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Abstract: This study is aimed to address the issue of dangerous emissions into the environment by the
operation of large container lorries. These big vehicles use much of their engine power to overcome the
aerodynamic drag due to their movement, which also means a lot of fuel is being burned in this process.
To reduce the fuel consumption, hence the gas emissions, the acrodynamic efficiency of the vehicle can
be improved through its design. Based on this notion, the main objective of this work is to analyse the
impacts from the use of a rotating cylinder as a drag reducer for heavy-duty vehicles. The incorporation
of the rotating cylinder is expected to be able to reduce the drag forces acting on the vehicles and also
increase their design aerodynamic efficiency. For this study, a container lorry is modelled and analysed
using the computational simulation software, ANSYS with several different placements of the rotating
cylinder around the lorry as its drag reducers. The obtained results indicate that the use of the cylinder
can reduce drag by as much as 36% in comparison to the baseline design of the container lorry without
rotating cylinder. It is observed that the cylinder helps to lessen the airflow circulating at the back and
top of the container lorry, subsequently lower its drag coefficient. All in all, the findings from this study
demonstrate the potential of using rotating cylinders as drag reducers to solve the issue of gas emissions
from container lorries.
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1. Introduction

Bluff bodies have been scientifically studied with regard to their acrodynamic characteristics and it
is of particular interest to establish their drag performance with blunt bases. Designs of bluff bodies can
be related to large road vehicles and their studies help to better understand the vehicles’ aerodynamics.
For instance, for a typical Class 8 line-haul tractor-trailer vehicle running at highway speeds, its resultant
aerodynamic drag will cause considerable parasitic loss. In fact, a typical heavy truck vehicle uses around
05% of its entire energy at a speed of 70 mph to overcome aerodynamic drag [1]. Over the last decades,
due in part by increase in fuel prices and also environmental concerns, researchers have made significant
advancement in understanding the mechanisms for drag reduction with blunt-based bluff bodies [2]. In
conjunction to this, acrodynamic performance has been considered in many road vehicle designs, which
leads to mostly tapered design shapes to minimize the drag pressure. However, for heavy road vehicles
such as container lorries, this entails significant design changes that could undesirably compromise their
cargo capacity. Therefore, instead of changing the overall vehicle designs, it can be observed that some
add-on features are applied to the existing heavy road vehicle designs to help improve their acrodynamic
performance. In this case, aerodynamically-designed add-on parts are attached to the front as well as the
other parts of the heavy road vehicle, which will adjust the effective form or shape of the vehicle to be
more streamlined without altering its projected frontal area. Due to their exterior forms, sizes and also
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positions, the external attachments can reduce the aerodynamic drag of the heavy road vehicles [3]. As
a result, the reduced aerodynamic drag will improve the vehicle’s fuel economy and lower its greenhouse
gas emissions [4]—[7].

Thus far, the aecrodynamic effects of many existing models of aerodynamic fairings (front and side)
and their configurations have not been thoroughly researched or documented. Base drag is one of the
key contributions to aerodynamic drag, which is the factor that determines fuel consumption. According
to prior research, the base drag occurs in the back end of the vehicle. For the heavy road vehicles such
as the container lorries, this is where the cargo area is located. A bluff body vehicle traveling at constant
speed on a flat level road will spend up to 40% of its fuel energy to counteract its aerodynamic drag and
45% to overcome its rolling resistance, leaving just 15% to drive the gear and losses [8]. Several methods
have been applied to improve the aerodynamics of the vehicles including passive and active flow control
methods. From previous conducted study, 4% improvement has been achieved by curving the back of
the vehicle, 3% improvement with nose cone and 7% improvement with chassis skirt [9]. Furthermore,
for commercial vehicles, the coefficient of drag, Cq falls as the windshield attack angle is increased [9].
In the meantime, a device has been patented for vehicles as illustrated in Figure 1, which features resilient
prongs along the rear edge of the vehicle body, extending beyond the edge in a flow-wise direction [10].
The function of this device is to improve the aerodynamic performance by reducing the drag caused by
airflow over the vehicle's rear edge. Each prong is separated from the next, and flexible enough to deflect
above and below the first plane defined by the vehicle's surface under the impact of the airflow over the
vehicle at a certain speed. The prongs may have a composite structure or incorporate a vulcanized rubber
substance, with uniform or tapering cross-section and radial corners. These prongs can be repositioned
from a deployed position to a retracted position, either manually or by attaching the device to a rotating
frame member that can be rotated between the two positions. On the other hand, conducted study on
a 1/6 model truck and trailer has shown improved acrodynamics by 12.5% and 28% through installation
of vertical and horizontal spoilers on the vehicle's front, respectively [11]. Moreover, other exemplary
improvement methods include the use of redirector plates [12] and flow deflectors [13]. However, it can
be deduced that most of these body alterations are rather substantial and therefore rather unsuitable for
the current container lorry designs as their cargo capacity may need to be sacrificed.

