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Abstract: This research focuses on studying airflow characteristics on three selected models of
high-speed trains' body surfaces with different velocities. There will be nine simulation case
results consisting of the data about drag coefficient, drag force, lift force, and lift coefficient. This
study focuses on the drag coefficient by using the Computational Fluid Dynamics. Three high-
speed train models have been designed, which are modelled from Tokaido Shinkansen N700s
(Japan), Shanghai Maglev (China) and KTX-Eum (South Korea). With a lack of data and less
information about the High-Speed Trains model due to the private and confidentiality of each
company, only a simple design had been made but still looked the same as the real-life high-
speed trains model with real scale value. For the velocity, Tokaido Shinkansen N700s were set
to 79.1667 m/s, 50 m/s and 25 m/s, while Shanghai Maglev were set to 119.72 m/s, 69.305 m/s
and 41.66 m/s. For the KTX-Eum, the velocity was set to 79.44 m/s, 50 m/s and 25 m/s. The
result shows the different trend of coefficient between the three High-Speed Trains models. The
data has been collected, and the lowest value for ecoefficiency was Tokaido Shinkansen N700s
(Japan). It’s proof that the lowest value of each coefficient will be used to determine which model
has great aerodynamic efficiency performance with the speed gain but low usage of energy such
as electricity. The higher the speed or velocity, the higher the velocity streamlines, thus creating
a powerful downward airflow that can generate higher thrust force.
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1. Introduction According to the estimated and actual statistics, the
train travelling on an embankment's leeward side had
worse aerodynamic performance than the train
travelling on its windward side [4-6]. A high-speed train
operating in crosswinds on various infrastructures,
including tracks, embankments, and viaducts, was
studied by Zhang et al.for its unstable aerodynamic
features and operational safety. According to the
findings, trains operating on the leeward side of an
embankment had inferior aerodynamic performance
and were less safe to operate [7,8]. A train's head shape,
which significantly impacts the aerodynamic properties
of high-speed trains, can be altered to increase
aerodynamic performance. Drawing up several high-
speed train head designs, comparing them, and selecting
the optimum head design based on wind tunnel testing
results or computer simulations is frequent [9-11].

The lateral aerodynamic performance of high-speed
trains has drawn much attention due to increased speed.
As train speed and crosswind velocity increase, the
operating safety of high-speed trains under crosswind
situations drastically declines. A high-speed moving at
200 km/h risks derailing or overturning when the
crosswind speed exceeds 30 m/s. Using numerical
models and actual data, Baker et al. evaluated high-
speed trains' flow structure and aerodynamic properties
in crosswinds [1]. Suzuki et al. use wind tunnels to test
the aerodynamic properties of stationary trains across
bridges and embankments [2]. Using experimental
techniques and computer models, Diedrich et al. [3]
investigated the flow structure of a high-speed train
moving up a 6m high embankment.
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This approach is labour-intensive and significantly
dependent on the designers' engineering expertise. A
direct optimisation design technique has recently been
used to optimise the head designs of high-speed trains,
thanks to advancements in computer technology and
optimisation algorithms [12,13]. Direct optimisation
design uses mathematical techniquesto find the least or
greatest of a few design goals while attempting to meet
several constraints. Lee and Kim optimised the shape of
the train's nose using a Kriging surrogate model to
reduce the maximum micropores-sure wave generated
by a high-speed train as it goes through a tunnel [14].
Krajnovic employed reaction surface techniques to
create a high-speed train head to reduce aerodynamic
drag and improve train stability in crosswinds. By
integrating evolutionary algorithms and arbitrary shape
deformation techniques, Sun et al. improved the head
shape of China Railways High-speed 3 [15.

