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Abstract 
 

The increasing demand for high-speed transportation has led to the successive 

development and building of high-speed maglev transportation systems by Germany, 

Japan, the United States, and China. Though the design speed of the high-speed 

maglev train has been increased to 600 km/h, however, the degree of deterioration of 

their aerodynamic characteristics under strong winds has not been studied because of 

its high speed and different operation modes compared to wheel rail trains. In this 

study, the delayed detached eddy simulation method is used to simulate the flow field 

around the maglev train under strong wind, and the characteristics of flow field around 

the maglev train and the influence of aerodynamic force on the maglev train under 

different wind conditions are studied. The results show that with the deterioration of 

the wind condition, the drag, lift and side force of the head car and tail car of the 

maglev train change. Furthermore, an increase in strong winds causes the flow field 

asymmetry and vortex intensity around the train to increase, resulting in further 

fluctuations of the aerodynamic characteristics of the train. 
 

Keywords: strong wind, maglev train, aerodynamic characteristics, high speed train, 

flow structures, delayed detached eddy simulation. 
 

1  Introduction 
 

For a traditional high-speed wheel rail train, when the speed reaches a certain value, 

the wheel rail adhesion coefficient decreases rapidly with the increase of the train 

speed, which may lead to the traction power decrease, wheelset slip, and vehicle 
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instability. Therefore, it is difficult for the traditional wheel rail high-speed train to 

ensure the stability and safety of continuous high-speed operation above 500 km/h 

[1]. Thus, to further improve the running speed of trains, Germany, Japan, and China 

have successively developed their own high-speed maglev transportation systems. 

The difference between the maglev and traditional wheel rail trains is that the maglev 

system keeps the train floating through repulsive or attractive forces between 

magnetic poles to realize contactless operation and thereby reduces the friction 

between the train and track, which enables running speeds up to 600km/h [2]. 

However, such high-speed maglev trains suffer from certain problems, such as the 

rapid increase in air resistance, surge in transient pressure caused by tunnels, and sharp 

deterioration of train aerodynamic performance caused by the crosswind. With the 

increase of maglev train speed, the flow field around the train becomes more and more 

complex [3]. Among the factors affecting the safe operation of high-speed trains, 

strong wind is a key parameter [4]. In 2007, strong winds overturned 11 carriages on 

the South Xinjiang line, causing heavy property losses and seriously endangering the 

lives of passengers. Therefore, a strong wind environment directly affects the safe 

operation of trains [5]. However, research on the aerodynamic performance of high-

speed maglev trains with speeds of more than 600 km/h in a crosswind environment 

is relatively lacking. Therefore, in order to evaluate the safety of the normal maglev 

train in the strong wind environment, it is necessary to study the evolution of the flow 

field around the high-speed maglev train and the variation of the aerodynamic force 

of the train under the strong wind. 

Previous studies on the aerodynamic impact of strong wind on train mainly focus on 

wheel rail train. Strong wind will increase the fluctuation of flow field around the 

train, worsen the aerodynamic performance of high-speed train, and easily cause 

shaking and even overturning of high-speed train [6]. Chen studied the influence of 

train shape parameters under crosswind. The results show that the sensitivity of 

aerodynamic force of high-speed train increases under crosswind, i.e., the change of 

train shape parameters under cross wind makes the amplitude of aerodynamic force 

greater than that without crosswind[7]. Hemida used LES method to study the 

aerodynamic performance of freight cars under crosswind and considered that 

crosswind would lead to the deterioration of flow field structure and aerodynamic 

performance around freight cars[8]. Jiqiang experimentally studied the influence of 

scale on the aerodynamic performance of high-speed train with or without 

crosswind[9]. It is considered that crosswind aggravates the influence of scale on the 

drag coefficient of the head car, and increasing scale will reduce other force 

coefficients. 

