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Abstract

Every year the Society of Automotive Engineers ($#dsks collegiate students with
designing, constructing, testing, and competindaih open wheel formula style racecar. This
vehicle has to meet stringent technical requiresémat are provided in a rule book published by
SAE. The Formula SAE (FSAE) rule book is a very poehensive set of requirements that are
centered on safety of the driver of the vehicle Hredsafety of the track workers. The students are
required to read and understand the rulebook ieroi@ use sound engineering practices to build
not only a high performing vehicle but a safe ofieere are several aspects of the competition
series to test the students understanding and latgel of their vehicle. There are not only
dynamic events that test the dynamic performandéewehicle, but static events that test the
knowledge and understanding of the students.

The Zips Racing team at the University of Akron bagn competing in the FSAE
competition series since 1990. The team is on7ts\&hicle design since inception and has
recently switched its powertrain from a 600cc Irlih engine to a 450cc single cylinder engine.
This report will detail why and how the switch inyertrains was accomplished. The design of the
powertrain package will include a detailed analysdo the selection of the base engine to be used,
general conceptual design (Normally Aspirated orcEd Induction), and then particular
component design to fit the overall conceptual glesirhe next section that will be evaluated will
be the construction of the particular powertraimponents. This is where material selection and
manufacturing processes will be evaluated for qeaoth. Once the powertrain is designed and then
constructed, it is important to ensure it is tedtederify the package meets the design
requirements that were previously chosen. Wherptweertrain is finished being tested, it is then
essential to implement the package into the entgtecle design. This is where component
packaging will be determined. While these sectibage been separated into distinct categories,
there are a very close tie between each of thers. @nnot exist without the other and many times
one is found repeating the process to improve presious iteration. Overall, the Zips Racing
team’s powertrain package has proven to be a vigty ferformance system that will deliver an
overall win this year.
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I ntroduction

The powertrain of a FSAE vehicle is one of theethmost important systems that contribute
to the forces that accelerate the vehicle. Thiddaato be a large area or research and developmen
for teams across the world. There are several @tsolutions that will achieve the same
performance and efficiency goals, but the concleat tvas chosen by the Zips Racing team will be
discussed. Many different aspects of the systend t@&e considered when choosing the base
concept, those including performance, efficien&iability, cost, and manufacturability. A good
compromise between all of the above aspects oflésegn will lead to a successful powertrain.
These goals can be reached by a good decision gakatess, simulation techniques, build
guality, and testing.

The rule book that is provided by SAE for the egihte racing series limits the engine that
can be used to a 710cc or less 4-stroke pistomengnside of this restriction the only other desig
parameters are that all combustion air needs foalssed through a 19mm restrictor plate and that
only air and the fuel provided are to be burnethiencombustion chamber of the engine. Beyond
that all engine designs are open. This means thedra may choose to design their own cylinder
block and head and machine the entire systemteam may choose to select an existing engine as
a base to then expand on. The decision of whickertupursue is based on the performance,
efficiency, reliability, cost, and manufacturingads of that particular team. The Zips Racing Team
at the University of Akron has evaluated many d#éf& options for the bas of the powertrain and
has ultimately chosen the 2008 Yamaha WR450. Tingsne is produced by the Yamaha motor
corporation and is intended for use in an off-roastorcycle. Below in Table 1 & 2, the decision
matrix for which this engine platform was selectach be seen. A detailed list for all engine
platform options can be found in the appendix.

