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The Utility Vehicle, commonly known as a “ute” in New Zealand, and a “pickup” in 
other countries, is very popular for work, recreation and motorsport. This report 
investigates how the addition of a front splitter influences the handling ability on a 
Ford Courier Ute, for better aerodynamics during racing. Computational fluid dynamics  
(CFD) methods and Finite Element Analysis (FEA) were used to investigate the one-way 
fluid structure interaction of the speed of the Ute with and without the splitter 
modification. Three configurations of the splitter were modelled and analysed using 
SolidWorks 2022, CFD and FEA packages. The ground clearance between the splitter 
and the road was set at three heights, 200 mm, 150 mm and 50 mm. These designs 
were compared with the control, in terms of the amount of downforce, drag and 
aerodynamic efficiency. The ground clearance of 150 mm was optimal, in terms of the 
parameters investigated. The findings from this paper may inspire Ute enthusiasts to 
fit a splitter to their Ute for racing applications. 
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1. Introduction 
 

Computational modelling approaches are applied to determine aerodynamic efficiency of 
vehicles’ panelling with the aim of reducing fuel consumption [1]. Computational fluid dynamics 
(CFD) models can help to optimize the aerodynamic shape of vehicles to reduce the drag coefficient 
[1-3]. Hachimy et al., [2] presented a computational model focusing on three turbulent regimes to 
predict the drag coefficient for a vehicle body using ANSYS Fluent analysis. They investigated the k-
epsilon, the shear stress transfer (SST) and the k-omega SST to minimise the drag coefficient.  The 
study found that the total drag coefficient value in the SST agrees with the experimental data with a 
difference of 0.82%. Alshqirate et al., [3] analysed the flow over a small truck (a “pickup”) with and 
without a covered cargo area as an extra accessory using OpenFOAM. Their turbulence model was 
based on k-omega SST and showed that covering the truck results in a reduced drag coefficient due 
to reduction of recirculation zones compared to the open cargo truck. Yang and Khalighi [4] assessed 
the assumption of a steady state flow around a small truck to validate the aerodynamic shape, which 
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is also compared experimentally. The CFD steady state results provided the same qualitative 
outcomes to the experimental scenario, assuring that this simulation method provides the same 
quality data as the transient analysis for this type of problem. 

Car enthusiasts frequently modify their own vehicles with accessories intended to enhance the 
aerodynamics and give a similar outcome as racing cars. Therefore, there is a significant demand for 
improvements to the different types of accessories, such as front and rear spoilers, to achieve an 
acceptable drag coefficient [5]. Previous research has investigated the optimally aerodynamic shapes 
for racing vehicles, from those that are not used on public roads, such as Go-Karts [5], to those that 
are roadworthy and high-performance, such as Mercedes-AMG GT [6], and Porsche 911 [7]. 
Computational simulation has been used in small vehicles, to enhance the design of the chassis in a 
Go-Kart [8] and in large vehicles, such as modelling the aerodynamic response for a large bus when 
overtaking, taking into account the interference of crosswind [9]. CFD analysis can also be presented 
as one-way fluid structure interaction (FSI), as shown in [5], for spoiler optimization or to model a 
sedan car operating at different cruise speeds [10]. Also, the one-way FSI model was used to 
investigate the aerodynamic shape for the Shell Eco-marathon (SEM) vehicle [11].  

Racing teams across the world utilise vehicle aerodynamics to maximise negative lift (downforce) 
while minimising drag. Downforce is a force that increases and decreases with the properties of air 
flowing over the vehicle. Downforce increases available friction at the tyres. Friction is a product the 
normal force applied to the road, where normal force comprises the downforce and the force due to 
the mass of a vehicle [12-15]. Downforce is preferred as inertia is a product of mass. The higher the 
inertia the more the vehicle will oppose the change of direction, which decreases the vehicle’s 
handling ability [15]. Most production vehicles come from the factory without the ability to develop 
downforce. This is due to their shape acting like a plane wing and providing positive lift at high speeds. 
Downforce is developed with the addition of components such as Rear Wings, Diffusers and Front 
Splitters.  

