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ABSTRACT

As an important control element in steam heating piping systems, the safety and
stability of inverted bucket steam valves determine the reliable operation of the
system. Therefore, it is necessary to investigate the acoustic mechanism of
inverted bucket steam valves. Aiming at the difficulty of numerical simulation
in accurately predicting the aerodynamic noise of inverted bucket steam valves,
this paper proposes a new method for simulating the aerodynamic noise of
inverted bucket steam valves based on multiband analysis (LES). The flow field
of the inverted bucket steam valve is numerically simulated using the LES
method to obtain wall pressure pulsation information and fluid velocity
pulsation information, which are used as excitation sources for acoustic
simulation. The characteristics of dipole and quadrupole sound sources were
obtained by applying the FW-H method and experimentally verified. The results
show that a new multifrequency band analysis method for inverted bucket steam
valves is effective by comparing the numerical simulation results, in which the
dipole source dominates in the low-frequency band, in the medium frequency
range, the quadrupole source outperforms the dipole source, but in the high
frequency range, the quadrupole source is dominant. The experimental results
are in good agreement with the simulation results, and the correctness of the
numerical simulation is confirmed by the fact that there is less than a 3%
difference between the findings of the numerical simulation and the
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1. INTRODUCTION

Steam, as one of the world's major energy supply
resources has a wide range of applications in industrial
production. However, with the promotion of the national
"dual-carbon™ goal and the green and high-quality
development policy, the importance and urgency of
energy conservation and efficiency improvement in the
industrial field are becoming increasingly prominent.
Therefore, optimizing the level of energy consumption of
steam systems is now a pressing issue that needs to be
resolved (Li et al., 2012; Qiu et al., 2023). Practice has
shown that the effectiveness of valve use has a critical
impact on steam system energy savings, sometimes
accounting for as much as 50% of the energy-saving
potential of a steam system. As one of the main structural
forms of steam valves, inverted bucket steam valves, when
the fluid passes through the valve internals at the throttling
point, the pressure decreases drastically, which not only

causes energy loss in the entire piping system, but also
impacts the valve body, causes vibration and noise, and
shortens the service life of the valve (Huang et al., 2014).
Therefore, the study of flow-induced noise in steam valves
is of great academic value and engineering significance.

Few studies have been done to date on the use of LES
and CFD techniques to predict the aerodynamic noise of
inverted bucket steam valves, and the accuracy of
numerical simulation of aerodynamic noise cannot be
guaranteed. Liu et al. (2018) simulated the aerodynamic
noise of butterfly valves numerically using a combination
of CFD and acoustic tools, and the findings demonstrated
that the butterfly valve aerodynamic noise's sound
pressure level spectrum was broad and lacked a clear
primary frequency. Liao et al. (2022) investigated a
combination of CFD and CAA methods to simulate the
aerodynamic noise of eccentric rotary valves, and the
outcomes demonstrated that there was only a 3 dB (A)
difference between the experimental and simulated sound
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NOMENCLATURE
0ij stress tensor
Tij sublattice scale stress tensor
. moving velocity component of the integration
surface
Sy Kronecker function

o(f)  Dirac function

p fluid density

o fluid density when undisturbed
ao far-field sound velocity

Co speed of sound

€ij viscous stress tensor

H(f) Heaviside function
N number of frequency samples

n; sound pressure at the sampling frequency point

p filtering pressure

the pressure exerted on the fluid when
undisturbed

P sound pressure at the observation point

T Lighthill stress tensor

t time
Ui fluid velocity component in the direction
X spatial coordinates

pressure levels. Shi et al. (2023) investigated the
aerodynamic noise of a marine three-way control valve
based on fluid-solid coupling theory. However, none of
them considered the effect of different frequency bands on
the numerical simulation of noise when they performed a
numerical simulation of aerodynamic noise, meaning that
the current study is meaningful.

