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 Numerical simulation of the outflow field of a truck 

is carried out by using aerodynamic analysis 

software based on a computational fluid dynamics 

model. The velocity and pressure distribution of 

the outflow field around the truck are obtained and 

the cause of generating aerodynamic drag is 

analyzed. The flow separation in the front and at 

the tail of the truck is the main cause of air 

resistance generation. Three kinds of truck fairing 

are proposed based on the aerodynamic drag 

reduction mechanism. The influence of a drag 

reduction device on aerodynamic characteristics is 

analyzed based on the pressure distribution, 

velocity distribution and turbulent kinetic energy 

distribution around the truck. The research shows 

that three kinds of drag reduction devices for a 

truck have great effect on drag reduction, with the 

bottom fairing showing the best drag reduction 

effect. This study provides a theoretical basis for 

drag reduction and energy saving for the truck. 
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1 Introduction 
 

With the rapid rise of oil prices, there is a growing 

emphasis on drag reduction and other forms of 

energy-saving designs in the automotive industry. 

Air resistance of vehicles is proportional to the 

square of the vehicle speed. When vehicle speed 

gradually increases, the proportion of aerodynamic 

drag also increases. Fuel efficiency generated by 

reducing the aerodynamic drag will be considerable. 

Due to the unique structure of the truck, the 

aerodynamic shape is poor. It has a large frontal 

area so that the aerodynamic drag is large. At high 

speeds, the aerodynamic drag of a truck increases 

rapidly, and the fuel consumption increases sharply. 

Numerical simulation of a container semitrailer 

truck was conducted by using CFD software, and 

significant conclusions were obtained [1-2]. A 

numerical simulation of the influence of a guide 

cowl on the aerodynamic characteristics of a light-

duty van was researched [3]. A 3D numerical 

simulation on the exterior flow field of a round roof 

van was conducted based on a model set up. Four 

types of spoilers were designed and simulated to 

optimize the aerodynamic performance of the van 

[4]. The aerodynamic balance force and time-

averaged wall pressure distribution measurements 

were conducted in a wind tunnel to investigate the 

aft-body drag reduction of the tractor-trailer truck 

model by all add-on devices [5]. The bottom 

separator installation can improve the aerodynamic 

characteristics of light vans and reduce aerodynamic 
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drag [6]. A passive drag reduction technology for 

trucks is proposed in [7]. Wang et al. [8] researched 

the drag reduction mechanism of a truck shroud by 

using numerical simulation. The effect of the gap 

between driver cab and freight body of a heavy-duty 

truck on its aerodynamic characteristics is 

researched [9]. CFD simulation and wind tunnel 

tests were performed on a kind of commercial truck 

to study the influence of the cab shape and various 

kinds of guide cowls on aerodynamic drag [10]. To 

measure the aerodynamic drag produced by the 

vehicle, a wind tunnel study was undertaken using a 

1/10 th scale model truck [11]. Three-dimensional 

flow structures around simplified model vehicles 

and heavy vehicles were introduced and the flow-

control devices used for drag reduction were 

discussed [12-13]. In order to reduce the 

aerodynamic drag of a heavy-duty truck, four 

different shapes and styles of deflectors based on 

the original one were introduced. The three-

dimensional flow structures around simplified 

model vehicles were introduced and the flow-

control devices used for drag reduction were 

discussed [14]. Simple potential improvements in 

the aerodynamic design of the light bars were 

investigated by combining computational fluid 

dynamics (CFD) with the design of experiments and 

meta-modeling methods [15]. Simple devices added 

to the trailer were studied [16], showing that it is 

possible to decrease the aerodynamic drag by over 

10 %, with an increase of overall dimensions below 

1 % without any change to the load capacity of the 

trailer. An experimental investigation of several 

drag reduction devices installed in the rear of a bluff 

body with square back geometry in ground 

proximity was conducted [17].  
With the rapid development of highways, the 

traveling speed of vans and trucks is rising, so 

studying the aerodynamic characteristics of such 

vehicles is necessary. In this paper, the outflow field 

of a van is analyzed in detail by using three-

dimensional software and fluid analysis software. 

Three kinds of van fairing will be proposed based 

on the analysis, and the optimized drag reduction 

device is obtained based on the aerodynamic 

characteristics of the van. This study will provide 

the theoretical basis for the drag reduction and 

energy conservation of trucks. 

 

 

 

2 Establishment of finite element model of 

the van 
 

2.1 The establishment of geometric model of the 

van  
 

The geometric model of the van established by 

using software UG is shown in Fig. 1. The van 

model is divided into two parts, which are the cab 

and the container. Its external scale includes mirrors, 

door handles, exhaust system and other components 

which are simplified when establishing the model of 

the van in order to save computing resources. 
 

