BFALAEFYI REI0FY )H £ SHFUL ALY, oo 145~ 1460,

Hg 5849 $% 4Bl Fogy

0 %1"3 _t?.-r’ 71:} 001:-@“
Tube Shape for Highly Efficient Sonic Compressor

*Young-Doo Chun and Yang-Hann Kim

ABSTRA

When a tube is oscillated at a resonant frequency, acoustic variables such as density, velocity, and
pressure undergo very large perturbation, often described as nonlinear oscillation. In order to analyze
these phenomena, nonlinear governing equation has been drived and solved numerically. Numerical
simulations were accomplished to study the effect of the tube shape on the maximum pressure we can
obtain. The tubes of cylindrical, conical, and cosine-shape, which have same' volume and length, were
investigated. Results show that the resonant frequency and patterns of pressure waves strongly depend on
not only the tube shape but also the amplitude of driving acceleration. The degree of non-linearity of
wave patterns was also measured by the newly defined nonlinear energy ratio of the pressure signals. It
was found that the 1/2 cosine-shape tube is more suitable to induce high compression ratio than other

shapes.
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FIG. 1. Geometries of test tubes: (a) reference tube
(cylindrical shape), (b) tube I (conical shape), (c) tube I
(172 cosine-shape), and (d) tube III (3/4 cosine-shape)



Table 1. Resonance frequencies of test tubes

(unit: [Hz])

1° 2 3 4 5
Reference | 381.4 1144.0 1905.4
Tubel | 489.1 | 850.8 | 12150 | 15832 | 1954.4
Tube Il | 560.1 | 854.0 | 1190.8 | 1556.5 | 19298
Tube IIl | 6149 | 9409 | 12519 | 15957 | 19585

(" : fundamental resonant frequency )

Ay g F8 Fig. 19 FEE g F9F5
& od&3) REA Table. 1 3 Tt} o] FEE A
2 dolo ¥t A, 72 %‘f&%ﬁ%?% Fu
of gabol wel A G, 499 FEY 7
7t A @A Jepdd =3 *;1%! o Fuo A
& G Ho] WA g7 wEd, FE Uy u
A FHEFgre 7R %L‘%‘;Fﬁ}‘rmr &y

(harmonic) @717 Jort, dwtH oz wHo) W
e FHY A9E 2¥A @u.

3-1. RASI): Mell &2
Fig. K@)ol 71&% A oz
r(x)=0.0275  for 0<x<02 unitfm] (5)

o) WA EL 2T Fig 2& FH YE Eudy
day ¥ F715Ude) YHNBEA, Fu &

= L
B+

=7F ZbZh 10 m/s?, 50 m/s?, 100 mis? e AU E zt3
THFIGrE JIRE Ao, FYFEHFE IF
381.4 Hz 24 7t&=9 Avjeh A4#glol A

AgS B

315

ato}ff

&

Pressure [kPa)
w
8

00 05 70 33 20
Time ()

FIG. 2. Pressure patterns predicted at one end of the
reference tube at resonance during two cycles when the
amplitudes of driving acceleration are 10 m/s%, 50 m/s?,
and 100 m/s.
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FIG. 3. Simulation results of tube I (conical tube) for the
driving acceleration of 100 m/s?, 200 m/s?, and 300 m/s”.
(a) compression ratio at small end, (b) pressure pattems at
small end at resonance
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FIG. 4. Simulation results-of tube I (1/2 cosine-shape)
for the driving acceleration of 100 m/s?, 200 m/s’, and
300 m/s®. (a) compression ratio at small end, (b) pressure
patterns at small end at resonance
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