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Abstract 
 
An aerodynamic force always creates and strikes every single vehicle that 

move on the road. It is vital coz it affects the vehicle dynamic behaviour 

while moving, cornering, accelerating and braking. Moving of a vehicle 

creates a high pressure region as the air flow strikes from the front bumper 

until it reaches the top end surface of the vehicle. This research focuses on 

the drag coefficient CD, lift coefficient CL at the rear section of a pickup truck 

through aerodynamic analysis by using different rear spoilers, and their 

effects towards the pickup truck aerodynamic performance. Therefore, in this 

study different designs of rear spoiler will be introduced and the analysis will 

be conducted on their drag and lift coefficient, velocity streamline of airflow 

at the rear of the pickup truck. Moreover, the numerical analysis in this study 

will be conducted by using ANSYS-Fluent software that is capable of 

simulating the air flow on the vehicle. Furthermore, the results will 

demonstrate the performance of each rear spoiler which helps to identify the 

better design for reducing drag and lift coefficient, in order to enhance the 

vehicle aerodynamic performance, provide greater stability, handling and 

improve fuel efficiency.  
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1 Introduction 
 

Pickup truck is a vehicle segments that able to withstand heavy load and 

most appropriate for off-road enthusiast because it have special features on 

that type of road surface. This type of vehicle is well-known as a heavy duty 

vehicle due to its purpose to carry load and run through rough road. 

However, from the past 10 years, the trend of using these vehicles has 

changed focus into city driving and highway users. Thus the shape and 

design of the pickup truck also undergo evolution which now is far more 

dynamic, ergonomic, practical, economical and more features are added 

according to the customers’ preferences especially on urban areas. 

Furthermore, nowadays the aerodynamic of pickup trucks have improved as 

compared to the previous versions.  

Aerodynamic is one of the studies on vehicle dynamic involving the 

movement of air with forces acting on bodies in motion relative to such 

fluids. During the vehicle movement on a road, it is affected by aerodynamic 

forces that strike around it. The aerodynamic is one of the keys for car 

handling and stability, safety and fuel consumption.  This kind of forces 

usually calculated as a drag coefficient CD where effects the car movement 

passing through the surrounding air. For a pickup truck the aerodynamic is 

complex due to the open rear bed that results interaction of the bed walls and 

tailgate with the separated shear layer formed at the edge of the cab, see Fig. 

1 [1]. Every manufacturer will try their best to build a car that has drag 

coefficient as low as possible because the lower the drag coefficient the 

smoother through the air it will move. Also to improve the cornering abilities 

at high speed and keep good traction on the road. Especially for racing and 

high performance cars, it is vital to create desirable downward aerodynamic 

forces. Reducing the drag and wind noise can help in minimizing noise 

emission and preventing undesired lift forces at high speeds which are the 

major concerns of automotive aerodynamic. By improving a vehicle 

aerodynamic, it could lead to increase the acceleration and speed of the 

vehicle and fuel efficiency [2]. While the vehicle moves, an area of high 

pressure will form as the air travels from the front hood until the rooftop of 

the vehicle. In contrast, the rear of the vehicle will have low air pressure. 

This effect will lead to the production of drag force due to the amount of air 

refilled in that region is small and less, and the reduction of drag is needed 

for better fuel efficiency and improving the vehicle’s performance.  

The drag force could be reduced by installing a rear spoiler, so less 

turbulence created at the rear area of the car. Different lengths and angles of 

rear spoiler produced different drag force due to different ability of airflow 

separation [3]. Thus this research will discover the optimum design of rear 

spoiler with the lowest drag and lift coefficient in order to achieve better 

aerodynamic performance for the pickup truck. 

Drag force could create power loss to the vehicles due to being used to 
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it. At the rear end, approximately 60% of the total drag was generated and 

the drag force was provided by relative motion between the air and the 

vehicle. On the other hand, the high number of drag coefficient was due to 

the bad streaming of the body shape that allowed too much resistance 

towards the air while the vehicle in motion [4].  

In addition, the dropping down the tailgate could increase drag 

coefficient while the addition of bed cover improved the drag coefficient of 

pickup truck. So for the owner of a pickup truck, it was advisable to keep the 

tailgate up and the installation of bed cover could be optional based on the 

situation and usage of the pickup truck [5]. 

