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EXECUTIVE SUMMARY

This project focusedon solving a caiple of the many problems facingnodernday
snowmobiles specificallynoise leveland emissionsThe University ofdaho wishes to better its
sled for the SAE Clean Snowmobile Challenge (C®&®lawyto reducethe soundlevel of the
sledto below competition requirementsAlso Stealth CAEeta goal of achievindlational Park
Standads (NPSfor emissionsin order toaccomplishboth of thesegoals the teamintegrated
a catalytic converter (CAT) intcnaw muffler desigrutilizingHushpower mufflers.

Using the 192 sound teshg procedure the team tested several differentHushpowe
configurationsand discovered thatwo Hushpower in series provideiimilar sound dampening

to the stock system Stealth CATsuilt a prototype based on this conclusi@and set about
testing it The sound testing results came back showing the prototyps quieter than stock.
Upon further examinatiorthe teamfound that the reduction in noise level was caused by the
muffler restricting flow out of the engine severely limiting its performance. The team was not
willing to give upengine performancdor sound reductionand set about finding a solution to
this problem.

The team was building a flow bench and looking into flow simulation software. Using both of
these tools Stealth CATs discovered that the backpressure of the muffler could be greatly
reduced using larger inner diameter Hushpowers. Due to the timing oflibcovery, the team
decided not to push theeompletion of the muffler for the2011 completion. There was too
much at stake for the Universitf Idaho CSC teaand this was a complex project that needed

to be done correctly.

Stealth CATwvorked with Aristo Catalytic Technologide choosea CATio meet our specific
needs. We provided Aristo witkize limits,engine data,past emissions dataand targeted
emissionsEven though the new muffler did not make it to the 2011 competition @#eTdid.
Theteam sawa reduction as compared to the 2010 results in all but carbon monoXite.
passed the CSC emissions portion of the competition but did not come close to meeting NPS.
TheUniversity of Idaho team had the second lowesteérvice emissions and theurth lowest
laboratory emissions.

The final muffler with larger Hushpowers was manufactured and the testing results came back
very positive. The muffler is quieter and does seem tolimit engine performanceFuture
works includes tuning the engine tan best with the new muffler andheasuringsound level

and engineperformance This can then be directly compared to the stock specificatmisthe

best system picked fothe University of Idaho for the 2012 Clean Snowmobile Challenge
Competition.
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1.0 BACKGROUND

Snowmobiles have traditionally been loud, with high levels of exhaust emissions and poor fuel
SOo2y2Yeéd ¢CKS ay2gY20AfSQa ySaAFIAGS AYLI O 2y
community to challenge college students to design a cleaner, quieter snoiamobhe Society

of Automotive Engineers (SAE) organized the Clean Snowmobile Challenge (CSC) in 1999 [1].
The competition is currently held at the Keweenaw Research Center in Houghton, Michigan.

The competition focuses on increasing fuel economy, redue@missions, and reducirthe

noise of snowmobiles to make themame environmentally friendly. This project is focusing
specificallyon the sound and emissiop®rtions of the competition

Priorto this project the University of Idah6SCreamhas worked a several different projects

to decrease the emissions and noise of the sled. The team added a CATstwtkobile in
2007, 2008 and 2009n 2008 and 209 the team did not complete the emissions part of the
competition for various reasons but in 2007etteam passed emissions. The team could have
passed withat the CAT but it helpetb lower emissions further.

Toreduceslednoise the team added sound dampening material to the inside of the hood and
blocked unnecessary aivents Soundabsorbingmaterial and stiffeners were added to the
tunnel to reduce noise from tunnel vibratiomsd track noiseExperiments were perfornteto
determine which type of bgie wheels, belt drive@ and many other components were quieter.
These small changes did natwer the overall sled noise significantly but there was a
measurable differenceThereason why the change was small is that thain source of noise

in a snowmobile is the exhausto reduce exhaust noise the team ha®viouslydeveloped

and tested a Hienholtz resonator and a laminar flow muffler. Both projects did not dampen
exhaust noise as much as the stock mufiied were not used in competition

C2N) GKAAa &SINDna O2YLISiAdGA2Yy GKS &at SR (SIFY al g
technologyto design a new muffler for thenowmobile Hushpower is a branch of Flowmaster
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donated a Hushpower muffler to besedby the University of Idaho FormuAEHybrid Car

Also Hushpowemanufacturesk  dzy A (i (& BeNdddedtafte® the stockxhaustsystem

Neither of these applicationseequiresthe low sound level the CSC competition ddees the

sled team hopsto be able to create a muffler thas quieter? dzZ3 K dza Ay 3 | dza KLJ2 6 S N.

