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Abstract

Team 13 is given the problem to modify an exsistinnd tunnel display. The final result
should be simple enough to use so that no instnuds nessecary and long with being low
maintenance, educational, and very robust. To ¢attkk problem the team brainstormed many
ideas and finally selected on to go with, the daagp. In this concept a user will be able to select
from a varity of shapes to race against eachofftee. user will be able to launch the shapes
chosen by a launch system that is spring loaded.obfjective is that the user will select the one
that will generate the least amount of drag theesfucking the winner. The winner will be
shown by an electrical system that will be ablsa@ase the winner and set of a light system. The
user will also be able to see the velocity of thape with an LCD display. The shapes that have
met the qualifications are as follows, an airfoilpe, bullet, and shell rod. Making sure that all
the shapes have the same frontal areas will erieateonly the geometry of the shape plays a
factor in the winner. Using aluminum for the shapad easily obtainable electronical parts the
overall cost the project will be kept very low. Miagg the shapes out of the aluminum will ensure
that they do not break over excessive use howdwenill be a main safety concern. Being
made out of solid aluminum means that the shapesguite heavy therefore if they are dropped

on a users foot it may cause damage.



1. Introduction
i) Project
Improving technology is one of the biggest concemsoday’s economy. That's why
there are a lot of investments in the area of teldgy. It is known that the best way to achieve
this is by investing on youth minds. Today’s youtil be our technology providers in the future.

That’'s why investments in education are so impdartan

To develop interest in sciences and technology fecbitdren is necessary to make these
subjects interesting for them. And one of the nadtctive things for kids is a game. Create a
game that teaches science and at the same time kidsginto an environment of fun is the best

way to increase their interest on science subjects.

With this in mind, Dr. Shih and Dr. Oates of FAMIWEB College of Engineering are
head of an interactive project to claim the attamof children into the science field.

The project is now a Senior Design Project whictarmel3 is responsible for to add
features to the system. Focusing on the idea tb tya attention from children, Team 13 and
advisors concluded to convert the wind tunnel dredttacks into a game, a drag race. This will
show concepts of aerodynamics and physics, ancheatsame time, create an interactive

environment for kids.

il ) Needs Assessment and Needs Statement
On this project we have the wind tunnel with tleecks and carts. We need to improve the

system by adding some features, making it morgdntize and attractive to children, and also

trying to extract different physics concepts frdrage features.

iii ) Project Description
Create an interactive game which teaches childrasick concept of physics and

aerodynamics, emphasizing drag force on differbapss, is the main goal of this project.

To achieve costumer’s needs, we set some maintolgedo guide the project:

Objectives




Project must be easy to use

System must have a simple assembly

System must contain important technical concepts

Minimum maintenance needed

Concepts must be easy to understand

Automated system

N O O B W N|

Interactive interface

Table 1 - Objectives of Project

As the wind tunnel, tracks and carts were inside @ates Laboratory of Advanced
Materials; this was our main place to build thejgcd This is where assembly process
happened. Most of our parts were manufactured enMlachine Shop located at FAMU-FSU
College of Engineering. We also used the Mechatsoiaboratory to solder the electrical
components, to create the code that goes insidedduel that controls our system, and to test the

electrical system.

Our project does not have too many constraintsuaiky, as one of our objectives is to
create an interactive and attractive display, kinsl of need demands few restrictions as we have
to be creative to implement attractive featuresweler, as the project is mainly for kids, we
need to care about their safety. That's why thgggmt doesn’t allow kids to select air speed by
interacting direct to the fans. They can only tamor off the fans. Also kids will not be able to

take the carts off the tracks.

Time was also a constraint for us. We needednisHithe project until at the end of
spring semester. However, we had been delayed omaierials order and we had to design the
project all over again because our first costurier Mary Brogan Museum of Arts and Science,

was closed. So this cause a delayed on constryotomess.



iv ) Functional Diagram

Select a shape for Push the cart across the starting gate Turn on the fans or
each of the carts and until the cart as compressed the turn off the fans
add it to the top of - starting spring until the starting gate g depending on their
the cart is in the upright position initial state
Pull down on the The starting sensor The ending sensor reads
starting handle in order reads the time that which cart crosses first,
to release the two carts > the cart crosses > and at what time each
simultaneously cart crosses
A simple LCD display A colored LED Once the cart passes the ending sensor
shows each cart’s R indicates which - the magnet attached at the front of each
average speed for the "| cart finished first "| cart comes in contact and attaches to a
race steel plate at the end, the kinetic energy
of the cart is absorbed by a spring
supporting the steel




v ) Quality Function Deployment

QFD: House of Quality
Project: Drag Race

Correlations
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Relationships
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Figure 1 - House of Quality
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vi ) Project Plan
Based on the schedule from Senior Design Courseplarened to complete the design

process on fall semester. For spring semester we planned to review all the design process,
and start and finish construction process. Desigogss consist in develop ideas for the project,
research for concepts that will help on design @sec choose the best idea based on concepts
acquired, improve chosen idea and plan its fabaogtrocess. Fabrication process includes all
steps to take the idea out of papers and makalit Feom select parts, order them to assembly

process and test the system, these are all olinedtion plan.