The theory of valve acoustics and numerical
simulation have been extensively studied in recent years
by academics both domestically and internationally. Dai
et al. (2022) studied a small high-speed centrifugal fan as
the research object and examined the process by which
aerodynamic noise is generated. The results showed that
the sound sources of valves, high-speed centrifugal fans,
and other equipment are mainly composed of dipole and
quadrupole sound sources. Mori et al. (2017) carried out
simulation and experimental research on aerodynamic
noise in T-shaped, rectangular pipes with walls that are
between 2 and 5 mm thick. The findings demonstrated that
the fluid flow rate in the pipeline has a major impact on
the aerodynamic noise sound source characteristics, and
the pipeline's vibration and acoustic properties mostly
influence the sound field features. Yuan et al. (2017)
studied on the influence of the nozzle structure and
arrangement parameters of the closed vessel of the
equipment on the three nozzles on the steam underwater
injection noise, and a steam underwater injection noise
model was established based on the theoretical analysis
and test results. The results showed that at atmospheric
pressure, the steam underwater injection noise gradually
increases with increasing water temperature and then
decreases rapidly. The zone with water temperatures
between 55 °C and 75 °C has the most injection noise, and
the nozzle construction has the least impact on it. Wu et al.
(2023) simulated the noise at one meter outside the pipe
wall behind the steam engine bypass valve numerically
and calculated the noise theoretically. The findings
demonstrated that there is only a 0.94dB(A) discrepancy
between the theoretical calculation data and the numerical
simulation data, confirming the correctness of the noise
simulation method. Wang et al. (2007) used numerical
simulation to examine the steam flow and noise radiation
in a steam turbine's main steam regulating valve. The
findings indicated that the dead zone in the valve cavity
and the strong eddy volume region near the valve throat
were the primary locations of noise (Si et al., 2018). The
internal acoustic field of a centrifugal pump is solved
using computational fluid dynamics (CFD) and

computational acoustics (CA), which is based on the
Lighthill acoustic simulation theory. The results showed
that the numerical simulation data obtained by the acoustic
boundary element method have a maximum error value of
less than 5.3 dB compared with the experimental data, and
it can take into account a variety of turbulent noise sources
with high simulation accuracy. Xu et al. (2010) employed
a numerical simulation technique that combined CFD and
CAA to analyze the main steam isolation valve's vibration
and noise caused by turbulence quantitatively. The results
showed that the large eddy simulation algorithm can
reveal the spectral characteristics of turbulence which is
valuable for turbulence excitation. Based on the fluid-
solid one-way fluid structure interaction, (Li et al., 2018)
numerical models of a high-pressure bucket valve's flow-
excited vibration characteristics and valve piping using
CFD software and LMS software. The results showed that
the flow-induced vibration spectral characteristics of the
valve are determined by the structure of the throttling
element inside the valve and are less affected by the
change in valve opening. Li & Guo (2012) studied on the
mechanism of aerodynamic noise of high-pressure steam
valves as well as the prediction method. The results
showed that the large-eddy simulation method is suitable
for the prediction of aerodynamic noise. Hou et al. (2023)
performed noise experiments and examined the balancing
valve's sound source characteristics in various frequency
ranges. The findings demonstrated that there is a 5% or
less difference between the test and simulation data, and
the curve trend is essentially the same, confirming the
numerical simulation's correctness. Liu et al. (2013)
examined the high-speed train's aerodynamic noise source
characteristics in a vacuum tube and conducted
experimental verification. The results demonstrated that
there is a 2.62 dB(A) difference between the experimental
and numerical simulation data, indicating that the
Lighthill acoustic simulation theory is appropriate for the
numerical simulation of aerodynamic noise and that the
LES is appropriate for the numerical simulation of the
flow field. Xu & He (2017) evaluated the aerodynamic
noise generated by the aircraft loop control piping
system's butterfly valve plate using the CFD hybrid
acoustic finite element approach and the K-FWH integral
method. The K-FWH integral method ignores the impact
of piping and valve structure on aerodynamic noise, so the
CFD hybrid acoustic finite element method is more
appropriate for numerical simulation of aerodynamic
noise, according to the results, which also showed that the
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difference in sound pressure level between the two
methods is less than 5%. Tao et al., (2020) examined the
pipe flow noise's sound source properties using the FW-H
acoustic analogy theory. The results showed that at high
fluid flow rates, the sound power of dipole sources is
negligible compared to quadrupole sources. Mori et al.
(2014) simulated the flow acoustic pressure using the
Lighthill acoustic analogy of the boundary element
method and verified it in comparison with the
experimental data. The outcomes demonstrated that there
is a strong correlation between the simulated and
experimental data.

