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Research on the performance of a supersonic flow

modulated speaker

TIAN Zhangfu, ZHAO Yun, GONG Changchao, SUN Haiyang
(College of Optical-electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; It is generally acknowledged that the sound pressure level (SPL) of air — modulated speaker ( AMS) will finally reach the level of

saturation when the chamber pressure increases to a certain degree. As a new approach to obtain higher SPL output, supersonic flow modulation was

discussed in which the flow speed of nozzle exit was increased from sonic to supersonic. Results from the quasi — steady theory proved that, when

the chamber pressure is high, the SPL in the supersonic case is higher than that in the sonic case. Larger SPL increments generally appear at

smaller nozzle area ratio. The improvement of the source intensity was validated by the comparison of sound measurements between the sonic and

supersonic cases in low frequency modulation. But in high frequency modulation, due to the transient flow effect, the SPL in the supersonic case is

the same as that in the sonic case while the air jet is considered to be not fully developed or sped up to be supersonic.
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(a) Supersonic flow modulation
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Fig. 1  Demonstration of supersonic flow modulation

and double throat channel flow
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Tab. 1 Comparison of SPL output values for the supersonic and sonic flow modulation when A;,/4, =0. 1

Ma 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
A/A, 0.1 0.0955  0.085  0.072  0.0595 0.0475 0.038  0.030  0.0235
P/P, 1.893  2.590  3.671  5.324  7.824  11.563 17.086 25.140  36.733
SPL,,... 169.44  172.04 175.26  177.89 180.87 183.13  185.44 186.84 187.78

7 P TR I L 0.054  0.036  0.060 0.059  0.068  0.087  0.111 0.128  0.141
SPL,,.. 169.44 171.68 173.73  175.15 177.57 178.59 180.54 181.68  182.91
I 0.054  0.041  0.047 0.045 0.050  0.055  0.066 0.072  0.080
PRI 25 (dB) 0 0.36 1.53 2.74 3.30 4.54 4.90 5.16 4.87
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Fig.5 SPL increments of supersonic flow modulation

at different Mach numbers and area ratios
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