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Abstract We report on the results of an experimental campaign devoted at quantifying the drag variation of a pack
of vehicles when traveling in line. We show the existence of an optimal distance between two vehicles at which
they both benefit of a significant drag reduction. This benefit is quickly lost for the leading vehicle, but still persists
for the rear one, even at values of the non-dimensional distance between the vehicles (d/L) as large as 3. Flow
field analysis carried out at d/L =0.5 and 3 reveal that the structure of the wake behind the rear vehicle is
significantly perturbed with respect to the case of isolated model, featuring a reduced extent and lower entrainment.
Keywords: drag reduction, road vehicle aerodynamics, PIV

It has been demonstrated [1][2][3] that the aerodynamic drag of a pack of vehicles is reduced when traveling
one behind the other; such configuration is referred to as platooning. Very little attempts were devoted at
developing a thorough assessment of the wake manipulation which causes the drag reduction phenomena for
this configuration, though.

We performed experiments in an open circuit blowing wind tunnel having a test section characterized by height
1.2m, width 0.9m and length 6.5m. A wooden replica of the model (i.e. with same geometry) was alternatively
positioned ahead or behind the instrumented one. Details about the model geometry are reported in figure 1a.
For the given length of the wind tunnel test section, the distance between the models was varied in the range
of d/L from 0.5 to 3.
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Fig. 1 (left) Schematic representation of the model; (right) Front and rear vehicle drag variation as a function of d /L.

One model is instrumented with a load cell for the drag measurement and with an array of pressure taps
distributed around its top, and rear surfaces. Capacitive pressure sensors were mounted on the rear base for
pressure fluctuations measurements. Furthermore, we perform PIV in the near wake of the rear vehicle for
different values of d /L.

In Fig. 1b the variation of the drag coefficient for front (1, blue line) and rear (2, red line) vehicle are reported
as a function of the non-dimensional distance d /L.

The overall drag variation that can be attributed to the whole convoy was calculated averaging the drag
variations of each component at the different distances. A maximum overall drag reduction of about 35% is
obtained for a distance between models of 0.5L. In particular, 30% of drag reduction was observed for the
front vehicle while the rear model evidenced 43% of drag reduction. At larger distances, the beneficial effect
progressively reduces for the leading vehicle, whereas the rear one still exhibits significant drag reductions
(about 25%) [4].

The pressure coefficient (C,) distributions on the rear base of both models, front 1 and rear 2, are reported in
Fig. 2 for the model alone (Natural) and for two characteristic positions of the other vehicle, namely d/L =
0.5 and 3. The plots show the changes on the pressure coefficient distribution when the models are approaching
each other. For the natural case, a downward pressure gradient suggests the existence of a vertical symmetry
breaking mode (VSB), as documented in [5]. As d/L reduces, a progressive switch in the pressure gradient
direction can be detected. In a recent investigation a similar feature was found in the case of controlled wake,
with a progressive approach to a symmetric configuration of the wake.
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Fig. 2 Pressure coefficient distribution on the rear base of the front (top row, 1) and rear (bottom row, 2) model.

The mean streamwise velocity measured by means of Particle Image Velocimetry in the wake of the rear
vehicle is reported in Fig.3. The investigated region extends from the rear base of the model for about 1.6W/.
The same three cases are considered: d/L = 0.5, d/L = 3 and the natural case. A stark difference can be
detected when the distance d /L reduces. The wake of the rear model in the isolated case (Fig. 3c¢) shows two
recirculation regions that correspond to the cross section of a toroidal structure, which is stretched in the bottom
part because of the high momentum fluid convected through the bottom part of the vehicle. At smaller
distances, d/L = 0.5, the flow seems to approach a more symmetric configuration. This is in good agreement
with the pressure measurements reported in Fig.2. A dramatic change occurs at the smallest investigated
distance: the preceding vehicle generates a blockage to the fluid that undergoes the expansion through the
bottom part of the vehicle. As a result, the recirculation bubble is strongly distorted, with a local separation
near the bottom edge and a significantly lower entrainment from the surrounding flow on the bottom part. This
justifies the smaller values of drag evidenced in this case (Fig.1b).
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Fig. 3 Streamwise velocity U/V,, in the near wake of the rear vehicle at d/L = 3 (a) d/L = 0.5 (b) and in isolated
vehicle case (c).
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