The maglev train is similar to the high-speed train running on the viaduct. Ming 

believe that in comparison with the flat ground, the aerodynamic performance of high-

speed train running on viaduct under crosswind condition will be worse[10]. He 

studied the aerodynamic characteristics of high-speed train on viaduct under 

crosswind and showed that the track position has an impact on them. Compared with 

the windward side, the pressure fluctuation of leeward train is obviously disturbed by 

the track[11]. E D studied the aerodynamic performance of high-speed train running 

from a tunnel to a bridge or entering a tunnel from a bridge under crosswind 

conditions. It was found that the amplitude of the force coefficient changes more 
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during the process of entering the tunnel from the bridge, and the aerodynamic 

fluctuation amplitude from the bridge to the tunnel is larger than that from the tunnel 

to the bridge[12]. Though there has been a significant improvement in the speed of 

high-speed maglev trains, the coupling effect of train speed and wind speed on the 

flow field and aerodynamic force around the train has not been studied. Therefore, it 

is necessary to simulate and analyze the aerodynamic characteristics of high-speed 

maglev trains running on high bridges under crosswinds. 

At present, only a few studies on the influence of strong winds on the flow field 

structure evolution mechanism and aerodynamic performance of high-speed maglev 

trains exist. The flow mechanism and aerodynamic performance degradation effect of 

the flow field around the high-speed maglev train when its speed reaches to 600 km/h 

have not yet been studied. The differences and similarities of fine structures in the 

flow field and aerodynamic forces around the high-speed maglev train have not been 

published. In this study, an aerodynamic simulation model of the normal maglev 

system has been established, and the aerodynamic force and the surrounding flow field 

of the maglev train under the action of different crosswind speeds were studied via 

the delayed detached eddy simulation (DDES) method. The distribution of pressure 

and vortex structure on the windward and leeward sides of the train under different 

wind conditions were compared and analyzed, and the influence mechanism of strong 

wind parameters on the flow field structure evolution mechanism and aerodynamic 

characteristics around the high-speed maglev train has been clarified. 

  
 

2  Numerical method 
 

2.1 Methodology 
According to the results of Hemida[13], large eddy simulation (LES) is effective to 

simulate the flow field around high-speed train. However, it requires a large number 

of grids to ensure accuracy, especially near the train surface area. Considering grid 

density, the Reynolds-averaged Navier-Stokes (RANS) model requires a lower grid 

density than LES; however, RANS causes difficulties in simulating unsteady flow 

field accurately. In contrast, detached eddy simulation (DES) combines the 

advantages of LES and RANS. The DES method uses RANS to simulate the flow 

field near the train surface and LES to simulate the flow field far away from the train 

surface, this combination method can reduce the number of grids near the train. 

However, DES also has high grid requirements. When the Reynolds number is very 

high, the distorted grid and the wrong position of the interface between RANS and 

LES lead to inaccurate calculations, resulting in a decrease in eddy viscosity and the 

stress depletion effect of the model. To overcome this, many scholars use the DDES 

method to simulate and delay the change between RANS and LES [14]. Therefore, in 

this study, the DDES method was used to simulate the flow field around the train. 

Further, the STAR-CCM+ software based on a finite volume solver was used to 

simulate the flow field structure around the train. The train speed was 600 km/h, and 

the Mach number was approximately 0.49; thus, the fluid was a compressible viscous 

fluid. Addition, to achieve effective accuracy, space and time discretization was 

adopted, thereby achieving two orders. The time step was set to 2 × 10-4 s, which can 
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capture both the mainstream and the vortex formed and separated by the maglev train 

sheath and track. 

 

2.2 Details of computational models 
The wind yaw angle β is defined as the angle between the wind speed and composite 

wind speed (combination of driving and crosswind speeds) in the opposite direction 

of train operation, which reflects the coupling relationship between train speed and 

ambient wind speed. The definitions of the resultant wind and wind angle are 

presented in Fig.1. 

 
Figure 1: Definition of resultant wind and wind angle β. 

