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Chapter 1 —introduction

This technical report will evaluate the Red Bull RB8 and how topics covered
during the semester such as aerodynamics, materials, and data analysis, have
influenced the design and production of this Formula 1 championship winning
car from 2012. The RB8 has been chosen for this technical report as it was a
highly engineered race car with various amounts of components which
impacted the design of the vehicle, this makes it a great example to talk about
when evaluating the different topics that have been discussed throughout the
semester. The RB8 was produced by Red Bull Racing in 2012 to compete for
the Formula 1 world championship which they had won in the previous 2
years. In 2012 the RB8 won a total of 8 races and gathered 14 podiums
between the 2 drivers of Sebastian Vettel and Mark Webber (Red Bull Racing,
2023), their total amount of points at the end of the season was 460, this was
60 more than Ferrari that finished 2" in the constructors championship.

Chapter 2 — impact of the topics
2.1 — Aerodynamics

Aerodynamics played a massive role in the development of the RB8, from the
flexible front wing to the DRS activated rear wing. Red Bull in its more recent
years has been known for its unique and outlandish designs when it comes to
aerodynamics partly down to their head of aerodynamics Adrian Newey. In
2012 Red Bull made a new design in aerodynamics to compensate for the loss
of the double diffuser they used in previous years. Red Bull and Adrian Newey
made an aerodynamic design which would rearrange the rear exhaust system
to redirect air to the direction of where the tyres would compress at the rear
of the car (Figure 1). This would generate more downforce in the exit of low-
speed corners.

Figure 1:sketch of the exhaust with its ramp down to
the rear squish area and undercut duct beneath it.
(Newey, 2017)
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This design was then modified by Adrian Newey to create even more
downforce by constantly having the throttle open, this would make the design
more effective not just on the exit of low-speed corners but the whole lap as
there is a constant flow of air coming from the exhaust, this design would later
be called the exhaust-blown diffuser (Newey, 2017)(Figure 2).

Figure 2 : Technical drawings on the shape of
the exhaust outlet and optimisation of the
surrounding bodywork. (Newey, 2017)

This exhaust-blown diffuser proved to have a huge impact on the design and
performance of the car and lead to other Formula 1 teams following suit and
creating their own similar designs. The aerodynamic design contributed to the
team’s 3" constructors championship but was later banned by the FIA and the
design was never used again after the 2012 season.

2.2 — Engines

Red Bulls RB8 was powered by a
Renault RS27 (Figure 3) which was a
2.4 Litre naturally aspirated V8 engine
limited to a maximum of 18,000 RPM
(Alpine, 2012). The engine was mid
mounted and had the implementation
of the newly introduced KERS (Kinetic
Energy Recovery) 5y5tem (Red BU” Figure 3: Renault RS27 Formula 1 Engine (Renault Group,
Racing, 2023). Red Bulls Renault RS27  2%*%

engine had been used in Formula 1

since 2007 and had been developed throughout and improved by Renault since
then. The 2012 version of the RS27 engine produced 750 horsepower. The
RS27 engine played a huge role in the success of the team in 2012 this is down
to how powerful the engine was. The RS27 was widely regarded as the most
powerful engine on the grid in 2012 with the team taking 8 out of the 20 pole
positions throughout the year. The RS27 engine was also very dependable with
the car only having 3 retirements within the whole 20 race season this
contributed to the team and cars success. Red Bull also had a great advantage
when it came to fuel efficiency as the RS27 was very fuel efficient which made




it possible for Red Bull to run more aggressive strategy in races, which meant
that they could run longer stints on the same set of tyres during the race.
Overall, the RS27 engine was an extraordinarily strong package that led Red
Bull and Sebastian Vettel to win both constructors and drivers world
championships.

2.3 — Hybrid systems

Hybrid systems were introduced into Formula 1 in 2009 with the
implementation of KERS (Formula 1, 2022). KERS is the kinetic energy recovery
system used to gather lost energy when a car is braking, this energy is stored
and then used under acceleration later in the race (Racecar Engineering ,
2023)(Figure 4).

Figure 4: visual representation of KERS working under braking.
(Formula 1, 2017)

The KERS hybrid system was implemented into the RS27 engine that was
produced by Renault for Red Bull in the 2012 season. The hybrid system was
partially effective due to its small and lightweight design, this eliminated the
impact on the cars overall weight and handling during a race weekend. The
hybrid system allowed the cars to maximise its performance on the track
partially in the straights and while overtaking. Since the implementation of the
original KERS, hybrid systems have changed a lot in the more recent years.
From 2014 onwards all Formula 1 engines have been turbocharged V6 engines
with an electric motor and energy recovery system (Figure 5), this is a huge
change compared to the RB8 which solely relied on a combustion engine for

Figure 5:Hybrid Turbo V6 Engine (Josheph, 2014)




power. The new hybrid systems bring advantages like increased power output
and reduced emissions which Formula 1 is pushing for with their Net Zero plan.
Net Zero 2030 is a plan made by the FIA and Formula 1 to reduce the emissions
created in Formula 1 races by using more sustainable technology and
resources such as the hybrid engine (Formula 1, 2022).

