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ABSTRACT

Experimental Study of Acoustic Damping Induced by

Gas-Liquid Scheme Injector in a Rocket Combustor

by Haksoon Kim
Advisor : Prof. Chae Hoon Sohn, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

In a liquid rocket engine, the role of gas-liquid scheme injector as an
acoustic resonator or absorber is studied experimentally for combustion
stability by adopting linear acoustic test.

First, acoustic behavior in a rocket combustor with a single injector is
investigated and the acoustic-damping effect of the injector is evaluated
for cold condition by the quantitative parameter of damping factor as a
function of injector length. From the experimental data, it is found that
the injector can play a significant role in acoustic damping when it is
tuned finely. The optimum tuning-length of the injector to maximize the
damping capacity is near half of a full wavelength of the first
longitudinal overtone mode traveling in the injector with the acoustic
frequency intended for damping in the chamber. When the injector has

large diameter, the phenomenon of the mode split is observed near the

- viii =



optimum injector length and thereby, the acoustic-damping effect of the
tuned injectors can be degraded.

Second, acoustic-damping characterisﬁcs of multi-injectors are
intensively investigated. From the experimental data, it is found that
acoustic oscillations are almost damped out by multi-injectors when
they have the tuning length. The Ilength corresponds to a half
wavelength of the first longitudinal overtone mode traveling inside the
injector with the acoustic frequency intended for damping in the
chamber. But, new injector-coupled acoustic modes show up 1in the
chamber with the injectors of the tuning length although the target
mode is nearly damped out. And, appreciable frequency shift is always
observed except for the case of the worst tuned injector. Accordingly, it
is proposed that the tuning length is adjusted to have the shorter

length than a half wavelength when these phenomena are considered.
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Fig. 2 Coaxial gas-liquid scheme injector
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17 Acoustic-pressure responses in a chamber without injector
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218 3kS B) 1l d}o] table 1

IL 1T 2L ITIL

Theoretical 414 Hz 524 Hz 667 Hz 677 Hz

Numerical[19] 405 Hz 548 Hz 714 Hz 766 Hz
Experimental 407 Hz 558 Hz 716 Hz 774 Hz
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RA7le] 7ol mhe 23 74 HIE 7+4] 2 RH(damping factonZ 4 F3}she] 3
2 537} Actm Bad & Yo 2 xR
A (D3} o] EAHY o] & o] §3te] TI 22N AE table 20] LHEF AT 433
o} A¥RS WAL W 2HAR @l A9 AAFL wo] FUTh

_f2_.f1 (7)

Table 2 Damping factors in a combustion chamber without injector

Acoustic modes 1L 1T 2L 1TIL
Numerical 1.44 % 1.00 % 0.98 % 0.89 %
Experiment 1.49 % 0.90 % 0.56 % 0.83 %

ASE ¢F 2= T 7 A8 222 43 1T (A 1 HA Zof i@
BAL7) dolel mhE 73] EFE FA5Y] st F 7EA BA9 dolE M3 A
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Fig. 19 Acoustic-pressure responses near fir for several length of /,,
= 0, 150, 302mm in a chamber with a single injector of d,,

= 7mm
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Fig. 22 Longitudinal acoustic oscillations within the injector
with open end and the elongated injector with closed

end at injector inlet
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Fig. 23 open end condition vs closed end condition
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Fig. 24 Acoustic-pressure response near fr for several lengths of
lye = 0, 150, and 295mm in the chamber with a single

injector of d,,, = 14 mm
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Fig. 25 Acoustic Frequencies as for several diameters of d,, = 7,

14 mm in the chamber with a single injector
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Fig. 26 Damping factors as a function of injector length at 1T
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Fig. 27 Damping factors for several diameters of d,, = 7, 14,

and 20mm in the chamber with a single injector
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Fig. 28 Acoustic-pressure responses near f;7 in the chamber with
two injectors of d,, = 14 mm and a single injector of d,,
=20 mm (/,, = 300 mm)
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Fig. 29 Damping factors as a function of injector length in the
chamber with two injectors of d,, = 14 mm and a single
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Fig. 30 Damping factors as a function of injector length with
boundary absorption coefficients of 0.002 and 0.005 (d,, =
14 mm)[19]

