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Abstract

The natural features, such as mountain slopes, cliffs, and the human-made artificial walls, such as train station walls, windbreakers,
and even residential and office buildings, can affect the movement structure of high-speed trains. In the present paper, using
computational fluid dynamics (CFD), the interaction of lateral wall distances on the aerodynamic characteristics of a high-speed train
is simulated. To achieve this -using OpenFOAM- the governing equations are solved. Also, the used solver is simpleFoam which the
Simple algorithm (Semi-Implicit Method for Pressure Linked Equations) is applied to decouple the Navier-Stokes's equations. In the
following a simplified high-speed train is considered, combining Reynolds-Averaged Navier-Stokes (RANS) equations and k-w (SST)
turbulence approach, an incompressible turbulent air-flow around it is simulated. Also, the flow and aerodynamic structures affected
by distance changes between the lateral wall and the train are analyzed. Therefore, the lift, drag, and side aerodynamic forces and
their corresponding moments as pitching, yawing, and rolling are provided and compared for four distance cases. In the following,
the most significant components of flow structure, such as streamlines, velocity and pressure distributions, and vortices structures,
are discussed. Finally, using the turbulent kinetic energy analysis, the air-flow's turbulent level around the train, especially in critical
areas, is investigated. The findings illustrated that the closer distance between the train and the wall has more destructive effects on
the movement of the high-speed trains. The results of the present study can be helpful for designing structures along the rail and
distancing it from natural features.
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1 Introduction

In recent years, high-speed trains have made extensive
progress, and so, the various issues and problems about
them have been investigated and modified, consequently.
One of the hundreds of issues facing high-speed trains
that need to be explored and optimized is the existence
of natural and artificial walls parallel to the route of high-
speed trains. Since natural and artificial walls have direct
and profound effects on the movement characteristics
of vehicles, especially high-speed trains, it is crucial to
investigate their characteristics in the movement of trains.
The walls of train stations, natural features of the route,
windbreakers, and even buildings near the railways are the
most important examples of these walls. All the samples
have profound and significant effects on the movement of
high-speed trains, especially their aerodynamic character-
istics. Hence, in the last decade, various studies have been

performed on high-speed trains [1], their aerodynamic
characteristics, and especially their multiple obstacles,
which some of the most important of which are as follows:

In 2010, a numerical simulation of two high-speed
trains passing each other at a similar velocity by a new
approach was provided by Zhao and Sun [2]. In this study,
Fluent commercial software is employed to simulate pres-
sure waves and flow fields. In the same year, Baker [3] pro-
vided a comprehensive investigation of the aerodynamic
behavior of a high-speed train. Flow fields around the
nose, side, roof, and under the train and wake of the train
were simulated. Moreover, the surface pressure of the
train for the variety of the train velocity was shown.
Bell et al. [4], in 2014, using a wind tunnel, investigated
the wake and slipstream of a high-speed train. In this
study, the full details of the wake phenomenon and

Cite this article as: Hajipour, A., Mirabdolah Lavasani, A., Eftekhari Yazdi, M. "Interaction Simulation of a Lateral Wall Distance on Aerodynamic
Characteristics of a Simplified High-speed Train", Periodica Polytechnica Mechanical Engineering, 68(1), pp. 18-30, 2024.

https://doi.org/10.3311/PPme.22411


https://doi.org/10.3311/PPme.22411
https://doi.org/10.3311/PPme.22411
mailto:alirezahajipour.eng@iauctb.ac.ir

