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ABSTRACT

In the current study, in order to understand the dynamic response characteristics of the system
according to the external acoustic forcing, a numerical approach was developed by adding an
sign-sweep forcing function to the existing network model. Through this model, the sensitivity of
frequency and pressure amplitude changes according to system parameters such as the physical
dimensions and boundary conditions of the target combustor was analyzed in a wide frequency
range. Analysis results of dynamic response characteristics of the target combustor are shown that
the frequency regime with high dynamic pressure response was similar to the instability
frequency range measured in the same combustor, and in particular, the response of the system

depends greatly on the location of the acoustic forcing source term.

B ATAAE 9% S Al hE Az B4 $H E4S ksl Askel 129 WE
92 mhe] 29AS FH 9% AU-2Y 747 A5e 2R S mdo] AwHh
BRe Filol oy davle) Beld A5 8 AAEAY 2 Axsg wAusd g Fus g
Y AE wsle] MPEE Yo Fas ol BASRAL. By dar1d A e9 54 B4
A3}, B B WL Mok Fu e U AaTldA ASH By Welsh FAstgon,
53 5 /M &gl Ao W Azgel whgol 37 oESE ACE vehg

Key Words: 1D Network Model(ID WE$ 3 =), Thermoacoustic Instability(Es% E<HA),
Sine-Sweep Forcing(AF31-22¢] 7}%), Resonant Frequency (& %5 3}-<7)

Nomenclature

Received 6 May 2022 / Revised 2 August 2022 / Accepted 7 August 2022

Copyright © The Korean Society of Propulsion Engineers Ay : Complex amplitude of acoustic wave
pISSN 1226-6027 / elSSN 2288-4548 c : Speed of sound

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



2 =g - 2o S FEIZEE K|
e : Energy flux A Az e gz ofESI g I3
Vi : momentum flux REE 7HAA "o =3, F2REQ1 FF R
k : wave number ol = F7I¢t A8 #FY AT F71AA <
p : Pressure F 5 371984 E48 349y 4 AF 5
T : Temperature of o3t H& g FaTE e AT o
t : Time g0l d4&ESARA S HAA "ot shA
u : Velocity T 71EY] WEYA 2dS 5% SFF 84
x : Axial coordinate Al AZ" fe] 3 RETS o Fsr] wE
z : Specific impedance of A FiF F9e SH 54 & T jlo
¥ : Specific heat ratio © ©do] Utk wEbA, wWg " oA Al
p : Density 2o Fag 7 SAS ML SACA ot
w : Complex angular frequency = AL wg Sasith

+ : Upstream and downstream ol olm] A Fr2ERL AIZAH4,5] M =

— —

: Mean quantity

>

: Complex amplitude

—~ o~ —

") : Perturbation quantity

LM B
7F=ERIA AAERMY dF BREE el
HZ FA 9ty #YE Eof AT7AEY =¥
3t =2 YR} o] F, Merk[1]l
[e]

71 Mol Bl s =rRA ARE
Fa Joh MESZ 2de 4 i A=wE
=39 a9 84% v F 74 24 3 059
YETNAM] APstd BT S Tl A=
de #3 RS dlAsHA Ao 494 e
Aa7|@et ofye}, duize= S Fx9
ZFEERL A 2Hol = A EHol dyHor oY
FFFe] B RES EEITH23]

aEu, A ZtaENE B, 58, &7}

s %
o B3 W BasL ogd Txo el ax
59 2= Yoz wWetw glom, oo we
old 9l 24T AAMARY ofel, AA

s}
A0 =2, Schuermans &[6]< Lab-scale 4% <
27l A 297 MRS 2

w54 dsE We 9o Fas @eldA
AR oR Z2AHI Fo, o]F ALBNA AF
o ALsl= Weke AASE e, Kaufmann
F71e NstE oz 9n 2y sHe oF
& 2

2 Ao de AAE sty 7] A
2 UWESZ 2810l Kaufmann S°] 47l
SR QR 2¥A 7k 2dE Frlste] 4
2 T4 T& AsS EAstaA g
P Aarle dETIAIATEA 300 MWH
A7k T4 TFEEHNELE ek At
2 AzH[BleE AAsAY. E3
2JAAAY 71E HATF~ERE
AeHSe 9o FEA WIEEH
Fa HolZb yehuA HE=R
Aol Aot o] Y& Fuk WMol

