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EXECUTIVE SUMMARY  

This project focused on solving a couple of the many problems facing modern-day 

snowmobiles, specifically noise level and emissions. The University of Idaho wishes to better its 

sled for the SAE Clean Snowmobile Challenge (CSC). We have to reduce the sound level of the 

sled to below competition requirements. Also Stealth CATs set a goal of achieving National Park 

Standards (NPS) for emissions. In order to accomplish both of these goals, the team integrated 

a catalytic converter (CAT) into a new muffler design utilizing Hushpower mufflers.  

Using the J-192 sound testing procedure, the team tested several different Hushpower 

configurations and discovered that two Hushpower in series provided similar sound dampening 

to the stock system. Stealth CATs built a prototype based on this conclusion and set about 

testing it. The sound testing results came back showing the prototype was quieter than stock. 

Upon further examination the team found 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 up engine performance for sound reduction and 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 of this discovery, the team 

decided not to push the completion of the muffler for the 2011 completion. There was too 

much at stake for the University of Idaho CSC team and this was a complex project that needed 

to be done correctly.  

Stealth CATs worked with Aristo Catalytic Technologies to choose a CAT to meet our specific 

needs. We provided Aristo with size limits, engine data, past emissions data, and targeted 

emissions. Even though the new muffler did not make it to the 2011 competition the CAT did. 

The team saw a reduction as compared to the 2010 results in all but carbon monoxide. We 

passed the CSC emissions portion of the competition but did not come close to meeting NPS. 

The University of Idaho team had the second lowest in-service emissions and the fourth 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 not seem to limit engine performance. Future 

works includes tuning the engine to run best with the new muffler and measuring sound level 

and engine performance. This can then be directly compared to the stock specifications and the 

best system picked for the 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 

ŜŎƻƴƻƳȅΦ  ¢ƘŜ ǎƴƻǿƳƻōƛƭŜΩǎ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ǇǊƻƳǇǘŜŘ ǘƘŜ ǎƴƻǿƳƻōƛƭŜ 

community to challenge college students to design a cleaner, quieter snowmobile.  The 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, reducing emissions, and reducing the 

noise of snowmobiles to make them more environmentally friendly. This project is focusing 

specifically on the sound and emissions portions of the competition. 

Prior to this project the University of Idaho CSC Team has worked on several different projects 

to decrease the emissions and noise of the sled. The team added a CAT to the snowmobile in 

2007, 2008 and 2009. In 2008 and 2009 the team did not complete the emissions part of the 

competition for various reasons but in 2007 the team passed emissions. The team could have 

passed without the CAT but it helped to lower emissions further.   

To reduce sled noise the team added sound dampening material to the inside of the hood and 

blocked unnecessary air vents. Sound absorbing material and stiffeners were added to the 

tunnel to reduce noise from tunnel vibrations and track noise. Experiments were performed to 

determine which type of bogie wheels, belt drives, and many other components were quieter. 

These small changes did not lower the overall sled noise significantly but there was a 

measurable difference.  The reason why the change was small is that the main source of noise 

in a snowmobile is the exhaust. To reduce exhaust noise the team has previously developed 

and tested a Helmholtz resonator and a laminar flow muffler. Both projects did not dampen 

exhaust noise as much as the stock muffler and were not used in competition.  

CƻǊ ǘƘƛǎ ȅŜŀǊΩǎ ŎƻƳǇŜǘƛǘƛƻƴ ǘƘŜ ǎƭŜŘ ǘŜŀƳ ǎŀǿ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǳǎŜ ŀƴ ŀǾŀƛƭŀōƭŜ ŀŦǘŜǊƳŀǊƪŜǘ 

technology to design a new muffler for the snowmobile. Hushpower is a branch of Flowmaster 

ƻǳǘ ƻŦ /ƻŜǳǊ 5Ω!ƭŜƴŜ LŘŀƘƻΦ ¢ƘŜȅ ƘŀǾŜ ōŜŜƴ ƳŀƪƛƴƎ ƳǳŦŦƭŜǊǎ ŦƻǊ Ƴŀƴȅ years and last year they 

donated a Hushpower muffler to be used by the University of Idaho Formula SAE Hybrid Car. 