FAR e dy = 14 mmE A A7) 3L, - 7FA] & Al 9(absorption coefficient, 3)
0.0029} 0.005¢] wE WAL7] Aojo W& ZHAAE Fig. 300] YeRHRACE 5= 0.005
d 7t EAF] HollA SR FESET AAE] Ere AL v o=
A3 B2 BAZIE FERSE A A dolvt HF 72] Ho|z2HE Hold

5 3=00027t 4 W B4 3 =10.005 Z47t 2A dojdE & F Aotk AW,
3 4ol Ly = 300 mmo)] F83l= AFfolle W g=00029 wrt 72 a9t o

= vEtsth o] 21d F A= Figs. 28, 29¢] & yElUQITH 19

Aoz, wng §Y7E o] &3 Aol F EAIZE AFEHE ARG Ao
22 EA17E | Bl ZFAEHE Ro] &3 #47t o AHHelet= AE AA L

olel @ ol f = <lal F @

e

_'—\il LH. 24 H‘ 0280/0% 7}'_/“ !\;4 dm/ = 14 mm " k}'7] " ’H 7}'

FREE 37t d = 20 mm GAEAE FEREE AR © 2 an) 9

_31_



44 O AR RS Adadel SR

441 A ZAA H B

AA dzloly AANZAALAY] FS EA71EA F9 7jo] EAM)7} Z&En.
olg] gt 49l o] FEAL7|o gt FEFS dolry] f& vy FAMIZE FERE A4
Aol g A2 FAFE FP3ATt. 5 FAAA AHEE 241719 AdE
2] 7} B.Y| o] E(PC, poly carbonate)o] ¥, # 72 27 mmo|t}. PC¥H-S A8 T KA}
7 ZAE dade o 2SI AE S YA, 54709 PCHE 0| &7
ARZ17 EE dAaAdd dE SFAAaHE =AY Fig 31, 322 A44 #4}
7|Hel e PCe] ujdd v EAZIE FFRT AR AH e AFgeolth

o
~2B &)

outer diameter of
loudspeaker =120 mm

Fig. 31. Configuration of injectors mounted to
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Fig. 32 Schematic diagram of acoustic-test apparatus with multi-injectors
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Fig. 33. Acoustic-pressure responses near f;r in the chamber with
two injectors of d,; = 20 mm and a single injector of d,, =
27 mm (/, = 300 mm)
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Fig. 35 Acoustic-pressure responses in chamber with multi-injectors

dAe] 2 A9 BF FH-7Y 9 A7 FFEo] E8HEE g B
A7 ZEE dade] S8%3 S-S 2AEIAY. daddd 54709 BA)I7F F
e BAM1EA v &2 27.8%0] 9, EAZIHAA #A7] e o3 A AAH =

4 = 0.2780]t}.

ALAd WHZ random noiseE 7 F ohgFd Aol I SFIHS
Fig. 359 vjeliol A7) Ao)= 0 mmo| A BE 1A71R] A3} Fig. 3590 A
Y SYZTHEAC d24o FEAHE FA]9 Zolo B2 4L e AL B
T Ut ol SFEH S A TFNA FAEHAD g FA] 9 v $- =
b= AS 892 & = Ak Ly, = 302 mm = (1/2)Ao A Al 70 F3}4(384, 470, and
594Hz) & 7}A| & peako] EA &S B 4 Q) z}z}bo] peake| amplitudeE /,; = 0 mm

d e} vuwa] B FHolHSS A & 5 Atk vy FAE ZFHSE B

= (I2)Ad e} ZASHs peake] S4& &EQMeHy] 9ske] 4 @A) (function

_35_



generator)-S o]-83to] A & 1l & el (sinusoidal)?! sine waveE A}-8-3to] loudspeakers o]
gape] 22 WHE AR ARtk AAT] FAEE 384, 470, T2) 3 594HzE T
48k, Ly = (V)2 ] LA == peake] T3 Fap¢ FY3HA A F=Ao. Fig. 36 7}

Ad ool Me A2 $F $UNE Aol P} WAPR B3 FH ko]
U Zlolth e wWgsh wANFYHE BgRE BHEoERH (s
longitudinal)®@} 1T(Ist Tangential) E=¥ & 3te] Q= 7[Eo|Eo2HE A &
2 & 4 AUt A uk, Al HA peakql 594Hze] 39 v EAZ|7F FAHE B$
A= BT Y -%aiaitd N2e REZ FARUG 2aA Fig 3504 el A%
#ol ¥ AT FoHFE 594HzE VM §9] ¥ S$H¥E FASUTG. I1 dx
594Hzo| A B stE SF BEEE 7€ EAFA ZPd M2 FHE RAFn
9tk

