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Abstract
For high-speed trains, the aerodynamic noise becomes an essential consideration in the train design. The pantograph
and pantograph recess are recognised as important sources of aerodynamic noise. This paper studies the flow
characteristics and noise contributions of three typical high-speed train roof configurations, namely a cavity, a ramped
cavity and a flat roof with side insulation plates. The Improved Delayed Detached-Eddy Simulation approach is used for
the flow calculations and the Ffowcs Williams & Hawkings aeroacoustic analogy is used for far-field acoustic predictions.
Simulations are presented for a simplified train body at 1/10 scale and 300 km/h with these three roof configurations. In
each case, two simplified pantographs (one retracted and one raised) are located on the roof. Analysis of the flow fields
obtained from numerical simulations clearly shows the influence of the train roof configuration on the flow behaviour,
including flow separations, reattachment and vortex shedding, which are potential noise sources. A highly unsteady
flow occurs downstream when the train roof has a cavity or ramped cavity due to flow separation at the cavity trailing
edge, while vortical flow is generated by the side insulation plates. For the ramped cavity configuration, moderately
large pressure fluctuations appear on the cavity outside walls in the upstream region due to unsteady flow from the
upstream edge of the plate. The raised pantograph, roof cavity, and ramped cavity are identified as the dominant noise
sources. When the retracted pantograph is located in the ramped roof cavity, its noise contribution is less important.
Furthermore, the insulation plates also generate tonal components in the noise spectra. Of the three configurations
considered, the roof cavity configuration radiates the least noise at the side receiver in terms of A-weighted level.
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Introduction

High-speed train noise increases considerably as the speed
increases; therefore, noise control has become an important
aspect to consider in high-speed train design. It has been
found that aerodynamic noise becomes dominant when the
train speed exceeds a transition speed, which depends on the
train design and track conditions, and is generally believed
to be around 300 km/h for modern high-speed trains1,2.
The pantograph and the pantograph recess are recognised as
important contributors to aerodynamic noise for high-speed
trains1–4. Compared with other aerodynamic noise sources,
such as the bogies and inter-coach gaps, noise from the
pantographs and their recess is more difficult to shield by
conventional noise barriers due to their location at the top of
the train.
Several investigations have been carried out on the noise
generation mechanisms and reduction of the noise from pan-
tographs and their recess5–8. Lölgen5 carried out measure-
ments in a wind tunnel on three on full-scale pantographs.
For the DSA350SEK pantograph, he found three peaks, at
550 Hz, 900 Hz and 3500 Hz at 330 km/h, in the noise
spectrum. These tonal peaks were associated with the contact
strip, the pantograph horn and the stroke limiting cage,
respectively. Grosche et al..6 also performed measurements
for a full-scale DSA350 pantograph in a wind tunnel to
obtain its noise source distribution, and identified three areas
of the pantograph as main noise sources: the foot region, the

panhead and the knee connector.
Noger7 investigated aerodynamic and acoustic characteris-
tics of a TGV pantograph recess using a 1/7 scale model.
It was found that the main noise source is located in a
region near the trailing edge of the cavity and interactions
between the wake of the pantograph and the shear layer at the
downstream region of the recess produced a lower turbulence
intensity at the downstream edge than for the recess without
the pantograph. Furthermore, this study indicated that a
shield installed on the side of the recess reduced broadband
noise. Kurita et al.8 conducted field tests for a full-scale
train using an spiral microphone array in order to compare
Z-shaped noise insulation plates with conventional plates on
a Japanese high-speed train, and showed that the strongest
noise sources were at the front and rear edges of the plates as
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well as around the pantograph head. Tests also showed that
insulation plates with ends with a 45 degree angle instead
of vertical ends reduced the noise from the edges of the
plates compared with the initial Z-shaped plates. They also
conducted a wind tunnel test using a 1/10 scale model to
optimise the edge shape of conventional insulation plates
as well as the shape of its cross-section. As a result of the
optimisation, insulation plates with ends with a 45 degree
angle achieved a 2 dB reduction of noise compared with the
original conventional insulation plates.
High-speed train aerodynamic noise studies so far have
focused mainly on the pantograph itself including the pan-
head and arms, the train nose or the bogie region although
the noise from the pantograph recess is also of importance4.
By comparison, much less attention has been given to the
generation of aerodynamic noise from the pantograph recess.
Furthermore, there is a lack of studies about the effect of
the common train recess types (cavity, ramped cavity, and
flat roofs) with side insulation plates on both the folded
and the raised pantographs and its flow characteristic and
noise generation mechanism. This paper aims to provide
insight into the aerodynamic phenomena and noise gener-
ation mechanisms from three different types of pantograph
roof configuration with cavity and side insulation plates
and their effect on the flow around the pantograph and the
radiated noise. The results from the three different roof con-
figurations are analysed and compared, using computational
methods. The Improved Delayed Detached-Eddy Simulation
(IDDES) approach is used for flow simulation, combined
with the Ffowcs Williamsa & Hawkings (FW-H) method for
noise prediction.
The methodologies employed are introduced first, including
the turbulence modelling approach and the acoustic analogy.
Then, the train roof geometries and by the computational
set-up are described. The results are presented in terms
of the computational aerodynamics results, and then the
aeroacoustic results.