Also Hushpower manufactures ŀ ǳƴƛǘ ŦƻǊ !¢±Ωǎ to be added after the stock exhaust system. 

Neither of these applications requires the low sound level the CSC competition does but the 

sled team hopes to be able to create a muffler that is quiet enƻǳƎƘ ǳǎƛƴƎ IǳǎƘǇƻǿŜǊΩǎ ŘŜǎƛƎƴ.  

In the 2010 competition the snowmobile received a sound score of 85 dBA.  In order to pass 

sound, the snowmobile must pass the standard J-192 test with a sound pressure less than 78 

dBA. For 2011 the overall noise of the sled must be reduced for the team. The sled has passed 

the emissions potion of the competition most years and we hope to continue the trend this 
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year. Two-strokes exhaust emissions are typically dirtier than four-strokes and as a result extra 

measures need to be taken for two-strokes come 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 will have a high chance of passing sound this year and wining 

ǘƘŜ ŎƻƳǇŜǘƛǘƛƻƴΦ !ƭǎƻ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŀ /!¢ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ǘƘŜ ǘŜŀƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ǘƘŜ 

ŜƳƛǎǎƛƻƴǎ ŎŀǘŜƎƻǊƛŜǎΦ LŦ ǘƘŜ ƳǳŦŦƭŜǊ ŘŜǎƛƎƴ ŘƻŜǎƴΩǘ ǿƻǊƪ ǘƘŜƴ ŀǘ ƭŜŀǎǘ ǘƘŜ ǘŜŀƳ ƪƴƻǿǎ ǘƘŀǘ 

Hushpower technology is not currently the way to go in the snowmobile industry.  

2.0 PROBLEM DEFINITION  

Two areas of concern that Stealth CATs is targeting for the 2011 Clean Snowmobile Challenge 

are the reduction of exhaust noise and emissions. We hope to accomplish this by designing a 

new muffler and incorporation a catalytic converter.  

In the 2010 competition the snowmobile did not pass the noise event. This year our team goal 

is to not only to reach the competition requirement of 78 dBA, set by the International 

Snowmobile Manufacturers Association [2], but also record a sound pressure that is below the 

National Park Services (NPS) Best Available Technology (BAT) level of 73.4 dBA [3]. A 

snowmobile must meet NPS BAT standards to be allowed in national parks such as Yellowstone 

[4].  

Our next goal is to reduce the amount of emissions emitted by the engine. Last year the team 

easily passed the emissions portion of the competition without using a CAT. This year, however, 

the ǘŜŀƳΩǎ Ǝƻŀƭ ƛǎ ǘƻ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ far enough in order to also meet the National Park 

Standards. 

The muffler design has several constraints and specifications that must be met and these are 

listed in Table 1.   
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Table 1: Product Specifications 

 

As you can see there are many requirements of the muffler for it to be considered successful. 

The most important are reduction in sound and emissions. The CAT will need replaced several 

times and possibly at competition so CAT replacement must be quick and simple. The muffler 

must fit inside the sled and manufacturing must be easy and affordable for the CSC team.  

Stealth CATs will 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 flow modification. The 

team can examine the stock muffler and the previously designed laminar flow muffler. 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 for two-strokes 

and our space constraints. Also which pollutants are weighed more in the competition and the 

CAT to best reduce these pollutants. The team will need to contact our CAT sponsor, Aristo 

Catalytic Technologies to find the one that best fits our needs.  

Another area of project learning is in the simulation and testing sector. Modeling software like 

Ricardo WAVE and Solidworks flow simulations need explored. Results from J-192 sound 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 construction of a flow bench.  
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The final deliverables of this project will be a muffler with a removable CAT; verification of the 

performance of said muffler via sound testing, emissions testing, and flow testing. Side 

deliverables are the construction of a flow bench and the acquisition of several CATs.  

3.0 CONCEPT DEVELOPMENT 

Concept development is sometimes defined as άthe process used in search for feasible 

solutions.έ For this project the University of Idaho CSC team conducted a great deal of research, 

simulations, and tests and then constructed a prototype. The prototype was then tested and 

more simulations ran to create the design for the final product.  

