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Abstract

This master’s thesis presents a comprehensive study on the aerodynamics and optimiza-
tion of a simplified generic pick-up truck model through combined wind tunnel testing
and computational fluid dynamics (CFD) simulations in StarCCM+. The primary ob-
jective is to understand and investigate the aerodynamic behavior of the generic pickup
truck and design new attachments for the pickup truck on the trailer.

Based on existing knowledge, design optimization techniques were used to find design
changes that could reduce aerodynamic drag. A flat underbody, a closed grill gap, and
various rear attachments were among the changes made to the truck’s shape. A com-
prehensive study and cross-validation of the suggested aerodynamic improvements were
made possible by the combination of wind tunnel testing and CFD.

The ANSA software was used to optimize the CAD model. 3D printing was later used
to create a 1/10 scaled-down model of the generic pickup truck, along with three distinct
attachments called Flat back, Hatch back, and Fastback. Later tested the 3D printed
model in Chalmers University of Technology’s wind tunnel in Sweden. Drag forces were
captured with the aid of wind tunnel experiments. These experimental findings served
as a standard by which to validate the CFD models. The airflow surrounding the vehicle
was then simulated using extensive CFD analyses using the StarCCM+ software.

The findings presented in this paper are the outcome of research and comprehension of
the vehicle’s aerodynamic behavior. They also show enhancements in the pickup truck’s
aerodynamic performance, with the quick back attachment lowering the drag coefficient.
In addition to highlighting the potential for significant fuel and pollution reductions in
pick-up trucks through aerodynamic optimization, this work shows how well experimental
and computational methodologies may be used for aerodynamic investigations.

Keywords: Aerodynamics, Wind tunnel testing, Computational Fluid Dynamics, Star-
CCM+, Aerodynamic drag, Rear attachments, ANSA software, 3D printing, Flat bed,
Hatch back, Fastback, Drag coefficient
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Chapter 1

Introduction

1.1 Background

Enhancing vehicle performance, fuel e ciency, and overall sustainability is an ongoing
goal for the automobile industry. Optimizing vehicle aerodynamics is essential to reach-
ing these objectives since it has a direct impact on emissions, fuel economy, and stability.
Due to their distinctive body forms and design elements, such the open cargo bed and
upright front pro le, pick-up trucks|which are renowned for their usefulness and versa-
tility|present particular aerodynamic challenges.

Wind tunnel testing has long been a mainstay of aerodynamic development in auto-
mobiles, o ering useful empirical data on drag forces, pressure distribution, and air ow
behavior. However, conducting wind tunnel testing on its own can be expensive and
time-consuming, especially when examining several design options. Aerodynamic studies
have undergone a revolution since the development of Computational Fluid Dynamics
(CFD), which complements experimental methods by providing precise simulation of
air ow around complex geometries. CFD solves and analyzes uid ow issues using nu-
merical techniques and algorithms, providing insights into areas that are challenging to
measure experimentally. When combined with wind tunnel testing, CFD o ers engineers
a potent tool for aerodynamic optimization that enables them to virtually test and de-
velop vehicle designs repeatedly before building physical prototypes.

Even with CFD's breakthroughs, accurately predicting turbulent ows around vehicles

is still di cult. As a result, combining CFD simulations with wind tunnel testing guar-
antees a greater degree of precision and dependability in aerodynamic research. This
integrated method o ers a strong framework for optimizing vehicle designs and enables
comprehensive validation of computer models.

Increasing aerodynamics is especially advantageous for pick-up trucks. Aerodynamic drag
reduction increases fuel e ciency, handling, and stability of the vehicle. The whole aero-
dynamic performance can be greatly impacted by design changes such improving the cab
and bed's shape, adding aerodynamic aids, and ne-tuning under body combinations.
This thesis uses both wind tunnel tests and CFD simulations to address the aerodynamic
di culties of pick-up trucks. The study's main objectives are to examine the aerodynamic
behavior of a simpli ed pick-up truck model, nd design modi cations to lower drag and
boost e ciency, and validate the computational results using experimental data. The
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ndings of this study could in uence pick-up truck designs in the future, resulting in the
creation of more ecologically friendly and fuel-e cient automobiles.

