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In this paper, single-point field measurements of noise radiated from high-speed trains were performed at two sites along Bei-
jing-Tianjin intercity railway (BTIR), aiming at acquiring the realistic acoustic data for validation and verification of physical
model and computational prediction. The measurements showed that A-weighted sound pressure levels (SPLs) were between
80 and 87 dBA as trains passed. The maximum noise occurred at the moment when the pantograph arrived, suggesting that
pantograph noise was one of the most significant sources. Sound radiated from high-speed trains of BTIR was a typical broad-
band spectrum with most acoustic power restricted in the range of medium-high frequency from about 400 Hz to 5 kHz. Aer-

odynamic noise was shown to be the dominant one over other acoustic sources for high-speed trains.
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1 Introduction

In recent years, a number of high-speed railway lines oper-
ating at speeds of more than 300 km/h have been rapidly
developed in China, such as Beijing-Shanghai, Wuhan-
Guangzhou and Zhengzhou-Xi’an express railway [1].
High-speed trains are evidently superior to conventional
ones in travelers’ speed and comfort during any type of
journey. Hence, it can be anticipated that such a growth
trends of infrastructure in high-speed railway will be main-
tained in China in the foreseeable future. However, noise
generated by train and train-rail interactions may transmit
into the carriage and thus reduce the comfort of passengers.
When it radiates outward to ambient environments, sur-
rounding residents alongside the railway will also be af-
fected. For this reason, sound emission from high-speed
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trains has received increasing public scrutiny [2].

In general, high-speed trains consist of three kinds of
acoustic sources [3], namely, traction motor system, rolling
wheels and aerodynamic factors. They play different roles
at different ranges of train speed. Relevant researches [4]
have shown that noise due to traction motor system and
rolling wheels vary proportionally to the first and third
power of train speed, respectively. However, aerodynamic
noise grows at the sixth power of train speed. Consequently,
with the continuous increase of train speed, the contribution
of aerodynamic noise will eventually exceed that of traction
motor system noise and rolling noise and will finally be-
come the dominant factor. Therefore, computational aeroa-
coustics (CAA) has been developed as an effective tool in
the study of high-speed train noise. Concurrently, experi-
mental measurements cannot be neglected in model valida-
tion and computation verification.

A series of external noise measurements were carried out
on board a high-speed train by Bracciali et al. [5] using a
specially designed device with microphones in the axlebox
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of a carriage in proximity to a single wheel. Barsikow [6]
gave the principal results from noise measurements made
with microphone arrays of different configurations and ar-
rangements to find out acoustic sources on the Deutsche
Bahn AG trains at the speed of from 60 km/h to 280km/h.
Field measurements were performed by Kikuchi et al. [7] at
two sites, one near a tunnel portal and the other in a fully
open section, showing that major components of the
low-frequency noise from the tunnel portal are impulsive
micro-pressure waves and continuous pressure waves, while
those in the open section are near-field aerodynamic pres-
sure variations and far-field acoustic pressure waves. Field
acoustic measurements of noise radiated by passing trains
nearby viaduct railway were compared with various numer-
ical noise predictions by Lui et al. [8]. Kitagawa et al. [9]
attempted to validate TWINS model for rail and wheel
noise prediction based on comparison with measurements
for four different wheel/rail combinations. A field experi-
ment was conducted by De Coensel et al. [10] to study the
possible differences between conventional and high-speed
trains in perceived noise annoyance. Wakabayashi et al. [11]
performed acoustic measurement of Shinkansen high-speed
test train (FASTECH360S, Z) to test countermeasures for
the reduction of noise of high-speed train such as using
low-noise pantograph, sound absorbing panels and panto-
graph noise insulation plates.

Only a few of previous studies in acoustic wind tunnel
tests have been reported. Nagakura [12] performed wind
tunnel sound tests by using an acoustic mirror and a 1/5"
model scale Shinkansen train to study the distribution of
aerodynamic noise sources of a train. By installing micro-
phone array in the shear layer of the train model, Yamazaki
et al. [13] found that one of the primary noise sources was
from the gap between carriages. Mizushima et al. [14]
measured aerodynamic noise of broadband downstream the
gap due to eddy separation and collision, further demon-
strating that the noise reduction can be reached by rounding
the downstream edge.