Fig. 35b Wt wrake] X & 29 1T moded] S-S 7}
o] & RYELTE BH EA7]¢ da
UEldE 2AE Bt dad9 EAY JTEES =E 5 FEolA 4H e
Z(node)7t HEo] A Aoltt. o] & o]
Al deziE HoldaE Frlste Aoz FAUASUT 59Hz A M2 REE
71E9] Aol EAsE 1TIL mode AR, & Aoz A HA. o
A% BAVS} dade AdE REES BAY] dF ITIL modedt H20, ITIL'Z
73 oA @ 558 dAPe 24T Al FEA g o) AAR
T A& @ 4 AT Fig 1920212 HA5HE @ RAIE 338 A2 9
SRIAE SR A5A80] YEbe odF A9 R} 2 47} glvh 94U @
B4 BA7IS dxde] 4BAE WAL U8 BAF AREE ASAAT T
& @ % Atk theel BATIZ RAHE A9 BAVY 2R WRut o, = 10 ®
gt HH EAIS A4S AdEo, A3Agd i PHUY SFR=
ARRAIA 2 Aotk AxtFer, 49 "HHIF SR A A &HEA
REZF A2 BAIZE Fete BAbEC A 448 Aol

ol

kr

M -‘3
qO

¢

e

of

_36_.



12
r by = 300 mm RS SN
10 F ,_‘_—.l—_‘:; =
! e —o—1L (384 Hz)
8 A -ty
3 o S “/‘v s s 1T1L. (594 Hz)
‘g‘ °T A-w"—A/ \‘o\\“ -
o -~ .
4'- D\D\ \)N~\ -
3 D\D\D o
2} \D\
L G\D
BT S SN SO N |G (S U [ S P W S

0 1 P
0 30 60 90 120 150 180 210
Distance from faceplate [mm]

(a) Longitudinal distribution of acoustic-fluctuation

10
—o—1L (384 Hz) ., = 300 mm
-0--1T (470 Hz)
BF s ATIL (594 Hz)
| 2 L ‘\O #
o 4 4\ ¢ T, R v
Q_—_, [ .", % ,Q_D—D’éﬁ—a—u_D‘E\T"Q\D—D—D—D S, ;
5 4 Fc-a—g-t\\‘t’ vl W Nl
F %% h o4
2 - .‘\. ‘\ /’ \\\\ ‘/ "‘I
v A A h
A OF WP A
0 ..L.Jf.‘#,Al.glL.\j.‘x+,
0 45 90 135 180 225 270 315 360
Degree [°]

(b) Tangential distribution of acoustic-fluctuation
Fig. 36 Spatial distributions of acoustic fluctuation responding to

each sinusoidal excitation

_37_



BAN ] Ly = INA ZAE SFSHE Ly = (I2DARTHE oFspAwt 2A717E %
A e AT A BRo} Hold e B & Qlrh o @9 $97)7h W

F 987 Eo A& GoAAY, 2 99 q& do] B F4 AU} Hojung e

AL RoF3 ). olete w2 Aadd FFHEHE g FA] by = (1A%
Ly = GOAE Was) B¥ TR F3k57} o) e AP woFA % gdon, &
Ggyrel 7] Ee A SobAA] & B 7 ek ol HAle ool s &

guto] A7t doljd Aol ofel, el A7l FFer Aj FF AYAI} &
A7 s ojd] AAkEo) vEeld Adggtn B 5 vk AfFH oz B9
ln/ = (1/4)/\9]' lln/ — (3/4)/\3 ZP'}E}L‘ ’-?— pUs A}‘7]M 01%3]' 7L—)£ ﬁl’]’% (}C‘% '}1': 31

2 Eah
= >
N
£ 3
9 g
g 5
o o
& c
350 0.00
0 100 200 300 400 500 600 700
Injector length [mm]
Fig. 37 Acoustic frequencies and amplitudes of 1T, ITIL*, and 1T2L*
modes as a function of injector length in chamber with
multi-injectors
@, Axd ohe] AL AgEel ek H5% ¥ mui Bl

gxFR5o] G VAT g BAIE FREE A B B2 dolg 3

_38_



o

7l e SZSHY A7 BA7] Hojd whE Fi WMsHE e djofdtt &
Ab719] Aolo] W& &3 §¥ FHFE Fig 379 YepAS. EA7IY 4, = 0
mmol| X F7+el wel fr3e Fugel FolEN, SF SR A e AopHn 5
3 wag ZelQl I, = 300 mm F-Zol Edabd, FAFISE FA8A Watsian

