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To investigate the noise radiation in the leakage of the safety valve. The acoustic fluid-solid coupling simulation

analysis of the leakage process of the safety valve is used to study the flow field when the safety valve is leaking.

The sound source characteristics of different inlet pressures and different leakage holes when the internal
leakage of the safety valve occurs are analyzed, and the noise source is analyzed in combination with the flow
field simulation. The results show that when the internal leakage of the safety valve occurs, the noise is mainly
dominated by the quadrupole sound source caused by the jet, accompanied by the dipole sound source. At the
same time, the noise sound pressure level is positively correlated with the working medium pressure of the

safety valve and is quadratically correlated with the inner leakage hole.
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1. Introduction

The safety valve is an important part of the pipeline system,
which plays an important role in ensuring pipeline safety.
However, due to a series of practical operations such as
manufacturing, installation, use and later maintenance, the
sealing surface of the safety valve may be damaged, which
causes the valve leakage, and affect the pipeline system
safety and lead to valve leakage affecting the pipeline sys-
tem safety [1]. And the noise is harmful to us, not only to
the body but also to the hearing [2-5].

Valve acoustic research mainly focuses on acoustic char-
acteristics, internal leakage location, and acoustic emission
fault detection. Javad Taghinia et al. [6] use the large eddy
simulation method to investigate the flow structure in an
HPH valve. Then based on the Large Eddy Simulation
(LES) model, the Discrete Phase Model (DPM) model, and
the Ffowcs Williams-Hawkings (FW-H) model, Chen et

al.[7] take a further study that proposes and verifies a fluid-
solid-acoustic multi-physics coupling DPM-LES model,
which can be used to study the flow field dynamic and
acoustic characteristics of the gas-liquid twin-fluid. Ren et
al.[8] obtain the super/transcritical water jet characteristics
by using large eddy simulations (LES). Li et al.[9] devel-
oped a 3-D model to investigate the flow field and acoustic
properties of the two-stream jets. Liao [10] studied the tur-
bulent flow and aerodynamic noise of a half-cylinder on
a flat plate by using the higher-order cell-centered finite
difference method (CCFDM) delayed separation vortex
simulation (DDES) and large vortex simulation (LES), and
the results showed that the LES method has better results in
solving the delayed separation vortex simulation problem.
S.A. Hambric et al. [11] computed the structure- and fluid-
borne vibroacoustic power spectra induced by turbulent
fluid flow over the walls of a continuous 90 piping elbow
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Then, Zhang et al. [12] investigated the structural vibration
and fluid-borne noise induced by turbulent flow through a
90° piping elbow using the hybrid LES/Lighthill’s acous-
tic analogy method. The turbulence numerical simulation,
aero-acoustic simulation, and acoustic boundary element
method (BEM) are used to simulate the aero-dynamic noise
of turbocharger compressors in literature [13-16]. Zhang
et al. [17] study the time-frequency signal of pipe leak-
age acoustic waves by using the method of “acoustic-pipe
and acoustic-pressure” multi-physical field coupling. The
results show that the acoustic wave propagates from the
leakage hole, and the amplitude decreases rapidly. Liu
et al. [18] establish a computational aero-acoustic (CAA)
model of the internal and external field noise of a marine
pump and obtain the spectrum characteristics of internal
and external field noise by using the coupled acoustic vi-
bration method. The results show that the radiation noise
induced by the fluid excitation is higher than that induced
by the dipole excitations. Qian et al. analyze the acoustic
response of various thick perforated plates by using the Fi-
nite element method (FEM) and propose a linear correction
formula of maximum TL. Wang et al.[19] propose a novel
FWRYV (four-way reversing valve), which can be used to
reduce friction-induced vibration and improve fluency. Li
et al.[20] proposed a numerical simulation method for the
aerodynamic noise of safety valves that comprehensively
considers quadrupoles and dipoles. Test results show that
the simulation method can achieve an accuracy of less than
10% under different working conditions.

