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Abstract 
 

Platooning is a technique where two or more vehicles align in a line reducing the overall drag 

exploiting the lead vehicle’s slipstream. Platooning can reduce the overall average energy 

consumption. In this study, Computational Fluid Dynamics principles have been exploited to analyse 

the platooning phenomenon. Because of limited resources, the study was done using idealized two-

dimensional rectangular geometries. Number of trucks is limited to four. The distance between the 

trucks is varied equally. Drag force is calculated for two, three and four truck platooning systems as 

well as a single isolated truck. Preliminary results suggest that platooning is possible. The reduction 

in drag of trailing trucks continues, up to a gap of 8-truck lengths, although with gradually reducing 

benefit. This study shows that with ground effect, the drag reduction for four trucks ranges between 

69% for no gap and 5% for a gap of 8 truck lengths. The drag reduction for four trucks without ground 

effect ranges between 69% for no gap and 0% for a gap of 8 truck lengths. 
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1.    Introduction 
 

Transportation is vital for the community, economy and highway goods movement by trucks 

accounts for about 60% of total road cargo transportation1. The requirement for surface cargo 

transference is estimated to grow to surge in the future. As presented in the American Trucking 

Association report2, the freight transport business includes close to 80% of about $1330 Billion 

shipment and logistics commerce in the USA. But lots of fuel expenditure and greenhouse gas 

production are incurred. For example, road shipping constitutes nearly 27% of the energy utilization 

of the Europe3. Therefore, the environmental degradation occurring during the course of 

transportation need to be reduced immediately. Fuel expenses represented approximately 30% of the 

total expenditure of possessing and running a truck4. As per the American Transportation Research 

Institute report5, fuel is considered as the second biggest expenditure, while the largest was the 

expenditure on personnel. Besides a huge number of trucks and the ever increasing requirement for 

highway transport, it may be forecast that even slight improvements in fuel reduction may result in 

significant cost cuts. It is also advantageous to attain the target of ecological security due to reduced 

gas emission. Therefore, it has been of huge advantage to increase fuel saving, and how to improve 

fuel efficiency during driving has become a common subject of many scientific investigations in the 

recent past years. The advent of transport systems have aided means to improve the energy efficiency 

of transportation arrangements. An encouraging method to deal with the issue was to decrease the 

distance between trucks on the highway, which is frequently known as truck platoons. Truck platoon, 

referred as convoy too, is a group of trucks making a road train by moving tightly in single lineup to 

encounter decreased drag due to air flow. Platooning can meaningfully decrease fuel expenditure 

because nearly 25% of the fuel utilization is connected to aerodynamic drag6. Apart from reductions 

in fuel consumption, vehicle convoys may add to a surge of highway capacity and can alleviate traffic 

overcrowding because of lesser distances between trucks. 
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In the past few years, through the growth of autonomous vehicle movement technology, trucks are 

fitted with many sensors which allow the trucks to watch their environments and determine 

instantaneously in real time what action ought to be implemented and such vehicles are called 

“autonomous vehicles” or “driverless vehicles.” Autonomous trucks are capable of synchronizing 

themselves when moving, and they can move in a platoon with lesser gaps to decrease fuel 

expenditure. Besides, when moving autonomously in a convoy, it will be likely to diminish the 

chances of back-end crashes and also to increase traffic safety. Because of the huge benefits stated 

above, truck convoys have drawn the notice of several governments agencies and research 

establishments. As a consequence, numerous research studies connected to platoons had been 

planned. During one such research project7, an experiment was performed with two automobiles 

linked through an “Electronic Tow Bar” for calculating the fuel efficiency. California PATH program 

commenced its study on heavy vehicle convoys where all trucks were completely automated, even 

the lead truck8. The research report “KONVOI” dedicated to truck convoys, in which a group of 

German researchers established a convoy of four heavy duty vehicles to decrease fuel consumption 

and buildup the highway capability9. SARTRE is an European Commission co-financed FP7 

research10, where the lead trucks were driven manually, while the trailing vehicles were driven 

automatically both in lateral and longitudinal directions without any change to the infrastructure, like 

dedicated lanes. In this research, a platoon of 3 fully synchronized vehicles was studied and the trucks 

were driven at a speed of 80km/h, with a 10-meter distance between the trucks, on an highway before 

community use10. The study reported in10, stated, using modeling and road investigating methods, 

that a three-truck platooning at 80km/h with 10-meter gap between trucks could increase fuel 

efficiency upto an average of about 14% with the lead vehicle undergoing about 7.5% decrease and 

the trailing truck undergoing about 16% decrease. A comprehensive overview of the benefits of 

platooning phenomenon is given in the report11. 