SF8H A7 = FHolRt). o]& #AL7] Hol7t ZojHel| @t 1T mode 7} HA ¢
A 7t AL oustu], HA Y L, = 410 mmE ol AW ghAE 714 wo} Alet
Atk BA) 9 Ly = 0 mmel| A F-E F7bebE BoF A2 REQ) ITIL'S 7]Ee IT
B f 28 £ B SHSHIAVE /AL ZANY by = (1/2)A vIE2 ¢
A A EA GERdTh BAR 9 Ly = 270 mmoll A F3HEE figr = 625Hzol Al A&
Ehch BA7le] ZAolrt Solyde] wek 1TIL o) Yehts Faes e Fa 9
Qo g Waten, SaFSHe A7|E Ly = 430 mmol A 7HE AA YERdh BARY)
dol7t a7k ZAF A} 2L FE9 ITIL o] 44T E & 2=9 1T2L

2let.

e
+

o] & AEoz Yehtes AS

w »

N

Damping factor, n [%]

—_

rAAALlLA PUNPEET U BRSNS U U T U AU USSR NSNS U 'Y

0
0 100 200 300 400 500 600 700
Injector length [mm]

Fig. 38 Damping factors of 1T, 1TIL* and IT2L* modes as a
function of injector length in chamber with multi

-injectors

_39_



Figure 382 1T, ITIL*, 18] 1T2L* & Z4] AAE EAL7] Zold o3 =
A el Rojd. Fig. 3804 B EAMY] Hojof wr& 74 dae g &1 4
QA EAL BAFa Jut. A E, FAY] Holrt E8sby AT A3 1T

F Atk ojgkE & ITIL*9] AS Z7ldE 2 #& /AR, £AH7] 2ol
430 mmE 71¥o 2 g FUEe A%E 2dFn Yok BF O IT2L* o A&
ITIL*3} f-AM A3g BgF3 Qi)

Fig. 380) A1 BAF7)9] Uy = (I2AREZ A ITIL* B¢ 724 1A7} IT RE
3 ArRGE ZAA delds A& FEokgrh el 2dute o] 52 EE
ITIL*, 1T2L* 2 th §A1717 FF ol d4a43 dAE] Yyehye BZEo)n,
21719 Aol FEAQU AT 7|E Holur} Folof sttt AL ot} &
d BAE A A 3 52 dold (1) olgte A AddATh A,
o BAZIZE AR EE A9 BA7le HF $x ol FAH o ok dt. kst
71E&o] At HAY (/2)AANA A QA7 e A2E BA] @A ZEZE dEY
7] w&olt}. Figs. 29, 3022 7¢ HZ o Fx HAolg Wity Holntt =& &,
24 A&7t @A JERtE BA] dA REE 98 5 9lE dojolth. Aoz
A7 AR EYE s Z1A-GA8 BA7e gAds] ety FHsIEA9
& o, 9 BAIGA AW vy dojre o &L 2
12 F&AAT Frhs 3]
g BEA7E FEE Qi A ol mE 7k REo FA
Foll W& T2 F5E Fig 39¢] Vel 1T Fa57F A4 3
o}, ITIL*, IT2L* B T3 F347} &0 03 2235 38 E3] (12)A, 1A
A Faas G430 WS B ¢ Atk BA7] ol Wl iE N2 =
=] AT Fuf wste BAIZE FWrIEAMY d8S §y] wielrh 1 A

(A )

M

o]

pe}
mlo o

2

£ A
ol

[«3

o

BAZ1S] Aojrt HHor T2 HUS W FFERY VS TA A, Fis
T3 FAsA WAAT dAW, BAV7 dF 5z do|rt ofd A FH4

9 ws qeon, gFsH A% 2A YuIE ¢ F Yk

_40_



ASHF AR

245 AARA AA-AA FAA 2FE FAAE BAE 55Y BA7
qud Atk 553 BAIY A4S Wby ¥9sl9 gesk mssez, sA-
iAY 2719 HAT HAE B A F TR AL F U8 2
bstol, B AolME $AU]Y FWYIAY 4B 4YSFATE B AT