182

Figure 1: Aerodynamic drag reduction device [10]

Alternatively, it is believed that rotating cylinders have a good potential to be used as drag reducers
for heavy road vehicles including container lorries. According to a conducted study, such devices could
help to disrupt the airflow over and around the moving vehicle when they are installed on the front and
back of the container or vehicle [14]. The rear spoiler is usually used to distribute the air, which lessens
the turbulence that the moving vehicle creates, and subsequently aids in reducing air drag and turbulent
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flow. On the other hand, a wind tunnel test for installation of rotating cylinder on a container lorry has
been conducted and the obtained results indicate promising improvement in drag reduction [15]. Based
on this notion, this study is aimed to investigate the aerodynamic effects from use of rotating cylinders
as drag reducers for a container lorry that is considered as bluff body using computational fluid dynamics
(CFD) method. The CFD simulation analysis in this study is done with ANSYS software tool.

2. Methodology

2.1. Pre-processing

ANSYS is a widely used CFD tool for simulating and analysing fluid flow and related phenomena.
It utilises finite volume method (FVM) to discretise the governing equations, allowing for visualization
and post-processing tasks. Known for its accuracy and user-friendliness, ANSYS is a widely applied tool
for designing and optimising products and processes in various industries like aerospace, automotive,
chemical and civil engineering. A mathematical model, consisting of equations and boundary conditions,
is necessary for the numerical approach. FVM and 4£-epsilon model are used to solve the Navier-Stokes
equations for two-dimensional Cartesian coordinates. The pre-processor, which essentially serves as the
link between the user and the solver, provides a user-friendly interface and converts input for the solver.

For this study, the design of the 2D model of the container lorry is set with the dimension as listed
in Table 1. In the previous conducted experimental work [15], the rotating cylinder is placed at the front
of the container as indicated in Figure 2. The first placement of the cylinder is initially positioned at 215
mm as measured from the bottom of the container. On the other hand, the second and third considered
placements of the cylinder are positioned at 16 mm and 32 mm below the first placement, respectively.
As also illustrated in Figure 2, the computational analysis in this study also considers three new potential
placements of the rotating cylinder at the back of the container. The first new placement is at the top
back of the container. The second new considered placement is at the back rear corner of the container,
which is 215 mm as measured from the bottom of the container. Last but not least, the third positioning
of the rotating cylinder is at the rear top of the container, which is 50 mm higher than the new second
positioning and 50 mm aft at the same height of the first new position.

As for the computational domain, a fluid volume of air has been created surrounding the vehicle in
order to simulate the air movement around it. It should be noted that the dimensions of the domain are
set to 3 m X 1.5 m (length X height) to match the average size of the wind tunnel used in the previous
experimental setup. This will enable a direct validation study to be conducted through the comparison
of results from the CFD simulation and the previous experimental work for the three initial positioning
considered for the rotating cylinders on the container lorry. Figure 3 depicts the geometric modeling of
the container lorry (clean design without the rotating cylinder) and the domain after their construction.

Table 1: Parameters of the container lorry model

Parameter Value
Container’s Height 0.240 m
Trailer’s Height 0.180 m
Total Length 0.890 m
Container’s Length 0.600 m
Trailer’s Length 0.200 m
Cylinder’s Radius 0.022 m
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Figure 2: Illustration of the container lorry with  Figure 3: Computational analysis model of the
considered positioning of rotating cylinder container lorry with no rotating cylinder

Furthermore, grid generation is a crucial part of the CFD simulation process since it influences not
only the simulation duration but also the accuracy of the results. In short, this refers to the creation of
a mesh or grid that is associated with a domain and its boundaries. Edge sizing is used for the setting of
the model where all of the meshes use 200 divisions on every edge. To achieve satisfactory results, it is
recommended that the inflation parameters of a maximum of 10 layers and a growth rate of 1.2 are set
on the surfaces of each model [16]-[18]. It should be noted that it has been discovered that the accuracy
of computational results can be improved by using a small number of mesh elements [19]. The inflation
layer is one of the important factors that affect the accuracy of CFD simulations. If the number of layers
is insufficient, the simulation results will not be accurate. Meanwhile, when it is too large, the simulation
time will increase. This supports the importance of selecting appropriate inflation parameters to achieve
satisfactory CFD simulation results.