In summary, there are fewer studies on the numerical
simulation of aerodynamic noise in inverted bucket steam
valves. Considering the harmfulness of noise generated by
steam valves, to analyze the noise of inverted bucket steam
valves based on different frequency bands, a technique for
numerical simulation is offered. To verify the numerical
simulation method's correctness, the properties of the
sound source in various frequency bands and the
distribution of sound pressure levels under various
operating situations are analyzed.

2. THEORETICAL

2.1 Flow Field Simulation Theory

The acoustic field and the flow are combined in the flow
acoustics problem. The N-S equation is the fundamental
set of governing equations that describe the flow field
inside a steam valve in a nonstationary state, as shown in
Egs. (1-3):
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ejj is the viscous stress tensor, N/m? & is the
Kronecker function, d; =1 for i=j; and i =0 for i#j. The
near-field region is both the sound source and sound
propagation region and a set of nonlinear equations can be
used to characterize the flow process. The far-field region
can be regarded as an acoustic propagation region, and the
acoustic field can be described by the Helmholtz equation.
There are two categories of numerical computation
techniques for steam valve flow noise: direct method and
indirect method. To find the physical solution of the flow
and acoustic fields, the direct technique solves the system
of equations, but it requires a high-precision turbulence
model and a large amount of computation, so it is still
difficult to realize the direct solution for the flow-induced
noise of steam valves. The theoretical basis of the indirect
method is derived from the equation (Wu et al., 2022).

The theory of flow-induced noise is a development of
the basic equations of acoustics, and the basic equations of
flow-induced noise (Lighthill's equations) are derived

without any assumptions and simplifications by Lighthill
on the equations. He took the hydrodynamic term as the
sound source term on one side, which is exactly in the
same form as the form of fluctuation equations of classical
acoustics. The Reynolds average Navier-Stokes (RANS)
approach is unsuitable for noise prediction since it only
yields time-averaged data on turbulent pulsations. The
LES approach is employed for the numerical computation
of the transient flow field since the Direct Numerical
Simulation (DNS) solution criteria are more difficult to
meet with the available computer resources. The LES
technique treats the huge eddies in the energy-containing
part of the turbulence differently from the tiny eddies in
its dissipative section. While a sublattice model is used to
link the small-scale eddies to the large-scale eddies, the
large-scale eddy structure is solved directly using the
equations. Filtering the nonconstant equations yields the
control equations for the large eddy simulation. This
procedure efficiently removes minor eddies whose sizes
are smaller than the filter width (Sim et al., 2020). The
filtered large eddy simulation equation is shown in Egs.
(4-5):
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in Eq: ui is the value of the x; direction filtering
speed, p is the filtering pressure, zjis the sublattice scale
stress tensor, N/m?; gjj is the stress tensor, N/m?.

