Avestia Publishing

Journal of Fluid Flow, Heat and Mass Transfer (JFFHMT)
Volume 11, Year 2024

ISSN: 2368-6111

DOI: 10.11159/jffhmt.2024.007

Aerodynamic Noise Reduction of Pantograph Head by
Small Rods

Masahiro Suzukil, Nobuyuki Okura?l, Tatsuya Murao?
IMeijo University, Department of Vehicle and Mechanical Engineering
1-501 Shiogamaguchi, Tempaku-ku, Nagoya, JAPAN 468-8502
msuzuki@meijo-u.ac.jp; ohkura@meijo-u.ac.jp; mtatsuya@meijo-u.ac.jp

Abstract - This paper carries out basic research to advance the

development of pantograph head which is more practical,

excellent in low noise, and compatible with bidirectional
operation. Wind tunnel tests were carried out using a two-
dimensional model which simplified the cross-sectional shape of
a pantograph head by installing small rods in the front and rear
of the head, and the effect of rod installation was evaluated. The
results clearly demonstrate that the installation of the rod
significantly reduces the noise. Furthermore, the lift force of the
pantograph head was found to be stable even when the angle of
attack varied.
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1. Introduction

In Japan, since high-speed trains pass through
densely populated areas, strict noise regulations are
imposed on high-speed trains. The noise of high-speed
trains is mainly aerodynamic, especially from the
pantograph head (Figure 1), which is located at the top
of the pantograph attached to the roof of the train and is
in contact with overhead wires [1]. Because
aerodynamic sound increases in proportion to the sixth
to eighth power of the airflow velocity [2-3], addressing
this is critical to improving the speed of high-speed
trains.

The pantograph's primary function is to collect
current from the overhead wire, and maintaining contact
with the wire is essential. However, this consistent
contact induces vertical movement in the overhead wire
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due to its supporting structure. The magnitude of this
movement varies depending on the position, leading to
vertical oscillations of the pantograph head. These
oscillations alter the attack angle of the airflow onto the
pantograph head, thereby affecting the lift force acting
on it. Large changes in lift force can cause the pantograph
head to detach from or damage the overhead wire.
Therefore, the pantograph head requires not only low
aerodynamic sound performance but also lift stability, in
which lift is stable even when the attack angle varies. In
addition to these requirements, pantographs must be
usable in both directions, as trains operate in both
inbound and outbound directions.

To reduce aerodynamic noise, it is desirable to
make the cross-sectional shape of the pantograph head
streamlined, but streamlined shapes generally have a
large change in lift with respect to the angle of attack. On
the other hand, a shape in which the lift force does not
change much with respect to the angle of attack tends to
bluff, and such a shape tends to increase aerodynamic
noise. Most pantograph head cross-sections in use today
have a shape similar to a rectangle, which emphasizes lift
stability.

Various studies have been conducted to enhance
aerodynamic sound reduction and lift stability. For
instance, Suzuki et al. [4] introduced an optimized
pantograph head shape through optimal calculations,
validated by wind tunnel experiments. Sato et al. [5]
proposed a pantograph head incorporating flow control
with a synthetic jet, while Mitumoji et al. [6] suggested a
pantograph head with flow field control using a plasma
actuator. However, these designs are unidirectional and
do not support two-way train operation. Moreover, the
upper part of the pantograph head experiences wear
from contact with overhead wires, requiring frequent
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replacement. This makes the implementation of these
intricate shapes and mechanisms impractical.

On a different note, Igarashi et al. [7] demonstrated
that installing small rods in front of an object could
reduce drag. Inspired by this idea, our study investigates
the installation of rods in the front and rear of the
pantograph head to reduce aerodynamic noise and
enhance lift stability potentially. The simplicity of adding
rods to the existing pantograph head minimizes costs
and allows for compatibility with bidirectional
operations.

Pantograph head

Figure 1. Pantograph

2. Method

The actual pantograph head is a bar shape with a
total length of about 1 meter. For this reason, wind
tunnel experiments were conducted here using a two-
dimensional model. As mentioned above, most of the
actual pantograph heads have a cross-sectional shape
similar to a rectangle, so a square cylinder was used as
the pantograph head model in this study. The model has
alength of 620 mm, and one side (L) of the cross-section
measures 70 mm. Small rods were installed in front and
behind the pantograph head model (Figure 2). The rods
were placed at distances D = 70, 105, 140, and 175 mm
from the center of the pantograph head model. These
distances are L, 1.5L, 2L, and 2.5L using the length (L) of
one side of the pantograph head model. The rods used in
the study are categorized into two types: cylindrical rods
with diameters of either ¢¢10 mm or ¢»20 mm, and square
cylinders with a side length (w) of either 10 mm or 20
mm. The square rods were installed at a 45-degree tilt
with respect to the rod's central axis because they were
highly effective in prior tests. End plates were placed on
both sides of the model.

