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Haiikpami  3HavyeHHs  aAre3idHOi  MIIHOCTI
MOKa3aJIn 3pa3Ky, OTPUMaHi IpH poOOTI MarHeTpOHHIH
PO3IMIIIOBAILHOT CHUCTEMH B PEXHMI MOCTIHHOTO
cTpyMy Iipu THCKy 8,8 - 10-2 mOap. [Tpudomy 1i 3pa3ku
MOKa3aJIn HaWKpalMid pe3yiabTaT 3a BECh 4ac
JIOCITIIKEHB. Bei NoJasbII JOCIT PKSHHS
MPOBOAWIINCS 3 TTAPAMETPAMHU PEXNMY, SIKi TOKa3alu
HaMKpaIuii pe3ysbTar 3a aAre3iitHo1 MiITHOCTI.

BUCHOBKHN

1. Orpumani  pe3yibTaTH  BHMipIOBaHHSA
aAre3iifHOI MIITHOCTI HOKPHUTTIB JO3BOJISTIOTH TOBOPUTH
TIPO MOJKJIMBICTh BUKOPUCTAHHS 0OPaHUX PEKIMIB JIJIs
HAaHECEHHsS MiANIapy TUTaHy B SKOCTI aJre3idHoro
MiAmapy ImijJ Marepiaji, sKi BUKOPUCTOBYIOTHCS TIPH
NaiKy KOMIIOHEHTIB (Milb, OJIOBO-30JI0TO 1 iH.).

2. HaHeceHHs IUTIBKM METOJIOM HapoCTPYHHOTO
OCa/DKEHHSI B KJIACTEPHOMY PEXHMi poOOTH jKeperna
JO3BOJISIE  OTpUMyBatu TOKpUTTA 3 llIBuakicTio
HAHECEHHSA IO 2 MKM / C Ha JIOKaJbHIN IiIAHIN
migkaagky. Taka TOBIIMHA MOKPHUTTS 3a0€3IeTy€EThCS
Ha JIUISHIN OIMPUHOIO 2 MM HaBIPOTH LEHTPY COILIA
JDKepena.

3. Jlng 3OUIbLICHHS AaAre3iHoi  MIIHOCTI
MOKPHUTTIB MiJli Ha MiAKIAJAKAX OKCHIY AaJFOMIiHIIO
HEOOXiTHO BHKOPUCTOBYBAaTH aJre3idiHMd migumap,
HaNpuKiIan, MiAmap TUTaHy. BUKOpUCTaHHS Takoro
HiAmIapy NPUBOJUTE 10 30UIbIICHHS aare3ifHol
MirHocTi B 10 1 Oinblie pasis.

4. Pexxumu pobotu MarHeTpoHHO1
PO3IITIOBAIBHOT CUCTEMH i rapameTpu
TEXHOJIOTIYHOTO TIPOIECY ICTOTHO BIUIMBAIOTH Ha
aare3iitHy MIIHICTh OJEPKyBaHUX MTOKPUTTIB.

5. Haiikpami pe3ynsTaTd aare3ifHol MiIHOCTI
OTpHMaHI TIpYW HAaHECEHHI aJre3iiHOro MiAMmapy MpH
po0OTI MarHeTPOHHIH PO3MMIIOBAIHHOI CHCTEMH B
PEeXHMMI MOCTIHHOTO CTPYMY NPU THCKY Y BakyyMHii
kamepi 8,8 - 10-2 mOGap.
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MODELING OF NOISE POLLUTION NEAR RAILWAY
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MOJEJIIOBAHHS TYMOBOI'O 3ABPYJIHEHHSA B1JIA 3AJII3HUILI

Summary. Noise from railway transport is a relevant problem from the point of view of people health. Now, in
Ukraine, the railway traffic infrastructure has the period of development. It is important to predict railway transport
noise impact in case of changing of transport infrastructure. Existing in Ukraine predictive models are based on
empirical formulae which were obtained long ago for specific conditions and do not take into account some important
factors. So, these models can’t be used for existing problems which are connected with railway transport noise. The
aim of this work was development of numerical predictive model to forecast noise from railway transport. The model
is built on the numerical integration of wave equation for acoustic pressure. Some results of numerical experiment
are presented.