In summary, the current research has carried out the-
oretical research on the sound source of the valve and
pipeline leakage, and proposed a variety of leakage analy-
sis methods based on classical acoustic theory. At the same
time, previous studies have shown that the LES turbulence
model has a very high advantage in studying the prob-
lem of medium leakage. The purpose of this paper is to
study the law between the working pressure and leakage
parameters of the safety valve and the characteristics of the
leakage sound source. The LES turbulence model is used
to analyze the internal flow characteristics of the safety
valve under the internal leakage condition. Through the
analysis of the flow information, the noise source of the
internal leakage of the safety valve is obtained. Based on
the fluid dynamics and Lighthill acoustic analogy theory,
the internal leakage of the safety valve is numerically simu-
lated and analyzed by considering the acoustic fluid-solid
coupling of the dipole and the quadrupole. The distribu-
tion and mutual law of the internal leakage sound source
characteristics of the safety valve under different pressures,
different apertures, and different internal leakage forms are

calculated. According to the quantitative law of the internal
leakage of the safety valve and its corresponding acoustic
characteristics under different working conditions, a math-
ematical model characterizing the internal leakage of the
safety valve and the sound pressure level is established.

2. The research object

Comprehensively considering the test requirements and
the characteristics of the internal leakage sound source,
the micro-start spring load safety valve is selected as the
research object. Its main structure is shown in Fig. 1, and
the relevant key parameters are shown in Table 1.

Fig. 1. The 50A47H-16C spring load safety valve. 1 valve
body; 2 valve seats; 3 regulating circles; 4 valves; 5 stems; 6

valve covers; 7 lower spring seats; 8 springs; 9 upper
spring seat.

Table 1. Main technical parameters table of safety valve.

Name Parameter
PN 16
DN 50
Opening height /mm 2 mm
Setting pressure /MPa 0.7MPa
Emission pressure /MPa < 0.77MPa
return pressure /MPa > 0.60MPa
Design temperature /°C < 350°C

3. Theoretical study on valve aerodynamic noise

3.1. RNG k — ¢ model

The flow equations used in the paper are written as:

J
a—f+v(pu):o )
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dpU
BV (U U) = V- (g VU ) = o
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where B is the body force,

p is the density,

U is the velocity,

p’ is the fixed pressure,

Uste is the effective viscosity,

u¢ is the dynamic viscosity,

u is the molecular viscosity.

The equation for the turbulent kinetic energy k can be
obtained by modeling the terms of production, diffusion,
and dissipation as follows:

3(pk) + V- (oUk) =V - Ku+ &) Vk} + P+ pe (5)
ot Ok
where 0y, is the turbulent Prandtl number,

¢ is the dissipation rate of turbulent kinetic energy,

Py is the output project of turbulent shear flows,

the dynamic eddy viscosity is then obtained by dimen-
sional considerations:

2
Ut = Cypk? (6)
where

Cy is the constant of the RNG k- ¢ model.

The closure of the model is obtained by using the equa-
tion of the turbulent dissipation rate . The turbulent dissi-
pation rate € ¢ an be written as:

Aee) L g (oue) = v - K;HL) VS} +
ot UsRNG %)
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where
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1 pCurNGE (10)

where o, 4 is the dissipation Prandtl number.

The empirical coefficients are given as Cyrng =
0.0845, Cejrng = 1.42,Corng = 1.68, 79 = 4.377, and
Brng = 0.012.

3.2. LES numerical methods

Large eddy simulations can solve the problem of three-
dimensional transient turbulence, which is composed of
eddies of different scales. The basic idea of large eddy
simulation is to decompose the instantaneous pulsation in
turbulent flow into the solvable scale and sub-lattice scale
by filtering. The large-scale quantities are solved directly,
and the small-scale quantities are simulated with the sub-
grid model (SGS).

Filtering N-S equation using discrete volume equation:

om G _ 1% Pw G

ot ox;  pdx;  ox0x; | 0x;

(11)

The subgrid stress:
T = (i — i) (12)

To close the system of equations, according to Smagorin-
sky’s basic SGS model, it is assumed that the SGS Reynolds
stress has the following form:

_ 1
Tij = —2085ij + 5 Tkdij (13)

where
Jj; is the unit tensor,
vy is the Subgrid turbulent viscosity coefficient,
5j is the component of the strain tensor at scale.