Platooning involves a sequence of trucks which are deliberately driven maintaining a very small 

gap between the trucks so as to decrease aerodynamic drag of the vehicles12. Aerodynamic drag is a 

force which the oncoming air applies on a moving object like a truck. The lead vehicle at the front of 

the convoy directs the tailing trucks and they follow each response made by the lead truck like-sudden 

braking, acceleration and other movements are quickly emulated by the trailing trucks. The report13 

adds that improved automotive aerodynamics leads to a decrease in fuel expenditure, helping drivers 

save money and thus lessening carbon dioxide emissions. Truck platooning also improves transport 

by means of roads more efficiently by reducing traffic clogging and therefore delivering commodities 

faster. According to the studies14,15, vehicle automation is an encouraging technology to decrease fuel 

usage, and the platooning arrangements of heavy-duty trucks are probably to be the first measure 

regarding approval for truck automation. A report from the New Energy and Industrial Technology 

Development Organization of Japan stated with road experiments that a convoy of four vehicles 

keeping a 4-meter gap between trucks and 80km/h speeds reached about 15% average advancement 

in fuel efficiency16. 

Recent research studies14,17,18, have shown that convoy system would be successful in decreasing 

the aerodynamic drag of the trucks in the line, including even in the lead trucks. The largest 

aerodynamic drag decrease, however, happens for the trucks between the first and last truck. 

According to the study19, inter-vehicle spacing is a factor in the average drag reduction of platoons 

and it is settled that the smaller the truck gap of a convoy, the greater is the fuel saving.  

Following the reports20,21, the savings in fuel expenditure may be related to the reduction in drag 

as follows. 
 

(fuel consumed)

fuel consumed in isolation
= 

(CDiso−CDtandem)

CDiso
                                                (1) 

 

where CDiso is the drag coefficient of a truck travelling in isolation and CDtandem is the drag coefficient 

of the truck moving in tandem. The percentage reduction in fuel expenditure was linearly proportional 

to the reduction in drag. The sensitivity coefficient, , varies upon several parameters like the rolling 

resistance, vehicle mass, and the cross-sectional area facing the oncoming air20,21. Typical values of 
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 remain in the range =0.6 for a fully loaded vehicle moving at 70 MPH (31m/s) and with a drag 

coefficient in isolation of 0.6, to =0.8 for the same vehicle without any load. For steady movement 

(no acceleration/ deceleration, no braking), about 25% total drag reduction could provide about 15-

20% fuel reduction subject to the vehicle load. These reports are perhaps very positive, because 

moving at a uniform speed on a highway for extended distance or time is nearly impossible and it 

should be remembered that the above Eq.(1) was developed  using a two-truck platooning study20. 

Platooning has been getting momentum as a competent way to inprove highway volume and 

decrease truck fuel expenditure, as several research reports have suggested7,22-26. One of the important 

issues causing the decrease in fuel expenditure was the connection between gap between the trucks 

and the drag forces. In the report27, researchers presented  an experimental study on Light Duty 

Vehicle(LDV) platoons. The experiment was carried out using a 1/8th scale of an actual model of the 

1991 General Motors Lumina All Purpose Vehicle in an open-circuit wind-tunnel set-up with drag 

force measurements upto a gap of 3 and 2 truck lengths in the two and three-vehicle convoy 

respectively. The research demonstrated a drag decrease of upto about 15% for the lead truck and 

upto about 30% for the trailing vehicle for the two-vehicle convoy with a gap of 0.5 vehicle length. 

When gaps were smaller than 0.5 of a vehicle length, these results were swapped, and the lead truck 

produced a larger decrease in the drag force related to the trailing vehicle. The research presented in28 

confirmed this performance at smaller gaps by carrying out a full-scale road experiment. For the bus 

platoons, a research study29 was carried out on a 1:20 scale of a cylindrical bus-shaped objects in an 

open-circuit wind-tunnel with drag measurements upto gaps of 5 bus lengths. The tests revealed a 

drag decrease of upto about 10% for the lead vehicle and upto about 60% for the trailing bus in a two-

bus convoy with a 10-metre gap between the buses. The precise modeling of the drag interface 

between trucks renders the controller design more effective when it is about attaining the optimal 

control by means of either vigorous or model predictive methods30-33 and decreases the ambiguity in 

the model34.  

