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ABSTRACT* 

Acoustic experiments in small water tanks, which study the 

behavior, auditory limitations, or negative effects of sound 

on marine animals, are very common. However, such tanks 

differ significantly from the animals' natural environments. 

While the natural environment is nearly an acoustic free 

field, tanks exhibit a reverberant field characterized by 

acoustic eigenmodes and the bending modes of the tank 

walls, which can significantly affect the field inside the tank 

depending on the wall properties. This study aims to 

investigate the acoustic field within a small glass-walled 

fish tank by examining the vibroacoustic behavior of its 

walls. Acoustic pressure measurements inside the tank are 

made using a hydrophone mounted on a robot, and 

acceleration measurements on the walls are made with an 

accelerometer. The experimental results demonstrate that 

wall bending modes can notably influence the tank’s 

internal acoustic field. The results from the experimental 

work are compared with theoretical predictions to provide a 

broader view of the acoustic field inside the tank. 

Keywords: underwater acoustics, vibro-acoustics, fish 

tanks 

1. INTRODUCTION 

Aquatic animals play a crucial role in human life by 

maintaining ecological balance, serving as a food source, 

boosting economies, advancing medical research, and 

enriching cultural traditions [1-3]. These contributions from 

aquatic animals make them very important and that is why 
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different aspects of their lives are studied in great details 

and efforts are made to preserve them from different threats 

they are posed to. Among these studies acoustic studies on 

these animals are also common. The acoustic studies carried 

out on these animals focus on various aspects such as 

animal behavior [4], hearing capabilities [5], noise impact 

[6], and communication [7]. 

Most of the acoustic studies are carried out in small tanks 

that offer a controlled environment during the experiment 

and are more convenient. However, the acoustic field inside 

these tanks could be considerably different than the actual 

environment of the animal, depending on different 

specifications of the tank. This means that the tank has a 

different SPL distribution with altered dynamic range as 

compared to the actual environment, as well as the 

directivity of the field is also changed in the tank, attributed 

to the various properties of the tank. These changes are 

dominant in frequencies at the acoustic modes of the tank as 

well as the bending vibration modes of the walls. This may 

result in some uncertainties in the results and conclusions of 

these experiments, for instance the sound recorded from an 

animal in a tank may appear distorted compared to 

recordings made in situ [8-9], attributed to all or some of 

these aspects of the tanks. 

The acoustic behavior and prediction of small tanks has 

been widely studied [10-12]. These kinds of works utilize 

experimental, theoretical, or a combination of both 

approaches to analyze and predict the acoustic fields within 

the tanks. Theoretical models are often developed to closely 

match experimental results by incorporating some 

properties such as the flexibility, losses or damping 

characteristics of the tank walls. Whereas most of the 

experimental works are constrained by relying primarily on 

sound pressure measurements at limited locations, which 

can limit the details of the acoustic field and hence the 

comprehensiveness of the findings. Expanding such studies 

to include broader measurement techniques with greater 

spatial resolutions could enhance our understanding of the 

complex acoustic dynamics within these structures. 
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This work provides a detailed account of the acoustic field 

inside small glass walled tanks, taking into account the 

vibroacoustic behavior of the walls. An automated robotic 

system is implemented to measure the sound pressure inside 

the tank with greater spatial accuracy and resolution. 

Vibration measurements on two of the adjacent walls are 

made with high resolution using an accelerometer. The 

sound pressure inside and tank and acceleration on the walls 

are analyzed to study the vibroacoustic effects of the walls. 

The results show that the acoustic field induces vibrations in 

the walls that significantly affect the sound field inside the 

tank close to the walls, especially at frequencies at its 

bending modes. The vibroacoustic effects of the walls are 

more dominant in the lower frequencies i.e. below 1 kHz 

for the system considered. 

2. MATERIAL AND METHODS 

2.1 Fish tank setup 

The fish tank setup used in the experiment is shown in Fig. 

