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Abstract

Technology has always been used to achieve better performance in any mechanical system.
In the world of automotive engineering, high performance ideas and designs are essential
especially in the advent of a new generation of vehicles coming in the fliunigocharged
engines have proved in the past to provide better fuel economy and more power compare to the
naturally aspirated counterparts. Our senior design project is to design a performance exhaust
manifold for the Mazda Miata from 199DO05; this vehile has never being equipped with a
turbocharger from factory in its standard form. The goal is to make a new high performance
turbo header designed to increase the power and efficiency out of the 1.8 liter engine at an
affordable price. The three desigreahatives are based on small restriction which creates less
friction and a cooler working manifold for better performance and longer life. This exhaust
manifold is equipped with a T3 turbo charger base plate. This product will help to increase
horsepowerfor racing purposes and can be used alternatively to manage fuel economy for
average performance. The design will face some constrains due to the space that this vehicle
provide from factory for the simple reason that the chassis is not designed fourad 8Harger
around the exhaust area. Providing a higher flow and a colder system from the exhaust valve
cavity to the turbo impeller it is certain a higher efficiency system and less destructive in a matter

of parts conservation.
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Chapter 1 Introduction

The 19942005 Mazda Miata is a car model equipped with a 1.8 liter naturally aspirated
engi ne. Bel | Engineering or BEGI i's a compat
pistons, turbo, intake coolers, piping systems, wastegate and someigithperiormance parts.

The cost in the market for a similar exhaust header created by BEGI is around 800 US dollars for
the stainless steel and 530 dollars for the cast iron counterpart; this exhaust header may include a
wastegate port. Our project is bdsmn a design and the study of a revolutionary turbo manifold

that will surpass the only company producing this exhausts in price, quality and performance, the
studies that will be accomplished to achieve these goals are based on CFD analysis, simulations
studies of structure, thermal analysis of the fluid and the metal involved. Also, manufacturing of
the prototype is involved in the progress of this project; there will be construction and physical

testing of the design.

1.1 Problem Statement

Race and trdc Mazda Miata need turbo chargers for competition purposes, where the
conditions are extreme and cry for a solid design and structure of a turbo manifold. The reason
why there is a need for a redesigned turbo charger manifold is because the existingg ones a
cracking up, breaking, overheating, and melting, some with just a few hours of use ; but, most of
them falil to get to the consumers hands due to the higher cost of the quality built manifolds like
the models from BEGI. The other concern besides thebilityaor the resistance of this
manifold is the flow achieved of these often rough designs. For example, Racing Beat Inc. does

not used CFD analysis or any type of computer simulation to create efficient exhausts manifold;
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this company does trial and ermntil they hit a specific target. There is nothing wrong with this
approach, but the process is too expensive since it creates a lot of waste material and the final
result is not exactly accurate as the best possible alternative. Imagine if every dndesighed

in the industry had to made as a prototype first and then tested, just to gain an idea on actual

performance, the waste of material, money and energy that it would take.

1.2 Motivation

For 20 years in a row, the Mazda Miata has been the westsdlling sports car. The Miata
is not only a very agile car, but also a great looking sports car that takes handling to a whole
different dimension and makes other cars, more expensive cars, look ridiculous around the track
and around the slalom. It was obvious choice as we have had experience working first hand
with the car. The team admits the Miata was a very easy choice to make since the car has a few

advantages and special design considerations that are unique to it.

Figurel Mazda Miata
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A very unique set of mechanical characteristics of the Miata are:

1. Rear Wheel Drive configuration: ideal for sports car and track cars, needed to obtain
balance angroper handling in the track.

2. Inline 4 Engine: A four cylinder engine that has the proper factory design, a closed deck
block and a long stroke characteristic of high torque engine. A generous redline of 7500
rpm and an oil pump capable of withstandingtoared abuse.

3. The Miata engine is derived from the BPT engine used in previous generation Mazda
cars, which was already a turbocharged engine, so the BP was in theory and design ready
for a turbocharger.

4. The engine bay has enough space to accommodatalgdhe turbo but also a different
range of manifolds, making either top mounted; side mounted or lower mounted
configurations possible.

5. A very strong powertrain especially in the higher trims of the Miata. The more expensive
LS Miata came with a very stng RX7 derived 6 speed transmission that although fitted
with very closed ratio gears, important for high torque but not so good for turbocharger

spool, works perfectly in conjunction with a turbocharged Miata.

The guestion was, where had Mazda cut cormetfse Miata?

Most owners will agree that the Miata is a car that not only deserves but needs 250 hp, it
comes natural to the car. The chassis feels right and the power delivery of the turbocharged car
mimics what the natural aspirated engine power bawodiges. Since power was the factor
where the Miata fell short, it was natural for the team to concentrate in ways of making the car

more powerful with the slightest amount of money. Turbocharging came as a definitive answer
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since it provides the biggesbwer increase while remaining safe for the stock engine, fuel
efficiency is not sacrificed, and the car exhibits behavior that could be confused with the stock

car. The only difference is that now torque comes a lot stronger and faster.

After a small markeresearch and coming from the experience of the team, it was logical to
start our quest for power from the manifold. The current manifold design suffers from a few fatal

design problems and constraints.

1 Mass produced manifolds are too cheaply made asdébults in cracks and yellowing
of the manifold. Cracks in the exhaust can lead to a few disastrous problems, most
importantly, to the turbo not spooling at the correct time and, therefore, the engine runs
rich in gasoline. This in turn affects perfornean efficiency, and the overall running of
the car. Materials used on these manifolds are usually made out of stainless steel T304.
T304 is a great choice for a manifold. However, the issue with most Chinese and a non
legit manifold is the use of extremellgin stainless steel. Being thin reduces cost but
makes cracking under cyclic loading inevitable.

