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ABSTRACT

Article history:

The cause of drag force vehicle accounts high fuel losses. Fuel consumption is adversely
affected due to aerodynamic forces, which specially is the drag force. Vehicles that are
moving in certain arrangement allows for a significant decrease in fuel consumption at
highway speeds by reducing the aerodynamic drag on the moving vehicles. In this
paper, the effect of vehicle arrangement on the aerodynamic resistance was
numerically investigated. The vehicle models were arranged back-to-back with
difference distances between each other. The distance was varied with 1.5 m, 2.0 m
and 2.5 m. Computational Fluid Dynamics (CFD) was performed using ANSYS-Fluent
software. The results in terms of drag coefficient were obtained for each of distance
setting. There are nine different arrangements were studied. It was found out that the
lowest average drag force of which 0.1857 experienced by vehicle model that are
arranged at the distance of 1.5m and 2.5 m. This average drag coefficient shows a
reduction of 26.8%. Consequently, the aerodynamics resistance can be significantly
reduced by having a proper arrangement of vehicle cruising in highways.
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1. Introduction
Aerodynamic resistances comprise of about 80% of drag force that can significantly affect the
vehicle fuel consumption [1,2]. This resistance becomes larger when the vehicle moves faster [3-5].
Meanwhile, the stringent emission requirement from the European Union imposed on vehicle
manufacturers in effort to reduce air and noise pollution have sparked flourishing research progress
in the field. Significant progress has been made on examining the effect of vehicle arrangement on
aerodynamic drag. Since drag is one of the determining factors in aerodynamic performance, various
lead-ing or positioning and vehicle body configuration offer increased efficiency. Prominent examples
of such configuration is cycling platoon where riders in at the tail end of platoon have drag of
approximately 10% of what isolated rider is experiencing [6]. The concept of reducing road vehicle
drag by harnessing the aerodynamic interference between closely spaced vehicles has acquired
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considerable attention in recent years due to the growing capabilities of vehicle autonomy and
artificial intelligence [7].
Meanwhile, the use of Computational Fluid Dynamics (CFD) in determining vehicle aerodynamics
performance has been increasing over the years owing to the advancement in the hardware [8-10].
Platooning in truck transportation has been seen to getting significant attention from researchers
especially in autonomous vehicle control system. In truck platooning form, several trucks are digitally
connected and steered by intelligent driving support system or better known as autonomous driving
system. The cruising speed is computerized controlled which includes lane assist, and automated
braking. [11,12]. Fernandes and Nunes [11] show that by platooning autonomous vehicles which are
moving in controlled environment, the drag force can be significantly reduced. Since the inter-vehicle
distance is reduced, the rear vehicle that is following the lead vehicle can enter into the wake area of
the front vehicle. As such, the interacted flow fields between two adjacent vehicles can potentially
bring down the drag force [13,14]. In this paper, the effect of vehicle arrangement on the
aerodynamic resistance is numerically investigated. Nine different set of distance were fixed and
numerical simulations were performed to obtain the coefficient of drag. The main objective of this
research is to investigate the best aerodynamic performances with different combination of distance
between bodies. As such, the results can be utilized to manage the platooning transportation in
autonomous trucks.
2. Research Methodology
2.1 Numerical Domain
In this project, Ahmed model [15] are utilized as for the numerical domain. Figure 1 shows the
model dimension utilized for the numerical domain.

Fig. 1. Dimensions of the Ahmed body utilized for the domain

The geometrical domain was created using Design Modeler in ANSYS Fluent software. Then the
model is arranged in such position which is defined as platoon arrangement as shown in Figure 2.
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Fig. 2. Vehicle in platoon arrangement

2.2 Governing Equations
The governing equations utilized for the numerical model are the typical fluid motion combined
with reacting flows. The mass conservation equation (continuity) is given by
𝜕𝜌 𝜕
𝜕
𝜕
(𝜌𝑢𝑥 ) +
+
(𝜌𝑢𝑦 ) + (𝜌𝑢𝑧 ) = 𝑆𝑚
𝜕𝑡 𝜕𝑥
𝜕𝑦
𝜕𝑧

(1)

where 𝑆𝑚 is the source term. An example of this term is vaporization of liquid or any user-defined
source. Nevertheless, in this numerical model the value of 𝑆𝑚 is fixed to 0. For a steady state
𝜕𝜌

condition, 𝜕𝑡 = 0. The momentum conservation equation in x-direction
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Momentum equation in y-direction
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Momentum equation in z-direction
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3. Results and Discussion
There are nine (9) cases presented in the table. For each of case, the distance between Body 1
and Body 2 (X1) and the distance between Body 2 and Body 3 (X2) is varied. For example, in Case 1,
the value of X1 and X2 is fixed to 1.5 m respectively and the governing equation is solved using Fluent
6.3 software. The results in terms of coefficient drag for each of body are calculated and presented
in Table 1. Meanwhile, Figure 3 shows one of the velocity patterns for Case 2. On average, the drag
coefficient for the intermediate body which is in this case is Body 2 is lower than the leader body
(Body 1). This pattern is in line with previous results obtained from Song et al., [16]. Generally, from
the results shown in the Table 1, it can be concluded that in Case 3, the coefficient of drag is the
lowest as compared to other 8 cases. It has been proven previously that platoon vehicle arrangement
can decrease carbon emission and fuel consumption. In aerodynamics theory, when vehicles are
cruising in platoon arrangement, the vehicle in front is affected by the air pressure that occurs by the
pushing force of vehicle behind it. The vehicle close behind another vehicle is less affected by the
aerodynamic drag due to the vehicle in front of it breaking the strong wind.
Since aerodynamic resistance significantly affect the fuel consumption of a vehicle, the
aerodynamics enhancement that is achieved by properly arrange these vehicles can help to reduce
the operational expense and also the more environmentally friendly.
Table 1
Drag Coefficient for each case of arrangement
Case

Distance between Body 1 & 2
X1 (m)
1
1.5
2
1.5
3
1.5
4
2.0
5
2.0
6
2.0
7
2.5
8
2.5
9
2.5
Average

Distance between Body 2 & 3
X2 (m)
1.5
2.0
2.5
1.5
2.0
2.5
1.5
2.0
2.5

Drag Coefficient (Cd)
Body 1 Body 2 Body 3
0.2296 0.2266 0.3352
0.2187 0.2986 0.2857
0.1472 0.1857 0.2177
0.2693 0.2143 0.3345
0.2647 0.2721 0.3039
0.1881 0.2053 0.1817
0.3191 0.2180 0.2850
0.3149 0.2838 0.2802
0.3351 0.2889 0.3394
0.2540 0.2437 0.2848
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Fig. 3. Velocity Streamline Pattern for Case 2

4. Conclusions
It can be concluded where the lowest drag force experienced by the all bodies are for Case 3,
where the distance between Body 1 and 2 (X1) is 1.5 m and the distance between Body 2 and Body 3
(X2) is 2.5 m. Therefore, it can be said proper arrangement of vehicle moving at cruising speed on
highways can significantly reduce the aerodynamic resistance. Consequently, fuel consumption can
be significantly reduced.
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