
 
 

University of Birmingham

Study on the transient flow induced by the
windbreak transition regions in a railway subject to
crosswinds
Chen, Zheng Wei; Hashmi, Syeda Anam; Liu, Tang Hong; Li, Wen Hui; Sun, Zhuang; Liu,
Dong Run; Hemida, Hassan; Liu, Hong Kang
DOI:
10.12989/was.2022.35.5.309

License:
None: All rights reserved

Document Version
Peer reviewed version

Citation for published version (Harvard):
Chen, ZW, Hashmi, SA, Liu, TH, Li, WH, Sun, Z, Liu, DR, Hemida, H & Liu, HK 2022, 'Study on the transient
flow induced by the windbreak transition regions in a railway subject to crosswinds', Wind and Structures, An
International Journal, vol. 35, no. 5, pp. 309-322. https://doi.org/10.12989/was.2022.35.5.309

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 29. Apr. 2024

https://doi.org/10.12989/was.2022.35.5.309
https://doi.org/10.12989/was.2022.35.5.309
https://birmingham.elsevierpure.com/en/publications/3c106ea9-a6e6-41d0-8ca8-0f3de2e04d7e


 

 

 
1. Introduction 
 

The effects of strong crosswinds on railways are global 
problems, and accidents involving the overturning of trains, 
and the vibration of pantograph-catenary systems, due to the 
impact of strong winds are often reported (Diedrichs et al. 
2007; Baker et al. 2009; Gao et al. 2021; Dong et al. 2022; 
Liu et al. 2022). As a result, the aerodynamic performances 
of trains experiencing crosswinds have been investigated 
extensively in previous research (Hemida and Krajnović 
2008; Tsubokura et al. 2010; Chen et al. 2018; Tunay et al. 
2018; Chen et al. 2019; Hashmi et al. 2019; Gu et al. 2020; 
Guo et al. 2020; Huo et al. 2021; Li et al. 2022). In addition, 
the dynamic safety of trains experiencing crosswinds has 
become a popular topic of investigation using different 
methods, such as the three-mass model or multi-body system 
dynamics. These methods have been used to obtain the 
c r i t i c a l  w i n d  c u r v e s  f o r  s e t t i n g  u p  a  s a f e 
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operating range for trains exposed to crosswinds (Cheli et al. 
2010; Cui et al. 2014; Liu et al. 2018). However, most of the 
previous studies have only discussed a constant wind speed. 
In reality, trains are usually subjected to unsteady winds. The 
speeds and directions of the wind along the railway lines are 
not uniform, and are subjected to large variations because 
railway lines pass from either viaducts, tunnels, cuttings, or 
embankments. Thus, the wind velocity is expected to change 
suddenly in the connection positions of different terrains (Yu 
et al. 2019). Zhang et al. (2019) studied the aerodynamics of 
a scaled train model in the transition region between the 
subgrade (including the cutting and embankment) and tunnel 
during crosswinds. The results showed that the impact of the 
transition from the cutting to the tunnel was larger than that 
of the embankment–tunnel transition. The effects of long-
span bridge towers on trains were investigated by Li et al. 
(2013) using wind tunnel tests. The results of their study 
demonstrated that due to the shielding effects of the towers, 
the aerodynamic performances of the trains were 
considerably affected by the sudden change of the wind load. 
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Abstract.  Due to the complex terrain around high-speed railways, the windbreaks were established along different landforms, resulting in 
irregular windbreak transition regions between different subgrade infrastructures (flat ground, cutting, embankment, etc). In this paper, the 
effect of a windbreak transition on the wind flow around railways subjected to crosswinds was studied. Wind tunnel testing was conducted 
to study the wind speed change around a windbreak transition on flat ground with a uniform wind speed inflow, and the collected data 
were used to validate a numerical simulation based on a detached eddy simulation method. The validated numerical method was then 
used to investigate the effect of the windbreak transition from the flat ground to cutting (the “cutting” is a railway subgrade 

type formed by digging down from the original ground) for three different wind incidence angles of 90°, 75°, and 105°. 
The deterioration mechanism of the flow fields and the reasons behind the occurrence of the peak wind velocities were explained in detail. 
The results showed that for the windbreak transition on flat ground, the impact was small. For the transition from the flat ground to the cutting, 
the influence was relatively large. The significant increase in the wind speeds was due to the right-angle structure of the windbreak transition, 
which resulted in sudden changes of the wind velocity as well as the direction. In addition, the height mismatch in the transition region 
worsened the protective effect of a typical windbreak. 
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The results also indicated dramatic fluctuations of the 
corresponding dynamic responses. Such fluctuations had 
negative effects on the running safety and passenger comfort 
of the train. Krajnovic (2008) investigated the flow structures 
around an ICE2 train exiting a tunnel under the influence of 
a wind gust using detached eddy simulation. The results 
showed that the maximal yawing and rolling moments that 
could possibly cause derailment and the overturning of trains 
were likely to occur when one-third or half of the whole train 
had run out of the tunnel. Furthermore, Krajnović et al. (2012) 
studied the aerodynamics of a simplified train through the 
wind tunnel test. They compared the aerodynamic test results 
for a stationary model and a moving model, and it was found 
that the several aerodynamic coefficients of the moving case 
were more significant than those of the stationary case.  

