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SUMMARY

Resilience of transportation systems is increasingly recognised as a critical societal challenge. The maintenance of
safe and operational road networks under adverse weather conditions requires reliable assessment of vehicle stability
under crosswind, which depends on accurate evaluation of aerodynamic forces acting on vehicles. In this work, a
database is presented to provide researchers with robust and reliable benchmark data intended to support direct
application in dynamic stability simulations and to facilitate validation of CFD models. The dataset comprises
aerodynamic coefficients for the DrivAer model, representative of a realistic road saloon car, measured in the wind
tunnel at Politecnico di Milano using a 1:4 scaled model in notchback configuration.
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1. INTRODUCTION

The resilience of transportation systems is increasingly recognised as a societal challenge in the
context of climate change and extreme weather. Severe wind events represent a critical hazard,
with rising storm activity reported across Europe, North America, and Asia (European
Environment Agency, 2024; Deehan et al., 2025; Intergovernmental Panel on Climate Change,
2023). For road vehicles, crosswinds can cause lateral displacement, loss of control, or rollover,
and accident statistics confirm strong correlations with storm events (Coleman and Baker, 1990;
Baker and Reynolds, 1991; Becker et al., 2022).

Research on road vehicles has traditionally prioritised aerodynamic drag reduction, with
comparatively limited attention devoted to crosswind stability. ISO 12021:2010 specifies a full-
scale open-loop test in constant lateral wind, but does not prescribe wind tunnel methodologies,
limiting systematic aerodynamic characterisation. Existing studies (Cheli et al., 2006; Sterling et
al., 2012; Han et al., 2013) provide valuable insights but remain fragmented, often restricted to
specific vehicle categories or constrained conditions. Most wind tunnel investigations have
concentrated on high-sided vehicles, highlighting the influence of yaw angle, turbulence, and
infrastructure (Cheli et al., 2011; Dorigatti et al., 2012; Liu et al., 2016). By contrast, compact cars
have received limited attention. The DrivAer geometry a realistic car model (Heft et al., 2012), has
been widely tested for drag-related data for CFD validation (Wieser et al., 2014; Heft et al. 2018),
but crosswind analyses have generally been confined to small yaw angles.

This lack of aerodynamic data for compact road vehicles represents a limitation, particularly for
CFD validation and stability simulations. Within the PRIN project CROSS-STORM, which aims
to develop methodologies for assessing vehicle stability under thunderstorm-like conditions, this
study provides a database of aerodynamic coefficients for the DrivAer model in crosswind,
obtained from wind tunnel tests and compared them with CFD results.



2. METHODOLOGY

The aerodynamic characterisation of the DrivAer model in notchback configuration under
crosswind conditions was conducted in the Wind Tunnel at Politecnico di Milano, a closed-circuit
facility with two vertically configured test sections. Tests were performed in the low-turbulence
test section, measuring 4 m % 3.84 m x 6 m, with turbulence intensity below 0.1%.

The 1:4 scale DrivAer model was instrumented with a six-component dynamometric balance
(RUAG Aerospace Model 192, strain-gauge technology) to measure aerodynamic forces and
moments. It was mounted on a splitter plate with a rotating turntable, enabling tests across yaw
angles (o) from 0° to 180° in 5° increments under a flat-ground configuration representative of
open-road conditions (Figure 1a). Aerodynamic coefficients were derived using a reference area
of 5 m? and a reference length of 2.5 m. The reference system followed ISO 8855, with the origin
located at road level and centred at the midpoint of the wheelbase and track width (Figure 1b). A
nominal free-stream velocity of 50 m/s was applied, corresponding to a Reynolds number of
2.08 x 10¢.
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Figure 1:Wind tunnel tests on the DrivAer model: a) 1:4 model in the wind tunnel and b) Reference system and
scaled model dimensions.

A corresponding CFD model is being developed to extend the analysis to different vehicle
typologies. Implemented in OpenFOAM, it employs a steady-state RANS approach with the k—®
SST turbulence model. The computational domain and boundary conditions were defined to
replicate the wind tunnel configuration, with refinement regions and surface layers introduced as
shown in Figure 2.
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Figure 2: CFD model: a) Boundary conditions b) Surface mesh layers.



3. RESULTS

In this section, the results obtained for the saloon car, based on the DrivAer geometry in notchback
configuration, are presented. Figure 3 provides the aerodynamic coefficients under crosswind
across yaw angles ranging from 0° to 180°. In the figure are shown also the aerodynamic
coefficients obtained from the preliminary CFD model.
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Figure 3: Aerodynamic coefficients of the DrivAer model obtained from wind tunnel measurements (blue) and CFD
(red). Scaled model (1:4) in notchback configuration under flat-ground conditions, at a nominal free-stream velocity
of 50 m/s.

The negative longitudinal aerodynamic force increases approximately linearly up to a yaw angle
of 55°. Beyond this, the magnitude decreases, reaching zero near 80°, and becomes positive at
larger angles. When acting from the rear, the longitudinal force is about 25% greater, attributable
to the more square and angular geometry of the rear end of the car.

Abrupt variations are observed in the wind tunnel results between 50°-60° and 130°-150°,
particularly in coefficients, Cry, Crz, and Cmx. These transitions reflect significant changes in the
flow field, in which the vortex structures near the windward A-pillar, observed at lower angles
(Wieser et al., 2014), appear to weaken and disappear at higher angles. A positive pitch moment is
observed under headwind conditions, which is counter-intuitive but explained by rear-biased lift
(Wieser et al., 2014): the rear generates lift while the front produces downforce, yielding a positive
pitch moment at lower angles of attack.

Overall, good agreement is observed between the CFD model and wind tunnel results, particularly
at lower yaw angles. Some discrepancies arise at intermediate angles, especially in longitudinal
and vertical force. These differences can be attributed to a slightly altered separation point, likely
in the roof region, which does not affect the pitch coefficient. In the CFD model, separation occurs
earlier, leading to a larger lateral force and reduced lift.



4. CONCLUSIONS

This study has presented a wind tunnel investigation of the DrivAer model in notchback
configuration under crosswind conditions, complemented by CFD simulations of the
corresponding case.

The resulting aerodynamic coefficients, measured across a wide yaw angle range and at
representative flow velocities, provide a consistent dataset for compact passenger vehicles. This
benchmark contributes to addressing the current lack of standardised experimental data for both
vehicle dynamic simulations and the validation of CFD approaches with the aim to support the
development of methodologies for assessing vehicle stability under thunderstorm-like conditions.
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