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Abstract: Excessive pressure drop within the internal flow channel of the water hydraulic throttle
valve will generate severe noise. In order to reduce the noise of the throttle valve, in this paper, the
model of the throttle valve was established, and the flow characteristics and acoustic characteristics of
the valve were simulated. The simulation results showed that the parameters of the throat structure,
such as the half angle, throat inlet angle and throat length, have a significant effect on the noise
of the valve. Then, the three main structural parameters were used as optimization variables, and
radial basis function (RBF) neural networks and multi-island genetic algorithms (MIGA) were used
to reduce the noise of the valve. The approximate model of the relationship between the structural
parameters of the valve and noise was established by RBF neural networks, and MIGA was used
to optimize the approximate model. Finally, the optimal valve model was established based on the
obtained optimal parameters, and its noise was analyzed through simulation and experiment. The
research results indicated that the optimization method, which combines RBF Neural Network and
MIGA, can effectively reduce the noise of hydraulic throttle valves.

Keywords: water hydraulic throttle valve; noise; optimization; RBF neural network; multi-island
genetic algorithm

1. Introduction

With the development of hydraulic throttle valves towards high-pressure and high-
flow conditions, there is a large pressure gradient and velocity gradient in the internal
flow channel of the water hydraulic throttle valve under high-pressure and high-flow
conditions, which will generate unstable fluid and severe noise, seriously affecting the
working performance and environment of the throttle valve. Therefore, it is of great
significance to study the noise control method of throttle valves.

In order to reduce the noise of throttle valves, much work has been carried out by
researchers. The noise of the throttle valve is closely related to its operating conditions.
Zhang et al. [1] studied the flow-induced noise mechanism of an electronic expansion valve
and found out that the flow velocity and pressure drop of fluid would affect the noise
of the throttle valve. Shi et al. [2] studied the effect of cavitation on the noise of water
hydraulic throttle valves and proposed a throttle valve structure to suppress cavitation
noise. Beanad et al. [3] numerically simulated the noise generated by a throttle valve under
gas-liquid two-phase flow conditions, and the locations of noise and vortex generation
of the valve were obtained. Kim et al. [4] pointed out that the flow pattern of the flow
field has a great influence on the noise of the throttle valve. In addition to the influence of
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working conditions on the noise of the throttle valve, the internal flow channel structure
of the throttle valve will also affect its noise. Qin et al. [5] experimentally researched
the vibration and noise of throttle valves with different structures and pointed out that
multi-stage throttle structures can effectively reduce throttle valve noise. Zhou et al. [6]
summarized the cavitation distribution law of the cone valve with different structures at
different openings. Li et al. [7] found that the shape and structural parameters of the flow
channel inside the valve have a certain functional correlation with pressure drop and Mach
number through experiments and numerical analysis, and the research results provide a
reference for noise control of throttle valves. A large amount of relevant literature indicates
that changing the internal flow channel structure can effectively change the fluid flow state
in the valve, which can achieve the goal of controlling the valve’s noise. Therefore, in order
to reduce the noise of the throttle valve, most studies mainly focus on changing the internal
flow channel structure of the throttle valve through simulation and experiment. However,
the traditional method of noise reduction by changing the throttle channel structure relies
on engineering experience, and it has a high degree of randomness. With the development
of science and technology, in order to effectively control the noise of the valve, intelligent
algorithms have been introduced to optimize the noise of hydraulic throttle valves [8].
Gan et al. [9] used RBF neural network response surface and adaptive NSGA-II algorithm
to optimize the structure of multi-stage orifice plates; the research results showed that
the proposed method can effectively reduce the noise of multi-stage orifice plates. Wang
et al. [10] used a multi-objective genetic algorithm to optimize the design of pressure drilling
throttle valves, and the research results found that the optimized structure can effectively
improve the erosion of the throttle valve. Li et al. [11] optimized the structural parameters
of the spool of the pilot control valve based on the CFD method and orthogonal test method
so as to improve the stability of the valve control system. In recent years, the application
of intelligent algorithms, such as neural networks and genetic algorithms in optimization
design, has effectively improved the performance of industrial products [12,13]. Compared
with the traditional noise reduction methods of throttle valves, the global search ability of
an intelligent algorithm can effectively avoid the randomness of engineering experience,
and it has strong adaptability and flexibility [14,15]. Therefore, intelligent optimization
algorithms have become an effective tool for the noise reduction design of throttle valves.