Methodology

Modern high-speed trains are operated at running speeds
generally around 300 km/h and in some cases up to 350
km/h, which corresponds to a Mach number of 0.3. At these
speeds, the flow can be approximately treated as incompress-
ible9. The unsteady incompressible Navier-Stokes equations
are solved using computational fluid dynamics methods.
The simulations were performed using the commercial code,
STAR-CCM+. The three-dimensional Navier-Stokes equa-
tions were solved with the Improved Delayed Detached-
Eddy Simulation (IDDES) turbulence model24–26. The DES
method has some limitations within the attached boundary
layer and unsteady turbulent structure development between
the URANS and LES model. This issue produces early sep-
arations, a so-called grid-induced separation23. As a result,
the DES method has been improved by Spalart et al.24

leading to the Delayed Detached Eddy Simulation (DDES).
It has also limitation that DDES may cause logarithmic-layer
mismatch26. Shur26 introduced Improved DDES (IDDES) in
order to solve this problem by using a new subgrid length-
scale which is combining the DDES and the Wall-Modeled
LES length scales. This model for turbulent content inflow

allows WMLES mode to be activated within the boundary
layers. These advantages lead to its use in the current study.
The Ffowcs Williams & Hawkings (FW-H) formulation is
used to obtain the far-field acoustic pressure based on equiv-
alent sources obtained from the time-resolved aerodynamic
near-field data. The quadrupole term is neglected in this
study because its contribution can be considered negligible
for low Mach number flow10–19,19–22. Several authors19–22

successfully validated numerical calculation without includ-
ing the volume term compared with experimental data at
low Mach numbers. This allows the integration surfaces
to be selected as the solid surfaces which has significant
advantages is limiting the mesh size and avoiding pseudo
noise14,15. Therefore, only the dipole term is considered
which based on Farassat’s formulation 1A30,31. It is note
that the current method for prediction of far-field pressure is
not taken into account the acoustic shielding and diffraction
effects of the side insulation plates.

Computational setup

Geometry
A simplified 1/10 scale high-speed train model with two
pantographs (a front retracted and a rear raised) is used
to reduce the complexity and computational resource
requirements. Three different roof configurations are
represented by the three cases illustrated in Figure 1.
The first (Figure 1(a)) is a flat roof with a pantograph
recess, modelled as a rectangular cavity, which is the most
widely used configuration for different trains, such as TGV
(France). The ramped roof cavity type (case 2, Figure 1(b))
was developed in Japan to shield noise from the pantograph,
and used for Shinkansen 500 (Japan) and HEMU-430X
(Korea). Case 3 shown in Figure 1(c) models trains with side
insulation plates which are also commonly used in Japan
and China, such as Shinkansen E5 (Japan) and CRH 380A
(China). However, the geometries used here do not represent
any particular train.

The pantograph cavity is simplified as a rectangular
cavity with dimensions L = 0.812 m (length), D = 0.07 m
(depth) and W = 0.27 m (width), giving L/D = 11.5, W/D
= 3.9. For cases 2 and 3, the side insulation plates have an
angle of 30 degrees at both ends as shown in Figure 1(b) and
1(c). For case 3, the height of the side insulation plates is
the same as the cavity depth in cases 1 and 2. The DSA 350
pantograph model is used for the current study, as shown in
Figure 1(d). Most of the pantograph components are retained
apart from the small ones such as straps, springs and wire
arms as listed in Table 1. The origin of the coordinate system
is at the cavity leading edge and outside insulation plate.