characteristics of the slipstream due to the train velocity
and turbulent air-flow around it are described. Also, the
effects of rail configuration on wake are analyzed. In the
same year, Shuanbao et al. [5], relying on train geometry,
optimized the aerodynamic parameters of a high-speed
train. To achieve this, a CRH380A high-speed train was
considered, and a practical multi-objective optimization
was done via a genetic algorithm (GA) and cross-valida-
tion methods. Eventually, the aerodynamic drag and side
forces in the optimized geometry were less than the origi-
nal one. Since the Reynolds number has a profound effect
on the aerodynamic behavior of high-speed vehicles,
Niu et al. [6], in 2016, investigated the effect of the
Reynolds number on the aerodynamic performance and
pressure of a high-speed train, experimentally. Along with
this, the yaw angles' effects as 0 to 15 degrees for two
scales of trains were investigated. Also, the Reynolds
number changes on the lift force and pressure coefficient
were analyzed in more detail. A comparison among three
turbulence models, IDDES, RANS, and SAS, to an aero-
dynamic simulation of air-flow around a high-speed train
[7] in 2017.
Acrodynamic forces and pressure distribution of the train

was made by Munoz-Paniagua et al.

body, streamlines, and other flow key parameters consid-
ering crosswind for the three turbulence models were
investigated and compared. Also, the best simulation
model in the case was identified with the lowest computa-
tional cost. In 2017, Bell et al. [8] studied the effects of tail
angle on the flow structure of a generic high-speed train.
In this experimental research, a variation of the roof angle
of the train tail on the wake-field and the related slipstream
were analyzed. A numerical simulation of the influences
of the nose geometry on the aerodynamic behavior of
a high-speed train was performed by Niu et al. [9] in 2018.
In this study, two train cases with two nose types, short
and long length, were considered, and the effects of their
changes on critical parameters of air-flow were analyzed.
Flow structure, pressure, and velocity distributions,
boundary layer and aecrodynamic forces around the high-
speed train, were illustrated, and a comparison with the
obtained results of experimental data was performed.
In the same year, Xia et al. [10] focused on the wake phe-
nomenon and its related properties of a 1:50 scale high-
speed train via an experimental setup. The flow and pres-
sure results of the wind tunnel were done by particle image
velocimetry (PIV) and Hot-wire anemometry. The results
indicated the location and extent of the wake phenomenon.
In 2018, the influences of moving high-speed trains in the
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open-air on wind formation and its effects on the people
and structures were reported by Rocchi et al. [11].
A multi-objective optimization of aerodynamic design of
high-speed railway windbreaks using LBM and wind tun-
nel test results was provided by Mohebbi and
Rezvani [12, 13] in 2018. In these researches, LBM simu-
lations are combined with the Multi Objective Genetic
Algorithm for aerodynamic design and characteristics of
ahigh-speedrailway windbreak. Mohebbi and Rezvani [14]
also in 2018 performed effects of air fence geometry on
air-flow around an ICE3 high-speed train on a double-line
railway track with exposure to crosswinds. This research
is concerned with finding a proper solution for attenuating
the worrying effects of the winds that hit the trains based
on the Lattice-Boltzmann method. In the extensive inves-
tigation, some of the significant railway equipment, such
as safety ones, were considered to investigate the effects of
wind flow generated by the train. Li et al. [15], in 2019,
using an experimental setup, investigated the aerody-
namic properties of a streamlined deck of a high-speed
train under crosswind. In this case, the yaw angles of air-
flow and their effects on the aerodynamic characteristics
of the train were simulated. Also, the flow pattern, shear
stress, pressure distribution, and other flow key parame-
ters were analyzed. An origami optimization on the design
structure of a high-speed train was performed by
Wang et al. [16] in 2019. They focused on the crashworthi-
ness of a multi-cell thin-walled structure in the event of an
accident. Hashmi et al. [17] in 2019 reported and analyzed
the crosswind effects on windbreakers of high-speed
trains. In this case, a 1:25 train model of Class 390
Pendolino was considered. Influences of yaw angle varia-
tion on the turbulent flow around it and then on the wind-
breakers in the wind tunnel were simulated. Finally, the
most suitable conditions for wind yaw angles and the
windbreakers' angles were specified. In 2020, an experi-
mental-numerical investigation of a high-speed train was
performed by Zampieri et al. [18]. Since, high-speed mov-
ing of trains creates strong inductive air-flow that can
damage infrastructures and people close to it, one of the
main objectives of this study was to study and reduce the
air-flow damage caused by train movement. So, at first,
an experimental setup was applied, and its data was
reported and then, using CFD, a numerical simulation of
turbulent air-flow around the high-speed train was done.
For validation, a comparison with experimental results
was performed. Dong et al. [19] in 2020, studied the influ-
ence of ground distance on the acrodynamic properties of
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a simplified high-speed train. In this case, four distances
from the ground to the train were considered, and flow
structure, aerodynamic forces, and wake phenomenon due
to turbulent air-flow between the train and the ground
were simulated, and investigated. In 2020, a numerical
analysis of the acrodynamic and dynamic effects of a huge
vortex on a movement high-speed train was done by
Xu et al. [20]. Using the DES numerical method, a tornado
vortex and its effect on the high-speed train were simu-
lated. In this study, in addition to the aerodynamic compo-
nents of the flow, the dynamic parameters due to dynamic
tornado loads also were analyzed. Mufioz-Paniagua and
Garcia [21] in 2020, did an optimization on the aerody-
namic force of a high-speed train. To achieve this, an aero-
dynamic drag optimization on the nose geometry of the
high-speed train was performed. For the optimization,
a genetic algorithm method was applied, and the optimal
values of the acrodynamic drag were reported and ana-
lyzed. The influences of the variation of Reynolds number
on the wake phenomenon of a high-speed train were inves-
tigated by Wang et al. [22] in 2020. Then, the behaviors of
the velocity, pressure, vortex structure, and streamlines of
the considered high-speed train for different five Reynolds
numbers were analyzed. The aerodynamic performance of
a high-speed train under the platform influence was inves-
tigated by Xiao et al. [23] in 2020. In this study, the panto-
graph as one of the important components of a high-speed
train was considered. The effect of some geometrical spec-
ifications on the lift and drag acrodynamic forces was pre-
sented. Also, the influence of it on the pressure distribu-
tion of the train surface was reported. An experimental
investigation of aerodynamic pressure on a moving high-
speed train was performed by Xiong et al. [24] in 2020.
Using pressure sensors, the transient aerodynamic charac-
teristics of the inner area were measured. In the same year,
Li et al. [25] investigated the influences of the numerical
divergence methods on the turbulent air-flow around high-
speed trains. Since the divergence method has serious
effects on the numerical simulation accuracy, four preva-
lent divergence approaches were used to predict the aero-
dynamic characteristics of a high-speed train against
a crosswind. Linear-upwind stabilized transport, sec-
ond-order limited-linear differencing, linear-upwind dif-
ferencing, and first-order upwind differencing where the
divergence methods were applied and analyzed in this
study. Moreover, the numerical results were compared
with the related experimental data. From 2021 to 2023,