Engine Selection Decision Matrix

Weight Category 1 y 3 4 5 6
35% Weight 4 5 2 4 4 3
25% Performance 4 2 5 4 3 4
15% Life Span 3 2 5 2 3 2
10% Safety 3 3 5 2 3 2
10% Cost 3 3 3 2 3 2
10% Manufacturability 3 3 2 3 3 2

Totals 16 13 20 13 15 12
Weighted Totals 3.75 | 3.45 3.7 3.4 3.5 2,95

Table 1: Engine Platform Selection Matrix

Zips Racing | The University of Akron Mechanicaldireering | Akron, Ohio 44325| rth23@zips.uakron.ed 4
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Key Engine Model Year Range #of Cylinders / Type Stock Displacement (cc) Stock Compression Ratio Bore (mm) Stroke (mm) Ratio Fuel Injected (y/n) Transmission Oiling Weight (Ibs)

Yamaha WR 450 2008 Single 449 12.3:1 95 63.4 1.498 n 5Speed Wide | Dry Sump 73
Yamaha WR 250 2008 Single 250 12.5:1 77 53.6 1.437 5Speed Dry Sump 68
Yamaha YZF R6 2007 Inline 4 599 12.8:1 67 42.5 1.576 6speed Wet Sump 112
KTM 450 SX-F 2015 Single 449 12.6:1 95 63.4 1.631
Honda CRF 450X 2010 Single 449 12.0:1 96 62 1.548
Aprilia SXV 4.5 2009 77 Degree V-Twin 449 12.5:1 76 49.5 1.535

5Speed Dry Sump 75

5speed Wide | Dry Sump 72

o U A W N R
< |5 < |<|>

5Speed Dry Sump 85

Table 2: Engine Platform Selection Key

The Yamaha WR450 was selected because of it camipeobetween all of the selection
criteria. Since there is no minimum weight in FSA&gight is the most important factor when
making design decisions. Because of this it is githee highest weight in the decision matrix. The
performance of the powertrain is the next most ingo@ aspect in the selection of an engine
platform. The performance of the engine will dietéhe maximum amount of tractive force that
can be created to accelerate the car. The followealgction criteria revolve around the cost and
manufacturability of the engine platform. The condiion of these selection criteria lead to the
decision that the 2008 Yamaha WR450 is the beshengatform for the Zips Racing Team.

This engine platform will then be analyzed andrawdation model of the engine will be
created using AVL Boost 1D to predict the perform@aicharacteristics of this engine. This will
allow many design iterations to happen in a smalbant of time, thus maximizing potential gains.
After the simulation portion is complete and thefpemance goals have been met, the engine will
be built to the specification that was determinetie simulation. Upon completion, the engine
will then be installed on an engine dynamometearetaeve actual performance data to validate the
simulation model. At this point, the engine will balibrated using a Motec M150 Engine Control
Module (ECM) to ensure that the correct air to ftaglo (AFR) and minimum best ignition timing
(MBT) are being achieved. Following the calibratiointhe engine on the engine dynamometer, the
engine will be installed into the FSAE vehicle forvehicle testing. There will be final calibration
changes made in the vehicle to account for velacteeleration and to ensure that the calibration
also meets the efficiency requirements. The powertsystem will then remain in the vehicle for
the remainder of the racing season to allow fotitigsof other on vehicle components.

Design

With the selection of the 2008 Yamaha WR450 engoeeformance targets can be set and
evaluated for the selected platform. In generad,dgbal of any high performance powertrain should
be to maximize the mean power of the engine ovetretitire operating range. This will give the
vehicle the highest acceleration over the entipe thus reducing lap time. The operating range
determined for the WR450 was chosen to be 7000 RPM.000 RPM. This was chosen based on
engine platform limitations as well as historicaltal that was collected on track. With a proposed
operating range, the performance needed can bemtdetxrl. Using data collected from the previous
competitions, it is reasonable to expect a peakgrawtput of 60hp form a normally aspirated
450cc single cylinder. The power goal was set &p69 his would give the engine a power to
weight ratio of one pound per one horsepower (bgibaver to weight than many professional
racing engines). It was also determined that thiggrenwill be normally aspirated instead or forced
induction to reduce failure points, weight, and bexity. To achieve this power goal AVL Boost
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1D simulation software was employed to predictpleeformance of the engine package. A sample
of this model can be seen below in figure 1.