1. The experiment is conducted in a quartz glass water tank 

with internal dimensions of 494 × 258 mm, wall height of 

293 mm, and wall thickness of 2.98 mm. The tank is filled 

with water to a height of 200 mm. The perimeter of the base 

of the tank is supported by a small aluminum frame that 

prevents the bottom face of the tank from touching the 

ground allowing it to vibrate freely. The tank is made of 

connecting different plates of glass with the help of a 

special glue. 

A sound source (TECTONIC TEAX19C01-8), a 

Distributed Mode Loudspeaker (DML) mounted on a 

circular plastic base with a diameter of 60 mm, is positioned 

inside the tank, at an approximate location of (33, 129, 100) 

mm. The source is supported inside the tank by a small rod 

mounted on a supporting structural frame. To measure the 

sound pressure inside the tank, a hydrophone (AQUARIAN 

AS-1) is mounted on a robotic system at a height of 100 

mm from the bottom of the tank. The robot, equipped with 

two step motors controlled via Arduino, is a 2-DOF system 

that moves in the X and Y directions to enable automatic 

measurements of sound pressure in multiple predefined 

locations in the horizontal XY plane.  To study the vibration 

behavior of the tank walls, caused by the sound source 

inside the tank, acceleration measurements are made with 

the help of an accelerometer (B&K Type-4517) on marked 

grids in two of the walls (YZ plane and XZ plane) as shown 

in Fig. 1. 

An in-house-built application, developed using NI 

LabVIEW, is employed to control the robotic system and 

ensure the synchronized operation of the source and the 

hydrophone at each measuring location. During the acoustic 

measurements the robot moves to the defined locations one 

by one and when the system is stationary, an MLS signal is 

sent through a DAQ card (NI-USB X Series) to a sound 

amplifier (PASCO PI-9587C) which amplifies it and 

eventually feeds it to the sound source. At the same time as 

the sound source emits, the sound pressure at the 

hydrophone is recorded. The signal from the hydrophone 

goes to a phantom power supply (SHURE PS1A) from 

where it is sent to a conditioning amplifier (B&K NEXUS 

2693—OS4-) then it finally goes to the same DAQ card. 

This data is then eventually stored on a computer. A block 

diagram of the process used in the emission and reception 

of the data is shown in Fig. 2. 

Once the acoustic measurements are completed, 

acceleration measurements on the walls are made. To 

record the acceleration data at each location the same 

procedure is used as in pressure measurements, except the 

accelerometer being moved manually. The same sound 

source is used to emit the MLS signal, and the acceleration 

measurements are made simultaneously by the 

accelerometer. The signal from the accelerometer passes 

through the same devices as in the pressure measurement 

case except that the phantom power supply is not used, as 

shown in Fig. 2.  

 

 

Figure 1. Fish tank with experimental setup and 

robot. 

For each recording grid position in both the pressure and 

acceleration measurements, a 0.74-second MLS signal is 
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emitted from the sound source with six repetitions and 

recorded simultaneously with a sampling frequency of 

44100 Hz at the hydrophone or accelerometer during their 

respective measurements. MLS signal is used because of its 

high signal to noise ratio (SNR) [13-14]. Later in the 

processing stage a cross correlation of the input MLS signal 

and recorded signal at each position is performed to 

calculate the impulse response. The middle impulse 

response is adopted to calculate the pressure and 

acceleration spectrums for their respective measurements. 

The spectrums are obtained by applying the Fast Fourier 

Transform (FFT) to the impulse response in MATLAB®. 

 

 

Figure 2. Block diagram of the process used in 

the emission and reception of the data. 