_ 1 (ow Ouj

3.3. Acoustic calculation

Combining with the fluid equation, Lighthill established
the mathematical model of the physical source of flow
sound and found a similar correlation between the sound
field and the flow field. The Lette Hill equation is derived
from the most basic N-S equation to further solve the prob-
lem of fluid noise. Curle extends Lighthill’s theory and
clearly explains the three aerodynamic sound sources of
moving objects. Curle’s work is further developed, con-
sidering the influence of all solid boundaries of Ffowcs
Williams and Hawkings in any motion. The generalized
FW-H equation is obtained by using the generalized func-
tion method. The detailed derivation of the formula is as
follows.

Lighthill’s basic equations, including the continuity
equation of fluid mass conservation in the volume unit
and the particle motion equation in the fluid reference ele-
ment, are shown in Equations 1 and 2.

dp | dpu;
a o =0 (15)
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mentum equation
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Introducing the Heaviside function
1 f(x,y)>0
Hp =LA (18)
0 f(xy) <O

When f(x,t) = 0 is the governing surface equation of
the moving boundary, f(x,¢) < 0 represents the space
domain of the fluid without perturbation.

By introducing the flow parameter equation of the gen-
eralized Heaviside function,

{ p=p0"H(f) +po
i = u;H(f) (19)
pij = piH(f) — podij

Derivative of Heaviside function

OH _ oH df
o of ot 20)
OH _ H af
ox;  of ox;

The generalized flow parameters are brought into the
continuity equation to obtain the generalized continuity
equation

9, 9 -, ___of

ar WHD] + 5 [H] = povig-o(F) - @1)
Generalized momentum equation obtained by substi-

tuting generalized flow parameter into the momentum

equation

S louH() + o [ (puan; + py) HUY| = piy3L0(7)
(22)
The generalized continuous equation is derived for
t. The momentum equation takes the scatter, and
then both sides of the equation are subtracted by
C% {82 [0'H(f)] /Bx%}. Considering p’ = C%‘O/, we can get

1 9%y’ , 0

2 VP = g oo () -

) 2 @3)
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In this paper, the computational domain is f(x,y) >
0,H(f) =1, thus

1% _,, @ P) 9
3~ VY = g s (Pl =g [Py ()] + 50Ty
(24)

Shuxun Li et al.

In Eq. 10, the first term on the right side is a monopole,
the second term is a dipole, and the third term is a
quadrupole. Among them, the monopole generally refers
to the unstable state at low velocities and is usually not con-
sidered. Dipole occurs in the airflow and solid boundary
coupling caused by pressure pulsation radiation out of the
noise. The quadrupole sound source generates high-speed
flow, when the Mach number is low, then do not need to
consider the quadrupole sound source. In the safety valve
internal leakage noise applications, the internal leakage
noise belongs to the second-term dipole sound source and
the third-term quadrupole combination.

4. Flow and noise analysis of safety valve

4.1. Method

As shown in Fig. 2, the noise analysis process is that the
flow channel model is obtained by reverse modeling, and
then the RNG k — ¢ turbulence model is used to calculate
the steady flow field. Based on the convergence result of the
steady flow field, the transient flow field is calculated by a
large eddy simulation turbulence model by using the same
boundary conditions. Finally, the .cgsn file of pressure
information is derived as a dipole sound source and the
.cgsn file of velocity information is derived as a quadrupole
sound source to calculate the acoustic response. Among
them, acoustic response 1 is calculated by dipole source as
acoustic excitation source, acoustic response 2 is calculated
by quadrupole source as acoustic excitation source, and
acoustic response 3 is calculated by dipole and quadrupole

as acoustic excitation source at the same time.