To analyze the aerodynamic performance of the normal maglev train under crosswind, 

a 3-D model of the normal maglev train was established, with the model scale being 

1:1. The size of the train is shown in Fig. 2. The train comprised of three cars. The 

parameters of the train were dimensionless, based on the height from the bottom of 

the track to the roof of the maglev train. The height, H, was 4.2 m; length of the head 

and tail cars of the maglev train were 6.15 H each; length of the middle car was 5.28 

H; width and height of the train were 0.81 H and 0.92 H, respectively. 

 
(a) 

 
(b) 

Figure 2: Model of the normal maglev train: (a) side view and (b) front view. 
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To obtain the aerodynamic influence of the crosswind speed on the normal maglev 

train, we considered five scenarios, the maglev train running speed was 600 km/h, and 

the corresponding crosswind speeds were 0, 12, 15, 19, 22, and 26 m/s, respectively 

(see Table 1).  

 

Train speed 

[km/h] 

Wind speed 

[m/s] 

Wind speed class Wind angle [°] 

 

 

600 

0 0  

 

90 

12 6 

15 7 

19 8 

22 9 

26 10 

Table 1: Computational conditions. 

 

2.3 Computational domain and boundary conditions 
The size and boundary conditions of the computational domain are illustrated in Fig. 

3. For comparison, the computational domain is made dimensionless according to the 

height from the bottom of the maglev train rail to the top of the maglev train. The 

width and length of the computational domain should satisfy the full development of 

the train’s lateral flow field and wake vortex flow under the action of a crosswind. 

According to the research of Jiqiang [15], the length of computational domain AB is 

taken to be 46.2H, and the width of windward side is 13.2H. Considering the complex 

flow field structure of leeward side, the width of leeward side is 33H, which is 2.5 

times of the windward side. The boundary conditions of planes ABCD and 𝐵𝐶𝐶′𝐵′ 

are defined as the velocity inlet boundary conditions, and the velocity is the combined 

velocity of wind speed and the maglev train speed; the distance between ABCD 

surface and nose of the head car is 22H. The boundary conditions of plane 𝐴′𝐵′𝐶′𝐷′ 

and plane 𝐴𝐷𝐷′𝐴′ are defined as pressure outlet, and the reference pressure is 0 Pa. 

The distance between plane 𝐴′𝐵′𝐶′𝐷′and nose of the tail car is 71H, which is 3.2 

times of that between plane ABCD and nose of the head car. The height of calculation 

domain is 17.6H. 

 
Figure 3: Computational domain and boundary conditions. 
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2.4 Grid generation 
The simulation quality of DDES is highly dependent on the grid resolution because 

the switching between URANS and LES is largely affected by the size of the grid and 

the solver ability. The solver ability determines whether the LES region can analyze 

the small-scale flow structure according to the size of the grid. The computational 

domain grid was generated by STAR-CCM+, with the trim grid type. To capture the 

small-scale vortex structure in the flow field, surface control was carried out in the car 

body, track, tail car, and other areas. Thereafter, 4 encryption areas were set around 

the train for local encryption, the closer the encryption area was to the train, the denser 

the grid. To accurately simulate the flow of the train body area and capture the 

development process of the body along the wall to the external space area, a 20-prism 

layer grid was used in the train wall area. The 20-prism layer was added to the train 

surface. The thickness of the first layer grid was 0.164 mm and the growth rate was 

1.2, which is consistent with the recommendation of the STAR-CCM+ user guide that 

the growth rate used should be less than 1.5. Because the full y+ wall function was 

adopted, the average y+ of the first layer grid attached to the train surface was 

approximately 30. However, as the flow away from the body was not sufficient to 

affect the flow around the train, the grid size away from the body was larger. When 

the grid transits from the encrypted region to a region far away from the flow core, 

the grid between each encrypted region was set to grow slowly. 

To clarify the grid fineness, the independence of the grid in the computational domain 

is firstly studied. Considering the running speed of the maglev train as 600 km/h 

coupled with crosswind speed of 26 m/s condition, the aerodynamic variation of the 

high-speed maglev train was simulated under three sets of grids with different 

fineness: coarse, medium, and fine grids numbering at 34.75, 43.56, and 54.84 million 

respectively. The flow field structure around the train for the three different grid sizes 

is shown in Fig. 4. 