Beijing-Tianjin intercity railway (BTIR) is China’s first
high-speed railway operating at 350 km/h. The completion
of this line as long as 120 km connecting two metropolitans
considerably facilitates residents’ travelling time. About
87% sections of the railway are built on viaducts while the
rest are based on subgrades. The main type of trains running
on BTIR is CRH3 as shown in Figure 1(a). It contains 8
coaches of 3.3 m in width, 3.89 m in height and 25 m in
length for each carriage. From the diagram we can find that
the train head shape, designed as a streamlined body of
smooth bullet type. Figure 1(b) exhibits quantitative varia-
tion of the cross-section areas of train head. It is believed
that a linear variation of train head cross-section areas pos-
sesses excellent aerodynamic performance with remarkably
reduced drag and noise. Two pantographs are installed on
the roof of the second coach from both ends, but only one of
them at the rear is uplifted in operation. Noise radiated from
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high-speed trains of BTIR mainly consists of four parts, that
is, wheel-rail system, current-collection system, aerody-
namic noise and vibration of viaduct bridges [15-17]. Cur-
rent-collection system noise involves sliding noise of pan-
tograph on electrified wires, electric arc noise and aerody-
namic noise of pantograph system.

Previous field measurements were seldom performed for
high-speed trains at the speed of more than 300 km/h, while
wind tunnel tests usually were conducted at lower Reynolds
number. It seems that field acoustic measurements of
high-speed trains are necessary in the verification of CAA
models and mechanism analysis. In this paper, field meas-
urements of noise radiated from high-speed trains were car-
ried out at two sites of BTIR nearby Yizhuang and Yongle-
dian stations, respectively. A handheld sound level meter
was used in the acoustic measurements. Six groups of data
such as time histories of SPLs and A-weighted SPLs were
obtained during the pass-by of CRH3 type trains at the
speed of more than 300 km/h. One-third octave band fre-
quency spectra of noise are also analyzed.

2 Field acoustic measurements by BTIR

2.1 Instruments for acoustic measurements

A handheld Casella CEL-490 type real-time sound level
meter (SLM) as shown in Figure 2 was used in the single-
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Figure 1 Details of CRH3 type high-speed train. (a) Outline; (b) cross-
section areas variations of train head.
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Figure 2 Handheld Casella CEL-490 real-time sound level meter (SLM).

point noise measurements. The lower part of the instru-
ments is an operation panel with LCD backlit screen to dis-
plays the current test conditions and results. A 1/2 inch or
1/4 inch electret microphone is installed on the top of the
instruments that receives sound signals and transform them
into electrical signals.

The major technical specifications of Casella CEL-490
real-time sound level meter are listed in Table 1. The SLM
has a resolution of 0.1 dB with the maximum measurement
range of 140 dB. DSP sampling rate is 67.2 kHz which en-
sures that the maximum frequency response can be as high
as 30 kHz. The smallest sampling interval is 10 ms which
means 100 samples of data will be obtained in just one se-
cond. This is significant in our measurements because the
time is only about 2 s for passing-by trains at the speed of
more than 300 km/h.

In order to avoid the influence of wind in measurement
processes, a wind cap made of porous sponge was used to
cover the electret microphone. The wind cap can prevent the

Table 1 Key technical specifications of Casella CEL-490 real-time SLM
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occurrence of turbulence flow by the wind and is capable of
eliminating the effect of wind noise. However, the wind cap
may lead to some acoustic attenuation of sound pressure
levels (SPLs) at the same time. The attenuation magnitude
and frequency characteristics can be determined by com-
paring the results between the cases with and without wind
cap in windless air. The acoustic attenuation magnitude of
wind cap is small as compared to SPLs of normal conversa-
tion by verification. Therefore, the attenuation effect is ig-
nored in our field measurements.

To obtain the most accurate results, the instruments were
be calibrated initially for the response of a known direction-
al microphone, which is called calibration check. Both be-
fore and after a measurement, a calibration check of the
instruments were be made using a CEL-110 or CEL-111
calibrator for SLMs with first level accuracy and a CEL-110
or CEL-112C calibrator for SLMs with second level accu-
racy. All of the calibrators supplied a calibration level of
114 dB, while the CEL-110 or CEL-111 calibrator provided
a nominal level of 94 dB at the same time. However, the
accurate value for calibration of the instruments depended
directly on the microphone type and atmospheric conditions
in practical applications.