2.2 Acoustical Analogy Theory

The acoustic analogy theory was put forth by
Lighthill in his investigation of jet free turbulence sound.
Guo et al., (2021) relies on the principle of acoustic
analogies to replicate the radiation properties of the steam
valve's sound source, whose equations can be represented
by Eq. (6-7):

Tij =T _;u "‘[(p_ pO)_COZ(p_pO)kij T (6
2

azp 8t{[pov ol -] (1) -
[{uﬁpu BIEEGIEE ax[T.,Huﬂ ™

Ti is the Lighthill stress tensor, N/m?; p is the fluid
density, kg/m3; po is the fluid density when undisturbed,
kg/m3; u is the velocity; p is the pressure exerted on the
fluid; po is the pressure exerted on the fluid when
undisturbed; and ¢y is the speed of sound. t is the time, x is
the spatial coordinate, and the indices i and j denote the
direction components of the coordinate axes. The
Heaviside function is H(f), while the Dirac function is 5(f).
The quadrupole sound source produced by flow
turbulence is represented by the third term in Eq. (7), On
the right side, the first component represents the monopole
sound source created by surface acceleration or displacement
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Fig. 1 Schematic structure of inverted bucket steam
valve

distribution, while the second term represents the dipole
sound source caused by surface pressure perturbation. A
monopole source implies a radiated sound source
associated with a vacuole, while a dipole source and a
quadrupole source are used to describe a nonvacuum
radiated sound source. The steam valve medium is water
vapor, which basically does not undergo cavitation, so the
steam valve sound source is a combination of a dipole
source and a quadrupole source.

Farassat created the FW-H acoustic fluctuation
equation from the Lighthill equation, Ffowcs Williams,
Hawkings and others to obtain the FW-H acoustic
fluctuation equation, as is now seen in Eq.(8):
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where ui denotes the component of fluid velocity in
the direction; the moving velocity component of the
integration surface is denoted by ao, and the fluid velocity
components perpendicular to it is vi; P' is the sound
pressure at the observation point; and the Heaviside
function is H(f), while the Dirac function is d(f). The
source's surface distribution is represented by oJ(f) for
thickness and loading source terms, while its volume
distribution is represented by H(f) for the quadrupole
source. The inclusion of H(f) and J(f) in the equations
ensures that the FW-H equations hold throughout the
unbounded space; zijand T are the stress tensor and the
Lighthill tensor, respectively.

3. ESTABLISHMENT OF AN INVERTED BUCKET
STEAM VALVE MODEL AND SIMULATION OF
A FLow FIELD

A PN40 DN25 inverted bucket steam valve was used
as the object of study. PN40 means that the analysed
inverted bucket steam valve can withstand a pressure 40
times that of standard atmospheric pressure, and DN25
means the average inner diameter of the valve. The basic
principle of operation is to use the density difference

Table 1 Inverted bucket steam valve parameters

Inverted Bucket Steam
Name

valves

Fluid media Water vapor/condensate
Nominal pressure PN40
Nominal Diameter DN25
Maximum working 2 5MPa

pressure
Valve Materials A216 WCB

Steam Trap Acoustic Simulation

CFD flow field analysis Acoustic boundary element analysis

Non-constant flow field analysis

Grid division

Fluid Valve
structure
grid grid

acoustic

Fig. 2 Simulation process

between the condensate and steam to make the inverted
bucket generate upward buoyancy to achieve valve
closure. Its structure is shown in Fig. 1, it is made up of
the valve body, cover, bucket, seat, valve core, and other
parts in its whole.

The main technical parameters of the inverted bucket
steam valves are shown in Table 1. A216 WCB is cast
carbon steel, selected for valve bodies, barrels, brackets,
and FXM-19 is austenitic stainless steel, selected for valve
core.

3.1 Simulation and Modeling Calculation Process
In Fig. 2, the simulation procedure is displayed.
3.2 Flow Field Simulation Calculation

