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Abstract

This paper is an overview of results done on bluff body road vehicle’s base drag reduction either by experimental or numerical methods.
Two categories of devices are divided that prove certain degrees of effectiveness in reducing the base drag, namely passive and active.
The reduction of drag coefficient achieved in existing research ranging from 5% to 50%, which varies for each method and device. How-
ever, the higher the achieved drag reduction is, the greater the compensation required is. The compensation comes in various forms to
achieve the desirable drag reduction. For passive drag reduction, hump shaped bluff body with boat-tail shows significant drag reduction
by 50.9% compared to the other methods. Meanwhile, one of the potential of active drag reductions is by utilizing rotating cylinder. The
rotating can reduce the drag on the bluff body by influencing the separation of boundary layer. The drag can be further reduced by en-
hancing the rotating cylinder with surface roughness and rotation speed. A notable 23% reduction of drag coefficient using rough surface

on bluff body vehicle’s is achieved compared to the smooth surface.
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1. Introduction

Fuel efficiency of vehicle is one of the main interests in the auto-
motive industry due to it being as one the main factors that affect
the operating cost of transportation. Aside from engine efficiency
and performance, drag reduction is one of the main contributors to
vehicle’s fuel efficiency. The aerodynamic performance has been
taken into account in car designs but for heavy road vehicles such
as tractor-trailer, major design change to achieve high aerodynam-
ic performance is impossible. This is mainly because it will affect
cargo capacity since, to achieve a high aerodynamic performance,
tapered shape and slander body is required for the vehicles to min-
imize the pressure drag.

When a bluff body travels at a speed, the void created at the back
of the body will cause a low pressure region. This phenomenon is
causing the higher pressure air from the surrounding to flow into
the region to fill the void, known as the aerodynamic wake. This
creates a form of drag known as pressure drag or commonly called
base drag. A constant speed driven bluff body vehicles on a flat
level road will use up to 40% of the fuel energy to overcome aero-
dynamic drag and 45% to overcome rolling resistance, with 5% is
used up to drive the gear and loses [1]. Moreover, an experiment
study on a truck model that is scaled 1/32 shows that drag coeffi-
cient increases to 15.8% with the trailer attached [2].

As aerodynamic drag is a factor for fuel consumption, base drag is
one of main contributors to the aerodynamic drag. Since the base
drag takes place at rear end of the vehicles where the cargo space
is located, major change to the vehicle design is not possible with-
out affecting the volume and capacity of the cargo. Many research
have been done to reduce the base drag and this paper discusses
them by dividing them into two categories: passive and active drag
reduction applications for bluff bodies [3]. This paper highlights

the passive and active drag reduction methods for bluff body of
road vehicles, and also provides the initial understanding regard-
ing the base drag reduction as each method gives a different per-
formance improvement to the bluff body road vehicles.

2. Passive drag reduction

The well-known types of passive drag reduction method used for
bluff bodies can be divided into cab-roof fairing, boat-tail, hump,
curved boat-tail flaps, Ahmed body, base bleed, vertical splinter
plate and base cavity. Cab-roof fairing reduced the drag by defect-
ing the incoming air from the trailer [4]. This is done by having
half-triangle deflector shape attached on the vehicle roof. There
are several ways to improve the cab-roof fairing and one of them
is through biomimicry approach. Kim et al. [4] utilizes the sea lion
head shaped as a defector to reduce the drag coefficient to around
22.4%.

