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Abstract

In order to solve the increasingly serious problem of railway noise which caused by the train’s
speed-up, especially the problem of the dominant aerodynamic noise of the high-speed train, it’s
necessary to have a numerical simulation analysis for the CRH3 train’s three dimensional flow
model. Setting monitoring points in the positions that the surface curvature changes significantly,
using the Large Eddy Simulation Method (LES) to have a transient simulation for the CRH3 train
which is in the speed of 300 km/h and 350 km/h, applying the acoustics theory of Lighthill-Curle
to predict the aerodynamic noise caused by the head of the CRH3 train. The generation and dis-
tribution of the train’s aerodynamic noise are analyzed, so as to provide some reasonable sugges-
tions for the design of the train body.
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1. Introduction

At present, domestic and foreign research on the aerodynamic noise of the high-speed train has some achieve-
ments: applying the method of large eddy simulation combined with boundary element method, T. Sassa ana-
lyzed the distribution of dipole noise sources on the surface of the high speed train body [1]; through the use of
low noise wind tunnel, the relevant personnel studied the air noise existing in the steering frame, train gap, skirt
and other position of the high speed train, also, according to some relevant experimental analysis, they got the
conclusion that the aerodynamic noise was caused by the pulsating pressure and presented some effective
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schemes to reduce the aerodynamic noise [2].

According to the research and experiment of the railway noise theory, the railway noise is mainly composed
of three parts: traction noise, wheel rail noise and aerodynamic noise [3]. At present, by means of the damping
treatment or dynamic suction of the rail and the wheel, significant achievements have been made in reducing
wheel/rail noise. And on the basis of acoustic train conversion speed, after effective control in the wheel rail
noise, if the train speed reaches 250 km/h, the aerodynamic noise will become the main part of the railway
noise.

This paper is based on Lighthill-Curle theory, using large eddy simulation (LES) method to have a humerical
simulation for the CRH3 train’s three dimensional flow model. Thus, the aerodynamic noise caused by the head
of the CRH3 train is predicted, and the generation and distribution of the train’s aerodynamic noise are analyzed,
S0 as to provide some reasonable suggestions for the design of the train body.

2. The Numerical Simulation Method of Aerodynamic Noise

2.1. The Large Eddy Simulation (LES) Control Equations

Putting the Navier-Stokes equation in the wave number space or physical space to filter out the vortex which is
lower than the limiting width. Thus, we can get the incompressible LES control equation [4]:

op 0, _

e = (oG )=0 1

a o (p4) @
o, o, v & of am) oy
S . - . )l=——a — 3 2
o P 5 (o) =5, T, (”axjj o, &

Type: (-) is spatial filtering; P is the density; u; and u; respectively for the filtering of the velocity com-
ponents; w is viscosity coefficient; tis time; ; is the subgrid scale stress 7; = p?uj—pﬁiﬁj .
2.2. The Aerodynamic Noise Control Equation
Based on N-S equation and continuity equation, Lighthill derived the acoustic propagation equation [5]:
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Viscous stress tensor e, = %+—’—35- ( p—cgp); c, is Sound velocity; Vv is Hamilton operator.
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When the solid wall boundary exists in the unsteady flow region, the solution of the Equation (3) is derived

[6]:
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Type: n; for the direction of the vertical direction of the solid wall S; xfor acoustic vector,
X=xi+X%J+xk; p; forthe surface fluctuating pressure of air; y as a sound source point vector; R =|x—y|;
t for the measurement of time.

Type (4) contains two kinds of noise sources:

1) One kind of noise sources is the surface dipole term of Lighthill stress which is in the flow field around the
object, and the dipole source noise is proportional to the three Party of the Maher number.

2) The other kind of noise sources is the sub volume quadrupole between the surface pressure and the viscous
shear stresses, and the quadrupole source noise is proportional to the five Party of Maher number.
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So, the noise of the quadrupole source is proportional to the square of the Maher number.

The speed of high speed train is 300 km/h and 350 km/h, the Maher number are 0.24 and 0.28 respectively.
Since the noise of the quadrupole source is relatively small, it can be neglected. Therefore, the formula for the
aerodynamic noise of high speed train is:

p'(x,t)=—1/(4nc§)§fs—njp"' (y’;_ Rl gy (5)

p(x.t)—py =cop'(X,t) (6)

Type: p for the sound pressure; p, for the reference sound pressure, take 2x107° Pa.