September October | Movember December | January | February | March | &pril | e
|6 [11 [16]21 [26] 1 6 [11 1621 [26 a1 [ 5 [10]15 [20 [25]30] 5 [10[15 [20]25[30] & |9 [14 [19]24]28 = |6 [1a[16]2a]2a]4 |2 [14[19]24 2] 3 [ |13|18|23|28|3 T
Backgsound Scope Research

2

]

Customer
Busil Students

Brainstorm
Conecept Design

Interm Design
Final Design
Order Materials

B AssemblyTest

Figure 2 - Gantt Chart



2. Concept Generation and Analysis

Concept 1 - Airfoil

A staple in visualization of air flow is airfoilthey are used in most wind tunnels to show
different pressure regions as the angle of attéekges. For our wind tunnel it is no different,
our team will use a simple wind design attached totatable pin which is also contained within
a sliding mechanism. The rotatable pin allows fo tiser to change the pitch angle so that
different wakes and pressure differences may bereqced. The sliding mechanism allows for
the airfoil to rise and fall as the pitch anglelsnged so that the user is able to see the differe
lift forces that are applied with the differentgbitangles. The only issues is since the flow isn’t
laminar the airfoil has to be adjusted to mosthiptlent flow. This concept allows for a lot of
user interactions with the possibilities to adjii pitch, it also is a very simple concept when it
comes to doing air flow. Another benefit is the lavaintenance cost of the idea, because there
isn’'t anything that needs to be up kept. An issith woncept is the lack of streamlines that can’t
be shown so that different wakes due to differetahpangles can’'t be shown. Also the airfoil
isn’t going to be switched with another one so e¢hisrno variety in using the airfoil; as always

space in the air box is also an issue.

SYMMETRICAL AIRFOIL

Figure 3 - Various Airfoil Designs

Analysis

The concept of the airfoil is meant to give us mpe but effective way to peak the
interest of young minds. Its choice was mainly dase a need to draw in the attention of a
young mind as well as demonstrate the scientifadwation of air flow that we desire. With the

presence of a wing it is our goal to associateensitic lesson or principle in a way that anyone



will be able to relate to it, or easily understéindlift is a simple idea that most people can gras
and giving people a wing in a control volume thayt can control the lift with a simple input is

a great way to integrate higher learning with re@pld applications.

Concept 2 - Carts
For this concept our team will supply multiple diiént attachments that are able to be

placed on traditional carts to interact with thefenw. The carts will be stationary on the track
with an airfoil or different geometric shape (c&cbquare, or a triangle) attached to the topef th
cart so as the fans generate more flow the caltb&iable to move and increase in speed based
on the attachment used. This concept allows fat afl interactive play with kids of all ages as
well as helps the user understand which shapesause more drag and thus causing the cart to
move faster. The concept gives a good visualizafitwndrag forces but is unable to actually
display the flow of the air. The concept is alswyveost efficient in that it only requires few
pieces to be implement. A big issue with this idethat the user would actually need access to
the wind tunnel so that could cause some safetyessg someone could have access to the wind

tunnel.
N
—
——
5
\\
Figure 4 - Cart used in Wind Tunnel
Analysis

The carts are a generally simple idea, and wheking with kids the simpler the better.
The carts are a good way of displaying drag effectsan object, by showing the force as
displacement of the carts, making the learning B&pee visual. The attachments would be easy
to machine out of any material because they aresithple shapes of a sphere and a cube. The



attachments would be providing most of the dragdpmwhile the tower and the cart would
provide some; the majority of the drag would berfrihe attachment. The implementation of the
carts would be relatively easy, just placing itibelthe airfoil experiment and while the airfoil is
not in use the carts can be played with. Althoulgard is some use of visuals with the
displacement of the cart, an accompanying COMSOh wie carts would be necessary. The
COMSOL would be able to help visualize the actuatfflow over the attachments, not just the
forces. The user needs to be able to see howtlus inovement over the system to see how the
forces of drag and lift are created. The cart imgdo be one of the feature experiments in the

wind tunnel because of its simplicity and abilibyteach.

Concept 3 - Hand
A different concept compared to actually using afoi is to allow access to the wind

tunnel and have a user use their hand in place airéoil. The air box can have an opening that
allows for the user to place their hand into thpezimental area and the user then specifies the
speed to which they want to flow to act at and ukes hand to feel the different drag and lift
forces. The benefit of allowing the user to actuplit their hand in the air box is that it letsithe
hand feel the different forces acting on their haatier than being told the forces acting on an
air foil. The hand concept allows for a tactilepesse to the forces within the air box, the user
feels the change in lift and drag as they changeatigle of their hand. The hand idea is also very
cost effective in that our team don’'t need to pasehanything from a third party, all that is
necessary is just making modification to the air.bbhe issue again is safety, if the user is
allowed within the air box it could cause technisalues if they decided to touch or move things
that are supposed to be. Another rising issueaisttte fluid flow isn’t actually visualized again,

it is only felt.



