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Combustion Instability in Gas Turbine Engines

Jeongseog Oh* - Youngbin Yoon™

ABSTRACT

This paper described the general concept of combustion instability and its mechanism in gas turbine
engines. The approaching method to study this phenomenon was introduced including the up-to-date
research activity in the world. Combustion instability is one of critical problems, still now, affecting
engine performance, durability and operation. In addition it is known that this problem is caused by
coupling between fuel or air flow fluctuation and heat release rate in gas turbine engines, which is
related with NOx reduction strategies. Therefore, in order to understand the current status of

combustion instability we reviewed the combustion instability phenomenon in gas turbine engines.
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Fig. 2 7IAE{ElolA2] NOx w4zl odA-EehY
NO: HIE (yellow plume), (2 ¢iaE ot
IEF; ddalxj

gt FAle] nxHAM w7 SA7d Fsty
71 ARG, o8 £ol7] A% =g Ao
Z 34 (lean premixed flame)d] 7ol &
LAHA 2 7A@ (lean-limit)
Aol Mol dae shge] EtHsiAe WS
ZFAR AATh 19908 o) F AEY wd
AEE Aszsle Qste, A¥H B £33l
AoHg oz A4 B (combustion instability)
A7t s APHUew, olE Aojstr]
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o} (Fig. 2 #2).

3. JKAE{BI0IAM] Eoi JHe
shzEul $AA 7171

A
FEE A 71AHL

tion), FHIH

ESHE-E dedies
715 (mechanical vibra-

£t (aerodynamic  insta-

bility), 28 (combustion instability) ©]&
A A MR E e 4 A [3].
WA 1A AFe ¢F79 HElsg 94

Rayleigh's Uriterios

[pit)g (Dar--0

Hd =+~ Heul rolease
j + frea 24
AN i
LY 20
§ St e éi i; 18 i
g . 35‘5 ' §
Ey i =
B . f |4§
1 12
st ERY A
! . : ™
!
o 05 to 15 20 25
T (msec)
SR »m
ntensity high

Sk (1) Mol Sgt sledriae] GE 7FA+e JHAE{HIo|A
Fe gRAl FOIEel slde| et Dl gutEalet glule) 4

T4 rpm(revolution
per minute; 3| HF)RE FAFA] FFAY &
A rpm7tA] W2 AW (operating range)E 7t
AA Hzdl, old HAsEs "Ho] 7|#He A
Fuld=(resonant frequency)t HX8HA HH A&
9 3oz F4F "yl YAsA H, o=
T 7189 48 Bderd gn. ol E9)7
A8 h2EN FHade] HAFEE %— nz4 3
AAR JEFS F58he

e ke F4
T(IGV; inlet guide Vane) I:lC 1 o]Ho A
Bebgsta ulAAAJ] FF dal FAd=HE
FAY 5F9 Wz 4FH7] FIMY &Y

HEE A 34 YEUT T 4= @
Hol Aol FAZE F&4 F& HAAFHeR BT
A3A B2y e @doith ojle A Zxe 2
71) wie} ZE o)’ XE(rotating stall)d} A
(surge)® WHAAA "t olHF ¢F7)o A9
THeHy Eotde 4HESH AHuiis B

ot} dAivlelMe] A F(extinction)d Uo7



66 SEY

M =Z OIRE, ) Hagohd = &4 TF OIRE

1= g} epA e g ALEANE AT
lofixe] Bol} Air|o A SEHY 43T
g Fog2 diavl vASHe= 5
1, o] 2 izl WA H= EWEdHentropy wave)
9} ¢t dHacoustic wave)?| FF F 57 AR
ZFHEYA, FEHo| FU|FHA zFo] A=
Aol

o] A 7}A] B 84 F o= 3 A FE=E
dojupA =HH, 71Fe] FAFol| M2 AFFFE F
A Hi, gFHez YA £4& EHYe
714 o} (Fig. 3 =)

4. Aagoky oty

dae G AsAZE geieS T <@
FrHoez wiZjuEE *8 A3
gy, o] oiA ¥
Azl Al &3 AdE LA E]
AN AE FAAR A FFE
oYY 2B E ALELE &3
1 7k2=gy, & 9 i‘j’“ﬁ 27 T
o] AAHAH &S s, AaELFFA
t A7k FQa st} (Fig. 4 7&&).