Solver and numerical setup
The computational domain, as shown in Figure 2, extends
57D, 30D, and 16.5D in the streamwise (x), vertical (y)
and spanwise (z) directions, respectively. The upstream
length of the train roof is set to 20D, which is similar to
the actual length in a high-speed train from the nose to
the first pantograph recess, and the downstream length is
25.5D. The outlet and top boundaries are sufficiently far
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(a) Case 1 (b) Case 2 (c) Case 3

(d) Overview of the raised pantograph

Figure 1. Description of the geometry.

Table 1. List of retained and omitted parts of pantograph

Regions Retained parts Omitted parts
Panhead Contact strip, horn bush, horn Straps, head lowering, spring,

Upper arm Upper arm, knee joint Guide head, wire arms
Lower arm Lower arm, control strut

away from the cavity and the pantograph in order to have
negligible effect on the flow. The cavity, the pantograph,
the plate and the train body surfaces are defined as no-slip
wall conditions, whereas the bottom surface is set to be a
slip wall boundary with the same velocity as the inflow to
model the moving ground. Symmetry boundary conditions
are applied to the top and the spanwise sides of the domain.
The outlet boundary is set be a pressure outlet. A velocity
inlet is applied as inflow. The simulation is performed for
a flow speed of 83.3 m/s (300 km/h). A hexa-dominated
mesh (called trimmed mesh in STAR-CCM+) is used for
all cases, generated by the STAR-CCM+ mesh generator
with several refinement zones. Different cell sizes are applied
for each refinement zone as summarised in Table 2 and
shown in Figure 2(b). Ten different refinement zones for the
cavity and the side wall regions are used. Furthermore, 38
refinement regions are used for the pantographs, including
regions around all components and in the wake of the
panhead and the arms of the raised pantograph. The cavity
downstream and trailing edge regions are refined with a
minimum cell size of 1.2 mm, the panhead region is refined
to 0.4 mm, while the size for the insulation plate edge regions
is 2 mm. All refinement regions have a surface growth
rate of 1.1. Furthermore, 14 - 40 prism layers are used to
resolve the boundary layer near solid surfaces. The first

layer non-dimensional wall distance y+ (y+
1 ≡ u∗y

ν , where
u∗ is the friction velocity, y1 is the distance of the first
grid point to the wall, and ν is the kinematic viscosity)
is smaller than 1.0 and a grid stretching ratio of 1.12 in
the wall normal direction is used. A non-dimensional time
step U∆t/D = 0.0095 is used, where D is the depth of
the cavity and ∆t is time step (∆t = 8 × 10−6s), which
ensures that the CFL number (CFL = u∆t

∆x , where u is the
freestream velocity, and ∆x is the grid size in streamwise
direction) is less than 1 for all cases. The Reynolds number
is Re = 3.9 × 105 (corresponding to Re = 3.9 × 106 at
full scale) based on the cavity depth and the freestream
properties. The number of cells for case 1, 2 and 3 are
56.2, 57.8 and 53.1 million, respectively. The reason for
using a reduced scale is not to make validation against
a specific model, but rather to reduce the computational
demands of the mesh. The simulation results of the mean
pressure coefficients Cp for an empty closed cavity case
and far-field acoustic pressure spectra for raised DSA 350
pantograph have been validated against experimental data
by Kim et al.32,33. Furthermore, the Reynolds numbers of
all components of the raised pantographs are in the upper
subcritical regimes33. Therefore, it may be assumed that
vortex shedding and coefficient of forces remains unchanged
for both pantograph and the cavity34.
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Table 2. The refinement zones and mesh criteria for each zone.