In strong wind areas, protective measures are always 
employed to reduce the influence of crosswinds on trains. To 
do so, different methods exist, such as optimising the train 
shape, establishing wind forecasting and warning systems, 
and installing windproof facilities (Tian 2010; Tian 2019; 
Niu et al. 2022). In addition, Chen et al. (2022) studied a 
novel blowing measure to reduce the effect of crosswinds, 
and they also compared different mitigation effects of 
different blowing positions on the train surface.   In 
particular, windbreaks are often used in windy areas due to 
their economic advantages, effectiveness, and reliability, 
including civil engineering and agricultural engineering 
(Boldes et al. 2001; Boldes et al. 2002; Mohebbi and Rezvani 
2018; Mohebbi and Rezvani 2019; Pieris et al. 2020; 
Mohebbi and Rezvani 2021; Mohebbi and Safaee 2021). 
Therefore, the aerodynamic performances and safety of 
trains exposed to crosswinds with regard to different 
windbreak structures have been studied by many researchers 
(Niu et al. 2018; Hashmi et al. 2019; He et al. 2019). It must 
be noted that in reality, complex kinds of terrain surround 
these types of windbreak structures (Chen and Ni 2022). 
Therefore, it is highly likely that such terrain will result in 
transition regions between the different types of windbreaks. 
These geometric discontinuities in the windbreak structures 
cause sudden changes in the flow fields around the railway 

lines. Some researchers have investigated this problem. For 
windbreak and open-cut tunnel facilities, Yang et al. (2019) 
and Deng et al. (2019) compared the aerodynamic loads and 
corresponding dynamic safety of windproof facilities when 
high-speed trains passed through them. Moreover, the 
transition from a viaduct to a cutting during crosswinds leads 
to changes in the structural form of the railway. Li et al. 
(2019) investigated the effects of this structure transition 
based on a 1:20 wind tunnel test. For a windbreak placed 
along a railway line, a windbreak breach sometimes occurs 
due to construction issues or accidents. Sun et al. (2021) 
studied the dynamic performance of a high-speed train 
passing through a windbreak breach during unsteady 
crosswinds.  

In addition to the above, the Lanzhou-Xinjiang passenger 
railway in China passed through an area with strong winds 
(Liu et al. 2018). A windbreak wall was built along the 
railway line, but part of the wall passed through mountainous 
terrain. This resulted in several ground scenarios including 
flat ground, embankments, and cuttings. Therefore, the 
windbreaks were discontinuous, which resulted in many 
transition regions between the flat ground/embankment and 
cuttings, as shown in Fig. 1. Full-scale tests were conducted 
and it was shown that when trains passed through transition 
regions in the windbreaks, a yawing phenomenon occurred. 
The aerodynamic performances and dynamic indexes of the 
vehicle system showed sudden changes and became worse, 
mainly in the position of the discontinuous transition region 
(Liu et al. 2018; Xu et al. 2019; Liu et al. 2022). This had an 
effect on both the passenger comfort and the operational 
safety. Focusing on this issue, Liu et al. (2018) and Chen et 
al. (2019) considered real terrain and used a CFD method as 
well as different dynamic methods to investigate the 
aerodynamic performance and the dynamic response when a 
train passed through these transition regions with crosswinds. 
The studies showed that when the vehicle passed the 
rectangular transition region, the dynamic parameters 
strongly varied with the aerodynamic forces, while after the 
excitation, the dynamic parameters required a longer time to 
return to a stable state.  

 
Fig. 1 Windbreak transition region along the railway 

 
It is worth mentioning that while previous works showed 

various insights into the transition region issue, these studies 
were mainly focused on the train body, whereas in reality, it 
is important to understand the wind velocity and flow field 
changes induced by a windbreak transition to avoid 
consequences. Equally important, the flow field deterioration 

mechanism around the windbreak transition regions needs to 
be understood. Earlier works have only analysed the 
corresponding effects on the train bodies while ignoring the 
procedure and cause of the flow field deterioration around a 
transition region without a train. Therefore, for the first time, 
this work aimed to study the changes in flow fields induced 
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by the transition regions in windbreak structures. This work 
was intended to discuss the reasoning behind the sudden 
changes of wind and flow fields around transition regions. 
Furthermore, this assessment was made for three different 
wind incidence angles based on the wind attacks experienced 
by the Lanzhou-Xinjiang railway lines.  

The rest of this paper is organized as follows. Section 2 
describes the windbreak transition in flat ground with wind 

tunnel tests and numerical simulation. Furthermore, with 
consideration of the actual situation, Section 3 discusses in 
detail the results of the flow field changes induced by the 
windbreak transition between the flat ground and cutting, 
which is closer to the real situation. The main conclusions of 
this work are summarized in Section 4 along with 
recommendations for future works. 