:i
Iz R oX o

= oz
or
o
2 X dr o B e

l,

L

L

o
=]

o
3tdel ¥ ¥ (combustion oscillation)ell gt
Aze BAL 17779 372 (Higgins)®) =
= 3}<¥(singing flame)olAt}. 1878 Azl
(Rayleigh)= ©o|#& €9 F7]13¢ W& A&
712 FHHE T KF5Y o4 A8 I
< devge ARS HJ'?F%LHM‘:} °olF FHOoE
At x@ o] FUr] A< (Rayleigh criterion)
ot} o]F QAlst ;ﬁ_*C}O] A]EiH]O](Faraday,
19183)2} %F=(Le Conte, 19581)dl 23] =
+ #9(dancing flame)S 2 H = ATH 5]'0“'«]
EUAAE dodle ddde A4V r|EEE
9 FHAw 3]-74]6‘]—1:}--‘:- Adart 2 A (Riike,
Aoz gt 2x 4

e 299 %—vg Fas A2 FEFQL, oF
o] W BEA wE EE=EE %‘%‘*6}
(longitudinal) ==, % c}f%(transverse radial E
+ azimuthal) = 3 ole] EF FEd =

3}(harmonic E& comblnation) =R ME3}
o BAsHT H2oe a7 L E
B S92 HI¥HT ¢EHATY HzAs
(thermo—acoustic instability)O] Aa7lell el A

EUAAS dove FAULLR Wezon, o

g "o ‘5_5:%?}7@% Aolgts 7IHE



122 RNj4E 2008, 8,

“ Rapid oxidation generating light and heat ~
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28kaL, A714 FEFe] ALELE A¥sie
WA g 2RI, 714 (subphysical model,
ALEQNH

jump condition), £ A F (instability

triggering methods, damping device) & X2

ABE AToIM ARBEE

@

A&71E; (1) PV/OH PUF BAIEE FRIT, (2) optical

adstsld FFEEHE ol &S si(PE, &= €

%, &%, 335H)E Fite Aotk fE5F A
= oEe Al ZHA HEe] A HA A
2E 8 AH 3= DNS(Direct Numerical
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Simulation) #¥# YRFAAL  turbulent- node point)ol] 7171245 Frh FHF9 A=
viscosity model®]t} Reynolds-stress model, Al ee D wel geARg A¥FHA ¥
PDF(Probability Density Function) method && Hoz ZAAHET. dREY AE "WEZHdHolY
o]-83le F3+= RANS(Reynolds- averaged =20 77k HW e wjyig $ AX%
Navier-Stokes) "4, 283 FFAale & o AlME 2o RIZsiEnE =2 HE ALESt

SRE9 FHYE FAF LES(Large Eddy
Simulation) 5°] At} [13].