In this paper, fluid dynamics theory and intelligent optimization algorithms were used
to optimize the structural parameters of throttle valves. A noise reduction optimization
method for the throttle valve, which is based on the RBF neural network and MIGA, is
conducted. The RBF neural network is applied to establish an approximate model of the
important influencing parameters of the valve core, and the MIGA is utilized to identify
the optimal parameter combination. This study provides a new idea for the structural
optimization and noise reduction of throttle valves.

2. Simulation
2.1. Theory

The flow and noise of the throttle valve were simulated, which is based on the three
fundamental control equation theories of fluid mechanics [16].

The mass conservation equation.

∂ρ

∂t
+ div(ρu) =

∂ρ

∂t
+

∂(ρu)
∂x

+
∂(ρv)

∂y
+

∂(ρw)

∂z
= 0 (1)

where ρ is the density of the fluid, t is time, u is the velocity vector, u, v, and w are the
components of the velocity vector u in the directions of x, y, and z, respectively.
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The momentum conservation equation.
∂(ρu)

∂t + div(ρuu) = − ∂p
∂x + ∂τxx

∂x +
∂τyx
∂y + ∂τzx

∂z + Fx
∂(ρv)

∂t + div(ρvu) = − ∂p
∂y +

∂τxy
∂x +

∂τyy
∂y +

∂τzy
∂z + Fy

∂(ρw)
∂t + div(ρwu) = − ∂p

∂z + ∂τxz
∂x +

∂τyz
∂y + ∂τzz

∂z + Fz

(2)

where p is the pressure on the fluid microelement; τxx, τxy and τxz are the components of
viscous stress in the x, y, and z directions, respectively; Fx, Fy and Fz are the forces in the x,
y, and z directions, respectively.

The energy conservation equation.

∂(ρT)
∂t

+ div(ρuT) = div
(

k
cp

gradT
)
+ ST (3)

where cp is the specific heat at constant pressure, T is the temperature, k is the heat transfer
coefficient of the fluid, ST is the viscous dissipation.

The broadband noise model is adopted to simulate the noise of the throttle valve, and
The sound power is defined as follows [17].

PA = αρ0

(
µ3

l

)
µ5

α5
0

(4)

where PA is the sound power, ρ0 is the density of the medium, µ and l are the flow rate and
time, respectively, α0 is the sound speed, and α is a constant.

PA = αερ0εM5
t (5)

Mt =

√
2k

a0
(6)

where k is the turbulent kinetic energy, ε is the dissipation rate, and αε is a constant, αε = 0.1.

Lp = 10 log

(
PA
Pre f

)
(7)

where Lp is the sound power level, Pre f is the reference sound power, and the general value
is 10−12 W.

It is helpful to analyze the flow field characteristics of throttle valves by Reynolds
number Re.

Re =
ρvd
µ

(8)

where v, ρ, µ are the flow velocity, density, and dynamic viscosity of the fluid, respectively,
and d is the diameter of the pipeline.

2.2. Throttle Model

The structure of the throttle valve is shown in Figure 1, and its main structural param-
eters are shown in Table 1.

Due to the axisymmetric structure of the valve core and internal flow channel, 2D
simulation was used in this study. The ANSYS Mesh 18.0 software is used to generate the
mesh of the throttle valve model. In order to improve computational accuracy, the mesh
of the valve throat position is encrypted, as shown in Figure 2. Figure 2b is the enlarged
image of the encrypted grid shown in red circle in Figure 2a.
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Figure 1. Structure of the throttle valve.