1.2 Purpose

This thesis project's main goals are to perform a thorough analysis of a simpli ed pick-up
truck model's aerodynamics and to nd e cient design modi cations that can lower drag
and increase fuel economy. Thorough the integration of wind tunnel experiments with
Computational Fluid Dynamics (CFD) models, the speci ¢ goals of this research are as
follows:

Create a Framework for Methods: This will provide a solid methodological foundation

for doing our thesis with a combined CFD and wind tunnel investigations related to

automobile aerodynamics and also illustrate the advantages of combining computational
and experimental methods for optimizing vehicle design.

Enhance Aerodynamic Architecture: This advantages us to investigate several design
tweaks|like under body structure modi cations, trying new con gurations like at back,
hatchback, and fastback, that are intended to reduce aerodynamic drag and nally to
assess the e cacy of these design modi cations using wind tunnel testing and iterative
CFD simulations.

Examine the Aerodynamic Properties: This provides us to use wind tunnel, to examine
the drag forces, pressure distribution, and air ow patterns operating on a scaled-down
pick-up truck model. to comprehend the truck's geometrical characteristics a ect and its
overall aerodynamic performance.

Verify Computational Frameworks: To create comprehensive computational uid dy-
namics (CFD) models of the pickup vehicle and verify these models using empirical data
gathered from wind tunnel testing. to evaluate the various turbulence models that were
employed in the CFD simulations for correctness and dependability.
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1.3 Thesis Project Outline

Figure 1.1: Project Framework



Chapter 2

Aerodynamics Theory

2.1 Drag

Aerodynamic drag is the component of drag that acts in the direction that is opposite to
the direction of motion of a vehicle, predominantly caused by the di erence in pressure
in front and behind the body. The drag produced depends on the frontal are¥ , the
Coe cient of drag Cp and the speed of the air ow V squared.

A V2Cp

FD: 2

(2.1)

2.2 Coe cient of Pressure

The pressure coe cient is a non dimensional measure of pressure. It is obtained by the
net di erence between the pressure at the point of interest and the free stream pressure,
normalized by the free stream dynamic pressure.

c,=P M (2.2)

2.3 Wall Y+

The Wall Y+ is a dimensionless parameter that can be used to calculate the distance of
the rst cell from the wall in a CFD simulation. y represents the distance from the wall
to the location of interest within the ow, u is the friction velocity, is the kinematic
viscosity of the uid.

. u
yr= % (2.3)



2.4 General Transport equations

Equation 2.4 describes how the value of an arbitrary scalar quantity in a uid domain is

in uenced by various parameters. The rst term describes how changes with respect to

time, the second term describes how changes due to convection in a uid domain. The

right hand side terms describe how changes in space in uenced by the uid parameter
and nally due to a sourceS . These equations form the base for the naiver stokes

eqguations that are solved during every CFD simulations.

@@t) +div(u )=div(grad( ))+ S (2.4)




Chapter 3

Literature Survey

It is crucial to comprehend vehicle aerodynamics, especially pick-up truck aerodynamics,
in order to improve overall performance, lower emissions, and increase fuel e ciency.
Pick-up truck design elements, such the open cargo bed and vertical front pro le, present
particular aerodynamic issues. In order to identify important discoveries and gaps in the
present understanding, this literature review examines previous studies and approaches
pertaining to vehicle aerodynamics, with an emphasis on wind tunnel testing and Com-
putational Fluid Dynamics (CFD) simulations.

The majority of vehicle aerodynamics research has been done on passenger automobiles;
pick-up trucks have received less attention. The air ow separation at the back end of
pick-up trucks, the air ow in the open cargo bed, and the design of the cab and front grille
all have a big impact on their aerodynamic performance. Foundational insights into the
general principles of vehicle aerodynamics, particularly the signi cance of lowering drag
to improve fuel e ciency. Cab and Bed contact: Complex ow patterns are produced by
the cab's contact with the open cargo bed, which increases drag. Aerodynamic drag can
be greatly reduced by changing the design of the bed and adding covers and other back
attachments such as hatchback and fast back.