The detailed information on mesh settings and boundary conditions for this study are tabulated in
Table 2 and the generated grid around the container lorry model is illustrated in Figure 4. As observed
in Figure 4, named selection setting is used to name every boundary: inlet as ‘velocity-inlet’ ranging from
0 m/s to 32 m/s, road as ‘ground’, top wall as ‘symmetry’, whole container lorry as ‘body’, cylinder as
‘cylinder’ with ‘no slip” condition and ‘rotational’ moving wall, and the outlet as ‘pressure-outlet’ where
its pressure is set to constant and equals to the atmospheric pressure.

Table 2: The mesh setting for this study

Mesh Specification

Growth Rate 1.2
De-feature Size 3.5e-004 m
Curvature Minimum Size 7.0e-004 m
Curvature Normal Angle 18.0°°
Smoothing High
Skewness 0.18227
Orthogonal Quality 0.95941
Inflation Specification
Smoothing High
Inflation Option First Layer Thickness
First Layer Height 0.1 mm
Maximum Layers 10
Growth Rate 1.2
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Figure 4: Finished meshed model

In the meantime, the essential mesh metrics with regards to its skewness and orthogonal quality are
tabulated in Table 3. The average skewness quality of the mesh metrics is found as 0.18227 whereas the
average orthogonal quality is 0.95941. In general, highly skewed cells might make the solution unstable
and impede the accuracy of the results. On the whole, these metrics for the skewness and orthogonal
quality obtained can be taken to be excellent as indicated by the standard quality spectrum in Ref. [20].

Table 3: Skewness and orthogonal quality mesh metrics

Mesh Metrics Skewness Orthogonal Quality
Minimum 0.00106 0.42732
Maximum 0.68227 1.00000

Average 0.18227 0.95941
Standard Deviation 0.10919 0.04560

2.2. Solver

Before conducting the computational analysis, the capability of the CFD solver must be equipped
with the pertinent settings for the desired condition. In this case of a rotating cylinder, the velocity and
also the position of the cylinder change over time, so a transient analysis is needed to accurately capture
the behaviour of the system. With this in mind, a pressure-based transient-state solution is applied for
this analysis. The time step size should be small enough to capture the rapid changes in the system but
not too small such that the simulation becomes computationally expensive or numerically unstable. The
required number of time steps depends on the duration of the simulation and the size of the time step.
Table 4 shows the list of the problem-solving techniques and input data.

Calculations are performed on computers utilizing an iterative process where the precision of the
result increases with each iteration. In general, £-epsilon (&-¢) model is one of the most common mean
flow characteristics for turbulent flow conditions in ANSYS computation, which belongs to Reynolds
Averaged Navier-Stokes (RANS) family of turbulence models. The model solves two equations: one for
the turbulent kinetic energy, £ and another for the rate of dissipation of turbulence, e. These equations
allow for the prediction of turbulence characteristics of the flow field. In this two-equation model, the
turbulent characteristics of the flow are represented by two additional transport equations. As a result,
a two-equation model may take historical influences like convection and turbulent energy diffusion into
consideration. Several previous studies have used 4-¢ model to simulate the aecrodynamics of heavy road
vehicles similar to the container lorry in this study. For example, £-¢ model was used in a study to analyse
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aerodynamic characteristics of a heavy-duty truck [14]. In that study, it has been found that the primary
methods for enhancing aerodynamic properties of heavy-duty commercial trucks are by using £-¢ model
and reducing the vortex at the cab and container as well as at the container's end and bottom.