4.2. Fluid domain grid model and flow field boundary
conditions

The inner flow channel model of the safety valve is shown
in Fig. 3, and on the left side is the grid zoom at the leak
hole. A round hole of diameter d=1mm is used instead of
leak holes of different shapes. The unstructured grids are
used for adaptive division, and the grids in the internal
leakage region and the turbulent region after the internal
leakage region are encrypted to ensure calculation accuracy.
The wall is set as a smooth wall, with no-slip boundary con-
dition, the standard wall function is used in the near wall
area, and the influence of gravity acceleration is consid-
ered. The second-order upwind discretization scheme is
adopted for the control equations such as velocity, turbu-
lent kinetic energy dissipation rate, and turbulent kinetic
energy, and the central difference scheme is adopted for the
pressure term. Pressure boundary conditions are adopted
for both import and export. And verify the grid indepen-
dence. Based on calculating the steady-state convergence
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Fig. 2. Noise analysis flow chart.

of the flow field based on the RNG k — ¢ turbulence model,
the transient simulation of the convection field based on
the LES turbulence model is carried out. The transient flow
field streamline is shown in Fig. 4.

It can be seen from Fig. 4 that the fluid velocity in the in-
ternal flow field of the safety valve has no obvious change.
In the small area on the left side of the leak hole, the fluid ve-
locity begins to change; inside the leak hole, the gas velocity
changes sharply; on the right side of the leak hole, the fluid
velocity drops rapidly and forms a vortex. It can be seen
from the pressure program that the pressure ratio before
and after throttling is about 1.93. When the medium flows
through the leakage hole, the fluid will expand rapidly
after compression, and this process will interact with the
inner wall surface of the structure, resulting in a strong
pulsating pressure, thus forming a dipole sound source.
At the same time, due to the throttling effect, the jet effect
is formed in the region behind the gap, and the velocity
gradient increases to form a quadrupole sound source. As
shown in Figure 4, the speed of the throttle reaches 212.1

m/s. At this point, the leakage hole is mainly a quadrupole

sound source. with dipoles

1

IN IN

Fig. 3. Grid diagram of the flow passage in the safety
valve.

Taking the case, in which the inlet pressure of 0.13 MPa
and outlet pressure of 0.1 MPa, as examples, the flow veloc-
ity at the internal leakage hole is monitored and the Mach
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Velocity
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Fig. 4. Internal flow chart of safety valve.

Pressure
130.00
127.36
124.73
122.09
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93.08
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Fig. 5. Flow pressure cloud diagram of safety valve.

number is calculated:

Ma = = 25)
€0

where Ma is the Mach number, v is the medium veloc-
ity, and c is the local sound velocity; the calculated Ma
is 0.62 0.3, belonging to a subsonic flow, dominated by
quadrupoles, and dipoles and quadrupoles jointly con-
tribute sound source information. The sound source infor-
mation obtained by Fluent is combined with LMS Virtual.
Lab for acoustic fluid-solid coupling analysis. The sound
source information of the fluid grid node is loaded into the
acoustic boundary element mesh as the sound field excita-
tion to map the information. The sound source information
is shown in Figure 6 and Figure 7.

The node information of the flow field grid is mapped to
the boundary element grid by the non-energy loss theory al-
gorithm. The time domain information of the dipole sound
source is converted by the FFT frequency domain, and the
information of the quadrupole sound source is analyzed by

Fig. 6. Dipole pressure pulsation sound source
information.

Fig. 7. Quadrupole velocity pulsation sound source

information.

the Lighthill stress tensor based on the frequency domain.
The dipole pressure fluctuation cloud map is obtained, as
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shown in Figure 8. The contours of quadrupole velocity
fluctuation are shown in Figure 9.

Pressure amplitude

dB(RMS)

125

I 109
92 a.40Hz b.100Hz ¢.1000Hz
755

59
42.5

I 26
95
7

I 235
40

Fig. 8. Dipole pressure fluctuation program of the flow

d.10000Hz

¢.18000Hz

field at different frequencies.

