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Abstract. Crosswind greatly affects the aerodynamic performance and operational safety of the high-speed 

train. Windbreak is one of the windproof facilities commonly used for high-speed trains in windy areas. This 

study aims to see how variations in windbreak height (3.8 m; 4.4 m; and 5.2 m) can affect the aerodynamic 

performance of high-speed trains. 3 aerodynamic coefficients (drag, lift, and rolling moment) of the HST were 

compared when the train passed the track under the same conditions using the ANSYS FLUENT CFD 

simulation. Sudden changes in aerodynamic loads are evident in the pressure contour visualization. First, the 

aerodynamic coefficient of the train will decrease significantly as it enters the windbreak. Second, the ‘IN’ 

process of the windbreak track has a larger aerodynamic load fluctuation than the ‘OUT’ process. Third, the 

height of the windbreak does not significantly change the trend of the aerodynamic coefficient graph; there is 

only a phase difference and the magnitude of the amplitude formed. The highest average drag and lift 

coefficients occur at a height of 5.2 m, with values of 0.29 and 0.011, respectively. Meanwhile, the highest 

average rolling moment coefficient occurs at a windbreak height of 3.8 m, with a value of 0.0028. 
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INTRODUCTION 
Currently, the Jakarta-Bandung High-Speed Train 

operated by PT KCIC has become a popular mode of 

land transportation for the public, especially those with 

frequent travel between Jakarta and Bandung. To 

ensure the safety and comfort of its operation, high-

speed trains must adapt to various situations. One of 

these is the crosswind effect, where at high speeds, the 

airflow over the train surface exhibits different 

characteristics across sections (Yao Shuanbao, 2013). 

The crosswind effect itself is a problem and challenge 

for high-speed trains. Under strong crosswinds, the 

train's aerodynamic performance decreases drastically, 

and the aerodynamic load experienced by the train 

increases rapidly. This affects the train's stability and 

even causes trains to derail and overturn (Yang et al., 

2019; Baker et al., 2013). Based on statistics, from 

1956 to 2000, there were a total of 26 serious train 

accidents caused by strong crosswinds that occurred in 

Xinjiang, China (Zhengyi Yao, 2012). 

With the rapid development of high-speed rail 

infrastructure, windproof facilities, such as windbreaks 

and anti-wind open-cut tunnels (AOT) have been 

gradually applied along non-elevated tracks in windy 

areas to ensure the safety of railway traffic. Among the 

two facilities, windbreaks are the most frequently used. 

When a high-speed train is fully running in a 

windbreak, the influence of the crosswind on the train's 

aerodynamic loads becomes greatly reduced (Zhang et 

al., 2018; Guanxiong Liu, 2017). Research (Tomasini 

et al., 2014) shows that under crosswind conditions, 

different infrastructure scenarios display a diversity of 

flow and pressure structures. 

Experimental methods and numerical simulations are 

generally used to view and analyze the aerodynamic 

performance of high-speed trains. Compared to 

experiments, numerical simulations can more 

efficiently obtain vehicle movement scenarios and 

other data in greater detail (Cheng et al., 2011). A study 

using these two methods was conducted to assess the 

influence of crosswind on high-speed trains. However, 

the maximum relative error between numerical 

simulations and experimental tests is only 5% (Yang et 

al., 2017). This suggests that numerical models could 

be a substitute for experimental tests in this study. 

In this study, the author will analyze changes in 

aerodynamic conditions that occur on the track with a 

windbreak in a crosswind condition. The analysis is 

carried out by looking for the value of the aerodynamic 

coefficient at the time the train enters, passes through, 

and exits the windbreak construction. There are 2 

aerodynamic forces and 1 moment to be analyzed, 

namely, lift force, drag force, and rolling moment, 

because these three values have a big role in the 

occurrence of an overturned train. In this research, the 

train model used was the CR400AF train which was 

designed using the Autodesk Inventor application 

based on photo analysis. Furthermore, a CFD 

numerical simulation will be carried out using the help 

of ANSYS FLUENT software to obtain aerodynamic 

coefficients and the process of high-speed train flow 

due to crosswind on the track with windbreak. 