Figure 5 - Hand Acting as Airfoil

Analysis

The use of the users hand inside of the of thelwinnel allows for the user to be able to
experience the lift and the drag produced by thél@w instead of being told by the display the
forces that are achieved from the air flow. The ofsthe users hand will be able to increase the
interactivity of display by allowing the users tef all the forces as well as play in the air flow.
The issues with the hand are that the users wilhlide to have access to the wind tunnel and
because the projected audience of the wind turnktli2, the users cannot be trusted to stay
within the guide lines. Most children tend to besamievous so allowing a child access to the
wind tunnel will only result in more issues thearang. The hand will be under further review

because of the safety concern with access to the winnel.

Concept 4 - Smoke
Concept 4 uses the idea of smoke in order to exffesairflow lines around the different

bodies present in the wind tunnel. Out of all tlesgible ways of showing the flow and fluid
mechanics’ phenomena, smoke is the easiest to namthhas a very clear visualization. Air
flow tracers would be positioned in front of theowkrs so thin lines of smoke would be
produced along the air's path. Since the smokeasslyevisualized, the changes in the air’s
behavior due to different bodies’ dimensions angkats could be seen and understood. Another
advantage of this concept is that only the trackdedles need to be in the wind tunnel, the
vaporizer could be positioned in the compartmehdvehe tunnel so it would not occupy a lot

of space and also would not require big changethénactual configuration of the tunnel.

10



Furthermore, this project aims to be attractive amdfor kids to use and learn so the smoke
would catch their attention for being something tkanot commonly seen and for the different
behaviors that smoke will have around the objdespecially in the airfoil case, the attack angle
can be changed which will allow the user to plathvit and observe the changes caused because

of that variation.

Figure 6 - Flow lines around body.

Figure 7 - Air flow tracer

Analysis

This concept has its strong points based on tee ehseeing flow visualization and in
the attractiveness that the use of smoke will hetvie@d’s attention. Also, this concept does not

require big changes in the actual wind tunnel desigce only the tracer’'s handle needs to be

11



positioned in front of the blower. Two major issulreghis concept are the maintenance and cost
due to the constant oil replacement needed beadube vaporizer’s high oil consumption. The
vaporizer’'s tank has autonomy of only 9 hours dreddil replacement’s cost ranges from $30 to
$40. Although the smoke helps in the visualizatithere is a problem with the smoke coming
out of the tank. An exhauster or some gas absavbald have to be placed in the other side of
the tunnel so the smoke would not get to the museenmvironment. Together with this, since
the tank cannot have big dimensions due to theespaailable at the museum, would be hard to
create a laminar flow in order to have straight kendines for visualization what ends up

eliminating the idea of using this concept.

Concept 5 - Wake Visualization
The concept of a wake is hard to display withawt smoke or lasers so a possible way to

allow for wake visualization is to use an actuaamd place it behind the airfoil, or what

whichever device is creating a wake, and once uhgutent flow vibrates the metal beam the
frequency is found and from there a voltage is poed. From that voltage we can display it on
the led screens and show that there is a wakeedrdthind the air foil. The concept is able to
show the users that an actual wake is created thehiferent objects, as well as slows for an
interactive component with the wakes. An issue hign concept is the space it will take up in
our air box might cause issues with other typegigalizations that are going on. The actuator
also requires electrical connections which mightabéssue within the air box. Without test the
actuator our team is unsure if the frequency predueill be significant enough to produce a

usable voltage

12



Figure 8 - Wake Actuator

Analysis

This concept is extremely low maintenance. Oncéailesl, it will be capable to run
under its own power. This means that other tharuiakgcheck to make sure that it is still
functioning properly not much more would be necgss@/hen attached to LEDs, this display
may be useable for young viewers. The number of £ EDlight up would indicate the intensity
of the wake behind the object. However, due tolithéed space inside of the wind tunnel this
idea may not be possible. Depending on the numbEeEDs that would attached, the larger the
voltage that would be required to turn them on.&se of the space constraints this idea will not
be implemented at this time.

Concept 6 — Drag Racing
For the this drag racing concept will included gsuerious shapes that from which the

users can select two and race them against eachdtie shapes shall all produce a different
amount of drag which will designate the winner. gvfans blow wind against the shapes will
provide for enough wind that only certain shapealsieach the finish while others do not. This
will show to the user that different geometric skapesult in different drag forces even though
the frontal area is the same from shape to shapwajr issue with this is in finding a sutable

launching system and a coresponding system toatelite winner. Another problem will come

with the manufacturing of the shapes themselves.