3. The Basic Link of Aerodynamic Noise Numerical Calculation
3.1. The Numerical Calculation of Train Model

It is hard for computer to achieve the large eddy simulation calculation on the whole vehicle model [7]. Since
the middle cross section of the train is roughly the same, after the air flows a certain distance from the train head,
the structure of the flow boundary layer tends to be stable. Meanwhile, the change of the aerodynamic force of
the train tends to be stable.

On the basis of the above analysis, selecting the 2 compartment models which are the head carriage and rear
carriage. Taking into account that the influence of the wiper position on the front of the aerodynamic noise, the
geometric model preserving the structural features of wiper, as shown in Figure 1.

3.2. The Numerical Calculation Region

When calculate in the numerical simulation, In order to avoid the influence of the exit section of the EMU, the
selection of the length direction size should make sure that the calculation of the area downstream from the train
tail [8].

The CRH3 train length | = 41.4 m, height h = 3.89 m, width w = 3.3 m, the entrance length of the calculation
region 11 =70 m > | and export length 12 = 130 m = 3. The height of calculation region H = 80 m > 20 h, width
W =120 m, as shown in Figure 2.

Figure 1. The calculation model of CRH3.

Figure 2. The calculation area.
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3.3. The Grid of the Numerical Calculation Model

Complex structures such as the windshield wipers on the train’s head, the surface shape of the CRH3 train’s
head is irregular. This paper apply unstructured tetrahedral grid to mesh the train body. After mesh, the grid near
the train position is more intensive than other position, and the grid transit uniformly from the train body to ex-
ternal area with certain growth factors that vary from dense to sparse. The minimum grid size is 0.004 m, the
minimum grid area reaches 10° m? order of magnitude, and the total grid number is 6,435,200, as shown in
Figure 3.

3.4. The Set of Boundary Conditions

For the speed of the train is not less than 300 km/h, there are two kinds of method can be used to calculate. One
is direct transient calculation, the other is transient calculation based on the steady result as the initial value. At
the same time step, using the first method to calculate will cost double computation time than the second method.
Considering the above considerations, it is better to take the method that transient calculation based on the
steady result as the initial value. Thus, the boundary conditions are shown in Table 1.

4. The Fluctuating Pressure Simulation of the Head Surface

When the speed of CRH3 is 350 km/h, the pressure distribution of the front surface is obtained, as shown in
Figure 4(a); when the speed of CRH3 is 300 km/h, the pressure distribution of the front surface is obtained, as
shown in Figure 4(b).

4.1. The Result of the Fluctuating Pressure Simulation

Airflow is easy to exist separation phenomenon in the position that surface curvature changes highlighted, and
the formation of flow disturbances will become very complex. So the monitoring points should set in the posi-
tion that surface curvature is more prominent, such as shown in Figure 5.

The CRH3 train are respectively traveling at the speed of 300 km/h and 350 km/h, through the simulation, it
can be learned that the relationship between the fluctuation pressure of each monitoring point at different speeds
and the traveling time ,which is shown in Figure 6.

Respectively record the fluctuation range and the fluctuation amplitude of the front surface pressure when the
CRH3 train at the speed of the 300 km/h and 350 km/h, as shown in Table 2.

According to the pressure of the train head surface, following conclusions can be drawn:

1) Since the surface curvature change of the monitoring points 1 and 2 are bigger, the fluctuation pressure and
the fluctuation range of these two positions are relatively larger.
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Figure 3. The grid of longitudinal section.

Table 1. Boundary conditions setting.

Boundary position Boundary conditions setting
The left calculation area inlet V=V,
The right calculation area outlet Pressure outlet
The side and top surface symmetry Standard symmetry plane
The bottom surface wall Sliding wall
The body surface wall Fixed wall
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4.69¢+03
4.01e+03
3.32¢+03
2.64e+03
1.95¢+03
1.27e+03
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-9.78e+01
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-3.52¢+03
-4.20e+03
-4.89¢+03
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-6.94e+03
-7.62e+03

4.46e+03
3.96e+03
3.46e+03
2.95¢+03
2.45e+03
1.95¢+03
1.45¢+03
9.46e+02
4.44e+02
-5.85e+01
-5.61e+02
-1.06e+03
-1.57¢+03
-2.07e+03
-2.57¢+03
-3.07e+03
-3.57¢+03
-4.08e+03
-4.58e+03
-5.08¢+03
-5.58e+03

(b)

1 3785.05 - 4247.78 5147.04 - 5801.20 462.73 654.16 1.37
2 3847.84 - 4382.56 5308.31 - 6045.29 534.72 736.98 1.38
3 —563.53 - —179.51 —774.50 - —208.73 384.02 565.77 1.37
4 —409.76 - —173.99 —553.16 - —301.99 235.77 251.17 1.35
5 —2158.5 - —1996.71 —2936.2 - —2699.08 161.81 237.13 1.36
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Figure 5. The front surface monitoring points setting.
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Figure 6. The time fluctuating pressure of some monitoring points. (a) 350 km/h; (b) 300 km/h.