Anorauis. Illym Bij 3aMi3HHYHOTO TPAHCIIOPTY € aKTYaIbHOK MPOOJIEMOIO 3 TOYKH 30pYy 3I0POB'S JIFOICH.
3apa3 B YkpaiHi iH(pacTpyKTypa 3a1i3HHYHOTO PyXy Mae Nepioll pO3BUTKY. BaxinBo nependaunTy BIUIMB HIyMy
Ha 3QJII3HUYHOMY TPaHCIIOPTi Y pa3i 3MiHH TPaHCIIOPTHOI iHPpacTpyKTypH. IcHytodi B YKpaiHi MPOTHO3HI MOeNi
0a3yroThCS Ha eMIIPIYHUX POPMYIIax, OTPIMaHHX TABHO TSI KOHKPETHUX YMOB 1 HE BPaXOBYIOTh ICSKUX BasKJIMBUX
(axTopiB. OTxe, Ii MOJENi HE MOXHA BHKOPHUCTOBYBATH U ICHYIOUHX HpPOOJIEM, IIOB’S3aHHUX i3 IIyMOM
3aJTI3HUYHOTO TpaHCIopTy. MeToro manoi poooTu Oyia po3poOka YrceTbHOT IPOTHO3HOT MOJIEINI [Tt IPOTHO3YBAHHS
IIyMY BiJI 3aJTI3HAYHOTO TPAHCTIOPTY. Moenb mo0yoBaHa Ha YHCETFHOMY iHTETpYBaHHI XBIIILOBOTO PIBHSIHHS IS
aKyCTUYHOTO TUCKY. [IpefcTaBieHo nesKi pe3ysibTaTH YHCEIbHOTO EKCIIEPUMEHTY.

Key words: sound barriers; numerical simulation; railway transport

Knmouoei cnosa: 38yxosi bap epu; uucenvrhe MoO0eno8anHs, 3aN3HUYHUL MPAHCHOPIN

Introduction. The noise from railway transport
has a negative effect on the environment and creates
acoustic discomfort for the people. Locomotives and
wagons are among the most significant sources of this
noise. In addition, the impact of the wheels on the joints
of the rails, the sound of brake rods, etc. make a certain
contribution. In this regard, much attention was paid to
the problem of forecasting traffic noise and methods of
dealing with it [1-7]. Worthy of note that mathematical
modeling of noise pollution from trains is a difficult
problem. Now to solve it Navier—Stokes equations are
widely used [1-7]. For practice, it is necessary to have
quick computing mathematical models to use the
models widely in every day practice.

In fact, in Ukraine, empirical formulae [8] are used
to estimate the intensity of noise from different trains.
For example, the maximum noise level from a freight
train is estimated using the following formula [8]:

Lpvaxe = 79,4 + AL perpe + 0,233V, (1)

where V —average estimated speed of trains; Lacmux
— amendment in dBA, taking into account the type of
railway track; is determined in accordance with [8].

For passenger trains the maximum noise level is
calculated as:

Lyaxe = 82,4 + ALjcryy + 0,12V (2)

Empirical models like these have additional
formulae which help to «adjust» the model to some
specific situations, for example, to take into account
effect of some obstacles on sound level near the train
track. Empirical models allow quickly assess the level
of noise pollution. Worthy of note that empirical
models like equations (1), (2) give sound level value
only in one point near the railway track. This is a point
which is situated 25m far from the railway track. These
models can’t give information about sound level in
another point which is situated at another distance from
the track. These models can’t predict sound field which
is formed near the railway track.

Therefore, at present, the development of other
mathematical models which allow to take into some
important factors are of great interest.

The aim of this work is to develop a quick
computing numerical model for the estimate the sound
pressure field near the railway.
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Goal. The goal of this paper is development a
numerical model for quick computing of sound
pressure field near the railway, where sound barriers are
used.

Mathematical model. To simulate sound pressure
field from the railway transport we used wave equation
for pressure:

a?p — g2 (62P " azp), 3)

ot? dy2 = 0y2

where a is sound speed; P is pressure; X,y are
Cortesian coordinates; t is time.

Initial condition is: P=0 in the computational
region. We set P=0 at the right and left boundaries of
the computational region and dP/on=0 (here, n is the
internal normal to the boundary) at the solid internal
boundaries.