13



Figure 9 - Comparison of Square and Circle

Analysis

This concept is highly interactive. The user wil &ble to select the shapes that he/she
will want to put against eachother. They will als® able to decide whether or not to have the
fans running. The shapes themseleves can turrodag very good attention grabbers which will
entise a younger audience to use the wind tunnielatm about fluid dynamics. The selection of
the shapes can also add to a competition typentgelith the race where one user picks and
shape and another selects a different and the wiwile set of the alarm. The alarm will

hopefully bring in more people to use the wind teinn

14



3. Concept Selection

Cost Maintenance | Space Robust | Edu. Simple | Safety Total

Weight 0.1 0.25 0.1 0.1 0.25 0.15 0.05 10
Phase 1

Air Box 10 9 10 10 7 10 8 8.9

Towing

Tank 1 7 2 8 10 8 5 6.8
Phase 2

Smoke 3 1 4 9 10 9 7 6.1

Cart 8 8 8 7 7 9 9 7.9

Hand 10 10 8 10 6 10 2 8.4

Airfoil 6 9 6 8 9 7 8 8

Actuator 8 9 7 8 5 5 8 7

Drag

Racing 6 10 10 9 8 7 4 8.25

10=good 1=bad

Table 2 - Concept Selection Table

The decision matrix above takes into account lal $pecifications that are deemed

necessary to this project. The first was the cbghplementing each idea. The sponsor does not

want to spend a large sum of money therefore; sinmaxpensive visualizations should be used.

Another major point is that the display should reglittle to no maintenance. If at all possible

keep the maintenance to an annual checkup. Sieceitid tunnel is already built the space for

the devices is limited. The main point of this pudjis for it to get used repeatedly by people so

being robust must be considered. The display mestle able to teach the user the concept that

is trying to be presented. Finally, keeping the dviannel simple and not over complicating

anything and safe are the final criteria. The matgelf is a two phase matrix. The first phase

was to decide between the towing tank or stay wheh current design. The second are the

various ideas to demonstrate different flow chanastics.

15




The final decision that we have decided to go wstkhe drag racing. This concept will
allow for maximum user interaction along with arueational experience. Although there is a
possibiliy for complications with the manufacturiafjthe shapes and with the launching system
however the oppurtunity that goes with the usegraittion and how simple the whole system
will be once completed outweigh this complications.

16



4. Final Concept — Drag Racing
For electrical system it was necessary to attend oigectives demanded by the project.

As this is a project that wants to show conceptshykics and aerodynamics, main focus was on
show electrical concepts to the users. Howevectrgdal concepts were really helpful to make

the system more interactive, autonomous and safe.

With that in mind, it was decided to use some LED'snake system more attractive, IR
sensors to measure velocity of each cart and shem bn a LCD display, and relays were used
so kids will not be allowed to mess with fans.

Along tracks LED’s were added in two different asltoblue for one track and red for the
other one. When the system starts LED’s are omhea@layers can choose between who will be
the “blue player” and “red player”. Before and chgrithe race the LED’s are on, however when
first cart achieve end of the track its LED starbtink and the other track has its LED’s off. This

is how winner is displayed.

With LED’s chosen a circuit was built so the LE@guld work. LED’s are like diodes,
so they don’t have a linear behavior between ctumad voltage. Different from a resistor can’t
use regular linear equations to predict current with pass through LED’s when it is submitted

to certain voltage. Graph below show this diffeeebetween resistor and LED.

17
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Figure 10 - Graph of Resistor vs. LED

So as LED can be very sensible to small oscillationthe voltage, need to connect a
resistor to the LED so it will not die if this hagas. For High Intensity Blue LED, consulting its
datasheet, values for their maximum forward voltagel maximum forward current can be
obtained, which are going to be used to selectogpjate resistor. The same can be found for
Bright Red LED. On the table below, found all thesdues can be found and the different

resistor that for each LED.

Max. Forward Current Max. Forward Voltage Resistor (R1) [ohm]
[mA] [Vl

Blue LED 30 4.5 62
Red LED 30 2.5 150

Table 3 - Resistors for LED

LED’s were connected in parallel so resistors agfDls will be submitted to the same supply
voltage. Supply voltage is provided by the boardt tive are using. In case of this project,

Dragon Board provides 5 V. On figure below therthes circuit used to the LED'’s.

18
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Figure 11 - LED Circuit

IR sensors were attached to the two tracks so spfeteeb carts can be measured. First a
sensor on the very beginning of the track. So wtem passes through it a signal is send to
microcontroller that will start to count time. Amalr IR sensor will be located close to the end of
the track, so when cart passes through this onthansignal will be send to microcontroller.
Now the board will take the time and the distanetvieen two sensors and calculate the mean
speed of the cart. The speed will be displayed ©D kconnected to the board.