2) The disturbance degree of the train on the air flow field is changing with the train speed, the greater speed,
the greater fluctuation amplitude of fluctuating pressure.
3) When the velocity are respectively 300 km/h and 350 km/h, the maximum value of the pressure fluctuation
is corresponding to
5801.2/4247.78 ~1.37, 6045.29/4382.56 ~1.38, —774.50/-563.53 ~1.37, —553.16/-409.76 ~1.35,

—2932.2/-2185.5 ~1.36, however, the square ratio of speed is 3507 : 300° ~1.36 .

To sum up, the greater the change of curvature of the front surface, the greater the flow disturbance, corres-
ponding the larger the pressure fluctuation and the fluctuation range amplitude; the amplitude of fluctuating
pressure and the second party of the running speed approximately have a direct proportional relationship.

4.2. The Spectral Analysis of the Pulse Pressure of the Front Surface

In the case that the Maher number is low, the main noise source is the dipole. Since the running speed of the
train is different, it’s essential to change the fluctuation pressure of monitoring points into Sound pressure level

spectrum by Fast Fourier Transform (FFT), as shown in Figure 7.
Using the total sound pressure formula, when there are large numbers of sound pressure lever, the overall

sound pressure level is L, :10Ig(210°'“"i ) [9]. According to the data of the fluctuation sound pressure level

at different frequencies, it is needed to have a calculation of the total pulsational sound pressure value of each

monitoring point, as shown in Table 3.



F. G. Kong, ]. Wang

point 1 — v=350km/h point 2 - v=300km/h
o <= 115
170
N <
5 150 o 105
= =
[} [}
2 g
=] 5 8
[} 1]
[} 1]
: A R b R s
o [=}
=] < 65 T
[=} o
=3 =1
2 o 55
) 500 1000 1500 2000 2 0 500 1000 1500 2000
frequency/hz frequency/hz
point 4 - v=350km/h 10 point 4 — v=300km/h

50
30
10

90

me%l
o o

30

sound pressure level/db
sound pressure level/db

0 500 1000 1500 2000 0 500 1000 1500 2000
frequency/hz frequency/hz
(a) (b)

Figure 7. The spectrum of some monitoring points. (a) 350 km/h; (b) 300 km/h.

Table 3. The total sound pressure level of monitoring points.

Total pulsation pressure level (dB)

point Growth rate (dB)
300 km/h 350 km/h
1 116.63 135.38 18.75
2 125.60 145.17 19.57
3 122.17 136.61 14.44
4 113.16 126.73 13.57
5 118.81 124.39 5.58

According to the spectral analysis from the FFT conversion of the pulse pressure, the following conclusions
can be drawn:

1) On the surface of the train head, the air flow is easy to be separated, and the turbulent motion area is easy to
cause the aerodynamic noise. The frequency band of the aerodynamic noise is wider, and the dominant fre-
guency is not obvious;

2) With the increase of the running speed of the train, the aerodynamic noise at every level frequency changes
more dramatic, and the distribution of the spectrum is more fine;

3) In the low frequency region, the acoustic pressure level and the sound pressure level density of the monitor-
ing points are higher; in the low frequency region, the acoustic pressure level and the sound pressure level
density of the monitoring points are lower. Therefore, the energy of the aerodynamic noise in the low fre-
quency part is relatively large, however, in the high frequency part is small.

5. Conclusions

This paper is based on Lighthill-Curle theory, using large eddy simulation (LES) method to have a numerical

simulation for the CRH3 train’s three dimensional flow model. Thus, the aerodynamic noise caused by the head

of the CRH3 train is predicted, and the generation and distribution of the train’s aerodynamic noise are analyzed.

The results show that:

1) With the increase of train speed, the fluctuating pressure amplitude and speed of every point on the front
surface will be increased, and the pressure fluctuation spectrum is finer;
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2) The frequency band of the pulse pressure is very wide, and has no obvious dominant frequency. At low fre-

quencies, the amplitude of the pulse pressure is large; at high frequencies, the amplitude of the pulse pres-
sure is decreased with the negative exponential law;

3) The energy of the aerodynamic noise in the low frequency part is relatively large, however, in the high fre-

quency part is small.
In order to effectively decrease the aerodynamic noise of the high speed train, it is viable to minimize the

concave convex surface which should be replaced with the streamlined smooth transition surface for the body
design.
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