In the 2010 competitiorthe snowmobile received a sound score of 85 dBA. In order to pass
sound, the snowmobile must pass the stiand 3192 test with asound pressure less than 78
dBA. For 2011he overall noise of the stl must be reduced for the teanThe sled has passed
the emissions potion of the competitiomost years and we hope to continue the trend this



year. Two-strokesexhaust emissions are typicatlyrtier than fourstrokes and as a result extra
measures need to be taken for twgirokescome out cleaner than their competitors.

If the team is able to make a muffler using Hushpower technology that is quieter than the
current stock muffler the team wilhave a high chance of passing sound this year and wining

0KS O2YLISUGAGAZ2Y D ! fa2 AYyO2NILRNIGAY3I | /!¢ ¢
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Hushpower technologis notcurrentlythe way to gan the snowmobile industry

2.0 PROBLEM DEFINITION

Two areas of concern th&@tealth CATw targeting for the 2011 Clean Snowmobile Challenge
are the reduction of exhausinoise and emissiondVe hope to accomplish this by designing a
new muffler and incorporation a catalytic converter.

In the 2010 competitiothe snowmobiledid not pass the noise event. This year our team goal
is to not only to reachthe competition requrement of 78 dBA set by the International
Snowmobile Manufacturers Associatiadz],[but alsorecord a sound pressure that is below the
National Park ServiceNPS)Best Available Technolog{BAT)level of 73.4dBA B]. A
snowmobile must meet NPS BAT stardas to be allowed in national parks such as Yellowstone

[4].

Our next goal is to reduce the amount @nissionsemitted by the engine. Last year the team
easily passed the emissiopertion of the competition without using a CAT. This year, however,
the G S YyQa 3I2Ft A& farznodglirRaidorSo alSofieét #ha Rafignal Park
Standards.

The muffler design has several constraints and specificatimatsmust be met and these are
listed inTablel.



Tablel: Product Specifications

GENERAL REQUIREMENTS SPECIFIC REQUIREMENTS | ACCEPTABLE PERFORMANCE

QUIET Reduces the sound 78 dBA or less in J-192 Sound
emissions of the sled test (goal of 73 dBA)
Incorporate a catalyst to (HC+NOx)<90g/KW-hr
REDUCE EMISSIONS reduce emissions C0O<275g/KW-hr, Escore=100

Catalyst must be
SIMPLE MAINTENANCE replaceable, no other
maintenance needed

CAT replacement takes less
than 15 Minutes

e s 0
PEREORMANCE Doesn'tincrease Less than 110% of stock
backpressure backpressure
Fits in sled without Approximately 9" Deep, 18"
COMPACT DESIGN modification Tall, 13" Wide

Less than 16.76lb (110% of

LIGHT WEIGHT Doesn't increase weight stock muffler weight)
. . Costs team less than $S300
ECONOMICAL Within th t budget
I ENE project BUGBEE | MSRP less than $700
Can be built by the sled Build using the U of | machine

EASY TO BUILD

team shop and facilities

As you can see there are margquiremens of the muffler for it to be considered successful
Themost important are reduction isound and emissiong.he CAT will needeplaced several
times and possibly at competition so CAT agpiment must be quick and simpl€he muffler
must fit inside the sled andhanufacturing must beasy and affordable for the CSC team.

Stealth CATwiill have to learn about muffler design for this project. Research will need to be
done about different muffler types, acoustic tuning, and the effects of flowdifi@ation. The
team can examinéhe stock muffler and the previously designkinar flow nuffler. Also the
theory behind the Hushpower muffler will need to be studied.

