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An Acoustic Analysis for the Determination of a
Simulating Duct and for the Suppression of Combustion
Instabilities in a Flight Model Gas Generator

Hong Jip Kim* - Seong-Ku Kim* : Yeoung-Min Han** - Hwan-Seok Choi*

ABSTRACT

An acoustic analysis of a fuel-rich gas generator for the drive of a turbopump in a liquid rocket
engine has been performed and the length of a duct has been determined by comparing the resonant
frequency of unstable acoustic modes to simulate an flight model gas generator. A practical
short-length simulating duct has been determined by considering 1 or 2 wavelength of the unstable
modes. Length adjustment of duct to turbopump can be a method to suppress a combustion instability
problem by decoupling of acoustic mode and combustion characteristics. This method has been set up

and validated with acoustic analysis and hot firing tests.
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Table 1. Specification of a Gas Generator

Specification

O/F ratio 0.33
Total Pressure [MPa] 5.78
Total Temperature [K] 900

Total Mass Flow Rate [kg/s] 44

Diameter [mm)} 95

Molecular Weight [kg/kmol] 27.00

Specific Gas Constant [J/kg-K] | 307.92
Specific Ratio, 7y 1.121
Gas Density [kg/m’] 20.85
Sonic Velocity [m/s] 557.4
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Fig. 2 Schematic of a Gas Generator only

60
s0L Bulk
40fF

30F

Amplitude [Pa]

20F

10

0 l 500 1000 ' 1500
Frequency [Hz]

Acoustic  Characteristics of Gas
Generator only

Fig. 3

SAALA 7] WEe JbA~ EAX = Table 134
Zon, o] }e FFEH & 54& Fig. 39
TAIEE T 2 & 4 slke] 170 HzollA
Zb2 A7) WE fAe bulk X, 1387 Hzol
A 12 2 1F 2x=L)7F Yehdoh

Ja A 7S ARES TE ALARelANE
Fig. 49149} 2] 1275Hz HEolM AAERA

ol BEHUTHE. ols ST A}
nas Bokg W, 13 ¥ S¥R=AM A

ZTAEE dons Ak
I AaxAFAAM Y TR Fug Aol vt
A7) R FH EAQX Aold 9s) 7|03}k
ALR, FE olfr= 7tawArlY By da
Ao <3 uEY FEuke Ay wEow oA
Atk 2 BAe AAIE[12, 13]dME B8 3}
Ll Brhsker, st
AN ol

Amplitude [bar]

Frequency [Hz}

Fig. 4 Waterfall of Frequency Response
Characteristics in a Firing Test of Gas
Generator only

54 7E2EA v MY AAE(A HAFL, U
A AFs g2 HElZXe Ee#de »% o)
nsfof o] ok B 9F HT A YoM
FMol Aol Eujas X8 AFstr] Bule,
o]2 ®mAlSE HjBL ML= Aol YukE o
TH4, 5. 2822 JdALENHY 22 d4S &
Hl2 ®2ALEY] fEiME Relds BER nEd
SEFAAS T B A= AR mAblE

v
< AAEE

Aol WA o2 Ak

32 FuiEAA e A5
H) 3§ FRA| 2o A h2mAA 7= Fig. 590



HoH H[3& 2005. 9.

HISE JtAgd)| DA =&

p ]
e
B>
I
ro
0
=
2
il
40
£
o
09,‘.'

S A1 5

Mt o] xR HoAe FHS T3 HEY
29 Z gl Edol=d BulAz e widsg &
Fog JdZEY d7|A 87 i@ Fol WA
B REA~45E)] HHle FEs] A8 A

T 7\(starter)7} YAt FEoZ ZAutozm o

&

Distributor

Fig. 5 Geometrical Configuration of a Gas
Generator and Distributing Duct in
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Fig. 6 Acoustic Characteristics of a FM Gas
Generator
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Fig. 7 Amplitude Contour of Acoustic Fields in Flight Model Gas Generator
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Table 3. Equivalent Axial Length for
Simulating Duct with respect
to Possible Unstable Modes
6L 7L 8L

FM | 1167.5Hz | 1378.0Hz | 1524.0Hz
Ly | 1241mm | 1212mm | 1223mm
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