2.4 — Data Analysis

Data analysis would have been a key component during the design and
development stage of the RB8. Compared to the previous year regulations had
changed and major parts of the car that led to Red Bulls success had to be
changed and redesigned. One of these key components was the double
diffuser. The double diffuser was an aerodynamic technique that used airflow
that passed under the car to create downforce (Somerfield & Piola, 2020). In
2012 Red Bull used Data gathered from the previous year to construct their
new Exhaust-Blown Diffuser design. Data collected seemed to show that with
the exhaust blowing into the double diffuser design there was more
downforces being generated on the exit of low-speed corners (Newey, 2017).
This led to the Red Bull and Adrian Newey creating the new Exhaust-Blown
diffuser from the Data they had gathered in the previous year. Data is used
extensively in Formula 1 and would have made a huge contribution to the
design and development of the RB8. On car sensors, Aero rakes (Figure 6),
telemetry, and simulation all play a role in the data analysis of the car while in
development and throughout the Formula 1 season (Swinhoe, 2018).

Figure 6:Aero rakes being used to collect airflow data. (Formula 1,
2023)

On car sensors would have been used during the 2012 season on the RB8 to
collect real time data on various parts of the car’s performance, these would
include acceleration, speed, tyre wear and fuel consumption. These key
aspects would have contributed to the development to the car thought the
season. In more recent years it has been seen for teams to be collecting even
more data with Mercedes claiming they collect 45 terabytes of data per week



(Swinhoe, 2018). Since the RB8 there has been continuous technological
advances with data analysis and without them Formula 1 would not be where
it is today.

2.5 — Materials

Many materials are used in Formula 1 but not all of them have as great effects
on the car as others. In 2012 Red Bull produced a design of the flexible front
wing (Newey, 2017). This design used rubber in the front wing so while the RB8
was under high airflow load the wing would manipulate and flex to let air flow
under the car (Groote, 2012)(Figure 7).

Figure 7: Red Bull RB8 Front Wing (Reb Bull, 2012)

This design is one of very few in Formula 1 that shows that not all materials
used to make a significant impact on a car’s performance must be expensive.
Other materials that were used in the design of the RB8 were Carbon fibre,
Kevlar, Titanium and Ceramic composites. Carbon fibre was used to cerate the
RB8&’s chassis. The carbon fibre material was used as it was lightweight and
strong, these components are needed in a competitive Formula 1 chassis.
Kevlar was used in the safety feature called HANS (Head and Neck support
device) a lifesaving restraint linkage that supports the drivers head and neck
(Dupont, 2012). Another material that the RB8 had used in its development
was Ceramic composite to create the brake discs. Ceramic composite has high
heat and wear resistance making it a perfect material to use for the brake discs
(Gasch, et al., 2005). The RB8’s suspension components were made from
Titanium, which was because they were strong and lightweight components
which were needed for the success of the design of the RB8. All these material
were crucial to the design and success of the RB8 making the car lightweight,
strong, aerodynamic, and safe.



2.6 — Simulation

Simulation had a crucial role in the development stages of the RB8. Simulation
was used to optimise various aspects such as aerodynamics, suspension, and
tyre wear. Red Bull used and created computer simulations to evaluate the
cars performance to help them design different options and make more Data-
driven decisions on what design choices would improve the RB8’s performance
on track. CFD (computational fluid dynamics) (Femto Engineering, 2023)

Figure 8:Computational Fluid Dynamics simulation on a
Formula 1 car (Boxall-Legge, 2018)

simulations were also used in the development of the RB8 to examine the
airflow around and underneath the car to improve the overall aerodynamics
and downforce (Newey, 2017).

Red Bull use simulation throughout the Formula 1 season for different weather
and track conditions, these simulations contributed to the success of the RB8
at every race weekend as many simulations are run to compensate for any
situation during a race (Aston Martin F1, 2022).

Chapter 3 — Current state of the industry

In the current state of the Formula 1 industry in the past 30 years there has
been a strong push for more safety. Safety increases can be seen with the new
Halo design that is now implemented to every Formula 1 car. The Halo is a
device that sits above the cockpit and the drivers head and id connected by 3
panels to the car.

Figure 9: Halo device seen on the 2023 MclLaren.




The Halo is said to have given the drives a 17% increase in chance of survival
(Woodhouse, 2022), this percentage increase can be seen with there being far
less driver injuries because of the Halo since its implementation. The current
state of the automotive industry has also made its effect on Formula 1 industry
with is new push for more sustainable fuels and technologies to be used in F1,
this initiative is called Net Zero and pushed to reduce carbon emissions to 0%
by 2030 in F1 (Formula 1, 2022).

Chapter 4 — Conclusion

Red Bulls RB8 was a brilliant work of engineering and made them a three-time
constructors championship winning team at the time in 2012. From the
aerodynamics of the flexible front wing to the Exhaust-blown diffuser, the RS
27 engine, and the KERS hybrid system the RB8 was made to perform.
However, in the current automotive industry it would not be seen that way,
The RB8 was an open throttle Fuel wasting car without the same standards
that are held to a Formula 1 car today. The RB8 was a fitting Formula 1 car for
2012 but it would not be the same in 2023.
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