 
 

Figure 1. Geometric model of the van. 
 

2.2 Meshing of computational domain 
 

The three dimensional model of the van is imported 

into Gambit software in the format of parasolid to 

mesh the computational domain. The cuboid which 

includes five times the vehicle length, four times the 

vehicle width and three times the vehicle height is 

taken as the fluid simulation area. An unstructured 

grid is used in the computational domain. To 

improve the calculation accuracy, local mesh 

refinements are conducted in the surrounding area 

of the truck. Fig. 2 shows the mesh of 

computational domain. 
 

 

 

Figure 2. Mesh of computational domain. 
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2.3 Boundary conditions 

 

(1) Entrance conditions: The end face of the 

flow direction is taken as the entrance 

boundary. The coordinate system is built on 

the van body, with the airflow direction 

being opposite to the traveling direction of 

van. The van speed is set to 40 m/s, which 

is along the x axis direction. The remaining 

two vectors that are perpendicular to 

airflow direction are set to 0 m/s. 

Turbulence intensity is set to 0.5 %. 

(2)  Export boundary: The distal end surface of 

the van body is set to the pressure outlet 

boundary. The relative pressure is set at 0. 

(3)  Wall boundary conditions: The vertical and 

horizontal surfaces of the computational 

domain and the outer surface of the model 

are all set at a fixed wall boundary 

condition.    
 

3 Mathematical model  
 

3.1 Control equations 

 

The total mass conservation equation for the 

compressible flow is as follows: 
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where,  is the density; t  is the time; iu  is the 

speed tensor; ix  is coordinates tensor. 

In the inertial coordinate system, the momentum 

conservation equation in the direction of i  is as 

follows [18]: 
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where,  is the density; t is the time; iu and 

ju are the velocity tensor; ix and jx are 

coordinate tensor; 
ig is gravity body force; p is 

static pressure; ij
 is referred to as subgrid scale 

stress (SGS) which reflects the influence of 

small-scale vortex motion on solving the 

equations of motion; 
iF  is the gravity body force 

and the other volume force. 

 
3.2 Turbulence Model 

 
The standard κ-ε model is used to calculate the 

Reynolds stress to close the flow control equation, 

according to the following equation[19]: 
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where, t  is the turbulent viscosity coefficient, 

determined by the following equation. 

 

                               
2

t

c



 ,                            (4) 

 

where, k and  are turbulent kinetic energy and 

turbulent energy dissipation rate, whose transport 

equations are as follows. 

 

                       

2

3

e ff

j

j j

i i i
t ij t

j i i

x x

u u u
s

x x x



 
 



   

  
     

   
   

   

 ,     (5) 

 

                 

1

2

2 4

2

3

eff

j

j j

i i i
t ij t

j i i

i

i

x x

u u u
c s

x x x

u
c c

x





 

 
 




  




 


  
    

     
    

     


 



,  (6) 

 
where, 

eff t    , the empirical coefficients of 

C
, k ,  ,

1C
,

2C
 and 

4C
are determined 

according to Table 1. 

 
Table 1. Experience coefficient [20] 

 

C


 
k     1C  2C  4C  

0.09 1.0 1.22 1.44 1.92 -0.33 
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The finite volume method is used to disperse the 

control equation, and the SIMPLE algorithm is used 

to conduct the numerical simulation. 

 

4 Outflow field analysis of the original 

model of the van 

 
4.1 Pressure distribution 
 

Fig. 3 shows the pressure contour of the symmetry 

plane of the van. It can be seen from Fig. 3 that the 

pressure in front of the van is very high. Positive 

pressure areas are mainly concentrated in the front 

of the front windshield, which is the main source of 

aerodynamic drag. There is a high pressure area in 

the front region of the cargo compartment, showing 

that the cargo compartment creates high resistance. 

It can also be seen in Fig. 3 that the pressure of the 

front van is greater than that of the rear van, and the 

pressure drag is created. The pressure at the top of 

the van is smaller than that of the van bottom, which 

causes pneumatic lift. 
 

 
 

Figure 3. Pressure contour of the symmetry plane of 

van. 
 

4.2 Velocity distribution 

 

Fig. 4 shows the velocity vector of the symmetry 

plane of the van. In the block of the van the air flow 

is divided into two parts. A portion of the airflow 

flows over the van roof, while the other portion 

flows below the van bottom. Since the cargo 

compartment is higher than the cab, the protruding 

parts block the airflow. Airflow separation is 

produced at the top of the cab and large vortices are 

formed. When the stream flows around the van 

body, the air flow velocity of each portion is not the 

same, which forms a vortex. Vortices appear around 

the tail region of van and the area between the van 

body and the front. The vortex in the rear area of the 

van is the largest. Because the rear pressure of the 

van is smaller than the surrounding pressure, a 

strong vortex area is formed, as shown in Fig. 5. 

