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Study on Standards of Combustion Stability Assessment of
Liquid Rocket Engine Combustion Devices

Seonghyeon Seo* -+ Kwang-Jin Lee* : Hwan-Seok Choi*

ABSTRACT

The present study describes the methods and standards for the combustion stability assessment of a
thrust chamber and a gas generator as parts of a liquid rocket engine. The first method uses a
statistical approach through typical static combustion tests and the second one a dynamic assessment
identifying decaying characteristics of pressure fluctuations excited by a pulse generating device. Based
on accumulated test results, it is concluded that the maximal values for combustion stability are 3% of
a chamber static pressure with a Root-Mean-Square value of pressure fluctuations, and 10 msec with a

decay time.
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Table 1.

Criteria  for Static
Assessment

Combustion  Stability

Symbol

Assessment value

Reference
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Fig. 1 Typical Example of Increase of Pressure
Fluctuations upon Combustion Instability

raw signal

filtered signal

Fig. 2 ldentifications of Peak to Peak Magnitudes of
Raw and Filtered Signals

Fig. 3 Photographic View of a Pulse Gun
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Table 2. Criteria for Dynamic Combustion Stability
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Symbol | Assessment Value Reference
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Table 3. Test Results for Static Combustion Stability

Assessment
Value
Hardware Symbol %) Note
thrust chamber#1 1.0~2.6
thrust chamber#2 0.77~1.97
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gas generator (30~10,000
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gas generator
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Fig. 4 Schematic of Estimation of a Decay Time

A: 7.11 bar at t1 = 15.01066
B: 2.66 bar at t2 = 15.01375
to = 15.01027
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Fig. 5 Estimation of a Decay Time with a Powder
Mass of 1400 mg and a Chamber Pressure
of 51.9 bar
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Fig. 6 Estimation of a Decay Time with a Powder
Mass of 1800 mg and a Chamber Pressure
of 514 bar
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Table 4. Test Results for Dynamic Combustion
Stability Assessment

Hardware Symbol | Value (msec)
thrust chamber#2 t <35
gas generator t <26

Table 5. Criteria for Static and Dynamic Combustion
Stability Assessments

Symbol Name Value

) Root-Mean-Square of
Dl ) 3%
pressure fluctuations

L pulse decay time 10 msec

s
-
9
>
fr
~N
rix
ieS
Mo
i
_@4
s
rok
Al
ook

ol o 12 of

[
Root-Mean-Square #t°] 44 S+ 3% ©|
He B Aol M e AdsH
Brbe o wd gl os] g 3

i)
N
N
AN
flo
o
Y
N
9,
L o
:?l_',‘
>
e
el
I
E>"

o [ oft &= off o 2 N

g
Tog dAHglen FF ANE =2z <
& AR T Al AREE ool

b0

ik]
MO
e

1. Harrje, D. J. and Reardon, F. H. “Liquid
Propellant ~ Rocket NASA
SP-194, 1972

2. Oefelein, J. C. and Yang V.,

"Comprehensive

Instability,"

Review of
Liquid-Propellant Combustion Instabilities
in F-1 Engines," Journal of Propulsion and
Power, Vol. 9, No. 5, 1993, pp.657-677

3. H&Y, A4, o]48, "KSR-I HA|F31A
2 QA AL d=F0Ees ], 2184,
3%, 2004, pp.75-86

4. A, 99, AIEF,
H oAAda/ AR ZAAN AaFA A
HM)-Ax7)) d=FEFEIA, A37E,
105, 2009, pp.1027-1037

5. A4, A4E, A9E, 2289, ‘59 0E
7 AAta/ARA 2N
E0)-7t=2A 7)) d=deF
#, 105, 2009, pp.1038-1047

6. Klem and Fry, Guidelines for Combustion

Stability =~ Specifications and Verification



Meded - 0

2l -

£ 4

10.

11.

Procedures for Liquid Propellant Rocket
Engines, CPIA Publication 655, 1997

Priem and Breisacher, Combustion
Instability in Liquid Rocket Engines, chap
8, ESA WPP-062, 1993

Sutton and Biblarz, Rocket Propulsion
Elements, seventh ed, 2001

MARE, 11974, o1B3, AR, olFE, “H
AZAMN Ad 84 BI7FE AT 4H
wg FH 54 A7, d=FTTFoA
A|314, 7%, 2003, pp.94-99

Dranovsky, Combustion Instabilities in
Liquid  Rocket

Development Practices in Russia, Progress

Engines: Testing and

in Astronautics and Aeronautics, vol 221,
2007

MR, #9Y, BLE, o1, AFH, 9
B, by, A, “AA2A A4 2
F ALl AeAP FHFAF A,

A107, 43, 2006, pp.40-46