Table 4: The solver setting for this study

General
Type Pressure Based
Velocity Formation Absolute
Time Transient
2D Space Planar
Time Step Size 0.01
Number of Time Steps 100
Model
Viscous Realizable £&-¢
Wall Functions Non-equilibrium
Reference Values
Velocity 0-32m/s
Cylinder Rotation 1) 0 RPM (static)
2) 3000 RPM or 314.159265 rad/s (rotating)
Reference Area 0.24 m %X 0.89 m = 0.214 m?
2D Space Planar

There are three versions of the £-¢ model, which are the standard, Re-Normalisation Group (RNG)
and realizable £-e¢ models. The turbulence kinetic energy and dissipation rate equation for these standard,
RNG and realizable £4-¢ models are presented by the following equations. Firstly, both Equation 1 and
Equation 2 are the transport equations for the standard £-¢ model.

a(k)+a(k)—a <+Mt)ak +G, +G Yy +S
5t P 9%, prU; = ox; Iz o) 0%, kT Gp = p€— Yy T )
il 0 Up\ 0€ €?
2 )+ v pen) = 5| (14 ) 5] G (Gt Coc) = Cap 5. @

On the other hand, both Equation 3 and Equation 4 are the transport equations for the RNG - model.

0 d d ok
a(ﬁk) + 6_xi(pkui) = 9% % Okleff 25— o, + Gy + Gy — pe — Yy + S 3

2

d de €
—(,06) + a9 (Peul) ] [ae:ueff dx ] + Cle k (Gk + C3eGb) CZep k Re + Ss (4)

Finally, both Equation 5 and Equation 6 are the transport equations for the realizable £-¢ model.

a(k)+a(k)—a(+#t)ak +G,+G Yy +S

5; P ox, PrU; _axj u o) ox; kt Gp —pe—Yy +5; 5)
()+ ( )—a(+”t)a€+cs 4G SCGy+ S
pPE peuj ] u o, ax] pLqio€ p Zk +\/E IEk 3eYb € (6)
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In the above equations, G stands for the creation of turbulence kinetic energy owing to the mean
velocity gradients while G, is the generation of turbulence kinetic energy due to buoyancy. Furthermore,

Yy is the variable dilatation in compressible turbulence's contribution to total dissipation rate, o is the
inverse effective Prandtl number for £, a is the inverse effective Prandtl number for ¢, oy is turbulent
Prandtl value for £, o is turbulent Prandtl value for &, p is fluid density, # is fluid velocity, x; and
x; are the Cartesian coordinate direction, ¢ is turbulence dissipation rate, s is the fluid dynamic viscosity,

and g is the turbulent viscosity. Last but not the least, Ci., C>, Cz and Cj, are constants while St and S.
are user-defined source terms.

Generally, the £-¢ turbulence model might not be effective in predicting turbulence flow in certain
situations, particularly when there are unfavourable pressure gradients present. This is mainly because
the £-¢ model assumes that the turbulent stresses are proportional to the mean flow gradient, which may
not be accurate in cases where the pressure gradient is high [21]. Researchers have shown that in cases
of strong adverse pressure gradients, £-¢ model can lead to erroneous predictions and may not accurately
capture the flow behaviour [22]. It can be noted that the RNG 4-¢ model is the modified version of the
standard £-¢ model, which includes added model constants and terms to further improve the accuracy
of the predictions. Meanwhile, the £ equation for the realizable £-¢ model is similar to the standard £-¢
model with the added constants but the ¢ equation is notably different between the two £&-¢ models. As
can be observed in Equation 0, it is interesting to note that it does not have the same G term as other
k-¢ models as it does not involve the production of 4. In essence, this current form is thought to depict
the transmission of spectral energy more accurately. The destruction term, which is the last term on the
right side of Equation 6, does not have any singularities and this indicates that even if £ disappears or
shrinks to zero, its denominator will never do. This is 2 much desirable feature and stands in contrast
to conventional £-¢ models, which exhibit a singularity because £ is present in the denominator. Due to
this feature, realizable £-¢ model is used to overcome the well-known shortcomings of the conventional
k-¢ model. With the use of this model, it is feasible to obtain satisfactory results for integral values such
as the drag coefficient that are more accurate, converge rapidly and quite stable.

