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A B S T R A C T  
 

 

The main objective of this paper was to propose the real model of the high speed train regarding the side 

wind disturbance. In the first part of this article, the turbulent air flow around a simplified design of a 
high-speed vehicle was numerically analyzed using finite volume method and four RANS turbulence 

models, including k-ω SST, k-ε RNG, Spalart-Almaras, and Launder and Sharma. The results of 

numerical simulations regarding the wall function were validated by experimental works and it was 
shown that in the area near the wall, the SST k-ω model had the best simulation for the horizontal 

component of the velocity (21% error). The results of the lift coefficients showed that at short distances 

from the train floor to the ground due to relatively strong wind with angles less than 0.2 radians, the lift 
coefficient was negative and as a result, the forces acting on the train were downward. Finally it was 

shown that by increasing the wind angle, this coefficient gradually becomes positive, which can disrupt 

the stability of the train. It can be concluded that in trains whose floor to ground distance is more than 
0.136 of the train height, the balance is maintained only in the absence of side wind. 

doi: 10.5829/ije.2023.36.04a.01 
 

 
1. INTRODUCTION1 
 
The aerodynamic force on the train body, which is 

created as a result of changing the flow lines, is one of 

the most important design items. The flow around a train 

under normal conditions experiences a large-scale 

separation, which leads to large aerodynamic pressures 

and less stability. Aerodynamics of trains is a complex 

issue that needs to be considered for its accurate 

calculation. Among these things, we can optimize the 

shape of the train [1], the side wind effect [2-6], pressure 

changes when the train moves in the tunnel [7-9], the 

vortices at the end of the train [10], the flow passing 

under the train [11-13] and the impact of the ground on 

the air flow [14-17] are only some of the issues that 

researchers have addressed . 

The effect of the ground on the flow around the train 

can be investigated from two aspects. The first effect is 

about the relative speed of the ground with the train and 
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the second effect is about the distance between the floor 

of the train and the ground. Regarding the relative speed 

of the train with the ground in the experiments conducted 

using the wind tunnel, this effect is not considered in the 

results due to the fact that the ground is fixed in the wind 

tunnel. Zhang et al. [14] and Xia et al. [15] numerically 

studied the impact of fixed ground related to moving one. 

They observed that the boundary layer formed on the 

ground reduces the drag forces and excess the lift forces. 

Also, the assumption of a fixed ground increases the 

speed of flow slippage, which causes the formation of 

more open vortex structures and, as a result, vortex 

shedding with a higher frequency [18]. 

Far less research has been done on the effect of the 

distance of the floor of the train and the ground. Hajipour 

Khire Masjidi et al. [19] investigated the effect of the 

distance from the ground using a moving earth and a 

simple geometric shape (similar to the geometry that is 

examined in the first part of this article). Yu et al. [20] 
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and Ismaiel [21] also used an aerodynamic shape to 

experimentally investigate the effect of distance from the 

ground on aerodynamic forces. According to their 

research, when the distance of the bottom of the device 

and the ground is reduced, the flow rejoins somewhere 

closer to the front of the model. Also, the lift force is 

clearly affected by this distance [22]. 

In today's high-speed trains, the distance between the 

floor of the train and the rail is very small. For example, 

one of the reasons for reducing the distance between the 

floor and the ground is installing panels to absorb noise 

on the rails [23]. In one of the few studies that was done 

to determine the effect of floor-to-ground distance on 

high-speed trains, Kalitzin et al. [24], for the first time, 

investigated the effect of this distance on the 

aerodynamic forces and flow field for the ICE3 high-

speed train. Since they used the DES turbulence model 

for their numerical simulation, which is considered as a 

method with high computational cost, they had to use 

about 30 million computational cells, which is a very 

high computational cost in has found For this reason, they 

assumed the speed of the train to be 49.68 km/h, which is 

far from the speed of current high-speed trains. For this 

reason, in this article, firstly, the ability of RANS 

turbulence models to extract aerodynamic forces has 

been investigated, and then, using the best turbulence 

model, the air flow around the high-speed train at real 

speeds (250 km/h) has been investigated. It is simulated 

by using computing cells far less and the effect of the 

distance between the floor of the train and the ground on 

the aerodynamic forces at real speeds is investigated. 