On the other hand, boat-tail is an extension structure attached at
the rear end of typical squared shaped vehicle. Boat-tail has cer-
tain degrees of curvature inward to the centre, behind the vehicle’s
body. The function is to redirect the airflow inward after the trail-
ing edge and delay the flow separation [5]. Numerous research on
boat-tailing method in reducing bluff bodies vehicle rear end pres-
sure drag have already started before 1970. Investigation of drag
reduction by boat-tailing shows that there is a significant pressure
drop slightly before and after the boat-tail. This is claimed to be
due to the flow acceleration outside the boundary layer due to the
boat-tail’s convex curvature of the streamlines [6]. This pressure
reduction causes more drag to act on the surface but this drag is
insignificant as numerical analysis has concluded that by the aid of
the boat-tail, it is able to lower the drag coefficient up to 30% [7,
8]. Reubush [6] has stated that a good performance boat-tail has
the length and the ratio between the final and initial diameter that
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maintains the boundary layer attached up the base. Mair [9] shows
that geometrical modifications such as boat-tail, which consists of
the body cross-section reduction in gradual pattern before the base,
may lead to flow and pressure changes. The geometry of the boat-
tail and drag coefficient versus the length over body width ratio
can be seen in Figure 1. An experimental and numerical investiga-
tion by Burton et al. [10] have been conducted for zero yaw condi-
tion with Reynolds Number, Re = 850,000 and it identifies 15° as
the optimum boat-tail angle to maintain the attachment of the ma-
jority of the airflow. In addition, the boat-tail can be modified with
a lower inclined air deflector with a slant angle of 45° that shows
small reduction of drag coefficient (i.e. 9.02%) [11].

Furthermore, the hump is a curvature surface shaped that is added
onto the original flat surface of the bluff bodies. The application of
hump at four side and short boat-tail enables the drag to reduce up
to 50.9% compared to that with only boat-tail, which is effectively
up by 15% [12]. This technique is indeed effective in reducing the
drag but it does require major modification of the vehicle geome-
try.

Meanwhile, Ahmed model has been introduced during 1980s [13].
The geometry is similar to the general model except with a slanted
surface at the top of the body before the base. Investigation on the
Ahmed model shows that, at the slant angle, h of the slanted sur-
face ranging between 12.5° and 30°, separation bubbles are ema-
nated and this results in the drag variation on the slanted surface.
At above 30°, which is known as critical angle, the flow will sepa-
rate above the slanted surface and the Ahmed model is no longer
effective in reducing the drag as shown in Figure 2 [5]. The Ah-
med model got more attention among researchers and more inves-
tigations have been done thereafter. One of the investigations is to
overcome the problem of the separation bubbles. Several aerody-
namic devices and modification are introduced including the flaps,
vortex generators, arrays of circular cylinders and rounded edge [5,
14-17]. Aside from that, a deflector is tested on the Ahmed model
with the angle ranging from -25° to 50°. The result shows a drag
reduction of up to 9% and it is stated that the amount of drag re-
duced depends on the deflector angle [18]. Moreover, Hanfeng et
al. [19] have obtained similar findings by using a combination of
deflectors and the Ahmed body shape that reduces the drag up to
10.9%.

Vertical splitter plate, in the meantime, is an extension of the flat
structure mounted at the rear end of the vehicle at specific distance.
It has been seen that the application of the plates manages to re-
duce the total drag by 18% as the plate disturbs the formation of a
recirculation bubble [7, 20]. However, applying the vertical split-
ter plate at the rear end of the square back is not practical since the
size required is too large. Lastly, a base cavity is an extension flat
structure from the four edges downstream of the vehicle that re-
duces the sudden pressure drop at the rear end of the vehicle and
thus reducing the pressure drag [5, 21-24].

Although various ideas of boat-tailing and devices have been in-
troduced to reduce the pressure drag, this application will cause a
significant increase of the vehicle’s length, which is impractical
and violates the standard size and weight regulations. This is be-
cause an average size boat-tail requires the extension of the vehi-
cle’s length from 0.3m to 0.6m, which will be incompatible with
the standard size and weight regulations [25]. Therefore, to over-
come the excessive length of initial boat-tail design, many differ-
ent designs of shorter boat-tail are introduced into the market and
remarkably, these devices are still able to provide significant drag
reduction of average between 5% to 10% though they are shorter
in length. Along the way, numerous studies and investigation are
carried out either numerical or experimental investigations, which
show that the boat-tailing method provides a significant improve-
ment on aerodynamic performance and fuel efficiency [10, 26-31].