To realize high-precision CFD flow field simulation,
the 3D geometric model of the inverted bucket steam
valve is reasonably simplified under the premise of
guaranteeing the calculation accuracy and retaining the
detailed features of the model (Tan etal., 2023). To ensure
that the fluid inlet flow is stable and the turbulent flow at
the outlet is fully developed, the piping at the inlet end of
the valve is extended to five times the nominal diameter,
and the piping at the outlet end of the valve is extended to
ten times the nominal diameter (Yan et al., 2023). To make
sure that the fluid flows through the valve sufficiently to
gather more precise data about the flow field, the piping is
extended at the valve's inlet and outlet ends (Wang et al.,
2013). Secondly, the accuracy of the flow field
computation is impacted by a suitable mesh division.
Figure 3 depicts the mesh partition of an inverted bucket
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Fig. 3 Inverted bucket steam valve runner mesh
model

steam valve's flow channel. In the meshing process, the
shape of the runner in the inverted bucket steam valve
model is complex, so a hybrid tetrahedral/hexahedral
mesh is used to mesh the runner model (Gao et al., 2023).
The comprehensive number of grids and the requirements
of the solution accuracy when the flow is relatively
smooth and contains less information about the flow field
can ensure the calculation accuracy and it is capable of
appropriately reducing the number of grids to shorten the
computation's  duration.  After  grid-independence
validation, the total number of grids used is 3061921. For
calculating the flow field of an inverted bucket steam
valve, the fluid medium is set to be water, with a
temperature of 80 degrees Celsius, with a viscosity
coefficient of 0.000357kg/(m-s) and a density of
971.8kg/m?.

Figures 4-6 show the transient flow field's pressure
cloud flow line diagrams at a pressure drop of 0.8MPa.

As shown in Fig .4-Fig. 5, the steam valve before and
after the valve flow rate is uniform, the valve seat core is
due to the jet flow pressure attenuation, the highest flow
rate is 53.5 m/s?, and the steam sprayed with the wall after
the momentum change is caused by the flow of solid-
coupled surface pressure pulsation of the dipole sound
source. From Fig. 6, the combination of the throttling
movement, the valve seat, and the jet effect generated by
the back area results in a quadrupole sound source. Thus,
the noise source of the inverted bucket steam valve that is
the focus of this study is created by the combination of the
dipole and quadrupoe sound sources.

Fig. 4 Pressure cloud of flow field simulation

Fig. 5 Velocity cloud for flow field simulation

Fig. 6 Streamline diagram of the flow field simulation

10521

57
1052214 1058

Im

Fig. 7 Schematic diagram of the course monitoring
points

4. ACOUSTIC SIMULATION

4.1 Boundary Conditions for Acoustic Simulation

The acoustic coupling is computed using software
that combines CFD and LMS Virtual Lab together. The
wall pressure pulsation information obtained from the
flow field calculation is mapped onto the grid of acoustic
boundary elements as an energy loss-free layout. As seen
in Fig. 7, the far-field monitoring point was established,
and the dipole sound source's time-domain data was
subjected to the Fourier transform. Get the dipole pressure
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On Boundaty

4.2 Acoustic Simulation

The fluid's contact with the solid wall causes a
] change in the fluid's pressure at the wall, which creates the
(c) 6120 Hz pressure pulsation map dipole, so the pressure pulsation at the solid surface can be
used to describe the dipole sound source intensity. For this
purpose, by processing the mesh mapping, the pressure
pulsation information of the flow field is transferred to the
inner wall surface of the shell without requiring any
energy loss to obtain the dipole sound source distribution
information. The spherical sound field cloud of the steam
valve at typical frequencies is taken to obtain the dipole
level sound field distribution for different operating
conditions, as shown in Fig. 10. From the cloud view of
the spherical sound field at 3000Hz, 5500Hz etc., the
dipole sound source shows a typical symmetrical
distribution, and at a frequency of 3000Hz, while at 74.1
dB (A), it corresponds to a maximum sound pressure
Fig. 8 Inverted bucket steam valve pressure pulsation value, at a frequency of 5500Hz, the steam valve's
graphs at different frequencies spherical sound field to a maximum sound pressure value

of 70.3dB(A).

when there is a 0.8MPa pressure differential, the
three sound pressure monitoring points are denoted 10521,
10522 and 10523, as shown in Fig. 11, which displays the
three monitoring stations' sound pressure level curves. The
sound pressure exhibits a rising, stable, and eventually
dropping tendency. The peak sound pressure level is
73.47dB(A) at a pressure differential of 0.8Mpa. The
noise's dominating frequencies are 1250Hz and 1470Hz.