The purpose of this study is to analyze phenomena 

in the windbreak region in relation to the aerodynamic 

coefficients and pressure distributions that occur when 

a train crosses the track with windbreak infrastructure 

at 3 height variations. In the results of this study, we 

will get a value of 3 aerodynamic coefficients such as 

rolling moment, lift force, and drag force starting from 

entering to exiting the windbreak track. 
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METHODOLOGY  

Geometry and Boundary Conditions  
The simulation research in this study uses a 1:20 scale 

of the actual dimensions. This scaling is done due to 

limited computational capabilities as well as 

shortening the simulation time using ANSYS Fluent. 

In this case, the value of (Re) generated is already very 

large (Deng et al. 2019b; Deng et al. 2020; Niu et al. 

2019; Chen et al. 2016). There is a condition of self-

modelling region flow. This is a phenomenon where 

when (Re) is in a certain range of values, the flow and 

distribution of speed become comparable and do not 

depend on (Re) conditions. The flow field can be said 

to be in the self-modelling region zone because it is 

already in a very turbulent condition. In this study, the 

value of Re was as large as 106. Therefore, the train's 

speed in the simulation can be equated to the real-

world speed of 350 km/h. 

A model of the High-Speed Train CR400AF was 

developed by analysing 2D photos of the side, front, 

and top views collected. The designed train will only 

have 2 locomotives and 1 carriage because it has 

presented the train parts, namely the nose, body, and 

the tail of the train (Yang et al., 2018). The total length 

of the train is 79.4 m with a locomotive 27.2 m long 

and a train body 25 m long (KCIC, 2020). Train models 

are simplified, such as windowless, pantograph, bogie, 

etc. this is done to obtain better efficiency because the 

use of windows and other details has little effect on the 

simulation (Niu et al., 2018). The model is shown in 

Fig.1 

 

 

 

Fig. 1 Comparison between the (a) real CR400AF train and (b) 1:20 simplified model for numerical simulation. 

 

Fig. 2 Variations in the height of windbreak (a) height of 190 mm, (b) height of 220 mm, (c) height of 260 mm 

 

Fig. 3 Dimensions of embankment infrastructure in Indonesia 

The geometry of the windbreak is designed with 3 

height variations, with the train's height as the 

reference. All these heights are selected to assess the 

protective effect of the windbreak on the train. As 

shown in Fig. 2, windbreak (a) has a height of 3.8 m, 

windbreak (b) has a height of 4.4 m, and windbreak (c) 

has a height of 5.2 m. For the thickness and length of 

the windbreak, based on Indonesia's embankment 
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infrastructure conditions, which is 0.4 m, the distance 

to the train is 3 m. This dimension is determined by the 

dimensions of embankment infrastructure in 

Indonesia, as shown in Fig. 3. 

The last step is to assemble the boundary condition. 

Inside the boundary condition, there is a CR400AF 

train and windbreak infrastructure. As shown in Fig. 4, 

the train's length, L, is 79.4 m. The scheme is consistent 

with the research by Yang et al. (2019). Pressure-far 

field boundary is used as an outer boundary of the 

atmosphere field, where the pressure gauge is 0 Pa. 

Pressure Far-Field is also used as an inlet to simulate 

wind conditions with inputs in the form of Mach 

numbers and flow directions in the simulation. 

 

 

Fig. 4 Geometry assembly for simulation 

Mesh System 
The assembly was grouped up into two zones, namely, 

the dynamic zone and the static zone. To realize the 

flow field data between two regions, interface pairs 

were used in this simulation. Dynamic zones consist of 

the CR400AF model and the air near the train. The 

environment, like the windbreak and boundary, would 

be grouped into a static zone. The dynamic layering 

mesh method was performed to realize relative motion 

between the ground and the train (Deng et al. 2019b, 

2020; Yang et al. 2019). The train's speed (Vt) was 

generalized using mesh motion in the dynamic zones. 

In this simulation, an element size of 0.06 m was 

used. This study also used adaptive sizing with a 

default value of 1.6×10-4 to shorten simulation time. 

Moreover, body sizing was added to the dynamic zone 

geometry. This body sizing was used to reduce the 

mesh size in the dynamic zone region, since the mesh 

around the train area requires higher quality. In this 

simulation, the body sizing used is 0.02 m for dynamic 

zone geometry. The inflation method was applied to 

the walls of the train, with a total of 8 layers (Yang et 

al., 2019). Multizone was used in static zone geometry. 

