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Abstract

In today's industry, there exists a rising concern about becoming more environmentally friendly. Large
CO2 emissions have a significant effect on global warming, and together with the problem of the depletion of natural
resources, this has directed companies and governments in a greener direction. One of
the sectors with a strong tendency to become more sustainable is transportation. The demand for high-speed travel has
surged and has led to the development of large travel networks and the adoption of faster transportation modes. Most effort
for the speed-up of transportation methods has been paid to the improvement of the efficiency of the (electrical) motors in
these vehicles rather than understanding flow physics around their shapes. This research delves into the aerodynamic
performance of NS intercity trains through a comprehensive approach encompassing Computational Fluid Dynamics (CFD)
simulations and flow tank experiments. This includes mainly the analysis of the complexity of the fluid dynamics impacting
aerodynamic drag on trains. Factors such as aerodynamic drag, lift, cross-winds, vortices, and pressure variations in tunnels
are identified as crucial components. The study focuses on two intercity train models from the Nederlandse Spoorwegen
(NS): the NS DDZ (Dubbeldekker Zonering) and the NS VIRM (Verlengd InterRegio Materieel), utilizing COMSOL
Multiphysics to analyze flow characteristics and identify areas for shape improvement. The trains were initially modelled from
scratch in a 3D environment, integrating customized meshing strategies and the k-ε turbulence model to accurately capture
flow physics. The average drag coefficients across varying inlet velocities, found from the CFD analysis, for the DDZ and the
VIRM trains, are found to be 0.84 and 0.72, respectively. Critical pressure force areas are identified prompting iterative
shape adjustments targeting on the frontal and rear, roof configuration and inter-carriage gaps of the intercity trains.
Significant drag reductions are achieved for both trains through shape enhancements in the CFD model. For the DDZ,
frontal and rear adjustment result in a remarkable 10.2% reduction. In combination with adjustment in the roof configuration,
the drag coefficient was even further improved to a reduction of 10.9%. The VIRM sees a 4% reduction from frontal and rear
adjustments and a reduction of 3.9% resulting from the roof configuration enhancement. For the VIRM, a combination of
these enhancements result in a total drag coefficient reduction of 6.7%. Flow tank experiments serve as a critical validation
tool for the CFD simulation results, albeit with minor discrepancies. Furthermore, the experiments provide valuable insights
into flow dynamics, particularly in the visualization of the streamlines and confirming the efficacy of the shape adjustments.
The economic analysis reveals a significant Return on Investment (ROI) associated with the proposed shape
enhancements. The frontal and rear adjustments yield an ROI of 305% for the DDZ and 189% for the VIRM within one year.
Break-even points for the drag coefficient reductions are identified, providing insights into the cost implications of the
implementation of the enhancements.
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Figure 1 : Water tank experiments



Figure 2 : DDZ meshing domain

Figure 3 : DDZ velocity streamlines



Figure 4 : DDZ front velocity field
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