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For e = 2Ly + L) /((Ly + 2L, + L) f,) (2)
RIMGHT [ A e B Ly BER AT B, 8 3 Fo 3 AT L R MG & A A 34U T
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(a) Hartmann &z (b) &A=
(a) Hartmann mode (b) Global mode
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Fig. 13 Two types of propagating routes and their corresponding modes for the sound waves
generated by the oscillation of gas flow in USGA nozzle
F2 MIRIEM S, £, [, BEATTSAF Ly KEARLES BT I [RR S5 06
Table 2 Comparisons of exited crest values f;,, f_; and f_, changing with

the length of inlet duct L; = 5D, 7D and 9D, respectively

L 5D 7D 9D
fo 1. 050 1.05w 1.05w
fo 0. 70w 0.55w 0. 45w

fo 0.25w 0. 20w 0. 15w
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Table 3 Comparisons of global mode crest value f_; with f_; ;.. for length
of inlet duct Ly = 5D, 7D and 9D, respectively
Ly 5D 7D 9D
S 0. 70w 0.55w 0.45w
St estimare 0.720 0.6lw 0.520
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Hea s, B H AT LR, A UEYE R W FE USGA Mg # 18 5 T — 2 & TAELE “ Hart-
mann B3, B R LA AR, AR N USGA W B8 4 1) T LA 4 S =X Y
Ty 2T, FE R X 2 S B0 AN T & A R T, T R i 35k i AR B AR e kL TR R (I
12) B, F ok iES USGA BiME TA/EYE “ Hartmann #2207 7] e — N Ip s,

H T IRAA SR R B, A B 5 T SR S i 22 J5 USGA W H 3 Hh s I8 11
M 7. 33X L 2 R it T 2 38l 5 A 5, FRATTLL 0. 01 kg/s A TRTBR , A% 3 38l 0 B A DR S
7£0.01 ~0. 15 kg/s JLHE AL CYBIESE BRI R = 1.6 BF, AR EA N 1.1 ky/s) ,
FRATTRE A B 30 oA 25 S B B 2 W 0 O U 5 K B A 1 B s A 5 IR T 1
A £ AN R 14 Fis BRI R £, = 0. 7w, fy = 1. 0w Flf,, = 1. 050 3% 3 £5ih4k, Kb £,
=0.7w il f, = 1. 050 FHEIRMES>H14 0.02 ke/s F10.04 ke/s, VIR #8i A M55 B —E
F18y 3 B st A T DR M X IR R,

040 amplitude of mass flow rate and
Q s f=1.000 - average pressure at outlet
20351 — £~1.050 s 1.8E+4
5? 0.30 -e— f=0.70w e D
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= 025 = &
2 < 14E+4 &
g 0.20 2 ' o
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é 0.15 é 1.2E+4 g
2 0.10 ” &
= - < 1.0E+4
g 0.05 £ ——mass flow rate

0 0.10 -e- avergge pressure 8.0E+3

0 0.04 0.08 0.12 0.16 -1.0n —-0.5n 0 0.5t 1.0z
amplitude by main exciter Q, , /(kg/s) A¢/rad
B 14 W L O B R AR IR B 15w DAL sk Eh IR IR 2 3/ K
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Fig. 14  Variation curves of oscillating amplitude of Fig. 15  Fluctuation amplitudes of mass flow rate and
mass flow rate at USGA nozzle outlet with pressure with phase angle difference between
increasing excitation intensity main and auxiliary actuator signals
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Properties of Acoustic Resonance in a Double Actuator
Ultra-Sonic Gas Nozzle: a Numerical Study

ZU Hong-biao, ZHOU Zhe-wei, WANG Zhi-liang
(Shanghai Institute of Applied Mathematics and Mechanics, Shanghai Key Laboratory of
Mechanics in Energy Engineering, Modern Mechanics Division,
E-Institutes of Shanghai Universities, Shanghai University,
Shanghai 200072, P. R. China)

Abstract . Ultra-sonic gas atomization (USGA) nozzle was an important apparatus in the metal
liquid air-blast atomization process. It could generate oscillating supersonic gas efflux, which
was proved effective to enforce the atomization and produce narrow-band particle distributions.
A double actuator ultra-sonic gas nozzle by joining up two active signals at the ends of the reso-
nance tubes, was proposed. Numerical simulations were adopted to study the effects of flow
development on acoustic resonant properties inside the Hartmann resonance cavity with/with-
out actuator. Comparisons showed the strength and onset process of oscillating were enhanced
remarkably with actuators. Multiple oscillating amplitude peaks were found on response
curves, and two kinds of typical behaviors, i. e., the “Hartmann mode” and the “ global
mode” , were discussed for those corresponding frequencies. The results for two driving actua-
tors were also investigated. When changing the amplitudes, frequencies or phase difference of
the input signals by the actuators, the oscillating amplitudes of gas efflux could be altered effec-
tively.

Key words: spray atomization; ultra-sonic gas nozzle; resonance; numerical simulation