From figure 8, it can be seen that the fluid medium has
obvious pressure pulsation in the wide frequency band
of 20 Hz to 18000Hz, which is distributed near the inner
leakage hole and has a large amplitude fluctuation, show-
ing the pulsation characteristics of the fluid medium and
valve body structure wall coupling. The closer to the inner
leakage hole, the greater the flow rate, and the stronger the
pulsation characteristics of the coupling surface.

Flow velocity

Flow velocity Flow velocity

Magnitude (m-s’! Magnitude (m's™!) Magnitude (m's!)

7.0 0.024 5.0x10%

I 6.3 0.022 l 45x104

5.6 0.019 4.0x104

49 0.017 3.5x104
42 (aM40Hz 0.015 3.0x104 (d)10000Hz

35 0.012 25%10+

I 2.8 0.010 2.0x10%

2.1 0.007 1.5x104

14 0.005 (¢)1000Hz 1.0x10%

I 0.7 Io.ooz I 0.5%10%

0.0 0.000 0.0

(b)100Hz (e)18000Hz

Fig. 9. The contours of quadrupole velocity fluctuation in
the flow field at different frequencies.

From Fig. 9, it can be seen that the fluid velocity range
is larger. The speed difference between 40Hz and 18kHz
is several orders of magnitude. The velocity pulsation is
mainly distributed near the internal leakage throttling re-
gion. Due to the existence of a boundary layer, the larger
the Mach number is, the larger the normal velocity gradient
of fluid flow direction is, and the more intense the velocity
fluctuation in the local area is. The difference in veloc-
ity fluctuation amplitude at different frequencies can also
reflect the distribution of leakage energy in the medium.

4.3. Boundary element mesh model and acoustic bound-
ary condition
Different from structural finite element mesh, the precision
of acoustic mesh is directly related to the highest compu-
tational frequency. The grid element is required to be less
than 1/6 of the wavelength of the highest frequency calcu-
lation point. Considering the calculation range of 20 Hz
20000 Hz and the calculation accuracy requirement, the
grid element length is 5.6 mm. The acoustic finite element
mesh model of the safety valve is shown in Fig. 9. The
sound pressure monitoring point 1 was set at the outlet of
the safety valve Meanwhile, to ensure the accuracy of aero-
dynamic noise simulation of the safety valve and shield
the influence of inlet and outlet pipeline noise, the outlet is
defined as AML without reflection boundary property, and
the acoustic impedance Zp = pgcg of outlet fluid medium
is set to 13.0 x 10° kg/m? - s.

5. Analysis of numerical simulation results of
acoustic response

The acoustic response results of a certain frequency
band are obtained using dipole, quadrupole, dipole, and
quadrupole source information as excitation sources, re-
spectively, as shown in Figs. 10, 11, and 12. The sound
pressure spectrum curves of different acoustic responses at
monitoring point 1 (Fig. 13) are shown in Fig. 14. Figure
14 shows that the sound pressure distribution excited by
dipoles and quadrupoles is consistent with that excited by
quadrupoles alone, which is different from that excited by
dipoles alone. The results are consistent with the results
of flow field analysis. When the safety valve leaks, the
noise source is dominated by the quadrupole sound source
generated by the jet and accompanied by the dipole sound
source generated by the fluid-solid coupling.

6. Influence of different parameters on aero-
acoustic field

6.1. Influence of inlet pressure on aerodynamic sound
field

Under the action of a large pressure difference before and

after the leakage hole in the safety valve, the fluid forms a

series of turbulent vortexes along the axial direction down-

stream of the leakage hole.

Considering that the blocking jet noise will directly af-
fect the sound pressure value of the aerodynamic sound
field, the working condition with an inlet/outlet pressure
ratio of less than 1.893 is set for study. To facilitate the
simulation and comparative analysis under different pa-
rameters, the internal leakage gap of the safety valve is
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Pressure Amplitude
dB(RMS)

95.60
I 88.49
81.38
74.28
67.17
60.06
52.95
45.85
38.74
31.63
24.52

Fig. 10. Acoustic response 1 of safety valve at 70Hz Sound
pressure distribution.

