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Abstract

Acoustic characteristics of unbaffled and baffled combustion chamber are experimentally investigated
under atmospheric condition to preliminarily determine baffle for mitigation of combustion instability.
To investigate the effect of the baffle which has several configurations such as radial baffles and
hub/blade baffle, resonant-frequency shift and damping factors of the chamber were analyzed and
compared quantitatively with those of the unbaffled combustion chamber. From a view of acoustic
characteristics, radial baffles with several configurations have not much difference in resonant-frequency
shift and damping factor ratio with each other. On the other hand, hub and blade baffle is very
effective to suppress the first tangential mode which was found to be the most harmfu} acoustic mode
in KSR(Korean Sounding Rocket)-III engine. But more study on design parameters such as hub size
and axial length should be done for complete optimization of hub and blade baffle. The present study
based on linear acoustic analysis is expected to be a useful confirming tool to predict acoustic field
and design a passive control devices such as baffle and acoustic cavity.
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Fig. 1 (a) Time history of dynamic pressure and (b)
FFT signal during firing test of KSR-III
initial development stage
& o] F& Aol gEAY whlw, 47
724 £3g 97 A8k MR SRAHY
Z(tuning)?} B L5
ollzﬂ .‘::'z:a OHR](LRE)-"]' Q' T_.o o-’] B]
=3 7|15t FAME F ”Lﬁd“(longltudmal)
-\—} 3] v} gk(transverse; tangential and radial)®] &%
BE7t EA8A B0 ) «l?} =% =<
A A4 HwAIEFL olegt S 4
Haleh, wjlEe AXz2 Jdg fFF Ws ¢ AHAY
a2 Tl o % T Az A A
\:}_(4~7)

Aoz APl 5% AL
Folx A% %% FF 7|78 e
nomz, v 948}61 9 H
2 edteAe vE F

o ©

oA 42 T N

b~y
~

gy A7) A= HA R A ojdo] dad
o gPFe AME F Qonz AWAAHL
2 A8 @7t oS fdsn @ £ Qo =
¢ WED ge 2EATY 8% BUA o
Aol PlAe &gstd 54 vdag 2% A
Fe FAME FYAA FFL LI Ford
F dE o= deA Ju® ol o &
% EdH L 4AT shedol w2 WEsEe A
g3, AFHom Ax AP AA HH o)
T+ 2Aste Zo) oo

Y Hx=2 5X %Y KSR-N(Korean
Sounding Rocket-Il) AWL 74e 27] ©hA|oA,
Fig. 1(@% Zo) A’ A2 (normal combustion)”}
FAPHE7} o] AZko] ZE H AgHo=E B
Aste da 293 Ao BSHAD. AT
AL BOAR AL Fig. 1(b)d]l Role niet z
o] 1680 Hz t1 B9 FalFHTE 7tA glon,
ol 972HA ZAE B3 1T (first tangential)
Ze=qo] gt oEs dAd EAAE A
olal7] A% wWZe FFE 7129 AF BH®Y
ZHE ok Ax #HA4F FE oy, ¥E
Zo]1} hub and blade Wl Z9] S 5 #H &
#e} 1T = 0]99 t}
72 gZde digk Y ArE AAHD A
& Aot

olgigt AH = AWM dh EU
Ag Y% 71E Aq711] X}EEH :?Ln Hz=
ZojAe] Mg

r[m
dlo
O‘%
b
[n
o
2
R
i)

Atk B AFo]AE KSR-HI fﬂ 4 )?:}"\Q:
EAE geobetn, e wiZo] AX=HUL o
=% # 5E A¥gHoz mAFozy
HAHo MEE A 5 e AP Y 72
A9l dolg g AlFstuz st

12

o

NE ZAY AFEe Fig 2% Zod, A
1=}
B

A, &3 ZIRR, 23 A AE BEMr=
qEE 4 k. Ay o A2 KSR F
AAozA Az EPCV 2AF Jet 9o

€ 420 mm, xZ BAAY Dot 450
mmolth Azl e daist gl o
LAE AESFRAED, B AFol



18 TG oA - HFA

b u
-
h =

Microphone

Function
Generotor [?
_ﬁ I TETEY] Conditioning Anplifier

Digital Dtnx
Recorder

D ata Aqusition PC
@] —

L 1& = ]

[ TJJ

4dch FFT Analyzer

Fig. 2 Schematic of Experimental Setup

chamber
A AbSE dade EW AAVY oS HiA
5t7) skl B4 NBL AANA P d24L
ALl d4ad =T A dA s=E
AHGSEA @31, Algdel HelE ¢ FA 20
mme §% olaYz AFHAUT. AAHA AE

A 2¥EE Fig 3% 2ok
S MR E 924 Ry ¥ Z=E Ut
Ast7] Ysted AP AMTE =T SONY-SIR
10002 ©]§, B Z(Inter M model R300)Z & =3}
o, 250 Hz o349 A3E TN
horn driver unit(NSU-75B, 75W)& £3 di4
o) FFoc) A top FE HXEY
0°Z 3tgon] welA hom driver:® Al A3