2.2 Field measurements details

The measuring procedures were carried out at two different
sites along BTIR, which were nearby Yizhuang station and
Yongledian station, respectively. Figure 3 shows the sche-
matic diagram of acoustic measurements at these two sites,
in which Figure 3(a) denotes Yizhuang station and Figure
3(b) is Yongledian station.

Parameters

Value

Acoustic accuracy (Aplicable standards)

ANSI S1.4:R1997, ANSI S1.43:1996
IEC 60651:1994, IEC 60804:2000
IEC 61672:2002, IEC 61260:Class 0

Measurement mode
Measurement range
Resolution

Broadband, octave band, 1/3 octave band
0-140 dB RMS, 143.3 dB peak
0.1dB

Broadband mode measured parameters
(x = frequency weighting, y = time weighting)

Ly, Lreqs Luymaxs Luymins Lupks Lavgs Lims & Lime, Lue
LCeq_LAeqa LEPd7 TWA
S5xLn% (user selectable (0.1-99.9)%)

Octave and 1/3 octave band mode measured parameters
(x = frequency weighting, y = time weighting)

Ly, Lxeqs Liymaxs Luymins Lupk
S5xLn% (user selectable (0.1-99.9)%)

Microphone details

1/2 inch electret microphone
1/4 inch electret microphone

Frequency weightings
Frequency response
Time weightings
Weightings (Q)

DSP sampling rate

A-, C- and Z-weighted (linear, un-weighted)
6 Hz-30 kHz (+3 dB)

Fast, Slow and Impulsive

0=3,7,80r9

67.2 kHz

Sampling intervals (Time history profiles)

10, 20, 50, 100, 250, 500 ms
1,5,10,15,20,30s
1,5, 10, 15, 20, 30 min
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Figure 3 Schematic diagram of noise measurements from high-speed trains at two different sites along BTIR. (a) Yizhuang station; (b) Yongledian station.

At the location nearby Yizhuang station, the rail track is
constructed on subgrades, about 5 m higher than the sur-
rounding ground level. Restricted by geological conditions,
the measurements were not located at the standard position.
The sound level meter was installed beside the railway at a
place 1.5 m above the ground (or 3.5 m below the surface of
rail track) and 40 m from the centerline of the rail track.
However, there was a single-storey building in close prox-
imity to the subgrades nearby Yongledian station. Then, the
sound level meter was installed on the roof of the building
about 25 m from the centerline of the rail track and 3.5 m
above the rail track. Figure 4 shows views of field meas-
urements at nearby Yongledian station.

There were no barriers on both sides of the railway at
these two sites. Sound directly radiated to the measurement
points without any acoustic shield or barriers leading to
attenuation or reflection of sonic wave. The measurement
points were set in the completely open semi-infinite space.
In the present measurements, time weighting was set to be
fast mode while the sampling interval was chosen as 10 ms,
which means 100 samples will be obtained in just one se-
cond.

The magnitude of acoustic level is presented in terms of
sound pressure level in the decibel scale (dB), defined as:

SPL=201g P, )

P ref

where p. is the effective sound pressure corresponding to
root-mean squared sound pressure; p,.r denotes a reference
pressure which usually takes the value of threshold of hu-

man audibility in air, p_ =2x107pa =20 upa. However,

the sensation of the human ear to loudness of sound is
strongly dependent on frequency as well as its magnitude.
More specifically, the human ear response is more sensitive
to sounds in the frequency range between 1 kHz and 4 kHz
than those outside of this range. Consequently, sound level
meter was often fitted with a filter (i.e., frequency weighting)
network so that the ultimate response to frequency resemble
more what the human hear is capable of. This filtering net-
work working in the same way as the human ear does at-
tenuates low frequency and high frequency components and
leaves middle frequencies almost unchanged. If A-weigh-
ting filter is used (see Figure 5), SPL will be alternatively

Figure 4 Views of field measurements at the location nearby Yongledian station.
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Figure 5 A-weighting filter response curve.

given in terms of dBA that we call A-weighted SPLs.
A-weighted SPLs, widely used in acoustic measurements,
can well reflect the actual sensation of noise loudness for
the human ear. In frequency analysis of acoustic signals,
audible range from 20 Hz to 20 kHz is usually separated
into a few frequency bands. If the upper limit is twice that
of the lower limit, we term this the octave band which is
further separated into three ranges, referred to as one-third
octave bands. In the present measurements one-third octave
band frequency mode was chosen for frequency spectrum
analysis.