Several studies conducted for pickup truck aerodynamic, this study used 

ANSYS Fluent for the numerical analysis of six different types of pickup 

truck, normal, wild-track, covered pickup box, SUV, front grill and sedan. 

The sedan type of pickup truck showed drastically improved of drag 

coefficient compared to others. The pressure path line of airflow seemed 

better than others due to the smoother shapes of rear part. The separation and 

wake flow of the pickup were also limited due to the pressure balance 

between the front and back of the pickup, which resulted lower drag 

coefficient [6]. 

Another study focused on the tailgate of a pickup truck positions such as 

tail up, down or off. The truck with extended cab had the least of drag 

coefficient with the tailgate up, while the highest number of drag coefficient 

with tailgate off. Even though the differences looked small and quite same 

from one to another, but it could have an impact to another aspect, especially 

on fuel consumption and stability of the vehicle [7]. 

Moreover the analysis of pickup truck with bed and rear flap variations 

was conducted by J. Ha et al  [8]. The variations of the design including the 

bed length, bed height, rear flap length and flap inset with three levels. Based 

on the results, it could be concluded that the longer the bed length, the lower 

the drag coefficient produced due to the wider projected frontal area for the 

crosswind. While the lower bed had a lower drag coefficient. In addition, the 

present of the rear flap helped to decrease the drag coefficient by increasing 

the cabin back surface pressure. For the flap inset, it increased the drag 

coefficient by lowered the inset area pressure at the surface of the back cabin. 

Thus, the rear flap only effective when installed it without any offset. 

Another research on the drag coefficient of pickup truck by adding a few 

devices for a full-size production pickup truck [9]. Through the studies, both 

authors investigated the addition of three devices, boat tail-like extended 

plates attached to the tailgate, mid-plate attached to the mid-section of the 

tailgate and flat plates partially covering the truck bed. From the devices, 

they produced 24 configurations to evaluate the drag coefficient including 

the baseline. Based on the results obtained, the implementation of the partial 

bed cover and the top plate demonstrated 21% reduction of drag coefficient. 

 In recent study, Nawam et al.[10] reported that the alternatives of adding  
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aerodynamic devices to the vehicle’s body were common practice. One of it 

was a rear-wing spoiler. These improvisations had greatly improved the 

aerodynamic performance of the vehicle such as better fuel consumption, 

preventing undesired lift force, minimized noise and reduced other instability 

of aerodynamic when the vehicle moved at high speed. They reported every 

0.01 reduction in drag coefficient was able to reduce the fuel consumption by 

up to 0.4 litres per 100 km at speed of 130km/h. Furthermore recently there 

was a study focused on two types of rear spoiler such as the standing wing 

spoiler and simple strip spoiler fitted on a road vehicle [11].  The attached 

spoiler could minimize the drag and lift coefficient generated at the rear side 

of the vehicle. Another study regarding the spoiler was conducted by Cakir, 

who used two different types of spoiler and one model was a vehicle without 

a spoiler as a reference model. The result of drag coefficient and lift 

coefficient were obtained and showed that the vehicle model with standing 

wing spoiler demonstrated the least number of drag coefficient and better 

than the base model. Therefore, the spoiler proved the reduction of the drag 

coefficient and ability to enhance the vehicle’s stability, handling and fuel 

consumption [12]. 

 

2 Methodology 
 

This research focuses on a simulation by using finite element analysis 

software known as Ansys-Fluent to optimize of rear spoiler design for pickup 

truck that enhances the aerodynamic and reduce the drag coefficient. 

Moreover, another software is used for modeling known as Solid-works, 

together with Ansys will be applied in this study. The design of the rear 

spoiler is inspired by the aftermarket rear spoiler and being fitted according 

to the measurement on the pickup truck model. The three models of rear 

spoilers and a simplified model of pickup truck will be designed using Solid-

work. The results obtained will be collected and analyzed to determine the 

recommended design of a rear spoiler.  

 
2.1 Pickup Truck Model 
 

 

Figure 1 Dimensions (mm) of the Selected Pickup Truck that will be Used in this 

Study [13]. 
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Solid-works software is being used for modelling the vehicle geometry. 

For modelling process, all dimension and design of the pickup truck model is 

based on a previous research conducted on pickup truck aerodynamic 

performance (see Fig. 1), where the pickup truck with covered box is chosen 

due to its low drag coefficient as compared to the open one [13]. This design 

is scaled down model for a ratio of 1:12 from the full-scale of pickup truck as 

shown in Fig. 2. 
 

