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ABSTRACT

Establishment of Basic Design Criteria on Passive Control Devices for
Enhancement of Combustion Stability in a Rocket Engine

by Lee, Jungy
Advisor : Prdfim, Jae-Su, Ph. D.
Department Aérospace Engineering,

Graduate Sdhob Chosun University

The objective of the present study is to estabtish basic design criteria on passive
control devices such as baffle and acoustic-caadtyenhancement of combustion stability in
a liquid rocket engine.

The first method is to use a baffle of the passstabilization devices in order to
ensure the combustion stability. In this study, wdl wse a baffled injector instead of
typical baffle. Acoustic damping induced by gap oéffled injectors is investigated
numerically, which are installed to suppress pres@scillations in a rocket combustor. The
previous work reported that the baffled injectol®veed larger acoustic damping with the
gap between injectors. It is simulated numerically this study and its mechanism is
examined. Damping factors are calculated as aifumaif gap of the baffled injectors and
it is found that the optimum gap is 0.1 mm or sor Einderstanding of the improved
damping induced by the gap, dissipation rate obulent kinetic energy and vorticity are
calculated as a function of the gap. Both paraset&ve each maximum value at the
specific gap and especially, the dissipation rats the same profile as that of damping
factor. It verifies that the improved damping mdae the gap is attributed to the increased

acoustic-energy dissipation.

— viii —



The other method is to use an acoustic cavity aelinkbltz type resonator, in particular.
The acoustic behavior in combustion chamber wittouatic cavity is numerically
investigated by adopting linear acoustic analysisonF the numerical results, tuning
frequency and geometric factor of acoustic cavitg dound, respectively. Although
acoustic stability is ensured from cold conditiorasgproperty will be changed by
inflow of gas product in acoustic cavity during ambustion. hflow of gas product
increases gas temperature in an acoustic cavity lambs about change of sound

speed. Accordingly, acoustic cavity is redesigned Hetter tuning.
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Table 4. Gas Product Percentages (Mass Fraction)

cavity P T C12H23 co co2 H

1 1320743.83 3050.37 0.0 14 % 36.1% 0.1%

2 1322794.52 3310.78 0.0 31.9% 30.5 % 0.1%

3 1327544.11 2762.74 0.0 1.6 % 29.5 % 0

4 1326117.16 2972.11 0.0 7.6% 29.4 % 0

cavity H2 H20 0 02 OH AAE A

1 0.2% 18 % 23% 24 % 5.5 % 100 %

2 0.5% 22.8% 1.7 % 6.9 % 5.4 % 100 %

3 0 11.4 % 0.7% 54.9 % 1.9% 100 %

4 0.1% 135 % 1.2% 452 % 3% 100 %
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Table 5. Gas Constant and Specific Heat Ratio

Gas Constant, R G C ¥

dlo
%
of

260.0243 1559.408 1299.383 1.2001135
277.7618 1648.537 1370.7758 1.20263113

dlo
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248.274 1425.103 1176.829 1.21096906
254.51 1472.191 1217.68 1.209012175
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Table 6. Sound Velocity on a Each Acoustic Cavity
[unit : m/s]
Sound Velocity g 1 =g 2 Sy 3 Sy 4
a 975.65 1051.64 911.386 956.313

a = 911.386 ~ 1051.64

el &4 911.386 m/s ~ 1051.64 mitol = WA €S & 5 9rl 9o
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Table 7. Tuning Frequency on a Each Acoustic Cavity
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