2.3. Validation study for solver accuracy

To evaluate the accuracy of the findings produced by using the aforementioned solver parameters,
initial test case of the baseline container lorry design model without any rotating cylinder is conducted.
The simulated relative inlet airspeed for this test case is between 0 m/s to 31.5 m/s. The results obtained
from the simulation analysis are compared with the published experimental results in Ref. [15], which is
shown in Figure 5. It can be observed that the drag coefficient, Cq obtained from the simulation analysis
is closely similar to the one obtained from the wind tunnel experiment. The value difference is less than
10%, which is taken to be within acceptable range of accuracy for Reynolds number, Re ranging between
0 to 600,000. All in all, the solver parameters are taken to be appropriate to be for this analysis study.
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Figure 5: Cq vs Re obtained from the validation study
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3. Results and Discussion

There are three control variables that are varied in the CFD simulation analysis for this study. The
first one is the velocity of the air entering the inlet, which is varied between 0 m/s to 32 m/s to control
and manipulate Re around the airflow of the truck. The second variable is the rotation of the cylinder,
where is set for two conditions: static and moving (rotating). The rotational speed of the cylinders is set
to 3000 RPM for the simulated moving condition. Finally, the last variable is the position of the cylinder
as indicated in previous Figure 2.

3.1. Comparison with experimental results for three initial positions of the cylinder

The results of previous validation study in Figure 5 are taken as the baseline reference. To compare
with the previous experimental results as published in Ref. [15], the simulation analysis is conducted for
the three initial positions of the rotating cylinder as illustrated in previous Figure 2. Figure 6 shows the
previous experimental results while Figure 7 depicts the results of CFD simulation analysis in this study.

160

© baseline
140

1.20 1pos 1 static

1.00 pos 1 moving

0.80 pos 2 static

0.60 X pos 2 moving

0.40

Coefficient of Drag, C4

0 pos 3 sttaic

020
+ pos 3 moving
0.00 = ox

0 100000 200000 300000 400000 500000 600000

Reynold's Number, Re

Figure 6: Experimental results of Cq vs Re for three initial positioning
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Figure 7: Simulation results of Cq vs Re for three initial positioning

For the first positioning of rotating cylinder, it can be observed that simulation result is more stable
and steadier with increasing Re in comparison to experimental data where it fluctuates back and forth
in the first few takes before becoming more stable toward higher Re. Average differences of 7.05% and
7.85% are respectively recorded between the results of the simulation and the experiment for static and
moving conditions at this first initial position. It can be observed that the static cylinder performed more
efficiently as compared to the moving cylinder, which is reflected by the lower average Cq for the static
cylinder than that of the moving cylinder. Nonetheless, note that this difference is just significant at low
Re and as Re increases, the values of Cq converges to around the same values for both static and moving
cylinder conditions. This observation trend is true for both simulation and experimental results. Similar
observation can also be seen for the second initial positioning of the cylinders. In this case, the average
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differences between the simulation and the experimental results are 9.70% and 9.89% for the static and
moving configurations of the cylinders, respectively. The results from simulation analysis are more stable
and steadier. Moreover, at this positioning, the static cylinder has again performed more effectively than
the moving cylinder. The noted differences between them are significantly visible at low Re but diminish
as Re increases. On the other hand, for the third considered initial positioning of the cylinder, average
differences between simulation and experimental results for both static and moving configurations of
the cylinders are 9.68% and 6.70%, respectively. Based on previous Figure 6 and Figure 7, it is noticeable
that values of Cq for both static and moving cylinder configurations increase at low Re up until it reaches
200,000 where it began to slowly decrease. For Re higher than 200,000, C4 has minor fluctuations and
inconsistencies, and shows a visible trend between the static and moving cylinder configurations. Static
cylinder configuration is shown to achieve a much better drag reduction than the moving configuration.
This could be attributed to the RPM incompatibility with relative free stream velocity that has caused
more turbulence in the air and affected the drag of the container lorry.

Overall, for these three initial considered positioning of the rotating cylinder, both simulation and
experimental results show that the static second position corresponds to the lowest value of Cq4, which
is about 25.50% reduction compared to the other considered configurations. It is also good to note that
the moving cylinder configuration at each position has higher drag compared to the static configuration.
This could be because the chosen RPM is not optimal for velocity of free stream air and positioning of
the cylinder used in this study. Nonetheless, the moving cylinder configurations still perform better than
the baseline container lorry model