 
Figure 4: Vortex structures around the train with different grid sizes (Top view) 

(Q=200). 

The flow field structure around the high-speed maglev train with different grid sizes 

shows that the vortex around the maglev train is determined by the grid density to a 

certain extent, specifically in the rear areas ‘a’ and ‘b’ of the maglev train. With an 

increase in grid density, the structure of the wake vortex obtained via the medium and 

fine grid simulations was similar. To further illustrate the influence of the grid size on 

the aerodynamic force of the train, the drag, side, and lift coefficients of its head, 

middle, and tail cars under three different grid sizes were compared and analyzed, as 

shown in Table 2. 
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Case  

Mesh 

number 

[Million] 

Cd Cs Cl 

Head 

car 

Middle 

car 

Tail 

car 

Head 

car 

Middle 

car 

Tail 

car 

Head 

car 

Middle 

car 

Tail 

car 

Coarse 3.8 0.056 0.096 0.159 0.381 0.094 0.162 1.386 0.999 0.712 

Medium 4.4 0.056 0.095 0.155 0.394 0.092 0.161 1.394 0.946 0.664 

Fine 5.5 0.057 0.096 0.152 0.395 0.093 0.165 1.384 1.040 0.695 

Table 2: Grid number and aerodynamic coefficient. 

 

It is evident from Table 2 that the force coefficients obtained from the three diffrent 

grid sizes are similar. Furthermore, the error calculations are based on the calculation 

results of the fine grid. Using Equation (1), the maximum change in various 

coefficients is 5.30 %; according to Yuangui [16], it meets the accuracy requirements 

of this calculation. In particular, the maximum difference between the medium and 

fine grids was less than 4.46 %. Considering the consistency of the flow field structure 

around the high-speed maglev train under the two grid-scale conditions, we study the 

medium grid dispersion method to improve the calculation efficiency. Thus, the grid 

size of the discrete maglev train is 43.56 million. Some of the grids used in the 

numerical calculations are shown in Fig. 5. 

 

                        fine

finecoarse
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−
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(a) 

  
(b) 

 
(c) 



8 

 

 
(d) 

Figure 5: Grid of maglev train: (a) side view, (b) front view, (c) maglev train surface 

mesh, and (d) 20-prism layer. 

2.5. Dimensionless coefficients 
Equations (2) and (3) give the pressure and speed coefficients, respectively; where p0 

is the average static pressure; reference pressure p0 is 0 Pa; air density ρ is 1.225 

kg/m3; V0 is the resultant wind speed. 

2

0

0

5.0 V

pp
Cp



−
=

                   (2) 

For analysis, the aerodynamic coefficients were standardized before comparison as 

follows: 

0

2

05.0 SV

D
CD


=

                    (3) 

0

2

05.0 SV

L
CL


=

                    (4) 

0

2

05.0 SV

S
CS


=

                    (5) 

D, L ,and S are defined as the drag, lift, and side force, respectively; CD, CL, and CS 

are defined as the drag, lift, and side force coefficients, respectively. 𝑆0 is the 

reference area , 𝜌 is the air density. 

 

3  Results 
 

3.1 Validation of numerical simulation results 
To ensure the reliability of the calculation method, the wind tunnel test results were 

used for verification. Further, to verify the accuracy of the numerical calculation 

results, a numerical simulation model was constructed according to the relevant size 

parameters in the wind tunnel test. A comparison between the numerical simulation 

results and the wind tunnel test results is presented in Table 5. 

 

 

Drag coefficients Head car Middle car Tail car 

Test 0.080 0.101 0.097 

Simulation 0.082 0.097 0.103 

Deviation[Hz] 2.4 4.1 5.8 
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Table 3: Algorithm validation. 

The results of the wind tunnel test and numerical simulation show that the maximum 

difference between the test and the simulation values is 5.8 %, which verifies the 

credibility of the numerical simulation method. 