Mohebbi and Safaee [26]; Mohebbi and Rezvani [27]; and
Mohebbi et al. [28, 29] in a series of parallel researches,
performed influences of fences on the aerodynamic behav-
iors of a high-speed train using the Lattice Boltzmann
Method. In the following, the porous wind barriers that are
widely used in this industry have been investigated and
compared. Also, to decrease the harmful influences of
crosswinds, the work attempted to find an optimum porous
barrier design. Finally, Hajipour et al. [30-32] in 2021
investigated the impacts of some wall functions on the air-
flow and aerodynamic properties of a simplified high-
speed train using OpenFOAM. They studied the imple-
mented wall function, known as the Enhanced Wall
Function, which would be helpful in high-speed train
aerodynamic simulations.

As mentioned, in recent years, various researches have
been conducted on the high-speed train and other fea-
tures related to its movement, Still, the effect of lateral
walls along the movement of the train was not sufficiently
addressed. For this reason, this research has addressed
this relatively neglected sector. And since, the destructive
loads from lateral winds, both forces and moments, may
cause the train to derail; the importance of lateral walls
and their distances in the movement and safety of high-
speed trains seems to be doubled. Thus, in the present
study using Reynolds-Averaged Navier-Stokes (RANS),
the effects of lateral walls and their distances on the aero-
dynamic characteristics of turbulent air-flow around a sim-
plified high-speed train are simulated. Also, the results of
the space changes on the flow and aerodynamic structure
are discussed, and the destructive and resistant phenom-
ena to the train movement are analyzed. At the end, the
turbulent level, especially in the critical area, is specified.