 

 
(a) Set-up (b) Labelled diagram of Cobra probe  

 
(c) Test position of the upstream flow 

Fig. 2 Test models 

 
2. Methodology 

 
In this work, the wind tunnel test and numerical 

simulation method are comprehensively applied. According 
to two research objects in this work, namely, windbreak 
transition on the flat ground and different terrains, the 
detailed test method and experimental model are introduced 

in Section 3.1 and the numerical method is introduced in 
Section 3.2. 
 
 
3. Windbreak transition on the flat ground 
 

Firstly, to understand the flow structures of the 
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windbreak transition region along the railway in a simplified 
scenario, and to verify the numerical method of the following 
studies, the wind tunnel test was conducted for the case 
consisting of a windbreak with a transition region in a flat 
ground scenario. 

 
3.1 Wind tunnel test of windbreak transition on the flat 

ground 
 

The test was conducted in the University of 
Birmingham’s wind tunnel, which is an open-circuit facility. 
The width and the height of the wind tunnel were both 2 m. 
The length of the wind tunnel was 14 m. Once secured, the 
centre position of the model was 10 m from the upstream 
inlet. The maximum freestream wind speed was 
approximately 10 m/s inside the wind tunnel (Hashmi et al. 
2019). Because the height range of the windbreak in practice 
was not very high and the wind speed in this height range 
changed slightly, the ground roughness was not considered 
in the wind tunnel test. The test model is shown in Fig. 2(a), 
along with a windbreak, a railway line, and a wooden plate 
as the ground scenario. To reduce the viscous effects of the 
ground, the model was installed at a height of 0.3 m above 
the floor of the wind tunnel. This height was the same as that 
of Hashmi et al. (2019), the same wind tunnel test was 
conducted with a train model in the reference, it indicated 
that this height can reflect a real situation, and the detailed 
boundary layer distribution could be seen in the reference. In 
addition, as shown in Fig. 2(b), the wind velocity was 
measured by a Cobra probe with a frequency of 2 kHz (TFI 
2015). The test point of the upstream flow was 1.5 m away 
from the front edge of the wooden plate, as shown in Fig. 
2(c). The upstream flow was measured at two heights, 0.5 m 
(top of the windbreak) and 0.8 m from the floor of the wind 
tunnel. In this height range, the turbulence intensity was 
about 5% in the wind tunnel. The wind velocity of the 

upstream flow was obtained by averaging the wind velocity 
of these two heights, and the wind incidence angle was 
maintained at 90°. The models were at a scale of 1:25. The 
details are provided in Fig. 3. Above the centre of the tracks, 
the wind velocity was measured along horizontal lines at two 
heights: h1 = 0.252 m and h2 = 0.292 m. To conduct the 
measurements, 13 test points along the tracks were 
monitored at each height. To reduce the random error, the 
wind velocity at every test point was tested three times and 
the average value of the three tests was taken. 

Dimensionless parameters were used to analyse the wind 
velocity. The wind velocity was expressed by a 
dimensionless coefficient, u:  

u=V/U (1) 

In the expression, V is the local total wind velocity above 
the tracks and U is the total upstream flow velocity. Fig. 4 
shows the distribution of the wind velocity above the tracks. 
An obvious change in wind velocity around the right-angle 
region of a windbreak occurred. The amplitudes of the peak-
peak values in the right-angle region at h1 and h2 were 0.68 
and 0.39, respectively. As a reference, the test points at y/H 
= -3.4 and y/H = 3 (the coordinate system refers to Fig. 3; H 
is the height of the train from the top of the rail, which was 
3.7 m in the full-scale) were chosen as the basic values at 
both sides of the right-angle region. It could be observed that 
at a height h1 (z/H = 1.70), the ratio between the test point 
y/H = -0.7 and y/H = -3.4 was 2.63, and the ratio between the 
test point y/H = -0.7 and y/H = 3 was 1.62. At the height h2 
(z/H = 1.97), the corresponding ratios were 1.49 and 1.14. 
Overall, at a lower height near the top of the windbreak, the 
effect of the right-angle region was larger, and this right-
angle region resulted in rapid changes in the wind velocity 
from a higher value to an exceedingly small value. However, 
after a certain distance, the wind velocity tended to become 
stable again. 