1 Brand manifolds are too expensive because the companies that make them are reputable
companies that invest a lot of money in materials and manufacturintpeset manifolds
are very expensive and out of the reach of many enthusiasts.

1 Hobby or homemade manifolds are usually very well made material wise, but the makers
lack the understanding of the fluid mechanics of a-defligned manifold. Therefore,
they ae not as efficient as they could be. They tend to be expensive in so far as the parts

being used.
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Therefore, our objective is the creation of a manifold that can be cheaply made, yet is strong
enough to withstand any abuse in daily driving or in the tasckthat would provide horsepower

gains compared to others as well.

1.3 Literature Survey

An exhaust manifold is a device that has the function of transmitting the exhaust gases from
multiple cylinders through tubes into a collector. Exhaust manifold® ¢ordifferent shapes and
sizes, and in most cases are made of either stainless steel or cast iron. Several companies
specialize in designing and manufacturing ext
Companies such as: Flying Miata and BEGIngrito the market multiple configurations and

styles of manifolds every year.

History

The design of exhaust manifolds has been developed for many years. As engines have been
improved so have exhaust manifolds. Early exhaust manifolds were much less efficient than
todayods exhaust manifolds. Desi gnreventtypieatin di d n
early times. The back pressure built up was much greater, this increased the work done by the
particular piston at the exhaust stroke. Large amounts of residual gases remain in the
compression chamber and, as a consequence, the tempedraiteases. Sometimes when
working hard the manifold glows rdwt. They even used asbestos, a highly -hesistant
fibrous silicate mineral, to protect paintwork. Nowadays, exhaust manifold designs have been
transformed completely. In order to improsarlier configurations, designers have come up with

different designs that decrease the flow resistance by using a much improved pipe layout and
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increasing the average exhaust velocity of the gases, which improves the power output. The
collector has alsoden modified throughout the years through theafiséfferentgeometries for

the purpose of obtaining a better flow efficiency.

Manifold Configurations

The designs of exhaust manifolds for the Miata 1.8 L vary from very simple designs to
designs with higer level of complexity. Several manifolds are designed in such a way that the
exhaust head pipes run individually and converge at the collector. There are other designs in
which the pipes intersect, and only two and sometimes three pipes convergeotietiercThe
head pipes can have multiple lengths, diameters, and shapes making each design unique since
these factors have a direct effect in the volumetric flow efficiency of the manifold and power

output.

Figure2 After Market Mazda Miata 1.8L Turbo Manifold (Reference 3, OBX Racing)
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Figure 2 shows a Mazda Miata 1.8L Turbo Manifold manufactured by OBX Racing. The
design uses tubular pipes and combines straight and inclined pipes. [Smifieaions of this
product design include Stainless Steel T304, a wall thickness of 1.6 mm and a T3 turbo flange.
Another example of designs made by OBX Racing is the one shown in figure 3. In this design all
tubular pipes have several inclination asgbefore they converge at the collector, and the length
of the pipes also changes in comparison to the length of pipes in figure 2. The manifold in figure

3 is made of stainless steel and includes a T25/T26 turbo flange.

Figure3 1.8L Turbo Manifold (Reference 4, OBX Racing)
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Important Parameters

There are several parameters we should have in mind when designing an exhaust manifold.
The geometry of the manifold whidhcludes parameters such as length, diameter, and shape
essential for a successful design. Multiple shapes involve the use of oval pipes or circular pipes
in the manifold design. The fact that circular pipes have a larger-sectisnal area than oval
pipes and provides a better flow distribution is a main advantage. The pipes can be designed with
an inclination angle or as a combination of straight and angular pipes. High inclination angles of
pipes in a manifold will increase the flow resistance whicinisindesired effect. The diameters
of the pipes should also be taken into account since pipes with higher diameters are more suited
for engines at higher speeds because more exhaust gases are expelled at higher speeds. On the
other hand, pipes with loweliameters are better used for lower engine speeds. The length of the
pipes is another important factor when designing a manifold. This is required to get the most out
the space we have available to design the manifold and select the appropriate pipéipegth
that are too long allow the exhaust gases to expand, thus reducing the exhaust speed. This
phenomenon is not desired because once the exhaust gases speed is reduced, more residues of
gases remain in the cylinder which decrease the power and refficxé the engine. That is the
reason why selecting a good length for the pipes will help reduce to a minimum the residue of

gases that remain in the cylinder.

Temperature is another important parameter that needs attention when designing a manifold
due to the high exhaust temperatures and the heat transfer. Sometimes some kind of insulation is
provided to the manifold in order to reduce the heat transfer viaticadto the engine bay. In
most of the cases a ceramic coating is sprayed to the manifold to provide thermal insulation. The

thicker the ceramic mixture the better the insulation will be. Another type of insulation used is
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wrapping for the exhaust manifio This method is in fact cheaper than the ceramic coating but

offers less insulation and also a much lower cosmetic value.