As mentioned, using CFD, the interaction of lateral
wall distances on the aerodynamic characteristics of
a high-speed train is simulated. To achieve this, a sim-
plified high-speed train is considered, and combining
RANS equations and k-w (SST) turbulence approach,
an incompressible turbulent air-flow around it is simu-
lated. With a cursory glance at the results, they illustrated
that reducing the distance between them increases oppo-
sition forces and moments. Also, the principal parameters
of flow structure, i.e., streamline, velocity and pressure
distributions, and vortices structures, are shown. Finally,
the contour of the turbulent kinetic energy as an essential
parameter in detecting the degree of turbulence for the
four cases is presented.



2 Numerical simulation overview

In this study, using the open-source OpenFOAM pack-
age [33], the governing equations are solved. Also, the
used solver is simpleFoam, in which the Simple algorithm
(Semi-Implicit Method for Pressure Linked Equations) is
applied to decouple Navier-Stokes's equations [34].

Moreover, using the standard second-order central dif-
ferencing and the second-order upwind schemes, the diffu-
sion and convection terms are discretized, respectively [34].

The geometrical details of the simplified high-speed
train and the computational domain are shown in Fig. 1.
Since practical and real high-speed trains have compli-
cated geometries, they are not used for aerodynamic anal-
ysis. Instead, the simplified high-speed train can be used
in numerical and experimental research [35-39]. As can
be seen, a simplified high-speed train model with length
(L), width (d), and height () and the distance from the lat-
eral wall (S) are specified. Moreover, in this case, based on
the velocity (70 m/s) and the train geometry (d = 0.56 m),
the Reynolds number of turbulent air-flow around the train
is specified as Re = 2.6 x 10° and the kinematic viscosity
isv=15x10" m?s.

In the present study, the effect of the lateral wall dis-
tance on aerodynamic characteristics of a simplified high-
speed train is investigated. To achieve this, four practical
distance ratios of S/d = 0.25, 0.5, 0.75, and 1 (in which
S and d are the train distance from the lateral wall and
the width of the cross-section of the train, respectively)
in Fig. 1. are considered and aerodynamic simulation on
them is analyzed.

farfield

6.31m

Fig. 1 Geometrical details of the simplified high-speed train and

the computational domain
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Also, the boundary conditions of the problem are
defined as follows: constant velocity for the inlet, ground,
and wall is considered. For the walls of the high-speed
train, the no-slip condition is assumed. Slip boundary
condition is applied on the far field boundaries, and zero
gradient is used at the outlet. Moreover, the outlet pres-
sure value is adopted zero, and for the other boundaries,
zero gradient is considered. Further details of the bound-
ary conditions are shown in Fig. 1. Besides, the turbulent
intensity is defined as about 1% for the inlet, and for the
walls, omegaWallFunction and kqRWallFunction, which
are standard wall functions of OpenFOAM, are used.
In the case without the lateral wall, due to the symme-
try of the geometry, the symmetric boundary condition is
used on the middle plane to reduce the computational cost.

The cells in the numerical simulation are gener-
ated via a structured, uniform Cartesian mesh by block-
Mesh, an essential meshing tool in OpenFOAM. Further
mesh refinement is applied close to the train body,
and around areas using the mesh generation utility of
the SnappyHexMesh tool, which is also supplied with
OpenFOAM. In the present study, the simulation is done
with almost 2 million cells in each case for the computa-
tional domain, as shown in Fig. 2. Also, In the case with-
out the lateral wall, the number of cells is decreased to
1.2 million due to the symmetry plane. Finally, Fig. 3
illustrates the residual error for different parameters of the
paper. According to Fig. 3, all values and parameters used
in the numerical calculation are converged.