The IR sensors will also be responsible to deteemwhich cart was the winner. When
cart cross last sensor, and signal were sent tbahel, board will check if this is the first sigina
received from last IR sensors and if it is, it véind a command to LED’s, so they can blink. As
the winner is already known, board will automaticalend a command for the looser track, so
LED’s will turn off.

For the IR sensors an IR Photo Emitter/Transméttet an IR Photo Receiver were used.

But to use them we had to build a circuit to supgoem.

The transmitter works as a diode, so to selectdhistor for it same knowledge showed

for LED’s was used. However, to protect the IR Hemita resistor was used based on the
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maximum power specification founded on the Emittatasheet. Using equation 1 resistance

value can be figured out:

Vec?

- < PoweTgpecification (1)

Resistor must be connected in series to act Ikeltage divider. That's how it will limit voltage
through the diode.

For the Photo Transistor circuit, responsible toeree the signal from IR Emitter,
resistor were connected in series. It is necegsasgnd a different signal when the transistor is
detecting regular light from the environment andewtht’'s detecting IR light. Through some
researches with figure out resistance should bedsst 10kohms and 11kohms.

Circuit will also have a signal wire which will mesponsible to send to the board voltage
value when receiver captures IR light and whenogsih’t. If receiver isn’t capturing IR light
signal wire value is close to 5 V, which is the glypvoltage. When light is captured, voltage

value is under 2V. The figure below shows eleatnicuit for IR sensors.

3V

=

SV

Signal

T1

5
|
7

Transmitter Receiver

Figure 12 - Sensor Circuit

To increase the safety of our system, fans werevgletthe desired speed, so the kids are

not allowed to change it. They will only interadthwvthe fans by turning them on or off.
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To make this happen rele¢ were addedo the fans. But to implement the relays a cii

had to be builtvhich will support them, making them works. Circgitshowed belov

E:
%

Oy

P
| 1
| |
+ | |
7 [
()TEQ Dy : § Ly Relay :
_ | '
| |
| I
Lo 1

T1
R1

Dragon Board "v\.n”\f ‘
Fﬁ Qutlet

Figure 13 - Relay Circuit

Where EL1 is the wall supply.

Relay is a switch which is operated electricallg. t8 the relay work a power supyis
neededvhich will feed the coil inside the relay. Powepply depends on the relay ttis being
used, in this case a A power supply, represented by E2. As E2 are giyager to the coil
essentiato ensure that the power stored by the coil doegm’toward our board. Thatreason
for the diode D1. It will make sure that the power floill keep between power sup| and the

coil of the relay.

A signal from the dragon board to the relay, to ditwurn on or off the fan<a transistor
to connect and manager the current between draggndl land relay. Transistor ttwas selected
was a NPN, teswitch on when currerthat came through diode is high. If it's low us®&P

transistor (See figures below).
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Figure 14 - PNP Transistor
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Figure 15 - NPN Transistor
To choose the NPN transistor that best fits int® design, two basic variables were

considered: Load current (IC) and minimum curreaing(hfe). To calculate them using

following equations:

l l
IC = supply voltage Vs ( )

" Load resistance Rl

IC

hfe > 5 x ©)

I Cmax

Minimum current gain should be greater than fivees IC divided by maximum output
current. With these two parameter the transistar ba chosen, and calculate R1 value
(resistance to limitate current between transistod board). For R1 calculation use equation
below:

__ Vsxhef
R1= ——= 4)
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The outlet included into the circuit it's where tla@s are connected. Include them on the system,

so it won't be necessary to damage the fan’s weteging them, for example.

For the selection of the shapes, we wanted to hawery large difference in the drags.
This would allow for maximum differences in thetdisces traveled by each of them. In order to
select the shapes we referred to Fundamentals efn#di-fluid Sciences From this we

concluded that the best possible shapes to usedvibeué cube, shell rod, airfoil, and bullet. No
only do these shapes have different drag forceshieytalso are vary greatly in appearance. This
will allow a user to be able to visualize that gemetric shape does play a large role in the drag
force that is produced.

The airfoil is a general wing shape made out oidsaluminum that is 5”’x1.25” on the
frontal face. This was made in a CNC machine taenghat it would be smooth and allow the
airflow to not separate until intended. This shhpe the lowest drag coefficient out of all of the

shapes which means that it will reach the end leedtirof shapes.

The bullet is shaped as an enlarged bullet thatahsesmi sphere as a nose with a 2.8”
radius. It also is made out of solid aluminum mada CNC machine. The bullet has the second
smallest drag coefficient which means that it sddaé able to follow the airfoil in second place

for a race but beat the other two shapes.

The cube is solid aluminum cube with a 2.5"x2.%fral face. This shape has the second
highest drag coefficient and should only be ablebéothe shell in a race. The shell is an
aluminum tube that was cut in half that is 4"x1.56he cup portion will be facing into the wind
which will give the shape the largest drag coediitiand should always lose the race.

