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Combustion Instability Analysis Using Network Model in
an Annular Gas Turbine Combustor

Yeongmin Pyo* - Myunggon Yoon* - Daesik Kim*"

ABSTRACT

Lean premixed combustion was successful in meeting current NOx emission regulations.
However, these often leads to combustion instability. This phenomena results from the feedback
relationship between heat release perturbations and acoustic pressure oscillations in the
combustor. Researches on the combustion instability in an annular combustor have recently
received great attention due to the enhanced NOx requirement in aero-engines. In this study, the
thermoacoustic network model has been developed in order to calculate the acoustics for
longitudinal as well as circumferential modes in the annular combustor. The combustion model in
the network model is calculated by flame transfer function(FTF). Numerical and analytical results

are compared to an measurement data.
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Table 1. Operating condition and gas
properties
Operating condition
Fuel Propane(C3HS)
Mixture temperature(K) 293
Equivalence ratio 111
Inlet velocity(m/s) 0.66
operation pressure(atm) 1

- 900 —



ot
2
b
N
>
I

glo] A standing mode®¥teo] ##
94 496 HzE Aot

i,
rlr
e
rO
ol
N

32 VESA 2dS o] 83 a4 WY

£ Mo MESZ 2dE& A8 w, 16719
&% dEdTt, a8 Huete] WAaws
A dAA HAPE R HEYA 7S
Fig. 49} 2t} oldf Matrix =59 th3#] H
A FU3 WA AT =EE V|EY = F
& tiAEt ALE RS AT

WANSIL gl Pl A, e, of

U f5e 2 9o glojd mEatin 7}
ok, UG o qe %

ol i3 BE A2
W, Eq. 14, 16 2 3
7}
=

5

st

48 Aoz Ao

fz? E"k F 0 G le (14)

Pt
= 3
o
=)
—_
(=2}
o
=
w 3
S oo o

outlet

burner

N
74
nozzle
plenum
Section A inlet
(@) (b)
I
combustion <- FTF |
I .
area change 1 area area
[3 steps] | change 2 —--— change 16
| [3 steps] [3 steps]
straight
©

Fig. 4 (a Three dimensional geometry of the
benchmarked combustor. (b) Section A cut
with the geometrical details of the matrix
injector model. (¢) Schematics of modeling

approach
1_
. 73+5A3('Yg_1) _(1 )
F = — Uy (—0F—1
Af37'73 P16
o ’73_3 1 17
Fr={1-— (—p8—-1) 17)
Mg—% 16
ok ﬁ( _1) 1 1
¢ = | | (8- 1)
Mlzs_'yry uy

Aol 34 Fol Wao] Frhsk: musel W
Al Qold Gl 4% 2 HBEL wesH,
Fig. 30149 SQA2es dolEE Eq 169
G A 28T+ Yok

- 901 —



E
ol

HAd

M Zoh W o

41 LTS A8 2= Sy

Table 2= FIFE 283}o] AR a4 Aol A&
ol Lol AAE g Aotk XTI o5
oA oA Hi= nfe} o] QAp7} oF 04%= e
o2 539, o] Tyl =9 AFE A
FrEM B TRolRks e & 5 ok o9

: 180

circumferential angle (deg)

static pressure perturbation {arbitrary scale)

REFFe AolMe 1ICRE 5, 97830 Resvt T 1w _
o —prediction
190 o=yt st gl AN Aad A o et
RHEFFS AAEHAALL A etk ey & ATl £ os /. \\
Al Aol A7E EfZ Hwslgs w, 9Fuske) B 5 o // \
=47 190 Fde] BRHER, & s ok A £ ow / \
Zsisck 2 o y \;
Figure 55 53 21 & 5 glo), L9l #3 o § gy
A7NoA FE FEEE AT BErt ASAT g DN
A FAENT, FAC T ReA] A @ 2EY e o &
A B E 5 Uk Ed T e megh mE o et ngece
ZAellA vehlE ZE & o Itk Hg @< =%
A YTEREH 0092 m ol Se A AR c|
Aol 9T RES el ZlosA, 9 RE ERe
27} 190 AsE e otk =3 Fg 5= oF 1
15° Aol e =2 T Ao BEg nig B :
B @4 8 JelmRa, dolguel muavt 190 Az S e
£ RofFa 9lrk
Figure 65 a3 44 vjsols 2Rk Sakw ) e
=7t Adute] FElE Zhe Zte vehd AloeA, 47 5 T
b L plenum<— ¥ ——=bumer ——— predigtion
T/4, 3T/44 wo] =34 2 HAAE 1825 157 2 100 L.
- - - = |
# e Zlelth, Agele] Ast =g gste] g E o | f N
2 Uehiie 25 nasiae b, mesiel gl Al s | }: \\
B 050 1 d
2@ A} Adsiick g I f N
5 28 —-—-""J: ! \
Table 2. Thermo-acoustic mode of % .
2 0.00 re
measurement and prediction a ro
Experimental Numerical . B 005 om o o2 0z 0%
Resonant combustor axial length (m)
496 498 (b)
frequency(Hz)
Growth Fig. 5 Modeshapes of 479Hz mode computed
none 206.2 ) - )
rate(1/s) under passive flame conditions(using FTF)
Modeshape none 1C 1L and plqtted n a plane located at_ @ the
y burner inlet section and (b) the section-A of
Mode type standing Fig. 4(a)

- 902 —



siatic pressure perturhat c)

slatic pressure perturabation (arbitrary scale)

-180 -120 60 0 60 120 180

circumferential angle (deg)

Fig. 6 Pressure modulus |p'| at the standing mode
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