Special interest must be given to the back pressure parameter. Back pressure is an undesired
effect because as the back pressuceciases so does the amount of residuals left in the head. The
increase in weight of residuals will decrease the volume of the fresh charge increasing the
temperature at the beginning of compression as well. Several experiments show how the increase
in badk pressure influences the thermal efficiency for different induction manifold pressures.
Figure 4 shows five different values for induction manifold pressure. We can observe how the

thermal efficiency changes when there is an increase in back pressufelftmhto 20 Ib/irf.
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Figure4 Thermal Efficiency vs. Back Pressure(Smith 1)
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As shown in Figure 4, for any case of induction manifold pressure there is a décréese
thermal efficiency when the back pressure increases. It is also important to note that for the
highest induction manifold pressure we obtain the lowest thermal efficiency reduction, and for
the lowest value shown of induction manifold pressure welgehighest reduction in thermal
efficiency. In general the lowest induction manifold pressure value and the highest back pressure

value will reduce considerably the net output.

Materials

The materials used to manufacture manifolds are mainly stairitkssos cast iron. When
these two materials are analyzed and compared, several differences can be observed in aspects
such as: elastic modulus, density, thermal expansion coefficient, thermal conductivity, specific

heat, and others. Table 1 shows the npaaperties of AISI Type 316L Stainless Steel.

Tablel AISI Type 316L Stainless Steel Properties

Property Value Units
Elastic Modulus 2e+011 N/m”2
Poisson's ratio 0.265 N/A
Shear Modulus 8.2e+010 N/m”2
Density 8027 kg/m”3
Tensile Strength 485000000 N/m”"2
Compressive Strength in X N/m”"2
Yield Strength 170000000 N/m”2
Thermal Expansion Coefficier 1.65e005 /K
Thermal Conductivity 14.6 W/(m-K)
Specific Heat 450 J/(kg-K)
Material Damping Ratio N/A
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Table 2 shows the main properties of gray cast iron and the main differences between
these two materials. One of the properties in which where is a huge difference is the thermal
conductivity. Stainless Steel has a thermal conductivity of 14.6 W/ (m-Ke wie gray cast
iron has a value of 45 W/ (m-K). This difference means that stainless steel material would take
longer time to warm up and in this case make the engine bay cooler, which makes the engine
work in a more desirable environment and make mokeep. Also stainless steel has a higher
density and elastic modulus value than gray Cast Iron while cast iron has a higher specific heat.
All these properties need to be taken into account when selecting the material for a manifold,

specially the elastic adulus and thermal conductivity.

Table2 Gray Cast Iron Properties

Property Value Units
Elastic Modulus 6.61781e+010 N/m”2
Poisson Ratio 0.27 N/A
Shear Modulus 5e+010 N/m”2
Density 7.2e03 kg/m”3
Tensile Strength 1.51e+08 N/m”2
Compressive Strength 5.72e+08 N/m”2
Yield Strength N/m”2
Thermal Expansior 1.2e005 /K
Coefficient

Thermal Conductivity 45 W/(m-K)
Specific Heat 510 J/(kg-K)
Material Damping Ratio N/A
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1.4 Discussion

As mentioned before, the Mazda Miata isiacredible vehicle. The car is not only sporty
and fun, but also a little devil at the track. Since the car is so popular along enthusiast we thought
that it will make a clear market sense to invest R&D time and money in the design of parts for
the Miatas nce the clientele and the fan base is al
simple, to design, prototype and construct a manifold under the most rigorous of engineering
design methods, proving to be a superior solution to other manifolidte imarket as well as

making it a better value for the everyday enthusiast.
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Chapter 2 Project Formulation

Chapter 2 will reveal the origins of the components to be modified as well as explain the
objectives, design specifications, and constraintthigf project. Additionally, main and partial
objectives, including global learning components, will be identified and lead to a discussion of

possible design resolutions.

2.1 Overview

When the team sat down and started discussing options and ideasit beear that in
order to reduce cost it would be a great idea to make the manifold out of cast iron. Cast iron is
not only very strong but also has great thermal characteristics that make it the material of choice
for OEM like Ford, BMW etc. The team matoncern at the moment is that casting practices are
very expensive and require large orders to manufacture within budget. Stainless steel, on the
other hand, was readily available and, although the cost of admission for stainless was a lot
higher than cdsiron, at least for the sake of a prototype, stainless made more sense. We ran
calculations and simulations for both materials since the end product could be made both ways
and a choice can be given to the consumer as to what material is desired.sSteelgsolishing
and refinishing is also discussed in order to improve the appearance of a manifold as opposed to

cast iron which tends to have rougher look both in color and texture.
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2.2 Project Objectives

The main objectives of this design project asdollows:

1. Create a Mazda Miata Turbocharger manifold with incredible flow characteristics.

2. Easy to manufacture which could fits the budget of an amateur enthusiast. Team is trying
to reach a 200 dollar maximum prototype price for the manifold for thteiroe unit and
about 500 dollar for the stainless steel variety.

3. Create a choice of materials either stainless steel or cast iron and let the end user choose
which is desired.

4. The manifold must be easy to install and allow for normal installation irMthea t a 0 s
engine bay without modification of any of the internal components.

5. Simulate as many variables present in the manifold in order to accurately describe the

dynamics of the manifold.

2.3 Constraints and Other Considerations

Constraints thathe team was facing with the proposed design are based on the effect of the
extremes or higher abuses in the metal selected, rain, drastic changes in the air temperature can
damage the properties of the material in a second, and bend the metal or makevitlnevable
to future ruptures at the welds. Another constrain, the shape of the curvatures will tremendously
affect the flow, as will temperature which is essential for the functionality and performance of

an engine whether made of stainless steeastiron.
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Chapter 3 Design Alternatives

This section is to demonstrate the different design alternatives. Out of these design
alternatives the team will select the higher efficiency model. The selected model will be
optimized to its maximums potential. Note: all alternative designs will bedtesig optimized
equally to assess their specific performance and compare them through CFD analysis. The

proposed design selection will be tested with real flow in a flow bench.