O
)

~ ¥
lo me = rfr

2 ok 190°] YAt dad Wiy g »
E ZA37) 93] B&K 4192 vlo]aEE 37)
60 mm Ao 2 Wjddle, 30° ZHE 22 AA
Foz A3 SAHBGT. H vlo]lazEY
&7 A3ze} ¥dY AlZFE B&K NEXUS signal
conditioner® AAHA 4 AE FFT A& EA7]
(RION SA-79E T3 Zzte] nlo]ld2 o] A3
£ A9 A3z dig Fa¢ T2 FFERHE
oqulo] 33 Fa¢ 4 B FA S A5

S|
=

o t |A

=
it

HAHS KSR A6 713 €A 244
Q= radial blade FE)E 7B o8 5o, Table
] =A® vle}l Zo] radial blade®] Zo)/&o)
4 52 WAL AT hub and blade ¥ E
A2 A2 S ANFPole dAA M
o] gl 718 dadd WF AEeE FHEA

S5 A

o
i
jad
z
oft
lo
oL H‘U
9#
it
N
N
=

> E ojo ni g wE
i dlo
FIF
Hr S
ku

z o
offt J
o
o iy

b}
fo
il

fo

(rt o

2 3o |n %

4 A e

4
_0,1'4
2
)
-
f
i)
rle
a s
ry
e
&
L



dAzARD A2l 4L S AY 19

Table 1 Geometrical dimensions of baffles
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Fig. 4 Acoustic responses of unbaffled combustion

chamber
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Table 4 Damping factors and damping factor ratio
of combustion chambers

Damping factor [%] |Ratio of D.F.
1T 2T IT
Unbaffled 0.867 0.648 1.000
RA-I-a 1.249 1.723 1.441
RA-Ib 1.231 1.800 1.420
RA-II 1.224 1.809 1413
RA-III 1.242 1.805 1.433
RA-ref 1.315 1.796 1.518
Hub-blade 1.417 1.744 1.635

a8y, AwtRow ok 10 % A5 & W 4
oju} wb7 Wik Zo] W] 9% F3 —T—ﬂ%?gl
HslFe Ags nujg Aoz FYPHJYL,
—-5{}5.‘301] A X radial baffleS A9 v

a7d #3 Fa4 Holg YelE o=
Ei, AA dax AEAYE 3A4A wlE9 Aol

A vYehdA g Aoz Jdd"ch

wkH ol hub and blade W59 7o, WA
o] ¥R =Q 1R YA hube) FHE Q8
o F3tg= o)zl wie ZA Jehd, AwrEoe
2 radial baffled] v)3te} T} IR SZRZO O3}
o I Fa4 WHolrt AA KSR HIEdA
UERG 1T mode 349 Zo] 3l Foss
e 23 S4& 3A dsNg = dLe 9
A=

_n

rlr 4z r°i' r{m

33 A2UA R A8 v
[e]

At o2 wiFol 2§ S¢uel 4y AxE
AFgate AAZE 74 ) A(damping factoE F

2 AgE 48 JE9 Zdaes g
271 FAHAE W A7l AE9] 2AHE(decay
rate)ol L}, Ho) AZF o W= Z(bandwidth)E 3}
o JIHE Aok & AFoMe ol Zo)

g dW=Zg 5 ZAJIAE AME
E]» (2.3.6)
f2 fl
fpealz (2)

A7 fua Tl &% ESolHe] FAF
5o, fi, = FA FRaelAY 3gHe
INIHZE SlE R S Holth 2AAR



294

-Ev-ﬁﬂ%(resolution)-%
9 33 Fa5g

[o]

< 0121 “Jcowl o]g
& *l%‘*l YehtE T o
07 patHAY EHTOlD} upetA
0.5 Hz¢ 03125 HzE2 25 4
FRg A3 AP 2A7 ye
w3 gFgtony, 7z mlolg ke ZE HAE F
12 % AZo] Ay gt diEe dgolge
2979 713 &¢4S 92 dBE #A T A= F
EHon, 717 A7) o Za& F3o] 9
A golrr] 3o 7td ¢ A71E 110 dB
A FAsey 2 adst vyepdA ¢48S
g3t

Table 42 Zt 8]E gAiJoMe] & 7|8
0%';%01] g FdEd ZHE&y FrHEE Y
WA Zolt) Table 494 2 4 Q& nuie} Zo
KSR-II oA 7k EA7F HYA 1T Z=9
724& WA radial blade WiZte] ®Ma}go] A
o] 1A vEl o, RA-I 8E 9] 7Hago) 71
Zt1 RA-I-a2] #4]&o) RA-IRT ohdk A Y
Elyte) o] AL RA-l-a7t S 93 W &
Fo tipg 7HAA e AE 1e3tE bladed
Bool tip 4L ZE Aol g feddn &
T 9% Aoz yzZgd. ey o zolst
ANE dolEe a8 AT AUA &7 HE
o) radial blade H]E zlolle AA dA AGoA
olu gl wjEo] AAHE & Aol Holx ¥
S Aoz wad

