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ANALYSIS OF THE APPLICATION STATUS  

OF AERODYNAMIC DRAG REDUCTION 

TECHNOLOGY IN TRANSPORTATION 
 

INTRODUCTION 

The development of Intelligent Transportation Systems (ITS) can improve 

traffic efficiency and reduce energy consumption. One solution is to reduce the 

distance between vehicles and allow them to travel in a longitudinal row, which is 

known as platooning vehicles[1]. Platooning vehicles are tightly arranged in a row 

to reduce air resistance. Due to the fact that a quarter of the energy consumed by 

vehicles during operation is related to aerodynamic drag [2], the method of using 

platooning vehicles can reduce fuel consumption. This phenomenon is also common 

in other areas, such as cycling [3], bird flight [4], and racing [5], where plateoning 

is applied to optimize aerodynamic performance and reduce energy consumption. 

In current intelligent driving technology, fixed spacing queue driving can 

already be achieved. Japan's NEDO company, the California Institute of 

Transportation (CIT) in the United States, and the University of Stuttgart in 

Germany have all developed relevant platooning driving systems [6]. The 

"European Truck Queue Driving Road Test" in 2016 gathered many famous truck 

manufacturing companies to participate [7]. The current research results and 
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directions indicate that it is meaningful to conduct research on platooning driving 

under the control of a comprehensive intelligent driving system. 

At present, many transportation authorities have invested heavily in 

researching Aerodynamics of platooning vehicles, developing "queuing" methods 

to reduce the drag coefficient of vehicles during driving, utilizing the potential 

energy savings generated by reducing drag, and further improving manoeuvrability. 

So far, most AV research has focused on implementing autonomous guidance 

systems to ensure the technical feasibility of vehicles traveling in close formation. 

The focus of this project is to determine the change in resistance coefficient of 

platooning vehicles and the impact of platooning vehicles on AV. 

CURRENT STATUS OF VECHICLE DRAG REDUCTION 

APPLICATIONS 

During the driving process of a vehicle, due to its shape being classified as a 

blunt body, airflow separation occurs at the rear, forming vortices and flowing 

towards the rear of the vehicle [8]. The entire eddy current affected area can reach 

more than twice the length of the vehicle [9]. During the driving process of a vehicle, 

if the rear vehicle continuously approaches the front vehicle, the flow fields of the 

two vehicles will interact, causing changes in aerodynamic characteristics [10]. Not 

only will the rear vehicle be affected by the wake of the front vehicle, but the front 

vehicle will also be affected by the rear vehicle. Blocken and Toparar [11] have 

shown that when driving in a queue, the front vehicle also improves driving 

efficiency due to the following vehicle from behind. The schematic diagram of 

vehicle queue driving is shown in Figure 1. 

 

 
Fig. 1 Platooning vehicles 

 

Hucho [12]proposed that 75-80% of the energy generated by vehicle fuel of 

standard size vehicles is used to overcome air resistance when driving at the speed 

of 100km/h. Therefore, optimizing the aerodynamic performance of vehicles has 

become one of the important methods to save fuel. Horowitz [13] once said that 



 January 24, 2025  Singapore, Republic of Singapore  Collection of scientific papers «SCIENTIA» 
.  

173 
 

platooning vehicles can greatly improve the efficiency of vehicle driving. The 

aerodynamic performance of platooning vehicles is different from that of individual 

vehicles. By reducing the aerodynamic load of the vehicle at high speeds, energy 

utilization can be significantly improved[14]. 

OVERVIEW OF DRAG REDUCTION EFFECT OF PLATOONING 

VEHICLES 

In the study of platooning vehicles, the impact of vehicle spacing on the 

aerodynamic performance of platooning vehicles accounts for the majority. Among 

them, California's Partners for Advanced Transit and Highways (PATH) conducted 

aerodynamic performance analysis on trucks with a distance of 3,4 meters. The 

results show that trucks save 10-15% fuel[15]. 

Similarly, Bonnet and Fritz [16] conducted a series of track tests and found that 

a distance of 10 m between trucks seemed to be a better choice. In Browand's [17] 

experiment, it was shown that a vehicle spacing of 3-4 meters can save an average 

fuel consumption of about 11%, and a vehicle spacing of 8-10 meters can save an 

average fuel consumption of about 8%. In addition, Lammert et al. [18] found that 

as the spacing distance decreases, the average fuel consumption of vehicles also 

gradually decreases. In addition, road tests conducted by Tsugawa [19] showed that 

13% energy was saved when spaced 10 meters apart, and 18% energy was saved 

when spaced 4.7 meters apart. Later, Abdul Rahman [20] used STAR-CCM+ 

software to carry out computational fluid dynamics (CFD) simulation on Ahmed 

vehicle model, and studied the results at 0.5L, 1.0L and 1.5L; Under the distance of 

L, the aerodynamic performance of three platooning vehicles is X1 between the 

front and middle vehicles, and X2 between the middle and rear vehicles. He found 

that for the front vehicle, the Drag coefficient at the distance corresponding to 

X1=0.5L and X2=0.5L is the lowest, CD=0.1217. For the middle vehicle, when 

X1=1.5L and X2=0.5L, the Drag coefficient is the lowest, 0.1397. For the rear 

vehicle, when X1=0.5L, X2=1.5L, the Drag coefficient is the lowest. 

Sadayuki T and Shin K conducted a study on automatic lorry platooning 

driving. Each test vehicle is equipped with LiDAR and the internet for 

communication. Form a queue of three fully automated trucks with a spacing of 10 

meters and drive at a speed of 80km/h. The research results indicate that the average 

vehicle carbon dioxide emission during the entire experimental process decreased 

by 2.1% compared to one truck. Different vehicle spacing has a great impact on the 

Drag coefficient. Similarly, Gheyssens [21] used the CFD method and the simplified 

GETS model to study the aerodynamic characteristics of vehicle platooning driving 

considering crosswind. The research results indicate that the average driving 



 Modernization of today’s science: experience and trends  

.  

174  
 

resistance is the lowest between 0.23 times the vehicle length and 0.45 times the 

vehicle length. The results of actual vehicle experiments conducted on trucks in 

platooning vehicles have shown that it can indeed bring fuel consumption savings 

when driving at close distances [22][23][24][25]. However, Doppenberg [26] also 

used CFD method discovered other ways to reduce resistance. He discovered that 

installing a conversion device at the real and a small spacing between vehicles can 

achieve the effect of reducing the average resistance of the vehicle. 

CONCLUSION 

Determine the aerodynamic performance of individual vehicles during driving 

by investigating the aerodynamic performance of vehicles traveling in a queue. 

Determine the aerodynamic performance of a row of vehicles during driving by 

conducting wind tunnel tests and finite element analysis. Explore the changes in 

resistance coefficient during the driving process of the fleet and find ways to 

improve transportation efficiency. By studying published literature, this article can 

understand the current research status of vehicle deployment AV technology and 

aerodynamic performance. By analyzing experimental data and simulation results, 

the aerodynamic performance of single and multiple heavy-duty trucks during 

driving is obtained. The relationship between the distance between vehicles and the 

change in resistance coefficient can be found to determine the appropriate distance 

to reduce the resistance coefficient. 
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