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Abstract 

This paper contains the findings of a numerical investigation into the aerodynamic flow around a 

double-stacked freight wagon at 30
o 

yaw using large-eddy simulation (LES) and Reynolds-averaged 

Navier-Stokes (RANS) simulations. The investigation focuses on the forces incurred by the wagon but 

also briefly examines the flow structures around it. The force and moment coefficients are compared 

to an experimental study with similar geometry which shows comparative results.  

1 Introduction 

Aerodynamic flow around container wagons has become a topic of interest to researchers because of 

accidents in Britain (RAIB, 2009), Canada (TSBC, 1999) and Australia (ATSB, 2008).The aerodynamic 

loads incurred by the wagons were highlighted as either the primary or secondary factors in these 

cases. A wind tunnel test was conducted by Alam and Watkins (2007) which established the forces 

and moments incurred by a double-stacked container wagon at different yaw angles. In this work a 

similar experiment is conducted numerically to establish the force and moment coefficients 

experienced by a double-stacked freight wagon as well as identifying the larger flow structures around 

the vehicle.   

2 Model description 

The model examined in this work is a 1/15
th
 scale double-stacked container wagon based loosely on 

the FreightLink design currently in operation. The freightliner has a length, L, of 1 m with the top and 

lower boxes having lengths of 0.905 m and 0.6 m, respectively. The total height of the wagon from the 

ground, H, is 0.245m with the top and lower boxes having heights of 0.13 and 0.065m, respectively. 

The width of both boxes is 0.125 m but the freightliner is slightly narrower at 0.12 m. The wagon is 

placed on the floor of the computational domain and 1 mm is removed from the radii of the wheels to 

replicate wheel/rail interaction.  

 

Figure 1: Model dimensions of double-stacked container 
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3 Domain and Boundary conditions 

Relative motion between the wagon and the ground is replicated with a moving floor boundary 

condition with the longitudinal component of the inlet velocity. Because the flow arrives in the domain 

at a yaw angle of 30
o
 it was necessary to implement more than one inlet (Figure 2) to ensure the 

wagon was covered by the airflow. The inlets used are velocity inlets and the outlets are both zero-

gradient pressure outlets. The floor and wagon have no-slip conditions whereas roof has a slip 

condition. 

 

Figure 2: The Computational domain 

4 Numerical method 

For the flow analysis LES and RANS simulations were conducted at 30
o
 yaw using the open source 

software, OpenFOAM 2.0.1. The LES was conducted using the standard Smagorinsky model with a 

Van Driest damping function and coefficient, A, set at 25. The RANS simulations were conducted 

using the SIMPLE algorithm with the SST k-ω turbulence model (Menter et al., 2003). Inlet turbulent 

kinetic energy was specified from the turbulence intensity measured in the experimental work (Alam 

and Watkins, 2007). Turbulent Omega was specified using the turbulent kinetic energy and the length 

scale, H. 

Hexahedral meshes were used for all simulations using the SnappyHexMesh utility in OpenFOAM. 

The LES cases used mesh densities of 18 and 22 m cells with the RANS cases being much coarser 

with meshes of 10 and 15 m being used. 

5 Results 

Figure 3 shows the time-averaged velocity streamlines projected onto the y-z plane. Reasonable 

comparison is seen between the LES and RANS cases. The flow separation bubbles at the leading 

edge of the containers are predicted similarly by both simulation methods but main discrepancy is seen 

at the rear of both containers. This result suggests that the integrity of the solution for the first half of 

the wagon can be considered reasonable, whereas the accuracy of the solution deteriorates towards the 

rear.  
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Figure 4 shows pressure isosurfaces as an indication of the flow separation regions. The time-averaged 

LES result compares well to the instantaneous LES result which indicates a region of steady flow on 

the roof in the form of a vortex. The time-averaged LES results show a vortex which is almost 

constant in diameter for the entire length of the lee-side. The RANS result captures the roof vortex 

with reasonable accuracy but on the leeward face the SST k-omega model’s solution deteriorates 

towards the rear of the wagon as seen in Figure 3.  

For the LES case, the total force coefficients experienced by the wagon were measured at each time 

step by integration of the pressure and viscous forces on the surface of the wagon. The force and 

moment coefficients are defined by 
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Where F is the total force on the wagon,   
  is the free-stream velocity,   is the freestream density 

and A is the product of L and H. The time varying force coefficients were averaged for the flow 

passing over the wagon more than 15 times. The force and moment coefficients for the RANS case 

were averaged over 3000 iterations once the solution had reached convergence and the coefficients 

were fluctuating about mean. The time-averaged LES force coefficients and RANS coefficients can be 

seen in Table 1. There is little discrepancy between the lift force and side force coefficients for RANS 

Figure 4: Instantaneous and time-averaged pressure isosurfaces for a) LES, b) TA LES and c) RANS, 

coloured by velocity. 

Figure 3: Time-averaged velocity streamlines in y-z plane at x=0 for LES (upper) and RANS (lower) 
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and LES however the greatest difference is seen in the rolling moment coefficient where an 8% 

difference is observed. 

Table 1: Time-averaged force and moment coefficients 

 RANS LES Experiment 

Side 0.77 0.78 0.87 

Lift 0.36 0.38 0.36 

Moment 0.49 0.45 0.63 

 

Force coefficients are taken from the experimental work for a similar wagon geometry as a basis for 

comparison. The rolling moment is substantially greater for the experimental work due to the top box 

being larger and higher from the ground than the model used here, hence, increasing the potential 

rolling moment.  

6 Conclusions 

Numerical simulations were conducted to assess the force and moment coefficients experienced by a 

model-scale double-stacked freight wagon at 30
o
 yaw. The flow structures around the wagon were 

visualised with time-averaged velocity streamlines and pressure isosurfaces. Large areas of flow 

separation were seen over the roof and leeward faces with vortices developing along the entire length 

of the roofs for both RANS and LES cases. The force and moment coefficients were compared for the 

LES and RANS cases with little difference suggesting that the steady RANS is an appropriate choice 

for such simulations.  

7 Future work 

Future work should investigate the difference between simulations conducted with isolated wagons 

and those in the middle of a train because, undoubtedly, there will be a substantial difference in the 

flow field and, hence, the forces experienced by the wagons and containers.  
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