Our team is working on developing different design alternatives. The teanuatedd
research in order to find information about exhaust manifolds for Miata 1.8L available in the
market. This information helped us know what has been made to date and how we can come up

with something new and efficient.

3.1 Overview of Conceptué@lesigns Developed

Every design has its own geometry in terms of angles, shapes and length. All three design
alternatives have been made with the purpose of being creative, unique, in order to have three
good options to eventually select the optimal deskgving this in mind we developed each
design alternative in such a way that inclination angles and intersections of the pipes are
completely different one from another, as well as the collector design. For all three designs we
used the same values an@ysés for parameters such as, internal diameter of the pipes and size
of the leads. Having such parameters with the same values will allow us to compare the results
obtained after a flow simulation analysis on each specific design. The flow simulatign stud
analyzes parameters such as, average velocity, maximum velocity, total pressure and average
pressure of the exhaust gases. As part of the results we are also able to visualize the areas in the

manifold where these parameters are maximum and minimum. iBfachhation will help us
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later on to optimize the selected design alternative. The total length available is five inches,

which means that each design can have a length up to five inches or less, but not more than five.

3.2 Design Alternative 1

Figure5 Exhaust Manifold Miata 1.8L

Designalternative 1 is an assembly composed of twenty pieces that all together cover five
inches in length. One of the main specifications of this design are the fact that the two middle
pipes have an inclination of twelve degrees with the horizontal whileatheuter pipes have
eighty six degrees of inclination. These angles were selected intentionally for the purpose of
increasing the average speed of the exhaust gases to obtain a smooth flow distribution. The
twelve degrees angle inclination of the middipgs provides a better flow efficiency than other
designs that use straight middle pipes because of the fact that these inclined pipes will

eventually meet at a point when they are about to enter the collector reducing the flow resistance
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to a minimum anenhancing a smooth flow distribution. On the other hand middle pipes with a
straight configuration reduce the average speed of the exhaust gases considerably when entering
the collector because of the separation between these two pipes. The outerghipesiei
degrees inclination also offers a reduction in four degrees compared to many designs that use
ninety degrees for the outer pipes providing an increase in flow velocity in that area. The outer
pipes intersect the middle pipes right before theyrahte collector. This was also strategically
selected with the purpose of improving the flow efficiency. If the outer pipes meet the middle
pipes at a shorter distance, then the angle of the outer pipes would have to be greater and hence
the flow resistane will increase, which is not desired. The collector was also designed in such a
way that no obstruction to the exhaust gas flow will occur minimizing the output loss. Figure 5
shows exhaust manifold design alternative 1composed of the manifold flanigen ©fspipes,
collector and turbo T3 flange. Some specifications of the design alternative are an inner diameter

of 2.0 inches, outer diameter of 2.38 inches with a thickness of 0.15 inches.

3.3 Design Alternative 2

Figure6 Exhaust Manifold Miata 1.8L
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Design alternative number two is based on a symmetrical type model. This model is straight.
What the team calls straight is that the flange where the turbo will be mounted is perpendicular
to the horizontal axisThis design has pipes with 2.077 inch inside diameter and thickness 0.154
inches (OD: 2.375) as well as most of the conceptual designs. What makes this turbo exhaust
header a conceptual selection in this project is the way that the pipe angles aratetistrib
throughout the model. The outer pipes have smooth radial angle of 3.57 inches with an arc
diameter of 4.34 inches. The two pipes that are located at the middle have a radius of 9.24 inches
and an arc of 4.06 inches. Open arcs create less constriahidnsoincidently more flow and

lower temperatures, as well as friction is diminished.

3.4 Design Alternative 3

Figure7 Exhaust Manifold Miata 1.8L
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The last design the team attempted was a top mountecheam The ram horn is very
popular among enthusiast with high HP builds. The main concern the team had with trying a
design with this configuration was the increased cost of making such a complicated geometry.
Although the ram horn could also be molded amade out of cast iron, the team thought that it
would defeat the purpose of our design. The team tested the design of the ram horn as far as flow
and thermal and decided to mimic its flowing characteristics. If the team could design a modified
log manifdd and make it flow as close as possible as the ram horn, the team knew we had hit the
sweet spot of cost and performance. The team knew that a manifold with a ram horn decided was
difficult to surpass since the average velocity in those manifolds assrestyr high compareat
anything we tried. In figure ¢an be appreciated tmam horn manifold configuration, while in

figure 8 can be observed a flow simulation analysis.
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Figure8 Ram horn manifold configuration
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A design withindependent runners works best since there is no turbulence between one flow
and the other. Even the transient analysis which takes in consideration firing order and timing

proved that the lack of turbulence in the center created all the differencevidyih@mics.

3.5 Design Alternative 4

Figure9 Exhaust Manifold Miata 1.8L

Design Alternative 4 was more of a very simple test. We wanted to evaluate the amount of
turbulence present in a design where allrthners fused together and then had a pressure driven
collector. The result was loss of flow compared to any other design with individual runners. This
model is actually quite popular among cast iron manifolds for simplicity but even in the

community theyare known for poor numbers.
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3.5 Design Alternative 5

Figure10 Exhaust Manifold Miata 1.8L

This design has no round pipes, is the only design alternative without the expansion of a
round pipe, and has a center tank where alpthes meet to exit through the turbo flange. This
geometry is great with cast iron and cast techniques in general; the material selection for most of
the motor vehicles in the world, one of the main reasons is cost of the material and how it
behaves thragh the time used. This design is also one of the most comfortable in terms of
installation of the part yet the length of the manifold might make turbocharger selection a lot

more difficult.
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3.6 Feasibility Assessment

Any of the designs worked on by thereare feasible, any of them could be made into a real
model and later tested and successfully used. We chose design number 1 simply because it had
the best characteristics possible as compared to anything else the team could have built. The

design chose lsassome key benefits:

=

Simple design with small contractions and bents renders great flow numbers.