Table 1. The main parameters of the throttle valve.

Parameter Value

α (◦) 13
β (◦) 90

l (mm) 1.34
ϕ1 (mm) 5
ϕ2 (mm) 2.7
ϕ3 (mm) 2.2
ϕ4 (mm) 4.35
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Figure 2. Mesh of the throttle valve: (a) The mesh of the throttle valve; (b) mesh local magnification.

The meshing method in this study is based on the grid independence test of the flow
field and sound field calculation results, as shown in Table 2. The independence of the
mesh was verified through five different mesh calculation models. It is observed that
the flow becomes stable when the number of grids exceeds 26,957. Therefore, to ensure
both accuracy and efficiency in simulation calculations, the number of two-dimensional
meshes selected in this study is 26,957, and the minimum grid area is 1.13 × 10−5 mm2, the
maximum grid area is 3.93 × 10−4 mm2, the number of nodes is 27,563.
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Table 2. The results of mesh independence verification.

Number of Grids Flow (m3/h)

5668 6.987
18,764 7.344
26,957 7.524
98,579 7.527
168,635 7.528

The non-equilibrium wall function was used in this study. The value of y+ is about
5 in the local encryption part, and the y+ value is about 15 in other parts.

2.3. Simulation of the Throttle Valve

The flow characteristics of the throttle valve are simulated. Steady-state Realizable
k − ε turbulence model and Mixture two-phase flow model are used in the simulation. The
non-equilibrium wall function, which requires less mesh quality and has higher precision, is
used for the wall surface function. The boundary conditions are set as follows: the pressure
of the inlet is the rated pressure of 2.5 MPa, and the pressure of the outlet is 0.7 MPa.
The fluid domain condition is set as an R410 two-phase parameter. Under the pressure
condition of 2.5 MPa, the liquid phase density is 967.5 kg/m3, the dynamic viscosity is
9.72 × 10−5 kg/m·s, the saturated gas phase density is 105.67 kg/m3, and the dynamic
viscosity is 1.4 × 10−5 kg/m·s. The high-precision coupled solver is selected as the solution
method, and the residual is set as 10−5.

The simulation result diagram of the throttle valve is shown in Figure 3. It can be
seen that the pressure at the valve inlet is high while the velocity is low. When the fluid
flows through the throat of the valve spool, the fluid velocity increases rapidly, and the
pressure decreases sharply. In addition, it can be found from Figure 3b that the velocity
change gradient on the wall of the valve spool is significantly greater than that on the wall
of the valve body.
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Figure 3c is the broadband noise of the throttle valve. From Figure 3c, it can be seen
that the high noise levels are mainly concentrated in the area near the throttle throat.
Therefore, the parameters of the throat structure, such as the half angle, throat inlet angle
and throat length, can significantly affect the noise of the throttle valve.

In order to study the effect of fluid velocity on the throttle valve’s noise, the noise of
the water hydraulic throttle valve is simulated at the fluid velocity of 2.5 m/s, 4.0 m/s,
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5.5 m/s, 7.0 m/s, 8.5 m/s, and 10.0 m/s, and the measuring point at a distance of 1.0 m on
the upper side of the throttle valve was taken as the noise monitoring point. The simulation
results are shown in Table 3. As shown in Figure 4, there is the simulation noise of the
throttle valve. It can be seen from Figure 4 that the noise of the throttle valve is positively
correlated with the velocity, and the noise increases with the velocity. When the velocity
is less than 7.5 m/s, the noise increase is more obvious, and when the flow rate is greater
than 7.5 m/s, the noise increase trend slows down.

Table 3. The simulation results of the throttle valve’s noise.