Yu et al. [16] developed a high-speed train head
to decrease aerodynamic drag and the load reduction
factor by combining several processes into multi-
objective optimisation approaches. By integrating
evolutionary algorithms with Kriging models, Yao et
al. could optimise the head form of the high-speed
train successfully. Mun oz- Paniagua et al. [17]
employed evolutionary algorithms and the
aerodynamic drag force as the optimisation
objectives to create a high-speed train head with the
greatestfeasible micro-pressure wave generated by
the train travelling through a tunnel [18]. To
accomplish a multi-objective optimisation of a high-
speed train head in an open area with no crosswind,
Li et al. employed evolutionary algorithms based on
a Kriging model [19]

The sources frequently emphasise crosswind-free
circumstances when discussing improvements to the
head shapes of high-speed trains operating in the open.
The instance of a train travelling on the leeward side of
an embankment is the mostcrucial since it is well-
known that a train performs worse aerodynamically in
crosswinds than it does in circumstances without a
crosswind [20-22]. The total aerodynamic drag
coefficient, Cq, lift coefficient, C,, and side coefficient,
Cs of the headcoach were used in this study as the
optimisation objectives to establish the multi-objective
optimisation design process of the head shape of a high-
speed train operating on the leeward side of an
embankment in the crosswind conditions [23].

2. Design and Methodology

Three models of High-Speed Trains (HST) body surfaces
with different velocities in each model will be simulated.
There will be nine simulation case results consistent with
the data about drag coefficient, drag force, lift force, and
lift coefficient. Table 1 shows the initial condition involved
in the simulation of each HST model.
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Table 1 - Physical and thermal properties of the base fluid

Cases Tokaido Shanghai KTX-
Shinkansen Maglev Eum
N700S

Vel. 1, 79.16 m/s 119.72m/s  79.44 m/s
Vel. 2, 50 m/s 69.305 m/s 50 m/s
Vel. 3, 25 m/s 41.66 m/s 25 m/s
Air Temp. T 288.16 K (15°C)
Pressure, P 1 atm
Density, p 1.225 kg/m?
Dynamic 1.802 x 10—5 kg/ms
viscosity, u
Kinematic 1.470 x 10—5 m?/s
viscosity, v

Tokaido Shinkansen N700S

Shanghai Maglev

KTX-Eum
Fig. 1 — Design for each HST

2.1 Simulation Setup

The simulation and calculation use ANSYS Fluent
software. Typically, engineering simulation begins with a
drawing using Solidworks software. Once completed, the
geometry files are transferred to the ANSY'S software and
saved in the STEP AP214 file format. Then, import the
simulation into one of the ANSYS-provided software
packages that is fluent and suited for fluid or air movement.
Figure 2 shows the flow for ANSYS setup for simulation
work, starting from geometry, meshing, setup and results
analysis.
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Fig. 2 — The fluid flow (fluent) ANSY'S software

A wind tunnel analysis followed this study. The
tunnel was designed so that the wind blows in just one
direction. The wind tunnel method forces air around the
target, giving the impression that it is moving. Strong blow
air through the inlet High-Speed Trains body is utilised, and the
object is securely fixed to prevent movement. The
enclosure surrounding the High-Speed Trains model is set
as the refinement domain, and the enclosure outer is the
static domain. Figure 3 was a domain for the High-Speed
Trains simulation using Ansys Software.

Groups

iz groups i Aol Part

Heme Type

Fig. 3 — Enclosure and name surface selection.

2.2 Meshing and Parameter Setup

Before the numerical simulation, the High-Speed Trains
and their entity and the computational domain must be
defined. The mesh quality is critical since it directly affects
the calculation accuracy and computational convergence
speed [24,25]. Below are details of the mesh and the named
selection for the face of the enclosure. Because of the
largest scale used for this simulation, the refinement region
parameter has been used for all three designs.

A watertight geometry workflow is utilised for this
study. Hence, after carefully definingthe final volume of
the geometry, the following step is to import the geometry
into Fluent Meshing to mesh it. The fluid domain is
separated into relatively small controlvolumes, known as
cells, during the meshing process. The grid should have a
minimum grid quality as indicated by orthogonality
measures. A minimum skewness of 0.9 is sought in this
simulation. Accordingly, to ensure that both the
geometrical characteristics are adequately captured while
minimising the computational load, the global parameters
for all local sizing are set at a growth rate of 1.2, a
minimum cell size of 0.05 m, and a maximum of 1.2 m. All
size functions are assigned based on curvature and
proximity by the default value of curvature normal angle
at 18°. Additionally, after many trials of sizing
combinations, a local refinement region is introduced, as
shown in Table 2.
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Table 2 — Local refinement region parameter for all designs.