Testing in Wind Tunnels: Aerodynamic research still relies heavily on wind tunnel testing
to provide empirical data on pressure distribution and air ow behavior around vehicle
models. Scale Model Testing: signi cance of simulating real-world situations in a con-
trolled setting with scale models. Research conducted has con rmed that scale model
testing is a reliable method for forecasting the behavior of full-size vehicles.
Computational uid dynamics, or CFD, is a potent technique that may be used to simu-
late aerodynamic behavior and provides in-depth information to supplement wind tunnel
testing. Notable advancements in the discipline comprise.

Simulation Accuracy: The numerical techniques and turbulence models employed deter-
mine how accurate CFD simulations are. Veri cation and Validation: It is essential to
validate CFD models using experimental data. To guarantee the accuracy of CFD pre-
dictions, comprehensive validation and veri cation procedures are crucial Application to
Pick-Up Trucks: Several design improvements to reduce drag have been investigated in
CFD studies speci cally for pick-up trucks. These studies demonstrate how CFD may
be used to test several design iterations.



Chapter 4

Methodology

The following section talks about the design, manufacturing and simulation methods
undertaken over the duration of this project.

4.1 Base Model

The European Car Aerodynamic Research Association (ECARA) produced the Base
Model, also referred to as the Generic Truck Utility model. Car design trends have
changed a lot since the model was rst created, so an updated, excellent, open-access
model is required to properly depict these developments. The Generic Truck Utility
model has features found in most contemporary pickup trucks, especially in terms of bed
and cab proportions. There are eighteen distinct combinations available for this type,
including long cab with short box, medium cab with medium box, and short cab with long
box. We decided to evaluate the aerodynamics of the medium cab with the medium box
layout. This selection o ers a fair representation and a standard by which to compare
aerodynamic gains in various sizes. It provides a standard reference point, making it
easier to gauge the e ectiveness of design changes in di erent con gurations.

The under body region of Generic Truck Utility model consists of the engine compart-
ment, suspensions, axles, driving shaft, and chassis. The under body of the pick up truck
has been simpli ed to at under body as the study is more concentrated on the aerody-
namic behaviour of vehicle due to change in box design and also for ease of manufacturing
and simulation.

4.2 Box Design

The changes in the design of the box or new box attachments follow clear guidelines. Some
parameters serve as control variables and must be consistent across the box attachment
design to make them comparable in the wind tunnel study and simulations. In the case of
the Generic Truck Ultility, the base line design is kept constant for the box attachments.
The body designs are based o of a ush body where uneven surfaces, such as the grills,
are ushed with the rest of the body. This body design has done to avoid air ow into
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(a) Base model box. (b) Flatback Box.

(c) Boxcap box. (d) Fastback.

Figure 4.1: Box attachment designs.

the under hood.

The surface of the caps is a crucial component in guiding the air ow smoothly around
the body. The new caps were speci cally designed to provide a smooth transition for the
air ow. In the initial stages of design we decided to do modi cations in Catia but we
faced the limitation in le format which was nor suitable neither converted to editable
format.

The box attachments are of three con gurations. The rst con guration is the at box
which covers the open box area which can be seen in the above gure 4.1b, second
con guration is box cap the cap in the shape of hatch back covers the open box area
as shown in the gure 4.1c and nal con guration is the fast back where the fast back
shaped box cap will cover the open box area which can be seen in gure 4.1d.

During the study in the belief of reducing the drag count of the pickup truck we designed
the three di erent box caps. As the new designs improves the wake balance of the pickup
truck. A challenge inherent to this con guration is the mounting of the box caps on the
box where the box walls were very thin to have any mounting con gurations for the caps.

8



Figure 4.2: Under Body designs

Figure 4.3: Flat Under Body designs.

