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Abstract 

Aerodynamics of high speed trains is very important from both the vehicle and infrastructure point of 

view. The study of the slip-stream effect on the track is part of the train homologation procedure 

asking for full scale measurement to be performed under controlled operating conditions. The 

possibility to investigate the phenomenon by a numerical approach and by scaled wind tunnel tests is 

studied in this paper as possible alternatives to the experimental approach. This study presents a DES 

modelling of an ETR500 high speed train, with the aim of finding a wind tunnel setup for measuring 

the aerodynamic slip-stream features. Numerical results are compared with experimental data 

measured on the Torino-Novara high speed line. 

1 Introduction 

The aerodynamic features of trains become more and more important with the increase of the running 

speed of the convoys. The most known aerodynamic issues related to high speed trains are: crosswind 

for vehicle overturning risk, under-car-body flows for ballast lifting problem and slip-stream for the 

risk to people and things placed near the line. Slip-stream is related to the air driven by the passage of 

the entire train running on the line to move aside. The measurement of the air speed has some 

characteristic features, as a strong velocity gradient near the head of the train, an increase of air speed 

with the passage of the cars, and high random peaks after the passage of the last vehicle. The strong 

wind speeds may cause danger not only to people working along the line, but also the entire signalling 

system experiences aerodynamic loads connected with the air speed driven by the train that may lead 

to damage. A study conducted by Hardy (2007) on the risk of slipstreams for the Rail Safety and 

Standards Board (RSSB) of United Kingdom (UK) found out that from 1972 to 2005, 24 incidents 

involving slipstream have been reported in the mainland of Britain. A proper quantification of 

slipstreams can prevent these accidents. 

Slipstreams of high speed trains have been studied for more than three decades. Experimental studies 

have been performed using two approaches: full scale and model scale. Sterling et al. (2008) compared 

various full-scale and model scale experiments that have been carried out with high speed passenger 

and freight trains to study the characteristics of slipstreams.  

Nowadays, for the homologation of new high-speed trains, the Technical Specification for 

Interoperability standard (TSI, 2008) requires to perform field tests, both at the track side and on the 

platform, to measure the air speed in real conditions, with the train running up to 300 km/h. 

Considering the dispersion of the results associated to the stochastic characteristic of the phenomenon, 

the TSI standard requires to perform a minimum of 20 test runs. Obviously these tests are very 

expensive in terms of both time and costs. 
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The final goal of this paper is to evaluate if an alternative methodology, based on both wind tunnel 

tests on a steady model and numerical CFD simulations, could be adopted to estimate the slip-stream 

without the necessity of performing field tests. 

To this purpose, a numerical CFD model of the ETR500 Italian high speed train has been developed 

and its results are validated by comparison with available field tests results. The numerical model has 

then used to simulate possible wind tunnel conditions (with a steady model, composed by a reduced 

number of cars) in order to investigate the potentiality of the experimental approach.  

2 Numerical model 

The finite volume analysis is conducted using the Spalart-Allmaras Delayed Detached Eddy 

Simulation (DDES) model available with the open source computational fluid dynamics software 

OpenFOAM. A 1/15 scaled model of the Italian train ETR500 is used. A characteristic length (H) of 

the train model is 0.256 m is taken as reference. Two configurations of the train are used for the 

simulations. One is a short train model - 3 coaches i.e. two locomotives at the front and rear with one 

trailer in the middle. The other is a full train model - 12 coaches i.e. two locomotives at the front and 

rear with 10 trailers in the middle. The train model is placed on an infrastructure reproduction made of 

a single track ballast and rail (STBR). The computational domain is a box that extends sufficiently in 

all directions, especially along the length of the train to capture the slipstream effects. The 

computational mesh is generated using the open-source mesh generation utility snappyHexMesh 

provided within the OpenFoam framework. The mesh has two refinement zones, one around the train 

and another around the entire slipstream. The wall function approach is followed. A total of 9 layers 

are used to establish a y
+
 of 30 with an expansion ratio of 1.23. Two different mesh configurations are 

used: Coarse (C) and Fine (F). The smallest cell size for the coarse and fine mesh is 0.031 H and 0.022 

H respectively. The coarse mesh has around 2.5 million and 7 million cells for the short and full train 

configurations respectively. The “Fine mesh” has around 6 million cells for the short train 

configuration. The following boundary conditions are applied on the computational domain: velocity 

that corresponds to the train speed at the inlet, fixed pressure at the outlet, cyclic condition on the sides, 

symmetry condition on the top, stationary wall on the train surface, moving wall on the bottom and 

ballast track. Simulations are also performed with stationary wall also on the bottom and ballast track 

to simulate the real wind tunnel test conditions. Reynolds number of the flow around the train is 

256,000 based on the height of the train and the free stream velocity. 

                

Figure 1: Experimental setup along the line showing the installed sonic anemometer (left) and 

experimental instantaneous and 1 s moving average velocities of full scale train measured by the sonic 

anemometers during different passages. 
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3 Experimental Setup 

The field measurements used for comparison with the numerical simulations are performed on the 

Torino-Novara high-speed line. The installation of the experimental equipment satisfies the TSI 

standards, using sonic anemometers being positioned at 3m from the track centreline and 0.2m above 

the top of the rail. The instrumentation consists in three sonic anemometers and two couples of light 

barriers, in order to monitor the train position and speed. Many train passages were recorded, using 

both commercial train passages and a dedicated experimental train. In Figure 1 the instrumentation 

setup is reported and also the data measured during several train passages. It is worth to mention that 

while the signals measured during the first meters of the passage of the train have a clear trend, the 

measurement of the air driven by the train show a wide dispersion and it is possible to see that also the 

moving average prescribed by the standards shows many different shapes and values. 

4 Results 

The data obtained with the numerical simulation show encouraging results if compared to the 

experimental data reported in Figure 1. More details will be included in the final paper. Figure 2 

reports the mean data obtained by three different simulations: the short train with coarse and fine mesh 

and the full train with the coarse mesh. The velocities reported are the mean instantaneous velocity 

values, so there is only a mean operation (that is possible only for CFD analysis) and not an averaging 

as was done for the experimental data. 

Results on the short train show a dependency of the results on the mesh refinement. In Figure 2, it is 

possible to see this dependency for the short train configuration: the increase of the air speed along the 

train shows a different behaviour and the peak in correspondence to the train tail has different shape 

and value. Analysing the results dependency of train length, it is possible to observe that the features 

depending on the leading vehicles don’t depend on the train length (the large peak generated by the 

train tail is similar to the one calculated for the short train with coarse mesh), but the number of 

coaches influences the increase of the air speed. In the full paper the results for the fine mesh on the 

full train will be also presented. 

 

Figure 2: Numerical mean slipstream velocities for full train on a coarse mesh and for the short train 

configuration 

Additional comments can be done on the time histories of wind speed measured by a “virtual” 

anemometer placed along the track in analogy to the full scale experiments. The results are reported in 

Figure 3, where the data are reported in the same way of Figure 1. It is possible to see that the 
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calculated data and also the moving averaged data show dispersed values, as it happens in full scale 

experiments. 

 

Figure 3: Plots of instantaneous and 1 s moving average velocities – short train (F) 

5 Conclusion 

The results show an encouraging correspondence between numerical results and experimental data. A 

set of simulations reproducing the wind tunnel setup for the slip-stream measurement has also been 

simulated, despite it has not been mentioned here, and will be inserted in the full paper. The aim is to 

investigate if wind tunnel may be used to provide low cost and reliable slip-stream data, using still 

train models, with a specific setup that allows to relate the wind tunnel data with the full scale 

measurements. 
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