Mesh sizes 0.05m

- Xmin 0.3m Kmax 0.3m
D;,;nrﬁleqer Xmin 0.3m Kmax 0.4m
P Xmin 0.3m Xmax 0.6m

Figures 4 to 6 show the meshing for the simulation
model, starting with the local refinement region parameter,
clustered prism surface mesh generated and closed view
prism surface mesh generated. For clustered prism surface
and closed view, the figure was for Tokaido Shinkansen,
as an example meshing for the simulation.

Fig. 6 — Closed view prism surface mesh

The size nodes and elements used are shown in the
table below. The sizing element can be adjusted to set the
size of nodes and elements. The smaller the size element
of meshing, the more detailed the mesh. Besides, the
meshing skewness is less than 0.9, so the result is still
acceptable. This meshing progress uses 0.05 m size
elements; improved volume meshing will use poly-
hexacore type for finalisation. Table 3 summarises the
mesh quality for all three cases.

Table 3 — Mesh quality for simulation case with mesh 0.05 m

Cases Number of No. of Skewness

Cells Nodes
Tokaido Shinkansen 14403037 20161845  0.10002843
KTX-Eum 9970624 15970436  0.10000012
Shanghai Maglev 8753184 12761392  0.10009764
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Tokaido Shinkansen

KTX-Eum

Shanghai Maglev
Fig. 7 — Overall poly-hexacore volume mesh with refinement

2.3 Simulation Setup

In this research paper, each model has been used to analyse
that has a different velocity value towards the airflow
movement through the High-Speed Train model surface
from the nose head to the rear part. The parameters for the
simulation setting are summarised in Table 4.

Table 4 — Parameter for simulation setup

Parameters Values
Tokaido  Shangh
HST model Shinkans ai KTX-
Eum
en Maglev
Area, m? 6.1591 3.9133 4.1378
Velocity, V (m/s) 79.16 119.72  79.44
Fluid density, p 1.225 kg/m?
Turbulent length scale, | 1m
Turbulent intensity, | 0.5%
Temperature, K 288.16
Angular velocity, w 185.2 rad/s
Reynolds number, Re 18x10°

3. Results and Discussion

This section will discuss the results obtained from the
simulation work. It started with the verification of the
meshing through the Grid Independent Test (GIT),
followed by the results for the drag and lift coefficient for
all models tested. Another interesting parameter discussed
here is the pressure during each model's flow and the
velocity streamlines.

3.1 Verification of Mesh with GIT

Regarding computational power, the finest mesh took
approximately 14 hours to generate, whereas the medium
and coarsest meshes took only 10 and 6 hours to complete
the iterations. Among the three various meshes evaluated
(20.16 million, 15.97 million, and 5.8 million cells with a
single car geometry), the medium mesh is chosen for the
study since the results for the drag coefficient did not differ
substantially. The grid size is deemed acceptable since it is
nearly identicalto the one used to compare the findings to
the real results. Therefore, it is also preferable to select the
medium mesh for the following study since computational
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costs do not entirely reflect a significant constraint. The
acceptable degree of detail and definition that the mesh
could give is more than compensated for the cost of
processing time and consumption. The number of nodes,
lift coefficient value, average time completion and
skewness of those three varying mesh simulations are
presented in Table 5.

Table 5 — Meshing setup effect on the drag coefficient.