All of the shapes and mounted to an aluminum basestanding on an aluminum rod
that is 3.5” tall. This will ensure that any drdwat is experienced by the these parts will be
uniform for all shapes once again leaving only geemetric shape to be the deciding factor of
the winner of a race. To attach all the piecegatirthe ends of the rod and drill and tap a hole in
all the shapes and base plates. Once this is @oarsure that none of the shapes are facing a
direction that is not desirable, glue the shapeskase plates in place.
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Based on operational requirements of this displayas necessary to design and
implement many support structures and governinghar@sms. Such important systems include
guard and support railings to the main tracks usedhe display, a starting and a stopping
mechanism, and modifications to the base matern@sge available for this display. These
additions needed to be robust and safe for usevag@ age range of customers; this important

characteristic is what drove the major design podrfiteach section.

The Starting mechanism needed to fulfill a few splérst and foremost it needed to
enable simple and have repeatable setup as wbk astuitive to the observer; it as important
that the overall design be simple and easy to reggmthe display should be low maintenance;
finally the starting mechanism needs to be indepehdcross both tracks, it is important that

both carts can be setup independent of each other.

To execute these important design criteria it vila$ hiecessary to determine the impulse
which would drive the carts across the track. Thaestmsimple method being a spring in
compression, this would allow simple repeatabléesysstarts as long the compression lengths of
both carts are the same. To ensure that thesehkemgiuld be the same two independent gates
would rise up from beneath the track and blockdées progress in one direction. These gates
would be spring loaded and could be removed togetmugh simple a handle, but reset

independently.

It is also necessary to control the stopping ohbedrts as it is desirable for the total
display to have a controlled response, carts retiogroack and forth across the track after runs
is not ideal. To achieve a one direction propulsacross the track magnets are attached to the
front of the carts, and steel plates await the aathe finish line. To mitigate the impact force
and reduce the chance of the magnet not stayiagheitl to the steel an elastic section is added
between the steel plate and the finish line support

It was also necessary to design support strucforethe infrared sensors, light emitting
diodes, and to keep the carts secure and sepavateahy observers. To meet all three of these
requirements at once plexiglass railings are fiteethe sides of the track. These railings cover
the top section of the track enough that the camt ot be removed from the track, but shapes

can still be loaded and removed from each respedart. The side sections of these railings
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have slots removed which allow the infrared sensmiise mounted at the critical locations for
monitoring the start and end of the display. The $ections of the railing support the colored

LEDs which are used to indicate which cart crogbedinish line first.

All components used to start, stop, and securedints and major track features will be
secured by either screws or strong adhesives whaghtg allow. This allows for easy of
construction and the use of smaller surfaces wipgnogriate. It is important that the finishing
support plate be steel as a ferris metal is nepedeast magnetic attraction, the starting

components are aluminum to assist in basic streangihease of manufacturing.
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5. Engineering Economics
The mechanical engineering department along wighsenior design professors set the

maximum budget for the project to be $2,000. Thddet for the project is sponsored by the
mechanical engineering department at the FAMU-FStlleGe of Engineering under the

supervision of Dr. William Oates and Dr. Chianglghi

Below is a list of all the purchases made by T&8m

Item Quality Cost per unit($
Aluminum bars 5 39.31-88.24
Paint 1 21.97
Paint Supplies 1 9.97
Gorilla Glue 2 10.97
Wall Outlet 1 2.99
Light Switch 1 8.97
Washers 24 0.11
Screws 2 0.98
Plexiglass 1 50.00
Aluminum rod 1 50.00
Steel Bar 1 50.00
Springs 3 50.00
Electric system 1 76.00

| Total Cost| 559.04 $

Table 4 - Cost of Materials

The Aluminum bars and the Gorilla Glue were usedhe creation of the shapes; the
aluminum was used to create the stands, rods,lenghiapes themselves. The Gorilla Glue was
used to ensure that everything stayed connectedlebat the rods, shapes, and stands. The
Gorilla Glue was also chosen because it was ctsttefe and was similar to expoy. The reason
that aluminum was purchased over other materialsetsause it was the most cost effective
material for the durability. The paint supplies graint were purchased so that the housing could
have a new appealing color (Gem Turquoise) sottieusers would want to interact with the
display. The washers and screws were purchasaddittthe track and make sure that the track is

held in place properly. The purchases of the wailled and the light switch were for the exterior
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operation of the fans from the user. The light siwis durable and big so that the user can see it

and it will be able to withstand multiple uses.

The aluminum rod, steel bar, and springs wereisdd to create the starting mechanism
and housing for the cart to be placed in when ttegy dace has started. The plexiglass was
chosen for the housing because it keeps the catteotrack, while allowing for the user to still
be able to see the cart in motion. The aluminumwas chosen because it was cost effective and
durable, while the steel was chosen because itb@dbme magnetized when in contact with a
ferromagnetic material which is necessary for tio@@ng mechanism The electric system was
purchased so that the user will know the speedhathathe cart is traveling and have a LCD to
display it.
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6. Results and Discussion
Electrical System Analysis
To confirm all calculations made on design procéks,resistors for LED’s, resistor for
relay system, transistor for relay system, and @mnsonfiguration, some tests were made to

check if all these systems were working and trediability.