 
(a) The dimensions 
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(b) The layout of the test points 

Fig. 3 Details of the models 

 

 
Fig. 4 The test results above the railway line at z/H = 1.70 

(h1) and 1.97 (h2) 
 
3.2 Numerical analysis of the wind tunnel test 
 
3.2.1 The numerical method and computational 

domain 
The improved delayed-detached eddy simulation 

(IDDES) based on the turbulence model SST 𝑘 − 𝜔  was 
used in this study. This hybrid numerical method was 
developed by Shur et al. (2008) and it was based on the 
Reynolds-Averaged Navier-Stokes (RANS) and large eddy 
simulation (LES) approaches. This method has been used in 
previous studies and it has demonstrated reliable 
performance in terms of experimental validation and the flow 
structure analysis (Flynn et al. 2014; Wang et al. 2019; Guo 
et al. 2020; Niu et al. 2020; Tan et al. 2020; Sui et al. 2021). 
It is well known that the traditional DES method will 
generate modelled-stress depletion (MSD) and grid-induced 
separation. To solve this problem, a new subgrid length-scale 
is defined in the delayed detached eddy simulation (DDES) 
approach developed by Spalart et al. (2006). Furthermore, in 
the present IDDES method, Wall-Model LES (WMLES) is 
used based on DDES and WMLES used to reduce the 
limitation of the Reynolds number in near-wall regions. 
Therefore, the IDDES includes two branches, DDES and 
WMLES models, as well as a set of empirical functions in 
order to obtain good performance from these branches and 
their couplings. 

In this study, the governing equations were solved using 
the finite volume method (FVM) with the solver FLUENT. 
The pressure-velocity coupling scheme was the Semi-
Implicit Method for Pressure Linked Equations-Consistent 
(SIMPLEC) algorithm developed by Van Doormaal and 
Raithby (1984). The convection fluxes in the momentum 

equations were discretized using bounded central 
differencing, and the turbulent kinetic energy and the 
turbulent dissipation rate used the second-order upwind 
scheme. The time integration was conducted using a second 
order backward implicit scheme, the time steps were 
maintained at ∆𝑡 = 1 × 10  s and the maximum number 
of iterations was set as 50 for each time step. The Courant-
Friedrichs-Lewy (CFL) numbers around the model were less 
than 1 in more than 90% of the computational cells during 
the entire simulations. All cases were initially run for 4 
seconds to obtain a fully developed flow field equivalent to 
the flow passing the model more than 30 times, which was 
then used to average the flow field using data sampling for 
time-dependent statistics. 

The computational model and the domain are shown in 
Fig. 5. The setups of the computational model were similar 
to those of the wind tunnel test, including the wind speed and 
the turbulence intensity. The distance between the windward 
side (WWS) of the windbreak and face ABCD was 15 H, and 
30 H from the leeward side (LWS) of the windbreak to the 
face EFGH. Corresponding to the wind tunnel test, the face 
ABCD was set as the velocity inlet, and the face EFGH was 
set as the zero-pressure outlet, while the other faces were all 
no-slip wall boundary conditions. 

 

 
Fig. 5 The computation domain and the boundary 

conditions 
 
3.2.2 Mesh strategy and experimental validation 
Fig. 6(a)–(c) show the three-dimensional (3D) view, side 

view, and top view of the mesh, respectively. Fig. 6(d) is the 
surface mesh of the subgrade, and Fig. 6(e)–(f) are the 
enlarged views of the windbreak mesh. The computational 
meshes in this work were unstructured hexahedral grids 
generated using SnappyHexMesh in OpenFOAM. The mesh 
quality near the object was extra-fine, followed by fine mesh 
and coarse mesh. To capture the LWS flow field information 
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accurately, the area of fine and extra-fine mesh in the LWS 
was set wider than that of the WWS, and there were 10 prism 
layers around the model. The minimum size around the 
model was 0.07 mm and the 𝑦 of the model surfaces was 1–
2. Additionally, to determine mesh independence on the 
simulation results, three meshes including coarse, medium, 
and fine mesh with corresponding mesh numbers of 10 
million, 21 million, and 46 million were tested in this work, 
as shown in Fig. 7. In the along-wind direction, the velocity 
component ux of different meshes at z/H = 0.81 along the 
centre are shown in Fig. 8(a), and the error between the 
coarse mesh and the other meshes can be observed. The 
difference between the medium mesh and the fine mesh was 

exceedingly smaller than 3%, so a further finer grid was not 
necessary. Based on the medium mesh, the mesh strategy was 
compatible with this study, and the results were compared 
with the lab test results, as shown in Fig. 8(b). In the areas of 
focus, y/H = -3 ~ 3, it was found that the simulation results 
had a good agreement with that of the wind tunnel test, and 
the numerical simulation captured the peak value of the wind 
velocity accurately in the right-angle transition region. But at 
a lower position (h1) and far away from the right-angle 
transition region, there is a relatively larger error because of 
the better protection effect and smaller wind speed value, 
such as the position at y/H = -3.4. 

 

 
Fig. 6 The computational mesh 

 

   
(a) Coarse mesh (b) Medium mesh (c) Fine mesh 

Fig. 7 The different mesh numbers 

 

  
(a) Mesh sensitivity (b) Comparison between experiment and simulation 
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Fig. 8 Numerical validation 

 
3.2.3 Flow structures of windbreak transition in the flat 

ground 
Fig. 9 shows the corresponding dimensionless wind 

speed 𝑢 along the railway centre, and the wind velocity in 
each line along the height direction, as well as the position 
information of y1–y11, can be seen in Fig. 3(c). Overall, in 
the flat ground, the transition of the windbreak affected the 
wind velocity slightly below z/H = 1. It can be seen that the 
wind velocity at most positions was negative due to the better 
shielding effect of the windbreak, but positive values in the 
upper position above z/H = 1 occurred for y2–y5. These 
positive values were highly influenced by the transition of 
the windbreak, and they resulted in a higher positive wind 
velocity.  