3 Results and discussion

3.1 Results at Yizhuang station

Three measurements were performed nearby Yizhuang sta-
tion at the same location. Trains were all CRH3 type
high-speed trains running from Beijing to Tianjin at the
speed of 330 km/h. Time histories of measured SPLs during
pass-by of high-speed train are shown in Figure 6, in which
three lines represent three different times of measurements,
respectively. Measurements began at 1-3 s before the train
head arrived and stopped at the moment after the train tail
passed at about 3 seconds. The time interval of train passage
was about 2.2 seconds from 3.2 s to 5.4 s as shown in Fig-

ure 6. The variation trends of three noise profiles are similar.

SPLs increased rapidly from about 80 to 95 dB as the train
head approached the measurement point, then fluctuated at
a flat level around 97 dB during the period of train passage,
and dropped down to 80 dB gradually after train tail passed.

Figure 7 shows time histories of A-weighted SPLs cor-
responding to Figure 6. The magnitudes of A-weighted
SPLs during the passage of trains are between 80 and 85
dBA. The maximum value of A-weighted SPLs corre-
sponded to the position of pantograph, suggesting that pan-
tograph was one of the most critical noise sources in these
cases. Pantograph noise involves sliding noise of panto-
graph on electrified wires, electric arc noise and aerody-
namic noise of pantograph system. Pantograph is mainly
composed of structural slender components (such as
rod-shaped members) which disturb the flow field and form
complicated unsteady wake flow. The periodic vortex shed-
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Figure 6 Time histories of SPLs measured with Casella CEL-490 real
time SLM at a distance of 40 m to the centerline of the track during a
pass-by of a CRH3 high-speed train at 330 km/h, three lines represent three
different times of measurements, respectively.
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Figure 7 Time histories of A-weighted SPLs measured with Casella
CEL-490 real time SLM at a distance of 40 m to the centerline of the track
during a pass-by of a CRH3 high-speed train at 330 km/h, three lines rep-
resent three different times of measurements, respectively.

ding from slender components and the complicated interac-
tions between them are the main mechanisms for this aero-
dynamic noise. The reduction of aerodynamic noise radiated
by pantograph is the most critical factor in a total noise re-
duction program.

Typical one-third octave frequency spectra for three
measurements are shown in Figure 8. The frequency spectra
correspond to the time of around 5 s in Figure 7 where the
maximum A-weighted noise level occurred. From Figure 8,
we can determine that noise radiated from high-speed trains
of BTIR was a typical broadband noise. However, there
were two peaks in frequency spectra, one at 100 Hz and the
other at approximately 1 kHz. Low frequency components
(100 Hz) mainly come from wheel-rail noise while medium-
high frequencies (1 kHz) are dominated by aerodynamic
noise. SPL at 1 kHz was 5-10 dB higher than that of 100 Hz.
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Figure 8 Typical 1/3 octave frequency spectra of noise radiated by
high-speed train of BTIR at Yizhuang station for three measurements.

There was a seeming drop at 200 Hz for all three measure-
ments. Very probably it was partially due to the influence of
environment as the measurements point was taken below
the subgrade and it may shield sound waves of some partic-
ular frequency. Most of the acoustic energy was concen-
trated in the medium-high frequency ranging from about
400 Hz to 5 kHz. This phenomenon is primarily attributed
to the fact that aerodynamic noise contributes majority of
total amount as train speed exceeds 300 km/h.