2.2 Pressure measurements 

The sound pressure measurements inside the tank are 

conducted by selecting rectangular grids of 252 points in a 

horizontal plane at a distance of 100 mm from the bottom of 

the tank. The grid in each horizontal plane consists of 

twenty-one recording points in the X direction spanning 

over a length of 370 mm with 18.5 mm resolution, and 

twelve recording points in the Y direction spanning over a 

length of 230 mm with 20.9 mm resolution. Along the X 

direction the starting point of the recordings is at X=115 

mm due to limitation on the robot’s motion posed by the 

sound source, shape of the robot and the frame holding the 

hydrophone which can result in collision of robot with the 

sound source support if the robot is moved further closer in 

the X direction. The end of the X recording points is nearly 

485 mm. In the Y direction the starting and end points are 

approximately 14 mm and 244 mm, respectively. 

Consequently, part of the XY plane is not measured; 

however, it does not impact the accurate representation of 

the SPL fields and mode shapes. 

2.3 Acceleration measurements 

The acceleration measurements on the YZ and XZ walls are 

conducted by marking grids of 130 and 250 points on each 

of the walls, respectively. The YZ wall includes ten 

measurement points in the Z-direction and thirteen points in 

the Y-direction, while the XZ wall features ten points in the 

Z-direction and twenty-five points in the X-direction. The 

starting point location in the YZ plane is (Y, Z)=(9, 20) mm 

while the end point is (Y, Z)=(249, 200) mm, making the 

two opposite corners of the 130 points rectangular grid. 

Whereas in the XZ plane the starting and end points are (X, 

Z)=(7, 20) mm and (X, Z)=(487, 200) mm respectively, 

making the two opposite corners of the 250 points 

rectangular grid. The spatial resolution of measurements on 

both the walls is 20 mm. 

3. NUMERICAL MODEL 

In addition to the experimental measurements, a FEM 

numerical model is developed using COMSOL 

Multiphysics®. The model employs pressure acoustics and 

structural mechanics (Shell) studies combined by a 

Multiphysics interface in the frequency domain. A tank of 

the same dimensions and water height is developed as in the 

experiment. The sound source is designed as a cap-like 

structure with a diameter of 60 mm and edge length 10 mm. 

The source is positioned in approximately the same location 

and orientation inside the water medium, as in the 

experiments. 

Approximate property values are assigned to the tank walls 

and water inside the tank. For water the speed of sound and 

density are adopted to be 1500 m/s and 1000 kg/m³, 

respectively. While for the glass medium the Young’s 

modulus, density, Poisson’s ratio, and loss factor are 

adopted to be 80 GPa, 2600 kg/m³, 0.15, and 0.002 

respectively. The exact properties of the two media are 

unknown and the adopted values of properties lie within the 

range of the values generally shown by the two media. The 

tank is designed as a single body in contrast to the actual 

case where it is made by joining plates with glue. Results 

show that this choice does not considerably affect the 

acoustic modes inside the tank, though it affects the bending 

modes considerably. 

The water surface is modeled as a null pressure [15] surface 

boundary condition. The perimeter of the bottom face of the 

tank is modeled with a fixed constraint condition, while the 

face itself is assigned an acoustic-structure boundary 

condition and is free to vibrate, accurately depicting the 

actual scenario. Parts of all the four walls in contact with 

water are treated with acoustic-structure boundary 

conditions, while the parts in contact with air are assumed 

to be in vacuum. The face of the cap-like sound source is 

assigned with an interior velocity condition with an 
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amplitude of 0.1 m/s, while the edges are treated as acoustic 

hard boundaries. 

Simulations are conducted with a maximum frequency of 

10000 Hz, with a frequency step of 2 Hz below 1 kHz and 5 

Hz for higher frequencies. The COMSOL® numerical 

model is shown in Fig. 3.  

 

 

Figure 3. Developed numerical model in 

COMSOL® with boundary conditions. 

