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Introduction The main aerodynamic features which are characteristic for a blunt based bluff
body are the large region of separated and recirculating flow behind the body, a large pressure
drag and highly unstable wake. The abrupt geometrical change at the base of the bluff body
leads to flow separation and the formation of a dead air region. It is the low base pressure
within the wake that is mainly responsible for the pressure drag of bluff bodies.

The flow contained within the region of the wake is dominated by the formation of large and
small vortices combined with locally large amplitude velocity fluctuations in the wake. These
fluctuations frequently occurs associated with the shedding of vortices and are most apparent
in a two dimensional flow. For two dimensional bodies the near wake is dominated by the
periodic and alternate shedding of vortices known as the Von Karman vortex sheet. The most
well researched body to show this phenomenon is that of the circular cylinder and a summary
of the knowledge that has been accumulated over the years is given by Roshko [1].

For flows around axisymmetric and fully three dimensional bodies, however, wake peri-
odicity is found to be a much less prominent feature. The flow around these types of bodies is
extremely complex because vorticity shed from the body has components in all three directions.
Another aspect which adds to the complexity of these flows when considering road vehicles is
the effect that is induced by the presence of the ground. Although there have been several
studies which have been conducted on this topic (Bearman [2] and Hucho [3]), the majority of
them only focused on time averaged motion of the flow and not on unsteady flow behavior. The
work of Oertel [4] at the beginning of 1990 proved, experiments and corresponding numerical
simulations, the existence of unstable regions in the Von Karman vortex street.

The unsteady wake of a blunt based road vehicle was investigated by Duell and George
[5]. In their work they hypothesized that the wake is dominated by the pumping effect of the
wake behind the bluff body. Duell and George observed that a large ring-type vortex is present
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within the the recirculation region between the bluff body base and the free stagnation point
of the wake. They also suggested that this free stagnation point is in fact a quasi-periodically
fluctuating point that shifts as vortices are shed from the shear layer to which Duel and George
are referring to as the pumping effect.

Other experimental research concerning the bubble pumping theory are from Khaligini [6],
Bayraktar [7] and the thesis of Balkanyi [8]. With the aid of the Large Eddy Simulation (LES)
together with the increasing computer power, Krajnovic and Davidson ([9], [10], [11], [12] and
[13]) were able to improve the insight in the different flow mechanisms around bluff bodies.
Their studies with LES [10] have shown that the instantaneous flow is very different from the
time-averaged one, not only in the wake but also along the entire body.

There is suggested by Basford [14] and Hoerner [15], that a thin boundary layer at the side of
a bluff body is responsible for more negative pressure in the wake than a thick boundary layer.
Or in other words a nice rounded front (that is responsible for the thin boundary layer and a
lower drag coefficient) has as consequence a lower pressures at the back of trailer, while a front
with sharp corners and thus thicker boundary layers along the body results in higher pressure
coefficients at the back.

Balkanyi [8, 16] gives the following interpretation. The abrupt geometrical change at the
base of the bluff body leads to flow separation and the formation of a dead air region which
results in the formation of a free shear layer. Through this shear layer, mass is entrained from
the dead air region, which results in low pressure at the base of the model and an upstream
flow at the center of the dead air region. Entrainment also causes the shear layer to grow and
eventually merge with the shear layers formed on the other sides of the model. The same
principle of mass entrainment and return between the shear region and the recirculation region
is stated by Maull [17] for two dimensional bluff bodies.

Not much is known about this subject and the behavior of three dimensional shear layers
and a straightforward explanation that answers all the questions is not yet available. For two
dimensional profiles the wake and its size is a measure for the total drag which includes the
friction and the pressure drag of that profile. But, is this still the case for bluff bodies with
a blunt base? The goal of this research is to define a relation between models with different
boundary layer thicknesses, the total drag of the corresponding body, the pressures at the back
surface and the size of its wake. This relation should provide more insight in the flow behavior
around and in the wake of bluff bodies.

Methodology The relations between what is happening at the front and the back of the bluff
body, the pressure drag, the size of the wake compared with the total drag, together with the
thickness of the boundary layer are not understood well. Therefore a phenomenological in-
vestigation in two different phases of the flow, of which the first phase is presented here, is
being executed with a bluff body, which represents a tractor-trailer combination. Four different
roughness’s are added to the front of the body which induces different boundary layers thick-
nesses. Performing time-averaged force measurements and pressure measurements, boundary
layers thickness and planar PIV (Particle Image Velocimetry) measurements will contribute to
define a relation and to a better understanding of the behavior of the flow past the bluff body.