AP Hade FEHH HHEHoR o
OJAAZ IV E o]&3 WHE] UTH14,15].
EZ4o= CARS(Coherent Anti-stokes Raman
Spectroscopy), EZWl, TFT(Thin
Thermometry) 5 ®Ho] 3t CARSE 1A
4 A& Ao 4000KN A BKolste] @i}
HAE 7R e, F Jje #BEH s
o] stokes Fo] HdFFEA g0 FHER
(N2, Hy, Op, CO, Acetylene %)o] ZA=H, ¥
o] eel o Este BlE® CARS AsE 33
H Y Ze&d s Z2A=Hed, oW CARS
2HEY] A77t L= w23 o] &
AAEE olEHoE A CARS ~HEHR
Hlustd 255 F3IH. gESHC= #HolA
F R (laser absorption method), # Yz gt
(Rayleigh  scattering), %  AF&H(Raman
scattering), @ ol A=Y Z(LIF;, Laser Induced
Fluorescence) 59 wWio] Ut T3 £==4
o=  LDV(Laser  Doppler
PIV(Particle Image Velocimetry) S©°|, 43¢
X 9 =Z7]1&A= PDPA (Phase Doppler
Particle Analyser), malvern, optical patternator
T2 ol&ste el Ut A7]A  optical
patternator= ) H S HolAE AlEIGES W,
AqH BHZ HlF e AdFE d3F B
o] HH3le FFANIZE SHsY HFHY =
7](Ds2: sauter mean diameter)$} £XE T3l
welt} (Fig. 8 FX).

Filament

Velocimetry),

48 2 83  ZF(dynamic pressure
measurement)ol &=  violm EE  IdxEH
(Piezo  effect)yE o] &3 ¢4l (pressure

transducer)7} F2 A18do. P HR = 234
Hl(node point)E I stofeokstr A g vl (anti

o dAdsted =T

2 A 39 whate] 2% Helmholtz &
FE A8y et 22 A ) 23 1
FHdamping line)s FZAIFTHGE 7FA+e DLN
2.6 Aa71e] A9 oF 280d).

46 Z=e) A5

7v2E Wl Aztele AR, 74, Aol F 4
Aukel] AF galil 52 FF9 JiEo] 87
Hug S4UA FA AXds 49 29 v
2 @59 2Esu U (Fig 9 2E). A
GE, ABB, Rolls-Royce, Pratt & Whitney 39|
A AAY 33 2 HAE JEEE ARE A
At ok 71xAT 2 AdHFAHL dEol,
A 4 S8ATE AREE 74 FHeE
o] FojX|a i A B V)E/LL VP &
gt Ao

5o AP AHE tEEHE Q7 AT
A= GEo|t}h. Pratt & Whitney®] A4
UTRC(United Technology Research Center)
AqAE FJE& ¢ FHE 7t2EHR AFE 3
3t glvh Y#HE Barooah &2 spinning valve
actuator® A}8-3 active controlel] wiF IFE
university of california, Santa Babara®} &5 2
= sastn 9ot [16].

F7tAT7|E 2= NASAS} Sandia T4,
U FZATAE(AFRL) ol dEAHo|H, g 4
T422E Adw el £ dlEi(Pennsylvania
state university)®] %13 &A1 AE(PERC)) A
Vigor Yang# Santavicca 24 Fo| Fx|Z H
AEAA e JtAEYYY daES &
A3 EF AAUE 55 d7ska Ao [17,18]
(Fig. 10 #=). o]Yolx Ao} Fu|(Georgia
institute of technology)®] Zinn#} Lieuwen ul<®
TL A4EAA AU FE drstn 3

o o N
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gloffAfe] Hagety ¥y 73

imperial College n 1 Rolis-Royce

ks ALSTOM

Fig. 9 Ao 2t=te| ZixefdloM el asgoby d7a8

Axviel AL 48 #
& Add # Ue 2L
7H‘§-’] %%X‘“‘ﬂ 719 Q)
adaptive control 5°] ATEHT U} [20]. WE
= d)shil(Maryland university)®] Yu 35 %
& JQHAARE o] &3 o|ZAEF Tl sy &
3] A3t %lt‘r (21]. &= 2t A A7 2F
of AHAYE &8 FEAFE B o]
ojzx 3l 1:]-. E’]——ﬁl MIT W&e] Annaswamy L
&  SFA7E Fu9d model-based
adaptive controlell thale] <5 Cambridge
8o} Dowling 1§37 &% /N'&sta Ut [22].

g0l B¢ FHEHAGATAE(CNRS;
Centre National de la Recherche Scientifique)<]
Candel HHAME Fo] 7]Z2AQ wWAUE 74>
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