 

 

3.2 Comparison of flow structure 
To further understand the flow field structure around the high-speed maglev train 

under strong winds, in this study, we primarily analyze the development and evolution 

of eddy currents around the train. Thereafter, we use the Q criterion to determine the 

computational domain vortex, which is the second invariance of the velocity gradient. 

Q is defined as follows: 

 

      𝑄 = −
1

2
(||𝑆||

2
− ||Ω||

2
) = −

1

2
((

𝜕𝑢𝑖̅̅ ̅

𝜕𝑥�̅�
)

2

−
𝜕𝑢𝑖̅̅ ̅𝜕𝑢𝑗̅̅ ̅

𝜕𝑥�̅�𝜕𝑥𝑗̅̅ ̅
) =

1

2

𝜕𝑢𝑖̅̅ ̅𝜕𝑢𝑗̅̅ ̅

𝜕𝑥�̅�𝜕𝑥𝑗̅̅ ̅
         (6) 

 

where 𝑢ⅈ, 𝑢𝑗  are the velocity component under the cartesian coordinate system, S is 

the rate strain tensor of the velocity variable, and Ω is the rotation rate tensor of the 

velocity variable. An ISO with a positive value of Q shows the dominant position 

strain in the fluid and indicates the vertical structure in the flow[17]. 

According to the definition of Q, the ISO is established with Q = 200. In order to 

analyze the influence of the change of crosswind velocity on the flow field around the 

maglev train, the transient flow field structure around it was analyzed. When the train 

is running at high speed, the flow field around the train is very complex and contains 

all kinds of fluctuating vortex structures, especially the flow field at the rear of the tail 

car. These vortices are generated by the streamlines of the head and the tail car, and 

continue to develop to the rear of the train. In the absence of strong wind, the vortex 

structure at the rear of the train is relatively symmetrical. Moreover, when the train is 

affected by strong wind, the vortex structure deflects to the leeward side, showing 

asymmetry. 

Fig. 6 shows the top view of the train with a vortex structure corresponding to different 

crosswind speeds, wherein the background color indicates the velocity of the flow 

field around the train. The vortex structure is colored by normalized velocity, which 

is defined as follows: 

 

𝑈𝐺𝐹 =
𝑈∞−𝑈𝑇𝐹

𝑈∞
                    (8) 

𝑉𝐺𝐹 =
𝑉𝑇𝐹

𝑈∞
                        (9) 

𝑊𝐺𝐹 =
𝑊𝑇𝐹

𝑈∞
                       (10)  

𝑈𝑆𝑙𝑖𝑝𝑠𝑡𝑟𝑒𝑎𝑚 = √𝑈𝐺𝐹
2 + 𝑉𝐺𝐹

2 + 𝑊𝐺𝐹
2     (11) 
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𝑈𝑇𝐹，𝑉𝑇𝐹, and 𝑊𝑇𝐹 represent the speeds in X, Y and Z directions based on the fixed 

coordinate system of the train, which can be obtained directly through simulation. GF 

and TF represent the ground reference system and train reference system respectively. 

 
Figure 6: Vortex structures around the train with the different winds (Top view) 

(Q=200). 

 

 

 

 

According to the vorticity shown in Figs. 6, it can be divided into five main vortex 

structures according to the source. Vortices V1 and V2 develop from the head of the 

normal maglev train and move backward. With an increase in the crosswind speed, 

vortex V1 develops further away from the vehicle body and finally develops into the 

tail flow area of the train in a spiral manner, while V2 was produced on the windward 

side of the train without the influence of wind. With the negative impact of the 

environment wind, vortex V2 decreases until it is close to the car body. In contrast, 

vortices V3 and V4 were generated at the rear of the train. In the case of strong wind, 

V5 is separated from the periphery of V4, and V4 develops to the leeward side. When 

the strong wind environment is worse, the strength of V4 core is more obvious. In the 

absence of wind, the vortices V3 and V4 show strong symmetry, while V5 does not. In 

the region far from the rear of the train, V4 has a vortex core and a high speed. V1, V3, 

V4, and V5 gradually merge with each other, enhancing the coupling effect, thereby 

increasing the strength of the vortices. In particular, the rail surface coupling of V4 

and V5 at the rear of the train. As far as the abundance of vortices at the tail of maglev 

train is concerned, the abundance of small vortices V5 between V3 and V4 caused by 

sidewind is higher than that caused by crosswind. 