1

At

BAIE AR e AR dadel U $FIHE S3d], FAF S
zyzte]l reeo] EAS #FQTl(406 Hz : 1st Longitudinal mode 559Hz : Ist
Tangential mode) AAAo] ©al BAZZF AHsE A% e 49 AHue] o}
g 9% 24 2%E ASAL, o8 ARLPH &% 74 At Adz u
Bibe H1 Bl dole 4eed APezRE A% 7 mm EAII 3
£ A% 3025 mmolw, A2sE Aol mE dd WAN Frhske A4S T
347t AR EEE(mode splity o] WASAT BAY 4@ WHuE B
3ol WA= BAY) Aol 490 4TS Fr AR IAANG. T &
"AN2 BA2E 22 wiANAY SRt 99 WHNE ngAT)E
$ BAIY o] BESE Aadeld ASE ¢F 4B o adHoz
4 AZ % Atk old® A%E U 9 AL FAAE B w4

A7 24 237 Yehen, BAYI7} webd 3919

Aee HAstT

Ug BAPIE BREE A9 BAS dadd dA RE AYoE A% A
o B2 AolE W Aoluth 27 A alok, 7 QA Wl Ve 24

BEE 9% 4 At Aololth ARHoz £BE BAVI} FEHYnE

AA-AA wA7)E Ads Wi TH712AY ABE T & glovh B
AN A sty dolurks FH & Aolz F= AAck wrke A
olch.

o,
i

o

o oY

4

4G 53

e

e

_41_



A8 ARZA BAZIZY g FHVIEZAY A8E FAT F deS FAA
o g v BAPIE FREHE A dadd EAbiere S@E AAA
(acoustic coupling)S 7} + UdE AL FAsATt o BAP) 7 ZF2REE A
S BA7L Heolrb Aol wet 7 I3 Fugvl A&Hor Astn WA
do] ool ¥4 E3rt HHez veEue As A3k wng 2o
A A dA REQ ITIL*REVE A2 A4ESE ¢ 4 AT IT Ad 2=
o] ¢ vrabg ZAd FAHm, Fagrt A4S A dstd oy, 9] JgelA

ez}
3 5 08¢ FAANCD, BAIY AT AARAI 29 BHAE B3
Q249 £FPH AHE AL F 98T ¢ 5 YA

_42_



Y
o
A

il

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

. Ducruix, S., Schuller, T., Durox, D. and Candel, S.: "Combustion Dynamics and
Instabilities Elementary Coupling and Driving Mechanisms," Journal of Propulsion
and Power, Vol. 19, No. 5, 2003, pp. 722~734.

Huzel, D. K. and Huang, D. H.. Modern Enginecering for Design of
Liguid-Propellant Rocket Engines, Progress in Astronautics and aeronautics, Vol. 147,
AIAA, Washington, DC, pp. 113, 1992,

. Keller, Jr., R. B. (ed.): Liquid Rocket Engine Combustion Stabilization Devices,
SP-8113, NASA, 1974.

. Kim, S.-K., Kim, H. J,, Seol, W. S., and Sohn, C. H.: "Acoustic Stability Analysis
of Liquid Propellant Rocket Combustion Chambers,” AIAA 2004,Paper 2004-4142,

. Kinsler, L. E., Frey, A. R., Coppens, A. B., and Sanders, J. V.: Fundamentals of
Acoustics, 4th Ed, John Wiley & Sons, Inc., NY, Chap. 2, 2000

. Kim, H. and Sohn, C. H.: "Experimental Study of role of Gas-Liquid Scheme
Injector as an Acoustic Resonator in a Combustion Chamber,” Journal of Mechanical
Science and Technology, 2006, Vol. 20, No. 6, pp. 896~904.

. Ko, Y. S, Lee, K. J, and Kim, H. J.: "dcoustic Tests on Atmospheric Condition in
a Liquid Rocket Engine Chamber,” Transactions of the KSME(B) (in Korea), 2004,
Vol. 28, No. 1, pp. 16~23.

. Laudien, E., Pongratz, R., Pierro, R., and Preclik, D.. In Liquid Rocket Engine
Combustion Instability (Edited by Yang, V. and Anderson, W. E.), Progress in

Astronautics and Aeronautics, Vol. 169, AIAA, Washington DC, 1995, pp. 377~399.

_43_



10. McManus, K. R., Poinsot, T., and Candel, S. M.: "4 Review of Active Control of

Combustion Instabilities,” Progress in Energy and Combustion Science, 1993, Vol.