3 Equations

3.1 Governing equations

In this manuscript, an incompressible, three-dimensional,
and turbulent air-flow around a simplified high-speed
train is considered. Then, combining Reynolds-Averaged
Navier-Stokes (RANS) equations with the k-w (SST) tur-
bulence methods, the air-flow around the train is simulated.

Fig. 2 Top and side views of the mesh structure in the
computational domain
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Fig. 3 Residual error for different parameters

Based on the solution approach, the continuity and momen-
tum equations can be written by Eq. (1) and Eq. (2) [34]:
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Where, p, P, and u, are the density, pressure, and the
velocity in i direction. Also, the effective stress tensor, T
can be defined by Eq. (3) [34]:

Ou, |
T, =(v+v, )| —+————5, |. 3
Y ( ’){6)@. Ox, "} ®)
Where, v, v, and ¢ are the kinematic viscosity, turbu-
lent kinematic viscosity, and the Kronecker Delta, respec-
tively [34]. Also, the specific dissipation rate (w) is in Eq. (4):
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research:
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Where, y is the space to the next surface. Also, the other
closure coefficients and auxiliary relations are as follows:
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3.2 Aerodynamic equations

A high-speed train experiences different aerodynamic
forces and coefficients while passing through a turbulent
air-flow that includes the lift (), drag (F,), and side
(F) forces [35]. The lift force is a force that intends to
raise the train of the ground, the drag force is an opposite
force of the train moving forward, and the side force is
a force on the side of the train. Based on the disruptions,
the lift, drag, and side forces as coefficients are defined by
Egs. (14)-(16) [37]:

F,
CL = 1 L (14)
5 pU> A
F,
CD = 1 = (15)
F,
Cs =1 s (16)
5 pU> A

Where, U, and p are the free-stream velocity and den-
sity of the air-flow, F,, F,, and F are the lift, drag, and
side forces, C,, C,, and C; are the lift, drag, and side coef-
ficients, A4 is the surface of the train.

Moreover, there are aerodynamic moments correspond-
ing with the aerodynamic forces as pitching (R ,,), yawing
(R,), and rolling (R,,) moments, respectively, which are
shown in Fig. 4 described by Egs. (17)—(19) [37]:



Yawing Moment

Lift Force

Roling Moment

Fig. 4 Details of aerodynamic forces (lift, drag, and side) and their
corresponding moments (pitching, yawing, and rolling)

R
Cor = % (17)
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Where, R,,, R,, and R, are the pitching, yawing, and

rolling moments, C,_,

and rolling moment coefficients, respectively. Moreover,
L is the height of the train.

C,,and C,, are the pitching, yawing,

4 Grid independency

The numerical model's programming and computational
activity are validated using grid sensitivity analysis.
Meshes should be used that are independent. In the pres-
ent study, to demonstrate mesh independence, two aero-
and lift C,, coefficients,
are considered, and this analysis has been done for them.

dynamic parameters, drag C,,

As shown in Fig. 5, the drag coefficient is not sensitive to
the grid-scale but the lift coefficient is exposed to the grid.
So, to gain mesh independence, we considered it smaller
than the previous one. As illustrated in Fig. 5, in the most
minor grids (Grids 3 and 4), the obtained values for the
drag and lift coefficients were independent of the number
of cells and to reduce the computational costs, the third grid
is used. It is worth mentioning the total number of cells for
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Fig. 5 Grid independence for the four grids (Grid 1: coarse,
Grid 2: medium, Grid 3: fine, and Grid 4: fine) using
aerodynamic drag and lift coefficients

Grid 1, Grid 2, Grid 3, and Grid 4 are 150,000, 600,000,
1,000,000, and 1,300,000, respectively. Generally, accord-
ing to the independence and computational costs, the third
grid (Grid 3) is the most optimal and is used.

5 Results and discussion

5.1 Validation

For validation, some of the previous research is consid-
ered, and the characteristics of air-flow, geometry, and
their computational domain are detailed in the Appendix.
A comparison among the aerodynamic drag coefficients
for validation is provided in Table 1 [40—44].