3.2. Simulation results for three new positions of the cylinder

Figure 8 shows the simulation results for the first new considered positioning of rotating cylinder
on the container lorry model. It can be observed, unlike the result for previous initial positioning of the
cylinder, the trend of Cq appears to bend downward. As Re increases, the value of Cq for both static and
moving cylinder configurations significantly reduces up until Re of 300,000. Although the static cylinder
configuration initially performs better than the moving cylinder configuration, its corresponding value
of Cq starts to increase and ultimately converge with that of the moving cylinder configuration when Re
is above 300,000. All in all, implementation of the static and moving rotating cylinder is shown to reduce
the Cq of the container lorry by averagely 18.74% and 18.5%, respectively.
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Figure 8: Simulation results of Cy vs Re for first new position

A similar trend is also essentially observed for the second new positioning of the rotating cylinder
as depicted in Figure 9. Values of Cq for both static and moving cylinder configurations decrease with
increasing Re up until about 300,000. After that point, values of Cq seem to have converged and maintain
at the same value with increasing Re. In similar fashion, despite drag performance of the static cylinder
configuration is better at lower Re, the values of Cq for both static and moving cylinder configurations
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ultimately converge to a similar value at high Re. In terms of comparison with the drag performance for
the baseline container lorry, implementing the static and moving cylinder configurations can reduce the
value of Cy by 36.0% and 35.8% on average, respectively. As presented in Figure 10, an essentially similar
trend to Figure 9 is observed for the drag performance of the static and moving cylinder configurations
at the third new positioning. At this considered new third position, average drag reduction of 26.2% and
25.7% has been obtained by implementing the static and moving cylinder configurations, respectively,
as compared to that for the baseline container lorry design model.
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Figure 9: Simulation results of Cq vs Re for second new position
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Figure 10: Simulation results of C4 vs Re for third new position

On the whole, it is cleatly seen from the obtained simulation results that the new second positioning
of the rotating cylinder has the best drag performance. This can be contributed to the reduction of the
drag on the container lorry as it helps to diminish the turbulence that is created when the vehicle moves.
At the rear of the container lorry, with this placement of the rotating cylinder, it will disrupt and disperse
the air around it, which reduces the created air turbulence and subsequently lessens the drag. Figure 11
illustrates the velocity streamlines where recirculation or switling of airflow at the rear of the container
lorry by placing the rotating cylinder at the considered new second position. It should also be noted that
this positioning of rotating cylinder on the container lorry performs much better than any of the three
initial positions discussed in previous section.

Moreover, the observed independence of Cy towards Re beyond the certain limit is believed to be
likely due to the formation of a fully turbulent boundary layer over the surface of the object, which leads
to relatively constant level of skin friction drag. This notion is supported by several previous researches.
For instance, a study found that C4 of a sphere became independent of Re when it reached the critical
Re value of 3.5 x 10°, which corresponds to the condition for the onset of fully turbulent boundary layer
flow [23]. In this case, the transition from laminar to turbulent in the boundary layer around the sphere
is what causes the higher momentum at the boundary and the delay in the flow separation [24]. It should
be noted that the value of Re at which the C4 becomes independent may depend on various factors such
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as the shape and surface roughness of the object, as well as the flow conditions. Further research needs
to be conducted to investigate the exact mechanism behind this phenomenon and determine the specific
conditions in which it will occur for different objects.

(a) Static cylinder configuration (b) Moving cylinder configuration

Figure 11: Velocity streamlines of container lorry with new second positioning of rotating cylinder

4. Conclusion

This research work explores the possible effects of using rotating cylinder as drag reducers on the
container lorry design. In total, six different positions of the rotating cylinder on the container lorry are
considered, with two modes of static and moving configurations at each position. The CFD simulation
analysis is carried out for this study using the ANSYS software. All in all, based on the results, it can be
concluded that the use of rotating cylinder has a good potential to reduce the drag on the container lorry
when it moves on the road. Of all the six considered positioning, the new second position of the rotating
cylinder is shown to have the best drag performance, which corresponds to about 36.0% reduction in
drag compared to that of the clean baseline design of the container lorry without any rotating cylinder.
In addition, the static cylinder configuration outperforms the moving cylinder configuration at each of
the considered positions. This situation can be contributed to the less than ideal setting of the RPM for
the moving cylinder with respect to the settings of free-stream air velocity and cylinder location. For the
future work, the design of the rotating cylinder can be enhanced. In this simulation study, the cylinder
is designed as a plain cylinder shape. Various other cylinder designs can be explored to study the effects
of its shape on the drag performance of the heavy road vehicles. Furthermore, the analysis on the cost-
efficiency of implementing this drag reducing mechanism can also be done.
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