 

 

 

 

 

 

3.3 Comparison of aerodynamic pressure coefficients  
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The train surface pressure directly affects the aerodynamic performance of the train. 

Therefore, it is important to compare and analyze the changes in the surface pressure 

of the maglev train under different wind conditions. The mean pressure distribution 

on the train surface is shown in Figure 7. 

  

 
                 (a)                                                                                 (b) 

Figure 7: Mean pressure distribution on the maglev train:(a) windward of 

crosswind, (b) leeward of crosswind. 

 

Figure 7 shows that with the enhancement of strong wind characteristics, the pressure 

change on the surface of the maglev train follows a relatively consistent law: with the 

enhancement of wind effect, the positive pressure coefficient on the windward side of 

the streamline of the head train increases. There is a weak negative pressure at the 

transition between streamline and non-streamline in the head car. With the increase 

of wind speed, the negative pressure in this area also increases, and it begins to move 

to the leeward side. There is a large negative pressure at the transition between 

streamline and non-streamline in the tail of the maglev train. With the increase of wind 

intensity, the negative pressure value and area on the windward side also increase. 

The positive pressure appears on the leeward side of the tail car. With the increase of 

the wind intensity, the positive pressure value and the positive pressure range remian 

unchanged. For the non-streamline region, the pressure value does not change with 

the change of wind. In order to analyze the surface pressure distribution of the maglev 

train more precisely, the surface pressure value of the maglev train is taken at the 

0.357H horizontal line of the maglev train height, which passes through the nose of 

the maglev train. The pressure value of the maglev train on the horizontal line is shown 

in Fig. 8. 

 
(a)                                                        (b) 

Figure 8: Pressure coefficient of the maglev train under the crosswind 

condition: (a) windward side and (b) leeward side. 
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Fig. 8 (a)  depicts the pressure coefficient on the windward side of the maglev train 

under crosswind. It shows that when the crosswind speed reaches 19 m/s, the pressure 

in the non-streamline area of the maglev train is 0 Pa; and with the increase of 

crosswind speed, the pressure in this region also increases. Thereafter, due to the 

change of the maglev train shape, the pressure coefficient of the streamlines of the 

head and tail cars, inter-carriage gap area and changes dramatically. Further, the 

pressure coefficients of the head, middle, and non-streamline area of the tail car 

increase with the increase in the crosswind speed. The pressure coefficient of the 

streamline area of the tail car decreases with the increase of the crosswind speed. 

Under the condition of no wind, the streamline pressure coefficient of the tail car is 

larger than that under the condition of wind, but under the condition of wind, the 

streamline pressure coefficient of tail car does not change significantly. Fig.8 (b) 

shows the pressure coefficient on the leeward side of the maglev train under 

crosswind. In this study, the pressure coefficient of maglev train is in the negative 

pressure area, and the non-streamline area of the maglev train pressure coefficient 

continues to decrease. In the streamline region of the tail car, the pressure coefficient 

is almost unchanged in both windy and windless conditions, which is different from 

the windward side. 

Pressure variation law of the inter-carriage gap area: The pressure variation of the 

maglev train is very severe; with the increase of crosswind speed, the pressure in the 

windward at the inter-carriage gap area increases, while the pressure in the leeward 

side decreases. 

 

 

 
                              Figure 9: Peak pressure coefficient. 