As for catalytic converters, the team will need to look into which type is best forstvakes
and our spaceconstraints Also which pollutants are weighed more in the competitandthe
CAT to best reduce these pollutants. The team mekd to contactour CATsponsor,Aristo
Catalytic Technologigs find the one that best fits our needs

Another area of project learning is in the simulation and testing sector. Modeling/a@tlike
Ricardo WAVE and Solidworks flow simulations need explored. Results-f@Pnsdund tests

and emissions data will need to be analyzed. The team will need to do flow testing on the
muffler components and this will require the design and constaicbf a flow bench.



The final @liverablesof this project will be a muffler with a removable CA@rification ofthe
performance of said muffler viasound testing emissions testingand flow testing.Sde
deliverables arethe construction of a flowenchand the acquisition of several CATs

3.0 CONCEPT DEVELOPMENT

Concept development is sometimes defined @hke process used in search for feasible
solutionsé For this project the University of Idaho CSC teamducteda great deabf research,
simulations,and testsand then constructed a prototype. The prototype was then tested and
more simulations ran tareatethe desigrfor the final product.

3.1 MUFFLER DESIGN

Mufflers are designed to dampen thaigh intensity pressurepulse generated by the
combustion process from an internal combustion engimduffler design is traditionally a trial

and error process. This is due to the tricky nature of several different properties coming
together in a way thathey cannot be consideredt once Professor David Egolf explained that

it is fairly easy to design acoustic chambers to cancel out certain sivpagdencies[5]. But

after you design a muffler acoustically you have to incorporate the effects of the flow of the
exhaust gases. If you manage to account for acoustics and flow you then must add the effects
of very high fluid temperaturesin most commercial applications yodesign a muffler
acoustically and adjust for flow and temperature experimentalittii you get the desired
results.

Three common muffler desigrare absorption, restrictiveand reflective. e asorption or
dissipative muffler, shown in Figude is gaerally constructed with a straight perforated tube
or a combination of chambers and perorated tubigirrounding theperforated tube is sound
absorbing materiglacoustical energy pulses vibrate the particles of thaterialand the energy
dissipates abeat.

Figurel: Cross Section @i AbsorptionMuffler
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The restrictive muffler restricts the flow of th® y" 3 A pfeSsQré pulsavith the use of baffles
and deflector platesRestrictive mufflers are cheap and easyntake and are found in most
automotive vehicles.

A reflective muffler is the most effective for attenuating exhaust noise. Wuffler uses
resonator chambers to cancel ousoundwaves The length and volume of the chamber is
chosenso that the reflectedwave collides with the next incoming waeeeating destructive
interference. Most reflective mufflers exhibit techniques from ail the muffler designs
because resonator chambers only work at certain frequendi@gure 2 displays the inside
layout of areflective muffler.

Resonator
Chamber

Perforations

Figure2: Reflective Muffler

3.1.1 STOCK MUFFLER DESIGN

¢tKS aid201 ay2sY20Af S-dodisza feurcBabefF erivd defigh consSting” Q a
of two reflection chambers and two absorption chambefsgure3 shows a cuaway of the

stock muffler. The first and third chambers are reflection chambehe second and fourth
chambers are absorption chambeifithe stock muffler is constructed to fill all available space in
the chassis for the greatesbunddampening



Figure3: Stock Muffler Cutaway

3.1.2 LAMINAR FLOW MUFFLER

The CSC team has previously looked into the concept of putting a laminar flow muffler on the
sled. This type of muffler can ideally be tuned to cancelaoaertain frequency of soundhis
would be beneficial tahe team aswe would mainly like to reduce the sound created at wide
open throttle (WOT). The frequency at W®dm 8000 rpmis assumed to be at 266.67 Hg
RSAONAROSR Ay edigh SndSomzlatidn otiTov & NB | S 8lyGikentirtdcE o
laminar flow mufflers have be comacted and tested on the sledesigned to cancel ouhe
desired fequency Both mufflers are shown in Figurel. Neither provideda significant enough
reduction innoise level compared to the stock mufflelhis is most likely due to the high
temperatures andighfluid flow through themuffler [5].