The acoustic wavelength inside the water medium is greater 

than the bending-wave wavelength inside the walls for the 

frequency range of interest. A mesh size of seven elements 

per wavelength is adopted based on bending-wave for 

frequencies below 1 kHz while for higher frequencies it is 

based on the acoustic waves inside water. This mesh setup 

is selected because of time efficiency and the vibration 

behavior of the walls seems to be more dominant up to 

1kHz. This choice of mesh for higher frequencies does not 

affect the overall response of the tank in terms of the 

acoustic modes inside the water except the bending 

behavior of the walls which again does not affect the overall 

pressure field inside the tank noticeably.  

4. RESULTS AND DISCUSSION 

Analyzing the sound pressure profile inside the tank and the 

acceleration profile of the walls reveal two types of modes: 

the bending eigenmodes and the acoustic eigenmodes. The 

bending eigenmodes correspond to the natural vibration 

modes of the tank structure, while the acoustic eigenmodes 

represent the acoustic modes occurring within the 

waterbody. Peaks related to the two modes are seen in both 

the pressure and acceleration spectrums. 

The SPL profile in the horizontal plane inside the tank 

shows that higher SPL lobes occur due to the vibroacoustic 

behavior of the walls. Comparing the vibrations profile of 

the walls and SPL profile inside water confirms it. This is 

because the incident acoustic waves induce vibrations in the 

tank walls [16] which reradiate and contribute to the sound 

pressure inside the tank. These effects are more dominant at 

the bending eigenmodes. It can be noted that the acoustic 

eigenmodes also induce very clear and dominant vibrations 

in the walls. 

4.1 Sound pressure level vs acceleration level spectrum 

The mean acceleration spectrum of points on a horizontal 

line Z= 100 mm (same height as SPL plane) on the XZ wall 

and the mean SPL spectrum of points on a line Y=244 mm 

on the horizontal plane are shown in Fig. 4. Peaks related to 

the bending modes of the wall can be seen in the SPL 

spectrum while peaks corresponding to the acoustic modes 

can be seen in the acceleration spectrum. In the frequency 

range below the first acoustic mode, the contributions to 

SPL due to the vibroacoustic effects of the walls seem to be 

more dominant below 1 kHz as the SPL spectrum shows 

higher values in this frequency zone. 

 

Figure 4. Mean sound pressure spectrum along 

a line in the horizontal plane and mean 

acceleration spectrum along a line on the XZ 

wall, from the experimental study. The two lines 

are next to each other in the corresponding 

planes. Levels are represented with respect to 

the values at the first acoustic mode (4752 Hz) 

of the respective data. 

4.2 Eigenmode shapes 

Results show that the bending mode produces an acoustic 

profile inside the tank, near the walls, with a shape similar 

to that of the bending mode. Meanwhile, the acoustic 
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modes inside the tank create a vibration profile on the walls, 

resembling the shapes of the acoustic modes. 

4.2.1 Bending eigenmode shapes 

The shapes of three bending eigenmodes along with the 

SPL profile inside the tank are shown in Fig. 5 for both the 

experimental (a1-c1) and numerical (a2-c2) works. The first 

two experimental modes at 71 Hz and 135 Hz are selected 

as they are very close to the important frequencies (63 Hz 

and 125 Hz) in acoustics studies. That first two modes (a, b) 

are related to the XZ wall while the last mode (c) is related 

to the YZ wall. The horizontal plane shows an SPL 

dynamic range (DR) of about 42 dB experimentally and 

about 48 dB numerically, at the three frequencies. It shows 

that the vibration modes of the wall produce considerable 

increase in SPL inside the horizontal plane close to the 

walls. Both the experimental and numerical figures display 

similar shapes; however, the numerical frequency values 

are significantly higher than those observed in the 

experimental work. This discrepancy may be attributed to 

uncertainties in the system properties adopted and the 

simplified single-body numerical model, which contrasts 

with the real tank constructed by glueing individual plates 

together. However, the higher frequency acoustics modes 

show better results. 