3.1 MUFFLER DESIGN 

Mufflers are designed to dampen the high intensity pressure pulse generated by the 

combustion process from an internal combustion engine.  Muffler design is traditionally a trial 

and error process. This is due to the tricky nature of several different properties coming 

together in a way that they cannot be considered at once.  Professor David Egolf explained that 

it is fairly easy to design acoustic chambers to cancel out certain sound frequencies [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 temperatures. In most commercial applications you design a muffler 

acoustically and adjust for flow and temperature experimentally until you get the desired 

results.  

Three common muffler designs are absorption, restrictive, and reflective. The absorption or 

dissipative muffler, shown in Figure 1, is generally constructed with a straight perforated tube 

or a combination of chambers and perorated tubing. Surrounding the perforated tube is sound 

absorbing material; acoustical energy pulses vibrate the particles of the material and the energy 

dissipates as heat. 

 

Figure 1: Cross Section of an Absorption Muffler 
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The restrictive muffler restricts the flow of the ŜƴƎƛƴŜΩǎ pressure pulse with the use of baffles 

and deflector plates. Restrictive mufflers are cheap and easy to make and are found in most 

automotive vehicles. 

A reflective muffler is the most effective for attenuating exhaust noise. This muffler uses 

resonator chambers to cancel out sound waves.  The length and volume of the chamber is 

chosen so that the reflected wave collides with the next incoming wave creating destructive 

interference.  Most reflective mufflers exhibit techniques from all of the muffler designs 

because resonator chambers only work at certain frequencies. Figure 2 displays the inside 

layout of a reflective muffler.   

 

Figure 2: Reflective Muffler 

3.1.1 STOCK MUFFLER DESIGN 

¢ƘŜ ǎǘƻŎƪ ǎƴƻǿƳƻōƛƭŜ ƳǳŦŦƭŜǊ ŦƻǊ ǘƘŜ ǘŜŀƳΩǎ {ƪƛ-doo is a four-chamber series design consisting 

of two reflection chambers and two absorption chambers. Figure 3 shows a cutaway of the 

stock muffler. The first and third chambers are reflection chambers; the second and fourth 

chambers are absorption chambers. The stock muffler is constructed to fill all available space in 

the chassis for the greatest sound dampening.   



9 

 

 

Figure 3: 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 cancel out a certain frequency of sound. This 

would be beneficial to the team, as we would mainly like to reduce the sound created at wide-

open throttle (WOT). The frequency at WOT from 8000 rpm is assumed to be at 266.67 Hz as 

ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ōƻƻƪ ά¢ƘŜ 5esign and Simulation of Two-{ǘǊƻƪŜ 9ƴƎƛƴŜǎέ ώ6]. Currently two 

laminar flow mufflers have be constructed and tested on the sled designed to cancel out the 

desired frequency. Both mufflers are shown in Figure 4. Neither provided a significant enough 

reduction in noise level compared to the stock muffler. This is most likely due to the high 

temperatures and high fluid flow through the muffler [5]. 

 

Figure 4: Laminar Flow Mufflers  
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3.1.3 HUSHPOWER MUFFLER  

Hushpower mufflers are single chamber absorption mufflers as shown in Figure 5. For this 

design hot exhaust gasses are accelerated through the cone section A, which reflects the sound 

energy back into itself and out into the thermal barrier at C. The thermal barrier is packed with 

a sound absorbing material called Silkasoft that absorbs sound energy and insulates the muffler 

to keep the shell cooler. The exhaust is allowed to expand in section B thus reducing the 

turbulence. The exit cone at D is much larger 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].  

 

Figure 5: Hushpower Muffler 

3.2 CATALYTIC CONVERTER (CAT) 

A catalytic converter is basically a chemically reactive filter, transforming harmful exhaust 

gasses to less harmful gasses as they flow through. Sled team has used CATs before with 

success and would like to be able to easily add and remove a CAT from the new muffler.  

3.2.1 CAT RESEARCH 

A catalytic converter consists of three main parts: the core, the wash coat, and the 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 creates the most surface area for the catalyst to be applied to and also 

encourages mixing in the flow. Lastly, the catalysts are generally various precious metals 

(typically platinum and rhodium) coating the honeycomb core. The flow of the gasses across 
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the precious metals causes a chemical reaction resulting in the oxidation of carbon monoxide 

and unburned hydrocarbons as well as the reduction of nitrogen oxides to nitrogen and oxygen 

[8]. Figure 6 shows a typical CAT. 