 

 

In order to further understand the change law of pressure coefficient on the horizontal 

line at 0.357H, Fig. 9 shows the curve of the peak pressure on the windward side and 

leeward side of the maglev train with the crosswind speed. For the head car, when the 

crosswind speed increases from 12 m/s to 26 m/s, the peak value of positive pressure 

coefficient on the windward side increases linearly, and the peak value of pressure 

coefficient increases by 0.039. The peak value of negative pressure coefficient on the 

leeward side is linearly decreasing, and the absolute value of negative pressure 
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coefficient increases by 0.088. For tail car, the pressure coefficient peak changes on 

the windward side and the leeward side are not as obvious as that of the head car, and 

the absolute of the peak values of the pressure coefficients on the windward and the 

leeward sides increase by 0.023 and 0.02 respectively.  

3.4 Comparison of aerodynamic force coefficients 
To determine the influence of the flow field vortex structure and maglev train surface 

pressure on the aerodynamic force of each car, the drag coefficient of each car under 

strong wind conditions is shown in Fig. 10. Fig. 10 shows that with the increase of 

wind disturbance, the drag coefficient of the head car decreases, and that of the tail 

car increases, while the drag coefficient of the middle car remains unchanged.  

 

 
Figure 10: Drag force coefficient.            Figure 11: Side force coefficient. 

 

Fig. 11 shows the side force coefficient under strong wind, in which the side force 

coefficient of the head car is the largest, the side force coefficient of the middle car is 

the smallest, and the side force coefficient of the tail car is opposite to that of the head 

car and the middle car. It can be seen from Section 3.3 that with the increase of wind, 

positive pressure is formed on the windward side of the train, while vortex separation 

occurs on the leeward side, and the negative pressure increases continuously, resulting 

in the increase of the side force coefficient of the head car. Because the pressure 

distribution law of the tail car is opposite to that of the head car, the absolute value of 

the side force coefficient of the tail car increases. In addition, for the middle 

compartment, the wind has little effect on the pressure on the windward side and 

leeward side.Therefore, the sensitivity is weaker than that of the head and the tail car. 

Under the action of crosswind, the coefficient of train side force increases linearly.  

 

 

0 5 10 15 20 25 30

0.06

0.08

0.10

0.12

0.14

0.16

C
d

Crosswind speed(m/s)

 Head car

 Middle car

 Tail car

0 5 10 15 20 25 30
-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

C
s

Crosswind speed(m/s)

 Head car

 Middle car

 Tail car



14 

 

 
Figure 12: Lift force coefficient. 

Fig.12 shows the lift coefficient under strong wind, in which the lift coefficient of the 

head car of maglev train is the largest and that of the tail car is the smallest. When the 

crosswind speed is greater than 15 m/s ,the lift of the maglev train is greater than 1, 

which indicates that the bad wind environment has a great impact on the safety of the 

maglev train. Similarly, with the increase of crosswind speed, the lift of the three cars 

of the maglev train increases linearly. 
 

4  Conclusions and Contributions 
 

In this study, the aerodynamic performance of a maglev train under strong 

winds was studied. The flow field structure, surface pressure, and aerodynamic force 

of a high-speed maglev train under crosswind and sidewind were compared and 

analyzed. The specific conclusions are as follows: 

(1) Under strong winds, there are five main vortices around the train. With the 

strengthening of the wind, the vortex structure on the leeward side of the head train 

becomes wider and longer, while the spiral shedding and interaction coupling effect 

of the two vortices in the wake become stronger. With the increase of wind, the 

number of small vortices separated from the windward side of the tail car is greater. 

(2) With the increase of crosswind wind speed, the pressure on the train surface 

begins to change. Positive pressure appears on the windward side of the head car, 

and negative pressure appears on the leeward side of the head car. The pressure 

distribution of the tail car and the head car is opposite. The peak pressure analysis of 

the head and tail cars of the maglev train shows that the response intensity of the 

head car to the external wind environment is stronger than that of the tail car. 

(3) The variation of the three force coefficients is consistent, the force coefficient 

increases linearly with the increase of crosswind speed. The side force and lift 

directly affect the safe operation of the maglev train and the wind environment is 

more sensitive to the change of the lift of the maglev train. When the crosswind 

speed reach 15 m/s, the lift coefficient of the maglev train head car can reach 1. 
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