It should be pointed out that the real flow was unsteady, 
and that the size and locations of the vortexes changed with 
time. Therefore, the time-average results were used in this 
work to create a clear and steady description. Fig. 10 shows 
the time-average streamline at z/H = 0.6 and z/H = 1. Outside 
the windbreak, vortex V1 was generated in the right-angle 
transition region. Inside the windbreak, vortexes V2 and V3 
were generated on both sides of the right-angle region. In a 

lower position, z/H = 0.6, the structure sizes of V2 and V3 
were exceedingly small and had little effect on the flow field 
in the railway. However, in a higher position, z/H = 1, the 
size of V2 and V3 became larger. This generated a strong 
wind velocity area, as shown in Fig. 10(b), resulting in large 
positive wind velocity at positions y2–y5 (see in Fig. 9). 
Additionally, as shown in Fig. 11, from y/H = -2 to y/H = 2, 
in the LWS, vortexes V4 and V5 were generated by the 
windbreak, and V6 was generated by the wood edge. V6 
would not occur in the real railway. Due to the decreasing 
distance between the windbreak to subgrade from y/H = -2 
to y/H = 2, the development space of V4 was small, resulting 
in a smaller size V4 between y/H= -2 to y/H= 2. This also 
caused the vortex core of V5 to move further away from the 
railway. Comparing locations between y/H= -2 and y/H= 2, 
it could be seen that the airflow at the top of the windbreak 
had a downward movement trend at y/H = -0.7, close to the 
right-angle transition region. This indicated that this region 
changed the direction and the magnitude of the airflow and 
decreased the protection effect of the windbreak.  

 

  
(a) The point positions  (b) Wind velocity of y1–y11 

Fig. 9 Wind velocity distribution along the railway from y1 to y11 

 

  
(a) z/H = 0.6 (b) z/H = 1 

Fig. 10 The time-average streamline 
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(a) y/H = -2 (b) y/H = -0.7 (c) y/H = 2 

Fig. 11 The time-average streamline 

 
As illustrated in Fig. 12, the velocity contour in the centre 

of the railway showed that the sudden peak value was not 
more than 0.35 in the transition region below the height z/H= 
1.35, and it was not larger than 0.2 below the height z/H= 1. 
Therefore, for the case of flat ground outside the windbreak, 
the right-angle transition region had little effect on the wind 
field. Finally, note that the current model studied by the wind 
tunnel test had a short length in the downwind part, so an 
extra vortex V6 occurred in Fig. 11. In a real situation, it can 
be sure that the V6 will be disappeared. However, for the 
wind speed along the center of the railway, the effect of V6 
was slight. Therefore, the results in the flat ground were 

acceptable and could be a reference for the real situation. 

 
Fig. 12 Velocity contours at the centre of the railway 

 
 
4. Windbreak transition with terrains 
 

4.1 Model description 
 

To simulate a case that was closer to the practice in Fig. 
1, Fig. 13 shows the models of the windbreak transition from 
the flat ground to the cutting. It should be noted that the shape 
of transitions on the railway is variable, and a characteristic 
model was analysed to study the general flow mechanism of 
this type of transition region in this paper. The flat ground 
and cutting had lengths of 200 m, and the windbreak 
transition region had a length of 15 m and a width of 10 m. 
The windward side (WWS) boundary was 60 m from the 
centre of double railway lines, and the leeward side (LWS) 

boundary was 80 m from the same position. Fig. 13(b) shows 
the detailed sizes of the railway lines, which consisted of two 
railway lines. Railway line-1 (RL-1) was close to the 
windbreak and railway line 2 (RL-2) was far from the 
windbreak wall. The lateral distance between the two lines 
was 5 m, and the centre of RL-1 was 5.7 m from the 
windbreak. The windbreak had a height of 4 m and a width 
of 0.2 m. According to the measurements of the actual 
surroundings of the Lanzhou-Xinjiang passenger railway of 
China and mentioned in previous studies (Ma and Ma 2012; 
Liu 2017; Chen et al. 2020), the wind angle between route 
direction of the railway and prevailing wind direction of 
strong wind is 75 ~ 105° and accounts for the majority of a 
whole year's data. Thus, a constant wind of 35 m/s at the three 
wind angles of 90°, 75°, and 105° was studied based on the 
high speed and directions of the wind in practice.  