Velocity (m/s) Average Noise (dB)

2.5 29.19
4.0 41.65
5.5 50.88
7.0 60.12
8.5 61.52

10.0 64.95
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3. Optimization of the Throttle Valve
3.1. Optimization Process

The overall optimization process of the water hydraulic throttle valve is detailed in
Figure 5. The optimization process is as follows:

(1) According to the structural parameters of the throttle valve, the finite element model
of the throttle valve is established, and the noise characteristics of the throttle valve
are analyzed. The optimization parameters, constraints and optimization objectives
of the throttle valve are determined according to the analysis results;

(2) The optimal Latin hypercube design method is used to design the input sample set of
the optimization design based on the optimization parameters and their constraints
of the throttle valve, and the sample set of throttle valve optimization is obtained;

(3) The finite element model of the throttle valve is changed according to the input
parameters of the sample set, and the corresponding output noise value is calculated
by the CFD (Computational Fluid Dynamics) software;

(4) In order to express the complex coupling relationship between structural parameters
and the noise of the throttle valve, an approximate model needs to be established
to express the relationship between structure parameters and noise of the throttle
valve, and the approximate model is established by the RBF neural network. When
the accuracy does not meet the requirement, the calculation parameters will be reset,
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and the approximation model will be established again until the accuracy meets
the requirements;

(5) MIGA is used to obtain the global optimal parameter combination. The optimization
model is established by the optimal parameter;

(6) The optimization model of the throttle valve is simulated by CFD software, and the
optimal result is calculated when the optimized result is within the allowable error
range. The optimization process ends; otherwise, the optimization starts again until
the accuracy meets the requirements.
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3.2. Design of Sample Data

From the analysis of Section 2, it can be seen that the main parameters that affect the
working performance of the throttle valve are the half-cone angle, the throat length and the
throat inlet angle. In order to ensure the sealing performance of the throttle valve core and
valve seat, the constraint ranges of these three parameters as shown in Table 4.

Table 4. The constraint settings.

Parameters Lower Limit Upper Limit

The half cone angle α (◦) 10 20
The throat length l (mm) 1.34 3.34

The throat inlet angle β (◦) 55 75

In order to establish an approximate model accurately, appropriate sample points
should be selected within the constraints of the throttle valve’s parameters. Therefore, the
optimal Latin hypercube method is selected to generate sample points. Compared with
other experimental design methods, this method has more effective filling and mapping
performance, and it can fit the high-order nonlinear relationship [18]. According to the
design parameter range in Table 4, 40 groups of sample data are designed by using the
optimal Latin hypercube method, as shown in Table 5.
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Table 5. The sample points of throttle valve parameters.

Number l (mm) α (◦) β (◦)

1 2.468 14.62 73.97
2 2.519 10.77 57.56
3 3.186 11.54 58.59
4 2.263 17.69 74.49
5 3.084 17.69 66.79
6 3.289 15.13 60.64
7 1.391 18.46 62.69
8 2.725 14.36 67.31
9 3.135 18.97 60.13
10 2.366 11.28 71.92
11 2.058 17.44 62.18
12 2.827 19.74 71.41
13 1.494 15.38 59.62
14 1.443 11.03 59.10
15 1.596 18.72 70.38
16 3.032 12.82 72.95
17 1.853 15.64 72.44
18 1.802 12.56 75.00
19 1.904 20.00 65.77
20 1.648 16.15 66.28
21 2.161 13.85 61.15
22 2.212 15.90 56.03
23 2.417 19.23 58.08
24 2.571 19.49 64.74
25 2.673 16.41 61.67
26 2.007 10.51 63.21
27 3.237 12.05 65.26
28 1.750 10.26 69.87
29 1.350 13.59 70.38
30 2.109 13.33 67.82
31 1.699 18.21 56.54
32 2.314 16.92 68.33
33 1.545 13.08 64.23
34 2.776 14.10 57.05
35 2.878 17.18 55.00
36 1.955 12.31 55.51
37 3.340 14.87 68.85
38 2.622 11.79 63.72
39 2.878 10.00 69.36
40 2.981 16.67 73.46

3.3. Approximate Model

The approximate model expresses the relationship between the input variable and the
response variable of the mathematical model [19]. There is a complex coupling relationship
between the half-cone angle, throat length, throat inlet angle and the noise of the throttle
valve, and it cannot be described by a specific mathematical model. Therefore, it is necessary
to establish an approximate model to express the relationship between the parameters and
the noise of the throttle valve.