Configuration

Coarse

Medium

Fine

Total number of
nodes

Drag coefficient
Time to converge

5 825652

1.0618
6

15970 436

1.17623
10

20 161 845

1.2320
14

1.25
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Fig. 8 — Graph plot of mesh setup on drag coefficient
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3.2 Drag and Lift Coefficient

Figure 9 shows the graph velocity against Cq; the
graph shows that the drag coefficient increases as the speed
increases. Tokaido Shinkansen has the lowest C4 compared
to the Shanghai Maglev and KTX-Eum. In terms of energy
use, the lower the coefficient, the lower the energy usage.
In Figure 10, the graph shows the speed increase, the drag
coefficient also increases, and Tokaido Shinkansen again
has the lowest C; compared to the Shanghai Maglev and
KTX-Eum.
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Fig. 9 — Drag coefficient vs velocity for the models simulated
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Fig. 10 — Lift coefficient vs velocity for the models simulated
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3.3 Pressure distribution

Figure 11 shows that the High-Speed Trains' head nose is
red. This shows that the maximum pressure occurs at the
head nose and decreases towards the back of High-Speed
Trains. The pressure is lower at certain points on the
surface of high-speed trains but high at the tip of the nose.
As can be observed from the figure, at velocity 79.1667
m/s, the tip is 281 Pa, while at 50 m/s and 25 m/s, it is 111
Pa. As can be seen, the red colour becomes prominent at
the head and nose as speed increases. The pressure at the
nose head of the High-Speed Trains, especially around the
Nose head, increases as the speed increases. The lift is
produced when airflow across the body surface creates
high and low-pressure zones. Quicker air flows over the
top of the high-speed trains' body, resulting in low air
pressure, while slower air goes beneath the high-speed
trains, pushing forward.

= |

79.1667 m/s

50 m/s

25 m/s
Fig. 10 — Pressure contour for Tokaido Shinkansen

From Figure 11, pressure at the Shanghai Maglev
head nose increases as speed, especially at the nose head.
At a velocity of 119.72 m/s, the pressure at the nose head
is 697 Pa, and the lowest pressure is at the back of high-
speed trains. The pressure is different between the back
and nose heads of high-speed trains. The dark blue colour
on the High-Speed Trains body surface indicates the
lowest pressure, which acts on the top surface around the
edges and has a value of -921 Pa.
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Fig. 11 — Pressure contour for Shanghai Maglev

From Figure 16, the increase in speed is the same as
the effect of the increase in pressure. The top of the surface
High-Speed Trains has the lowest pressure for the 3
velocities while high pressure at the nose head and back
High-Speed Trains model. Only 25 m/s seems to have a
large-scale dark blue region on the top of the surface edges.
High-speed trains indicate the lowest pressure, which is -
903 Pa. At 50 m/s, the blue region at the surface is still seen
but not too large, like the velocity of 25 m/s. The greenish
colour at the middle High-Speed Trains surface shows
average airflow hit that area higher pressure around the
nose head because of the body's movement. High-speed
trains were fast, and the nose head was the main part that
broke through the air while moving. The pressure near the
upper surface of the High-Speed Trains is significantly
lower than that near the lower surface (nose head). Most of
the thrust the High-Speed train body generates is in the
lowest part and nose head.

79.44 m/s

50 m/s

25 m/s
Fig. 12 — Pressure contour for KTX-Eum
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Furthermore, a negative pressure zone on top of the
High-Speed Trains' edge surface indicates that the air
flowing over the surface has just flown away from the
High-Speed Trains edge surface. It is feasible to determine
that the negative pressure generated on the edge surface of
High-Speed Trains contributes more to lift creation than
the high pressure generated on the bottom surface by
comparing the measured pressure levels in this simulation.

3.4 Velocity Streamlines

Tokaido Shinkansen has been chosen for the reference
result during the simulation work. In this case, three
different velocities have been set. The velocities have been
set at 79.1667 m/s, 50 m/s and 25 m/s. The simulation is
made in Ansys Fluent software in 3-D form. The result of
the velocity can be seen in Figure 13 below.

st 1
B

79.1667 m/s

R

2

25 m/s
Fig. 13 — Velocity streamline of the Tokaido Maglev
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