 

 

 

(a) The size of the model (b) Details of the railway lines 

Fig. 13 Computational models 

 
Fig. 14 shows the computational domain and boundary 

conditions with the wind angle set at 90°. The face BFGC 
was at the velocity-inlet, and the face AEHD was at the zero 

pressure-outlet. The ground, windbreak, and railway lines 
were no-slip walls. The other faces ABCD, DCGH, and 
EFGH were symmetry conditions. For the case with the wind 
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angle at 75°, the faces EFGH and BFGC were set as velocity-
inlets and the faces ABCD and AEHD were set as zero-
pressure outlets. The other boundary conditions remained. 
For the case with a 105° wind angle, the faces ABCD and 
BFGC were set as velocity-inlets, the faces EFGH and 
AEHD were set as zero-pressure outlets, and the other 
boundary conditions remained the same as that of 90° wind 
angle. The meshing strategy and the computational method 
were the same as those of the simulation of the wind tunnel 
test, so they are not shown again. In addition, the data 
processing was the same as the previous data processing, but 
the coordinate system was different from that of the wind 
tunnel test. The x-axle was along the railway and the y-axle 
was along the wind direction. 

 
Fig. 14 The computational domain and boundary conditions 

at the wind angle of 90° 
 
4.2 Velocity distribution of the case with terrain 

 
Horizontal lines parallel to the track at the height of z/H 

= 0.81 for RL-1 and RL-2 were chosen to analyse the change 
in the wind velocities around the railway. As shown in Fig. 
15, these lines were located on the upper half of the train 
height range and they could reflect the wind effects on the 
operation of the train. 

Fig. 16 shows the wind velocity along the railway for RL-
1 and RL-2. When compared to the flat ground discussed in 
Section 2, a peak value occurred due to the effect of the 

terrain. For the case of the wind angle of 90°, and the peak 
values of 𝑢 were 0.53 for RL-1 and 0.64 for RL-2. At the 
wind angle of 75°, the values were 0.42 for RL-1 and 1.03 
for RL-2. At the wind angle of 105°, the values were 0.49 for 
RL-1 and 0.53 for RL-2. It should be noted that due to the 
effect of the wind angles, the peak values occurred at 
different locations. Fig. 17 shows the wind velocity 
distribution from flat ground to cutting for the RL-2 at an 
angle of 90°. Closer to the flat ground, the shielding effect of 
the windbreak was good, and the wind velocity was between 
-0.25–0 in the range of x1–x3. At the windbreak transition 
region, the wind velocity changed from negative to positive 
from x4 to x8, and at taller heights, the wind velocity 
increased, as shown in the circle in Fig. 17(b). At the cutting 
position, the wind velocity became negative again due to the 
shielding effect of the cutting height and the windbreak, and 
the negative wind velocity was larger than that in the position 
is closer to the flat ground, but as the height increased, the 
negative values were smaller, indicating that the shielding 
effect of the cutting was effective. The wind velocity varied 
from negative to positive peak values and then changed to 
negative again very quickly, which would be seen in the 
regions between the flat ground and the cutting (Fig. 16 and 
Fig. 17). This phenomenon was a possible cause for the 
yawing motion of the train and it posed a safety issue for the 
train passing across this region. The reason for strong wind 
occurrence is further explained in the following sections. 

 
Fig. 15 The analysis position of the wind velocity for the 

railway 
 

  
(a) RL-1 (b) RL-2 

Fig. 16 The wind velocity along the railway 

 



 

 

  
(a) The position of each point (b) The wind velocity of RL-2 

Fig. 17 Wind velocity along the height direction for the case of the wind angle of 90° 

4.3 Flow structures of the windbreak transition region 
 

The flow field analysis described in this section was used 
to explain the reason and mechanism for the sudden changes 
in wind velocity in the windbreak transition region described 
in Section 3.2. 

 
4.3.1 Wind angle 90° 
At a wind angle of 90°, Fig. 18 shows four vortexes that 

occurred at the horizon plane, vortexes V1 and V2 that were 
generated by the stagnation effect of the right-angle area, and 
vortexes V3 and V4 that were generated inside the windbreak 
transition area. From z/H = 0.25-1, the structures of V1 and 
V2 became smaller and they were barely visible at z/H = 1. 
Inside the windbreak, the core of vortex V3 was always in 
the position of flat ground and that of V4 was in the cutting 
area, but as the height increased, the shape of V3 became an 
asymmetric structure in the region between the railway lines. 

The effect of V4 on the flow field in the transition region was 
much stronger. Between vortex V3 and V4, there was a 
strong wind velocity region, demonstrated by the dashed box 
in the figure, which was dominated by vortex V4 and which 
increased as the height increased. Furthermore, Fig. 19 
clearly shows the source of vortex V3 and V4. Region A was 
around the right-angle area of the windbreak structure. The 
direction and magnitude of the upstream flow changed due 
to the irregular structure, and the airflow in region A entered 
the railway as a part of V3 and V4. Region B was in the top 
of the slope area, and due to the insufficient height of the 
windbreak, the airflow ran up and rushed into the railway 
lines directly. Region C was in the top of the cutting and the 
airflow ran into the cutting and generated the backflow and 
flows through vortexes V3 and V4. It could also be seen that 
the strength of V3 and V4 and the sudden wind velocity 
change in the windbreak transition were mainly influenced 
by regions A and B. 