 

 
 

Figure 4. Velocity vector of the symmetry plane of 

the van. 
 

 
 

Figure 5. Velocity vector of van tail. 
 

4.3 Turbulent kinetic energy distribution 
 

Turbulent kinetic energy can reflect the size of the 

turbulent energy losses and the intensity of the 

turbulence. Fig. 6 shows the contours of turbulent 

kinetic energy, showing that the turbulent kinetic 

energy losses are mainly concentrated at the top of 

the van cab and the rear of the van. This is because 

the airflow at the top of the cab is obstructed by the 

cargo compartment and complex vortices are 

formed. Air stream from the top, side and bottom of 

the van can produce vortices in the van tail. 

Affected by the separation of the airflow, the 

turbulent kinetic energy of the van tail is very large. 

The turbulent kinetic energy should be avoided as 

far as possible in order to reduce air resistance of 

the van. 
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Figure 6. Contour of turbulent kinetic energy. 
 

5 Design and flow field analysis of 

additional drag reduction device 
 

5.1 Design of drag reduction device in tail and 

comparative analysis 
 

Based on the computational fluid dynamics analysis 

of the van, aerodynamic devices are installed at the 

tail, bottom and front of the van respectively to 

reduce resistance and fuel consumption. Fig. 7 

shows the van model with the drag reduction device 

at the tail and has a spoiler at the rear of the van's 

carriage. The baffle can be installed at the top and 

side edges of the trailing edge of the van. Airflow 

around the van will flow toward the tail of van with 

this baffle. Negative pressure behind the vehicle is 

avoided and air resistance is also reduced. In the 

end, the fuel consumption of the van is reduced and 

the travel efficiency is increased. 
 

 
 

Figure 7. Van model with drag reduction device at 

the tail. 
      

Since the air pressure of the rear of the van is lower 

than that of the top and sides of the van, vortices are 

formed. Fig. 8 presents the contrast of the speed 

contour of the tail of the van, showing that the low 

flow region of the van model with the drag 

reduction device on the tail is significantly reduced. 

The uniform flow rate of each region can avoid 

eddy currents caused by the local flow velocity 

which is very small, and thus the drag forces 

generated by the eddy currents are reduced. Fig. 9 

shows the contrast of the velocity vector of the van 

tail (Center section). After installing additional rear 

fairing， due to the diversion effect of transom, the 

air flow becomes a little more smooth. Because of 

the regular flow of air, vortex and the van 

aerodynamic drag are reduced. 
 

 
 

a) Van model with drag reduction device on the tail 

  

 
 

b)  Original model 

 

Figure 8. The contrast of speed contour of the van 

tail (top view). 
 

 
 

a) The van model with drag reduction device in tail  

 

 
 

b) The original model 

 

Figure 9. The contrast of the velocity vector of van 

tail (Center section). 
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Fig. 10 presents the contrast of the turbulent kinetic 

energy of van tail. Since the smoothness of air flow 

has been improved and air flow becomes more 

regular, the turbulent kinetic energy of van tail will 

be reduced. The figure shows that the low pressure 

area of the van model with drag reduction device in 

tail is significantly less than that of the original 

model. And drag vortex will be shorter. The 

concentration area of turbulent kinetic energy 

becomes smaller and the turbulent kinetic energy of 

the central region has also been reduced. The 

simulation results show that the aerodynamic drag 

coefficient of the van model with drag reduction 

device in tail is 0.6431, which is reduced by 

5.773 % compared with the original model. The 

force measurement and pressure measurement 

experiments were carried out in the wind tunnel by 

the authors of the literature [5]. The research 

showed that the drag of the truck model with the 

pneumatic attachment of back fence was reduced by 

7.19 %. This shows that the tail drag reduction 

device in this paper can reduce the drag coefficient 

of the truck. 
 

 
 

a) The van model with drag reduction device in tail   
 

 
 

b) The original model 

 

Figure 10..Contrast of the turbulent kinetic energy 

of the van tail (center section). 

5.2 Design of drag reduction device at bottom 

and comparative analysis 
 

In the area between the front and rear wheels of the 

van a very complex phenomenon of turbulence will 

be formed because of the long distance between its 

front and rear wheels. The complex turbulence will 

greatly increase air resistance, which affects the van 

speed and greatly increases fuel consumption. In 

order to improve the smoothness of the air flow at 

the bottom of the van, a kind of drag reduction 

structure at the bottom of the van is presented. The 

device, located between the front and rear wheels of 

van, is an air flow passage that is composed of side 

plates. The specific structure is shown in Fig. 11. 
 

 

 
Figure 11. Van model with drag reduction device at 

the bottom. 