>
|

ol
o

BN N L =
B Boox e B oo
Mo
Bl
>
o

=
?gﬁbm{
NS
> "o
ol

i bomll ooy X
A
oX,

ER A P PV
:?{é
£
o

m
e
B
o ) 2 N
do
=
rlr
£
>
LU
do
u



P IlARE dadlel 23 S e

1z
w

21 VESZ 2

71E AAEL e dh Az"HoAe
EfT =Y AL A3 9 Fa 4 HEs &
A wl7b JAoh8-10,13]. WEYZ =M A}
£5E EAAE H7 ARO)F As() A&
Fdoz YelAHAE £, p=plx)+p (at)).
olmf, 4H(p)F} £x(u), BE(p) A% &2 ¢
+3 Zo] mdHE

P (a,t) =Relp (z)e"']
where, p(z) = A, e

—
[y
~

W (z,t) =Relu (z)e']

where, u(z) =— éAi(‘k*l 2)
pe

o (z,t) =Re [/3 (x)e™]

where, p(z) = %Aieikf" ®3)
C

A7|A Ae AdEHe $39 FA7|E JUEI
st JA +v A4 AR BEFE skR 3Es o
EbliTh -2 (") Fourier 999 H5%FS o
bl 4 A5 AEFREF(m), =TZF(), 4
Ae)ell gk BELHG2S TS oF dr) o] &
Bl dEdE Feo A #AS T3 Hd5Y
A71E AN, BAAEAH} Zddstd dx &
kge] F8 ARl Fuget AFES 53
o B S MolA ALEE UESZ mdo AFEF
A W82 V&Y FHAEJAES Bl AT +
9]

22 297 A AsS 5 si4
He HeY Fug YA
o] 53z FEAS A —otslr] 9

forcing) @< W ESH T 2o REY3te 3g Al
2Hle] S W EAS Fae 499 2~
HEH FHZ o FAtt

FRHYT. o oM 2TAE BE SE(0)ol
= MAA AT, £E0] AE(d (1,.t)

s

<= A
o] ¥AEE A2 (source term) &
3

ge o

A Eq 59 o] vt ZEHWS Fu w

g 5 glov, oju, y & s Yoo £E
AEL ofv) gt

ulz,,t) =utu (z,,t) 4)

u' (z,,t) = uye™ 5)

z37Ae] g% £F HES J1Ee] YEY
T+

wdlo] 2§57 Astel 4% Y, LFF olu

HA Fom[7], o714 &3

A 15} 2% 27k 237 AFE oo
[72}? = 7;Ls (6)

[7]2=0 ?)

i
jaii)
)
23

=

g
ZIAQATFLKIMM) ol A A S A3
Zb2EHE AS =E A4 AlX
A47]E Fig. 1@<t 2ol ZF#g,
220 3gt FxE FAEI,

[e5

< Skl A

o
i

e = ol

R e o [
[P R RO 1o/ )

BN
iﬁrlr%kr
Q,WEI_LFUIN

o £ N mx 3 2 kI ofl oo K

ot
o

2

R
Jo

MY

!
B
N
)
i
o &
N

Jo
offt
o o ofk

oft o
4 fo

X
2
ol &
I
12 ot

SN
2
=

ol
o
rr



t

'S
rk
N
R

Ay HEE SIS

1350 ~1550 X (mm)

-230 -190 0

Fuel | 5
swirler | l“'“l’ Quartz
Plenum | plane  window

Exhaust

=

i B

P+ Ps Ps p; Ps

Perforated
plate

Plenum

end wall AB spike

(a) Schematics of single nozzle

Ty Py c2 |
Combustor ‘

Ty Py \
Plenum | Nozzle

- -

(b) Relocated geometry for network model

Fig. 1 Target combustor and its simplification for network
model.

Table 1. Operating conditions and gas properties.

Parameters Notation Value
T 719 K
Temperature
T, 1,788 K
Py
Pressure 1.5 bar
Dy
o 0.730 kg/m’
Density
P2 0.287 kg/ m®
o 5239 m/s
Speed of sound
C 800.0 m/s
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Table 2. Specifications of the liner configuration.

Parameters Notation Value
Number of holes 90
Orifice diameter d 0.0122 m
Porosity o 21.6%
Thickness of plate t 0.018 m
Discharge coefficient c, 0.75
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Fig. 2 Calculated specific impedance of the current
perforated plate using Bauer model.
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Fig. 3 Example of an input forcing sine-sweep
signal generated by the loudspeaker
(Frequency range : 5~300 Hz, forced
acoustic velocity amplitude : 10% of
mean flow velocity).
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Fig. 4 System acoustic response to the sine-sweep

signal with different inlet boundary conditions
and combustor lengths (Measurement data :
from Ref. [8]).
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Fig. 5 Pressure amplitude waterfall graph with combustor
length variation.
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