Mahzoon and Kharati-Koopaee [25] have discussed the 

effects of the vehicle components and geometry in 

aerodynamic performance of the high speed trains. They 

have proposed the optimal length and windshield for the 

various longitudinal velocities, which can be used in 

sizing of the train considering its high speed in the design 

level. 

In this article, first, to reach the best turbulence model 

for simulating the flow around an object, the flow around 

a rigid object is investigated and the velocity profile at 

different sections of the end region of the rigid object and 

the aerodynamic forces acting on it are compared with 

the experimental values. Despite the different studies 

done in the aerodynamic performance of the high speed 

ground vehicles, it seems that the separation area at the 

end of the bend remains a serious challenge for 

turbulence models, and there is a need to further examine 

these models in this area. According to the authors' 

information, in past studies, cumulative variables such as 

drag and drag coefficients were mostly calculated, and 

the amount of error resulting from these models in the 

reverse flow area has not been specifically studied. In this 

article, four commonly used models averaged in time 

with and without using wall functions are examined and 

the error rate of velocity profile estimation in the areas 

near and far from the wall in the separation and return 

flow area is calculated and reported . 

In the second part of this article, the geometry of the 

ICE3 high-speed train is designed as one of the newest 

high-speed trains in the world and is simulated using the 

best turbulence model in the first part of the article, the 

kwSST model. In this section, firstly, in order to ensure 

the design of the geometry and computational meshing 

operations, the simulation of the air flow around this 

high-speed train at a speed of 50 km/h and without the 

presence of side winds has been done. Then the profile of 

aerodynamic forces is compared with the available 

experimental data of this geometry. According to the 

authors' knowledge, no article has investigated the effect 

of side wind and the distance of the train floor from the 

ground on aerodynamic forces in high-speed trains. In the 

last stage of this article, the speed of the train has been 

increased to its actual value, i.e. 250 km/h, and the train 

has been exposed to side winds with different angles, and 

the impact of the distance of the train floor from the 

ground on the speed field and aerodynamic forces acting 

on the train in the presence of side wind have been 

investigated. 
 

 

2. GEOMETRY OF MODEL 
 

In this section, a simplified design of a vehicle is 

examined in three dimensions. The geometry of this 

model is designed in ICEM software. The geometry of 

this simplified model can be seen in 2D-3D in Figure 1 . 
 

2. 1. Governing Equations and Boundary 
Conditions              To simulate the flow passing over the 

vehicle in Figure 1, the equations of conservation of mass 

and momentum are used. Equations (1) and (2) represent 

the time-averaged mass and momentum equations 

(RANS) for an incompressible fluid in dimensionless 

form. 
 
 

 

 
Figure 1. Model geometry: (a) front view; (b) back view (tilt 

angle 35 degrees); (c) Geometry of the vehicle from the side 

(inflow direction from left to right) 
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 (1) 

 
(2) 

where 
iu and P  in these equations are the average 

values of velocity and pressure respectively, and

' 'ij i ju u=  is the Reynolds stress tensor. In order to 

model the Reynolds stress term, many models have been 

presented so far. To select the best turbulence model, four 

important and widely used RANS models have been used 

in this research. These models include k-ω SST, k-ε 

RNG, Spalart-Almaras and Launder and Sharma. The 

last model is an improved low-Reynolds model based on 

k-ε. The Spallart-Almaras model is a one-equation model 

that has a lower computational cost than other models. 

All these models are used together with wall functions. 

Only the k-ω SST model has been implemented both with 

and without the wall function and the results were 

compared . 

The boundary conditions of the problem are shown in 

Figure 1(c). The inlet boundary condition of speed equal 

to 40 m/s and the outlet boundary condition equal to zero 

constant pressure are considered. For the ground and the 

body of the vehicle, the condition of no slip and the upper 

surface of the wall without shear stress is considered. 

 

2. 2.  Numerical Method             In this research, the 

numerical analysis of the flow is done in the OpenFOAM 

and the simpleFOAM solver and steady solution are 

used. All terms of Navier-Stokes equations are 

discretized using second-order methods. The wall 

functions in the OpenFOAM open source code have been 

improved to provide acceptable results if the first cell is 

not exactly in the logarithmic region. The wall functions 

theory employed in OpenFOAM according to Kalitzin et 

al. [24]. In the topic of wall functions, the parameter y+, 

which is the dimensionless distance of the first center of 

the first calculation cell, is calculated from Equation (3): 

yu
y+ = 


 (3) 

where uτ is the frictional velocity and y is the distance to 

the wall. uτ is calculated from Equation (4). As τw is the 

shear stress of the wall. 