 

 
Fig. 18 The streamline and velocity contours at different heights for the wind angle of 90° 

 

 
Fig. 19 Three-dimensional streamlines in the region of 

windbreak transition for the wind angle of 90° 

 

 
Fig. 20 The velocity contours at the centre between RL-1 
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and RL-2 for a wind angle of 90° 
 
Finally, to show the impact of the windbreak transition on 

the wind velocity distribution above the railway intuitively, 
the velocity contour in the centre between RL-1 and RL-2 is 
shown in Fig. 20. It can be seen that below the height z/H = 
1, the wind velocities in the flat ground and cutting were 
entirely negative. However, there were positive wind 
velocity values (larger than 0.5) that occurred between these 
negative values, as induced by the windbreak transition. 

4.3.2 Wind angle 75° 
Fig. 21 shows the velocity streamlines and contours at 

different heights at a wind angle of 75°. Similar to the wind 
angle of 90°, four vortexes occurred around the windbreak 
transition region. However, the position of the vortex 
changed due to the effect of the wind angle. Outside the 
windbreak, the vortex V1 was generated by the intersection 

effect between the flat ground and the cutting windbreak. 
Inside the windbreak, V2 was generated by the windbreak 
connection part and the corner at the bottom of the slope. Due 
to the effect of the wind angle, V3 and V4 moved to the flat 
ground when compared to the wind angle at 90°. As the 
height increased, V1 remained unchanged. However, V2 
changed position from the windbreak connection and moved 
to the right side at the corner at the bottom of the slope. The 
vortex core of V3 became smaller and moved to the left flat 
ground gradually. At the same time, the vortex core of V4 
moved to the LWS with the increasing height. Similar to the 
results of the wind angle at 90°, the wind velocity was larger 
in a higher position, as shown in the dashed box. In contrast 
to the wind angle at 90°, the strong wind velocity occurred 
on the side of the flat ground due to the effect of the wind 
angle.  

 

 

 
Fig. 21 The streamlines and the velocity contour at different heights for a wind angle of 75° 

 
Fig. 22 Three-dimensional streamlines in the region of the 

windbreak transition for a wind angle of 75° 
 

 
Fig. 23 The velocity contours in the centre between RL-1 

and RL-2 for a wind angle of 75° 
 
Furthermore, Fig. 22 shows the space streamlines that 

contributed to the generation of vortex V3 and vortex V4. 
Regions A and C were the sources of vortex V3, and regions 
A, B, and C were the source of vortex V4. Similar to that of 
wind angle 90°, region C was the airflow that only ran 
through V3 and V4. The right-angle structure of the 
windbreak transition (region A) and the insufficient height 

(region B) were the causes of the sudden positive wind 
velocity values. This indicated that although the strong wind 
velocity occurred on the side of the flat ground, it was caused 
by the windbreak transition region instead of the windbreak 
in the position of the flat ground. Fig. 23 shows the velocity 
contour for the velocity distribution between RL-1 and RL-
2, and it can be seen that due to the effect of the windbreak 
transition, a strong positive wind velocity value took place to 
the left of the transition region closer to the flat ground with 
a value more than 0.8 below z/H = 1. 

 
4.3.3 Wind angle 105° 
Fig. 24 shows the streamlines and speed contours at 

different heights at a wind angle of 105°. Outside the 
windbreak, vortex V1 was generated by the bottom of the 
slope. Inside the windbreak, vortex V2 was generated by the 
corner of the right-angle structure. Both vortexes were 
affected by the wind angle. Part of the airflow came from the 
windbreak transition region, was stopped by the LWS of the 
cutting wall, and generated vortex V3. The other airflow also 
came from the windbreak transition region and generated 
vortex V4 in the cutting outlet location. The results were 
different from those of the wind angles of 90° and 75°, and 
V3 and V4 occurred on the side of the cutting due to the 
effects of the wind angle. Additionally, with the combined 



 
Zheng-Wei Chen, Syeda Anam Hashmi, Tang-Hong Liu, Wen-Hui Li, Zhuang Sun, Dong-Run Liu, Hassan Hemida, Hong-Kang Liu 

effect of the wind angle and the airflow source, a trace line 
can be observed in the figure in the dashed circle from V4 to 
V3. As the height changed from z/H = 0.25 to 1, vortex V1 
became invisible. V2 moved from the windbreak connection 
to the right corner of the bottom slope, which was similar to 
the movement with the angle of 75°. The position of V3 did 
not change, but the core was more visible. The core of vortex 
V4 moved to the left, and it became smaller in size. 
Meanwhile, as shown in the dashed box, the wind speed 
became increasingly stronger and positive with an increase 
in height. Similar to the angles of 90° and 75°, the effect of 
vortex V4 was the dominant factor for the sudden change in 
the wind speed. Between the vortexes V4 and V3, there was 
a negative wind speed area located on the trace line run that 
decreased with an increase in the height.  