Refinement region Number of zones Cell size (mm) Number of boundary layers
Cavity leading edge 1 6.0 40
Cavity trailing edge 2 1.2 40
Cavity inside 2 2.0 40
Cavity overall 5 8.0 N/A
Insulation plate edge 2 2.0 30
Raised pantograph panhead wake 4 1.0 - 1.8 N/A
Raised pantograph upper arm wake 2 1.5 N/A
Raised pantograph joint wake 1 1.5 N/A
Raised pantograph lower arm wake 1 1.8 N/A
Around pantograph components 30 0.4 - 0.8 14

(a) Computational domain

(b) Overall view of the mesh (c) Mesh around the panhead

Figure 2. Computational domain and boundary conditions, and overview and detail of the meshes.

Aerodynamic results

Forces
The mean and rms values of the coefficients of lift CL,
and drag CD from the whole model, the raised pantograph,
the folded pantograph and the roof and insulation plates
are shown in Figure 3. The cavity cross section W ×D =
0.0196 m2 is used as the reference area to calculate each of
the force coefficients. The force coefficients were obtained

after running the cases for 0.05 s when the flow is deemed
to be statistically steady by checking the time history of the
force coefficients. Data were then collected at each time step
for 0.15 s. For all cases, the mean lift coefficients CL of
the whole system are negative. The cavity roof configuration
(case 1) has the highest negative lift force. The ramped
roof cavity configuration (case 2) induces a higher mean
drag force coefficient CD than cases 1 and 3 by 35% and
55% respectively. The mean drag and lift forces from the
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pantographs are significantly smaller than those from the
roof and insulation plates. For all cases, the mean drag force
of both the raised and the folded pantographs is larger than
the corresponding mean lift and side forces. Furthermore,
the mean side force coefficient CS is significantly small
compared with other forces because the geometries for all
cases are symmetric with respect to the central vertical plan
(z/W = 0.5). The fluctuating lift (CrmsL ) and the fluctuating
drag force (CrmsD ) for case 2 are higher than the fluctuating
side force (Crmss ). However, the fluctuating side force for
cases 1 and 3 is slightly higher than the fluctuating lift and
drag forces.
The PSDs of CL, CD, and Cs are displayed in Figure
4. These are obtained based on Welch’s method using a
Hanning window with a 50% overlap between segments and
have been adjusted to full scale frequencies. For all three
force spectra of the whole system, the results for cases 1
and 2 are higher than those for case 3 at low frequencies
up to 200 Hz. This is due to fact that the cavity and
ramped roof components are the main contributors to those
force fluctuations. These are produced by large-scale flow
structures at low frequency (below 200 Hz) and produce
higher forces than for the side insulation plate configuration,
as shown in Figure 4(j) - (l). For cases 1 and 2, a broad peak
appears in the lift coefficient spectrum at 635 Hz in Figure
4(j). This peak is generated by the insulation plate edges due
to vortex shedding from the plates. Comparing cases 1 and
2, the three force coefficients the spectra of the roof and the
insulation are similar in most of the frequency range, except
below 20 Hz where the amplitude of the spectra for case 2
is higher than for case 1. Furthermore, in the spectra of the
drag force coefficient CD of the roof and insulation plates
shown in Figure 4(k), there is very large difference between
case 3 and the other two cases. For the raised pantograph in
Figure 4(d) and (e), there are tonal peaks at 280 Hz and 450
Hz in the spectra of the lift force, and at 270 Hz and 550 Hz
in the spectra of the drag force. These peaks are associated
with vortex shedding from the upstream contact strip (270
Hz) and the horn (550 Hz). These two peaks can also be seen
in the spectra of far-field pressure as will be discussed later.
In the side force spectrum of the raised pantograph, another
tonal component at 610 Hz is produced by the horn. For all
three force spectra of the folded pantograph in Figure 4(g)
- (i), the spectra for case 2 are lower than those for cases 1
and 3 in the most of frequency region. The spectra for case 1
are higher than those for cases 2 and 3 at low frequencies up
to 50 Hz, whereas the folded pantograph for case 3, as it is
exposed in the freestream flow, has higher force fluctuations
for case 3 than for cases 1 and 2 in the high frequency region,
i.e. over 210 Hz for lift and drag force, and 240 Hz for side
force.