Numerical models. For the numerical integration
of equation (1) we used the following difference
scheme [9]:

n+1 n n—1 n n n n n n
Pij ~Pij=Pij = o Piv1,jm2Pi Py 2 Pij+1 2P j+Pijq
/ =a - +a J : (4)
At Ax Ay

This is three time layers explicit difference
scheme. To start integration we must set pressure value
at two time layers.

To simulate the complicated geometrical form of
the computational region we used «markers» (porosity
technique). In this case we separate computational cells

where we integrate wave equation from the cells which
represent internal boundaries of the computational
region (figure 1). This technique allows to make
quickly the geometrical form of the region where we
want to study the acoustic regime.

"

Fig. 1. Sketch of computational region: 1 — boundary of the hill;
2 — markers which indicate the train position (source of noise)

To simulate the source of noise (for example,
locomotive) we choose the internal subregion where
the source of noise is situated. The internal boundary
covers this subregion. In this subregion we set a number
of point sources having constant sound pressure P. We
may say that in this subregion we have the internal
Dirichlet condition.

We developed code to perform numerical
experiments. FORTRAN language was used to develop
code.

Results. The developed numerical model was
used to solve the model problem. A notch is considered
where the railway track passes (figure 2).

Y

0

X

Fig. 2. Sketch of computational region:
1 —internal boundary for source of noise; 2 — vertical barrier; 3 — «wing»
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Three scenarios are considered. The first scenario  the railway track. The third scenario — the vertical
— there is no sound barrier near the railway track. The  sound barrier which has a wing (figure 2).
second scenario — there is a vertical sound barrier near Figures 3-5 show dimensionless sound pressure
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Fig. 3. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #1: no barriers)
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Fig. 4. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #2: vertical barriers)
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Fig. 5. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #3: vertical barriers with wings)

In figure 6 the acoustic pressure field calculated  structure of the pressure field. The Laplace equation
on the basis of the Laplace equation (potential flow  does not allow to take into account the interference of
model) is shown. If we compare figure 5 and figure 6,  sound waves.

then we can see a

significant discrepancy in the
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Fig. 6. Dimensionless sound pressure field near railway track
(scenario #4: model of potential flow)

In the table 1 the dimensionless value of the
acoustic pressure at the receptor (see figure 5) is shown.

Table 1.
Dimensionless sound pressure at receptor point
Scenario #l #2 3
no barriers vertical barriers vertical barriers+ «wing
Sound pressure 7.8 3.9 2.7

As can be seen from the table 1, application of a
sound barrier with a wing reduces the sound pressure
level at the point of interest.

Next figures (fig. 8-10) illustrate acoustic pressure
field in case when locomotive is situated on the top of

the railway embankment (fig. 7). Three scenarios were
considered: no sound barriers at the railway
embankment (scenario #1); low sound barriers at the
railway embankment (scenario #2); high sound barriers
at the railway embankment (scenario #3).

Fig. 7. Sketch of train at the railway embankment
(https://nunatsiag.com/stories/article/65674baffinland_railway _may be dead_pond_inlet_group_declares/)
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Fig. 8. Dimensionless sound pressure field near railway track (scenario #1: no barriers)
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Fig. 9. Dimensionless sound pressure field near railway track (scenario #2: low barriers)
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Fig. 10. Dimensionless sound pressure field near railway track (scenario #3: high barriers)

It can be seen from fig. 8-10, that complex sound
pressure field is formed in the computational region.
Interference of waves creates this picture of sound
pressure distribution.

It should be noted that solving the problem
requires 3 seconds from computer time.

Scientific novelty and practical significance.
Developed numerical model allows to compute sound
pressure pattern near the railways taking into account
complex terrain and sound barriers installation. Results
of numerical experiment are presented.

Conclusions. A numerical model was built to
simulate sound pressure near the railway track. The
model is based on the explicit difference scheme which
was used for integration of wave equation for sound
pressure. The model allows to simulate train traffic
noise with account of geometrical form of terrain. The
model takes little computation time to perform
numerical experiment.

Further improvement of the model should be
carried out in the direction of creating a 3D numerical
model.
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