1 Simple to cast and weld since the amount of turns and cuts is minimal.

1 Geometry does not restrict materials in any way.

1 Tolerances are not as tight as with atkier design except at the center where good

closure is key to prevent having to make a greater bead of weld.

3.7 Proposed Design

The team had to design a manifold with many constraints and ideas in mind. Like most
aspects in life, there is a tradeoff gmds and cons in any decision the team makes. Just as when
buying a diamond, the customer must choose between clarity, color, size and price, designing a
manifold is no different. There are always limitations and compromises made throughout the
process. ie most important element for the team was to design a cost effective, good flowing
manifold. The team knew that superior flow characteristics could be achieved by tweaking the
design and making a manifold based on current CFD analysis tools and techiibees
industries do not use them so we had a distinct advantage over them. The idea was to make the
best out of the least. In figure 11 we can see the flow analysis distribution of the proposed

design.
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Figurell Flow Analysis distribution of the proposed design

The team started with design alternative 3 as a reference design. Design Alternative 3 has a
main manufacturing constraint that comes from the fact that the tubing is so bent that it requires
numerous cutand more welding than the other designs. Also the collector in the RAM design is
difficult to precisely since it compresses gases into the turbine and failure to do so smoothly
would create flow issues. The team set out to try to emulate the ram homgfldvaracteristics

in a welkdesigned log.

One of the first phenomenon we learned about is the center of low pressure-of non

independent manifolds.
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Figure12 CFD Analysis of Alternative Design

Right at the intersection of th&o middle tubes there forms a low velocity area, created by a
high pressure zone that forms from the intersection of the low speed currents moving along the
wall of the steel, when these two walls of low speed flow meet they create a tough zone where
flow is broken into and rotated like a blender would move air. This phenomenon can be observed

in figure 12.
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The higher pressure creates so much interference in the area before the collector that the team
thought about using a separator plate to see if the interference could be broken but soon found
out that the divider acted like yet another wall and createddentation in the pressure zones
towards the exit, further reducing the flow mechanics of the manifold and reducing average
speeds and exit speeds. Therefore we turned into the final design which minimized the center

area and developed by far the besiflmatterns.

3.8 Discussion

After several flow simulation studies that we conducted to the proposed design by using
multiple manifold lengths such as, 5.0 inches, 5.9 inches, 6.0inches and 6.1linches, different
angle combinations and collector lengths, @@ say that the maximum average speed was
obtained for a length equal to 6.linches for all configurations. Unfortunately, the actual physical
space available to place the exhaust manifold is 5.0 inches. We optimized our proposed design
with the objectie to manufacture it with the geometry that provides the maximum average speed
possible to obtain the highest possible volumetric flow efficiency and power output. In order to
accomplish this task and having in mind the flow simulation results from presiodies, we
analyzed the proposed design for a maximum length possible of 5.0 inches. The different angular

combinations for the inner and outer pipes analyzed can be observed in table 3.

Table3 Different angular configuratiorfer inner and outer pipes.

Angular Configurations Inner Pipes Outer Pipes
Angular Configuration 1 10° 73°
Angular Configuration 2 11° 82°
Angular Configuration 3 12° 86°
Angular Configuration 4 13° 90°
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These angular configurations also affect the straight inner and outer pipes length as well
as the collector length while keeping the same original inner and outer diameters for all
configurations analyzed. Small angular configurations suchGfsand 73%or inner and outer
pipes will result in longer straight inner and outer pipes but a shorter collector length. The
highest angular configuration studied which is 13° and 90° for inner and outer pipes will affect
the geometry by obtaining shorter inner ander straight pipes and the highest collector length
possible. Very important is the fact that all configurations analyzed have a total length of 5.0
inches. The proposed design that we can see in figure 5 is design in such a way that the outer
pipes meethe inner pipes right before entering the collector with the purpose of increasing the
average velocity of the exhaust gases and improve flow efficiency. This fact is the reason why
there is such an angular difference when comparing one configuratioanwitihier. We also use
the same values of input pressure for all the cases; this allows us to obtain values of velocity
based only in the geometry of the assembly. The results obtained for average velocity and

maximum velocity are shown in table 4.

Table4 Average velocity and Maximum velocity for multiple angular configurations

Average Velocityl Maximum
Angular Configurations | Inner Pipes| Outer Pipes| (m/s) velocity(m/s)
Angular Configuration 1| 10° 73° 89.098 330.521
AngularConfiguration 2 | 11° 82° 94.943 328.628
Angular Configuration 3| 12° 86° 98.112 324.352
Angular Configuration 4| 13° 90° 97.036 324.642
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As we can see in table 4, angular configuration 3 which is the onel@itimner pipes and
86° outer pipes, was thaesign that obtained the highest average velocity value. We can notice
from table 4 that the average velocity increases as we increase the different pipes angular
combination, however an angular configuration higher than configuration 4 will experience a
decline in the average velocity due to the fact that as the outer pipes angles increases to a value
greater than 86°, so does the area of slow flow distribution inside the exhaust manifold. The
maximum velocity parameter is an important parameter as weéllnét as important as the
average velocity because maximum velocity represents just a point where maximum velocity is
obtained; while average velocity represent the average velocity of the entire design. Figure 15
shows the flow distribution of the entiessembly representing angular configuration 3 with 12