Bt hub and blade ®jE9) 76"1‘,
o vl3ld 635 % A= TAE
Yol o] AR Ao %%Viﬂ
g o 713 #f2E Aoz dudnh Y
hub and blade ¥WiE ] AA W, & S hub
o] Ar|et wiZ9 Wk ZHo] Fol dig a0
ﬂ%HOE o] Fo)R) ] Ygomz FzAHQ

Jele f2st gon, HAAIE 95l ofd] o

g F71FQ 1yt "Baedd ®I 3% 54

910115, HZo ARNE 93 A7) did 2 A
9 Astglol AHAHE FRFokEE HE 19
3|, hub vixlo] w2 H3} FaA A7) wid
9] £Ao] mAHojoF 3T} JBEZ Ax A%

Kol
=

71

e
=
=

L2~ "0 O

ol e EA4 =¥ FA mHo dAH

-3

- 333
317tk RA-refd] 7S d3 280 799 v
w3 27 9T Aolded, 3 FHY guoh
A debgid olRe da4 A7 soy
HE Aze 54 F oE odd 9B Aoz
Aztg}.

4. &2 B

B d7dAE KSR-IT A3 A #F z7]9
TARE dax ESA A4 AL 9T 7
2 ATEAN Y3 S99 HH wES HF
Fuz FYPHAY FL SF AFY JE 2 A
4 A gl JdF3Hh

Radial blade ®jZ9] 79, EWd dolu w7y
W Zdole Frtel wet Faigrel g9 W
0|7} A& Z7vslgitt. vk KSR-IH AR &
|35t7] A% HY ddAs & zolst FAEA
%ton blade B tipg FE o] & &
gt Aoz BgPc W o] HAHR &L 7
if%! Aide] AEY A2 A4 AgelA UrE}

A4 BA @49 f3 F94U 1T RE
X717 e E e A Fa4¢ tﬂo}

rLr

5]

LA

= 7]'Z0L & 0% 3}"—" 7‘]0] ‘ITE]BI'E.E hub
and blade BiZo] 7}F #Ed oz oA
Iy o] ex dA Ay 2 Yt % 59
a2t HH e Fol LOSMok Q.

B ATNAE A 2 43 dadolA 3
2 g% Age WAL FudH Agez =4
stol, 712 dadel 2% 54 2 2 WE
Yol e &% 54 ws] oe AP 4T

Hog £33 ch o] slte I AA hud
and blade B &9 ALS B3l KSR A3
Az BUAA A4S 93] AAFoZH,
KSR-II <179 AFAQ BAlo] 714319, 1
gy Bo Ax 2 7|2 g9 nEL 94611
blade®] /i R FF Tl i A77 AR

g Fol glon, FF 2ot A% ¥ AT xJ

Asjojop & Aol

B AdFE= #8783 e] “KSR-I EA]”
o FF7NedTIY X“—W—T‘a%%ﬂﬂ “2AAR
di7] YAREVE AL dFe dFEo=Z



AAZAAR d2AolA g FE T A 23

Fasglon, old FA=guth

11a]

2EH

(1) Harrje, D. T. and Reardon, F. H (eds.), 1972,
Liquid Propellant Rocket Combustion Instability,
NASA SP 194.

(2) Yang, V. and Anderson, W. E. (eds.), 1995,
Liquid Rocket Engine Combustion Instability, Vol.
169, Progress in Astronautics and Aeronautics,
AJAA, Washington DC.

(3) NASA, 1974, Liquid Rocket Engine Combustion
Stabilization Devices, NASA SP-8113.

(4) Yoon, M. W. and Yoon, J. K., 1997,
“Combustion Instability in Liquid Rocket Engines,”
Journal of the Korean Society for Aeronautical
and Space Sciences, Vol. 25, No. 5, pp. 183~
189.

(5) Wicker, J. M., Yoon, M. W, and Yang, V.,

1995, “Linear and Non-linear Pressure Oscillations
in Baffled Combustion Chambers,” Journal of
Sound and Vibration, Vol. 184, pp. 141~171.

(6) Sohn, C. H. 2002, “A Numerical Study on
Behavior in Baffled Combustion
Chambers,”  Transactions of the KSME(B), Vol.
26, pp. 966~975.

(7) Sohn, C. H., Kim, Y. M. 2002, “A
Numerical Study on Acoustic Behavior in
Combustion Chamber with Acoustic Cavity,”
Journal of the Korean Society for Aeronautical
and Space Sciences, Vol. 30, No. 4, pp. 28~37.
(8) Zucrow, M. J. and Hoffman, J. D, 1977, Gas
Dynamics, Vol. 1, John Wiley & Sons, Inc., New
York.

(9) McBride, B. J. and Gordon, S., 1996, “Computer
Program for Calculation of Complex Chemical
Equilibrium Compositions and Applications,” NASA
Reference Publication 1311.

Acoustic