Time-averaged velocity field
Figure 5 compares the profiles of streamwise velocity Ux
at various streamwise locations along the middle of the
train roof (z/W = 0.5) for the three cases, pantographs are
shown to indicate the relative position. For cases 1 and
2, the incoming flow separates at the cavity leading edge
(x/L = 0). At 0.1 < x/L < 0.3, negative velocity appears
due to the recirculation zone formed for cases 1 and 2.
Compared with cases 1 and 3, lower velocity occurs for

case 2 at 0 < y/L < 0.16 between the leading edge and
x/L = 0.7. This is because the separation flow from the
leading edge produces a large recirculation region above the
folded pantograph. This low velocity may reduce the noise
radiated from the folded pantograph and the lower part of
the raised pantograph compared with case 333.
The cavity roof configuration (case 1) has the lowest
incoming flow velocity at the upstream contact strip in
the region 0.25 < y/L < 0.3 due to the influence of the
cavity flow [my paper], whereas the ramped cavity roof
configuration (case 2) has the highest velocity, which is
7% higher than for case 1. However, in terms of the
incoming flow velocity at the horn at 0.265 < y/L < 0.275,
the velocity in case 2 is the lowest and it is 20% lower than
the configuration for case 3, which has the highest velocity
in this region. These influences may affect the noise radiated
from the panhead of the raised pantograph. This will be
discussed in Section Far-field sound pressure level.

Near-wall flow pattern
When flow separation happens, the recirculating flow
interacts with the wall, resulting in strong unsteady wall
pressure fluctuations. Therefore flow separation and
attachment can be used to identify potential noise sources38.
The wall shear stress lines, plotted by the linear integral
convolution37, are used to identify the near-wall flow
characteristics. The separation, attachment patterns and
critical points are determined from the wall shear stress lines
according to Lazos38 and Perry et al.39.

Figure 6 shows the surface flow features on the side
wall including the outside of the insulation plates. For case
1, flow over the train roof separates from the cavity side
edge and reattaches later, forming a recirculation region on
the side wall towards the rear part of the cavity, as shown
in Figure 6(a) by the reattachment line. For case 2, flow
separation and attachment occur at both the upstream and
downstream edges of the insulation plate. The separated flow
at the upstream ramp side edges introduces strong vortices
which impinge on the side wall, causing a large separation
on the insulation plate. This also happens at the rear edge,
where vortical flow from the ramped cavity introduces a
large separation on the insulation plate. Flow separation at
the front edge of the insulation plate is much smaller for
case 3 than for case 2. The flow remains attached on other
parts of the insulation plate surface.

These flow features over the insulation plate are shown
in Figure 7 by streamlines initiated upstream from a line
from (x, y, z) = (-0.2 m, 0.01 m, 0.2 m) to (x, y, z) = (-0.2 m,
0.01 m, 0.31 m). For case 1, the incoming flow in the middle
of the train roof (red arrows) attaches on the cavity floor
after separating from the cavity leading edge. It continues
over the cavity, the insulation plate edge and reattaches on
the insulation plate outside surface and merges with the
flow (blue arrows) from outside the cavity. For case 2, the
flow pattern is similar to case 1 for the incoming flow in
the middle part of the roof (red arrows). The flow separated
from the ramped roof edge (blue arrows) attaches on the
side plate surface and goes inside the cavity and separates at
the cavity trailing edge. In case 3, due to the absence of the
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(a) (b)

(c) (d)

(e) (f)

Figure 3. Force coefficients for different roof geometry configurations. (a) Mean lift coefficient CL; (b) rms lift coefficient Crms
L ; (c)

mean drag lift coefficientCD; (d) rms drag coefficient Crms
D ; (e) mean side force coefficientCD; (f) rms side force coefficient Crms

D

cavity, the flow is fully attached to the side plate, except for
a small separation region at the insulation plate front edge
(Figure 7(c)).

Figure 8 shows the near-wall surface flow patterns with
critical points as defined by Lazos38 and Perry et al.39. For
case 1, there are two primary attachment lines on the floor
and the aft wall of the cavity, as shown in Figure 8(a). The
shear layer separates from the leading edge of the cavity and
reattaches to the cavity floor at x/L = 0.43, near the rear
feet of the front folded pantograph. The flow separating from
the cavity trailing edge reattaches on the aft wall, forming
a separation region, which is 0.6D long at the middle