Figure4: Laminar Flow Muffles
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3.1.3 HUSHPOWER MUFFLER

Hushpower mufflers are single chamber absorption mufflers as shown in Fagufer this
design hot exhaust gasses are accelerated through the cone sectwamch reflects the sound
energy back into itself and out into the therniadrrier at C.The thernal barrier is packed wht

a sound absorbing material called Silkasbét absabs sound energy and insulates the muffler

to keep the shell coolerThe exhaust is allowed to expand in section B thus reducing the
turbulence. The exit cone at D is muelnger than the inlet cone in order to create an easy exit
for the exhaust; the exit cone also reflects sound energy back toward itself and the thermal
barrier[7].

S0OuUUND

NERGY

Figure5: Hushpower Muffler

3.2 CATALYTIC CONVERTCAT)

A catalytic converter is basically a chemically reactive filter, transforming harmful exhaust
gasses to less harmful gasses as they flow thro®ipd team has use@ATE before with
success and would like to be able to easily add and remove a CAT frovevihauffler.

[3.2.1 CAT RESEARCH

A catalytic converter consists of three main parts: the core, the wash apdtthe catalyst. The

core consists of a ceramic or stainless steel honeycomb that creates a vast surface area. The
wash coat is usually a mixture of alumina and silica coating the core to make it rough and
irregular. This createshe most surface area for the catalyst to be applied and also
encourages mixing in the flow. Lastlfet catalysts are generally various precious metals
(typically platinum and rhodium) coating the honeycomb core. The flow ofgtesesacross

10



the precious metals causes a chemical reaction resultingpenokidation of carbon monoxide
and unburned hydrocarbons as well as the reduction of nitrogen oxides to nitrogen and oxygen
[8]. Figure6 shows a typical CAT.

Figure6: Catalytic Converter

3.2.2EMISSIONS RESEARMNDACORING

We will be targetindydrocarbons (HC) and carbon monoxide (8€ause these are typically
higher in twestroke engines.

Extra HCemissionsare due to the design of a twstroke whereboth the intake and exhaust
ports are open at the same timg@]. This neans that when fuel is added to the combustion
chamber part of it leaks out through the exhaust port. Also having lower engine temperatures
relative to a 4stroke, increasesCOemissions The lower temperatures do not allotlie various
emissionsgn the extaust to be oxidized as efficientlyhe upside to a &troke is that very low
levels of nitrogen oxide (NOx) aeenitted due to the same reasd®)].

Qur goal is to reaclthe National Park Standareimission levels for both HC and .Ctable 2
aKz2ga f1ad &SI NRa NBCGhaiéngedimit, andiBe NPS lighitsy { Y26 Y20 A

Table2: Emission Data

2010 CsC NPS

Emissions Limit Limit

co 209.94 <275 <120

HC 41.6 - <15
NOXx 5.8 - -
HC+NOXx 47.36 <90 -
E-Score 125.9 >100 -
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All pollutantsshown are measured in g/k\Wr. For thecompetition, all teams must achieve an
emissions score @n Escae over 100 [1]. This score is determined by the equation in Figure
which limits the total emissions allowed.

(HC+NO,)—15
150

co

E=(1— )*100+(1——)*1002100

400

Figure7: E Score Equation
3.3 FLOWBENCH

A side deliverable of this project is the design and construction of a flow bench. It will be used
to flow test our mufflers and can be used by the CSC team on many other projects in the future.

(3.3.1 WHAT IS A FLOBENCH?

A flowbench is a tool used fdesting the aerodynamic performance of engine components.
main use is for testinglow restriction of intake and exhaust ports omternal combustion
engines. From these tests, designers are abte dffectively shave ports tadeal size and
geometrees for maximizing flow efficiencyvhich in turn increases th@ower output of the
engine

The device can also test the air passage qualities of air filters, manifolds, carburetors, and
mufflers. The ability toflow test components outsie of the vehiclayives designers a controlled
environment for predicting component performance fany application. However, this is not

just a test apparatus for the engine enthusiast; it can be used to test any component that
channels a flowing gas or one that produdles flow of a gas.