This report investigates the effects of frontal aerodynamics on Utility Vehicles (Utes) used in the 
racing scene. Utes are very popular in New Zealand. According to vehicle monitoring website Car jam, 
the Ute, and specifically the Ford Ranger make and model, is the most popular vehicle in New Zealand 
[16]. Utes are very versatile, due to their seating capacity suitable for families, their towing capacity, 
suitable for boats and most caravans, as well as the carrying capacity of the tray. However, Utes are 
not known for their aerodynamic ability. Their larger size and optimisation for pulling power means 
they are not highly streamlined vehicles. Additionally, the tray acts similarly to a parachute.  

This study investigates a front splitter modification to a Ute. A front splitter is a component added 
to the front of the vehicle, designed to split the oncoming air, keeping the high-pressure, low velocity 
air above the vehicle and low-pressure, high velocity air below the vehicle. The aspects of a front 
splitter that contribute to its ability to achieve this outcome include its length, width, angle of attack 
and ground clearance. This study focuses on the effect of adjusting the ground clearance, setting this 
at 200 mm, 150 mm and 50 mm, whilst holding the other aspects constant.  
 
2. Methodology  

 
The study investigates the most suitable ground clearance, to achieve the highest amount of 

downforce while also looking at the how each configuration affects drag across the Ute. The Ute 
analysed in this study has 2-Wheel Drive (2WD) 2004 Ford Courier as shown Figure 1 (a). These Utes 
are smaller in size compared to today’s standards and perform well on a racetrack. They can reach 
speeds of 150 km/h, therefore the study was conducted with air speeds matching this speed. This 
study looked at pressures and velocities to find drag and lift coefficients using CFD methods, and a 
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stress analysis was evaluated using Finite Element Analysis (FEA). The images of the Ute shown in 
Figure 1 (a) were converted to the STL (stereolithography) file using SolidWorks 2022 based on the 
realistic dimensions of the vehicle to achieve the Ute model as shown in Figure 1 (b). The dimensions 
of the Ute were obtained physically from the Ute and with the right ratio are implemented in 
SolidWorks. The combination of photographs, as below, and physically-measured dimensions were 
entered into SolidWorks 2022. We then use the sketch command to convert the 2D images to a 3D 
model.  

 

 
(a)                                                                                   (b)  

Fig. 1. (a) A 2004 Ford Courier Ute (b) The 3D model of the 2004 Ford Courier Ute 

 
2.1 Computational Modelling Analysis  

 
The computational domain was set as an external analysis type, excluding cavities and without 

flow conditions in SolidWorks Flow Simulation, as shown in Figure 2. The gravity was assumed in the 
negative direction of y -axis, with the flow type set as laminar to turbulent, with velocity in the 
negative direction of the Z-axis at a speed of 150 km/h.  

 

 
Fig. 2. The computational domain for the Ute showing the direction of the velocity 

 
Flow Simulation was used to simulate real world events, calculating pressures, velocities, and 

forces when fluids are introduced to a part. The model for the replica Ford Courier is shown Figure 1 
(b). The Splitter with components and dimensions (in mm) is shown Figure 3.  
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(a)                                                                                   (b)  

 

 
(c) 

Fig. 3. The drawings for the Splitter showing (a) the side view, (b) front view, back view, and 
(c) the 3D ISO-view (dimensions in mm) 

 
The height of the air dam and rear supports was changed from 6.25 (High Splitter) to 56.25 

(Medium Splitter) and 156.25 (Low Splitter) as shown in Figure 4. This splitter was designed to bolt 
onto the Ute with minimal customisation, using existing chassis rails. A MATLAB 2022a code was 
developed to ensure the front supports were set at the correct length and angle. 

 

 
Fig. 4. The height of the air dam and rear supports set at (a) 6.25 (High Splitter), (b) 56.25 
(Medium Splitter), (c) 156.25 (Low Splitter) and (d) no Splitter  
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This study used an external flow computational simulation. The fluid, Air, is set at -150 km/h in 
the z-direction. Gravity is considered at -9.81 m/s2. The computational domain was set at, x = 3.0, y= 
5.18, z = 25m. A road was placed at a tangent to the bottom of the tyres to assist in finding an accurate 
result. Goals were set to find the results required. They are: Global average velocities and pressures, 
surface goals were placed on the front, rear, top and bottom of the Ute to measure the normal force 
applied to those regions. These forces were used to find the drag coefficient (𝐶𝑑) using Eq. (1), lift 
coefficient (𝐶𝑙) using Eq. (2) and aerodynamic efficiency (η) using Eq. (3). Negative (𝐶𝑙) values 
represent negative lift (downforce), resulting in negative (η) values, as they are a product of (𝐶𝑙).  