For LED’s, as their conection could be wrong, oriny solder process and when they
were manipulated, something could happen to dancageit, so they were connected to the
Dragon Board and a 5 V signal were sent. This sdottat LEDs were working as they

supposed to do.

For the sensors, they were connected to the DrBgand. So voltage was measured on
the signal wire while cart was passed through #ressr. Observing that voltage varied during
the process, this means that sensor were workmgt was recognizing that something had

passes through it.

To test if the relay system was working, a 12 \iagé was applied, and a click could be
heared when the relay starts to switch on andeo#ry time voltage was applied, it switched on.

When voltage was cut off, relay switched off.

Even that all electrical systems are not connetbgdther on the Dragon Board, tests
showed above can confirm that individual systenesvaorking. Next steps are to put everything

together and connected to the Dragon Board.
Air Flow Analysis

The most important step when determining the dinosissand materials of the shapes
and there assembly is the air speed provided byaihélowers. Due to the nature of these
blowers the airflow provided varies in both spesdhee distance from the exit nozzle increases
and distribution vertically as well. In order tohaeve an accurate measurement of the airspeed at
specific locations a pitot-static tube was usedintyshe dynamic pressure measured the true
airspeed at specific heights and distances frombtbeers could be determined. Using this
information everything from the size of the shapgeghe materials used to fabricate them could

be determined. The most important information wees gize of the flow stream, it was most
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important that the shapes did not leave the ar@aioh the air flow was being generated. A list

a various wind speeds at different distances wesméed.

In order to find the flow velocities Equation 5 wased.

1

v=(22) @

p

Here V is the velocity of the flow?, is the pressure difference from the pitot-stailoet andp
is the fluid density. To check these values anoths&rument was used to varify the values. The

values are as follows.
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Distance (m) Veloctiy (m/s)

0 15.3
0.076 15.0
0.154 145
0.229 14.5
0.305 13.9
0.381 12.9
0.457 12
0.533 10.9
0.610 9.7
0.686 9.1
0.762 8.6
0.838 8
0.914

Table 5 - Wind Velocities

From these values an average velocity was foun@, rhis. This will be used to find the various

drag forces on the shapes.
Drag Analysis

To find the amount of force being produced from wiad on to the attachment, basic
calculations were necessary. To ensure that theg difference between the two attachments
were the shapes the velocity, frontal area, andsitdeof air were kept constant. The only
variance in the equation was the coefficient ofgdrahich is based on geometry. Seen in the

eqguations below are the actual calculations.
1 2
Fae = EPV CacA (6)

1
Fys = EPVZCdSA (7)
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Here the force of drag for the sphefg,, is found with Equation 6 is the density of air,
V is the flow velocity, A is the cross sectionakay andC,. is the coefficient of drag for the
sphere. The force of drag for the squdtg,, is found in Equation 7 wher€; is the drag
coefficient of the square. The drag produced iseity significant but it is enough to show the
difference of drag forces between the two shaphbs. difference in the drag forces between all

the shapes allows for each to travel a differesiagice to the fans.

Shape Theoretical Distance Traveled (m
Shell 0.260

Bullet 1.05

Airfoil 2.68

Cube 0.479

Table 6 — Theoretical Distance Traveled

When compared to actual distance traveled by edcthese shapes, they are much
smaller. This is the result of just looking at tirag force on the shapes. In reality there is also
the friction between the cart and the track aloriip Whe drag that is produced by the cart and

shaft that supports the shapes. When these otteasfare present the shapes traveled a smaller

distance.
Shape Distance Traveled (m)
Shell 0.205
Bullet 0.875
Airfoil 1.00
Cube 0.375

Table 7 - Distance Traveled

The airfoil as predicted made it to the end of tilaek followed by the bullet, cube, and
finally the shell. These are the results that weeeked to see.

Another issue is if the drag force of the attachimewmould be able to produce enough
torque to possibly tip over the carts, but the rague calculated is onl.038ft — b so the
problem of torque will not be an issue. Upon tagtithe shapes did not tip therefore the torque

produce was in fact not an issue.

Spring compression length was determined througlabiove drag calculations as well as
the total weight of carts when loaded. Based otingswith the blowers turned on it was

necessary to tilt both tracks and allow for thegheiof the carts to be allowed to work against
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the rolling friction forces that are present inlbafrts; both tracks are tilted the same amount
and race results are consistent across either. ffé& also allows all shapes to reach the end of
the track regardless of weight, as the only fatiiat should impact cart performance is the force
of drag on each shape.

