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Abstract 

Slipstreams associated with freight trains can have large pressure and velocity magnitudes, potentially 

creating a danger to the public on platforms and trackside workers. Open air moving model 

aerodynamic experiments were undertaken using a 1/25
th
 scale container freight train at the TRAIN rig 

facility to develop an understanding and characterise slipstream development for different container 

loading configurations. Results highlighted effects of loading configuration on pressure and slipstream 

velocities. Model scale results are validated against full scale freight data. Comparisons to passenger 

slipstream velocities at UK safety positions are made and conclusions drawn on suitability in relation 
to container freight passage. 

1 Introduction 

The UK rail freight industry is a growing sector with increasing volumes of international trade coupled 

with a gradual return from road to rail transportation. Efficiency studies into increased volumes of 

freight trains within an already overstretched network, primarily focused on passenger transportation, 

recommend developing faster and longer trains. This however has implications on efficiency and 
safety, as the movement of a vehicle causes deformation in the surrounding air, creating so called 

transient aerodynamic effects. The airflow around a moving vehicle is called a slipstream (Baker et al., 

2001). Induced slipstream forces can interact with trackside objects, potentially destabilising such 
objects and people. In the last forty years there have been twenty four train slipstream incidents, the 

majority caused by freight trains. In one incident a braked pushchair was drawn by the slipstream 3m 

towards a freight train, hitting the moving train and thrown across the platform into two passengers 
(Temple and Johnson, 2008). 

 

Concerns over the possibility of slipstream induced incidents have led to a number of studies into the 

effects of slipstreams, mainly for high speed passenger trains (Baker et al., 2001; Sterling et al., 2008). 
Although some freight research has been included, a thorough study of freight slipstream development 

is yet to be undertaken. This experimental study will focus on assessing slipstream development of a 

container freight train by undertaking a series of open air experiments at the University of 
Birmingham owned TRAIN (TRansient Aerodynamic INvestigation) rig facility in Derby. 

2 TRAIN Rig Experiment Development 

The TRAIN rig is a purpose built testing facility for examining the transient aerodynamics of moving 
vehicles (Baker et al., 2001). The advantage of using a moving model rig over a typical stationary 

wind tunnel is the ability to correctly simulate relative motion between the vehicle and the 

ground/structures or crosswind simulation. 
 

A moving model was developed to simulate container loading configurations seen at full scale. An 

existing Class 66 model was modified to include a long flat plate to simulate four flatbed wagons, with 
bogies modelled using balsa wood. There are six scale 6.096m containers, and four 12.192m 

containers arranged in five configurations to represent a cross section of different loading efficiencies 

and provide data for comparison to full scale results; the fully loaded and a partially loaded consist are 

seen in figure 1.  
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Slipstream and wake velocities are measured using Cobra probes (Turbulent Flow Instrumentation) at 

various TSI and UK safety positions. Cobra Probes are four-hole pressure probes capable of 
measuring three components of velocity and the local static pressure in real time. A drawback to the 

probe is a ±45 degree cone of acceptance, limiting the range of flow detection. For flow outside the 

cone of acceptance, data outputted is replaced by a zero, thus the ensemble size varies with distance. 
To be within the capable working range of the Cobra probes a train speed of 20m/s was chosen, with 

25 repeats undertaken to create ensemble averages in line with TSI standards (Hemida et al., 2010). A 

sampling frequency of 2500Hz was chosen to avoid signal aliasing and provide measurements every 

8mm along the TRAIN rig model, corresponding to every 0.2m at full scale. A coordinate system is 
used such that the x-axis is aligned in the direction of travel, with the origin taken to be when the train 

nose passes the measuring point. The y-axis is the horizontal plane perpendicular to the track 

direction, measured from the centre of track and the z-axis is in the vertical direction measured from 
the top of the rail. 

a)                                                                             b) 

Figure 1: TRAIN rig freight model and Cobra probe set up. Figure 1a) shows the fully loaded consist 

with 100% loading efficiency and b) shows a partially loaded consist with 33% loading efficiency. 

3 Experiment Results 

The TRAIN rig experimental data presented here focuses on two loading configurations (see figure 1), 
to analyse the influence of container loading efficiency. The data was aligned with the train nose 

passing at the origin, indicated by the point at which pressure crosses the x-axis between the maximum 

positive and negative pressure peaks created about the train nose, see figure 2. The aligned data was 
normalised with respect to train speed utrain,  
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where p0 denotes ambient pressure. Ensemble averages for normalised velocities and coefficient of 

pressure are created, defined as (Baker et al., 2001), 
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where n denotes the ensemble size (number of nonzero values per x-position). All measurements are 

given in full scale values.  

 
Figure 2 illustrates differences created by container loading configuration on the coefficient of 

pressure Cp. In the nose region a positive then negative peak is observed about the train nose passage. 

The peak magnitudes are unlike those witnessed in passenger studies (Hemida et al., 2010), it is 

hypothesised that this is due to train nose shape. For the fully loaded consist (figure 2a)), following the 
nose region Cp stabilises about zero, with only small changes due to small gaps between containers. 