𝒖𝝉 = √
𝝉𝒘

𝝆
  (4) 

Computational meshing has been done using the 

snappyHexMesh code, and important meshing 

parameters such as skewness, orthogonality, and aspect 

ratio have been considered as the general criteria of the 

computational mesh. In the wall nearby the mesh 

accuracy was increased in 5 steps to properly present the 

velocity and pressure changes regarding the boundary 

conditions. For reducing the computational time and 

since we have used the medium size meshes, to increase 

of velocity and pressure accuracy near the rigid body, 

smaller meshes have been used in this part. Behind the 

train, there are flow vortices, positive pressure gradient 

and flow separation, which can only be correctly 

predicted with small sized meshes. Figure 2 depicts the 

side view of the computational grid near the rigid body 

on central plane . 

 

 
3. RESULTS 
 

3. 1. Grid Study          To check the independency of 

results from the grid size, the four grid sizes in Table 1 

are used. The number of cells in these grids varies from 

about 2 millions to about 8 and a half millions . 
Figure 3 shows the average horizontal and vertical 

velocity profile in a cross-section in the central plane of 

the domain (x=-0.023 m). As can be seen in this figure, 

as the number of cells increases, the accuracy of the 

solution gradually increases and the results converge to a 

single value. The results of Grid 3 are very close to the 

results of Grid 4 in most places. For this reason, Grid 3 is 

used in the rest of this article. Since number of 

computational cells are equal to 6 millions, near the walls 

y+>30, first computational cell is not located in area 

under the viscous layer . 

 

3. 2.  Investigating the Effect of Wall Function           
The results of the velocity field at two different sections 

are shown in Figure 4 and compared with the empiricals . 

As shown in Figure 4, the use of the mentioned wall 

function reduces the computational cost and also 

increases the simulation accuracy near the wall. The 
 
 

 
Figure 2. Computational grid side view for the near of rigid 

body 
 

 

TABLE 1. Used computing networks 

item Number of cells 

Grid 1 2200000 

Grid 2 3700000 

Grid 3 6600000 

Grid 4 8500000 
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(a) 

 
(b) 

Figure 3. A) horizontal and B) vertical velocity profiles for 

four different computing grids in cross-section (x=-0.023 m) 

 

 

 

 

 

 

 
Figure 4. The effect of using the wall function on the 

horizontal and vertical velocity profile for two vertical 

sections x=-0.023 and x=-0.123 

 

 

results are close to each other at a distance far from the 

wall for both cases, while near the wall of the solid body 

where separation and flow reversal occur, the velocity 

profiles are very different from each other. As can be 

seen, the SST k-ω turbulence model using the wall 

function has provided relatively good results compared 

to the experimental values . 

 

3. 3. Separation Area behind the Vehicle          Figure 

5 depicts the profiles of horizontal (u) and vertical 

velocities (w) at several different vertical sections within 

(Figure 5) in the tail section using different turbulence 

models. As can be seen in these sections, near the wall to 

the height of the vehicle (about z=310 mm), the average 

horizontal velocity component is negative (backward 

flow) and the vertical velocity component of the air flow 

is positive (upward flow). This indicates the presence of 

positive gradient of pressure and return flow in this area . 

As can be seen in Figure 5, the error rate of the 

turbulence models increases when approaching the wall 

of the vehicle, which is due to the presence of the wall 

effect and turbulent structures near the wall, as well as 

the presence of positive pressure and flow reversal, 

which is always considered as one of the main 

weaknesses of turbulence models. As can be seen in 

Figure 5, Lander and Sharma's one-equation model has 

the lowest and two models, k-ω SST, k-ε RNG, have the 

most agreement with the laboratory data . 
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Figure 5. Variation of vertical and horizontal velocities in 

the tail section using different turbulence models 
 
 

An important point that should be mentioned is the 

ability to estimate the average velocity field of these two 

models near the wall and (Z<310 mm) in the area far from 

the wall (Z>310 mm). In this research, the difference 

between the vertical and horizontal velocity profiles 

predicted by different turbulence models with 

experimental results was investigated for 10 different 

sections in the separation area behind the vehicle (the 

velocity profile of two sections is shown in this article). 

Table 2 summarized an average of the highest error 

percentage of different models in 10 different horizontal 

sections in the separation area . 