degrees inner pipes and 86 degrees outer pipes.
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Figurel5 Exhaust Manifold velocity flow distribution
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Figure 15 shows the areas where the average velocity liswhset is in the outer pipes which
because of the 8@ngle inclination will affect negatively the overall maximum velocity. On the
other hand we can see that the inner pipes experience a much higher velocity that the outer pipes
due to its little angulainclination. As we can see in figure 15 the highest velocity is obtained
inside the collector which due to the designed geometry of the pipes provides an almost perfect
flow distribution. Just very small areas in the corners of the collector result iravevage
velocities, while the rest is flowing at the maximum speed possible. The flow analysis was also
conducted to the optimized design but without collector in order to find out how much is the lost
in velocity. It turns out that the optimized desigmwathout the collector has an average velocity
of 111.189 m/s which means that the lost in velocity is around 11.76 %. This results probe that
the collector shape and design is very efficient providing the minimum lost possible. There were
others designs @rnative tested in which the lost in average velocity was as high as 40%. In

figure 16 can be appreciate the exhaust manifold flow distribution without collector.
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The team also conducted an additional study to an exhaust manifold very frequently used
now a day by owners of the Miata 1.8L (192d05). This design was not a design alternative
but allowed us to compare our proposed and optimized desigrsignd that already exist in the
market. The design tested has straight inner pipes and outer pipes with 84° of inclination which

is 2° less than our proposed design. The design flow distribution can be appreciated in figure 17.
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Figurel7. Exhaust Manifold velocity flow distribution

As we can see from figure 17 the velocity in the outer pipes is reduced considerably in
comparison to the proposed design because of the straight pipes and the geometry of the
collector. Also the speed in the inner pipes as well as in the collector i whie to the
separation between the two inner pipes provokes a considerably speed reduction in the collector.
The maximum average velocity obtained in this study was a value equal to 84.4 m/s which is
much smaller than the average velocity obtained inptioposed design equal to 98.112 m/s.
These results demonstrate that that the proposed design is not only going to be efficient and very
unique but is proven that already possess much higher volumetric flow efficiency than models

and design that exist inghmarket nowadays.
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Chapter 4 Project Management

This chapter estimates duration of the project, how it is organized, and overview of the design, and
breakdown of project responsibilities by the team members in specifics tasks. Patent of the conceptual

desgn and commercialization will be considered.

4.1 Overview

Time lines and tables are presented to obtain a better visualization of the time and progress
made by the team and what to expect for future development. Also to indicate the breakdown of
responsibities among team members. These tables and timelines also indicate and predict team

effort dedication and cooperation.

4.2 Specific Tasks Comprising the Project

At the beginning of the project each team member was assigned with specifics tasks and
maingoals to manage the process of the project. These tasks were assigned with the consent and
approval of all team members. The only counter time or change that this personal assign task
could have is that team members have to work in conjunct to fulfilh#. weight of the tasks
assigned are evenly distributed or compensated with extra work in other areas. Many times some
team members have to wait for the others to finish in order to start working on a dependent task,
This time delay is minimized if the meer who is waiting starts helping the one seeking this
result. Team work and cooperation is always present. The main purpose is to make a product that

is more efficient, less noisy, and affordable.
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4.3 Organization of Work and Timeline

Table 5 shows the time line in a tabulated format for the senior design project completion.
Major tasks to be completed during the entire project are outlined as well as their respective
starting and ending dates for each task. The duration in days aeddiuate scheduled for the
tasks to be completed are also listed.

Table5 Timeline Data for Senior Design Project Completion

Tasks Start Date Duration End Date
(Days)
Project Formulation 6/1/2011 20 6/21/2011
Literature Survey 6/10/2011 30 7/10/2011
Design Alternatives 7/15/2011 15 7/30/2011
Proposed Design
Material Selection 7/25/2011 10 8/5/2011
Finite Element Analysis 7/20/2011 40 8/30/2011
Cost Analysis 9/5/2011 15 9/20/2011
Prototype Construction 10/1/2011 20 10/21/2011
Prototype Testing 10/25/2011 15 11/10/2011
Report 6/1/2011 165 11/16/2011

Figure 18 shows the time frame for the completion of the Senior Design Project. The Gantt
chart illustrates the major tasks that have been completed and thosedmpleted for each
individual task. The bars in red represent the major tasks that have been completed so far, while

the bars in green represent the remaining tasks that will be developed later on.
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Time Frame Senior Design Project

6/1/2011  7/6/2011 §/10/2011 9/14/2011 10/19/2011 11/23/2011
Project Formulation [N

Literature Survey | [ NI

Design Alternatives-Proposed Design [ ]
Material Selection | ]
. | | # Completed (Days)
Finite Element Analysis I Remaining (Days)
Cost Analysis ||

Prototype Construction

Prototype Testing

Report |

Figurel8 Time Frame Senior D Project

4.4 Breakdown of Responsibilities among Team Members

In order for a project to be completed successfully all participants need to be actively
involved throughout the process. Team number one analyzed the different tasks that needed to be
done and distributed them among all team members. Some tasks rivatdesindividually to
team members while others require the participation of the entire team. Project formulation and
material selection was assigned to Elmer Gutierrez, Rogelio Muro is in charge of cost analysis as
well as Thermal and Static studies,ilhMichael Martinez conducts the literature survey and
vibration study. There are several major tasks that because of time constraints and the
importance of the design require participation of all team members. The report, for example, is a

major task themust be equally and simultaneously addressed by all project participants. Design
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alternatives will be conducted by all three members where each member will come up with a
design alternative. Flow simulation analysis to each design alternative willhais® the
participation of the entire team. Another task that requires the presence of all team members is

the prototype construction as well as testing and evaluation of the final design.