 

Figure 6: Catalytic Converter 

3.2.2 EMISSIONS RESEARCH AND SCORING  

We will be targeting hydrocarbons (HC) and carbon monoxide (CO) because these are typically 

higher in two-stroke engines. 

Extra HC emissions are due to the design of a two-stroke where both the intake and exhaust 

ports are open at the same time [9]. This means 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 4-stroke, increases CO emissions. The lower temperatures do not allow the various 

emissions in the exhaust to be oxidized as efficiently. The upside to a 2-stroke is that very low 

levels of nitrogen oxide (NOx) are emitted due to the same reason [6].  

Our goal is to reach the National Park Standard emission levels for both HC and CO. Table 2 

ǎƘƻǿǎ ƭŀǎǘ ȅŜŀǊΩǎ ǊŜǎǳƭǘǎΣ ǘƘŜ /ƭŜŀƴ {ƴƻǿƳƻōƛƭŜ Challenge limit, and the NPS limits.  

Table 2: Emission Data 
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All pollutants shown are measured in g/kW-hr. For the competition, all teams must achieve an 

emissions score or an E-score over 100 [1]. This score is determined by the equation in Figure 7, 

which limits the total emissions allowed. 

 

Figure 7: E Score Equation 

3.3 FLOW BENCH 

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 FLOW BENCH? 

A flow bench is a tool used for testing the aerodynamic performance of engine components.  Its 

main use is for testing flow restriction of intake and exhaust ports on internal combustion 

engines.  From these tests, designers are able to effectively shave ports to ideal sizes and 

geometries for maximizing flow efficiency which in turn increases the power output of the 

engine.   

The device can also test the air passage qualities of air filters, manifolds, carburetors, and 

mufflers.  The ability to flow test components outside of the vehicle gives designers a controlled 

environment for predicting component performance for any 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 produces the flow of a gas.   

The design of a flow bench can be as simple as a Shop-Vac, a homemade manometer, a flow 

meter, and miscellaneous plumbing. Or it can be as complicated as an electronically intensive 

and expensive piece of ordered equipment.  

3.3.2 FLOW 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 Performance LLC out of Novato, California [10].  They do not sell completed benches, only 

kits with the needed electronics, plumbing, and software. Two such kits are pictured in Figure 8. 

On the Flow Performance website you can find free technical information on flow bench 
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assembly including complete plumbing diagrams and several ideas for housing for the systems. 

Also included are several set-ups for air supplies including shop-vacs and vacuum motors.  

 

Figure 8: Flow Performance Flow Bench Kits 

Flow benches that can be built using Flow Performance Kits range from high performance 

racing industry applications all the way to the home-shop enthusiastΩǎ ƎŀǊŀƎŜ.  Figure 9 shows a 

small, basic flow bench and bench used by JDF Performance INC to design engines [11]. 

    

Figure 9: Flow Bench Examples 

As you can see one bench uses a household shop-vac as the air supply while the other uses 

vacuum motors shown in Figure 10.   
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Figure 10: Vacuum Motors as an Air Supply 

3.3.3 FLOW BENCH REQUIREMENTS  

We will be using the flow bench to test the difference in backpressures between our concept 

mufflers and the stock muffler.  From this test we will be able to compare the restrictive 

qualities between each design.  The prototype mufflers must express a backpressure similar to 

the stock muffler to ensure proper exhaust gas evacuation from the engine.  Too much of an 

increase or decrease in backpressure can cause a decrease in engine performance.  

The team does not have the funds to purchase a flow bench or flow bench kit. Stealth CATs will 

be designing one using components that the engineering department has been gathering for 

the construction of a flow bench.  

Our team will need much more airflow than can be provided by a shop-vac. Stealth CATs will 

design a system using vacuum motors similar to the JDF Performance design to provide the 

necessary flow. 

Some basic flow bench specifications are:  

¶ Flow up to 500 cubic feet per min (cfm) 

¶ Variable flow rates 

¶ Easy to transport 

¶ Student designed and built  

3.3.4 FLOW BENCH CONSTRUCTION 
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The flow bench was entirely constructed on the U of I campus. Both the woodworking shop and 

the engineering machine shop were used. The detailed flow bench construction and assembly is 

included in Appendix H. The complete drawing package is included in Appendix J. 

