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Effects of thrust chamber conditions on its acoustic modes
and their damping characteristics
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Abstract; In order to determine whether acoustic characteristics obtained in cold case in
engineering can represent .those'in actual cases, acoustic modes and their damping character-
istics of thrust chamber were investigated under three conditions: cold case without flow,
hot case with flow and turbulent two-phase reactive case. High-amplitude pressure oscilla-
tions featured with multi-mode acoustic characteristics were excited by imposing numerical
constant-volume bomb into a limited region at the steady flow in a thrust chamber. The
damping rate of pressure oscillation of each acoustic mode was evaluated by decay time and
half-power bandwidth, thereby damping capacity of each acoustic mode was obtained. Re-
sults showed more acoustic modes were excited in cold case than those in two hot cases. The
decay times in cold case were longer than those in two hot cases. Moreover, pressure oscilla-

tion of each mode in cold case decayed slower than that of the corresponding mode in two hot
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cases. For the cold case, the amplitude of the first tangential mode was the greatest for the

most inspirable acoustic mode. The half-power bandwidth of the first longitudinal mode was

the smallest for the most difficult mode to be attenuated. For the two hot cases, the first

longitudinal mode was the most inspirable acoustic mode with greatest amplitude and the

most difficult mode to be attenuated with smallest half-power bandwidth. Judging from main

acoustic modes excited by numerical constant-volume bomb as well as relative damping char-

acteristics, investigation on acoustic performance of thrust chamber in the cold case was rea-

sonable to reveal the acoustic performance under the real condition.
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Fig. 1 Schematic diagram of thrust chamber
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Fig. 2 Pressure oscillations and their frequency

spectrum analysis in case 1
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Table 1 Acoustic modes and their damping characteristics

of thrust chamber in case 1 (T,=3. 33 ms)

S8 BUE Kt
PR Y 1L 2L 1T 1TIL 2T

i /Hz 2700 5100 6200 6900 10099
A/Pa  2927.3 1562.7 3721.0 2461.2 2870.6

Af./Hz 106 295 148 190 455

R2 Case2 PEENENFFRERHERSE
(T,=0.59ms)
Table 2 Acoustic modes and their damping characteristics

of thrust chamber in case 2 (T, =0.59ms)

ZH B % vt
i 7 1L 1T 1TIL 2T

B/ Hz 8500 20099 22598.9 32598

A/Pa 10598. 1 76195 3435.5 4157.5

Af./Hz 450 1687 1237 3598

R3 Case 3 PHENEZMFFREREHBHFNE
(T4=1.02ms)
Table 3 Acoustic modes and their damping characteristics

of thrust chamber in case 3 (T,=1.02ms)

¥ BH K

$ik 7 1L 1T ITIL
Wi R/ He 7599 15199 18099

A/Pa 32235.6 12971.2 11312.5
Af./Hz 788 1350 2527

SRR, WA i A R A B R o R YRR 23
EUE 7 O S B VRO 0 R T
PR 3 DA 3 5 7 A R DU IR O BGE b . R T AR
14 b Rt b o 23 VR T W00 7 O BA e & A Ak
AEXT 32 Bl i 77 A BE AR AR . (HIR R AT BB 5
PR AT RS W R R IR . B AR SO
ToU g P 7 0 5 i B A H PR O Bl 2
LiliLR

T I (B J) B T 1) (B A8 25 SO T R T
Uit Bl PSS T 3l A i U A AR R T 0 R
KT ZWE Iy, FERBAE 1L LT M
ITIL A, W& Tou g Tolrh o N IR %
W I R, A AR B T i e/ . B A TR
B Lo R ) R 5 g T RS TR A R B A
PRTLEH SE N TS, Al L BT K
AR SR B S A R S g ok B R KM
PRARF 2E R RB S AL FL KM T HE I B 75 2
FRAE

H A SORE AU 4 4 ) 28 2 B R ) 34 A 3
PLHE S 2 A P ARAE : O RAT /2 4R AE
W i R R RS AT s QA K AL, A
F 1 7R R R AL L L TR B R R N A AT
LU . X B R R T O A 4R B AR 1L ik YA
RN ZEAETER RS W B A AR K 25 5, 7E V% B
LT R 1L 75 2R B 6 22 0 3500 HZ, AR
B4 11599 Hz, B AR BR BRI R 7600 Hz, AHXF 1L
P A 3 S BROHAth i Y 5 U 4 g 2 0 o, DA i A A5
TS 2 PR A A AH X 5 55 7E V2 AR B R AR AE 2
S BV 5 WO R B 22501

3. &

ARICIE T HE ) B8 BT s IR S VSR
R U 2l i L PR AR AR B IR 2 T R 2 4R R e B
JEFEYE . 3 A A MR A AR A T it I B E A
SRR MR BE 2 1 IR AR 3R T R IR (AR 4
PE e 4% 57 » FLAE 45 1k 30 2 05 RE A8 AE — JE I 1]
NEBBEENT 100 RSPy ER. 5T
P 0 s 3 IR 5 3R A T HE D A A P A AR R S L B
JEFFIE AR LR 458

D) & 25 J0 U SRS B3 1 7 2R 4R L
PAETO PR 2, Ho 1T 3 869 i T 9% 95 Jo )
A0 IR B R R B B T WO S S R 5 1L PR Y Y
T 73 41 55 T8 Vol i 18 DAy e M SR P o AR AR 5 i B
T s T3 4% ¥ T2 0l L AR B iR 2L B



