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ABSTRACT

This paper deals with an acoustic model for a lean premixed gas turbine combustor composed of
three stages: premixing chamber, nozzle and flame tube. Our model is given as an acoustic transfer
function whose input is a heat release rate perturbation and output is a velocity perturbation at a
flame location. We have shown that the resonance frequencies are functions of three round-trip
frequencies of acoustic wave in each stage, and area ratios between stages. By analyzing poles of the
acoustic transfer function, we could characterize resonant frequencies and their dependency on various
system parameters of a combustor. It was found that our analytic findings match with existing

numerical and experimental results in literature.
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¢ : Speed of sound ol dth olgd F kA WAYZ] A2 A
I : Length FTERE dodlv Afed AL HFEY ¢d
M : Mach number s 2717 A AAA DH1-5]. olEA ¢
p  : Pressure g AFo] Az="e WA FAA o) =gt
g : Heat release H dar] EEFS &3AZE & A Hoe A
R : Reflection coefficient T ¢4V 9 Y-S X239 AA =" W
S : Area Y e FIARE olojd F Ytk
s : Laplace variable ALEURFA NS Ah7] 23 F2<
u  : Velocity EA47 A&7 @A 549 FE Ao =
a, 3 : Area ratio WASH7] ol dA&7]e] 3% EA dig &
v : Specific heat ratio A osle ALESA LS A5 9o
d : Turn around period A BaAent
p : Density AAES] old AF[24]AM= A¥ E=F
w : Angular frequency A mdlg sty HFEr] skl A Al
" : Perturbation 2'E “wE + A&7 Zo] JH @ 2
~ . Mean value @& HE FFo g 7HAHsty, dAESH NS
+ : Upstream direction dFste WS Atk 28y AA g2
— : Downstream direction Fuk &3t A"l AF[e8]dAE =& A
Foll dEFHE Fol “AEFAE + &5 + A&
279 3¢ F2E T4y, dEFAeAY
.M B T, 9837 £ 9 2% 5o AA A~
go] g WA= FFS Ry 3,
A B2 A4 A=A s A=He 948 Schuller [7]¢] ATl & o]zt &g
& AstE HAFsIHA dLAREE Yo Z Ao 53 AA xxo] AA A=® HA &
248150 wiEES AAT7] sk 3R =% FAo F FFE A= AR YEET
e A4LE Adsta ot IE gEF A4 B AFolAe o dAF("=E+d47]"Y 2
A2=EE F7|9 A8 d44d o FIAA @ FER)olA AdE dixV|e 3 RdS B
4ds] E3ste] 42 #Yg ERUIE A4 343 FEHo 37 9E Axvlo A&7 9
of gt olw TEFH|(equivalence ratio)E sto] FAsAT =3 ALV 5% 2dEs Y
g8l 7} $A(lean blow out)E FA317] $130 Bl S8 2E(Acoustic Transfer Function,
Aol AEHE 989 Po] FaIFER i ATF)9] EAozXRy JFFF JIFIFus
257} Yrolx ALAIEE HjEgo] TAE = (resonance frequency)E Tst, ol& A3 A
29E 44 Ao oF vl g #AEThH
stATE Bk &Y JF2ER ALT]ddAE
A4 B2 (combustion instability)S] =AY 7
Aol gt Fur A&7 AadAs A 2. g5 2l

(equivalence ratio)7} 3¥t 7} A +d=x
AollA o] FojA7] wEel FEe HAT &

g9 45 opl@Th AwAL 4L )
2 947 WY S¥gel ¢gU/EE ade B
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Fig. 1 Three-stages combustor model.
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*E‘ %5‘01]/\ E‘ 51 9’]’ 1/5,% Z_}—Z_}- Z‘I]— %oﬂ/\']g] (1+a) [Rie_(‘ler‘SZ)S +1] (17)
“PELFF7](turn around period)” 9} “FE-E —(1—a) [Rief‘s‘s IS } =0
T34 (turn around frequency)’ = 2|3

