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Analysis of Liquid-Propellant Rocket Engine(KL-3)
Unstable Combustion Characteristics of Vertical Installation

Seong-Up Ha* - Oh-Sung Kwon* - Jung-Ho Lee** -
Byung-Hun Kim* - SangYeop Han* - Young-Mog Kim*

ABSTRACT

To perform combined tests with propellant feeding system and engine, which were developed
for KSR-III launcher, vertical test stand was organized and a series of hot-fire combustion tests
were carried out with engines of several injector faceplate types. In hot-fire tests in vertical
installation, combustion instabilities occurred right after ignition with an engine without baffle,
and such combustion instabilities did not occur at ignition and during mainstage operation for an
engine with STS or composite baffle. Irregular and temporary' pressure pulsations(popping) were
detected during steady operation with a baffle engine, however a development to combustion
instabilities with resonant mode was highly suppressed by baffle. With a series of tests, it was
confirmed that the last developed engine, which has composite baffle, was operated successfully

in KSR-III flight propulsion system.
x =

KSR 2AHIE 9ste] Age 34718 379 A0 0@ AANGS skl £33 A
A7t PEAQeH, Ao WA Ao Fe] ool AGelN HF g A
e ARe FA BAR Q4B BASHLD, STS WET BTN WE AAY B9 W5l
o 2oty Wl daF BUR ALEHE JAHYUT NS0 Y AW FF FFALF
94T G ggel dAHes AHdoy, NEl d6) §84 EA% A ey daso)
ool 2s AAPe FAsAT ol A AYL Tl BFA MBS AAE AF AL
3 Aol MBS KSRIN #2784 2H0 24 THE8E + 988 B2 + A

Keyword : 94 A3 (Combustion Test), ZH N2 (Rocket Engine), $%17]# (Propulsion System),
A8 A¥7| (Vertical Test Stand), ¢ d2 (Combustion Instability), B]G74 AHHF
(Popping), ¥l & (Baffle)

O 2002 119 179 H4 ~ 20023 129 29 AArgks
F %llﬂoij.—?—, BT FFA T2 (Control Systems Department, Korea Aerospace Research Institute)
FA7BIE, 3= F T2 7Y (Propulsion System Department., Korea Aerospace Research Institute)

-



M6 HM15, 2003. 6 EFHOAL HFYFIR SAUAT(KL-3) S HASHH 25 A3 19

.M B

dutH oz AANZAAZI ] HEHHANA=
Az AANELES EHsy] A9 A ' G4
A 38 AY, A FAF3HEAL%S) DA
2 9% FAY AY, A 2"Aee] A
AL 3 FxEA £48 AE 5
FH 2 dxAEE FUsA dn o3 o
Aol dxshdady Fo £3Y ALANFL 2
Ao 5LdE FEEE THAE FAA FHEA
A 2®l 27004 FyHA GE ¥ ol dF
o A= YAA S Ze FHo| ofd FHOE
Ax=7) Wil st ® 43 HolFd &3
Ze g T AA FAA A &
273 & 2318 4¢ F Ak mekd EA
Aol e ANEAHE sepstr] A% 4y o

A go] FsdlA =uw, olo] KSR-(Korea
Sounding Rocket-IIT) A Ao HEH= F3F
FAE AHEES FEAS Az AAANES
F33A HAch

Fig. 1. KL-3 Installed in Vertical Position
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Fig. 2 Combustion Test Cyclogram
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injector faceplate injector faceplate injector faceplate
without baffle with STS baffle with composite baffle
(a) (b) (c)

