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ABSTRACT

Swirl injector with multi-stage tangential entry was analyzed to suppress high-frequency
combustion instability in Liquid Rocket Engines. In order to analyze the effect of swirl
injector as an acoustic absorber, swirl injector was regarded as a quarter-wave resonator
and it's damping capacity is verified in atmospheric temperature. It has a finite mode of
vibration and natural frequencies which can be tuned to the natural frequencies of a model
combustion chamber. The interior air core shape of injector is more stable in the case of
using the swirl injector with multi-stage entry than with single-stage entry. Also, when the
swirl injector with multi-stage entry is used, tuned-injector length for unstable mode is well
agreed with the calculated length. From the experimental data, it is proved that if the
interior air core shape of swirl injector is stable, the fine tuned swirl injector can decrease
the unstable mode of model chamber effectively and increase the damping rate.
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Fig. 1. Model swirl injector with single stage entry
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Table 1. Specification of model injector
Designed Frequency | Target
|_. .
oy ] [Hz] Mode
1L
40 ~ 165 497 ~ 1400 1T
1L1T

& \\Vater inlet

Adjustable Length

Min : 40 mm
Max : 165 mm

Tangential Entry

Fig. 5. Model swirl injector (a)lnjector assembly,
(b)Single-stage, (c)Two-stage, (d)Three—
stage, (e) Four-stage entry Injector
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Table 2. Resonance frequencies of acoustic
mode in model combustion chamber
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Table 3. Tuned

injector length of 1L, 1T, 1L1T mode with flow and without flow condition

. . Flow condition with | Flow condition with
Theoretical Ly |No Flow condition| . .
Mode [mm] Lo [mm] single-stage entry multi-stage entry
" Ly [mml[7] L [mm]
1L 117.6 117 185 128
1T 108 111 170 124
1L1T 78.9 80 78 80
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o Lomezmm  p 1T Table 4. Damping rate of 1L, 1T, 1L1T mode
[ = === Len-128mm
S0k Target Flow L Damping
e mode | condtion | = MM Rate
2 or chamber 0.0051
2 ¥ 80 0.0160
&°r No Flow 11 0.0145
gk " Tuned 117 | 0.0168
g | 62 0.054
£ wf Fow 80 0.061
i 123 0.064
0 — 760 — 7:30 EE—Y Tuned 128 0.092
Frequency [Hzl chamber | 0.0033
(a) 1L mode-tuned injector 80 0.0082
No Flow Fned 111 0.0174
) - 117 0.0139
'_100:_ = = = = Len-123mm 62 0016
ra Flow 80 0.029
o sk Tuned 123 0.054
@ ®F
§ | 128 0.043
é 60f- chamber 0.0017
> No Flow Tuned 80 0.0136
§ 111 0.0093
e 117 0.0120
£ b
T 62 0.034
0 A . | Flow Tuned 80 0.044
Frequency [Hz] 128 0.031
(b) 1T mode-tuned injector 128 0.029
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