Few investigations examined the influence of the number of vehicles in the convoy on the drag 

reduction of platoons and the aerodynamic drag reduction effects of platooning. There has been no 

systematic study on truck platooning. Most of the studies have been empirical road tests or wind 

tunnel experiments. It is important to conduct more studies on the numerical evidence of truck 

platooning. The present study was started with an aim to answer the question, by a systematic 

mathematical research, whether platooning phenomenon is possible. We studied, in the current 

research, platooning of up to 4 trucks and the impact of the lead truck on the trailing trucks with 

varying gap G, between the trucks to observe the effect on the overall drag. Preliminary results of this 

study had been presented at the Central Botswana Mathematics and Statistical Sciences Conference 

(CBMSSC II)35.   
 

2.   Geometrical Modelling  
 

In this section, the research work that has been carried out in this study, has been described. A 

simple idealized configuration has been chosen because of availability of limited resources and time 

constraints. Research was carried out using up to 4 trucks calculating the impact of the leading truck 

on the trailing trucks. The gap(G) between the trucks was changed to study the effect of increasing 

the gap between the trucks on the drag of the trucks. Computations have been carried out with and 

without ground effect.  
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Figure 1. Computational domain (a) without and (b) with ground effect 

Figure 1 presents the computational domain without(a) and with(b) ground proximity. L is the 

length of the truck, H-height of the truck, L1 is the length of the computational domain and G is the 

gap between the trucks. The inlet velocity is kept constant at 40m/s which is about 150kms per hour. 

Reynolds number calculated using this speed and the length of the truck is about 2.6x106. At this 

Reynolds number the flow is completely turbulent. Standard k-ε turbulence model has been utilised 

to capture turbulence parameters. The computational domain is two-dimensional and the fluid is air. 

Steady, incompressible, single phase, fully-developed, constant fluid viscosity and constant fluid 

density assumptions have been made. External applied body forces, buoyancy and temperature 

impacts have been ignored. The friction between the tyres and the road, which occurs in real situation, 

has not been counted as this friction is common to all geometries and assumed to be equal for all 

trucks and cases studied here. Drag due to the tractor and other external attachments like rearview 

mirrors are not considered here.  

3.    Mathematical Modelling  

The transport equations are described by means of Cartesian coordinate system where x and z 

coordinates are taken as representing the independent variables. The coordinate system, origin, x & 

z direction, u & w velocity components are described in the Fig.1. 

2.1.   Governing equations 

The Reynolds Averaged Navier-Stokes equations describing the mean flow development in the 

calculation domain are given by36-38: 

 

Horizontal component: 
 

∂

∂x
(ρu2) +

∂

∂z
(ρuw) =

∂
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Vertical Component: 
 

∂

∂x
(ρuw) +

∂

∂z
(ρw2) =

∂

∂x
(Γ

∂w

∂x
) +

∂

∂z
(Γ

∂w

∂z
) −

∂p

∂z
+

∂

∂x
(Γ

∂w

∂z
) +

∂

∂z
(Γ

∂w

∂x
) −

2

3

∂

∂z
(divV⃗⃗ )                       (3) 

 

In the above equations, p [N/m2] is the pressure. The diffusion coefficient is defined by: 
 

                                                  Γ =  μ + μτ                                                                              (4) 
 

where µ [Ns/m2] is the dynamic viscosity and µτ is the turbulent eddy viscosity. 

Continuity Equation: 

The mass conservation or continuity equation, is given as follows: 
 

Gongcheng Kexue Xuebao || Volume 10, No.11, 2025 || ISSN 2095-9389

https://doi.org/10.5281/zenodo.17627251                                                                                                174



                                
∂

∂x
(ρu) +

∂

∂z
(ρw) = 0 (5) 

2.2.   Turbulence modelling  

In a turbulent fluid flow, flow parameters (like fluid velocity, fluid pressure, etc.) display 

oscillations about a mean value. The calculation of the instantaneous values of these parameters is 

very expensive with presently available computing methods and resources, because of  large temporal 

and spatial frequencies which define turbulent fluid flows and, therefore, the mean values only are 

computed. The average values and the turbulence parameters are calculated using the standard k-  

turbulence model in the current study, which is described below.   
 