 
 

Figure 2 3D Model of the Pickup Truck that will be Used in this Study, Provided 

with the Spoiler Location. 

 

2.2 Rear Spoiler Design 
 

Nowadays a lot of designs for rear spoilers are available, so the styles 

should be suited with the vehicle models, especially the spoiler's aerofoil 

shape. This is to eliminate the errors during the analysis. Furthermore, only 

flat rear shape style of roof is used in this design such as hatchback or MPV 

vehicle [14]. Ten configurations of rear spoilers will be introduced with same 

design but different angles which are 0˚ (design A) and 5˚ (design B) of 

angle and five distinct lengths, from 10mm to 30mm with 5mm of increment 

of each as shown in Table 1. All ten rear spoilers’ model will be simulated 

with the same pickup truck model. Fig 3 shows the rear spoiler A imported 

from Solid-work to Ansys-Fluent interface. 
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Table 1 Rear Spoiler Configurations 

 

Design 
Top 

angle (˚) 

Top length 

(cm) 

A1 0 10 

A2 0 15 

A3 0 20 

A4 0 25 

A5 0 30 

B1 5 10 

B2 5 15 

B3 5 20 

B4 5 25 

B5 5 30 

 

 

 

 
 

Figure 3 Rear Spoiler of Design A that used in the Analysis of the Pickup Truck 

aerodynamic. Dimension Unit is millimetre (mm).  

 

2.3 Numerical Analysis  
 

ANSYS software is used in this research as a tool for analysing the model 

and test the design of the pickup truck with and without the rear spoilers. 

ANSYS-Fluent able to analyse the fluid flow on an object, study on steady 

state thermal and test the structural of design. This research focuses on the 

fluid flow on a pickup truck to find out the drag coefficient for all the cases 

and comparing the obtained results. The simulation process is similar through  

all the cases by using the same enclosure box. The static enclosure will have 

the properties of fluid or gas. Since this study focuses on the rear part of 

vehicle, which is where the phenomenon of “wake of vehicle” occurs, more 

empty space has been left on that side of the vehicle model and to predict the 

flow behaviour mostly behind the vehicle [15], see Fig. 4.  
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Figure 4 Dimension of Enclosure Box Which Has More Space to Predict Air Flow 

Behaviour Behind the Vehicle. 

 

Referring to Fig. 5, the sizing and inflation for the mesh has been set as 

follows: 

1.    Using advance size function: On Curvature 

2.    Relevance center is Medium 

3.    Smoothing setting is High 

4.    Transition is set to Slow 

5.    10.00mm of maximum face size 

6.    Maximum size is set to 20mm 

7.    Growth rate at default setting 

8.    Select Program Controlled in using automatic inflation 

9.    Inflation option set to first aspect ratio 

10.    First aspect ratio, maximum layers and growth rate set to default 

setting 

 

 
 

Figure 5 The Meshing Result on the Pickup Truck with the Sizing and Inflation of 

the Mesh. 

 

Moreover, boundary condition setups also have been set before running 

the simulation. The velocity inlet is set to 126km/h. A constant air turbulent  
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intensity of 5% is used. While the pressure outlet is set to static pressure. The 

motion of the wall is set to static wall and no slip boundary conditions on the 

surface of the vehicle. In solving process, the Coupled algorithm is used for 

pressure-velocity coupling with second order pressure scheme. The drag and 

lift monitor are chosen for the wall zone of the vehicle surface, means that 

the forces will be calculated from the vehicle surface zone only. The 

convergence is identified and reached when the scale residuals graph shows 

the value less than 10e-5 for all cases.  

 

3 Results and Discussion 
 

Based on the results obtained in Table 2, for Drag Coefficient CD and 

Lift Coefficient CL, it is clearly seen that design B2 shows better results as 

compared to others. It scores the best in both drag and lift coefficient, 

however design A4 that produce worse drag coefficient and second in worse 

value of lift coefficient. Design B2 is the only one that have low drag 

coefficient compared to the base model, but the lift coefficient is slightly 

higher than the base model due to the presence of spoiler. 