The fully loaded case exhibits a similar pattern to a passenger train with inter-carriage gaps (Hemida et 

al., 2010). In figure 2b) the influence of space between containers is clearly visible. A similar flow 
pattern to the nose region occurs about the leading face of each container. At the rear face a smaller 

negative peak is observed. Between loaded containers Cp increases to the maximum peak seen before 

the face of the following container. In the wake Cp quickly stabilises to zero.  
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                                             a)                                                                             b) 

Figure 2: A comparison of ensemble coefficients of pressure for fully loaded a) and partially loaded b) 
consists, measured at height 2.25m and distance 1.75m (grey) and 3m (black) from the centre of track. 

The vertical dashed lines indicate the front (black) and rear (grey) faces of the containers. 

 

 

 

 

 

 

a)                                                                      b) 
Figure 3: A comparison of normalised ensemble longitudinal velocity U for fully loaded a) and 

partially loaded b) consists, measured at height 2.25m and distance 1.75m (grey) and 3m (black) from 
the centre of track. The vertical dashed lines indicate front (black) and rear (grey) faces of containers. 

 

Figure 3 illustrates the corresponding normalised ensemble longitudinal component of velocity U. In 
the nose region there is a velocity peak corresponding to the change in Cp. The velocity in this region 

reaches 120% of train speed at 1.75m from train side, much higher than previously witnessed in 

passenger studies, and is hypothesised to be related to train nose shape. For the fully loaded consist the 

boundary layer stabilises rapidly after the train nose due to relatively smooth train sides, however for 
the partially loaded case the boundary layer continues to grow until the train tail where velocities fall 

away. In figure 3b) the influence of spaces between containers causes pulse peaks in velocity within 

the boundary layer at the container leading faces. For both loading configurations as the measuring 
distance from the centre of track is increased the magnitude of slipstream velocities decrease. 

 

Further analysis of the boundary layer region has shown the influence of spaces between loaded 
containers increases turbulence intensity. The fully loaded case exhibits little change in turbulence 

intensity, similar to previous passenger studies with inter-carriage gaps (Hemida et al., 2010). The 

displacement thickness for the partially loaded consist continually increases unlike the fully loaded 

consist which remains constant. Although the displacement thickness has been calculated using the 
two-dimensional definition, which for these highly three dimensional flows may not be appropriate, it 

is felt to be a useful indicator of boundary layer development.  

4 Full Scale Validation 

Full scale freight data was collected as part of the RAPIDE project and a Network Rail project on the 

West Coast Mainline, UK, using Class 66 or Class 92 hauled partially loaded container trains (Temple 
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and Johnson, 2008; Sterling et al., 2008). Results were analysed using the methodology described in 

section 3 and comparisons made with model scale results at similar measuring positions.  
 

In the nose region of the full scale data, velocity peak magnitudes of individual runs are similar to 

those seen at model scale, suggesting good reproducibility between full and model scale in the nose 
region. There is however a lack of Class 66 hauled data to create ensemble averages, thus further 

analysis is needed. Following the nose region there is a period of boundary layer growth then 

stabilisation until the train tail where velocity falls away in the wake. In full scale data, boundary layer 

growth is seen to stabilise after 150m, whereas the model scale boundary layer slipstreams for partially 
loaded consists show continual growth for the entire train length. At full scale the rig model is 

101.25m long, indicating that a possible increase in rig model length is needed to capture the transition 

from boundary layer growth to stability.  

5 Discussion 

The UK platform yellow line safety position is specified as 1.5m from the platform edge for a 

passenger train passing at speeds up to 125mph creating a maximum 1 second moving average 
slipstream velocity of 15m/s 1m above the platform at this position (Temple and Johnson, 2008). By 

comparing full scale container freight maximum slipstream velocities a scaling is created with 

passenger data, allowing the calculation of yellow line placement and train speed for freight in respect 
to current safety positions.  

 

Analysis has shown that over 70% of container freight trains tested exceed the maximum 1 second 
moving average slipstream velocity of 15m/s at the yellow line position. Results imply that the yellow 

line should be moved further to 2m from the platform edge or train speed reduced below 58mph. 

Similarly for the trackside safety position analysis found that all container freight trains tested 

exceeded safety limits. Comparison of maximum values in individual runs and 1 second moving 
averages found a difference of nearly 50%, highlighting whether the use of maximum 1 second 

moving averages as a measure for safety is appropriate.  

6 Conclusions 

This paper introduces an initial series of open air model experiments conducted at the TRAIN rig 

facility to understand slipstream development of a container freight train for different loading 

efficiencies. Results show clear differences between full and partially loaded consists. Analysis 
indicates to increasing model length to allow the transition between boundary layer growth and 

stability to be observed. A fundamental comparison of freight and passenger maximum velocities in 

relation to safety positions highlighted the need to review current safety positions and train speeds. 
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