Fig. 3 Injector Faceplate
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Fig. 5 Comparison of the Results of SRT and Popping of Baffle Engine Test
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FAY drAgelre A
« H3 ZA Eord w4
Fg4
W Eol gl A% - AYHJAEE A FH AL AFHE
- AFEH AF(E3) chugdta EE)o] nF3d EdAL f%
o
STS vl &9 3¢ - AAEJA(FTEAL) o] A3 R AAFHEt HAYSA] B
(316SS) « B33 ¥4 -5 (popping) A
SRA NI BE L asram@Eudsl 28 2 9ATEES TAHA 2L
e o |+ 274 geasel Bassoy 1 $2e STS WEAA LY
mgs FEAUwd - v FEA FHUASAIE Ao 5%(10 psi) " gl A E)
FARE AR Bolen Atk FE#HS A 3.8
A48 dad dEAFS 479 AA4A
(¢F 005 2)& 71AH ZFAHo] HALH, 2 A KSR-III #ALH A48 ¢J3te] v|ggoz 7Y
59 Ivle WYEs uste A FAHAHIA Wy Z2TFAYG KL3 d3S A% 38
k. A HIA AN AaAddAe Wiy ZE NE71E FAsY A2AEE FRs
o Ae FHPFAE KA FE& YElE S v BAPoze] A4 FFA ATFAH Az
#ol3 vl glew, o]F ZAR AZsY BHH of Ao Qs A9 HIAFTE F
B AP A9 dAAME wyE=oAg By NP7 Aok t2A v e, o2
FAFeRA Aol oF 20 %ol siFsle AEol A3t =AY A7 AdaAFAA WHE
GG S Aoz F3Y 5 Aok =3} AF o] gl A= Mol 93 B At
o A% AW ¢k 170 g A= dFol HAIA YelE #@40] #Asnh ol EtAdAA
ok A HIIAIFN MY #2F AlFr] 9 K AAE 9Aste] 7] ALE WES FFS dAE
FE5L AW AEo] g 74 54 =2A A3 AAaA o] FAEAL, HE g A
oEstng & U AL YXFA ¥t Sholl o3 AaEGAH IS dAEE ¥l
234 wjE AW AHS-olx poppingo] 1+ Ak =3 wZFo] FAE A AR FelA
Hog BA Aoz wolu 1 AV|E FEI Adds F AATFHeR 4E A 5 (popping)©l
ol AT FFLS YA Ao, wWEe 9Itd FIYR=E THA
19 AEAAY AFAE I Fe st By dady 2o A3 AAHAU
= 53] WA 08 HAFHAE EFA AR
& uATH gHA Bl BAHNE Ao,
I A7) FRI A FEolRey, dAA st



K6z H15, 2003. 6 FHEAHNAL HHFZIH SAUT(KL-Z) S HASL( s 37 27
8T3EE A AEoly ANES 45F & UA 2. Vigor Yang et al, "Liquid Rocket Engine
o} Combustion Instability,” Progress in
olz1d dde AYE FIld EFEA wEE Astronautics and Aeronautics, Vol 169, AIAA,
e HF ALE Qo] wPE KSR 3= 1995
A7l 2oz FAAEEE 5 U5E I 3. David T. Harrje(editor), “Liquid Propellant
g 4 Ak Ricket Combustion Instability,” SP-194, NASA,
1972
4. "Liquid Rocket Engine Combustion 'Stabilization
z y]| Devices,” SP-8113, NASA, 1974
5.8 49, B A4, 4 94, KSRII A%
2 A7 HeeRdA Ag8 53T Az AN AEAY,) aRFAFE
BAAQ 39y HEA JNLEAFY(KSR-ID” =&4 59 43, 2001
9] dFEYEe wIYL. oEE BHNAE AY 6. Seong-Up Ha et al, “Determination of
S f3 =& oA &S BRE AFa oA Cyclogram  for  Liquid-Propellant ~ Rocket
A =EHY oL Engine,” The Korean Society for Aeronautical
& Space Sciences International Journal, Vol.3,
No.2, Nov., 2002
= L 7.8 ANE, A FE, gFTol FFE =44
A daxde ST MY, F=YET T
1. Dieter K. Huzel and David H. Huang, =53, A 304, A 43, 2002
"Modern Engineering for Design of Liquid 8. 7FAdd 9], “KSR-III Rocket F77]FA]A
-Propellant Rocket Engines,” Progress in 9 2EAAHY & 2L dF A 33 57
Astronautics and  Aeronautics, Vol. 147, UALA 7 AEAS =83, 2002

ATAA. 1992