When stopping each cart with magnetic attractiora tsteal plate it was necessary to
increase the time of contact and speed 0 for this ahhigher impact velocities, as a light weak
magnet is used to generate the attractive foraast possible for the impact force to overpower
the magnetic one and the cart had a tendency ftoddmvn the track the wrong way. By adding
an elastic material behind the steel plate thig taould be increased and the carts remain at one

end of the track reliably.
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7. Environment, Health, and Safety
Environmentally the Drag Racing project poses vidtle threats. The display only

requires a 12V wall outlet to operate so the mastrhto the environment would be caused by
the possiblity of an electrical fire. In the creatiof the display there were no steps taken that

would have caused environmental harm.

The most important aspect of a design such assthtis safety. Any injuries or failures as
a result of the design specifications are unactémtal he individuals operating the display
should have no worries about their health and galdte display is intended for K-12 users so it
has been outfitted to be as safe as possible, bedads tend to be accident prone. The biggest
issues for safety would be when the user is exdhgntpe shapes on the carts, because the
shapes are all aluminum they are relatively heaviy he user were to drop one of the shapes it
might cause some injury to someone. The othergeigsue that could happen is if there were to
be a short circuit in the system and someone veeaedidently come in contact with it, although
the chance of that happening is very low it id stipossibility when working with electronics.
Overall there is little issues with the health aafety of the users, there is also almost no issues

with the safety of the environment.

Also important as to the safety of the viewerthesresults of the display themselves. It is
important that the resetting and operation of tiepldy methods be controlled and peaceful.
Loud, knocking, or collisions may upset some viewver lead to cyclical failures over longs
periods of operation. It is vital that througholitstages of display cycles that any stage sh#ts b
controlled and gradual. Another important aspedabéty is the noise of the blowers. They must
not exceed a volume that would provide discomfortany viewer, this requirement drives the

designs that limit intake blockage and blower sigumethods.
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8. Conclusion

With the completion of the project, the user wilvie the capability to chose two shapes.
From this they will be able to determine which wikve less drag. The goal was to have the
airfoil reach the end of the track to generatepmmnse. The other shapes will follow the airfoil in
the following order, bullet, square, and shellwks found that the shapes could not generate
enough torque to tip. The attractiveness of theallvproject was achieved by but the electcial
system and the design and shapes themselves. hddwanel is very easily understood and user

of in the range of K-12 will be able to use withamty instruction needed.
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10.Future Plans

For future use of this project would to be add iarenfunctions. This can range from a
smoke display to more shapes to be used. Possipnd the display to show more than just the
velocity but the drag force being produced. The hself could be expanded to accomidate for

more activites.
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11 Appendix A - Calculations

Following calculations done using MathCAD.

Coefficent Circle Length, width

Coefficient Square Radius
Cye:=0.4 Cys = 1.0 r:=1.128# bs =20 Wg =L
Cross Sectional Area Circle Cross Sectional Area Square
~ . —_— —_— 2
A= i = 4 Ag = LW = 40n
. . . . : . Density of air
velocity of air @ Oin Velocity of air @10in
b
—,E p:= 0.075—3
Vp:=51.83 S Vio=Vc ft
Drag for circle Drag for Square
1 2 _ 1 2 _
Fac =PV CyclA ¢ = 0.041bf Fgs = PVg CyglAg = 0.091bf F e  Fyq = 0,081
http://www.pasco.com/prodCatalog/ME/ME-6951_gocar/ height above cart
h:=.12%
Torque generated by drag circle Torque generated by drag square
T = Fyclh = 0.0171bfit T4 = Fyglh = 0.0381bfit
Torque

Press= 190 A :=3.912n r:=0.431n

T := Pres$]Al T =3.057% 10 “Hbf



Distance Traveled

. p:=1.20
2.3 a:=4.03x 10~
.295
Cd =
.04 v:=11.64
1.05
Ibf
k:=19.1— X :=1in 1 y,
in WS = —EEREX
k = 3.345« 18@—‘ X =0.025m Wg =-1.079
m
W2 =-2.158
Giver
_2158 _ 5 5863 + 35.02% + 51.77
CyPI@
10.24
_ 41.339 |
find xX:= in
105.543
18.858
shell:= 10.2#
bullet:= 41.33@

airfoil := 105.54m
cube:= 18.858
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12 Appendix B - COMSOL

Surface: Velocity magnitude (m/s)

Figure 16 - COMSOL for sphere.

Surface: Velocity magnitude (m/s)

Figure 17 - COMSOL for cube.
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Surface: Velocity magnitude (m/s)

Figure 18 - COMSOL for airfoil at 0 deg.
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13 Appendix C —

ProE
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Part Name Cube
Material Aluminum
Number of Parts 1
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Part Name Airfoll
Material Aluminum
Number of Parts 1
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Part Name Bullet
Material Aluminum
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Part Name Rod
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Figure 19 - From left to right, Joe, Leo, Matt, Jon

57