As shown in Table 2, in the region near the wall 

(Z<310 mm), the SST k-ω model has the best simulation 

in the horizontal component of the average velocity field 

(21% error), while the RNG k-ε model, although it has 

shown a little more estimation error (24%), but the 

vertical component of the velocity has been estimated 

better in this area. On the other hand, the model has 

estimated the velocity field in the area slightly away from 

the wall with an error of 13% for the horizontal velocity 

field and 12% for the vertical velocity component, which 

is the best prediction compared to all models. The reason 

for this is the ability of this model to simulate the return 

flow and its separation . 

 

3. 4. Investigating the Effect of the Distance 
between the Floor of the Train and the Ground on 
Aerodynamic Forces           In the current article, a 

resized 1:10 size of the ICE3 train was developed, which 
 

 

TABLE 2. The average maximum relative error of different 

turbulence models in the separation region (compared to 

laboratory data) in percentage 

Z>310 mm Z<310 mm 
Model 

U W U W 

210 110 405 230 Launder and Sharma 

53 76 150 142 Spalart Almaras 

15 20 21 35 k-ω SST 

13 12 24 29 k-ε RNG 
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contains 4 cabins whereas the length (L), width (W) and 

height (H) are respectively 10.14 meters, 29 0.0 m and 

0.36 m (Figure 6). Previous studies by Mahzoon and 

Kharati-Koopaee [25] indicated that in high-speed trains, 

the impact of wheels on aerodynamic forces can be 

neglected, so in this study, their effect has been ignored. 

To investigate the effect of the distance of the floor of the 

train and the ground on the aerodynamic forces, 4 

dimensionless distances from the floor of the train to the 

ground are considered as h/H=0.18, 0.136, 0.092, and 

0.048 . 

For numerical simulations, the solution domain with 

the dimensions of 97W as the domain length, 20W as the 

domain height and 40W as the solution domain width has 

been used. The reason for using this large range is the 

lack of influence of boundary conditions on the flow 

structures around the train. In this section, flow fields and 

forces will be examined without considering side winds 

and considering side winds. Figure 7 shows the boundary 

conditions and solution domain in this case. The 

boundary conditions for the upper and side positions are 

considered symmetrically. To evaluate the relative speed 

of the train and the ground, the boundary condition of the 

ground is regarded as a wall with a speed equal to the free 

flow speed . 

The beginning of the train is placed at a distance of 

10W from the inlet boundary. The boundary condition at 

the outlet is considered to be fixed pressure and zero 

pressure. The distance of the train end to the exit 

boundary is equal to 52W, which is considered in order 

to check the vortex profiles behind the train and the lack 

of influence of the pressure boundary condition at the exit 

on the flow field at the end of the train. The speed at the 

inlet is assumed to be uniform on the entire surface of the 

inlet. In this case, based on the characteristic length 

(0.294 m = train height), flow speed (v=50 km/h), air 

density equal to 1.184 kg/m3 and viscosity 1.855×10-5 

kg/m s, Reynolds number is equal to Re=2.58 ×105 is 

considered. These specifications are mainly intended to 

match the previous experimental and numerical data and 

use them to verify the present work for the flow on the 

train without the influence of side winds [23]. In this 

article, to investigate the effect of the distance between 

the floor of the train and the ground (h in Figure 7) on the  

 

 

 
Figure 6. Trimetric, front and side views of the ICE3 high-

speed train 

aerodynamic forces, 3 dimensionless distances (h/H)have 

been used, which are represented by symbols h0, h1 and 

h2, and the value of this the dimensionless distances are 

equal to 0.136, 0.092 and 0.048, respectively. The side 

wind speed (in the second part of this section) is equal to 

20 km/h and is considered at 5 different angles . 

The intended computational grid is done utilizing a 

grid with cubic organization for train geometry. This 

computational grid was made using GridPro software and 

then it was entered into the OpenFoam. Figure 8 shows 

the method of gridding on the surface of the ground and 

the surface of the ground near the ground . 

Investigating more precisely the velocity and pressure 

fields, as well as to determine the eddies and turbulence 

flows created around and behind the train, the unstable 

URANS models and the k-w SST model have been used. 

