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Introduction

Underwater acoustic instruments operating at high frequencies are an increasingly
Important component of oceanographic measurements, for both physical and biological
research. Testing them during manufacturing or before use and calibrating them requires a
convenient way to operate them in water under controlled conditions. A water tank large
enough to accommodate propagation paths up to a few metres in length can provide that, if
its acoustic characteristics are understood. ASL Environmental Sciences manufactures
active sonar instruments for measuring ice draft and water column backscatter, operating at
frequencies between 125 kHz and 775 kHz. A recent move to new premises allowed ASL to
install a new tank (Figure 1) for instrument testing, which could be designed to include
improvements over the previous facility. Its primary function is to place targets at known
distances and angles from the instrument transducer without interference from sidelobes
scattered from the boundaries.

Figure 1. ASL acoustic testing tank

Tank Configuration

B Horizontal steel cylinder, 6.10 m in length and 2.43 m in diameter (Figure 2)

B [nstruments placed on the centreline at one end, oriented parallel to the tank axis in a
fixed cradle for standard tests.

B Smooth steel interior walls reflect sound energy forward to the far end, to minimize
backscatter from sidelobes.

B Hatches along the top, with attachment rails, allow targets to be suspended between
the transducer and the far end wall at known locations.

B Tank is filled with fresh water (volume of 28.5 m’) to just below the hatch coamings to
minimize the boundary area occupied by the flat water surface.

B Hatch covers keep water surface from being disturbed and scattering reflections.
B Pump to circulate water and prevent temperature stratification.
Fixed cradle can be replaced with a mounting and alignment mechanism (Figure 3) to

allow transducers to be positioned within 0.1 mm vertically and aimed with a precision
of 0.1 °.

Reverberation Suppression

The smooth steel interior walls are highly reflective and produce long-lasting reverberation, which can
iInterfere with test and calibration measurements. Since transmissions from the instruments are all
sent forward to the opposite end, with almost no backscatter from sidelobe interactions with the walls,
reducing the reflectivity of the end wall would suppress the reverberation. Anechoic tiles are costly,
ranging from $1500 to $2500 per square metre. Modelling results indicated that simple materials such
as carpeting or artificial turf might produce an adequate reduction in reflectivity at much lower cost.
Tests of several such materials found that doormats of a coarse artificial turf (Figure 4) were highly
effective in reducing the reverberation. Five mats were joined together and suspended 30 cm in front
of the end wall of the tank, covering approximately 60% of it. The time for the reverberation from a
420 kHz pulse to die away was reduced to 70 msec from more than 1 second, sufficient to prevent
ping to ping interference during testing.

The effectiveness of the mats does not decrease with time, indicating that trapped air is not the cause
reflectivity reduction. It appears that the coarse, randomly-oriented plastic strips (about 2 mm wide,
0.8 mm thick and 10 mm high — Figure 5) making up the artificial turf are highly effective in scattering
and absorbing sound at these frequencies.

Transducers with significant sidelobes at 90° to the main beam will still produce interfering echoes
from direct reflections from the sidewalls; those reflections can be suppressed by a neoprene collar
around the transducer.

Propagation Model

The ASL Acoustic Test Tank (ATT) provides a simple waveguide range-independent,
iIsovelocity body of water with well-defined reflecting boundaries. Since the ATT is not
filled completely to the top of the tank, there is a free-surface at the top that provides a
perfectly reflecting pressure-release boundary, whereas the bottom (and the sides of the
tank), provides a rigid-interface. The model methods were adapted from Jensen et al.,
Computational Ocean Acoustics (AIP Press, New York, 1994), pp. 16-17 & 108-110,
based on a near-field, ideal fluid waveguide. The only difference between the scenarios
presented in Jensen et al. is the cylindrical configuration of the tank — compared to the
iIdeal waveguide that only has boundaries at the top and bottom. In the latter case, the
simple waveguide scenario becomes very complex.

The operating frequencies of the ATT facility are normally between 125kHz and 775kHz,
however based on duct propagation cut-off frequency calculations, depending on the
calculation used, the low cut-off frequency is between 45 kHz to 47 kHz. Therefore,
iInstruments below 50kHz would not be modelled and observed adequately in the ATT.
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Figure 2. Scale diagram of test tank, fixed instrument cradle.

Figure 3. Mounting and alignment mechanism.
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Figure 4. Artificial turf used for sound absorption. Figure 5. Close-up of artificial turf.

Test Result Example

Figure 6 shows an example of the signals received from a 125 kHz sonar (an ASL MF-AWCP) placed
In the instrument cradle with no targets in place. The three echoes appearing before the echo from
the mats at the end are sidelobe echoes from three weld seams at 1.52, 3.05 & 4.57 metres along the
tank.

Figure 7 shows the returns from a 200 kHz instrument with a target sphere placed at 2.6 m. Primary
and trailing secondary echoes are apparent; the secondary echo is sound scattered back from the
sphere and reflected from the tank wall. The primary echo is saturated.

Figure 8 shows schematically the propagation paths for each of the returns in Figure 7.
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Figure 6. Example of signals received from a 125 kHz sonar.
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Figure 7. Example of signal returns from a 200 kHz sonar with target sphere 2.6 m.
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Figure 8. Schematic of propagation paths for each of the returns of Figure 7.

Figure 9 (a) — Superposition of the first four image source solution for the tank ray
model expansion. (b) Graphic representation of a sample beam-form and the radial
weights of the form normalized to 1.

The effect of short high frequency pulse sources (as used in the tank) allows for the
image or mirror method derived from Green's Theorem to be used that satisfies the
Helmholtz equation in a bounded medium. As a starting point, only a vertical slice of the
acoustic propagation is considered to build the ray path algorithms. First the Liloyd-mirror
is modelled showing the total field at
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Zoq = 2hM+ 2, — 2, , Zps = 2R(M + 1) — 2, — Z,, Zpys = 2 + 2, + 2., Zppy = 2R(M + 1) + 2. 1 2,
V, = surface reflection coef ficient [—1]; V, = bottomreflection coef ficient [+1];

bf,., = beamformed weighting — based on instrument OEM specs;

Since the frequencies are high, propagation modelling is performed using spherical
spreading together with volume attenuation based on water properties. The yield is in
reasonable agreement with observation data. The transmission loss is expressed as
follows:

TL = —20log (p(r,2)) + a(r)

The expression for frequency-dependent attenuation is calculated in terms of
contributions of (i) low-frequency anomaly, (ii) chemical relaxation and (iii) viscous
absorption.

Figure 10a shows the unweighted contributions of the four images of the receiver depth.
Figure 10b shows a sample ray path expansion TL with weighted beamformed values.
The model run assumes that the tank is either infinite or has perfect absorption lining on
the back wall. It is important to note that due to the cylindrical shape of the tank, all the
ray paths hit the back wall — so absorption mats are only required at the back wall to
reduce reverberation and unwanted noise echo-returns.
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Figure 10 (a): Unweighted contributions of the ray path modelled images. (b) sample
beam form weights added to the pressure values showing a coherent TL along the
receiver axis.

The challenge for the next steps of the modelling effort is to add angular slices of the tank

through angles 0 to 2r and to provide a full field description of the tank environment.
These cylindrical contributions to the tank will increase the complexities of the modelling
significantly. A laptop is available at the poster site showing modelled results against
observed tank data.
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