RBF neural network approximation is a kind of neural network that adopts a radial
element hidden layer and linear element output layer [20], and it has a strong ability to
approximate complex nonlinear functions and fast learning speed [21,22]. Therefore, the
RBF neural network method is used to establish an approximate model. The working
principle of the RBF neural network is shown in Figure 6.
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Figure 6. The working principle of the RBF neural network where xi is the input, qi is the hidden
layer node, Wkj is the direction of output, and yi is the output.

The parameter settings for the RBF neural network are as follows: the smoothing filter
is set to 0.045, the type of basis function is set to elliptical, and the maximum iterations to
fit is set to 1600.

The complex relationship between the inputs and outputs of the approximate model
is described as follows:

y(x) =
∼
y(x) + ε (9)

where y(x) is the actual value,
∼
y(x) is the approximate value, and ε is the error between y(x)

and
∼
y(x).
The value of average relative error is the fitting accuracy standard for judging the

approximate model. Its specific value is detailed in Table 6; the average relative error of the
fitted output is less than 0.2.

Table 6. Average relative error analysis.

Error Class Average Noise Maximum Noise Level

Value 0.08738 0.11008 0.2

3.4. Optimization of MIGA

In order to obtain the global optimal parameter group, the MIGA is used to optimize
the approximate model of the water hydraulic throttle valve’s parameters. A genetic
algorithm is a global optimization algorithm developed by simulating the biological genetic
and evolutionary processes in nature [23]. MIGA is an improved intelligent algorithm of
genetic algorithm. MIGA has a strong global optimization ability and higher computational
efficiency [24]. The main feature of MIGA is that a large population is divided into several
subpopulations, namely “islands”, and the subpopulations on each “island” are optimized
by a genetic algorithm. Therefore, the MIGA will conduct population individual exchange
between “islands” and “islands” [25,26]. The main process of MIGA is shown in Figure 7.

The main processes of MIGA are as follows: Firstly, the group is initialized. Secondly,
the fitness value is calculated. Then, the next generation of individuals is selected according
to the rules of fitness value. Finally, the genetic operations such as migration, selection,
crossover and mutation are performed respectively. If the stop condition is not met, the
optimization continues to calculate the fitness value. Otherwise, the optimal solution will
be output.

The parameter settings of the MIGA in this optimization are shown in Table 7.
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Table 7. The parameters of MIGA.

Parameter Value

Subgroup size 10
Number of islands 10

Evolutionary algebra 10
Crossover probability 1
Mutation probability 0.01

Migration between islands 0.01
Interisland migration interval algebra 5

Individual competition ratio of subgroups 0.5
Number of iterations 1000

3.5. Optimization Model

The optimization mathematical model of the throttle valve is as follows:

min f (x); x ∈ Rn (10)

where x is the design variable and f (x) is the objective function.
The constraint conditions for the throttle valve throat are as follows:

10◦ ≤ α ≤ 20◦

1.34 mm ≤ l ≤ 3.34 mm
55◦ ≤ β ≤ 75◦

(11)

In order to effectively reduce the noise of water hydraulic throttle valves, the optimiza-
tion objectives of minimizing weighted average noise and minimizing weighted maximum
noise are adopted.

3.6. Optimization Results

In order to verify the effectiveness of the optimization method, the optimization
model is established based on the optimized parameters, as shown in Figure 8, and the
simulation calculation of the optimization model is carried out. The broadband noise of
the optimization valve is shown in Figure 9. The noise reduction of the valve chamber is
obvious, and the average noise reduction effect is significant.
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Figure 9. The broadband noise sound field of the optimized throttle valve.