In the entire implementation, the time step is determined 

as the CFL number which is shorter than 0.85. By this 

method, the time steps are determined in each time step, 

based on the simulation results in overall it is about 10-4 

seconds in overall for time steps. Since the unsteady 

URANS models have been used, it is necessary to ensure 

sufficient solution time for the correct estimation of the 

mean flow parameters such as the mean speed and 

pressure. Figure 9 illustrates the drag coefficient value on 

the whole body from in duration time of 0-7 seconds, 

which is converged in time=5 s. 

For checking the independence of the solution from 

the computational grid, 3 various grids used for the SST 

k-ω model (which was chosen in the previous section as 

the best model in predicting the flow fields around the 

rigid body). The explained grid strategy is the same for 

all three grids, but the number of cells in these three grids 

is 2 million, 4 million, 200 thousand and 8 million cells, 

respectively. Figures 10-a and 10b show the profile of the 

 

 

 
Figure 7. Solution domain and boundaries 

 

 

 
Figure 8. Solution domain and boundary conditions 
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Figure 9. Mean drag coefficient on the train 

 

 

horizontal and vertical velocity in the cross-section of the 

distance for the fixed longitudinal speed of 250 km/h. For 

the rest of the cases, the independence of the solution 

from the computational grid has been checked. As 

illustrated in Figure 10, the results for the various meshes 

are similar which approves the mesh indecency of the 

results. Therefore, in this research, a medium grid size 

with 4 million two hundred thousand cells has been used . 

Figure 11 compares the simulation results with the 

laboratory findings of xia et al. [18] and Dong et al. [23]. 

Dong et al. [23] investigated the ICE3geometry. They 

simulated by employing LES and RANS hybrid 

turbulence method, utilizing IDDES method and 

Reynolds number similar to the present work. Xia et al. 

[18], studied the geometry of the ICE3 train without the  

 

 

 

 
Figure 10. The effect of computational grid on the speed 

profile a) horizontal and b) vertical at different times 

 
Figure 11. Simulation pressure coefficient comparison with 

previous experimental and numerical [18, 23] 

 

 

impact of side wind using a wind tunnel, but in their 

work, the Reynolds number was considered equal to 1.65 

x 106, which is the same as the Reynolds number 

employed in the current research is different. Therefore, 

the laboratory data is slightly different from the 

simulation of Dong et al. [23] and also the present 

simulation. 

 

3. 5.  High Speed Train in the Presence of 
Crosswinds 
 
3. 5. 1. Boundary Conditions           The boundary 

condition is considered exactly like the previous 

condition (Figure 7) with the difference that the left 

boundary is considered as the input boundary condition 

and the right boundary is considered as the output 

boundary condition . 

 

3. 5. 2.  Aerodynamic Forces and Moments           
Figure 12 shows the speed diagram including wind speed 

w, train speed v and wind angle with respect to the 

direction of train movement β. In this article β is called 

yaw angle . 

The relative speed of the wind to the speed of the train 

(u) is expressed as follows : 

𝑢2 = 𝑣2 + 𝑤2  (5) 

And the yaw angle is defined as the following 

relationship . 

tan 𝛽 =  
𝑤

𝑣
  (6) 

 

 

 
Figure 12. Velocity vector diagram 
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In the constant wind flow model, constant wind speed 

is considered. In this case, the aerodynamic forces are 

obtained from the following relations. 

𝐹 =  
1

2
 𝜌𝐴𝐶𝐹(𝛽)𝑢2  (7) 

where F is the aerodynamic force, CF is the aerodynamic 

force coefficient, ρ is the air density, A is the reference 

area, and h is the reference height. In this section, the 

kωSST turbulence model is used in unsteady form . 

 

3. 5. 3.  Investigating the Impact of Train Floor 
Distance on Aerodynamic Forces at Various Yaw 
Angles            In this part, the effect of the distance of the 

train floor and the ground on the aerodynamic forces at 

various yaw angles will be investigated. For this purpose, 

3 different distances from the floor to the ground h0, h1 

and h2 are used and the speed of the wind flow is 

considered to be constant and equal to 20 m/s. All modes 

have been investigated for 6 different yaw angles from 0 

to 0.5 radians (18 different modes in total) . 

Figure 13(a) shows the effect of floor to ground 

distance and yaw angle on the lift coefficient. As it can 

be seen, in all three distances, with an increase in the 

wind angle, the lift forces increase, so that for small 

distances (h1 and h2) in yaw angles less than 0.2 radians, 

the lift coefficient is negative, which means that the result 

of the vertical forces entering. It is downward on the train 

and therefore it causes the stability of the train in this 

direction. By increasing the direction of the wind to more 

than 0.2, the direction of the lift forces is changed and the 

lift coefficient is positive, which can cause the instability 

of the train at these angles . 