The static zone uses a multizone with a hexa-mesh 

shape in a structured section and a free-mesh type. In 

the dynamic zone, a train geometry is used with the 

tetrahedron method because the geometry is quite 

complex. The results of the simulation meshing are 

shown in Fig. 5. Among the methods above, the 

skewness metric score was average at 0.23. 

 

 

Fig. 5 Simulation mesh 

Governing Equation and Solution Scheme 
The Mach number (Ma) of the flow field around the 

HST is less than 0.3, and the Reynolds number is 

greater than 106. As a result, the flow field in this study 

is unsteady, turbulent, and incompressible. Due to their 

requirements for higher grid resolution and a shorter 

time step in the study of flow structure evolution, large 

eddy simulation (LES) and detached eddy simulation 

(DES) typically result in low computational efficiency, 

making it difficult to complete the work described in 

this study. Furthermore, the Reynolds-averaged 

Navier-Stokes (RANS) equations turbulence model is 

frequently used to simulate flow configurations 

comparable to those in this study. 

The two-equation model, namely the k-ε and k-ω 

model, is the most popular. In contrast, the k-ε model 

accurately predicts locations far from boundaries, 

while the k-ω model accurately predicts locations close 

to walls, both of which depend on the Y+. In this study, 

the k-ω model is used as the turbulence model; it is a 

SST 𝑘 − 𝜀 model. This modeling aims to combine the 

advantages of the k-ε and k-ω equations. Where in the 

zone near the wall, using the k-ω equation, and in the 

flow far from the wall, using the k-ε equation. 

The continuity equation and the momentum 

conservation equation are part of the governing 

equations (Navier-Stokes equations). There is no 

energy conservation equation, since the flow field in 

this study is assumed incompressible. 
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The simulation will be carried out using a transient 

method, in which the train moves along the track 

without a windbreak until it completely passes the 

windbreak construction.The simulation will be carried 

out with a train speed of 350 km/h with a crosswind 

speed of 25 m/s. The result of this setup is to obtain 

three aerodynamic coefficients and a pressure contour 

from the time the train enters the windbreak area until 

it exits. The mesh motion method is used to define a 

dynamic zone moving at a speed of 350 km/h or 97.2 

m/s with the direction of the z axis. Crosswind speed is 

entered in the boundary condition, that is, in the 

pressure-far field at a speed of 0.072 Mach with the 

direction of the x-axis. 

To model the train's motion relative to the ground, 

a dynamic mesh method, namely layering, is used. The 

concept of sliding mesh can be applied when there is 

an interface (fluid will still flow) as a barrier between 

the static and dynamic zones, as well as when using 

mesh motion and dynamic mesh. In the simulation, the 

length of the train line is 27 m, so at a speed of 97.2 

m/s, the train will take 0.28 seconds to reach the end of 

the boundary. The time step size used is 1× 10-3 s. 

Based on Yang et al. (2019), high-speed train research 

using a time step size of up to 7 × 10-3 s. Therefore, the 

number of time steps required is 275, with 20 iterations 

per time step. 

Calculation of Aerodynamic Coefficient 
The distributions of pressure and shear stress on an 

object's surface are the only two basic sources that can 

account for all aerodynamic forces and moments acting 

on an object (Anderson, 2010). The ensuing 

aerodynamic forces and moments on the item are 

caused by the distribution of pressure and shear stress 

throughout its whole surface (Anderson, 2010). Train 

experiences aerodynamic loads due to normal voltage 

and tangential stress to its surface when moving under 

crosswind conditions (Ishak et.al., 2019). These 

stresses give rise to the resulting load components, 

which are usually expressed in a non-dimensional form 

through the coefficients of force, and the aerodynamic 

moments are drag, lift, side, rolling moment, yawing 

moment, and pitching moment.  

Since aerodynamic coefficients have been used as 

the outcome parameter in numerous studies on the 

impact of crosswind on train speed (Deng et al., 2020; 

Deng et al., 2019, Niu et al., 2017, Suzuki et al., 2003), 

this study will also use aerodynamic coefficients to 

analyse the phenomena that occur on the track with 

windbreak as shown in Table 1. In this study, only look 

for and analyze 3 aerodynamic coefficients, these 

coefficients are drag force(FD), lift force, (FL)and 

rolling moment(RRM). The yawing and pitching 

moments were not analyzed because they were less 

relevant to the actual conditions, namely, they were not 

based on a single point and had a small impact on the 

risk of the train overturning. 

