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Abstract

The noise problem of the compressed air energy storage system seriously affects the service life
of the equipment and environmental safety. This article designs an integrated resistant muffler for
the exhaust noise of the turbine expander in the compressed air energy storage system. A compar-
ative model was established between a butterfly valve without a muffler and a butterfly valve with
a muffler. The effects of different inlet pressures (5, 7.5, and 10 MPa) and butterfly valve openings
(30%, 50%, and 70%) on the flow field and aerodynamic noise were studied through numerical
simulation. The rationality of the muffler in this paper was verified using Virtual. Lab software.
Finally, the noise spectrum characteristics of the two models were compared under the same op-
erating conditions. The results indicate that the addition of a muffler to the butterfly valve re-
duces the maximum flow velocity compared to the butterfly valve, effectively improving the flow
field distribution. As the valve opening increases from 30% to 70%, the sound power level at the
outlet of the butterfly valve with a muffler increases from 45 dB to 80 dB, revealing the significant
impact of opening on noise. The muffler (with a small hole radius of 16 mm and a small hole spac-
ing of 142 mm) has a peak transmission loss of 38 dB in the frequency range of 100 Hz~2000 Hz,
and excellent attenuation performance in low frequency (100 Hz~500 Hz) and high frequency
(1000 Hz~2000 Hz). The muffler significantly reduces the average sound power level at the outlet.
This study provides a low-cost and high-precision design method for noise control in compressed
air energy storage systems.
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Figure 1. Butterfly valve structure
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Figure 2. Butterfly valve flow passage model
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Figure 3. Flow channel model of butterfly valve with muffler
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Figure 4. Structured grid: (a) Butterfly valve; (b) Butterfly valve with muffler
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Figure 5. Grid independence verification
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Figure 6. Numerical simulation process of noise inside butterfly valve
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Figure 7. Velocity distribution on the symmetrical plane of the flow channel (70%): (a) Butterfly valve; (b) Butterfly valve
with muffler
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Figure 9. The curve of speed variation along the streamline: (a) Butterfly valve; (b) Butterfly valve with muffler
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Figure 10. Sound power level distribution on the symmetrical plane and outlet of butterfly valve’s flow passage
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Figure 11. Sound power level distribution on the symmetrical plane and outlet of butterfly valve with muffler’s flow passage
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Figure 12. Velocity distribution on the symmetrical plane of the flow passage of butterfly valve with muffler and sound power
level distribution at the outlet
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Figure 16. Muffler transmission loss curve: (a) Fixed hole spacing L = 142 mm transmission loss curve; (b) Fixed hole spacing
L =115 mm transmission loss curve; (c) Fixed hole spacing L = 100 mm transmission loss curve
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Figure 17. Distribution of sound power level on the symmetrical plane of the flow channel: (a) Butterfly valve; (b) Butterfly
valve with muffler
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Figure 20. Noise directivity curve: (a) Butterfly valve; (b) Butterfly valve with muffler
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Figure 21. Curve of total sound pressure level varying with angle
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Figure 22. Spectrum characteristic graph
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