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An analysis of acoustic pressure in the center of double pipe inside
of a cylindrical vibrator
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ABSTRACT: The effect of the concentric solid tube inserted inside the vibrator on the sound field distribution
was analyzed for the sound waves focused on the center axis in the fluid - filled cylindrical piezoelectric
transducer. The sound waves radiated from the inside of the cylindrical piezoelectric vibrator are transmitted
through the fluid medium and are reflected or transmitted on the wall surface of the solid tube, and are focused on
the central axis. At this time, the sound field distribution centered on the acoustic tube varies depending on the
acoustic impedance and the thickness of the solid tube. In order to theoretically analyze this, the transfer matrix
for each medium is derived, and the sound pressure level at the center axis is theoretically analyzed. For the acrylic
tube with various thicknesses, the changing trend in the sound pressure level measured on the central axis agrees
well with the result of the theoretical analysis, and it confirmed that the sound pressure formed at the center changes
very sensitively with the thickness of the solid tube.
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Fig. 1. Construction of the concentric cylindrical mediums.
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Fig. 2. Schematic view of the cylindrical layers.

Fig. 3. Coordinate systems for theoretical analysis.
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Table 1. Constants used in calculation.

Material Value
Inner radius of PZT (mm) 19.25
Driving frequency (kHz) 450.0
Outer radius of acrylic cylinder (mm) > 3.0
Inner radius of acrylic cylinder (mm) 235
Sound speed of water (m/s) at 3°C 1414
Density of water (kg/m’) 997
Sound speed of acrylic cylinder (m/s) 2513
Density of acrylic cylinder (kg/m’) 2300

amssaid Lenigry

10
Radiation direction (mm)

Fig. 8. Acoustic field distribution in aluminum cylinder
depending on thickness of acrylic cylinder.
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