Pressure Amplitude
dB(RMS)

51.32
I 44.95
38.58
32.21
25.84
19.47
13.10
6.74
0.37
-6.00
-12.37

Fig. 11. Acoustic Response 2 of safety valve at 3770Hz
sound pressure distribution.

simplified by the equivalent diameter of the same round
hole. The opening hole is 1 mm and the opening form is a
round hole. The influence of inlet pressure on aerodynamic
noise is analyzed, which are 0.11 MPa, 0.13 MPa, 0.15 MPa,
and 0.17 MPa, respectively. The sound pressure-frequency
characteristic curve of figure 10 is obtained.

Fig. 15 shows the sound pressure spectrum of the same
measuring point of the safety valve in the same frequency
range under different inlet pressures. It can be seen that the
sound pressure spectrum curves under different pressures
are similarly distributed. The peak sound pressure appears
before 70 Hz, and the change of sound pressure level tends
to be flat after 5 KHz. With the increase of import pressure,
the sound pressure level also increases. The internal leak-
age noise of the safety valve is mainly caused by the pres-

Pressure Amplitude
dB(RMS)

62.66

I 55.37
48.08
40.79
33.50
26.21
18.92
11.63
434
2.95
-10.24

Fig. 12. Acoustic Response 3 of safety valve at 2520Hz
sound pressure distribution.

Safety valve

The sound field plane

Monitoring point 1

Fig. 13. Diagram of sound pressure Monitoring Point 1.

sure pulsation dipole mainly based on the coupling force
gradient between the moving fluid and the valve inner wall
and the velocity pulsation quadrupole mainly based on the
viscous shear stress in the jet section. With the change in
pressure, the medium flow rate also changes. Therefore,
the proportion of dipole and quadrupole in the total sound
pressure level is not constant. The greater the inlet pres-
sure is, the greater the medium flow rate is, and the greater
the sound pressure level excited by the quadrupole sound
source is. With the increase of inlet pressure, the flow veloc-
ity of the medium becomes faster, but the coupling surface
between the medium and structural wall does not increase.
Although the dipole sound source is also increasing, the
increase is small. Therefore, the weighted sound pressure
spectrum under different pressures cannot show the same
regularity.
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Fig. 14. Sound Pressure Spectrum of Different Acoustic
Responses at Monitoring Point 1.
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Fig. 15. Sound pressure spectrum under different inlet
pressures.

As shown in table 2, the total sound pressure level of
internal leakage noise in the frequency range of 20Hz
20KHz is obtained by weighting the calculated full fre-
quency sound pressure value of internal leakage noise un-
der different inlet pressures.

Table 2. Total SPL of internal leakage noise at the same

monitoring point under different inlet pressures.

Inlet pressure (MPa)  0.11 013 015 017
Total SPL (dB) 60.42 80.24 8751 89.32

Under the same hole and opening form, the sound pres-
sure level of the internal leakage of the safety valve has

a certain continuity with the change of pressure, which
is characterized by linear characteristics. The continuity
relationship between the inlet pressure and the total sound
pressure level can be obtained, as shown in Figure 16.

In the case of other parameters unchanged, with the
increase of pressure, the total sound pressure level of safety
valve leakage increases. When the pressure ratio is close
to 1.893, due to the phenomenon of blocking flow in the
process of internal leakage, the internal leakage rate of the
medium at the internal flow gap does not change, which in-
hibits the continued enhancement of the quadrupole sound
source, and the dipole sound source increases with the in-
crease of pressure, increasing the total sound pressure level.

A Sound Pressure value
90 ~ — A
— A
75+
<
&
2
60 A
o
175}
45
30 . L . L . I -
0.11 0.13 0.15 0.17
Pressure (MPa)

Fig. 16. Sound pressure level of safety valve under
different inlet pressure.

6.2. Influence of Internal Leakage Hole Diameter on
Aerodynamic Sound Field

To study the influence of internal leakage hole on aero-
dynamic noise, keeping the inlet pressure at 0.13 MPa, the
internal leakage aerodynamic noise of the safety valve with
an opening radius of 0.5 mm, 0.75 mm, 1 mm, 1.25 mm,
and 1.5 mm was analyzed. The analysis results of the same
monitoring point are processed by data information, and
the frequency characteristic curve of the sound source is
shown in Fig. 17.