 
Fig. 12 shows the contrast of the speed contour of 

van bottom. The figure shows that the bottom 

airflow velocity of the improved van is more 

uniform. Because the air flow at the bottom of the 

van is more complex, the turbulent kinetic energy is 

relatively large, which is a factor in producing van 

resistance. Fig. 13 shows the contrast of the 

turbulent kinetic energy of the van bottom. After 

installation of the bottom deflector, the smoothness 

of the airflow is significantly improved and the 

turbulent kinetic energy and aerodynamic drag are 

significantly reduced. The simulation results show 

that the aerodynamic drag coefficient of the van 

model with the drag reduction device at the bottom 

is 0.6238, which is reduced by 7.136 % compared 

with the original model. The flow field of trucks 

with 4 kinds of underbody skirt and no skirt were 

studied by the authors in the literature [6]. The 

aerodynamic drag coefficient of the prototype truck 

without underbody skirt is 0.556. And the 

aerodynamic drag coefficient of the truck with the 

underbody skirt is 0.546. The drag coefficient was 

decreased by 1.83 %. This shows that the bottom 
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drag reduction device in this paper can reduce the 

drag coefficient of the truck. 
 

 
 

a) Van model with drag reduction device at the tail 
 

 
 

b) Original model 
 

Figure 12. Contrast of the speed contour of van 

bottom. 
 

 
 

a) Van model with drag reduction device at the tail 
 

 
 

b)  Original model 
 

Figure 13. Contrast of turbulent kinetic energy at 

van bottom. 

5.3 Design of drag reduction device in front and 

comparative analysis 
 

A high degree of air flow separation and vortex are 

produced between the cab and the container. In 

order to reduce airflow resistance here and achieve 

a little smoother air flow, a drag reduction device is 

installed between the cab and the container, as 

shown in Fig. 14. 
 

 
 

Figure 14. Van model with drag reduction device in 

front. 
 

Fig. 15 shows the contrast of the pressure contour of 

the symmetry plane of the van, showing  a smoother 

air flow between the container and cab of the 

improved van as well as reduced vortex. Pressure in 

the front of the improved van is reduced. Fig. 16 

shows the contrast of the turbulent kinetic energy at 

the top of the van, which reveals that the turbulent 

kinetic energy of the van model with drag reduction 

device in front is reduced compared to the original 

model. 
 

 
 

a) Van model with drag reduction device in front   
 

 
 

b) Original model 
 

 Figure 15.Contrast of the pressure contour of the 

symmetry plane of the van. 
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a) Van model with drag reduction device in front 

 

 
 

b) Original model 

 

Figure 16. Contrast of the turbulent kinetic energy 

at the van top. 

 

The simulation results show that the aerodynamic 

drag coefficient of the van model with drag 

reduction device in front is 0.6522, which is 

reduced by 4.44 % compared with the original 

model. According to the performance test of the 

same truck model conducted by the authors in the 

literature [3], the aerodynamic drag coefficient of 

the truck model was decreased by 10 % after the 

installation of the shroud. This shows that the front 

drag reduction device in this paper can reduce the 

drag coefficient of the truck. Table 2 shows the 

contrast of the air resistance coefficient between the 

van model with drag reduction device and the 

original model. 
 

Table 2.   Air resistance coefficient of different van 

models 
 

Model 
Air resistance 

coefficient 

Percentage of 

optimization (%) 

Original model 0.6825  

Van model with drag 

reduction device at 

the tail  

 

0.6431 

 

5.773  

Van model with drag 

reduction device at 

the bottom 

 

Van model with drag 

reduction device in 

front  

 

0.6238 

 

 

 

0.6522 

 

7.136  

 

 

 

4.440  

5 Conclusions 
 

1) The aerodynamic drag of the van is mainly 

concentrated at the top of the van cab and the 

van tail. The complex vortex is formed because 

the airflow at the top of the van cab is 

obstructed by the cargo compartment. At the 

van tail, the air flow from the top, the sides and 

the bottom of the van tail is collected and a 

vortex is formed. 

2) Three kinds of van fairing are established based 

on an aerodynamic drag reduction mechanism. 

Three kinds of drag reduction structures are 

installed respectively at the rear, bottom and 

front of the van on the basis of the original van 

model. Three kinds of van fairing have a great 

influence on the aerodynamic characteristics of 

the van. 

3) The aerodynamic drag coefficient of the 

original van model is the largest. Three kinds of 

additional drag reduction structures of the van 

have a great effect of drag reduction. The 

largest decline of the aerodynamic drag 

coefficient of the van is 7.136 %. Three kinds of 

additional drag reduction devices can reduce the 

turbulent vortices generated in the outflow field 

of the van to a certain extent so that the 

aerodynamic drag is minimized. 
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