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Abstract—Based on the combination of large eddy simulation
theory and Lighthill’s acoustic analogy equation, numerical
simulation of underwater flow noise is investigated. The
calculation model of nozzle and fluid is built up by finite element
software, ANSYS. The property of fluid field is calculated by the
software, Fluent, which is in the ANSYS. The fluid property
changing with time is gotten and dealt with by FFT, then,
introduced into ACTRAN. Therefore, sound field of flow noise
can be calculated. The flow noise of a circular nozzle is carefully
investigated. The diameter of the nozzle is 20 mm, and the
velocity of the fluid is 10 m/s. The frequency is in the range from
20 to 5000 Hz. The results demonstrate that sound radiation from
flow noise is mainly in transition area. The distance between the
nozzle and transition area is in the range from 8 to 10 D. Here, D
is maximum dimension of the nozzle. Meanwhile, the directivity
of radiated noise in transition area is fourth polar. Based on the
principle of reverberation method, a measurement system of
underwater flow noise is built up. One kind of nozzle is a steel
pipe, and inner diameter is 200 mm. The pipe is placed in a
reverberation water pool. In the pool, there are two parts: one
part is flow area; the other part is test area. In test area, there are
32 hydrophones, which are disposed at different depth. The other
kind of nozzle is a circular nozzle with coverage formation. The
diameter of the nozzles is 10 mm, 20 mm, 30 mm, respectively.
The nozzle is placed in a reverberation water tank, which is made
by steel plates and supported by separated points at the bottom.
In the top, there are three ducts. The ducts can hinder sound
propagation from the tank to the outside, and vice versa. The
tank is also separated into two parts: one part is flow area; the
other part is test area. In test area, there are four hydrophones,
which are treated as a line array to receive the signal caused by
the flow. All the designs can protect hydrophones from the knock
by the flow. The flow noise source is a tank in high place. And the
flow is generated by the gravity. The total level of sound
radiation power from flow noise is proportional to the eighth
power of the velocity. The results demonstrate that total level of
flow noise from the nozzle of uniform type is only decided by the
pressure of flow noise source, and not related to the section area
of nozzle. The results are coincided with the simulation.
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I. INTRODUCTION
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In recent years, flow noise can be found in the propulsion
system, such as water pump, new type of torpedo, underwater
navigator, submarine, and so on. With the development of high
speed jet equipment, the property of flow noise has drawn
much attention.

Ruprecht [1] had investigated the flow in an elbow draft
tube under part load conditions. He analyzed the unsteady
behavior of the vortex rope by means of CFD. Bensow [2] had
investigated the viscous flow around submarine hulls through
the method of large eddy simulation. Zhangtao [3] has
analyzed the effect of near-wall treatments on the numerical
computation of turbulent flow. His study shows that Spalart-
Allmaras model agrees best with the experimental data. Stanley
[4] had firstly computed spatially evolving three-dimensional
planar turbulent jets utilizing direct numerical simulation.
Fanquanlin [5] had summarized experiments and numerical
work on coherent structures in round turbulent jets. Niklas [6]
had investigated two compressible jets’ configuration by large
eddy simulation. The two jets are an iso-thermal jet and a jet
with a higher temperature than the quiescent surrounding air.
Li [7] had developed a three-dimensional computational aero-
acoustic procedure to simulate the screech phenomenon from a
supersonic circular jet. Groschel [8] had numerically analyzed
flow field and acoustic field of various realistic coaxial jet
configurations. Wangxing [9] had applied second order upwind
scheme Roe and Smagorinsky subgrid model to address jet
noise problem. Yanghongtao [10] had acquired sound signal
eigenvalues of target material and physical dimension to
extract different eigenvalues of high pressure water. Yuyanfang
[11] had analyzed entrainment characteristic of five different
shape nozzles by using ANASYS Fluent6.3 and gotten the jet
axial velocity and stream-wise velocity. Tangbin [12] had
investigated flow filed structures of a round jet controlled by
acoustic excitation. He performed large eddy simulation to
calculate a round jet under phase-locked global acoustic
excitation.

From the analysis of listed references, it can be found that
the method of investigating flow noise is mature, especially
numerical method. However, most of results are related to high
speed flows, which are placed in the air. Only a little of
underwater flow noise has been mentioned. Meanwhile,
underwater measurement environment is more complicated
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than that of air environment. Therefore, experimental
investigation is difficult to be carried out. This has hindered the
validation of underwater flow noise.

II. NUMERICAL SIMULATION OF UNDERWATER FLOW NOISE

Based on the combination of large eddy simulation (LES)
[13] and Lighthill’s acoustic analogy equation [14], numerical
calculation of underwater flow noise has been carried out. The
basic technological process is shown in Fig.1. A circular jet is
investigated. The inner diameter of the jet is D, which is equal
to 20 mm. The thickness of the jet is 0.1D. The length of the
jet is 5D. The area of fluid field is 30Dx50D. The total
number of mesh is 2690,000.
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Fig.1 Diagram of numerical simulation

After many trials, we find that initial condition of large
eddy simulation can be obtained through steady-state
calculation of turbulent model. After 1,600 steps, the
calculation of steady-state becomes convergence. Then, the
transient flow field calculation of large eddy simulation is
carried out. The step of the time is 0.00001 s. After 0 and
20,000 steps, the results are shown in Fig.2. By inspection,
fluid velocity of the points in flow field does not change with
the numbers of iteration. It indicates that the calculation of flow
field attains convergence.
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Fig.2 Velocity contour at different time

