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Abstract: Supersonic coaxial air spray dust removal technology is good in the treatment of respirable dust. It has the ad-
vantages of high spray concentration, small droplet size and fast movement speed, but it will bring serious noise pollution,
especially high-frequency noise. In order to solve this problem, the research group optimized the structure of the technical
device. The velocity distribution and sound distribution of the flow field in Laval nozzle before and after optimization
were studied by COMSOL Multiphysics software, and the feasibility was verified. Combined with the experiment,
YSD130 noise analyzer, laser particle size analyzer and dust sampler were used to measure the spray noise characteristics
and change rules under different pneumatic pressure and water flow, as well as the droplet size and dust removal effi-
ciency of the two nozzles. The results show that in Laval nozzle, the sound pressure level of both nozzles decreases gradu-
ally along the central axis. The thickness of supersonic layer of optimized nozzle is smaller than that of optimized nozzle,
and the corresponding sound pressure level is smaller. When the water flow rate is 10 L/h, with the increase of acrodynam-
ic pressure, the sound pressure level of high frequency band at the sound source of two nozzles shows an increasing trend,
and the trend of increasing first and then decreasing at the propagation direction changes to an increasing trend before op-
timization. Compared with the optimized nozzle, the optimized nozzle sound pressure level at the sound source is reduced
by about 16.7%, the peak sound pressure level is reduced by 8.5%—9.3%, and the sound pressure level at the propagation
direction is reduced by about 18%. When the pressure is 0.4 MPa, with the increase of water flow, the sound pressure level
of the nozzle before optimization increases at the sound source, and increases first and then decreases at the propagation
direction. After optimization, the sound pressure level of the nozzle at the sound source increases first and then decreases,
the sound pressure level at the middle and high frequency band increases, and the sound pressure level at the propagation
direction decreases. Compared with the optimized nozzle, the optimized nozzle sound pressure level at the sound source is
reduced by about 9.8%, the peak sound pressure level is reduced by 19.2%—20.9%, and the sound pressure level at the
propagation direction is reduced by about 12.7%. When the pressure is 0.4 MPa and the water flow rate is 12 L/h, the
particle size of the droplets with 50% of the number of droplets in the two nozzles is about 11 pm, which can effectively
capture micron dust. With the increase of test time, the dust removal effect increased linearly, and the dust removal effi-
ciency of the two nozzles reached more than 84%. The research not only ensures the dust removal effect, but also reduces
the noise pressure level in the atomization process through structural optimization, which provides theoretical and technic-
al support for the safe application of supersonic aerodynamic dust removal spray and the collaborative control of dust and
noise.

Key words: supersonic coaxial atomization; structure optimization; noise measurement; dust removal efficiency; spray
effect
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