3.2 Results at Yongledian station

Another three measurements were performed nearby
Yongledian station at the same location. Trains were all
CRH3 type high-speed trains running from Tianjin to Bei-
jing at the speed of 350 km/h. Time histories of measured
SPLs during pass-by of high-speed trains are shown in Fig-
ure 9, in which three lines represent three different meas-
urements, respectively. The results are all linear (non-
weighted) in frequency. The time interval of train passage
was about 2 s from 1.5 s to 3.5 s as shown in Figure 9. The
variation trends of three noise profiles were similar. SPLs
increased rapidly from about 80 to 95 dB as train head ap-
proached the measurement point, then fluctuated at a flat
level around 95 dB during the period of train passage, and
dropped down to 80 dB gradually after train tail passed.
Figure 10 shows time histories of A-weighted SPLs cor-
responding to Figure 9. The A-weighted SPLs during the
passage of trains were between 82 and 87 dBA. It was about
2 dBA more than that of YiZhuang station because the
speed was higher and the measurement location was nearer
to the train. The profiles of M1 and M2 were similar to that
of Figure 7 while M3 was slightly altered from the previous
two. The noise profile of M3 appeared as the shape of a
double camel peak. The two peak values corresponded to
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Figure 9 Time histories of SPLs measured with Casella CEL-490 real
time SLM at a distance of 25 m to the centerline of the track during a
pass-by of a CRH3 high-speed train at 350 km/h, three lines represent three
different times of measurements, respectively.
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Figure 10 Time histories of A-weighted SPLs measured with Casella
CEL-490 real time SLM at a distance of 25 m to the centerline of the track
during a pass-by of a CRH3 high-speed train at 350 km/h, three lines rep-
resent three different times of measurements, respectively.

the position of train head and pantograph, respectively. The
maximum value of A-weighted SPLs also occurred corre-
sponding to the position of pantograph.

Typical one-third octave frequency spectra for three
measurements are shown in Figure 11. The frequency spec-
tra correspond to the time of around 3s in Figure 10 where
the maximum A-weighted noise level occurred. The noise
radiated from high-speed trains was a typical broadband
noise. There were no obvious peaks in frequency spectra.
SPLs increased gradually from low frequency to around 1
kHz and decreased rapidly after 5 kHz. Similar to the results
at Yizhuang station, most of the acoustic energy was con-
centrated in the medium-high frequency ranging from about
400 Hz-5 kHz. Aerodynamic noise was the dominant one
among various sources for high-speed trains.
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Figure 11 (Color online) Typical one-third octave band frequency spec-
tra of noise radiated by high-speed train of BTIR at Yongledian station for
three measurements.

3.3 Discussion

A-weighted SPLs during the pass-by of train were 10 dBA
higher than that at the moments when train approached and
left. What mechanism enables for this type of difference?
Figures 12(a) and (b) show 1/3 octave band frequency spec-
tra of noise measured at Yongledian station for three dif-
ferent moments of M1 and M3, respectively. Line with solid
squares (denoted by B) is the result at the time point of
about 3s in Figure 10, corresponding to the maximum value
of A-weighted SPLs. The other two lines with solid circles
and triangles (denoted by A and C) represent data at around
1 and 4 s in Figure 10, corresponding to the moments when
train approached and left, respectively. Overall SPLs at
these two moments were all approximately 75 dBA. From
these two figures, one can readily determine the difference
of frequency spectra between them. The frequency spectra
results of A and C were consistent. The magnitude at low
frequency region (lower than 200 Hz) of B was higher than
that of A and C by the magnitude of around 5 dBA. How-
ever, in medium-high frequency region (higher than 400 Hz)
the difference was more than 10 dBA. Thus, the magnitude
of acoustic energy increased more in medium-high fre-
quency region than in low frequency region when train ar-
rived. It was implied in the previous sections that medi-
um-high frequency components were primarily from aero-
dynamic noise. Therefore, we can arrive at the conclusion
that aerodynamic noise contributes most to the increase of
noise level during the pass-by of high-speed trains.
Aerodynamic noise contributes majority of total amount
of sound at the speed of more than 300 km/h. By averaging
A-weighted SPLs of three measurements conducted at each
place, we can obtain two lines in Figure 13 representing
profiles of averaged A-weighted SPLs measured at two lo-
cations, respectively, where the solid and dashed lines de-
note the measurements of nearby Yongledian and Yizhuang
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Figure 12 (Color online) 1/3 octave band frequency spectra of noise
radiated by high-speed train of BTIR for three moments at Yongledian
station (a) M1; (b) M3.
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Figure 13 (Color online) Profiles of averaged A-weighted SPLs meas-
ured at two locations.

stations. The value of difference between two lines during
the passage of trains (from 1.5 s to 3.5 s) was between 1.5
and 4 dBA as shown in Figure 14 with the mean value of
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Figure 14 (Color online) Difference between averaged A-weighted SPLs
measured at two locations.

difference during this period being 2.97 dBA.

According to relevant researches of former investigators,
aerodynamic noise increases proportional to the 6™ power of
train speed [4], that is

p. <cU°, )

6
p. (U
Lle {_IJ , 3)
P U,
where pi. and p,. denote the effective sound pressure at two
different speeds U, and U,, respectively.