The standard k-ɛ turbulence model: 

The standard construction of this turbulence model is described in36,39,40. The turbulent eddy viscosity 

is defined as: 

                                     μt=Cμ
ρk2

ε
 (6) 

 

The turbulence kinetic energy, k, and its dissipation rate, ε[m2/s3], have been computed by solving 

two transport equations which are described below: 
 

∂

∂x
(ρuk)+

∂

∂z
(ρwk) =

∂

∂x
[(μ +

μt

σk
)

∂

∂x
] +

∂

∂z
[(μ +

μt

σk
)
∂k

∂z
]+Pk − ρε (7) 

 
∂

∂x
(ρuε) +

∂

∂z
(ρwε) =

∂

∂x
[(μ +

μt

σε
)

∂ε

∂x
] +

∂

∂z
[(μ +

μt

σε
)

∂ε

∂z
] +

ε

k
(C1Pk − C2ρε)    (8) 

 

The term Pk is the rate of production of turbulent kinetic energy due to the velocity gradients: 

 

              Pk = μt[2 (
∂u

∂x
)
2

+ 2(
∂w

∂z
)
2

+ (
∂u

∂z
+

∂w

∂x
)
2

] (9) 
 

The remaining model constants are given below: 
 

           Cμ = 0.09     σε = 1.3     σk = 1.0      C1 = 1.44   and    C2 = 1.9                           (10) 

This set of governing transport equations (Eq.(2) to Eq.(10)) was solved, along with suitable boundary 

conditions for the calculation domain, by means of numerical procedures.  
 

The boundary conditions are 
 

u(0, z) = U∞ , w(0, z) =  u(x, 0) = u(x, +∞) = w(x, 0) = w(x,+∞) = 0. 
 

At  x = L1,   
∂u

∂x
 = 

∂w

∂x
 = 

∂k

∂x
 = 

∂ε

∂x
 = 0 for all z. 

 

At  x = 0, k = (
3

2
Iμ∞

2 ), I=Turbulence intensity, ε = (
Cμ

0.75k1.5

H1
), for all values of  z.  

 

H1=Inlet height (=8H). 
 

The near wall handling of momentum and turbulence transport equations implemented in 

EASYCFD36 follows the suggestions described in41. The basic idea behind the automatic wall 

functions is to modify from a low-Reynolds number procedure to a wall function constructed on the 

mesh nodes close to the wall. The first order upwind scheme has been employed to discretize the two 

momentum(velocity) and two turbulence model equations. The Semi-Implicit Method for Pressure-

Linked Equations-Consistent (SIMPLEC) technique has been applied for the pressure velocity 

interactions36,42. At the inlet plane of the calculation region, a constant velocity condition has been 

applied. At the exit plane, pressure outlet condition was imposed. On the walls and on the geometric 

models, the zero mean velocity condition was enforced. The two-dimensional CFD software, 

EASYCFD36, has been used to carry out the computations and for data processing for all 

configurations. EASYCFD36 is an incompressible fluid flow solver built on finite volume 
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discretization technique. The transport equations, also called Navier-stokes equations, governing the 

mean velocity components and turbulent-transport equations of k-ɛ turbulence model, are solved 

simultaneously and iteratively. The computational fluid dynamics software EASYCFD36 has been 

chosen because of its lower cost, ability, ease and user-friendliness. The calculations are taken to be 

converged if the normalized residue values for mass, momentum and turbulence model equations are 

less than 0.0001. 

3.   Results and discussion 

3.1.   Validation of mathematical modelling and numerical method 
 

A two-dimensional calculation domain was created. The commercially available computational 

fluid dynamics software EASYCFD36 has been used for creation of the computational domain and 

geometric models for the present computations. The calculation procedure and current flow modelling 

have been validated by using the methods given below. 

➢ Comparing the present calculated results with available earlier results. 

➢ Carrying out a grid independence study. 

➢ By maintaining the mass flow rates balance at the inlet and exit planes.  

A mesh independence analysis was done in the computational domain to exclude the impact of the 

mesh size (number of nodes in the computational domain. Also known as the grid size) on the 

computed results. The drag coefficient (CD) was used as the parameter to evaluate the performance 

of various mesh sizes.  

   CD =
FD

(0.5∗ρ∗H∗U∞
2 )

                                                           (11) 

 

where CD is the drag coefficient, FD is the force component on the truck in the x-direction(also called 

the drag), H is the height of the truck, ρ is the density of air and U is the inlet velocity of air. 
 

 

Table 1. The drag coefficient (CD) of a rectangular cylinder with mesh size 
 

 
 

 

 

 

 

 

 

 

 
 

From the Table 1, it can be seen that the difference in the value of CD for the 5th and 6th grid sizes is 

very small. Hence a grid size of minimum of 45000 nodes was maintained for all configurations 

studied here. The mesh size was increased significantly as the number of trucks and the gap between 

the trucks were increased. The grid size in the calculation domain varied from about 45000 nodes 

with a single isolated truck to about 78200 nodes with 4 trucks and G/L=8 and without ground effect. 

The grid size in the computational domain varied from about 49500 nodes with a single isolated truck 

to about 84200 nodes with 4 trucks and G/L=8 and with ground effect.  
 