The design of a flolench can be as simple as a Siwgr, ahomemade manometera flow
meter, and miscellaneous plumbin@r it can be as complicated as alectronically intensive
and expensiv@iece oforderedequipment.

3.3.2 FLOV BENCH RESEARCH

Flow bench design varies widely depending on what you will be using it for and as a result many
manufactures offer kits for putting your own flow bench together. One such manufacturer is
Flow RerformancelLLC out oNovato, Californig10]. They do not sell completed benches, only

kits with the needed electronics, plumbing, and softwareio such kits are pictudgan Figure 8.

On the Flow Performancewvebsite you can findree technical information on flow bench

12



assembly including complefdumbing diagrams and several ideas for housing for the systems.
Also included are seversétupsfor air supplies including shegacs and vacuum motors.

Flow Performance FF1

Air Source
IntakeiExhaust

Flow Performance
FR4b

Air
Source
F%3

Flow Perfarmance]
P alve

Flow Performance Flow Element

Figure8: Flow Performance Flow Bench Kits

Flow benches that can be buiising Flow Performance Kits range frdngh performance
racing industryapplicationsall the way to thehome-shopenthusiasQ & 3. [Figired $owsa
small, basic flow bench and bench used by JDF Performance INC to design engines [11].

Figure9: Flow Bench Examples

As you can see one bench uses a household-shopas the air supply while the other uses
vacuum motors shown in Figure 10.
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Figurel0: Vacuum Motors as an Air Supply

3.3.3 FLOWBENCHREQUIREMENTS

We will be using the flow bench to test tltBfference inbackpressuredetween our concept
mufflers and the stock muffler. From this test we will be able to compare the restrictive
gualities between each design. Thmtotype mufflers mus express @ackpressuresimilar to

the stock muffler to ensure proper exhaust gas evacuation from the englim® much of an
increase or decrease in backpressure can cauwleease in engine performance

The team does not have the fundsparchase dlow benchor flow benchkit. Stealth CATs will
be designing one using components that thegineering departmenhas been gathering for
the construction of a flow bench

Our team will need much morairflow than can be provided by a shaepc. Stealth CATwiill
design a system using vacuum motors similar to the JDF Performance design to provide the
necessary flow.

Some basic flow bench specificaticare:

Flow up to 500 cubic feet per min (cfm)
Variable flow rates

Easy to transport

Student degined and built

= =4 4 A

3.3.4 FLOWBENCH CONSTRUCTION
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The flow bench was entirely constructed on the U of | campus. Both the woodworking shop and
the engineering machine shop were uséthe detailed flow bench construction and assembly is
included in Appendix H:he complete drawing package is inclddie Appendix J.

3.3.5FLOW BENCH COMPONBNT

Figurella K2ga | RAFANIY 2F {GSFHEOGK /! ¢&eénotéd2 YLI SG S
on the diagramas well as the flow direction.

Testing stand to

Object being place object to

flow tested \ flow test
Vacuum power

switches and
fuse panels

A pressure
tap is inserted
just below
the settling
chamber

6 vacuum supply blowers

Mass flow meter to
record flow rate

Figurell: Flow Bench Diagram
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A test component is attached to the test stand with an adapter plate, which creates a seal with
the settling chamber. Six axial flow vacuum motors are housed inside the flow box, which
creates a vacuum in therfward system. A pressure gauge is used to measure the pressure
drop at a given mass airflow rate determined by adjusting the number of motors in service.

There are six vacuum motors and five one way valves housed in the flow box. The one way

valves are aeded to keep the air from flowing backwards through motors not in use. One
Y202N) R2SayQi KI@S | @I ft@dS 06SOlbezs&linalli Aa (KS
experiments.

3.4 SIMULATION SOFTWARE

Simulations ofthe snowmobile components can give insights on why existing components
perform the way they do and give estimates of htweoretical components will perform. This

is an extremelyaluable tool as it can repladbe time and expense of making prototypas

well as illustrate ways to improwxistingparts.