3.3.5 FLOW BENCH COMPONENTS 

Figure 11 ǎƘƻǿǎ ŀ ŘƛŀƎǊŀƳ ƻŦ {ǘŜŀƭǘƘ /!¢Ωǎ ŎƻƳǇƭŜǘŜŘ Ŧƭƻǿ ōŜƴŎƘΦ ¢ƘŜ ƳŀƧƻǊ ǇŀǊǘǎ are noted 

on the diagram as well as the flow direction.  

 

Figure 11: 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 the forward 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 needed to keep the air from flowing backwards through motors not in use. One 

ƳƻǘƻǊ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ǾŀƭǾŜ ōŜŎŀǳǎŜ ƛǘ ƛǎ ǘƘŜ ǾŀǊƛŀōƭŜ ǇƻǿŜǊ ƳƻǘƻǊ ŀƴŘ ǿƛƭƭ be used in all 

experiments.  

3.4 SIMULATION SOFTWARE 

Simulations of the snowmobile components can give insights on why existing components 

perform the way they do and give estimates of how theoretical components will perform. This 

is an extremely valuable tool as it can replace the time and expense of making prototypes as 

well as illustrate ways to improve existing parts.  

3.4.1 RICARDO WAVE SIMULATION 

WAVE is a leading engine and gas dynamics simulation software package from Ricardo Software 

used worldwide in industry sectors including passenger car, motorcycle, truck, locomotive, 

motor sport, marine, and power generation. WAVE enables performance simulations to be 

carried out based on virtually any intake, combustion, and exhaust system configuration. 

wƛŎŀǊŘƻ ƛǎ ǳǎŜŘ ōȅ LŘŀƘƻΩǎ Formula SAE Hybrid Car to simulate their engine. This programΩs 

direct application to this project and the CSC team is the ability to produce acoustic and 

emissions data for any given configuration of snowmobile engine components.  

Stealth CATs ǎǘŀǊǘŜŘ ƭŜŀǊƴƛƴƎ wƛŎŀǊŘƻ ōȅ ƎƻƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜΩǎ ǘǳǘƻǊƛŀƭǎΦ ¢ƘŜ ŦƛǊǎǘ 

set, building a one cylinder engine, was very simple and straight forward. The team had high 

hopes as they started the second set of tutorials: a four-stroke engine with complete intake and 

exhaust manifolds, air filter, CAT, and a muffler. The completed engine is shown in Figure 12.  



17 

 

 

Figure 12: 4-stroke Ricardo WAVE model 

Upon completion of the four-stroke simulation, the team realized that finding all of the 

information needed for an accurate model of the snowmobile was 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 UI CSC team but learning to use it is beyond the scope 

and capabilities of this project. 

3.4.2 SOLIDWORKS FLOW SIMULATION 

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 

add-in and comes standard with Solidworks.  

To simulate flow through 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 Appendix I and Figure 13 shows a muffler 

at various stages throughout the simulation. 
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Figure 13: 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 rate.  From a series of runs the pressure drop across the muffler was 

graphed as a function of the flow rate. The 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.  

3.5 TESTING PROCEDURES  

Several tests will be performed to determine the performance of the muffler and CAT. This 

section covers the testing procedures for each 

3.5.1 SAE J-192 SOUND TESTING PROCEDURE 

Sound testing at the Clean Snowmobile Challenge competition is done using the SAE J-192 

procedure [12]. For this test the sled enters the start gate at 15 mph then the rider goes to 

WOT to achieve maximum speed and noise level. The course is straight and 150 feet in length. 

After 150 feet the sled slows down and turns around for a pass in the other direction. The 

sound measurement microphones are located 50 feet to the side of the midpoint where a 

maximum A-weighted sound pressure level (dBA) is recorded. The final score is an average of 

six passes, three of each side. A diagram of the SAE J-192 test is shown below in Figure 14. 
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Figure 14: J-192 Sound Test 

3.5.2 EMISSIONS TESTING 

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

and in-service emissions. They are judged separately and each team is compared against the 

ƻǘƘŜǊ ǘŜŀƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜΦ 9ŀŎƘ ǘŜŀƳ ǿƛƭƭ ǊŜŎŜƛǾŜ ŀ ǇŀǎǎκŦŀƛƭ ŀƴŘ ƛŦ ǘƘŜȅ ǇŀǎǎŜŘ ǘƘŜy receive 

points based on their rank compared to other teams.  