4.3 Under body Design

The Generic Truck Utility model is given as a series of ANSA les. These ANSA les
are imported into ANSA where they can be modi ed accordingly, using surface mesh
functions. The under body of the pickup truck was modi ed to have a at body as in
the gure 4.2 to where the model we started with had the engine, drive shaft, suspension
components, di erentials, exhaust and chassis which can be seen in gure 4.3. All the
under body components were deleted and wheel arches were modi ed to |l the gaps of
the suspension and similar trend is followed in the under body and a we can see the step
in the under body to this was created to accommodate the mounting of the wheel to the
body.

4.4 Design for manufacturing

4.5 Body

To ease the printing process the main body of the pickup truck was divided into three spe-
ci ¢ parts: front cab, rear cab and box.The engine compartment and interior components
were stripped from the cab.



Figure 4.4: Body split

Slots and protrusions between the surfaces were used to help maintain alignment of the
3D printed parts as well a structural rigidity. These advancements help to make the parts

t together perfectly. Components, when aligned are bonded to one another by means of
an adhesive and become secured in position forever.

4.6 Wheels

The rims of the wheels has been closed to avoid the air ow through the wheels. This
simpli cation is done as we do not have spinning wheels in the experimental setup and
want therefore to minimize its in uence on the aerodynamic drag. The holes to mount
the truck inside the wind tunnel is also placed on the circumference of the wheels at it is
the part of the truck which is close to the ground. The wheels are modi ed to the above
design seen in gure.

4.7 3D-Printing

The scaled physical model of the Generic Truck Utility mode was entirely 3D printed
using PLA (Polylactic acid) due to its superior surface nish and resistance to thermal
related issues such as warping, which is favorable for large prints such as this. Thermal
warping is caused due to the non uniform cooling of the lower layers that results in the
bottom layers contracting and lifting o the base plate. PLA also allows for a more
precise and detailed print, as the plastic is not susceptible to uctuation in the printing
environment. The downside to using PLA is its fragility, which has been taken into
account by printing more vertical walls.

Initially there was an opportunity to use 2 di erent printers, the Prusa MK3s and the
Creality Cs10v5. We observed that although the printing time was vastly reduced in
the creality printer, this came at the expense of poor surface quality and the parts were
especially prone to temperature related warping issues as the lifting edges. For this reason
the Prusa MK3s was chosen for all subsequent prints of the body. The prusa yields a
superior surface nish due to the 0.6mm nozzle diameter compared to the 0.6mm nozzle
in the Creality. Due to the limitations in the volume of printing section on the prusa,
the main body had to be split into 3 parts to accommodate the prints as seen in gure
4.4. The prusa MK3s proved to be a robust and reliable 3D printer for the sections of
the body with some sections taking over 32 hours to print.
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(a) Box Female. (b) Cab Male.

(c) Box Male. (d) Box Female.

Figure 4.5: Body attachment designs.

Figure 4.6: Simpli ed wheel designs.
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(a) 3D Printing front section (b) 3D printing the mid section of the body
of the body

Figure 4.7: 3D Printing using the prusa MK3S

PETG is used as a substitute if the PLA is not available. The parts that are printed
using PETG, the nish and detail is noticeably worse. Due to the detail and precision
needed for models in the wind tunnel, PETG is not the most optimal printing material.
This decision will lead to less post-processing of each part, allowing the group to focus
on more important aspects. To obtain even ner parts, more expensive material could
be purchased, however, the level of detail needed can be achieved using post-processing
techniques, therefore it is not necessary.

Table 4.1: General 3D printing settings

Parameter Value

Inll 10-15%

In Il type Gyroid
Nozzle diameter 0.6mm
Layer height 0.1mm - 0.3mm
Number of walls 2-4
Support Type Everywhere

4.8 Assembly

Since the body had to be printed in 3 separate sections, they had to be glued together
manually. This inevitably led to a poor and inconsistent surface nish on the perimeters
of the glued faces. This had to be recti ed using spackel paste which adds additional
material that can be easily sanded down. The wheels were glued to a M10 screw and
was threaded into the hole in the wheel hub, extending into the body. This was done
to strengthen the axle to withstand the down force created when the car tested in wind
tunnel and to allow the adjustment of the mounting holes by rotating the wheels about
its axis.
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