As shown in Figure 18, different holes have obvious ef-
fects on the sound pressure level of the noise. the medium
throttling is serious and the sound pressure level is small
when the hole is small. When the hole is 0.75mm, there
are peaks at 70Hz, 2KHz, 17.5KHz, and the peak value at
70Hz is 64.53dB. When the holes are 1 mm and 1.25 mm,
the sound pressure level increases significantly and fluctu-
ates stably; and the difference between the two is not very
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Table 3. Total SPL of internal leakage noise at the same monitoring point under different inlet pressures.

Internal leakage diameter (mm)

0.75 1 1.25 1.5

Total SPL (dB)

51.03 65.02 80.24

86.94 73.12

SPL (dB(A))
2 & 8 3 8

W

Frequency (Hz)

Fig. 17. Sound pressure spectrum under different hole
dimension.

obvious, the amplitude of sound pressure enhancement is
reduced; when the hole is1.5mm, the overall sound pres-
sure level spectrum shows a decreasing trend. Compared
with 1.25mm, the sound pressure level in20Hz-20KHz band
shows a significant decrease.

The total sound pressure level of the leakage noise in
the frequency range of 20Hz 20KHz is obtained by weight-
ing the full frequency sound pressure value calculated by
the leakage noise of the safety valve under different inlet
pressures, as shown in table 3.

Under the same inlet pressure and opening form, the
sound pressure level of internal leakage of the safety valve
has quadratic linear characteristics with the change of in-
ternal leakage hole, and the relationship between different
internal leakage holes and total sound pressure level is ob-
tained, as shown in Fig. 18. As shown in Figure 18, the total
sound pressure level is not a simple linear increase when
the internal leakage hole of the safety valve increases grad-
ually, which increases and then decreases, and decreases at
the hole of 1.25 mm, and decreases to 86.94 dB at 1.5 mm.
Although the internal leakage flow area increases, the Mach
number decreases, and the internal viscous shear stress in
the fluid medium decreases accordingly, resulting in a sig-
nificant decrease in the velocity pulsation dominated by
quadrupoles, and large flow cannot completely compen-
sate for the weakening of the internal velocity pulsation. At
the same time, as the hole increases, the coupling surface
between the fluid medium and the structural wall also in-
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Fig. 18. Variation curve of sound pressure level with
internal leakage diameter.

creases. However, due to the constant pressure before and
after and the increasing flow resistance, the dipole pressure
pulsation increases the proportion of the total sound pres-
sure level, but it cannot make up for the decrease in the
total sound pressure level. Therefore, the larger the inter-
nal leakage gap is, the flow sound pressure level generally
increases first and then decreases, which is not unlimited.

7. Conclusion

The acoustic characteristics of the internal leakage noise of
the safety valve and the relationship between the internal
leakage hole and the medium pressure in the safety valve
and the sound pressure level are studied. The following
conclusions are drawn :

1. The flow field analysis shows that the noise source
during internal leakage is mainly caused by a series
of vortexes generated by the orifice jet, accompanied
by the flow sound source generated by the coupling of
fluid and wall. Based on the acoustic analysis, it can be
seen that in the low-frequency range, the quadrupole
sound source dominates. In the high-frequency range,
the noise generated by the quadrupole sound source
is close to the noise sound pressure level generated by
the dipole sound source.

2. When the internal leakage diameter is the same, the
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internal leakage noise is positively correlated with the
medium pressure in the safety valve, and the changing
trend of sound pressure level becomes slower with the

increase of medium pressure.

. When the pressure difference before and after the

valve is consistent, the relationship between the inter-
nal leakage noise of the safety valve and the internal
leakage diameter is a quadratic function. The inter-
nal leakage noise of the safety valve increases first and
then decreases with the increase of the internal leakage
diameter.
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