In a second phase time-dependent pressure at the surfaces and velocity field measurements
(spectral analysis) together with more advanced PIV (stereoscopic and high speed) will be ex-
ecuted. Extensive three dimensional numerical simulations will help with the preparation of
these wind tunnel tests.
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Wind tunnel and model set-up The experiments were executed in the Low Turbulence Tun-
nel at the Delft University of Technology, The Netherlands. This closed circuit windtunnel has
a octagonal test section with a cross sectional area of 2.07m2 (width of 1.8m; height of 1.25m)
and a maximum speed of 120m/s. The used wind tunnel test section is calibrated with a pitot
tube that measures the dynamic pressure.

The windtunnel is restricted by not having a moving belt which is desirable to investigate
the ground effect of, for instance, race cars. Ground simulations and its study have been the
subject of many research projects [18, 19, 20, 21, 22]. The major issue is that the approaching
floor boundary layer is too thick. According to Cooper [23, 24] one can conclude that a fixed-
floor with a thinned boundary layer is sufficient for current automotive and commercial vehicle
applications.

To test the vehicle the model is suspended on a parallel floor which has an offset of 250mm
with respect to the upper (horizontal) wind tunnel wall and has the same width as the test section.
On the rounded front edge of the plate develops a new thinner boundary layer in comparison
with the boundary layer on the wind tunnel wall.

The Reynolds number for a European full-scaled truck, based on the square root of the frontal
area of A = 10.34m2 and a driving velocity of 25m/s, becomes 5.4×106 [23]. The scaled wind
tunnel model has a Reynolds number of 0.84× 106 which is high enough for bluff bodies, [25].
No Reynolds effects were deducted around the testing velocity. Also no corrections methods
were applied on the dynamic pressure.

In order to initiate good boundary layer development, without the interruptions of several
vehicle parts, towards the back of the body a generalized representation of a tractor-trailer com-
bination, according to European dimensions, is being used, fig. 1. The GETS (Generalized
European Transport System) model is build-up with aluminum plates in a modular way and is
equipped with more than 170 pressure orifices. The main part of the orifices are situated at the
back surfaces of the GETS model.

Figure 1: GETS model

Measuring techniques The six-component mechanical balance system measures the result-
ing forces acting on the truck model. Only the drag coefficient CT of the vehicle will be dis-
cussed. The pressure on the different surfaces is measured, to calculate a corresponding pressure
coefficient Cp, with the aid of Esterline pressure scanners [26]. A single probe of DANTEC
mounted on a mechanical transverse system is used to define the boundary layer thicknesses
through measuring the velocity towards the model surface. Hard- and software of Davis is used
to perform the PIV measurements.
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Before the actual measurements the boundary layer at the front round edge of the model is
checked, by using the microphone and oil visualization, if separation is occurring and if the
boundary layer becomes turbulent. In order to prevent separation bubbles zig-zag tape is used
at the front edges of the model to trigger the corresponding boundary layer

Experimental results Currently one is working on the results obtained during the wind tunnel
test in order to make a good comparison between the different configurations. The objective is
to compare all five different configurations (and thus five different boundary layer thicknesses)
of the GETS model: a clean configuration without zigzag-tape and four configurations with
four different zigzag-tape thicknesses. Also comparison between the drag and the pressure
coefficient around the model will be made. Processing the PIV data gives more insight in the
steady wake structure and its length.

Below a first indication is given of the drag measurements results. Fig. 2 shows the time-
averaged drag coefficient (at zero yaw angle) of the different configurations. The clean con-
figuration (without triggering boundary layer) has the highest drag coefficient which can be
expected due to the flow separation at the front edge. The configuration with the 0.65mm zigza-
gtape indicated no separation bubbles, which results in the lowest CT value. An increasing
zigzag-tape thickness goes together with an increasing drag coefficient. The boundary layer
thicknesses measurements should clarify this out.

The pressure coefficient at the back surface CP,back, also plotted in fig. 2, has the same trend
as the total drag coefficient. It is remarkable, however, that at the lowest drag coefficient,
the most negative pressure coefficient (highest suction at the back surface) is registered. A
profound drag breakdown and analysis of the different drag contributions will contribute to the
understanding of this behavior.

The right picture, fig. 3, indicates the absolute difference and the difference in terms of
percentage of the drag coefficient considering the clean configuration as reference value.
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Figure 2: Drag coefficients

clean 0.65mm 1.05mm 1.55mm 2.05mm
0

0.5

1

1.5

∆ 
C

T
 [%

]

configurations

−2

0

2

4
x 10

−3

∆ 
C

T
 [−

]

Figure 3: Overview drag coefficient differences
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