R1 MP2 r 10: intake_runner_tapered_5deg_+3inch

A

I3 el
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Rz |y R4

MP4; WP INTAKE PORT

C1

MP5: WP EXH PORT R8 WMP: MP Tertiary EX

16 Tetiary EXH O/ ] Qf //’ I
A
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Figure 1: AVL Boost 1D Simulation Model

MP7: MP Primary EX’ 14: Secondary EXH

Using this simulation model the performance of éingine package can be predicted. This
allows for quick and easy changes to the enginggdeMany different configurations of the
engine can be tested to determine if they are wputisuing before investing in the design. This
will ultimately same time and money, both of whigte scares in FSAE. All aspects of the engine
design will we evaluated to reach the performamacgdt. These include the air induction system,
fuel system, internal engine modifications, exhaystem, and power transmission system.

Air Induction System:

The air induction system on an engine is involvethwaking ambient air and metering it to
provide the proper air mass to the engine for &gitorque request from the driver. This achieved
by using some sort of throttling device. The thiot device can be as simple as a cable operated
slide valve or as complex as an electronically etbkop controlled barrel valve. The chosen
design for the Zips Racing team was a mechanicable actuated barrel valve throttle body. A
representation of the throttle can be seen belofigure 2 &3.

Zips Racing | The University of Akron Mechanicaldireering | Akron, Ohio 44325| rth23@zips.uakron.ed 6
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Figure 2: Cable Actuated Barrel Throttle Valve
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This method of actuation was chosen because gimplicity and ease of service. The
barrel throttle valve was chosen because of theertinear relationship between the throttle angle
and air flow rate as compared to the throttle blsiy$e. This relationship can be seen in Figure 4.

120

105 /‘_a——"—'
90

75 /

60
45

30 /

15 /

0 / . y

0% 25.00% 50.00% 75.00% 100.00%
Throttle Position

Flow Rate (CFM)

< 35mm Throtte Valve
25mm Barrel Valve

Figure 4: Throttle Position vs. Flow Rate

Per the FSAE rules, there needs to be an intadteictor after the throttle valve. This is to
limit the overall engine power that can be producite intake restrictor was integrated into the
throttle housing and multiple different configuiais of restrictor design were considered to limit
the losses across the restrictor. A convergingfdivey nozzle was chosen to reduce the pressure
loss across the restrictor plate. A simulation w@isup to investigate the optimal angles of the
nozzle and the pressure differential across theicés was used as the defining goal. The goal
was to minimize pressure loss across the restrigtorexample of the flow simulation can be seen
below in Figure 5.
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Figure 5: Pressure Cut Plot of Throttle Body Resti Geometry Study

After finalizing the throttle valve and restrictgeometry, the next component to be
designed is the intake manifold. The AVL Boost mloafethe engine was used to determine the
optimal plenum volume and intake runner geometheske two parameters were iterated using
AVL'’s built in optimization software to maximize pe@r over the entire operating range. An
example of this optimization can be seen in thergbelow.

Bubble Plot

Size = Objective [42.4576, 45.9822]

—— Marked ible
46 . '
- 1452

456

45

O

Mean_Power 7k 11500
Objective

Obj_|

43

2 4 6 8
plenum_velume

Figure 6: AVL Boost 1D Optimization Output
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Once the optimal volume and runner length aremened using the 1D engine model, the
intake manifold geometry can then be determineggiattkage it on the vehicle. The method for
manufacturing was chosen to be Stereolithograph@A}SD-Printed ABS. The SLA 3d printing
process was chosen to reduce costs due to the egrrgpbmetry that is required to package the
intake system on the vehicle. This also allowsihdegration of mounting for the engine, fuel
injectors, various sensors, and the throttle bodi wery little restriction. As the intake manifold
is being modeled and fit to the vehicle the desggoonstantly being check with a CFD flow
simulation to ensure that the performance of thakia is not be hindered by the packaging
constraints of the vehicle. This CFD simulationoaddlows for the fuel injectors to be placed in
appropriate locations since a visual representaifadhe flow stream lines can be seen to ensure
that the fuel is being injected into the airflowthe right direction. This can be seen in the fegur
below.