(d) 7120 Hz pressure pulsation map

pulsation cloud maps at different frequencies, as shown in
Fig. 8, the time-domain data from the quadrupole sound
source were subjected to the Lighthill stress tensor
analysis. Figure 9 displays quadrupole stress tensor
distribution cloud maps at various frequencies, with the
acquisition frequency set from 20 to 8000 Hz and the step
size set to 50 Hz.
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Pressure Amplitude dB(RMS)
Occurrence 9
74.1

72.1

70.1

(2)3000Hz dipole sound pressure contour

Pressure Amplitude dB(RMS)
Occurrence 9

70.3

(b) 5500Hz dipole sound pressure contour

Fig. 10 Sound pressure curve of dipole at typical
frequencies

80

60

SPL/dB(A)
&

20

2x10° 4x10° 8107

Frequency/Hz

Fig. 11 Dipole sound pressure level curves at various
points of observation

Quadrupoles are generated by turbulent motion due
to viscous shear stresses in the fluid, so the stress tensor
can be used to represent the quadrupole sound source
intensity. The turbulence information of the flow channel
mesh is transferred to the acoustic mesh in the flow field

1008

Pressure Amplitude dB(RMS)
Occurrence 9

66.8

64.8

(a) 1020Hz quadrupole sound pressure contour

46.5

Pressure Amplitude dB(RMS)
Occurrence 9

67.2
64.8
62.5
60.1

57.8

(b) 2000Hz quadrupole sound pressure contour

Fig. 12 Sound pressure curve of quadrupole at typical
frequencies

by the mesh mapping process via the Lighthill transform
principle. The spherical acoustic field cloud of the steam
valve at typical frequencies is obtained as the distribution
of the quadrupole acoustic field under different operating
conditions. As shown in Fig. 12, from the spherical
distribution cloud diagrams of 1020Hz, 2000Hz, etc., the
quadrupole has a canonical distribution. The steam valve's
spherical sound field has a maximum sound pressure value
of 66.8 dB(A) at 1020 Hz and the steam valve's spherical
sound field has a maximum sound pressure value of 67.2
dB(A) at 2000 Hz.

As illustrated in Fig. 13, the three sound pressure
monitoring locations are designated 100521, 100522, and
100523, when the pressure difference is 0.8Mpa, it
displays the three monitoring stations' sound pressure
level graphs. First. There is an increasing trend in the
sound pressure, steady, and then falling. The highest
sound pressure level is 62.09dB(A) at a pressure
differential of 0.8Mpa. The major noise frequencies are
770Hz and 1270Hz.
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Fig. 13 Quadrupole sound pressure level curve at
several points of observation

Table 2 4AP=0.8MPa Sound pressure levels at
monitoring points

working AP=0.8MPa
condition
Total
sound pressure Sound
monitoring 10521 | 10522 | 10523 | Pressure
point level
(TSP)
SPL/dB(A) 61.35 | 66.51 | 65.45 | 64.44

The sound pressure spectrogram at each monitoring
location is unique. Nonetheless, the distribution of sound
pressure levels often follows a consistent trend. Eq. (8)
displays the superposition formula for the sound pressure
readings superimposed from several sound pressure
monitoring locations:

N is the number of frequency samples, and n; is the
sound pressure at the sampling frequency point.

Table 2 shows that the difference between
monitoring points 10521 and monitoring point 10522 is
5.16 dB(A), and the difference between monitoring points
10522 and monitoring point 10523 is 1.06 dB(A). Since
the noise generated by reflection and the medium flow
state will be considered in the numerical simulation for
noise calculation and the acoustic grid will adaptively
divide the encryption degree of the grid in the process of
dividing, The sound pressure levels at each monitoring
location will differ from one another. The arithmetic mean
of the sound pressure readings taken at the three sound
pressure monitoring stations is used to calculate the
overall noise sound pressure level. Or 64.44 dB(A). There
is only a 5 dB(A) maximum variance in sound pressure
level.