Table 2. The drag coefficient (CD) of a rectangular cylinder with aspect ratio of 5 
 

 

Mesh Size No. Mesh size C
D
 % Difference in CD 

1 29440 1.0851  

2 32445 1.1081 2.2 

3 35052 1.1231 1.5 

4 38110 1.1467 0.9 

5 40860 1.1500 0.3 

6 44515 1.1512 0.1 
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The experimental and computational results reported in the studies43-48 are utilised to compare 

the results of the current computational research. Table 2 gives the results of current computational 

study along with results of several earlier studies, including an experimental study,on the drag 

coefficient of a rectangular cylindrical model of aspect ratio(length to height ratio) of 5. The last 

column in the Table 2 shows the percentage difference in the drag coefficient (CD) values between 

the present study and earlier studies. It can be seen from the Table 2 that the presently computed and 

earlier results (both computational and experimental) agree reasonably well. The matching is not 

100% because of  the following probable three major causes. (i). The calculation domain built in the 

current research is a two-dimensional domain but in the other works, including the experimental 

research, were carried out in three-dimensional domains; (ii). At the inlet plane, uniform velocity 

condition has been enforced instead of a fully developed mean velocity distribution which is more 

realistic; (iii). The Reynolds number, in the present study, is very high compared to other studies43-48. 

The validation of current modelling technique was, also, done by checking the residuals throughout 

the calculations and having equilibrium of the mass flow rates at the inlet and exit planes. At the end 

of the calculations, the mass flow rate disparity between the inlet and the outlet planes is less than 

0.001% which is very low. 
 

3.2. Mean velocity contours 
 

Figure 2 shows the contour plots of streamwise component of mean velocity in the calcullation 

domain with number of trucks upto four are presented with(R) and without(L) ground effect with 

varied distances between the trucks. The mean velocity contours, displayed the in the Fig. 2, show 

that the mean velocity in front of the trailing trucks is low when the gap between the trucks is small, 

signifying that the drag on the trailing trucks is low. But as the gap between the truck increases, the 

mean velocity in front of the trailing trucks keeps increasing. By the time the gap is 8 truck lengths 

(G/L=8) the mean velocity in front of the trailing trucks is almost equal to the mean velocity in front 

of the lead truck. This signifies that when the gap between the trucks is 8 truck lengths, the lead truck 

has no or low influence on the trailing trucks and the trucks are almost independent of each other’s 

presence. This means that the drag is almost the same for all the trucks. When the gap between the 

trucks is nearly zero, the drag is low for trailing trucks. 
 

3.3.  Turbulent kinetic energy contours 
 

Figure 3 shows the contour plots of turbulent kinetic energy in the calculation domain with 

number of trucks upto four  with varied distances between them with(R) and without(L) ground effect 

respectively. Fig. 3 shows the existence of large turbulent kinetic energy region(high turbulence 

region) in front of the lead truck and the large turbulent kinetic energy difference between the front 

and back of the lead truck. However, the high turbulent kinetic energy region is not seen in front of 

the trailing truck. The turbulent kinetic energy in front of the trailing truck is very less compared to 

the front of the lead truck. Also, it can be seen from the Fig. 3 that by 8 truck lengths gap the turbulent 

kinetic energy contours behind every truck resembles that of behind a single isolated truck and the 

Reference Model/Method Reynolds Number CD % Difference in CD 

Present study 2-D RANS k- 2.6x106 1.1512  

Subaschandar43 2D RANS SST 2x105 1.1389 1.1 

Yin et al.44 2D RANS SST 2x105 1.1105 2.5 

Dahl45 2D RANS k- 5x105 1.1008 3.3 

Bruno et al.46 3D LES 4x104 1.0500 7.8 

Mannini et al.47 3D LES 2.6x104 1.0290 9.6 

Schewe48 Experiment 2x104 1.0300 9.6 

Gongcheng Kexue Xuebao || Volume 10, No.11, 2025 || ISSN 2095-9389

https://doi.org/10.5281/zenodo.17627251                                                                                                177



turbulent kinetic energy has dissipated. This means that the effect of platooning is less, and the trucks 

behave almost independently.  