For greater distances from the floor to the ground 

(h0), the lift coefficient is negative only in the absence of 

side wind, and when the side wind starts, the result of the 

lift forces is upward and causes the instability of the train. 

In this case, the maximum value of the lift coefficient is 

1.43 at the yaw angle of 0.5 . 

Figure 13(b) shows the coefficient of side forces 

acting on the train due to side wind at different distances 

and angles. As can be seen, the lateral wind forces 

increase with the decrease of the distance between the 

train and the ground. The reason for this is the reduction 

of wind flow under the train. With the further increase of 

the wind angle and its passing over 0.4 radians, the 
 

 

 

 
Figure 13. a) lift coefficient and b) drag coefficient related 

to the high-speed train in the presence of side winds with 

different angles and 3 different floor-to-ground distances 

 

 

intensity of the increase in the side force increases, which 

can cause the stability of the train to be disturbed . 

 

 

4. CONCLUSION 
 

In this article, the influence of the height of the vehicle 

floor to the ground on the aerodynamic parameters in the 

presence of side wind flow was investigated. The 

presence of side wind had a great impact on stability and 

aerodynamic parameters, so considering its effect in the 

results, both in boundary conditions and in the analysis 

of aerodynamic forces, made the model more realistic. In 

this article, a detailed description of the selection of the 

turbulence model and its comparison with the previous 

valid references has been made on the bluff-body 

aerodynamics. In this article, using the OpenFOAM open 

source code, the air flow around a vehicle with a speed of 

40 m/s (by considering the side wind) using four medium 

turbulence models taken at different times (in terms of 

the number of equations and also the working 

mechanism), including k-ω SST, k-ε RNG, Spalart-

Almaras and Launder and Sharma with and without using 

the simulated wall function. The results indicate that 

Lander-Sharma and Spalart-Almaras models have very 

high errors (more than 400% for Lander-Sharma model) 

and these models are not capable of modeling the return 

flow. While the two models k-ω SST, k-ε RNG with the 

errors less than 25% can be considered as suitable options 

for checking the return flow. It was observed that the k-

ω SST model has a better results in modeling the 

horizontal component of the velocity near the wall (the 

error is about 21%), while the k-ε RNG model better 

estimates the vertical part of the flow velocity as well as 

the flow velocity field in the area far from the wall. 
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Persian Abstract 

 چکیده 
خودرو با سرعت بالا   کیطرح ساده شده    کیآشفته حول    یهوا  انیمقاله جر  نیبخش اول ا  هدف اصلی این مقاله ارائه مدل واقعی قطار سریع السیر همراه باد جانبی بود. در

و  Launder and Sharma و k-ω SST  ،k-ε RNG،Spalart-Almaras شامل RANS یبا استفاده از روش حجم محدود و چهار مدل توربولانس  یبه صورت عدد

  ک ی نزد  هینشان داد که در ناح   شد و   دییتأ  یتجرب  ی با کارها  وار یدر رابطه با تابع د  یعدد  یهای سازهیشب   جیشده است. نتا   یبررس   زین   ج یبر نتا  وارهیاستفاده از تابع د  ر یتأث  ن،یهمچن

 ل یدل  به  نینشان داد که در فواصل کوتاه از کف قطار تا زم  لیفتحاصل از    جیدرصد خطا( دارد. نتا  21سرعت )  یمؤلفه افق  یرا برا  یسازه یشب  نیبهتر  SST k-ωمدل    وار،ید

باد،   هیزاو  شینشان داده شد که با افزا  تی بوده است. در نها  نییوارد بر قطار رو به پا  ی روهاین  جهیو در نت   یمنف  لیفت  بیضر  ان،یراد  0.2کمتر از    یایبا زوا  دیوزش باد نسبتاً شد

ارتفاع قطار   برابر 0.136از  شیآنها ب  نیکه فاصله کف تا زم ییگرفت که در قطارها جهی توان نت   یقطار را مختل کند. م یداریتواند پا  یشود که م  یمثبت م جیبه تدر بیضر  نیا

 شود. یحفظ م یاست، تعادل فقط در صورت عدم وجود باد جانب

 

 