5. MULTIFREQUENCY BAND-BASED ANALYSIS OF
DIPOLE AND FOUR-LEVEL SOURCE
CHARACTERISTICS

The dipole's noise value is greater than the
quadrupole's total noise value when the frequency is
between 0 and 2020 Hz, this can be ascertained by

0.6MPa,
WAy “=s===- () 8MPa
g === IMPa

A

B,/
WA )
Yk AL
‘.'." B :}: ‘f""yﬂlf\‘?‘

0 24107 410 6x10° §x10°

Frequency/Hz

Fig. 14 Comparison of simulated sound pressures
at different pressure differentials

contrasting the frequency-dependent dipole sound
pressure level in Fig. 11 with the frequency-dependent
quadrupole sound pressure level in Fig. 13. When the
frequency is within 2020Hz to 6370Hz, the dipole is
interleaved with the quadrupole. The noise value of the
quadrupole is greater than that of the dipole for
frequencies greater than 6370 Hz. Thus, dipole noise from
0~2020Hz dominates the noise of the inverted bucket
steam valve; by quadrupole and dipole noise from
2020Hz~6370Hz; and by quadrupole noise at frequencies
greater than 6370Hz.

Based on the aforementioned research, a numerical
simulation technique based on multifrequency bands is
suggested to analyze the noise of inverted bucket steam
valves, as shown in Eq. (9), and the numerical simulation

LpAe :10'9{1010 ++105 _{_101.:)} 8)

comparison diagrams for the three types of differential
pressures are shown in Fig. 14.

SPLara (T) OHz < f < 2020Hz
SPLguas (F) SPLgp (f)
SPL (f)={10lg|10” © 410 © 2020Hz < f <6370Hz (9)
SPLy, () f >6370Hz

Where SPL,. (f) isthe sound pressure level for the
quadrupole and SPLy, (f) is the sound pressure level for
the dipole.

Comparison plot of simulated sound pressure levels
for numerical simulations with pressure differences of
0.6MPa, 0.8Mpa, and 1.0MPa.

6. COMPARISON  OF
SIMULATION RESULTS

EXPERIMENTAL AND

6.1 Acoustic Simulation

The inverted bucket steam valve noise platform
design is shown in Fig. 15.
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channel of the sampling frequency, the dynamic range of
160 dB @ autoranging, SNR 135 dB @ 50 kHz, support
the TEDS intelligent sensors and other features.

6.2 Acoustic Simulation

The noise data of the inverted bucket steam valves was
gathered using the noise test software with differential
pressures of 0.6MPa, 0.8MPa, and 1.0MPa in 0~2s and to
obtain the frequency domain and time domain data under
different operating conditions. Due to the influence of the
environment at the time of the experiment, there was too
much redundant noise, so this paper sets the experimental
conditions of the time-frequency analysis before the
application of MATLAB software for signal denoising.
This function uses the denoising theory for the moving
Fig. 15 Testing platform average method, which is a time-domain idea of denoising
methods. The primary theory of the algorithm is that the
sampling point near the point takes the arithmetic average
as the value of this point after the reduction of the noise,
to obtain the final reduction of noise after the frequency-
domain and time-domain data, as displayed in Fig. 18.

The sound pressure levels for each of the three
experimental scenarios were logarithmically
superimposed to provide the total sound pressure levels
for the three pressure disparities, as Table 3 shows.