0.2
>s - ’k’
e 22°
N o
\ x
\
\\
Co \
0.1} \
N\
N
\O
- \o\
(o] \°~°
~O'O-o-c)_
0 ! I | ] 2l
0 0.5 1.0
X
d

Fig. 1: Effect of boat-tailing drag coefficient, Cp versus length over width
ratio, x/d [9]
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Fig. 2: Ahmed model drag coefficient, Cp versus slant angle, h [5]

3. Active drag reduction

The most known active drag reduction methods for bluff bodies is
base bleed and moving surface. The base bleed technique is tested
in few researches to monitor the drag reduction by introducing the
active flow at the rear end of the vehicle. The active flow method
by using the Coanda jet with jet speed of 1.5 times the free stream
velocity has been numerically tested and the result shows the re-
duction of drag up to 50% from the total drag. However, the ener-
gy required to generate the Coanda jet is not taken into account
during this experiment [7]. On the other hand, the similar studies
conducted show that, for this technique to be applicable on actual
vehicles, a large amount of mass flow rate is required [32-34].
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Fig. 3: Effect of the moving surface boundary-layer control on the drag coefficient of a tractor-trailer truck configuration [36]

The momentum injection method by moving surface is a boundary
layer control technique that is used to delay the separation of the
boundary layer at the aft of the vehicle body [35-41]. The moving
surface is provided by a rotating cylinder that rotates in the direc-
tion of the airflow. The speed of the rotating cylinder plays a big
role in injecting momentum to the air flow to energize the bounda-
ry layer and thus delaying the flow separation and minimizing the
turbulence flow, which is one of the causes for the base drag [35].
One of the main parameters that is affecting the rotating cylinder
performance is the velocity ratio, which is the ratio of the rotating
cylinder surface speed (Uc) to the incoming freestream velocity
(V) [36, 42]. Modi et al. [36] have found that the roughness of the
cylinder also has significant effect on the performance of the rotat-
ing cylinder in reducing the base drag. An experimental study has
been conducted using smooth, roughness grade 40 and roughness
grade 80 surfaces for the rotating cylinder to the reduction of drag
coefficient of the truck model. The model is fitted with the rotat-
ing cylinder at both leading edge and trailing edge with the length
over height ratio (L/H) of 3.75 and velocity ratio, Uc/U ranging
from O to 2.6. The result shows that the drag coefficient drop 23%
to 0.625 from 0.81 at Uc/U = 1.5 for roughness grade 40 cylinder
as compared to truck model without rotating cylinder as shown in
Figure 3 [36].

4. Conclusion

Among all the methods demonstrated in the studies, passive drag
reduction hump and boat-tail flap and active drag reduction base
bleed method have shown the highest percentage of drag reduction
that are 50.9% and 50% reduction, respectively. However, these
two methods are the least practical to be applied in the commercial
vehicles as the hump and boat-tail flap require huge add-on to the
vehicle dimension while the base bleed requires a huge amount of
energy to generate enough mass of airflow to achieve the desirable
drag reduction. The boat-tail method in commercial vehicle might
be applicable as it offers a considerable amount of drag reduction
that can be as high as 30% reduction if only the addition dimen-
sion of the boat-tail is not an issue. Meanwhile, rotating cylinder
shows good potential for future studies with the highest drag re-
duction achieved with least dimension modification on the vehi-
cle’s body and energy required compared to the Ahmed body and
vertical splitter plate. Furthermore, there is great potential in rotat-

ing cylinder application by attachment to the vehicle body without
shaped modifications on the bluff body. Overall, the studies of the
base drag reduction have shown a significant result in reducing the
base drag, either numerically or experimentally. More studies can
still be done in the prospective areas by combinations of different
methods and different variables.
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