In the present study, the lateral wall effect on a three-
dimensional turbulent air-flow around a simplified high-
speed train is carried out. To find out more details of the case;
first, the results of some of the most critical aerodynamic
forces such as lift, drag, and side, and, their corresponding
moments are examined, and then, the most significant flow
characteristics such as streamlines, velocity and pressure dis-
tributions and turbulent kinetic energy are discussed.

Table 1 Validation comparison among the aerodynamic drag
coefficients for the previous studies and results of this paper

Cases Aerodynamic Drag Coefficient (C,)
Wang et al. [40] 1.189
Nakaguchi [41] 1.170
Raul and Bernard [42] 1.170
Anderson [43] 1.090
Haider and Levenspiel [44] 1.040
Present paper 1.115
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5.2 Aerodynamic forces

Due to the equation section of this study (Section 3.2
Aerodynamic equations), Fig. 6 compares the aerody-
namic lift, drag, and side forces for the four defined dis-
tances on the lateral walls of the train as S/d = 0.25, 0.5,
0.75, and 1. As can be seen, the values of drag and lift
aerodynamic coefficients for the different distances of
the train to the lateral wall are almost constant and have
imperceptible changes. The distance changes between
the train body and the lateral wall have the most negli-
gible effect on the drag and lift acrodynamic coefficients.
But, for the side aerodynamic coefficient, as expected,
when the distance between the train and the lateral wall
increases, the effect of lateral loads increases, and con-
sequently, the acrodynamic side coefficient increases. So,
the maximum and minimum values of the side coefficients
occur on S/d = 0.25, and S/d = 1, respectively. Fig. 6 illus-
trates the aerodynamic side force has tripled from the low-
est (the minimum distance between the train and the lat-
eral wall) to the highest (the maximum distance between
the train and the wall) values.

In the following, Figs. 7, 8, and 9 show the influences of
the distances between the train and the lateral wall on the
pitching, yawing, and rolling aerodynamic moments,
respectively. Fig. 7 shows that the pitching moment changes
versus the distance's oscillations between the train and
the lateral wall. The pitching moment values first, it has
an ascending slope and after reaching the maximum point
ie.,, S/d = 0.5, continues a descending path to the end,
i.e., S/d = 1. As mentioned, the maximum and the mini-
mum values of the pitching moment occur on S/d = 0.5,

0.5
l———— o —— »
0.4
Y 0.3
L.’% |
U 0.2+
0.1
—e— C;
—— -C
0’—5— -C,
—
0.25 0.5 0.75 1
S/d

Fig. 6 Comparison among the lift (C,), drag (C,), and side (Cy)
aerodynamic coefficients for the four defined distances of
the lateral walls of the train
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Fig. 7 Comparison of pitching moment (R,,,) for the four defined
distances of the lateral walls of the train
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Fig. 8 Comparison of yawing moment (R,) for the four defined
distances of the lateral walls of the train
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Fig. 9 Comparison of rolling moment (R, ) for the four defined
distances of the lateral walls of the train



and S/d = 1, respectively. The yawing moment changes are
shown in Fig. 8. As the distance increases, this parame-
ter increases, too. Also, the rolling moment changes are
illustrated in Fig. 9. Its changes have an inverse ratio with
increasing the distance. The rolling moment with decreas-
ing the distance between the train and the wall increases it
triples. Although all three moments are influential, on the
train movement, the rolling moment is very effective
in derailing the train.