For an intuitive view, Fig. 25 shows the space streamline 
in the region of windbreak transition, and it can be seen that 
the airflow sources of vortex V3 and V4 came from regions 
A and B, similar to 90° and 75°. However, the contribution 

from the cutting decreased due to the wind angle with air 
entering the region instead of leaving, in turn, this generated 
vortex V3 and the airflow left the cutting and moved 
downstream of the domain. Fig. 26 shows the overall speed 
contour along the centre of the railway between RL-1 and 
RL-2. It can be seen that due to the impact of the windbreak 
transition; the sudden change in the speed value was larger 
than 0.5 in railway lines below the height of z/H = 1. 

It could be observed clearly that the right-angle transition 
of the windbreak had a significant impact on the wind speeds 
and flow field structures in the railway lines; however, 
different conditions produced different results. The flat 
ground outside the windbreak transition consisted of a small 
effect on the wind speed below the height of z/H = 1 in the 
railway. This could possibly be explained by the effective 
height of the windbreak transition in the flat ground did not 
change. Therefore, the shielding effect did not change 
significantly around the windbreak transition regions.  

 
 

 
Fig. 24 The streamline and speed contour at different heights for the wind angle of 105° 

 

 
Fig. 25 Three-dimensional streamlines in the region of 

windbreak transition for the wind angle of 105° 
 

 
Fig. 26 The speed contour in the centre between RL-1 and 

RL-2 for the wind angle of 105° 
 
In practice, due to the irregular and continuous terrain, 

the windbreak had to be built discontinuously and irregularly, 

such as for the case from flat ground to cutting. These cases 
depict real situations such as the Lanzhou-Xinjiang railway 
of China. Based on the results mentioned in Section 3.2–3.3, 
it could be found that due to the effect of the terrain, the 
windbreak transition had a large impact on the wind speed 
distribution and flow structures of the railway lines. Also, the 
impact of the windbreak transition was different at varying 
wind angles. In this work, overall, it was found that the 
impact of a wind angle of 75° was the largest. This is because 
this wind angle was coincidentally along the slope direction. 
The impact of the wind angle of 105° was the smallest. This 
was because the slope and the connection part of the 
windbreak provided extra resistance to the airflow of the 
wind angle of 105°. 

At different wind angles, the similarity in the results lay 
in the fact that the effects of the wind speed coeifficent in the 
railway lines were all larger than 0.5. In addition, the sudden 
strong wind speed areas of the three wind angles were all 
induced by the right-angle structures of the windbreak 
transition region. However, their impact mechanisms were 
different, which can be seen clearly in the flow field 
demonstrated in Section 3.3. Predominantly, at a wind angle 
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of 90°, the airflow sped up directly into the railway lines. 
This generated a strong and positive wind speed area in the 
middle of the windbreak transition (x/H = 0–3.75). At a wind 
angle of 75°, the flow of the air sped up along the slope 
direction then made its way into the windbreak of the flat 
ground. This finally generated a vortex in the range of the 
railway lines. Therefore, a strong and positive wind speed 
area occurred in the flat ground, but this position of the flat 
ground was near the beginning of the windbreak transition 
(x/H = -3–0). At a wind angle of 105°, the flow of air also 
sped into railway lines, similar to the results achieved at a 
wind angle of 90°. However, in this case, the strong and 
positive wind speed area occurred near the end position of 
the windbreak transition (x/H = 3–5). 

 
 

5. Conclusions and future work 
 

The results obtained in this work are specific to the 
modelled flow, and thus they may have some differences 
with full-scale situations wherein the train windbreaks are 
embedded in a turbulent shear flow. But consider the height 
range of the windbreak in practice was not extremely high, 
and a wind speed in this height range changes only slightly, 
the research results can still be used as a reference to guide 
actual research to some extent. Through the analysis and 
discussion of results, the following conclusions were drawn: 

 The wind tunnel tests and the validation of the corresponding 
numerical simulations indicated that the method in this work 
was appropriate. Furthermore, the results showed that for the 
windbreak transition in the case of flat ground had little effect 
on the train. 
 Considering the terrain from the flat ground to cutting, 

which was closer to the real case, at the height z/H = 0.81 
of railway line 1 (RL-1), the sudden peak values of the 
wind speed coefficient that occurred in the windbreak 
transition area were 0.53, 0.42, and 0.49 at the wind 
angles of 90°, 75°, and 105°, respectively. The 
corresponding wind speed coefficients were 0.64, 1.03, 
and 0.53, respectively, for railway line 2 (RL-2).  

 The space streamlines helped when finding the source of 
vortexes occurring around the railway lines. Thus, this 
showed the reasons behind the sudden, strong, and 
positive wind speed areas. One reason for this was based 
on the right-angle structure of the windbreak transition, 
which resulted in sudden wind speed and direction 
changes. The other reason was based on the insufficient 
height or the height mismatch in the transition region, 
which resulted in a decrease in the protective effect of the 
windbreak. 
Based on these results, the flow field deterioration 

mechanism induced by the windbreak transition was 
determined and understood. However, future studies could 
investigate the corresponding mitigation measures to reduce 
the impact of a windbreak transition.  
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