The data of fluid property are dealt with by FFT, fluid
velocity distribution of each frequency can be extracted by the
software, ACTRAN. After the process of Lighthill’s acoustic
analogy, sound field distribution and sound radiation power of
the flow can be gotten.
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Fig.3 Diagram of radiated noise calculation

The diagram of calculating flow noise from underwater jets
is shown in Fig.3. The velocity of the fluid is 10 m/s, sound
field distribution at different frequencies from the flow is
shown in Fig.4.
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Fig.5 Sound field distribution at different frequencies

The conclusions are as follows: firstly, sound radiation
from underwater flow is mainly in transition area. The distance
between the jet and transition area is in the range from 8§ to 10
D. This result is different from that in the air [15]. Secondly,
the directivity of flow noise from underwater jets is equivalent
to a fourth-polar point source. Lastly, sound of low frequency
is generated by large-scale vortex, nevertheless, sound of high



frequency is generated by small-scale vortex. The vortex in
transition area generates and extinguishes more frequently than
other area. With the increase of the frequency, there exists a
‘diffusion’ phenomenon in sound field.

The sound radiation power of underwater flow noise from
circular jet is shown in Fig.5.
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Fig.5 Radiated sound power curve of a circular nozzle

III. EXPERIMENTAL INVESTIGATION

Nowadays, in order to achieve good results, the measured
frequency of the pool is not below 1 kHz. Meanwhile, the
measurement method is not like that in the air, in which sound
pressure is measured perpendicular to the jet [16]. Therefore,
the reflected sound from the wall can not be neglected. If the
hydrophone is placed close to the jet, the received signal
contains turbulent, which contaminates the real signal. Based
on present conditions, a reverberation method has been
developed to measure underwater flow noise [17].

In order to eliminate pressure pulsation due to the pump
[18], flow source is a water tank in high place. The flow is
generated by the pressure due to gravity. Two types of jets are
tested in the experiment. One is a steel pipe. The other is a
nozzle with the formation of convergence. The inner diameter
of steel pipe is 200 mm and the pipe is placed in a
reverberation pool. In order to eliminate the effect of
propulsion to the hydrophone, the pool is separated into two
parts, one part is flow area, the other part is test area. In test
area, 32 hydrophones are disposed at different positions, as is
shown in Fig.6.
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Fig.6 Diagram of flow noise from steel pipe

There exist slots in the pool. This technique can make the
water volume unchanged in test process. The results are
shown in Fig.7 and Fig.8.
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Fig.7 Measurement result of different fluid velocity
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Fig.8 Relationship between sound radiation power and fluid velocity

The flow noise spectrum increases with fluid velocity. At a
certain velocity, flow noise spectrum decreases with the
frequency, this coincides with the simulation. The total level
of sound radiation power is proportional to the eighth power
of fluid velocity, this coincides with the U® law, as is in the air
flow research. The result also indicates that underwater flow
noise can be measured by the reverberation method.

In the water tank, a pressure adjuster valve is mounted.
Then, the water is transported into a rectifier. At the end of the
rectifier, a jet with convergence formation is installed. The
diameter of the jet at the nozzles is 10 mm, 20 mm. 30 mm,
respectively. The jets are placed in a rectangle reverberation
steel tank. The tank is supported by steel beams at the bottom.
In the reverberation steel tank, there are also two parts. One
part is flow area, the other part is test area. In test area, there is
a line array consisting of four hydrophones to receive sound
signal. The flow noise is collected by spatial averaging
method. Meanwhile, there are three slots in test area, in order
to maintain water volume to be unchanged. Due to sound
wave-guide design with soft-boundary and the limitation of
cut-off frequency, flow noise in the reverberation tank can not
propagate into the outside through the wave-guide. After a
number of simulation and experiment tests, we find that the
flow from the jet can not achieve the opposite wall in
reverberation tank. This also indicates that the wall can not be
excited by the flow, and no extra noise is generated.

The flow noise spectrum of circular jets with different
diameters is shown in Fig.9. At the pressure of 0.1 MPa, the
total level of sound radiation power is 117.4dB, 118.1dB,
119.0dB, respectively. At the pressure of 0.2 MPa, the total
level of sound radiation power is 122.4dB, 119.8dB, 123.0dB,
respectively. This indicates that the total level of sound
radiation power is only decided by the pressure, even if fluid
velocity of circular jets is different. The bigger difference
between the lowest and highest fluid velocity may be over 20
m/s. A number of experimental results indicate that the total
level of sound radiation power from the jets of uniform types
is only decided by the pressure, not the section area.
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Fig.10 Flow noise of circular nozzle with three types under different pressure

IV. CONCLUSIONS

By the method of combining large eddy simulation and
Lighthill’s acoustic analogy theory, numerical simulation of
flow noise from a circular jet has been carried out. The results
indicate that flow noise from underwater jets is mainly
generated by transition area. This is different from that in the
air. The directivity of flow noise is equivalent to a fourth polar
point source. The sound of high frequency is generated by
small-scale vortex. The sound of low frequency is generated
by large-scale vortex.

A method of measuring flow noise from underwater jets
has been developed on the basis of reverberation method. A
reverberation tank is carefully designed. The effects are
reliably eliminated by over-flow slots. The flow noise can not
propagate through the slots. Also the tank is divided into two
parts, and this technique has protected the hydrophones from
the knock by the flow. The experimental results of flow noise
from steel pipe and circular jets with convergence formation
are listed. It can be found that total level of sound radiation
power from flow noise is proportional to the eighth power of
fluid velocity. If the jets of uniform types, the total level of
sound radiation power is only decided by the pressure of flow
source, and not related to the section area of the jets.

It is believed that some references may be provided for
underwater flow propulsion design, the test of flow noise, and
o on.
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