Figure 7: Intake Manifold Flow Simulation

After the intake manifold is adequately packagedhe car and all of the associated
components have been added to the intake, thedssdmbly of the intake manifold can be
produced. This allows for mounting to be manufaetiiand a bill of materials to be created and
ordered. The final intake assembly model can be setow in Figure 8.
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Figure 8: Final Assembly of Intake Manifold

This design process has led to an overall higfopmance and reliable intake manifold
design. There is still room for improvement in tBED simulation technique. The software is
complex and powerful which could lead to more perfance if the flow paths can be optimized.
Another area of improvement can using carbon-fileérforced polymer (CFRP) construction to
build the intake manifold. This area has been itigased and a prototype has been built using this
manufacturing process, however it is cumbersomeraqdires too many man hours to produce. If
the manufacturing process can be improved thelC#RP construction can be used.

Internal Engine Components:

Once the intake manifold has been designed, thesmRrponents along the path of the
engine are the internal engine components. The oaegs that will be focused on will be the
piston, camshaft profiles, and transmission. Thastaaft profiles are responsible for controlling
the combustion air charge and its timing of entgamd leaving the combustion chamber. The
intake camshaft is responsible for controlling thiake air charge and fuel that is going to be used
to produce power. The camshaft operates the irpakpet valve(s) to allow the fresh air intake
charge into the cylinder. This event happens vapydly and needs to be controlled very
accurately. If the intake valve is opened too sth@an contact the piston and if it is opened too
late it can allow the piston to push air back outh@ cylinder. The intake cam profile is
determined by clearance limitations and air flogueements. With the natural reciprocating
motion of the piston engine pressure waves areedeand reflected in the intake runner. These
pressure waves can be used to increase the ambanmttbat is forced into the cylinder. If the
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clearance limitations allow, the intake cam protibn allow the valve to be opened long enough
for the high pressure wave to be reflected badkaintake valve and allow the cylinder to be
filled more. This intake resonance theory is how #ps Racing team determines runner length
and intake cam timing. The cam profiles are an inpuhe AVL Boost 1D model and can be
iterated on based on the same highest mean poweutoabjective. After this optimization the cam
profile is determined and can be seen in the fidnalew.

Valve Lift

0.4

0.35 /’ \\
0.3

Intake

Valve

\ Lift

[
;f I

N
w

Valve Lift (in.)o

o o
\
/
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/

\

\

180

360

540

720

Crank Degrees
Figure 9: Intake Camshaft Profile

After the intake cam profile has been iteratedtmmexhaust cam profile can be determined.
The exhaust cam shaft is responsible for contrglthre flow and timing of the combustion gases
from the combustion chamber to the exhaust sysfagain the profile and duration of the valve
event is limited by the clearance in the engine @redoverall piston motion. If the valve is opened
to early the power produced is limited since gassesable to escape the cylinder while the piston
is still capable of producing power and if the valg closed too late it may contact the piston.
Along with the intake valve the exhaust valve plieofs optimized using the AVL Boost 1D engine
simulation software. The optimal exhaust camshedfife can be seen below.
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Figure 11: Exhaust Camshaft Profile

Once the camshatft profiles have been determinegigton can be designed. The piston is
the main component that converts the gas pressome ¢ombustion to useful mechanical power.
The goal of the piston should be to have the higbespression ratio that is allowed by clearances
and fuel limitations (namely knock resistance). Toenpression ratio of an engine be defined
using the equation below:

