeol Aojdn

oo B i
o

2
o

oot X o

L

)= g o
ofgh &2 3l e Foe AP H A 5
& Foto] s e r dojAa glow, <
2 By Vx AnR F85a glov Fo
A AzlelA g TH WS oFste
WAl olsjFojolete NA EHOE oA L
itk efuh, A7 ol s e S
A A R A we] ofe g flete] dl
B PR SAA Htor oEste g, AR
AgAbgel o] Agol o Wo] AlkE il
Ao}, EA WU (Bunsen Burner)9} o] wi-$-
SEeh Aol 2] S
B ATelAE Al dEF ThaERe A A
27)19F AR A8 F(Swirl flow)E ZEe W A
27164 Q7 S= dEe] WE st T4
gol AdgAer et B9, gdd 2319
A ste] FR7 ASH g At 5
e 547el s dAll oid AR, 444
o dlolg S Al

< #38ke] 125mme] W73} 500mm A o]
10] A47] Aol A=A, =3 57)9

=
Z(modulation) & #lsto] & WM A7 &
=
=

(static plate)®} F7te] dEFH=2 FAHT 3
T 5& 3 2
o] ZAE &t 400Hz7HA €]
(modulation frequency)E ¥ + Ut} Fgk Ax

Premixed Bypass-charge flowrate

air-fuel charge control valve
Main
charge inlet
N
l
I
I
A N A S
Adjustable Pre-
speed motor pl
Rotating
part

Fig. 3 Schematic drawing of test setup for flame
transfer function

3.0

B $=085
A & 007 Fora given frag.
: A A o-075
* 140Hz
& ol 4 i ( )
= —
c sl m ¢ a =0 65}
b
0 ¢ e
B A - =07
05 ¢ A
[ ¢ A
n . : ), =075

50 100 150 200 250 300 350
Frequency [Hz]
Fora given eq. ratio (phi=0.7)

=

Fig. 4 Effects of modulation frequency and equivalence
ratio on the flame transfer function and flame
structure



978 b

N

¢

153 (modulation amplitude)> o EFA S T3}
= 9 28X & 729 AldE F35hd
Sk

i

O

Ad 7 JAEF A2 AT
3. & 1}

Figure 4% Y7 v FXx 30ms, £ WHE
AZEV WV ear) 0.07914 2] Fup4= 2 Fan] W3}
o we& 3t dE FF o|5uH T AlelE
kel Hat 319 FxE HoFErh IFA B
ool Fure] Tl wek de 3he] o=
e FAG At e A 23 GE
(low pass filter)®} S 9 A FHo] a3}
FHom A4E dIAEY HES Foj £

t T

Aol et FA3) gasiA B =,
N7 SRR oS g

] 2= oh;]_

S = L= T R
&7 Adeh ol vreFd oA fojxl gt

A F54e s ate A 3T Be w2

A4l Strouhal =7} A=At} Strouhal 4=
Ao e Holzo] st Aolet mgel HlE
ow|&}al, Figure 5+ Strouhal o gt o] 53k

o WBlE noEn IYelA ehizo] 9%
s Ass WeE 9y v FAT
Strouhal 7ol ¢]3fe] Autsl=E 4= 9leS o 4=

ATt

3.0
MW =065

c @ ¢=0675
_g 25F . A A =07
Q ® 0 V¥ ¢=0725
3 20} @ ¢=075
5 Polynomial fit
Q
N
% 1.5¢ Gain = 5355t - 27.4St*
j
ot +43.55t-19.8
O 10}
£
®©
o 0.5

0.0 L '

1.0 15 2.0 25 3.0

Lflame / Lwave ( = St)

Fig. 5 Gain of transfer function as a function of
Strouhal number (Ref. [6])

1\_]
. f>< Lflame o Lflame
St= - 3)
I/(eo nv L wave
4. &2 2
B owgelAe s ol E2F ZhaEn Az
AR 2 A TP & BAReE tiFHL Q)
I L I EC I E T TR
olele Ax Bebd Aake) MAUZES TFEa)
98l o] Asloz A FutslA o] Foj x| 1
Qi B AT W S g@ A A o
94 =4 298 24830
9l AT gre ol5ge % U g 5
o 4 £33 gEo] YT 4 M=
N zd metdE 2 o Ese sele T
Z EE o]#e AY e JFgS v Zlow
Gepge, 24 Aneny s A9 e o
= =

(1) Liewen, T. and Yang, V., 2005, "Combustion
Instabilities in Gas Turbine Engines," AIAA,
Washington.

(2) Preetham, T., 2007, "Modeling the Response of
Premixed Flames to Flow Disturbances," Ph.D.
thesis, Georgia Inst. of Tech.

(3) Lieuwen, T., 2003,

Acoustic Wave

"Modeling  Premixed

Combustion- Interactions: A
Review," Journal of Propulsion and Power, Vol.
19, No. 5, pp. 765~781.

(4) Santosh, H. and Sujith, R. 1., 2005, "Kinematic
Coupling Effects on Heat-Release Transfer
Function of a Premixed Flame," Journal of
Propulsion and Power, Vol. 21, No. 4, pp.
591~599.

(5) Birbaud, A. L., Durox, D., Ducruix, S. and

Candel, S., 2007, "Dynamics of Confined



st EF 2E darldAe sy A

Premixed Flames Submitted to Upstream Acoustic

Modulations," Proceedings of the

Combustion
Institute, Vol. 31, pp. 1257~1265.

(6) Kim, D., Lee, J, Quay, B., Santavicca, D.,

Kim, K. and Srinivasan, S., 2010, "Effect of

A 27 979
Flame Structure on the Flame Transfer Function
in a Premixed Gas Turbine Combustor," Journal

of Engineering for Gas Turbine and Power, Vol.
132.