3.4.1 RICARDQVAVE SIMULATION

WAVE is a leading engine and gas dynamics simulation softwarageaitkm Ricardo Software
used worldwide in industry sectors including ggenger car, motorcycle, truckgcomotive,
motor sport, marine and power generation. WAVE enables performance simulations to be
carried out based on virtually any intake, combusti@md exhaust system configuration.
wAi OF NR2 A& dorfuR SAERHyHidR CaKs2m@late their engineThis prograr®
direct application to this projecand the CSC tearns the ability to produce acoustic and
emissions data for any given configuaat of snowmobileenginecomponents

Stealth CAT& G F NISR f SFNYyAy3a wiOFINR2 o0& 3J2Ay3 (KNRA
set, building a one cylinder engine, was very simple and straight forward. The team had high
hopes as they started the seadiset of tutorials: a foustroke engine with complete intake and

exhaust manifolds, air filter, CAT, and a muffler. The completed engine is shown inlZgure

16



13
Hapkaplaka

Figurel2: 4-stroke Ricardo WAVE model

Upon completion of thefour-stroke simulation, the team realized that findirgl of the
information needed for an accurate model of the snowmohilas going to be much more
challenging than anticipated. The tutorials explained what some of the parameters were and
how to find them on your own but many were just listed to be entered and then had to be
changed to random numbers for the simulations to be runnable. Ricardo is an amazing tool that

would bring a great deal of benefit to the Ul CSC team but learning to use it is bigoscbpe
and capabilities of this project.

3.4.2 SOLIDWORKS FLOWMESLATION

While the flow bench can give us the backpressure of constructed items Solidworks can give us
flow data for configurations that are still in the modeling stages. Flow Simulation is a Solidworks
addin and comes standard with Solidworks.

To simulate flow irough a part or assembly you need to open it in Solidworks and start the
flow wizard. It will guide you through the needed steps to gather flow data. A basic tutorial of
the teams flow simulation procedure can be found in Appemdixd Figurel3 showsa muffler

at various stages throughout the simulation.
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Figurel3: Simulation Examples

The simulation outputs a plot of the pressure drop over the part, show on the far right of Figure
BLANK, at a given flow ratd=rom a seris of runsthe pressure drop across the muffler was
graphed as a function of the flow rat&he simulated data was compared against flow bench
data for existing mufflers to check for accuracy. This comparison is discussed further in Section
3.6.5.

3.5TESTING PROCEDURES

Severaltests will beperformed to determine the performance of the muffler and CAT. This
section covers the testing procedures for each

3.5.1 SAE}192 SOUND TESTINNROCEDURE

Sound testing athe Clean Snowmobile Challengempetition is done using the SAHQP
procedure[12]. For this test the sled enters th&tart gate at 15 mphhen the ridergoes to
WOTto achievemaximum speed and noise levdlhe course is straight and 150 feet in length.
After 150feet the sled slowsdown and turns around for a pass in the other directidine
sound measurementicrophonesare located 50 feet to the side of the midpointhere a
maximum Aweighted sound pressure level (dBAyaesorded The final score is an average of
six passes, thieof each sideA diagram of the SAEL92 test is shown below iRigurel4.
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15 mph Full acceleration (150 ft) Deceleration

(50ft)

Microphone

Figurel4: 3192 Sound Test

(3.5.2EMISSIONS TESTING

At the CSC competition there are two separate emissions testing events: laboratory emissions

and inservice emissions. They are judged sepayateld each team is compared against the
20KSNI GSFYQa LISNF2NXIYyOSd 91 OK (Sl Yyrécaiief NBOS
points based on their rank compared to other teams.

The lab emissions are measured in ghkwusing laboratongrade instumentation with the
engine loading on hand & Sea dynamometer. The dynamometer directly mountbecehgine
primary clutch shaftThe testing consists of a fareode test procedure approved by EPA for
snowmobile emissions measuremeithefive-modescycle igdetailed in Tablg. The measured
emissions are detailed in the emissions research section and theglen€O, HC, and NOXx

Table3: 5-Mode Emissions Cycle

Mode 1 2 3 4 5
% Speed 100 85 75 65 IDLE
% Torque 100 51 33 19 0

% Wt. Factor 12 27 25 31 5

A pull behind emissions analyzeill be used for irserviceemissiongportion. Snowmobiles will

be driven by competition organizers on a thregle course reaching speeds up to 45 mph. Each
snowmobile will be ridden in as consistent manner as possible to ensure fair comparisons. The
measured emissions include HC,, @l NOx all equally weighted.