_ Displacement Volume

Clearence Volume

The compression ratio is mainly controlled by theacance volume that is available in the engine.
If this clearance volume can be decreased the cesspn ratio is increased. The design for the
piston for the Zips racing team came with a collalbion between a highly renowned piston
supplier and the team. This allowed for the perfamnce goals to be achieved and for the piston to
feature a level of craftsmanship that would be taiaéble otherwise. The engine was very closely
measured and modeled to determine where matengdl de added and taken away to raise the
compression ratio to above 16:1. This compressabio wvas a compromise between the increased
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thermal efficiency gained and knock propensity gitiee fuel provided. This decision was also
largely based on an optimization using the AVL a@fite and engineering principles to determine
what a good compromise would be. The thermal efficy can be defined by the equation below:

Actual Engine Power Output

Th LEfficiecy =
ermal Ef ficiecy Theoretical Fuel Energy Power Output

With the designs stated above the power outpuh®feingine is increased by 58%. This requires
that the components that are responsible for teansfy that power to the wheels are capable. The
transmission in the WR450 is included in the engind due to cost and complexity concerns is not
replaced. However, it is required to transfer taver of the engine reliably. To achieve this the
transmission components are cryogenically treateddrease their toughness as well as REM
finished. REM finished is a superfinishing procé#sat removes surface roughness. This allows the
transmission to run cooler, thus decreasing thetoaling because of the reduction in friction.
Overall these two processes increase the stremgthediability of the transmission. [1]

Exhaust:

The exhaust system on the FSAE vehicle is the oextponent chronologically in the path
along the engine. This system is responsible foraing the hot exhaust gasses away from the
engine and driver. It is also responsible for segpmg the sound energy produced by the internal
combustion engine. Like the intake and cam profitee exhaust system can also be tuned to
increase the performance of the engine. When thawest valve opens there is a large increase in
pressure. As this high pressure wave travels déwrekhaust pipe, it is eventually reflected back
at the valve. The goal of the exhaust system tste this pressure wave so that it arrives at the
valve when the valve is closed. This will resultlwa low pressure when the valve is open and thus
aid in the emptying of the cylinder. This theoryndae applied using the AVL software to iterate
the exhaust runner length and diameter. This redutt a two stepped exhaust header design that
starts at 1.625in diameter then transitions to ib.7®en to 2.00in. This design gives a combination
of many different exhaust runner diameters to gheebroadest overall power. Figure 12 below is a
rendering of the final exhaust header design. [2]
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Figure 12: Exhaust Header Design

After the exhaust header has been finalized thx¢ step is to meet the sound requirement
set forth by the rules committee. Per the FSAEgtihe engine needs to meet a sound emission
requirement of 103dbC at idle and 110dBC at 7000rpis is to ensure that engines are not too
loud for bystanders and track workers. The desigegss for the silencers that are used on the
Zips Racing vehicle start with an expansion chantbat is then followed by a typical absorptive
silencer. The expansion chamber is a simple dehiseworks to attenuate the sound energy by
giving the exhaust gasses a chance to expand anditalso attenuates some of the energy by
reflecting the exhaust pulse back at the next ptdsmancel it out. The volume of the expansion
chamber is the most important design parametertwisigoverned by the length and diameter of
the chamber. This type of silencer is referred¢@ aeactive silencer and has a cut off frequeAcy.
cut off frequency is the frequency at which thesder starts to become effective. It can be seen in
the equation below how the cut off frequency wal éffected by the length and diameter of the

chamber.
£ = (L)
nL(S; — S)

Where c is the local speed of sound, S is the ar@aet and outlet piping to the chamber, andsSl i
the area of the chamber itself. This equation canded to preliminarily size the expansion
chamber. Once the expansion chamber has beentsizedtch the cutoff frequency required, the
absorptive silencer can be designed. Since therptrge silencer is a bit trickier to design a simpl
calculation will not suffice and a simulation must used. AVL Boost has a linear acoustics
package that allows the user to set up and exetonglations to determine the transmission loss of
a particular exhaust system. A model was createtjube exhaust manifold that was described
earlier and the expansion chamber. Once this medsicreated the design parameters of the
absorptive silencer can be optimized. These areshalangth, diameter, perforation density, and
perforation size. The results of these sound sitraria can be seen in the figure below. [3]
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Figure 12: Sound Simulation Results

It can be seen in the simulation results that thal tsilencer system employed on the FSAE vehicle
reduces the sound output of the engine by rougtdB4over the unsilenced exhaust header. This
gives the car a passing sound reading.