The lab emissions are measured in g/kW-hr using laboratory-grade instrumentation with the 

engine loading on a Land & Sea dynamometer. The dynamometer directly mounts to the engine 

primary clutch shaft. The testing consists of a five-mode test procedure approved by EPA for 

snowmobile emissions measurement. The five-modes cycle is detailed in Table 3. The measured 

emissions are detailed in the emissions research section and they include CO, HC, and NOx.  

Table 3: 5-Mode Emissions Cycle 

 

A pull behind emissions analyzer will be used for in-service emissions portion. Snowmobiles will 

be driven by competition organizers on a three-mile 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, CO, and NOxτall equally weighted. 

3.5.3 FLOW BENCH TESTING PROCEDURE 
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The test element is attached to the test stand using an adapter plate.  Clamps can be used to 

secure the plate to the test stand and a gasket material, such as sticky tape, applied between 

the components.  Figure 15 shows a muffler set-up to be flow tested on the test stand.  

 

Figure 15: Flow Bench Testing of a Hushpower Muffler 

The mass airflow sensor is powered by a 12-volt power source and a multimeter is used to read 

its voltage output. The digital pressure gauge is turned on and zeroed before testing. The flow 

bench needs plugged into a 220-volt three phase power outlet which can be found in the Senior 

Design Lab and the Engine Bay. Take precautions as the vacuum motors are very loud.  

The vacuum motors are turned on starting with the variable flow motor set to full power. Next 

additional motors are turned on until the pressure gauge reads just over the pressure that will 

be tested.  Then power supplied to the variable motor is reduced until the pressure gauge reads 

exactly the pressure you would like to test. The output voltage from the mass airflow sensor is 

converted to cfm using a MatLab code.  

For each muffler being flow tested we did a sweep over several different pressures and plotted 

pressure drop versus flow rate.  

3.6 DEVELOPMENT OF PROTOTYPE 

With the Clean Snowmobile Challenge competition March 7th thought the 11th the team had 

very early deadlines. We had to build our first prototype around 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 J-192 TEST RESULTS OF MUFFLERS  

To begin gathering ideas for a new snowmobile muffler using Hushpower technology Stealth 

CATs preformed sound testing on Hushpower mufflers and previously built laminar flow 

muffler. All sound testing was performed according to the SAE J-192 procedure. 

Adapters were made for mounting Hushpowers and the laminar flow muffler to the sled. The 

Hushpower mufflers were arranged in three different configurations: two in parallel, two in 

series, and three in series. Figure 16 shows each of the Hushpower arrangements.  

 

Figure 16: Hushpower Muffler Configurations 

All tests, including stock, were done with the exhaust-side side panel removed as it did not fit 

around the adaptors and would make the data more comparable to stock. The results from this 

experiment are displayed in Figure 17 and the complete testing data can be found in Appendix 

B.  
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Figure 17: Preliminary Muffler Configuration Sound Testing Results 

This experiment was not very precise but its purpose was only to see if the idea may be 

feasible. The results show that two Hushpower mufflers in series are comparable to the stock 

muffler. Both are still much louder than the 78 dBA needed for competition but it is a place for 

the design to 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 constructed a mount which placed the stock muffler outside the sled body. 

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

Appendix C.  

3.6.2 PROTOTYPE DESIGN  

The team brainstormed several muffler configurations that included two Hushpowers and a 

CAT. The two main ideas are picture below in Figure 18. 
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Figure 18: Initial Muffler Ideas 

One was a linear configuration while the other was triangular. The team chose to construct the 

linear model; it was closer to the shape of the stock muffler and would fit in the chassis better. 

Also it would be easier to build than the triangular idea. A more thorough diagram of this 

design is pictured in Figure 19.  

 

Figure 19: 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 with welded chambers. Lastly the flow passes through a shell which 

houses the CAT and exits the muffler out of the bottom of the sled.  






























































































































