4.5 Patent/Copyright Application

After an extensive research in tb& Patent Office database online, no significant patent design was

found related to any exhaust manifold for Miata 1.8 L. Our tegends to apply for a copyright and
patent since we believe our proposed design concept is unique and we have not foilad a s

design among all the manufacturers we have researched.

4.6 Commercialization of the Final Product

The material of the proposed design have not been specified yet due to simulations
analysis as explained above one of the material selscti@s eliminated due to the cost and
complications of the casting process (cast iron). Stainless steel 304 is the one that is in the lead in
terms of materials for the proposed design; but, based on the structure and shapes of the exhaust
the team was ablto draw some conclusions. This is one of the most desirable shapes in the
market due to the position and the space available to install the part. Due to the velocity accurate
in the propose design this manifold will sell itself

The team is planning teell the product first at local auto parts dealers and local high
performance shops. Depending on the reaction to these sales, global commercialization of the

final product through the internet will be considered.
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Chapter 5 Engineering Design afdalysis

5.1 Design Based on Static and Fatigue Failure Design Theories:

Miatas are equipped with aluminum blocks. These blocks and cylinder heads are very sturdy
and strong, yet when a load is present in the head, in the sense of a torque beingraghied i
exhaust studs via the turbocharger, downpipe and exhaust hanging from the head, special
considerations must be taken in order to prevent exhaust leaks and other even more catastrophic
failures like the studs becoming so elongated that they actuaihage the cylinder head or the
actual stud breaks and lets the exhaust assembly fall. The Miata is prone to these problems and,
therefore, some companies have made Income Cylinder Head Studs. However, these are so
expensive that they are out of the reatimost enthusiasts. These four studs sell for 100 dollars

including the hardware.

At this point in the design process, the team hit a crossroad. The manifold could be made
longer and could be maintained in the engine bay as the factory designed headeulor be
made shorter, lose some flow since there is a highest level of overall contraction in the manifold,

and yet be safe.

5.2 Material selection

This is the selection of materials for the design. Two out of the three are commonly used in
the marketand aftermarket exhaust manifolds. These materials are being studied through
simulations to select the most convenient one for our selection of manifold design. Due to
extensive research and studies of the casting process for the gray cast iron, thaiteahthat

the process is too expensive and cannot be created at any lab of Florida international University.
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That is the main reason why it was eliminated the gray cast iron of our propose design. The
simulations are provided for the three materialsoimgare and to make future references.

Analyzing the material properties of all three materials, AISI 316L, AISI 304, and gray cast,
iron, we noticed a huge difference between the gray cast iron and the stainless steel materials.
The difference that wert noticed was the thermal conductivity which is 45 W/ (m-K) for the
gray cast iron, 14.6 W/ (m-K) for AISI 316L and 14.6 W/ (m-K) for AISI 304. These values
guarantee much faster heat dissipation for the gray cast iron material followed by AISI 304 and
finally AISI 316 with the lowest thermal conductivity. A thermal study of the proposed design is
also going to be conducted analyzing all three materials in order to obtain accurate results and
compare how each material responds to the high temperatustisigexn the manifold. The
tensile strength is another property with a huge difference between stainless steel materials and
gray cast iron. AlSI 304 is the material with the highest tensile strength value which is 5.17e+08
N/m”2 followed by AISI 316L wit 4.85e+08 N/m”2 and gray cast iron with a very low tensile
strength equal to 1.51e+08 N/m”2. The higher tensile strength of these two Stainless Steel
materials compared to gray cast iron will allow these materials to withstand much higher tensile
loads tlan those the gray cast iron would be able to support. Also a static analysis will be
conducted for these three materials in order to confirm this statement and to obtain real values of
stress, displacement, strain and factor of safety. In general, grayaasas better thermal
properties and will transfer heat at a faster rate than these two stainless steel materials. On the
other hand the stainless steel materials analyzed have higher tensile strength properties than gray
cast iron. Higher tensile strgth will give a lower stress concentration for the Stainless Steel

materials when this kind of force is applied. Specifically comparing AISI 304 and AISI 316L we
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can say that AISI 304 has better thermal and strength properties and is less dense which will

make this material the preferred one between the two stainless steel materials studied.

AISI Type 316L Stainless Steel

Table6 AISI 316L Stainless Steel

Property Value Units
Elastic Modulus 2e+011 N/m”"2
Poisson's ratio 0.265 N/A
Shear Modulus 8.2e+010 N/m”"2
Density 8027 kg/m”3
Tensile Strength 4.85e+08 N/m”2
Yield Strength 1.7e+08 N/m”2
Thermal Expansion Coefficient 1.65e005 IK
Thermal Conductivity 14.6 W/(m-K)
Specific Heat 450 J/(kg-K)
Material Damping Ratio N/A

AISI Type 304 Stainless Steel

Table7 AISI 304L Stainless Steel

Property Value Units
Elastic Modulus 1.9e+011 N/m”"2
Poisson's ratio 0.29 N/A
Shear Modulus 7.5e+010 N/m”"2
Density 8.0e+03 kg/m"3
Tensile Strength 5.17017e+08 N/m”"2
Yield Strength 2.06807e+08 N/m”"2
Thermal Expansion Coefficier 1.8e005 IK
Thermal Conductivity 16 W/(m-K)
Specific Heat 500 J/(kg-K)
Material Damping Ratio N/A
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Gray Cast Iron

