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Damping Characteristics of a Helmholtz Resonator
Under the Flow Area

Jaegang Song* - Youngmun Kim* - Youngsung Ko** - Sunjin Kim***

ABSTRACT

A Helmholtz resonator is applied to control high frequency combustion instability in liquid rocket
engine. Damping characteristics of the Helmholtz resonator are investigated by the flow characteristic
and its design. To simulate combustion instability, resonance in a test section(with fixed volume) is
made by a pressure pulsator, and then damping characteristics are investigated. Its orifice length and
diameter are selected as the design parameters and flow rates are varied to reveal the effect on
damping characteristics. The experimental results show that a Helmholtz resonator is also working
with flows. When length and diameter of an orifice are small, the tuning frequency increases as the

flow velocity increases.
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Fig. 1. Schematic of a Helmholtz Resonator
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Table 1. Orifice Size of Helmholtz Resonator
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Figure 2
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Figure 13 2
74 M7 E 2 mass-spring-dashpot system.©.

i

N

Labview= A}

qF

DAQ-Board (NI-4472)E A

oA

gk

o ¢

il

<]
=y

& qlek ole

o

)
N
o
10®
Bo

T
Jo
T

7U

il

il

"

of
o)



~2 oEEs YWRY 5 £E7 27 A
[4]o% olte], 9elu2 WHdAe] UF Ay
o esiA AESE A6 oa A7) 2ol
0§ RARY ALl paFozA SwTe F

Dyrfamic Dynamic
Pragsure [ essura
Sehsor Sensor
+
2

0.4 T T T T T
\ w/o resonator
——D12L2
D18L7
Pressure e 03l ] i
ensur _
g 02|
g
<
01 |
3. &y Znt
_ B - %00 ,4:;)4; : TR 6007 650 700
ﬁ%?’l— 1:]]—9,]— %O] /;‘:!‘6‘:4'_‘9: .‘?—r_]:l_ @_‘?‘_9] X]Zt-]oﬂ Frequency[Hz]
Ao % 54 T ZAE dHol¥E FFT FRF Fig. 3 Pressure 8.60 barg , Flow-rate 18.72g/s
& &3 FAF siglen, o Fatd A=
T fEed E Fug SHEAS A3 04 ' ' ' ' '
w/o resonator
= , ——D12L2
) \ —— D18L17
Equation 1& &9 74 w7l FS mass 03 \ .
-spring-dashpot system2Z 7}t &, SFF g \
odTa yRe] £5 &£xo BF Ao Uy o | -
9 Aolth el Aol YW em  E A
2~ YHE fF £&d 9T F= 82302 2F o1 | / \\ R i
T Qrelnel itk e Hxo] os) W AARANUA
yae oA A B s2E 3 e
400 450 500 550 600 650 700
&£ 5 ZAFOZA ol AT F Utk FrequencylHzl
Fig. 4 Pressure 2.41 barg , Flow-rate 5.06g/s
PSS Ea 1
YT Ry i(wMT Kw) (Eq. 1) 04 : : : —
w/o resonator
D12L2
—— D18L7
Figure 3~62 FXH WA Table 29} Zo] 03 .
ZF(HFE)S HIA7IEA, o] mE FoF § F)
FE54S g Aot e Azs} 2o g o) ]
S50 e AolE SFT 9% 74 & £ I
GE BAT + Aok A, 2 Aols) A _
7ol #e DI2129] Afele AFE F3H 2%
T S57F S71EeE 28 (tuned) T30t T e ——
400 450 500 550 600 650 700
LEZIFI)OZ o)FdE ol FJFUG. Frequency[Hz]
oA ST YT Holet Ao #HS Fig. 5 Pressure 14.2 barg , Flow-rate 30.14g/s



04 T T T T T

w/o resonator
D12L2

— D18L17

03

02| | B

Amplitude[a.u]

600 650 700

0.0 =— L L
400 450 500

550
Frequency[Hz]

Fig. 6 Pressure 14.4 barg , Flow-rate 49.75g/s

Table 2. Velocity by changing flow rate

flow rate | velocity | flow rate | velocity
(8/5) (m/s) (8/5) (m/s)
18.72 0.5152 30.14 3.0686
5.06 0.8756 49.75 5.0651
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Fig. 7 Damping ratio by changing flow velocity
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