19, pp. 1~29.

11. Natanzon, M. S.:. Combustion Instability (Translated by Culick, F. E. C. in 1966),
Mashinostroyeniye, Moscow, 1986.

12. Oefelein, J. C. and Yang, V.. "Comprehensive Review of Liquid-Propellant
Combustion Instabilities in F-1 Engines,” Journal of Propulsion and Power, 1993,
Vol. 9, No. 5, pp. 657~677.

13. Sohn, C. H.: "A Numerical Study on Acoustic Behavior in Baffled Combustion
Chambers,” Transactions of the KSME(B) (in Korea), 2002, Vol. 26, No. 7, pp.
966~975.

14. Sohn, C. H., Kim. S.-K., and Kim, Y.-M.: "Effects of Various Baffle Design on
Acoustic Characteristics in Combustion Chamber of Liquid Rocket Engines,” KSME
International Journal, 2004, Vol. 18, No. 1, pp. 154~161.

15. Sutton, G. P.: Rocket Propulsion Elements, 6th Ed., John Wiley & Sons, Inc., New
York, 1992.

16. Zucrow, M. J. and Hoffman, J. D.: Gas Dynamics, Vol. 1, John Wiley & Sons,
Inc., New York, 1977.

17. Sohn, C. H,, Kim, S.-K., and Kim, Y.-M.: "Effects of Baffle Designs on Acoustic
Characteristics in Combustion Chamber of Liquid Rocket Engines," KSME Intl
Journal, Vol. 18, No. 1, pp. 145-152, 2004.

18. Newland, D. E.: Random vibrations, Spectral and Wavelet Analysis, John Wiley &
Sons, Inc., New York, 1994.

19. wolM, “ofA ZAAY 24 S Pl BE FHF @7 AU U

A FTIF T AT, 2005.

...44_.



Ao 2

A FE S8 FHY EEOA zokd vbgS dEnA ok gisrde 2d
olgte Azt Tt A @Z}ﬁi‘:}@ g ¢ A" 4 Y ¢ ddsUth A 2d §
ot AA AL FEJPA ANSIYFUTH 53, AA writk A Po] Hel F3U
A AR ES A e AR ol9 3, EANYE FHES YA AYI dobd 7 A=
g dFAdsyth

o] AN 713 ZAY] vlgE EHSIT AL AR L, 553 A SutgAE 3
FRd F—"‘?JL]C} & 538 Ao Brde] vhgS Xd ¥ & U&7 Aol
FUth olAlof L& e B A4S S48 FA L.

o, o} =] }%“;’}‘4‘4- a8l AU oL

Rrodo] 553 A FHGE, dAUY A 8] ol dnde] UFUH

& 25 5% dndo] ££& MU A7t oAl olatA dAHE W, A

< AA FHG.. A, A a5F Zdvle. 24 g F$AH D, vy
. AF7HA A5, aaO}ﬂ] Aole oy, FOg olxx grm, e AMM ok

g zgof AF7AA AzE £33 A A=d F A@Zoka.

& 2UA A =E Y27 M AA B2 EEE FN EA4E 2ad
AAE =gyt dAY A2 RS Falok A7 W& AYHLE Wo] Holof
PEUoh 2 et AA ARG A E FAE R A A=yt agge] A
A FA w74 L professionalo] = Tol2 FHE F UL A THUY. o oY
9] ojmpFolets A HEln TR A4S /MR RE 4& 39 §Uh

EE AALE A8 FF74A 4541 A5 vhabE A E YT SRR AA FA

d

Zt% 2 AFolate Fobo) e A el AL B & JA AL sk AAL
AYLFE gol A AASF n5d ZAEHYLL AAY AR sy B
A7F B 5 QoA FEIAEFUTS dAY 287 AFolgds BES o=y & o, A
A 2Ee F49 A9 asdAs o] &g U] At w4S =HYth A4
ge 7teaes A FAY afd, oAy 3sd, adn RAET nyEdAE FA
2 =gy

3dojete 494 *g%iﬂ 2ol Y ojMo], FARL BHS HHA Yo A Y
9 25 Ao HUWD A 2ot e mekg). dAEo A 21 de Ao =F
S Wol FX BIW Fdol, APAdAM Z& d& £ go} 3= FHe, 3dolee
NzZHE Y B 84S Ags 2ol & = SlolA EAY