 

𝐶𝑑 =
2(𝐹𝐹𝑟𝑜𝑛𝑡+𝐹𝐵𝑎𝑐𝑘)

ρ𝐴𝑣2                           (1) 

𝐶𝑙 =
2(𝐹𝑇𝑜𝑝+𝐹𝐵𝑜𝑡𝑡𝑜𝑚)

ρ𝐴𝑣2                          (2) 

η =  
𝐶𝑙

𝐶𝑑
                (3) 

 
Where, force (𝐹) is in N, fluid density (ρ) kg/m3, average velocity (𝑣) is in m/s and the reference 

area (𝐴) is in m2. A global mesh is used, with a minimal gap size of 1.60 m, the ratio factor was set to 
1 and initial mesh is set to 5. The CFD analysis was used to find the force applied to a model and the 
results were exported for use in the FEA study. 

 
2.2 Finite Element Analysis  

 
Finite Element Analysis (FEA) is also a tool available in SolidWorks. FEA was used to determine 

the stress and strain within the splitter due to the results calculated in the CFD analysis. The air flow 
was imported using the flow effects option found under the force selection tab. 

The splitter was made from 1060 Aluminium Alloy (Elastic modulus 69 GPa, Poisson’s Ration 0.33 
and mass density 2700 kg/m3) which was used for its light weight and rigidity. Aerodynamic 
components added to a vehicle need to be light weight and rigid. The splitter must be rigid: if it 
moves, it becomes unpredictable, which may result in a crash. The splitter was fixed at the three 
supports behind the air dam and by the two brackets located on the front supports. A fine standard 
type of mesh was used with a maximum element size value of 60 mm and a minimum of 3 mm with 
high quality mesh using 16 Jacobian points for the splitter and the Ute, as shown in Figure 5. The 
mesh quality presented in this study was based on the recommendation in the literature [3] through 
attempting three different element sizes: 100 mm to generate (839,231), 80 mm to generate 
(1,061,326) and 60 mm to generate total element (1,441,085) using blended curvature-based mesh 
which leaded to the mesh convergence. 

 

 

 

(a) (b) 

Fig. 5. Mesh generation (a) for the Ute and (b) for the splitter 
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3. Results and Discussion 
3.1 Pressure and Velocity Distribution 

 
The results for pressure and velocity are shown in Figure 6. The cut plots show how the air starts 

to pool above the splitter creating a high - pressure zone above and a low-pressure zone below. This 
is something not seen on the Ute without a splitter. The splitter affects the wake generated, the 
lower the splitter is to the ground, the narrower the trailing wake is. It is also seen that the no splitter 
model has the wake sticking to the ground and creates a larger pool around the bottom rear of the 
Ute.  Figure 7 also demonstrates how each splitter slows and redirects the air flow around the front 
and along the Ute based on the flow trajectory profiles. Figure 8 demonstrates how the low-pressure 
forms around the bottom of the splitter, low splitter design had the greatest area of pressure drop. 
Although, the high splitter had both the highest and lowest pressures across the model. With a high 
pressure of 105.186 kPa and a low pressure of 100.075 kPa.  

 

 
Fig. 6. The velocity cut section in the Z-axes showing (a) the high splitter, (b) medium splitter, 
(c) low splitter and (d) no splitter 

 

 
Fig. 7. The velocity flow trajectory showing the (a) high splitter, (b) 
medium splitter, (c) low splitter and (d) no splitter 
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Fig. 8. The pressure contours under the Ute showing the (a) high splitter, (b) medium splitter and 
(c) low splitter 

 

The drag coefficient (𝐶𝑑), lift coefficient (𝐶𝑙) and aerodynamic efficiency (𝜂) was investigated. 
The results were exported into the FEA analysis, where they were set as an external force impacting 
the splitter from the negative z direction.  

Figure 9 illustrates the drag coefficient (𝐶𝑑), lift coefficient (𝐶𝑙) and aerodynamic efficiency (𝜂) 
across all four designs. The graph demonstrates that all the values for 𝐶𝑙 were positive, this shows 
that none of the designs develop negative lift (downforce) at 150 km/h. 
 