The main parameters of the valve spool and calculation results are shown in Table 8.
The relative error of the weighted average noise is 2.841%, the relative error of the weighted
maximum noise is 0.161%, and the reliability is high. The average noise of the optimized
valve is reduced by 23.846 dB, and the maximum noise is reduced by 5.092 dB. Both the
average noise and the maximum noise are considered, and the optimal parameters are
finally optimized as follows: the half-cone angle is 18.431◦, the throat inlet angle is 61.993◦,
and the throat length is 3.078 mm.

Table 8. Comparison of optimization results.

Parameter Original Value Optimized Value Simulation Value

α (◦) 13.000 18.431 18.431
l (mm) 1.340 3.078 3.078

β (◦) 90.000 61.993 61.993
Weighted average noise (dB) 50.045 26.199 26.965

Weighted maximum noise (dB) 124.528 119.628 119.436

4. Experiment
4.1. Experimental Principle

The experimental principle of throttle valve noise is shown in Figure 10, and its
experimental platform is shown in Figure 11. The experimental system mainly consists of a
water tank, motor, piston pump, pressure gauge, relief valve, throttle valve, and flow meter.
The speed of the piston pump is controlled by a frequency converter to adjust the fluid flow
rate. The working pressure of the pipeline can be read by a pressure gauge. The opening of
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the valve core can be adjusted to regulate the velocity of the pipeline. The velocity of the
pipeline can be displayed by a flow meter.
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Figure 11. The experimental platform of the throttle valve noise testing system. 1—water tank,
2—piston pump, 3—relief valve, 4—pressure gauge, 5—throttle valve, 6—flow meter.

The main parameters of the experimental system are shown in Table 9.

Table 9. The main equipment parameters of the experimental bench.

Name Type Parameter

Piston pump CSP Rated pressure: 6.0 MPa, rated flow: 7.5 m3/h, rated
speed: 1450 r/min.

Pressure gauge Hongqi Pressure range 0–10 MPa, accuracy: ±1.6%.

Flow meter LWGY Rated pressure: 6.3 MPa, flow range: 0.8–8.0 m3/h,
accuracy: 0.5%.



Machines 2024, 12, 333 13 of 19

4.2. Experimental Object

As shown in Table 6, The final optimized throttle valve parameters through the
intelligent optimization algorithm are a half-cone angle of 18.431◦, a throat inlet angle
of 61.993◦, and a throat length of 3.078 mm. The manufacturing accuracy and errors are
considered, and the main size of the optimized physical throttle valve is determined to be a
half-cone angle of 18.400◦, a throat inlet angle of 62.000◦, and a throat length of 3.100 mm.

The structure of the original and optimized valves is shown in Figure 12. This throttle
valve mainly consists of three parts: valve body, valve core, and end cover. The valve core
and valve body are connected by the valve core threaded sleeve, and the sealing ring is
used to ensure the sealing of the throttle valve. The cover plate is connected to the valve
core through a threaded pair, and the throttle valve opening is adjusted by moving the
valve core. As shown in Figure 13, there are the original and optimized water hydraulic
throttle valves that have been manufactured.
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4.3. Experimental Procedure

The parameters of the noise experimental equipment are shown in Table 10, and the
throttle valve noise experimental bench is shown in Figure 14.

Table 10. The parameters of the noise experimental equipment.

Name Type Parameter

Computer Thinkpad Memory 2 GB, win7
Acquisition system Brüel & Kjær 3050-B-060 6 ch Sampling frequency range 0–51.2 kHz

Microphone Brüel & Kjær 4189 Frequency range 6.3–20 kHz, sensitivity
50 mV/Pa

The measurement procedures for throttle valves’ noise are as follows:

(1) According to noise measurement standards GB/T 17213.14-2018 [27], microphone
measurement points are arranged. In order to reduce the interference of error to
measurement results, two different noise measurement points are selected for mea-
surement: the measuring point at a distance of 0.1 m from the valve is defined as
measuring point 1, and the measuring point at a distance of 1.0 m from the valve
is defined as the measuring point 2. The noise of the original throttle valve and the
optimized throttle valve at measuring point 1 and point 2 were measured separately;
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(2) In order to avoid interference from environmental noise and the hydraulic system,
the background noise of the experimental environment is measured first;