T2 A8 d9, 7Y =99 Y& =Ty, HAF Ao Solzt ¥ EAl
g, FUolE F2 X2 HAS Yo AL WA A2 &5 =A sl 9%



4, pARE Bgo ANVHE Rohee A Ath w4 AYAY , 35, FY,
29 42 fow FAT AAY e st HolE 44, 1
; 9. vl e Qe Fol Pt FFol ¥
=9d 48 954 NURI Abglere) o
E‘auu} we wRE Be A 2R 3
=g Y2 AT GF)
Mo, A3 FRE Pl AR AP, A5Gl dde] T Uw
z;m -s—ax}aol F Az AT 29 Fde], HiF) gk A,

& AT, o5 2T Hskol 52

o) AL 2ol Y Apu e BE A

AN G4 g A T e A0 2ol BFY, 2
s

- oft X
O.,.J H.I
Y
o gt
R
S~
>
ul,
%)
L
o
L
.
ot
X,
ﬂ¥'4
*-rd
m]m

oot

LIV < T o P AR R

° e Z o b @y o

tlo ol
HN
o =
ol
i:!
v
>
rlr
°1~‘
r.&
93:
N
R
oX,

Ao heg AU S AL B4 o), A4 oAelih, B A B
ﬂaur ARG AEFFANZD 1At o)A F ofole] Yt ohuirt A SAY 3 <t
Fu, 282 FRTH FHFNARE FAE =HUG S e s, B
L SEolAE F& At U 7]&?&‘4‘:} e °ﬂ A madd, AFdd e
ZA 28y A=, Fuld A, AE, Fah A, A, fts QAE st
AsUth &S0l A7l Lﬂfi}ﬂi}“ g ol zﬂxi’“l%‘:‘r
AR A Agste A7EC JdFHUD dAY £F7 FTol FEE Y, £
A AAFE Biolet Bele 48, ¥y 4L 5 e &9, 2dx dAY 4%
o] Gl & Ao oA mvt-& Adtz dgynh A7 AR FHE A2 9l
ol ISt AL myrh. AU 2ol g FAR, A W& EET WY EIY
ok U] gel A EEF A7 HAE AW, 7 B9 o dupd 2@ ), AF
T oM FHolAE A FhEE A3k
AFE ZeA 42 3}51 AE TFI(p E FARE %01 7l 8), EP‘I A 7%

S| AFAALE A vhES AP
Aol Qe A 7 o2 T‘i—:fc 34 A, vFAAE aepg A 2743
A R B, o AEd 2 elE AdAE 2vky wvEE AT
A PET AEA A %}%‘4\?} oA A7} AAsHE vhEE& JHAF & Al E
o] ol e, goZ A7 Bt o] vl HA & 1A SE ). o
2 BT A7EAL BE do] o]Fox 71A%T.



	목차
	LIST OF TABLE
	LIST OF FIGURE
	NOMENCLATURE
	ABSTRACT
	제1장 서론
	제2장 가진 신호와 신호처리에 대한 고찰
	2.1 연소실에 대한 고찰
	2.2 음향학적 실험 방안 및 장치
	2.2.1 상온음향실험장치
	2.2.2 FFT 프로그램 및 음향센서

	2.3 가진신호(random noise)에 대한 고찰
	2.4 신호처리(signal conditioning)에 관한 고찰
	2.4.1 주파수 분해능
	2.4.2 신호의 평균처리(signal averaging)


	제3장 음향학적 고찰과 이론
	3.1 분사기에 관한 음향학적 고찰

	제4장 측정 및 결과
	4.1 연소실 공진주파수의 이론적 특성
	4.2 연소실 공진주파수의 실험적 특성
	4.3 단일 분사기를 장착한 연소실의 음향응답
	4.3.1 직경 7 mm인 분사기를 장착한 연소실
	4.3.2 분사기의 열린 조건과 닫힌 조건과의 비교
	4.3.3 14 mm ＆ 2O mm 분사기의 음향학적 특성
	4.3.4 동일한 열린 면적비를 가지는 분사기의 음향학적 특성

	4.4 다수 분사기를 장착한 연소실의 음향응답
	4.4.1 시험 장치 및 방안
	4.4.2 PC(poly carbonate)를 사용한 단일분사기의 음향학적 특성
	4.4.3 다수 분사기와 연소실의 상호작용에 의한 음향학적 특성


	제5장 결론
	참고 문헌