 
Fig. 9. Coefficient results for the drag coefficient (𝐶𝑑), lift coefficient 
(𝐶𝑙) and aerodynamic efficiency (η) for the four designs 

 
The Medium design (as shown in Figure 4 (b)) with 150 mm of ground clearance had a drag 

coefficient of 0.459 and a lift coefficient value of 0.044. This design opposed the greatest amount of 
lift, resulting in the best aerodynamic efficiency, with a value of 0.096.  
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The design with the worst aerodynamic efficiency was the Ute without a splitter (as shown in 
Figure 4 (d)) which had a value of 0.294. This design had a drag coefficient of 0.381 and a lift 
coefficient of 0.112. This demonstrates that the splitter increased drag force, whilst opposing lift. 

In the middle of the data set was the high splitter design, with 200 mm of ground clearance and 
the low splitter design with 50 mm of ground clearance. The high splitter design had an aerodynamic 
efficiency of 0.116 compared to 0.101 for the low splitter design. The high splitter design had the 
greatest coefficient of drag, 0.553, compared to 0.473 for the low splitter design. The coefficient of 
lift was in the middle of the data set for both designs, that being 0.064 for the high splitter design 
and 0.048 for the low splitter design.   

 
3.2 One-Way Fluid Structure Interaction 

 
The one-way FSI model assessed based on the von Mises stresses and the yield point of the 1060 

Aluminium Alloy material was used for the medium splitter design. The model was fixed at the front 
bumper to form the most accurate result. The 1060 Aluminium Alloy had a yield stress of 27.57 MPa, 
as shown in Figure 10. The von Mises results demonstrated that yield was not exceeded throughout 
the model. High stress areas are shown in Figure 10 (b). The highest stress can be seen on the upper 
front support reaching a maximum of 6.1 MPa. The lower front support reached a stress level of 5.8 
MPa. The maximum deflection was shown to be 0.0571 mm located on the outer edges of the splitter. 
This is ideal to ensure rigidity of the splitter so as to reduce the likelihood of a crash. The maximum 
force applied to the splitter was 558.9 N, which equated to 216 N across both the front supports. The 
maximum force on the air dam was 63.5 N.  

 
(a)                                                             (b) 

Fig. 10. (a) the Pressure contours and (b) the von-Mises stress the medium splitter design 

 
3.3 Results Validation and Limitation 

 
The computational modelling for this study assisted in choosing the right splitter with respect to 

the ground clearance. However, this type of analysis requires a verification of the computational 
model to validate the drag coefficient compared to previous studies. Experimental studies [17,18] 
using industrial wind tunnel testing for the range for 100 km/h, found the drag coefficient to be 
between 0.41 and 0.51. For our study, the drag coefficient is 0.459, which is within the acceptable 
range. In addition, the factor of safety (FOS) for the splitter was equal to 4.5, based on automatic 
criterion as maximum. This value is within the acceptable range for ensuring safety of the design. 
One of the limitations of the design presented in this study was that, whilst the splitter did improve 
the handling and stability of the Ute during the high speed, it did not increase the top speed, as its 
main function was to create a downforce compared to the spoiler.  
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4. Conclusions 
 
This study investigated four Ute designs applied to a Ford Courier make and model. Three of the 

designs involved installing a splitter under different configurations, each with different ground 
clearances, whilst the fourth design was a Ford Courier without a splitter, which was used as a control 
to compare each splitter design. The design with the most promising results was the medium height, 
with a ground clearance of 150 mm, and an aerodynamic efficiency of 0.096. This design contains a 
maximum of 6.1 MPa of stress with a maximum deflection of 0.0571 mm. This was optimal, as the 
design is well under the yield of 27.57 MPa and avoids deflection, which would cause the Ute to 
handle unpredictably. It was found that none of the four designs develop downforce at 150 km/h, 
although the designs with a splitter do oppose a significant amount of the lift developed at this speed. 
It is rare to see the application of one aerodynamic component in motor sport, usually several 
components are used in conjunction with a splitter to maximise downforce. These extra components 
may assist with developing downforce on the Ford Courier Ute. Reducing lift is desired to ensure the 
vehicle under assessment shows improved handling of corners in a racing setting. Future work will 
investigate the addition of side modifications to the Ute, such as adding a square back on the 
performance parameters addressed in this study.  
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