(3) Then, a straight pipe is used instead of the valve; the length of the straight pipe is
the same as that of the throttle valve, and the noise of the hydraulic system without a
valve is measured;

(4) The outlet flow of the throttle valve can be adjusted by the opening of the throttle
valve and relief valve. The velocity of the throttle valve’s outlet can be calculated
based on parameters such as pipe diameter and flow, and the noise of the water
hydraulic throttle valve is measured at the velocity of 2.5 m/s, 4.0 m/s, 5.5 m/s,
7.0 m/s, 8.5 m/s, and 10.0 m/s;

(5) The noise on the right side and the upper side of the throttle valve were measured
separately;

(6) The effectiveness of the optimization method is verified by comparing the noise of the
original throttle valve and the optimized throttle valve under the same experimen-
tal conditions;

(7) All microphones were connected to the same acquisition system (LAN-XI Type: 3050-
B-060 6ch, Brüel & Kjær), and the data analysis was conducted in PULSE LabShop
14.1 (Brüel & Kjær) and MATLAB 7.0 software;

(8) The frequency band of interest was set from 0 Hz up to 5000 Hz, the sampling rate of
the system was 12,800 Hz, and the sampling time was 120 s;

(9) In order to compare the measurement results conveniently, the measured noise adopts
the sound pressure level measured by the A-weighted method.
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4.4. Experimental Results

The background noise during the measurement is 28.44 dB. As shown in Tables 9
and 10, the throttle valve’s noise in all operating conditions is greater than 70 dB. The
working noise of the throttle valve is higher than the background noise by more than 30 dB,
so the influence of background noise on the noise measurement results of the throttle valve
can be ignored.

In order to avoid the interference of the throttle valve on the experimental results, a
straight pipe is used instead of the valve, and the noise of the hydraulic system without a
valve is measured. Since there is no throttle valve to regulate the pressure and flow, the
noise of the hydraulic system with a straight pipe can only be measured under no-load
conditions. The upper side noise and right side noise of the hydraulic system at measuring
point 1 are 78.63 dB and 75.40 dB, respectively. The upper side noise and right side noise of
the hydraulic system at measuring point 2 are 74.60 dB and 75.31 dB, respectively.

The experimental temperature is 20 ◦C, the dynamic viscosity of water is 1.005 × 10−3 Pa * s,
the density of water is 1.0 × 103 kg/m3, and the pipeline diameter is 16 mm. The Reynolds
number of different flow velocities can be calculated according to Equation (8).

As shown in Table 11 and Figure 15, there is the measured noise of the original throttle
valve and the optimized throttle valve at measuring point 1.

Table 11. The noise of the throttle valve at measuring point 1.

Velocity
(m/s) Re

The Upper Side Noise (dB) The Right Side Noise (dB)

The Original The Optimized The Original The Optimized

2.5 39,603.96 82.46 80.08 80.11 76.51
4.0 63,366.34 85.11 82.38 82.91 79.81
5.5 87,128.71 87.11 84.49 84.81 81.30
7.0 110,891.09 88.62 85.99 86.22 83.23
8.5 134,653.47 88.93 86.30 86.83 83.62

10.0 158,415.84 90.12 87.59 87.72 84.81
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Figure 15. The measured curves of the original throttle valve and the optimized throttle valve at
measuring point 1: (a) the upper side; (b) the right side.

It can be observed that the noise variation trend of the original throttle valve and
the optimized throttle valve is consistent at different velocities. Compared to the noise of
the original throttle valve, the noise measured on the upper side of the optimized throttle
valve has been reduced by at least 2.38 dB, and the noise measured on the right side of the
optimized throttle valve has been reduced by at least 2.91 dB.