 

Table 1 Aerodynamics coefficient equation 

Aerodynamic Coefficients Equation Formula 

Side Force (𝐶𝑠) 𝐶𝑠 =
𝐹𝑠

1
2

 𝜌 𝑉𝐴
2𝐴𝑆𝐼𝐷𝐸

 

Lift Force (𝐶𝐿) 𝐶𝐿 =
𝐹𝐿

1
2

 𝜌 𝑉𝐴
2𝐴𝑆𝐼𝐷𝐸

 

Drag Force (𝐶𝐷) 𝐶𝐷 =
𝐹𝐷

1
2

 𝜌 𝑉𝐴
2𝐴𝑆𝐼𝐷𝐸

 

Rolling Moment (𝐶𝑅𝑀) 𝐶𝑅𝑀 =
𝑅𝑅𝑀

1
2

 𝜌 𝑉𝐴
2𝐴𝑆𝐼𝐷𝐸ℎ

 

Yawing Moment (𝐶𝑌𝑀) 𝐶𝑌𝑀 =
𝑅𝑌𝑀

1
2

 𝜌 𝑉𝐴
2𝐴𝑆𝐼𝐷𝐸ℎ

 

Pitching Moment (𝐶𝑃𝑀) 𝐶𝑃𝑀 =
𝑅𝑃𝑀

1
2

 𝜌 𝑉𝐴
2𝐴𝑆𝐼𝐷𝐸ℎ
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Verification of Simulation Setup 
The simulation setup used in this study was also used 

by Yang et al. (2019). In this study, the CRH3 high-

speed train was used, traveling at 250 km/h. For 

quantitative verification of the HST based on wind-

tunnel testing, Dorigatti et al. showed that the static and 

moving results are similar at a specific wind angle and 

under relatively stable aerodynamic conditions. 

Followed by verification based on Schober’s static 

ICE3 train test because the outer shape of the CRH3 

train is the same as that of the ICE3 train. The results 

showed that the remaining values are in line with the 

test results, with the difference remaining around 10%. 

For qualitative verification, the vortices structure in the 

two cases has good consistency in terms of distribution 

position and shape, according to Krajnovic's LES 

approach. The numerical results in this work are 

reliable, as shown by quantitative and qualitative 

comparisons with similar outcomes reported by other 

researchers. 

This study adapts the boundary conditions and 

simulation parameters, along with the dimensions of 

the windbreak and high-speed train, to the conditions 

in Embankment Indonesia. Simplification was also 

performed on the simulation's size, which was scaled 

to 1:20. The scaling did not have a significant effect on 

the high-speed train simulation, according to the study 

by Niu et al. (2015). 

 

RESULTS AND DISCUSSIONS 
The aerodynamic coefficient is the output obtained and 

will be analyzed in this study. As explained in the 

previous chapter, three aerodynamic loads result from 

the simulation: the coefficient of lift, the rolling 

moment, and the drag force. The drag force is 

recalculated to obtain the drag coefficient. In this 

section, an analysis of the aerodynamic coefficient is 

carried out when there are three variations in the height 

of the windbreak. During analysis, the graph will be 

given a boundary line and a region marker to show the 

train's position in the simulation. Table 2 shows the 

detailed time steps when the train conditions pass 

through the windbreak track. 

 

Table 2 Time step of the train position 

Time Step Train Position 

56 The head of the train begins to enter the 

windbreak track 

96 – 159 The full body of the train is already inside 

the windbreak track 

160 The head of the train begins to exit the 

windbreak track 

200 The full body of the train is already outside 

the windbreak track 

 

In Figs. 6-8, the trend graph is generated from the aerodynamic coefficients along the simulation route. Here 

are some key points for each graph of aerodynamic coefficients. 