(z/W = 0.5) and 1.1D long at z/W = 0.25 and 0.75. For
case 2, a favourable pressure gradient occurs in front of
the upstream ramp with a stagnation point (unstable node
point). The flow separated from the ramped cavity leading
edge reattaches with two unstable nodes and a saddle of
attachment in the middle of the cavity floor at x/L = 0.68.
The flow separates again downstream of the cavity forming
two stable focus points. This separated flow reattaches on
the aft wall of the ramped cavity with two unstable node
points and one saddle of attachment point. Furthermore, two
separation lines are observed along the cavity side corner.
For case 3, a common feature is found at the front and rear
parts of the pantograph feet (cylinder) forming two corner
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(a) CL of whole system (b) CD of whole system (c) CS of whole system

(d) CL of raised pantograph (e) CD of raised pantograph (f) CS of raised pantograph

(g) CL of folded pantograph (h) CD of folded pantograph (i) CS of folded pantograph

(j) CL of roof and insulation plates (k) CD of roof and insulation plates (l) CS of roof and insulation plates

Figure 4. PSD of force coefficients for different roof geometry configurations.

separations in which the flow structure is characterised by
two saddle points (one in the front and one in the rear of the
feet). Furthermore, the separation lines occur at the front
and side of the feet and the attachment lines are observed at
the downstream of each foot.

More detail of the flow characteristics including Q-
criterion, time-averaged velocity 2D contour and surface

pressure fluctuations over pantographs and recess have been
presented by Kim et al.40.

Aeroacoustic results

Far-field sound pressure level
Two far-field receivers are defined in the model, located at
the side and one directely above the cavity with radius 2.5
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Figure 5. Time-averaged streamwise velocity over roof and pantographs.

(a) Case 1

(b) Case 2

(c) Case 3

Figure 6. Mean wall shear stress lines coloured by the mean pressure coefficient.

m (corresponding to radius 25 m at full scale) centred at
the middle of the cavity floor. The sampling frequency of
the far-field noise was 125 kHz at 1/10 scale. A segmental
average using a Hanning window with 50% overlap was
used41 to calculate the narrow band spectra, which were
converted to 1/3 octave bands and adjusted to full scale using

an aeroacoustics similarity law42.
Figure 9 shows the spectra of the radiated sound pressure at a
receiver directly to the side as well as the contributions from
different components. The corresponding OASPL values are
listed in Table 3. The SPL from the whole system for case
2 is higher in the low frequency region (below 250 Hz) than
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(a) Case 1

(b) Case 2

(c) Case 3

Figure 7. Time-averaged 3D streamlines for flow over the side of the train.

for cases 1 and 3, as shown in Figure 9(a). This is due to
stronger noise radiation from the ramped cavity itself (see
Figure 9(d)). Figure 9(b) shows the spectra of radiated noise
from the raised pantograph. Two strong tonal components
are seen in the 250 Hz and 500 Hz band. The first peak is
associated with the upstream contact strip of the panhead
and the second is generated by the horn of the panhead5. In
general, the SPL for case 1 is slightly lower in most of the
frequency range than for cases 2, and 3.
Figure 9(c) shows the spectra of the noise radiated from the
folded pantograph, which are generally lower. There are no
strong tonal components and the radiated noise is broadband
for all cases. The noise for cases 1 and 2 is lower than for
case 3, as the folded pantograph for these cases is placed
inside the cavity, where the flow speed is generally much
lower than the freestream velocity. The radiated noise from
the folded pantograph for case 2 has the lowest level, which
is 12 dB lower than for case 3 because the folded pantograph
in case 2 is completely within the cavity recirculation flow
region without being impinged by the shear layer from the

cavity leading edge. This would be the motivation of using a
ramp to redirect the shear layer.
Figure 9(d) shows the spectra of noise radiated from the train
roof and the insulation plates. In the low frequency region
(up to 315 Hz), the radiated noise for cases 1 and 2 is higher
than for case 3. In these spectra, a peak is seen at 500 Hz
for cases 1 and 2, and 630 Hz for case 3. This is generated
by vortex shedding from the insulation plates. However, the
folded pantograph does not have a significant contribution to
the total level.
Figure 10 shows the spectra of the radiated sound pressure
at a receiver directly above the configuration. In general,
the SPL at this location is much higher than that at the
side location, especially the sound radiated from the raised
pantograph and the train roof and insulation plates (see Table
3). The second tonal peak for the raised pantograph at 500 Hz
in case 3 is approximately 4 dB higher than for cases 1 and 2,
as shown in Figure 10(b). In Figure 10(d), it can be seen that
the noise from the train roof and insulation plates for case
3 is about 11 dB higher than at side receiver position. The
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(a) Case 1

(b) Case 2

(c) Case 3

Figure 8. The wall shear stress lines coloured by the mean pressure coefficient. White circles are the feet of the pantographs.