As shown in Table 12 and Figure 16, there are the measured curves of the original
throttle valve and the optimized throttle valve at measuring point 2. It can be seen that
compared to the original throttle valve, the noise values measured on the upper side of
the optimized throttle valve have been reduced by at least 1.20 dB, and the noise values
measured on the right side of the optimized throttle valve have been reduced by at least
1.33 dB, which proves the effectiveness of the optimization method.

Table 12. The noise of the throttle valve at measuring point 2.

Velocity
(m/s) Re

The Upper Side Noise (dB) The Right Side Noise (dB)

The Original The Optimized The Original The Optimized

2.5 39,603.96 76.31 75.11 77.60 76.09
4.0 63,366.34 78.82 77.21 80.30 78.41
5.5 87,128.71 80.90 78.80 82.21 80.60
7.0 110,891.09 82.52 80.40 83.43 82.10
8.5 134,653.47 82.82 80.90 83.81 82.28

10.0 158,415.84 83.49 82.11 85.21 83.81

The experimental results show that the noise value increases with the velocity increases.
There is a difference between the simulated and the experimentally measured noise value;
however, the overall trend of change is basically the same, which also verifies the correctness
of the simulation model.

When the throttle valve opening is the same, and the measurement conditions are the
same, the trend of the noise of the original and the optimized throttle valve under different
velocities is consistent. By comparing the simulation results curve in Figure 4, it can be seen
that the trend of simulation noise and experimental noise is basically consistent. However,
due to the presence of environmental noise and hydraulic system noise, there is a certain
difference in numerical values between simulation noise and experimental noise.
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7.0 110,891.09 82.52 80.40 83.43 82.10 
8.5 134,653.47 82.82 80.90 83.81 82.28 

10.0 158,415.84 83.49 82.11 85.21 83.81 
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5. Conclusions

In this paper, the RBF neural network and MIGA were used to optimize the structural
parameters of the throttle valve. Simulation and experiment were conducted on the models
of the original throttle valve and the optimized throttle valve. The results showed that the
maximum and average noise of the optimized throttle valve were reduced. The original
throttle valve and the optimized throttle valve were manufactured, and their noise was
experimentally measured. The results of this study provide a reference for the structural
design and noise optimization of throttle valves. The specific conclusions are summarized
as follows:

(1) The fluid and noise characteristics during the operation of the throttle valve were
analyzed using numerical simulation methods. It was found that the pressure, velocity,
and noise of the fluid would change dramatically when it flowed through the throat
position, and the induced noise peak was mainly concentrated near the throat position,
which provided a reference for the optimization of the throttle valve structure;

(2) Half-cone angle, throat length and throat inlet angle are selected as the key structural
parameters of the throttle valve, and the influence of structural parameters on the
noise of the throttle valve is studied. The study found that the throttle valve’s noise
gradually increased with the increase in the half-cone angle. As the length of the
throat increases, the noise of the throttle valve changes periodically. As the angle of the
throat inlet increases, the noise of the throttle valve decreases first and then increases;

(3) The structure parameters and noise of the throttle valve were optimized by using the
RBF neural network and MIGA, and the water hydraulic throttle valve noise experi-
mental bench was built to measure the noise of the throttle valve. The experimental
results showed that the comprehensive average noise of the optimized throttle valve
decreased by 2.38 dB at measuring point 1, and the comprehensive average noise
at measuring point 2 decreased by 1.20 dB, which verified the effectiveness of the
optimization method.

In this optimization of the throttle valve, three main structural parameters that affect
the noise of the throttle valve were selected. However, in order to further improve the noise
reduction effect of the throttle valve, more structural parameters that affect the working
performance of the valve need to be found. In addition, due to limited experimental
conditions, it is impossible to avoid the influence of the noise generated by the motor and
piston pump, which may cause certain errors in the experimental results. In subsequent
research, it is necessary to establish a more comprehensive experimental system and adopt
more rigorous experimental methods.
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