3.5.3 FLOWBENCH TESTINROGCEDURE
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The test element is attached to the test standing anadapter plate. Clamps can be used to
securethe plate to the test standand agasket materiglsuch as sticky tape, applibeétween
the componens. Figurel5shows a muffler setip to beflow testedon the test stand

Figurel5: Flow Bench Testing of a Hushpower Muffler

The mass iaflow sensoris powered by al2-volt power source and a multimetes used to read
its voltage output. Theligital pressure gauges turned on and zeroed before testinghe flow
bench needs plugged in®220-volt three phase power outlethich can be found in the Senior
Design Lab and the Engine Bagke precautionssathe vacuum motors are very loud.

Thevacuum motorsare turned on startingvith the variable flow motor set to full poweNext
additionalmotors are turned onuntil the pressure gauge reads just otbe pressure that will
be tested Then power suppliel to the variable motors reduceduntil the pressure gauge reads
exactly the pressure you would like to te$he output voltage from thenass aiflow sensor is
converted to cfm using a MatLab code.

For each muffler being flow tested we did a sweeger several different pressures and plotted
pressuredrop versusflow rate.

3.6 DEVELOPMENT OF PROYRE

With the Clean Snowmobile Challenge competition Marthtiought the 11" the team had
very early deadlines. We had to build our first prototypsund winter break and launch
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directly into a final muffler configuration to allow time for tuning the engine and working the
bugs out before we left for Michigan.

3.6.1 3192 TESTRESULT®FMUFFLERS

To begin gathering ideas for a new snowmobile muffler using HushpteednologyStealth
CATspreformed sound testing on Hushpower mufflers and previously built laminar flow
muffler. All sound testing was performegtcording to the SAEL92 procedure

Adapters vere made for mounting Hushpowessd the laminar flow muffleto the sled The
Hushpower muffles were arranged in three differerdonfigurations: two in parallel, two in
series, and three in serieBigurel6 showseach of the Hushpower arrangements

Figurel6: Hushpower MufflerConfigurations

All tests, including stock, were done with the exhasiste side panel removed as it did not fit
around the adaptors and would make tldatamore comparabléo stock The results fronthis

experiment are displayed iRigurel7 and the complete testing datean be found irAppendix
B.
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Muffler Sound Testing Results

Stock

1 Hushpower

2 Hushpower in Parallel
2 Hushpower in Series

3 Hushpower in Series

80 82 84 86 88
Noise Level (dBA)

Figurel7: Preliminary Muffler Configuration Sound Testing Results

This experiment was not very precise but its purpose was only to see if themdgabe

feasible. Theesults show thatwo Hushpower mufflers in seriege comparable to the stock
muffler. Both are still much louder than the 78 dBA needed for compethianit is a place for
the designto start.

It was discussed that the two Hushpowers in series may be louder than the stock muffler
because the test setup hung outside of the chassis and was therefore less muffled. To test this
theory the team constructeh mount which placed the stoakuffler outside the sled body.

The sound data was analyzed but the results were inconclusive. The testing data is included in
AppendixC.

3.6.2 PROTOTYPE DESIGN

The team brainstormed several muffler configurations thatuded two Hushpowers and a
CAT. Théwo mainideasare picture below in Figur&8.
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Figurel8: Initial Muffler Ideas

One was a linear configuration while the other was triangular. The team ¢basanstructthe
linear model; it was closdp the shape othe stock muffler and would fit in the chassistter.
Also it would be easier to build than the trianguladea A more thoroughdiagram of this
design is pictured in Figude.

Figurel9: Prototype Muffler Diagram

The basic idea is that the flow enters the muffler at the inlet; the inlet was placed to connect to
the tuning pipe without any modifications. Then it flows through the two Hushpowers in series
which are connected wit welded chambers. Lastly the flow passes through a shell which
houses the CAT and exits the muffler out of the bottom of the sled.
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