 
Table 2 Result of CD and CL for all spoiler types 

 

Design CD CL 

Baseline model 0.5886 0.1591 

A1 0.5879 0.2077 

A2 0.5945 0.1972 

A3 0.6028 0.2652 

A4 0.6056 0.2769 

A5 0.6027 0.2559 

B1 0.5866 0.1628 

B2 0.5792 0.1612 

B3 0.5989 0.2338 

B4 0.5973 0.1792 

B5 0.5941 0.2482 

 

The peak values of CD and CL are shown in Fig. 6 and Fig. 7, in which the 

trend is not uniform and randomly change from one to another. The reason 

because it is unpredictable when the spoiler become longer whether the CD 

and CL will improve or not. However, the results in the graphs demonstrate 

the maximum values of CD and CL for pickup truck with rear spoilers of 5˚ at 

top angle, which are from design B1 to B5 have better value of CD and CL as 

compared to the flat top of 0° angle for rear spoilers. Therefore, introducing 

rear spoilers with top angle will enhance the aerodynamic performance of the 

pickup truck. 
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Figure 6 The Peak Values of Drag Coefficient CD of all Spoilers’ Designs in which 

Design B2 Shows the Lowest CD. 
 

 

                        
Figure 7 The Peak Values of lift coefficient CL of all Spoilers’ Designs, in which 

base Model Shows the Lowest CL. 

 

Furthermore, the flow of separation is created throughout the rear part of 

the pickup truck results higher number of drag produced. Fig. 8 demonstrates 

clearly that B2 has the smoothest airflow and less flow separation that lead to 

better drag coefficient as compared to others. However, B3 shows the highest 

flow separation created at the top of the bed cover. The turbulence creation 

on top of the bed appears for most of the rear spoiler types and varies from 

one to another. The boundary layer and the airflow action are changed 

randomly, and unpredictable pattern created with the increase of length and 

different angle applied for each design. Therefore, the presence of the spoiler 

will disrupt the airflow passing by the rear part of the vehicle. 
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Figure 8 Velocity Streamline of Airflow on the Pickup Truck with Covered Trunk 

Case, in Which B2 Demonstrates Better Airflow as Compared to the Rest of Spoilers 

Types, While B3 Produces the Highest Separation of Airflow. 

 

In addition, the turbulence of airflow is created at the rear while the vehicle 

moves instantaneously and circulates that area for several times due to the air 

unable to fill the void as the pickup truck, so this phenomenon is one of the 

main problems especially for pickup trucks which have higher turbulence as 

compared to other passenger cars due to its rear section design. The rear 

covered box / trunk will be a help for the air not to fill-up inside the trunk. 

Thus it will help the vehicle to have a less drag coefficient when compared to 

the one with open box / trunk.  
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4 Conclusion 
 
Vehicle aerodynamic is the main factor that affects the car handling and 

stability and fuel consumption. Forces that being generated due to 

aerodynamics are known as drag coefficient CD and Lift Coefficient CL that 

effect the vehicle movement passing through the surrounding air. For a 

pickup truck the aerodynamic is complex due to the open rear bed which 

results interaction of the bed walls and tailgate with the airflow separation 

formed at the edge of the cab. 

This research aims to improve the aerodynamic drag and lift of a pickup 

truck by adding different length and angle of rear spoiler at the edges of the 

rooftop. Based on the results obtained, lengthen of the rear spoiler doesn’t 

give significant reduction of drag and lift coefficient and limited for some 

length only. Spoiler with an angle can improve the aerodynamic performance 

as compared to the flat one. The streamline figure has proven that the 

irregular pattern was created when the rear spoiler increased in length, which 

is only effective and efficient in certain length. On the other hand, the 

introduction of an angle towards the top of the spoiler provided significant 

changes towards the aerodynamic performance.  

Finally, the length of the spoiler did not affect significantly on the pickup 

truck aerodynamic performance and the longer spoiler the more drag and lift 

coefficient generated. Meanwhile the changes of the spoiler angles improved 

the aerodynamic and provided lower drag and lift coefficient as compared to 

the flat spoiler.  

Furthermore, it is recommended for studies on different angles of the 

spoiler with the same vehicle base model, as it produces significant 

aerodynamic performance as compared to the spoiler length. The design and 

shape of the rear spoiler also can be improvised as it affects the aerodynamic 

performance. In addition, the uncovered box / trunk of the pickup truck with 

no tailgate application also can be studied further.  
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