5.3 Flow characteristics

Identification of fluid flow behavior is provided by various
parameters. In the present study, some of the crucial and
fundamental characteristics of the turbulent air-flow around
the high-speed train are examined considering the lateral
wall. Fig. 10 shows the two-dimensional streamlines around
the high-speed train for the four distances between the train
and the lateral wall in the side view as S/d = 0.25, 0.5, 0.75,
and 1. Observing the comparison among the cases, as the
distance between the lateral wall and the train increases, the
size and intensity of the produced vortices behind the train
increase, too. Also, as the distance increases (the mean-
ing of increase is increase in this range), the possibility of
vortex formation in the air distance between the train and
the ground has increased, and larger flow separations are
created. So, there is a giant vortex and a fundamental flow
separation in the case of S/d = 1. It is predicted that the
size and quality of the production vortex will go through a
curve with extremes, which will be smaller (S/d = 0.25) and

0.6 0.8

T
-0.2 0 0.2

0.6 0.8

T
x (m)%*4
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then larger (S/d = 1) and decrease again until it reaches zero
for distances far from the target range. In the following,
Fig. 11 illustrates the two-dimensional streamlines around
the high-speed train for the four distances between the train
and the lateral wall in the top view as S/d = 0.25, 0.5, 0.75,
and 1. The results show that if the distance between the train
and the lateral wall increases, the air-flow is more symmet-
rical on the nose of the train, and in the same way, for the
shorter distance between them, the air-flow structure is
slightly closer to the wall. Also, when the wall is closer to
the train, the produced vortices at the train's back become
more elongated.

Figs. 12 and 13 show the velocity fields of the turbulent
air-flow around the train for the four distances between
the train and the wall. In Figs. 12 and 13, the velocity com-
ponents in the x and y directions for the mentioned sit-
uation are provided. Fig. 12 illustrates the velocity field
in the x-direction, U , for the four cases. It is quite clear
that changes in the distances between the train and the
lateral wall have significant effects on the velocity in the
x-direction. Considerable areas are affected between the
train and the back of the train. Similarly, Fig. 13 shows the
velocity field in the y-direction, U,. Similarly, the influ-
ences of the distances on the velocity structure, especially
the areas between the train and the lateral wall, are sig-
nificant. In fact, with decreasing the distance between the
train and the wall, the vortices resulting from the velocity
effect around the train increase, and then there is a possi-
bility of more destructive impact on the train body.

0.6 0.8

X (m)>4

-0.2 0 0.2 0.6 0.8

x (m)%*4

Fig. 10 Two-dimensional streamlines for the four distances between the train and the lateral wall in the side view
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Fig. 11 Two-dimensional streamlines for the four distances between the train and the lateral wall in the top view

2 xm ® xm °
Fig. 12 Velocity field in the x-direction, U , for the four distances Fig. 13 Velocity field in the y-direction, U , for the four distances
between the train and the lateral wall in the top view between the train and the lateral wall in the top view
Figs. 14 and 15 show the pressure distribution for the lateral wall. The distance changes also change the pres-
cases in two side and top views. As can be seen, distance sure distribution structure in the crucial space between the

changes have the most remarkable effects on the pressure train and the lateral wall and the other regions. Moreover,
distribution in the critical area between the train and the by decreasing the distance between the train and the wall,
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Fig. 14 Pressure field for the four distances between the train and
the lateral wall in the side view
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Fig. 15 Pressure field for the four distances between the train and

the lateral wall in the top view

the pressure fields around the train become more compre-
hensive, more complicated, and more effective. Fig. 15
examines explicitly the ratio of pressure to the density of
the turbulent air flow around the high-speed train, con-
sidering the lateral distances of the wall. The results indi-
cate that at distances closer to the lateral wall, the pres-
sure vortices at the beginning and end of the high-speed
train are more connected, continuous, and asymmetric.
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As this distance increases, the shape of these vortices is
more symmetrical, and can be observed separately at the
beginning and end of the train.

Another parameter defining turbulent flow character-
istics is the turbulent kinetic energy, k. This parameter
determines the level of flow turbulence. The changes of
the turbulent kinetic energy for the four distances between
the train and the lateral wall are depicted in Fig. 16. Fig. 16
shows that with increasing the distance between the train
and the wall, the amount of turbulence in the air distance
between the train and the ground and the back of the train
increases. Also, with decreasing the distance between the
train and the wall, the shape of turbulent kinetic energy
becomes more elongated.