 
(a) 2 Trucks, (b) 3 Trucks (c) 4 Trucks 

 

Figure 2. Mean velocity contours without(L) and with(R) ground effect 
 

 
(a) 2 Trucks, (b) 3 Trucks (c) 4 Trucks 
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Figure 3. Turbulent Kinetic Energy contours without(L) and with(R) ground effect 

 

3.4.   Drag coefficient results 
 

In this section, computed drag coefficient variations in the current computational study are 

presented for up to four trucks with gap varied upto 8 truck lengths. Figure 4 shows the drag 

coefficient variation with gap for two trucks without(a) and with(b) ground effect. From the Fig. 4, it 

is observed that the drag coefficient of the lead truck initially increases slightly and then starts 

becoming constant as the gap increases. It is seen to increase up to a value almost equivalent to the 

drag coefficient of a single isolated truck which is about 1.15. Also, seen in the Fig. 4, is that the drag 

of the trailing truck is very low when (G/L) is small and it increases as the gap between the trucks 

increases. The drag value of the trailing truck reaches the drag value of the lead truck when the gap 

(G) reaches 8 truck lengths, upto which the present research has been carried out. Upto G/L=8 the 

drag of the trailing truck is less than the drag of the lead truck, signifying that the trailing truck had 

the potential to save fuel.  
 

 
Figure 4. Drag variation with gap (a) without and (b) with ground effect for two trucks 

 

 
Figure 5. Total drag variation with gap (a) without and (b) with ground effect for two trucks 

 

Figure 5 presents the total drag coefficient variation with gap for two trucks without(a) and with(b) 

ground effect. For no platooning case, the total drag coefficient is obtained by adding the drag 

coefficients of two individual trucks. For platooning case, the total drag coefficient for two trucks is 

obtained from from the total drag force experienced by both the trucks using the Eq. (11). From the 
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Fig. 5, it is observed that the total drag coefficient for two trucks increases with gap(G/L) up to a 

value almost equal to two times the drag coefficient of a single isolated truck. Tables 3 and 4 present 

the drag reduction results for two-truck platooning situation. The results are presented for the cases 

without ground effect (Table 3) and with ground effect (Table 4). From the results given in Tables 3 

and 4, it is seen that the lead truck experiences a very small reduction in drag, where as the trailing 

truck experiences a large reduction. The total drag for both trucks is also reduced significantly. This 

reduction in total drag slowly diminishes as the gap between the trucks is increased. 
 

Table 3. Drag reduction for two trucks without ground effect 
 

 

G/L First Truck Second Truck Total Drag Reduction 

0 15% 76% 45% 

0.01 7% 88% 48% 

0.05 4% 87% 46% 

0.1 5% 84% 45% 

0.3 5% 63% 34% 

0.5 0% 48% 24% 

1 1% 37% 19% 

1.5 -1% 24% 12% 

2 -1% 21% 10% 

5 -1% 6% 2% 

8 -2% 1% 0% 
 

 

Table 4. Drag reduction for two trucks with ground effect 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

G/L First Truck Second Truck Total Drag Reduction 

0 17% 68% 43% 

0.01 5% 88% 47% 

0.05 4% 86% 45% 

0.1 1% 82% 42% 

0.3 0% 63% 32% 

0.5 0% 52% 26% 

1 -3% 38% 17% 

1.5 -5% 31% 13% 

2 -6% 26% 10% 

5 -7% 16% 5% 

8 -8% 10% 1% 
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Figure 6. Drag variation with gap (a) without and (b) with ground effect for three trucks 

Figure 6 shows the drag coefficient variation with gap for three trucks without(a) and with(b) 

ground effect. From the Fig. 6, it is seen that the drag coefficient of the lead truck initially increases 

slightly and then starts becoming constant as the gap increases. It is seen to increase up to a value 

almost equivalent to the drag coefficient of a single isolated truck which is about 1.15. Also, seen in 

the Fig. 6, is that the drag of the trailing trucks(second and third) is very low when (G/L) is small and 

it increases as the gap between the trucks increases. The drag of the trailing trucks(second and third) 

reaches the drag value of the lead truck when the gap (G) reaches 8 truck lengths, upto which the 

present research has been carried out. Upto G/L=8 the drag of the trailing trucks(second and third) is 

less than the drag of the lead truck, signifying that the trailing trucks (second and third) had the 

potential to save fuel.  
 

 
 

Figure 7. Total drag variation with gap (a) without and (b) with ground effect for three trucks 
 

Figure 7 presents the total drag coefficient variation with gap for three trucks without(a) and with(b) 

ground effect. For no platooning case, the total drag coefficient is obtained by adding the drag 

coefficients of three individual trucks. For platooning case, the total drag coefficient for three trucks 

is obtained from from the total drag force expeienced by all three trucks using the Eq. (11). From the 

Fig.7, it is seen that the total drag coefficient of the three trucks increases with gap up to a value 

almost equal to three times the drag coefficient of a single isolated truck. This reduction in total drag 

slowly diminishes as the gap between the trucks is increased. 
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Figure 8. Drag variation with gap (a) without and (b) with ground effect for four trucks 

 

