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Abstract

Application of combustion stabilization devices such as baffle and acoustic cavity to liquid propellant rocket engine is
investigated to suppress high-frequency combustion instability, i.e., acoustic instability. First, these damping devices are designed
based on linear damping theory. As a principal design parameter, damping factor is considered and calculated numerically in the
chambers with various specifications of these devices. Next, the unbaffled chambers with/without acoustic cavities are tested
experimentally for several operating conditions. The unbaffled chamber shows the specific stability characteristics depending on
the operating condition and has small dynamic stability margin. The most hazardous frequency is clearly identified through Fast
Fourier Transform. As a result, the acoustic cavity with the present design has little stabilization effect in this specific chamber.
Finally, stability rating tests are conducted with the baffled chamber, where evident combustion stabilization is observed, which
indicates sufficient damping effect. Thrust loss caused by baffle installation is about 2%.
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Table 1. Resonant frequencies and damping factors in
unbaffled and baffled chambers.

unbafiled hu:;?f;ide

natural IT 496.8 Hz ‘gg;} i{)z
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Table 2. Operating conditions for firing tests (FT) and
stability rating tests (SRT).

chamber injected mass flow
No. pressure r(z?t/ iIZ) rate [kg/s]
[MPa] LOX RP-1
| 1.38 2.34 40.90 17.50
5 FT 1.17 2.00 337 16.9
SRT 1.17 2.00 " "
3 FT 1.17 2.50 35.6 14.2
SRT 1.17 2.60 36.0 13.8
A FT 1.59 2.00 455 22.8
SRT| 1.72 2.00 493 24.7
s FT 1.59 2.50 48.0 19.3
SRT 1.72 2.60 52.7 20.3
Table 3. Chamber and test specifications.
dura- | Acoustic Cavity
Test | Test y Installation 1?:::?}2
; ion -
No. |Regime| [y=520001=36,000| ftion
time 3
mm mm’
1~8 | Firing | 8sec | Installed
9~12| SRT | 8sec | Installed
13, 14} SRT | 4sec Installed
15 | Firing |28sec
16 | Firing | 19sec Installed /
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Fig. 2 Measured and specified operating conditions in firing and
stability rating tests.
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