6 Conclusions

The natural features, such as mountain slopes, cliffs, and
the human-made artificial walls, such as train station walls,
windbreakers, and even residential and office buildings,
can affect the movement structure of high-speed trains.
So, since the effect of lateral walls along the train's move-
ment was not sufficiently addressed, this research has
addressed this relatively neglected sector. In this paper,
applying the Reynolds-Averaged Navier-Stokes (RANS)
equations and the k-w (SST) turbulence approach, a turbu-
lent air-flow around a simplified high-speed train is simu-
lated. Also, a lateral wall parallel to the length of the train
is considered, and for the four distances between them as
and Sk =0.25, 0.5, 0.75, and 1, influences of the distance
changes on the aerodynamic and flow key parameters are

k
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Fig. 16 Distribution of turbulent kinetic energy for the four distances
between the lateral wall and the train
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discussed. The first, the aerodynamic lift, drag, and side Nomenclature

forces and their corresponding moments as pitching, yaw- Symbol Quantity

ing, and rolling for the distance changes are provided. A Surface of the train (m?)

The results illustrated that reducing the distance between C, Aerodynamic Drag coefficient
them increases opposition forces and moments by 100 to C, Aecrodynamic Lift coefficient

150 percent. In the following, the principal parameters of C Aerodynamic Side coefficient
flow structure, i.e., streamline, velocity, and pressure dis- C,, Pitching moment coefficient
tributions, and vortices structures, are shown for the four C,, Rolling moment coefficient

cases, individually. Parameter changes are affected by dis- C, Yawing moment coefficient

tance changes, clearly defining the vortex formation and d Width and Height of the train (m)
more pressure when the train is closer to the lateral wall. F, Aerodynamic Drag force (kg m/s?)
Finally, the contour of the turbulent kinetic energy as an F, Aerodynamic Lift force (kg m/s?)
essential parameter in detecting the degree of turbulence F Aerodynamic Side force (kg m/s?)
for the four cases is presented. Based on this contour, k Turbulent kinetic energy (m?/s?)
the train's compartment is closer to the lateral wall, and L Length of the train (m)

the amount of turbulence on the back of the train is more P Pressure (kg/m s?)

than in other cases. Although, the turbulent rate in the air R,, Pitching moment (kg m?%/s?)
distance between the train and the ground is the highest R, Rolling moment (kg m?%/s?)
amount in the distance between the train and the lateral R, Yawing moment (kg m?/s?)

wall. Overall, it seems that closer distance between the Re Reynolds number

train and the wall has more destructive effects on the move- S Distance between the lateral wall and the
ment of the high-speed trains, although this is not a gen- train (m)

eral and permanent issue. Anyway, a series of computa- t Time (s)

tional limitations plagued this research, the most important u Velocity (m/s)

of which is the similarity ratio of natural obstacles with U, Free-stream velocity (m/s)

real examples. For future research, more realization of Greek symbol Quantity

the high-speed train, and natural obstacles are considered. 0 Kronecker delta

However, the obtained results of the present study can be P Density (kg/m?)

helpful for designing structures along the rail and distanc- T, Effective stress tensor (kg/m s?)
ing it from natural features. Moreover, using the results v Kinematic viscosity (m?/s)

of this research and similar research, it is possible to find v, Turbulent kinematic viscosity (m?/s)
solutions for better movement with the most negligible w Specific Dissipation Rate (1/s)

side effects caused by natural and artificial phenomena.
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Appendix

The geometrical and flow characteristics of the research
intended for validation are as follows. A surface-mounted
cube with a height of L =
lent flow with free-stream velocity as U_= 12.5 m/s is

0.6 m against a turbu-

assumed [40]. The corresponding Reynolds number
Re = U _L/v = 50000, where v is the kinematic viscos-
ity [40]. Also, a computational domain with dimensions
26L x 7L x 13L is considered [40]. All the geometric
details, computational domain, and considered boundary
conditions can be seen in Fig. Al.
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