= oA shie wETE ¢ & A

=3, iEE SRR AsS #skd Fig. 1914 &8t 5%0], A& d+E <
Schuller[7] & Silva[8] 52 43 Ao} T gotR oz 93 zA(rigid wall), IR A
WET 5T 242 AEse], AERA AT 9 27649 A 2AL I (open) AAWL
(z)i= wEEHom B8 2Arigid wall), A& 2 Sgsigs) qEd S dael YET B
Ao FT(ry)= 4Y E(open)oE TAIA  AfE g 2ok
=5
R =1,R,=1 (18)
3. ¢ 54 24 WA 7Y R, =—1 o|9 Eq. 162 9HE3he
, FHE G5 =7m(1+2k)j5, 72 =1 (k=0,1,2,) &
A7)0l ZAET /\_‘E ;ﬂ O 3] B .
71 FAFATE Eg 7 FAL FF ann men s —jumprziE 2azns
A5 FH(pole) o2 FE g & ek of T
NA FHeIR ARFse] BE RRo] go ¥ T
= H A2 E.0] z]3
f= (k=0,1,2,-) (19)
25,
C-
Azéec:pl(sw%z)?(é):o (13)
2 FojZnk o ¥R Fusi Adrle FEe
= = 1 O A =3
& eulgt, SAW Bq 139 wAAE Aay o) (& SIS AR $HAR AEE
oz Zyo= YE Bxsoz ol =4 B e =59 $ELEFFY] §,6H H

7_(—1‘
fey > o 19

o] ARty shgatn A e ofgler ge  A=1% BfolRR o 4
29l 2hse] A Fact
(14a)(e B 1) (20)

A, = {s€C: D,(s) =0} 15 —(1—a)e ™ +e ™) =0

& WESTE Eq. 209] Pl (exact solution)=

AB7F B> 10]3 ¢ = 0l B2 99 =7 (Eq. T3t7] AAHAT H Y355 (Taylor series)E 4

14)& tEFor wSdn. 53 dage] A¢ 8sho] ofzfe] ALl

o ¢ >qolB2 WAL (e =q)l v 4

9 7Hde ° & 98 @d. Eq. 100 9f&t f=
2 2 1+« (21)
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Fig. 2 Experimental  configuration(a)
geometry(b) for analysis.
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Table 1. System Parameters. 240
® Experiments
Upstream| Injection | Flame 210\ Approx. (Eq. 21)
manifold | channel | tube 180 N ATF (Eq. 7)
Pressure 1.00 (atm) % \\
Mean temp. 300 (K) % 150 .\
Density 118 (kg/m®) %120 \-. -
Bulk flow =
. 2.67 (m/s) 90
velocity
Sound speed 347 (m/s) 60
Equival 0.05 0.10 0.15 0.20 0.25
quivalence 0.7 Upstream manifold length [m]
ratio
Specific heat Fig. 3 First resonance frequency versus upstream
) 1.40 manifold length.
ratio
0.125 0.100
Length (m) | 0.189 0117 | 0.200 1000
0.253 0.400 #*  Experiments
2 N T Approx. (Eq.19) |
Area (0.001m?)| 332 0.352 3.85 E S0 R e
S 600
Azae] ol 0100, 0.200, 0.400 me] 3 T 2
2 HAE & Utk AR dA JEFLH = %400'
Zo] B Fig. 2(a)9h 2ol utalAl Wak >
ool Fig. 1014 3oz muRd A% Aols} 2or
ek olel@ Aol nAY] $lste] wAU[8] ol
dME dEFAe dolE 0125 0189, 0.253 m 0.1 0.2 0.3 0.4
2 2Aats AL AorEY T o] B ol To]A] Flame tube length [m]
=AYttt 28l Eq. 189 AA == A Fig. 4 Second resonance frequency versus flame tube
g3t 3 Wik Z7(cold condition)dloll A 34 length.
3tAtHq=¢ =0). ° B Eq. 7914 Hj8 &
FRAGEF FHe AL dste A 1200
EIRERCI RN diff 1 . = Approx. (Eq. 19, Eq. 21)
= W4 4 (homogeneous differential equation) 1000 b=n==- ATF (Eq. 7)
o] B4 2] (characteristic equation)®] o]t} = S
= = o I L e sty siotes
G #iM =42 Table 19 2of=Sinh &, Ist logitudianal mode (combustor)
Fig. 3& 244 Zol7} 01 mY o A& & 600}
o Aol Walel e A WA FAFHSE U 2
o L
Bz goh adzes 9y =ge ¥y, BT
A2 Eq. 219 :4ﬂm A, e =3 2001 - Ist logitudianal mode
RiR= eI (Eq Moz ALkgk " (premixing chamber & nozzle)
]

0
0.0 0.2 04 0.6 0.8 1.0 1.2
Area ratio

Fig. 5 Resonance frequency versus area ratio.
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¢(e_j(§1+6z)w +1) (Al)
. (efj(ile +67j62w) -0 (d) — 1+« )

7b Bt Eq. Al°l ot} S4ES AR Fol

67 (8, +85)wj _
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—0,wj
€
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— 0wy
e

= cos (6yw) — jsin (6yw) (A4)

tlo
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