 

 

Figure 5. Three of the bending mode shapes of 

the tank walls from experimental (a1-c1) and 

numerical (a2-c2) works. The first two modes 

(a,b) are related to the XZ wall while and the 

third mode (c) is related to the YZ wall. The 

modes significantly contribute to SPL. Levels in 

each plane are calculated with respect to 

maximum value in each plane at each frequency. 

DR means dynamic range. 

4.2.2 Acoustic eigenmode shapes 

The shapes of three acoustic eigenmodes along with the 

acceleration profile on the walls are shown in Fig. 6 for 

both the experimental (a1-c1) and numerical (a2-c2) works. 

As the water surface is in contact with air it is a null 

pressure surface [15] so there is at least one Z pressure node 

in each acoustic mode. The 1st mode has Mx=0, My=0, and 

Mz =1, where Mi is the number of pressure nodes in the ith 

direction. The 2nd and the third modes are Mx=1, My=0, 

Mz=1 and Mx=2, My=0, Mz=1, respectively. It is seen that 

these acoustic modes induce vibrations of the same shapes 

in the walls. The numerical model shows the same shape 

SPL profile inside the tank; however, the vibration profile 

shows some difference compared to the experimental work, 

which once again could be attributed to the same 

discrepancies in the numerical model as well as the 

existence of background noises in the experimental case. 

Nonetheless, the error in the numerically calculated values 

for the first three acoustics modes lies within 2 %.  

 

Figure 6. First three acoustic mode shapes 

inside the tank from experimental (a1-c1) and 

numerical (a2-c2) works. The acoustics modes 

induce vibrations of the same shapes in the 

walls. Levels in each plane are calculated with 

respect to maximum value in each plane at each 

frequency.  

4.3 Higher acoustic modes: experimental vs numerical 

The numerical values of the first seven acoustics modes lie 

with 3% of the experimental values. The first seven acoustic 

modes resulting from the experimental and numerical FEM 

model are shown in detail in Tab. 1. The numerical model 

shows greater accuracy (error below 1%) for modes that 

contain a pressure node in Y direction (My), as compared to 

modes with pressure nodes only in the X direction (Mx) 

(error above 3%).  
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Analysis of the numerical model shows that the acoustic 

modes change considerably with changing the boundary 

conditions of the tank walls and height of the water column. 

For instance, changing the bottom face boundary conditions 

from free and acoustic structure boundary condition to rigid 

condition reduces the first mode value by almost 1000 Hz, 

whereas decreasing the water height considerably increases 

the acoustic eigenmode frequencies and vice versa. The 

experimental calculations were repeated the next day, and it 

showed that the first acoustic mode had increased by almost 

20 Hz the next day, this is due to the slight decrease in 

water height that occurred due to evaporation. So, one of 

the reasons for the error could be the fact that the height of 

water in the experiment was not exactly 200 mm. This 

change in the acoustic eigen frequencies with height can 

also be simulated in the numerical model. The numerical 

model also shows that changing the values of mechanical 

properties of the tank does not show considerable change in 

acoustics mode frequencies, hence their uncertainty 

contributes the least to the error. 

Table 1. Comparison of the first seven acoustic 

modes form experiment and numerical model. 

Mz values are based on numerical results. 

 

5. CONCLUSIONS 

Preliminary experimental results show that the 

vibroacoustic effects of the walls influence the SPL inside 

the tank to a considerable extent, especially in the low 

frequency. Hence the position of hydrophone during 

acoustic measurements must be chosen with care depending 

on the specific experiment and frequencies of interest.  

Accelerometer measurements on the walls, instead of 

pressure measurements inside the tank could be used to 

measure the frequencies related to the acoustic modes of 

similar tanks (with single layered walls), as seen in this 

work. 

The numerical model shows adequate results in terms of the 

high frequency acoustic response and modes and hence 

could be used to predict the tank’s response using 

reasonable properties for water and tank walls even if they 

are not exactly known. To achieve more accurate results, 

the numerical model needs refinement, particularly by 

incorporating more precise conditions at the wall joints 

which are glue connected glass walls. 
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