Cooling:

The internal combustion engine does not converbfalhe fuel energy to useful work during
the combustion process. Some of the energy isndgght and sound, heat of combustion, and
frictional losses that produce heat in the eng8iace there is a significant amount of heat created
inside the engine, there needs to be a way to dkpeknergy to prevent premature failure of the
engine components. This is achieved by using ameateled system that passes water around the
cylinder and cylinder head of the engine to conthe temperature of those components. This
heated water is then pumped outside the enginere sort of air to water heat exchanger. This
heat exchanger is placed in the natural airflowhefvehicle and relies on the vehicle speed to pass
air over its cooling fines to remove heat from whater. The size of the heat exchanger depends on
how much heat is necessary to remove from the endihis can be achieved through some simple
heat transfer calculations and testing iteration.

One way to determine the maximum heat transfer tte¢ cooling system needs to reject can
be found using data collected from the engine dyraeter. The water flow rate, and temperatures
coming into and leaving the engine can be measanedusing the follow equation the heat
rejection rate of the engine at full power can ké&dmnined.

Q = m * Cpwater * (Ty —Ty)
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The maximum heat rejected from the 2008 WR450 vedsrdhined to be 8.5 kW. This will be the
base line target when sizing a radiator. It is im@ot to note that the heat rejection rate of thath
exchanger will vary with vehicle speed. This letmshe fact the heat exchanger will be operating
in a very transient sate and will need to removat la¢ various speeds. To achieve this a calculation
was performed in Excel to determine 3 differenttteahanger configurations heat rejection
capabilities as a function of track speed. Thicgktion was performed using heat transfer
calculations from the water to the wall, througk thall, then from the wall to the air. [4]

The first configuration that was investigated wasirgle core single pass radiator from an
YZF450 ATV. This configuration was considered besaof its low cost and easy availability.
Below is a table and graph of the heat rejected fasction of vehicle speed.

Car Speed (mph) Q°,LMTD (W) Q’,ENG (W)

10 2686 8556.87
20 4592 8556.87
30 5794 8556.87
40 6519 8556.87
50 7034 8556.87
60 7430 8556.87
70 7751 8556.87
80 8020 8556.87
90 8251 8556.87
100 8453 8556.87

Table 3: YZF450 Radiator Heat Transfer
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Q’ Radiator vs. Track Speed
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Figure 13: YZF450 Heat Transfer vs Vehicle Speed

As it can be seen in the figure above, the setkbtat exchanger can never remove enough
heat from the cooling water within the FSAE vehigleperating range. This lead to the exploration
of another option. The second option that was aered was a dual radiator design where two
smaller radiators were mounted to the side of #re These radiators were taken from a motorcycle
with a larger engine than the WR450 and thus shbaide the cooling capacity required. Below is
the data table from the dual radiator configuration

Zips Racing | The University of Akron Mechanicaldimeering | Akron, Ohio 44325| rth23@zips.uakroun.ed 18



The University of Akron

~2S RACING

THE UNIVERSITY OF AKRON

Car Speed (mphQ°,LMTD (W) Q°,ENG (W)

10 3376 8556.87
20 7087 8556.87
30 8533 8556.87
40 9433 8556.87
50 10081 8556.87
60 10584 8556.87
70 10994 8556.87
80 11338 8556.87
90 11635 8556.87
100, 11894 8556.87

Table 4: Dual Side Radiator Heat Transfer

Q’ Radiator vs. Track Speed
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Figure 14: Dual Radiator Heat Transfer vs. Vehittack Speed
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As it can be seen the dual radiator option withowe enough heat from the cooling water to
ensure the engine is operating within its limit$.aArack speed of 30 miles per hour the radiator
will be able to cool the engine adequately. Bel@wn@le per hour the radiator will require a
cooling fan to pull air through the radiator at glewer track speeds. This configuration will offer
adequate cooling capacity at a very minimal incegasweight.