 
Figure 9. Total drag variation with gap (a) without and (b) with ground effect for four trucks 

 

Table 5. Drag reduction for three trucks without ground effect 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

G/L First Truck Second Truck Third Truck Total Drag Reduction 

0.0 12% 94% 87% 62% 

0.01 6% 93% 86% 61% 

0.05 5% 91% 83% 60% 

0.1 4% 89% 82% 58% 

0.3 4% 65% 64% 44% 

0.5 1% 50% 51% 34% 

1 -1% 31% 36% 22% 

1.5 -2% 23% 26% 16% 

2 -2% 20% 19% 12% 

5 -1% 5% 5% 3% 

8 -2% 0% 0% 1% 
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Table 6. Drag reduction for three trucks with ground effect 
 

 

G/L First Truck Second Truck Third Truck Total Drag Reduction 

0 14% 97% 71% 61% 

0.01 5% 91% 86% 60% 

0.05 2% 90% 85% 59% 

0.1 2% 86% 81% 57% 

0.3 1% 69% 69% 47% 

0.5 -1% 58% 58% 38% 

1 -6% 38% 49% 27% 

1.5 -5% 33% 43% 24% 

2 -5% 29% 37% 20% 

5 -9% 9% 16% 6% 

8 -8% 3% 10% 2% 

 

Tables 5 and 6 present the drag reduction results for three-truck platooning situation. The results are 

presented for without ground effect(Table 5) and with ground effect(Table 6). From the results given 

in Tables 5 and 6, it is seen that the lead truck experiences a very small reduction in drag, where as 

the trailing(second and third) trucks experience a large reduction. The total drag for all three trucks 

is also reduced significantly. This reduction in total drag slowly diminishes as the gap between the 

trucks is increased. 

Figure 8 shows the drag coefficient variation with gap for four trucks without(a) and with(b) 

ground effect. From the Fig. 8, it is seen that the drag coefficient of the lead truck initially increases 

slightly and then starts becoming constant as the gap increases. It is seen to increase up to a value 

almost equivalent to the drag coefficient of a single isolated truck which is about 1.15. Also, seen in 

the Fig. 8, is that the drag of the trailing (second, third and four) trucks is very low when (G/L) is 

small and it increases as the gap between the trucks increases. The drag of the trailing trucks(second, 

third and four) reaches the drag value of the lead truck when the gap (G) reaches 8 truck lengths, upto 

which the present research has been carried out. Upto G/L=8 the drag of the trailing trucks(second, 

third and four) is less than the drag of the lead truck, signifying that the trailing trucks (second, third 

and four) had the potential to save fuel. Figure 9 presents the total drag coefficient variation with gap 

for four trucks without(a) and with(b) ground effect. For no platooning case, the total drag coefficient 

is obtained by adding the drag coefficients of four individual trucks and the total drag coefficient for 

four trucks is obtained from from the total drag expeienced by both the trucks using the Eq. (11). 

From the Fig. 9, it is seen that the total drag coefficient of the four trucks increases with gap up to a 

value almost equal to four times the drag coefficient of a single isolated truck. Tables 7 and 8 present 

the drag reduction results for four-truck platooning situation. The results are presented for the cases 

without ground effect(Table 7) and with ground effect (Table 8). From the results given in Tables 7 

and 8, it is seen that the lead truck experiences a very small reduction in drag, where as all the trailing 

trucks experience a large reduction. The total drag for all four trucks is also reduced significantly. 

This reduction in total drag slowly diminishes as the gap between the trucks is increased. 
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Table 7. Drag reduction for four trucks without ground effect 
 

 

Table 8. Drag reduction for four trucks with ground effect 
 

 

G/L First Truck Second Truck Third Truck Fourth Truck Total Drag Reduction 

0 14% 97% 97% 69% 69% 

0.01 6% 91% 91% 87% 69% 

0.05 1% 91% 91% 85% 67% 

0.1 2% 86% 87% 84% 65% 

0.3 0% 70% 71% 71% 53% 

0.5 0% 57% 57% 63% 44% 

1 -5% 38% 48% 54% 34% 

1.5 -5% 33% 41% 46% 29% 

2 -7% 28% 35% 41% 24% 

5 -7% 13% 18% 22% 12% 

8 -7% 4% 8% 13% 5% 
 

The results presented above, show the drag coefficient variation with gap with and without ground 

effect for two, three and four trucks. These results show that, the trailing trucks experience less drag 

compared to the lead truck. It is, also, seen that the drag coefficient of the trailing trucks is low initially 

for small gap and then starts increasing. The present computations were carried out up to a gap of 8 

truck lengths. The drag coefficient of the trailing trucks keeps increasing even up to a gap of G/L=8 

and seems to increase further. This has to be investigated further. This means that the influence of the 

lead truck on the flow over the trailing trucks keeps diminishing as would be expected to happen. 