6.3 Comparison of Experimental and Simulation
Results

A comparison of inverted bucket steam valve

I - modeling and experimental results at different pressure
- differences is shown in Fig. 19. The experimental and
simulated sound pressure levels show basically the same
trend of total frequency. The simulated and experimental
sound pressure levels overlap within the range of
midfrequency, but the experimental sound pressure level
is slightly higher in the high frequency range. The
computed sound pressure level is marginally higher in the
low frequency band than the observed sound pressure
level. Table 4 illustrates that when comparing the
numerical simulation findings with the experimental
results, the total variation in sound pressure level is less
than 3%, while the greatest difference between the
simulated and experimental sound pressure levels is less
than 6%. Consequently, the multi-frequency band
analysis-based numerical simulation approach for inverted
bucket steam valve noise presented in this study has a high
level of simulation accuracy.

Fig. 16 Acoustic sensor

Fig. 17 Dynamic collector

Table 3 4P=0.8MPa sound pressure level at each
monitoring point

The KSI-308A213 precision free-field microphone

was selected for the noise measurement device, as shown working Sound pressure level in | Total sound

in Fig. 16. The precision free-field microphone has an condition dB(A) at various pressure

open-circuit sensitivity (@250Hz) of 50Mv/Pa, frequency monitoring points level dB(A)

range of 20 ~ 20kHz, a dynamic range greater than 146dB, A

including preamplifiers and other characteristics. P=0.6MPa 70.32 | 68.33 | 6245 67.03
As illustrated in Fig. 17, the vibration and noise test 4 65.76 | 67.21 | 63.55 65.86

data collecting device chosen is an 8-channel ultrahigh P=0.8MPa

dynamic acquisition instrument from DEWESoft's A

SIRIUS series. 8-channel ultrahigh SIRIUS series P=1.0MPa 60.22 | 6356 | 6651 6243

dynamic acquisition instruments with up to 200 kHz per
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Fig. 18 Time and frequency domain data for the experiment

Table 4 Comparison of experimental and simulated total sound pressure level

£x10°

Working condition A P=0.6MPa A P=0.8MPa A P=1.0MPa
Simulated total sound pressure level 65.53 64.44 61.21
Experimental total sound pressure level 67.03 65.86 62.43
Error value 2.23% 2.15% 1.95%
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simulation simulations

at different differential

pressures

7. CONCLUSIONS

In this paper, focusing

on the problem that inverted

bucket steam valve noise numerical simulation is difficult
to perform and cannot guarantee accuracy, a method based
on multifrequency band consideration of inverted bucket
steam valve aerodynamic noise numerical simulation is
proposed. Aerodynamic noise is simulated for the inverted
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bucket steam valve at differential pressures of 0.6MPa,
0.8MPa, and 1.0MPa, and the comparison of simulation
and experiment data is gathered to confirm the numerical
simulation's accuracy. The precision of the numerical
simulation is compared with the experimental data in order
to verify its correctness. These are the main findings:

(1) The inverted bucket steam valve's internal flow
field is examined, and the pressure pulsation that results
from simulating the flow field serves as the acoustic
stimulation for the numerical simulation of the inverted
bucket steam valve's aerodynamic noise. Both the fourth-
rated sound source and the even-rated sound source,
according to the computation findings, display usual
distributions. To demonstrate the numerical simulation
method and determine the overall sound pressure level
under a pressure difference of 0.8MPa, the working
situation with a pressure difference of 0.8MPa. At
0.8MPa, the overall sound pressure level is 64.44dB(A)
during numerical simulation.

(2) Through an analysis of the numerical simulation
of the aerodynamic noise of the inverted bucket steam
valve, it is determined that the noise is primarily caused
by the dipole between 2020Hz and OHz, and by the
combination of the dipole and quadrupole between
2020Hz and 6370Hz. Above 6370Hz, the quadrupole is
responsible for the majority of the noise produced by the
inverted bucket steam valve.

(3) The method of multifrequency bands was utilized
to analyze the numerical simulation results of inverted
bucket steam valve aerodynamic noise, and the
logarithmic superposition method was employed to derive
the numerical simulation results of the total sound
pressure level under the three differential pressure
conditions. The accuracy of the numerical simulation is
demonstrated by the fact that the overall sound pressure
level variation between the computational and
experimental calculations is less than 3%.
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