Testing

After ensuring the powertrain meets the goalda#h for the design, it is important to
validate all of the calculations and simulationatttvere performed. This is accomplished by
building many of the components that were desigm&dl physically testing them on the engine
dynamometer. The engine will be built to the speations determined and then tested to ensure
that the simulation is predicating the proper poagtput. This step is extremely important and
requires a very keen attention to detail. The emgequires a break in cycle to thermally cycle all
of the new components and break them in. After binesak in period the engine is ready to be
tested at full load and have data recorded. Thebisch being used is a Super Flow 901 engine
dynamometer that is provided by the University #meh outfitted with a custom data and control
system to accurately measure all the importantmpatars. Below is the horsepower and torque
curve produced by the 2017 spec engine.
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Figure 15: 2017 Spec Engine Raw Power and Torqueudu

As it can be seen the power output is the blugeand the torque curve is the yellow. The
engine produces a peak power output of 68hp atODOpIn. This by far exceeds the expectations
that were set forth at the beginning of the desigason.
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Simulation vs. Dyno Data
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Figure 16: Simulation vs. Dyno Data Comparison

It can be seen in the above figure that the oVeraldiction of the power output is very
close to that of the actual engine power outpue frend of peaks and troughs are in the same
locations. The area of interest is the upper engpeed area where the two graph tend to deviate. It
is hard to say for certain what causes this demmtbut the data points towards a restriction in
airflow above 10500 rpm. The simulation uses flaveficients to determine the performance of
the intake and exhaust components. Currently tHesecoefficients are set to one. In reality these
flow coefficients are less than one and the simaiaaccuracy can be improved by finding the
exact flow coefficients of these components. Thas be accomplished by using a flow bench to
determine the flow through a system and then comgahat to the theoretical flow capable of the
device. This will ultimately lead to a more acceratmulation and better prediction of actual

engine performance.
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Conclusion

With the careful engine platform selection, it wdmwn that the 2008 WR450 was the best
choice for the Zips Racing team in the 2017 radagson. This engine platform was then carefully
evaluated to determine where the performance ofyiseem might be able to be increased. The air
intake assembly was evaluated using CFD flow sitaacoupled with AVL'’s Boost 1D
simulation software to determine the optimal intgle®metries. The next components that were
evaluated were the internal engine components.iAgi@h AVL’s software these components
were iterated on the find the optimal geometriemtvease the air flow into and out of the
cylinder. This then played into the optimizationtbé exhaust runner length and diameters to
ensure that the exhaust was tuned to offer then@tpressure wave reflection. The exhaust was
the simulated to ensure that the sound outpute®tigine would not exceed the sound limitations
set forth by the FSAE rules. The next step in thsigh process was to ensure that the waste heat
that the engine produced could be adequately egjetct the air to ensure the engine operated at a
temperature that was with in specification. Thisswd@ne by developing a calculation to easy
compare different heat exchanger configurations@otthe heat rejection as a function of the
vehicle speed.

With the design portion being completed, the regical step is to build what has been
designed and subject the design to testing. Themengas built to the specifications determined,
and then tested on an engine dynamometer. The enlgimo confirmed that the overall power
output of the 2017 spec engine was 68hp and exdeb@eexpectations set forth in the beginning
of the year. During this testing the design hasnb@®ven to be tough and robust and will bring an
overall win at the FSAE competitions this year!
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