Another interesting note is that for very small gap between the trucks, the flow treats all trucks (up to 

four trucks) as a single entity.  

 

 

 

 

 

 

 

 

G/L First Truck Second Truck Third Truck Fourth Truck Total Drag Reduction 

0 7% 97% 97% 76% 69% 

0.01 6% 93% 93% 87% 70% 

0.05 6% 93% 93% 85% 69% 

0.1 5% 88% 87% 84% 66% 

0.3 3% 66% 67% 64% 50% 

0.5 0% 44% 52% 53% 37% 

1 -1% 36% 37% 33% 26% 

1.5 -1% 26% 30% 28% 21% 

2 -2% 21% 23% 22% 16% 

5 -2% 5% 5% 6% 3% 

8 -2% 1% 0% 0% 0% 
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Table 9. Wake width variation for four trucks configuration without ground effect 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Wake width variation with gap without ground effect in platoon formation 

 

Figure 10 and Table 9 present the variation of wake width(B) at one location behind the last 

trailing truck with gap(G/L). The wake width is described as the location in the z-direction where the 

value of mean velocity is 99% of the undisturbed freestream velocity from the centreline of the wake 

and it is computed based on the streamwise component of mean velocity. The wake width is non-

dimensionalised using the height(H) of the truck.The wake width results presented in the Fig. 10 and 

Table 9 are for the case of 4-truck platooning without ground effect. The wake width is calculated at 

the streamwise location 4-truck lengths distance downstream of the 4th truck. It can be seen from the 

Fig. 10 and Table 9, that the wake width reduces as the gap between truck increases upto a gap of 

about G/L = 0.3 and then starts increasing with gap though still remains lower than the wake width 

of a single isolated truck until a gap between the trucks of 8 truck lengths. Similar trends in the results 

of wake width for 2 and 3 truck platoons cases were obtained, and hence, not presented here. Since it 

is accepted that the size of the wake width is related to the drag experienced by the object49, it can be 

understood that platooning does provide drag reduction benefits.  

 

 

 

G/L B/H 

0 1.552 

0.01 1.469 

0.05 1.429 

0.1 1.379 

0.3 1.352 

0.5 1.375 

1 1.419 

1.5 1.445 

2 1.482 

5 1.533 

8 1.551 
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4.  Conclusions 
 

In this paper numerical fluid mechanics analysis of benefits of platooning phenomenon in  trucks 

is carried out. Computations have been carried out on idealized two-dimensional rectangular 

geometries to represent trucks. A two-equation k- turbulence model has been utilised with air as the 

fluid medium. The k- turbulence model was selected mainly because it is a standard and widely used 

model in solving wide variety of fluid flow problems. From this simple computational modelling 

study, it has been shown that the platooning phenomenon is possible. Studies were carried out up to 

4 trucks and 8 truck lengths gap (G/L=8) between the trucks. The present computational results show 

that the drag coefficient of the lead truck is not affected very much by the presence of trailing trucks. 

The trucks trailing the first truck experience less drag. This is true up to four trucks. The drag 

coefficients of the trailing trucks keep increasing as the gap between the trucks increases (up to 8 

truck length gap (G/L=8) and up to 3 trailing trucks). Velocity in front of the trailing trucks is low for 

small G/L and increases as G/L increases and eventually becomes equal for region for a single isolated 

truck. The wake width behind the last trailing truck reduces as the gap between trucks increases upto 

a gap of about G/L = 0.3 and then starts increasing with gap though still remains lower than the wake 

width of a single isolated truck until a gap between the trucks of 8 truck lengths. From this study, is 

found that with ground effect, the drag reduction for four trucks ranges between 69% for 0 gap and 

5% for 8 truck length gap The drag reduction for four trucks without ground effect ranges between 

69% for no gap and 0% for a gap of 8 truck lengths. It is also shown that, up to 4 trucks, the total drag 

of platooning trucks is less than total drag of all independent trucks. This continues to be so until 8 

truck lengths gap (G/L=8) between the trucks. It is shown that for small gap between the trucks, the 

flow treats all trucks (up to four trucks) as a single isolated entity. Similar trends in drag coefficient 

were found with and without ground effect. Since this study has been carried out using idealized two-

dimensional geometries, it is recommended that further studies be carried out with more trucks(with 

more realistic geometries) and varying gap between trucks in a three-dimensional domain to confirm 

this phenomenon. 
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