The experiment was conducted using a closed-
circuit wind tunnel at Meijo University. The nozzle size
of the wind tunnel is 1500x1500 mm. The maximum
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wind speed is 50 m/s and the turbulence level is less
than 0.4%.

Pantograph
head model

-———— >
D=70~175
(= 1.0L~2.5L)

(a) Circular rods

Pantograph
head model

P
D=70~175
(= 1.0L~2.5L)

(b) Square rods

Figure 2. Cross-sectional diagram of pantograph head model
and rods (unit: mm)
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Figure 3. Pressure ports of pantograph head model
(unit: mm)

Since this wind tunnel is not an anechoic wind
tunnel, accurate noise measurement using a sound level
meter is challenging. Therefore, the evaluation of
aerodynamic noise was conducted using the following
method. The sound pressure level of the Aeolian tone is
proportional to the square of the rms of the lift
coefficient fluctuation if acoustically compact surface
conditions are met and the correlation length is assumed
to be constant [8]. Accordingly, the lift fluctuations of the
pantograph head model were measured as follows. Four
pressure ports were provided on both the upper and
lower sides of the central cross-section of the head



model (Figure 3), and they were connected to pressure
sensors (Amphenol All Sensors, 10 INCH-D1-P4V-MINI)
with 50 mm tubes. The length of the brass tube attached
to the pressure port was 10 mm, and the length inside
the pressure sensor was approximately 10 mm.
Consequently, the overall length of the piping system
from the pressure port to the diaphragm of the pressure
sensor was approximately 70 mm. The resonant
frequency (f) of the organ pipe resonance in this piping
system is given by f=c / 4L, = 1.2 kHz (c: speed of
sound, Lp: pipe length). As a result, this measurement
system enables the measurement of pressure
fluctuations below a few hundred Hz. The output of the
pressure sensor was recorded on a personal computer
via an AD converter (Measurement Computing, USB-
1608FS). The sampling frequency was 5 kHz, and the
sampling time was set to 6 seconds. The lift coefficient
(C1) was determined from the measured pressure using
the following equation,

Cl = Z?=11(pbi_pti)l (1)

EpUZL
where p,; represents the pressure on the bottom
surface, p;; represents the pressure on the top surface, i
is the pressure port number, [ is one-quarter of the side
length of the square cross-section, p denotes the air
density, and U represents the airflow velocity.

The angle of attack of the airflow resulting from the
vertical motion of the pantograph head is about 3
degrees [4]. Since the cross section of the pantograph
head model used in this study is square and vertically
symmetrical, the angles of attack of the airflow were set
to 0 and 3 degrees. The wind speed was set to 35 m/s to
account for the range of the pressure sensor, and the
Reynolds number based on the side length L of the
pantograph head model is 1.6 x 105.

As noted earlier, due to the wind tunnel not being
an anechoic facility, precise noise measurements were
unattainable. Nevertheless, for reference, a sound level
meter (Rion, NL-52) was placed 1.3 m below the
pantograph head (outside the flow) and noise
measurements were taken. The duration of the
measurements was 60 seconds.

3. Results and discussion
3.1 Effect of Rod Position

Figure 4 illustrates the relationship between rod
position and the magnitude of lift fluctuation. The
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horizontal axis represents the distance from the center
of the pantograph head to the center of the rod, and the
vertical axis displays the rms value of the lift coefficient.
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Figure 4. Effect of rod position

The value when the rod is not installed is
presented at D/L = 0. The rms value of the lift coefficient
without the rods in place remains nearly constant at 1.4,
regardless of the angle of attack. This finding closely
aligns with the value reported by Vickery [9]. Regardless
of the size and shape of the rod, lift fluctuations decrease
with rod installation. The reduction is particularly
significant when rods are installed at D/L = 1.5 or higher.
For cylindrical rods, the decrease is more pronounced
when the rod is 20 mm. In the case of square rods, there
is minimal difference based on the rod's size for D/L =
1.5. Regardless of the angle of attack, the effect on lift
fluctuation is consistently small.