The difference of SPLs between two velocities then sat-
isfies the following expression;

thus we have

SPL, - SPL, =201g&=1201g%. @)

2e 2

Therefore, by substituting U;=350 km/h and U,=330 km/h
into the above equation, we can acquire the difference of
SPLs between speeds at 350 km/h and 330 km/h as 3.07
dBA, which is responsible for the mechanism of difference
in the previous measurements for different speed of trains.
Field measurements further imply that the sixth power law
of sound pressure is valid and can be used to predict SPL of
trains at different speeds.

4 Application in the verification of numerical
simulations

The authors have conducted a series of numerical simula-
tions of aerodynamic noise radiated by high-speed trains.
As a paradigm, the acoustic data in the previous field meas-
urements are applied to verify the reliability of computa-
tional results.

February (2013) Vol. 56 No. 2 481

Due to the limitations of computation resources, a sim-
plified train model with three coaches was used in the
computation with the geometry of train head and carriage
kept unchanged with CRH3. However, the pantograph in
this case was located on the roof of the second coach. The
computational domain was discretinized by a hybrid grid
blended with unstructured tetrahedrons and triangular
prisms. The total number of grid cells was about 12 million.
Aerodynamic noise at the speed of 350 km/h was calculated
by using hybrid NLAS/FW-H [18] method.

The comparisons of A-weighted SPLs between computa-
tions and measurements are shown in Figure 15, in which
the solid lines are three measurement results in the previous
section while the red line with hollow circles is computa-
tional results for trains of three coaches. The maximum SPL
corresponds to the moment when pantograph arrives. We
can see that the computational profile only agrees well with
measurements after 2.75 s. Thus, this kind of difference
between them comes from the length of train with different
number of coaches. By translating SPLs between 2.25 and
2.75 s to 1 and 1.5 s (corresponding to train head of compu-
tational model) and extending the curve to 2.75 s based on
the measurements, we can reproduce a new line denoted by
hollow squares. This profile can partially represents com-
putational results of train with 8 coaches. In this way, we
can find that the profile shows good agreement with meas-
ured results. Figure 16 exhibits the comparison of frequency
spectra in good agreement between simulation and meas-
urements. Based on such verifications, we can conclude that
our numerical simulations can provide acceptable results in
the predictions of aerodynamic noise radiated by high-speed
trains.

5 Conclusions

Single point field acoustic measurements of noise radiated
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Figure 15 (Color online) Comparisons of A-weighted SPLs between
numerical simulations and measurements.
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Figure 16 (Color online) Comparisons of frequency spectra between
numerical simulations and measurements.

by pass-by high-speed trains were performed at two sites
along BTIR using a handheld Casella CEL-490 type re-
al-time sound level meter. In accordance with measured
data analysis and mechanism analysis, the following con-
clusions can be drawn.

Firstly, the variation trends of noise profiles were similar
for the six measurements at two locations. SPLs quickly
increased from 80 to 95 dB as train head approached, then
fluctuated at a flat level around 95 dB during the period of
train passage, and gradually dropped down to 80 dB when
train tail left.

Secondly, A-weighted SPLs were between 80 and 87
dBA during the passage of trains. The maximum noise oc-
curred at the moment when the pantograph as one of the
most significant aerodynamic acoustic source arrived.
Therefore, countermeasures should be taken to reduce aer-
odynamic noise radiated by pantograph, which accounts for
it becoming the most critical factor in a total noise reduction
program.

Thirdly, noise radiated from high-speed trains of BTIR
was a typical broadband one with most acoustic energy re-
stricted in the range of medium-high frequency from about
400 Hz to 5 kHz. Aerodynamic noise was dominant over
various other sources for high-speed trains.

Fourthly, the magnitude of acoustic energy in medi-
um-high frequency region increased more rapid than in low
frequency region when train arrived. Medium-high fre-
quency components of SPLs primarily came from aerody-
namic noise, which indicated that aerodynamic factors con-
tributed most to the rise of SPL as speed increased during
the passage of high-speed trains.

Lastly, the verification of numerical simulation on the
basis of comparison with field acoustic measurements sug-
gests that the CAA model is reliable and the computational
accuracy is acceptable in the prediction of aerodynamic
noise radiated by high-speed trains.
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