511

1

54 A 7 RS HE R 2 i B M BH R AR B R R

2455

2) AT oA 1L IR B fe 8 oy WO AR Y

TRV 5 X Dok P 41 2

3) IS O AR T T 4% v 2 PR T8 A5 JE TR

B T FF AR A 2 4R B B~ 58 R T &80
=) M VT

O RAEFM TR A ME S B EE R K H

R X S R P 24 RE A% 5 FRRAE 4 ) = HLSE AR 2%
(SRNOIEE R

S 3k :

(1]

2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

HARRJE D T,REARDON F H. Liquid propellant rocket
combustion instability[ M]. Washington DC: NASA,1972.
YANG V, ANDERSON W E. Liquid rocket engine com-
bustion instability[ M]. Washington DC: AIAA,1995.
OEFELEIN J C, YANG V. Comprehensive review of lig-
uid-propellant combustion instabilities in F-1 engines[ J].
Journal of Propulsion and Power,1993,9(5) :657-677.
REARDON F H., CROCCO L. HARRJE D T. Velocity
effects in transverse mode liquid propellant rocket combus-
tion instability[ J]. AIAA Journal,1964,2(9) :1631-1641.
CULICK F E C. Some recent results for nonlinear acous-
tics in combustion chambers[J]. AIAA Journal, 1994, 32
(1) :146-169.

ZINN B T. A theoretical study of nonlinear combustion in-
stability in liquid-propellant engines[ ] |. AIAA Journal,
1968,6(10):1966-1972.

KIM H J,LEE K J,SEO S, et al. Stability rating tests of
KSR-ll baffled chamber using pulse gun[ R]. ATAA 2004-
3364,2004.

KIM S K,KIM H7J,SEOLI W'S,et al. Acoustic stability a-
nalysis of liquid propellant rocket. combustion chambers
[R]. ATAA 2004-4142,2004.

PARK J . H.SOHN € H. On optimal design of half-wave
resonators for acoustic damping in an enclosure[ J]. Journal
of Sound and Vibration,2009,319(3/4/5) :807-821.

KIM H J,CHA ] P,SONG J K, et al. Geometric and num-
ber effect on damping capacity of Helmholtz resonators in
a modal chamber[ J7. Journal of Sound and Vibration,
2010,329(16) :3266-3279.

KIM S K,CHOI H S,KIM H J.et al. Finite element anal-
ysis for acoustic characteristics of combustion stabilization
devices[ ] ]. Aerospace Science and Technology.2015,42;
229-240.

[12]

[13]

[14]

[15]

[16]

(171

(18]

(197

[20]

[21]

[22]

[23]

[24]

SEARBY G,AURELIE N, HABIBALLAH M, et al. Pre-
diction of the efficiency of acoustic damping cavities[ ] ].
Journal of Propulsion and Power,2008,24(3) :516-523.
FARSHICHI M,MEHRJOU H,SALEHI M M. Acoustic
characteristics of a rocket combustor chamber: radial baffle
effects[J]. Applied Acoustics,2009,70(8):1051-1060.
HARVAZINSKI M E,ANDERSON W E,MERKLE C L.
Analysis of self-excited combustion instabilities using two-
and three-dimensional simulations[ J]. Journal of Propul-
sion and Power,2013,29(2) :396-410.

SHINGO M, JUNJI S, YASUIRO M. LES of high fre-
quency combustion instability in a rocket combustor[ R].
ATAA 2013-0564,2013.

ZHANG Huiqgiang, GA Yongjing, WANG Bing, et al. A-
nalysis of combustion instability via constant volume com-
bustion in a LOX/RP-1 bipropellant liquid rocket engine
[J]. Sciences China( Technological Sience),2012,55(4);
1066-1077.

WANG T S.CHEN Y S. Unified Navier-Stokes flowfield
and performance analysis of liquid rocket engines[ J]. Jour-
nal of Power and Propulsion, 1993,9(5) :678-685.

HIRT C W,AMSDEN A A,COOK ] L. An arbitrary La-
grangian-Eulerian computing method for all flow speeds[]].
Journal of Computational Physics,1974,14(3) :227-253.
PATANKAR S V. Numerical heat transfer and fluid flow
['M7]. Washington DC: Hemisphere,1980.

T T kR, B BT RUE E A I 1 R AR A
FEVEDFZ (1], HEHFHE A . 2018,39(2) : 366-373.

QIN Jianxiu, ZHANG Huiqiang, WANG Bing. Investiga-
tion on acoustic characteristic of thruster with numerical
constant-volume bomb method[]J]. Journal of Propulsion
Technology.2018,39(2) :366-373. (in Chinese)

QIN Jianxiu, ZHANG Huigiang, WANG Bing. Numerical
evaluation of acoustic characteristics and their damping of
a thrust chamber[ ]J]. Chinese Journal of Aeronautics, 2018,
31(3) :470-480.

CREMER L.MULLER H. % N 75 % 8¢ i1 5B e H g
(M. EZ=, 3. 1 W% i piat . 1995,

BUFFUM F G.DEHORITY G L,SLATES R O.et al. A-
coustic attenuation experiments on subscale, cold-flow
rocket motors[ J]. ATAA Journal,1967,5(2) :272-280.
WEBERSTER S, HARDI J, OSCHWALD M. Measure-
ment of acoustic dissipation in an experimental combustor
under representative conditions[ ]J]. Journal of Sound and
Vibration,2017,390:39-54.

(%% . vt %\F‘iﬁ A% )