Igarashi et al. [7] positioned a circular rod in front
of a square cylinder and observed that the maximum
reduction in resistance occurred when the rod position
was approximately D/L = 2.0. This finding closely aligns
with the results obtained in our experiment. According
to Igarashi et al, when the rod is positioned at this
location, vortex shedding from the front rod ceases,
leading to the formation of an integrated flow field
connected between the rod and the square cylinder
within the dead water region. This results in the
formation of a quasi-steady closed vortex, causing the



vortex formation position behind the square cylinder to
shift backward, consequently reducing drag. In our
experiment, the rods were positioned both forward and
backward, while an angle of attack was also introduced.
Within this angle of attack, the effect of the forward rod
persisted, leading to a reduction in lift fluctuations.

3.2 Power Spectral Density Characteristics of Lift
Fluctuation

Figure 5 displays the results of the frequency
analysis of lift fluctuation. Two cases with substantial
reductions in lift variation, observed in the positions
mentioned earlier, are compared with the case without
rods. The first case involves installing cylindrical rods
with ¢$20 mm at D = 2L, and the second case involves
installing square rods with w = 10 mm at D = 2.5L, both
at an attack angle of 0 degrees. The horizontal axis
represents frequency, and the vertical axis shows the
power spectral density of the lift coefficient. The black
line represents the case without rods, the red line
represents the case with cylindrical rods, and the blue
line represents the case with square rods. Without rods,
the power spectral density spikes around 60 Hz.
Calculated using this peak frequency (f,), the Strouhal
number (St = f,L/U) is found to be 0.12, closely aligning
with previously reported experimental results [9]. Upon
installing the rods, there is a significant reduction in the
power spectral density in the vicinity of this peak
frequency. Igarashi et al. [7] noted a significant rise in the
Strouhal number above 0.2 upon installing rods, yet no
corresponding spike in the power spectral density
around 100 Hz was detected in our experiment.

—— Without rods
—— With circular rods ($20 mm, D = 2L)
—— With square rods (w=10 mm, D = 2.5L)
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Figure 5. Power spectral density of Cl

3.3 Variation of Time-Averaged Lift with Angle of
Attack

Figure 6 shows the time-averaged lift force for
angles of attack of 0 and 3 degrees. Comparisons are
made between cylindrical rods with ¢p20 mm installed at
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D = 2L, square rods with w=10 mm installed at D = 2.5L,
and a scenario without any rod. To ensure stable power
collection, the lift coefficient must remain within a
certain range when the angle of attack changes. Without
the rod, the lift decreases as the angle of attack increases
from 0 to 3 degrees, whereas with the rod installed, the
lift coefficient remains almost unchanged at zero.

0.1
=] —8— Without rods
o
g 0  SE—
© —e— With circular rods
= - (¢20 mm, D = 2L)
& e —&— With square rods
e (w=10mm, D=25L)
-0.2
0° 3°

Angle of attack

Figure 6. Variation of time-averaged lift with angle of attack

3.4 Noise Measurement

The noise measurement results are presented in
Figure 7 as reference data. A representative example
compares a case with $20 mm cylindrical rods installed
at D = 2L to a case without rods, both at an angle of attack
of 0 degrees. Without the rod, significant values are
observed in the 50 to 75 Hz range, but with the rod
installed, values in that range are notably reduced. This
aligns with the frequency range discussed in Section 3.2,
where lift fluctuations were reduced by rod installation.

Background noise
—— Withoutrods

E —— With circular rods (¢ =20 mm, D = 2L)
2 110

2 100
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Frequency(Hz)

Figure 7. Sound pressure level measured by a sound level
meter

The generation of aerodynamic noise from the
rods themselves is a concern. The Strouhal number of the
cylinder is reported to be about 0.2 [10], so in this case,
the frequency of the aerodynamic sound generated from
the ¢20 mm rod would be 350 Hz. However, no increase
in power spectral density was found near that frequency,
at least in this result. This observation suggests the



intriguing possibility that the vortex emission
originating from the forward-installed rod may have
ceased, consistent with the findings proposed by
Igarashi et al. [7].

4. Concluding remarks

In the endeavor to advance the development of a
more practical and low-noise pantograph head capable
of bidirectional operation, we conducted fundamental
research. Employing a two-dimensional model with a
simplified cross-sectional shape of the pantograph head,
wind tunnel tests were executed by installing small rods
at the front and rear of the head to evaluate the impact of
rod installation. The results clearly demonstrate that the
installation of the rod significantly reduces the noise.
Furthermore, our findings indicated that the lift force of
the pantograph head remained stable even in the
presence of variations in the angle of attack. These
findings provide important knowledge for promoting the
practical application of pantographs that satisfy low
aerodynamic noise and lift stability at a high level.
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