SPL from case 3 (the insulation plate only configuration) is
slightly lower in the lower frequency range below 250 Hz,
whereas it is slightly higher in the high frequency region
between 630 Hz and 1250 Hz.
From Table 3, it can be seen that at the side position,
the OASPL from case 3 is lower than that from cases
1 and 2. However, at the top position, the OASPL from
case 3 is approximately 2 dB higher than that from case
1 and 2. This is mainly due to the radiated noise from
the raised pantograph, most of which is exposed to the
freestream flow. The results of applying the A-weighting to
the OASPL are also listed in Table 3. As the A-weighting
attenuates significantly the contributions at low frequencies,
the tonal peaks from the horn and insulation plate at
higher frequencies become more important for the OASPL.
Therefore, the A-weighted levels from case 3 become similar
to those of case 2 at the side and are the highest at the top.

Conclusion

The flow and noise characteristics of three different high-
speed train roof configurations including a folded and
a raised pantograph have been investigated. The IDDES
turbulence model is used for near field aerodynamic
calculations and FW-H for far-field acoustic pressure
predictions.
It is found that highly unsteady flow influence on the
fluctuating forces. The fluctuating forces for ramped cavity
configuration are higher than the other configurations,
especially the fluctuating lift (CrmsL ) and the fluctuating drag
force (CrmsD ).
Furthermore, the flow velocity inside the cavity and the
ramped cavity configurations is much lower than the
freestream velocity. This leads to reduced surface pressure
fluctuations on both the folded pantographs and lower parts
of the raised pantograph, and therefore lower radiated noise
levels.
Large wall pressure fluctuations occur on the aft wall
of the cavity for the roof cavity and the ramped cavity
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Table 3. OASPL in dB at the side and the top.

At the side (azimuthal angle θ = 90◦)
Simulation cases Whole system Raised pantograph Folded pantograph Roof and insulation plates

Case 1 90.1 85.2 77.5 89.0
Case 2 93.6 86.0 69.0 93.1
Case 3 88.5 86.4 81.7 81.2

At the top (polar angle φ = 90◦)
Case 1 94.5 93.4 84.0 91.7
Case 2 94.7 94.6 70.8 92.9
Case 3 97.5 95.6 91.0 92.0

A-weighted OASPL in dB at the side (azimuthal angle θ = 90◦)
Simulation cases Whole system Raised pantograph Folded pantograph Roof and insulation plates

Case 1 81.2 77.0 68.9 77.8
Case 2 83.1 78.4 57.1 81.0
Case 3 82.9 78.7 75.5 77.1

A-weighted OASPL in dB at the top (polar angle φ = 90◦)
Case 1 87.8 85.0 74.9 83.7
Case 2 88.8 86.6 59.8 84.9
Case 3 91.7 88.5 84.4 86.7

(a) Total (b) Raised pantograph

(c) Folded pantograph (d) Roof and insulation plates

Figure 9. SPL at the side receiver position.

configurations due to flow separation at the cavity trailing
edge. It is also seen in slightly higher pressure fluctuations
on the outside surface of the insulation plates for the ramped

cavity configuration.
For the roof cavity and the ramped cavity configurations, the
radiated noise level is dominated by the raised pantograph
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(a) Total (b) Raised pantograph

(c) Folded pantograph (d) Roof and insulation plates

Figure 10. SPL at the top receiver position.

and the roof cavity and insulation plates. The radiated noise
for the ramped cavity configuration has the highest level in
all directions and there is around 5 dB difference between
the ramped cavity and side plate configurations at the side.
The flat roof with side insulation plates has the lowest overall
noise levels. However, in terms of A-weighted OASPLs,
the roof configuration of only the side insulation plates has
similar levels with the ramped cavity roof configuration at
the side.
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