 

Fig. 6 shows drag coefficient results. Starting from 

the position of the initial train until it has begun to enter 

the windbreak track, the value of the drag coefficient is 

around (Cd) = 0.19 – 0.27. Furthermore, when the head 

of the train has begun to enter the track with a 

windbreak, there is a sudden decrease, so that the value 

of Cd drops to about 0.21. At time step 148, the drag 

coefficient values reach global maxima of 0.32 (190 

mm windbreak), 0.34 (220 mm windbreak), and 0.35 

(260 mm windbreak). The trend is that the drag 

coefficient increases along the windbreak track. This 

may be due to the complex flow during the train in that 

position. 

The average values of the drag coefficient variations 

are 0.286, 0.289, and 0.291, respectively. It means the 

average drag coefficient will increase further as the 

height of the windbreak increases.  



` 

Ramadhan et al//ENG-28/37  

 

Fig. 6 Simulation result for drag coefficient 

 

 

Fig. 7 Simulation result for lift coefficient 

 

 

Fig. 8 Simulation result for rolling moment coefficient 

 

In Fig. 7, the lift coefficient shows several 

characteristics. Shortly after the train head entered the 

windbreak track (time step 56), the train lift coefficient 

decreased slightly to 0.33, then continued to decrease 

significantly. The minimum value was first located 

shortly before the full body of the train was inside the 

windbreak track. The global maximum values of each 

height variation occur at time steps 97, 109, and 121, 

with CL values of 0.030, 0.033, and 0.038, 

respectively. The trend in windbreak height variations 

follows the same pattern, except that there is a 

difference in phase and amplitude when the train 



` 

Ramadhan et al//ENG-28/38  

begins to enter the windbreak track. The average lift 

coefficient values of the variation are 0.006, 0.007, and 

0.011, respectively. This means the average lift 

coefficient will increase as the windbreak height 

increases. 

Rolling moment characteristics are shown in Fig. 8. 

The rolling moment coefficient decreases as the train 

enters the windbreak track or at time step 65, when the 

train moves 6.3 m from the initial position. The value 

of the rolling moment coefficient continues to decrease 

until all train bodies are inside the windbreak track, at 

which point it becomes -0.004. The trend is similar; it's 

just that there is a difference in phase and amplitude. It 

means that the variation in the height of the windbreak 

in the rolling moment coefficient does not change the 

characteristic pattern of the trend graph observed in the 

simulation; it's just that the resulting rolling moment 

coefficient shifts. The average rolling moment 

coefficient values of each variation are 0.0029, 0.0028, 

and 0.0027. It means the average value of the rolling 

moment coefficient will increase steadily as the height 

of the windbreak increases. 

CONCLUSIONS 
Based on the results of simulations and analysis that 

have been carried out in this study, it can be concluded 

that when a high-speed train travels on a track with a 

windbreak in crosswind conditions, it will experience 

several aerodynamic phenomena as follows:  

• The addition of windbreak infrastructure on 

the track with a crosswind has a significant 

influence on the three aerodynamic 

coefficients (drag, lift, and rolling moment). 

These three aerodynamic coefficients will 

decrease significantly as the train enters the 

windbreaker track. 

• The IN process has greater fluctuations in 

aerodynamic load compared to the OUT 

process.  This happens because, when the 

windbreak exit process allows the vortex on 

the leeward side of the train to be destroyed 

and disturbed by the relative motion between 

the train and the windbreak, a more complex 

vortex forms on both sides of the train. 

• In the variations in windbreak heights of 190 

mm, 220 mm, and 260 mm, all three have the 

same trend of aerodynamic coefficient values; 

there is only a difference in phase and 

amplitude when the train is fully inside the 

windbreak track.  The higher the windbreak, 

the lower the average value of the rolling 

moment coefficient, while the drag and lift 

coefficients will be smaller. 

o At the drag coefficient, the highest 

average value is at a windbreak 

variation of 260 mm height with a 

value of CD = 0.29. While the lowest 

average value is at a height of 190 

mm, with a value of CD = 0.28 

o At the lift coefficient, the highest 

average value is at a windbreak 

variation of 260 mm height with a 

value of CL = 0.011. While the lowest 

average value is at a height of 190 

mm, with a value of CL = 0.006 

o At the rolling moment coefficient, the 

highest average value is at a 

windbreaker variation of 190 mm 

height with a value of CRM = 0.0028. 

While the lowest average value is at a 

height of 260 mm, with a value of CRM 

= 0.0027 
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