Table8 Gray Cast Iron

Property Value Units
Elastic Modulus 6.61781e+010 N/m”2
Poi ssonds Ra 0.27 N/A
Shear Modulus 5e+010 N/m”2
Density 7.2e+03 kg/m”3
Tensile Strength 151658e+008 N/m”"2
Compressive Strength 5.72165+e008 N/m”"2
Yield Strength N/m”2
Thermal Expansior 1.2e005 IK
Coefficient

Thermal Conductivity 45 W/(m-K)
Specific Heat 510 J/(kg-K)
Material Damping Ratio N/A

Static Analysis

AISI| 304 Stainless Steel

One of the studies that the team conducted for the proposed design was a static analysis. This
study was necessary since the exhaust manifold needs to support a load once the T3 turbo is
attached to it. In this particular study we fixed the nine holesasfifimld flange and applied a
load of 150 N in the top face of the T3 flange. The mesh used for this study was 4.5 mm which is
the finest possible, using AISI 304 stainless steel, AISI 316L stainless steel and gray cast iron.
Parameters such as stress, ldispment, strain and factor of safety were obtained from this

simulation.
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von Mises (Nim"2)
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Figurel9 Stress Simulation Analysis using AISI 304

As we can see from Figure J1the maximum stress value obtained is 7.213602e+006
N/mn? and is located in the collector area. This maximum value is much smaller than the yield
strength for the AISI 304 which 8.06807e+008\/m which means that the design is totally
safe. High stress concentration areas are also located near the holes2@giows the results

obtained for the displacement analysis.
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Figure20 Displacement Simulation Analysis Using AISI 304 stainless steel

We can notice in figur@0 that the maximum displacement value is located in the center of
the edge where the load is applied. The maximum displacement has a value equal to 0.006897
mm which is insignificant for the load applied. Fig@®shows the graph results corresponding

to the strain analysis conducted.
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Figure21 Strain Simulation of 304 stainless steel
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As shown in figure 21the relative displacement between particles in the assembly is
extremely small. The maximum ratio value obtained was 00884 which is insignificant.
This study allows us to determine how a given displacement differs locally from éadyd

displacement. In figure 28 represented the last result from the static analysis conducted.

FOS
65,366.76
59,921.92
54,477.08

. 49,032.24
. 4358740
. 38,142.56
| 32697.72
. 2725288
. 21,808.04
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. 1081835

547351
2667

25867

Figure22 Factor of safety of 304 stainless steel

This analysis represents the factor of safety of the assembly including locally minimum and
maximum values. The minimum factor of safety value is 28.67 which guarantee total safety for
the proposed design. We alsletermined the maximum load the assembly will be able to
support, and it turns out that this value is 4300.5 N. Applying such load will result in a minimum
factor of safetyof 1 as we can see in figure.ZBhis maximum load supported will never be
reachedn real life application of the assembly, which ensures a statically safe design using AlSI

304 Stainless Steel.
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Figure23 Analysis of maximum load supported using 304 stainless steel

AISI| 316L Stainless Steel

We did the samstudy for AISI 316L in which we analyzed the corresponding results. The
maximum stress value using AISI 316L is 7,252,747 NImimich is higher than the maximum
stress obtained by using AISI 304. The complete stress distribution of the assembly can be

appeciated in figue 24
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Figure24 Stress Simulation Analysis using 316 stainless steel
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The displacement values obtained using AISI 316L are once again very small with a
maximum value of 0.00&8B mm as we can see in figure. Zhis value is relatively smaller than

the maximum displacement for AISI 304.
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Figure25 displacement of 316l stainless steel

The strain parameters are very similar to the study conducted using AISI 304. In this case for

AISI 316L the maximum strain value is equal to@01813 and is shown in figure.26
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Figure26 Strain Distribution of 316l stainless steel
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The corresponding factor of safety analyzed fos tmaterial is shown in figure 2%¥We
obtained aninimum factor of safety equal to 23.44 which puts the system in the safety side by a
huge stretch. Even though this results shows a save design, the 23.44 factor of safety is smaller
than the 28.67 factor of safety obtained using AISI 304 due to théhttchigher stresses are

present when using AISI 316L and the mention load is applied.
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Figure27 Factor of safety 316l stainless steel

The maximum load supported by the assembly using AISI 316L was also determined. It turns
outthat the assembly will be able to withstand a total maximum load equal6&NBas we can

see in figure 28
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Figure28 Analysis of maximum load of 316l stainless steel

Gray Cast Iron

Gray cast iron was the other material we analyzed as part of our static analysis study and
materials selection task. The same conditions were applied for this study obtaining the results for
stress distribution, displacement, strain and factor of safegurd-29 shows the Von Misses
stress distribution for the proposed design. The maximum value is equal to 7,249,642aNtm

is located in the collector area.
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Figure29 Stress Simulation Analysis using Gray Cast Iron
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Figure30 shows the scale with the displacement values located throughout the assembly. The
maximum value of displacement is 0.1974 mm which is the maximum value obtained among all

studies conducted so far.

Figure30 Displacement of Stress Simulation Analysis using Gray Cast Iron

Figure 31 represents the graph for the strain analysis conducted on gray cast iron. The
maximum value of 0.00005496 obtained is located in the collector area. As the strain ratio is
directly related to the deformation value this maximum value of strain is aldogthest value

obtain among all studies.



























































































































































































































































































































