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1.0 Introduction

1.1 Abstract

Year after yeanew product areintroduced in the technological market from home appliances to
personal gadgets. The advancement of technology is rapidly changing the landscape of
consumer consumption with more and more husrizecoming heavily dependent on them.
Technical efficiency iecomingmore sophisticated arevery product promises more advanced
features that would heighten the user experience. Computer technology has become so integrated
in the general populatioover the years that mammave become dependent on them to make lives
easier. They haveund a place in homes and daily lives; from computers and laptops to the
TiVo and the BlackBerry. Recent technical dlmpments in the past decade haesn the
introduction of the rumba, a bbotic platform that autonomously vacuums your home flaor
selfcleaning toilet alongwith many more innovationsthat have infiltrated homes. More
breakthroughs have yet to hit the market that would significantly increase user productivity in

and outsidef the home.

1.2 Problem Statement

Having surveyed the different types of digitally controltbwersystems available from all
vendors, one identifiable probletinat becam@ersistent andommon inthese systems was that
what they were marketing were highly expensive and did not include thefaostallationor
materials. The goal of this project is to develop a similar system that delivers the same basic

functions at a lower cost in purchasimgstallation and maintenance of the system. The system

10
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will be designed to incorporate simplicity through functionality, and most importantly cost

effectiveness.

1.3 Motivation

The groupdés primary motivati on fidaiverngacosi der i
effective digitally controlled shower kit that gives the user control over flow intensity and
temperature settings for easy access. The motivation stems from the positive impression the
group received from an already existing produeittwas available in the market, but after

further research into the cost of such a system it dessned too expensivier the average
household to afford. The cost of the system did not include the cost of installation, which would
add high labor and matal cost (to rebuild the walls that woultcive tobe knocked out). Such a

system that would require routine maintenance can only be purchased by those with higher

i ncomes. The i mpl ementati on of the groupobs

instalation andmaintenanceoss.

1.4  Literature Survey

This survey wil/|l di scuss at | ength the core c
advancements that have made that can better approve the quality and performance of the system.
One of the systemdbs c¢ompone mall perfotrmaree is thesuseiomt e gr
Par al | ax 6s L Mansorl. @hagemgoratseli is suitable for the application that the

group is employing its use for, but extensive research into obtaining temperature readings

through the use of fiber optics hiagen in development for a number of decades. Methods such

11
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as qticalscattering, fluoescence, and optical absorptioave all been thoroughly explored
alternatives to standard temperature sensing defd®gs One particular method that has stood

out is the usef In-Fiber Bragg Grating$FBR). FBR is an optic fiber that reflects a particular

2m ., 2Ah, _
_ o S =—=2 = A=2ngh )
wavelength that is satisfied by the Bragg condit & A [15]. FBG is

widely regarded favorably over its competitors duetite robustness of the wavelength
codification, its small size and low cost [13]. The temperature sensitivity reaches approximately
13pm/°C, employing the usef different materials such gsolymers or using long period
gratings as coating the sensitivitf FBG can increase significantly from 108 pm/°C to 310
pm/°C respectiveljf10,11]. Extensive research was performed to investigate the price of a
digital shower system, as well as the availability of current digital shower systems on the market.
Many factors come into play when selecting such an advanced system. A typical shower
assembly has one outlet nozzle head for the shower, one outlet nozzle head for the tub, and two
control knobs for selecting hot and cold water. On a more advanced analog, sstemptions

for the shower nozzle can be as many as one to six heads, all positioned in various directions.
Once this analog system becomes digital, all of the options for shower nozzle heads must be
factored into the programming of the system. The dpttion of the digital shower system to
recognize and control all of the shower nozzle heads, as well as incorporate hot and cold water

mixing preferences plays a crucial role in determining the final price of the system.

What the authors aofeveraljournak are proposing is using fiber optics particularly photonic
crystl fibers that have GermaniuBoped(Ge-Doped)cores that would produce a wavelength

encoded temperature sensor using the temperature dependence of the cutoff wavelength

12
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characterist found in a liquid filled germanium doped microstructure fiber [12] to create a
temperature sensor device.

The properties of using @2oped core are appealing because of the following traits [8]:
e Low Loss splicing to standard fibers
e Using conventionatlechniques to ease the use of photo inscription of fiber gratings

e Good guidance when the holes are collapsed to bufiden gas oliquid cells

Figure 1. Y Shaped GeDoped[10]

Figure 1lis a Y shaped Gdoped core that thauthors used in their experiments, three
passageways can be observed in the figure, and such passageways would make it easy to fill
them with liquid. The liquids used throughout their experiments have a nominal refractive index

(RI) value of 1.46, and 1.481easured at 589 nm and°258].

The temperature coefficient of these liquidsagproximately4 x 10~* °C~t. Hence when one

fiber is filled with any of these liquids, the cutoff of the fundamental mode takes place at a given
wavelength, as a functiondfte r efractive index value [8]. Th

experimentation into the use of photonic crystal fiber optics yielded very promising results. The
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sensitivity is mainly determined by the therwmjptic coefficient of the liquids thatlffithe fibers.
An estimated sensitivity of 25 nm/°C has been observed with a detection limit of roughly

0.00FC [8].

The use of fiber sensors are very promising in the field of improving the accuracy of temperature
sensing and can serve a beneficial ioléhe shower system. The LM34 temperature sensor has

an accuracy of 1AF that is guaranteed at +77A
limit of 0.001°C. Such precision can be used to provide the user with an ever increasing control

of the temperature of the water. The user can accurately change the temperature without
worrying about burning himself with scalding hot water. Of course other constraints such as the
cost of fabricating these fiber sensors relative to the cost of a single levtsketature sensor

would have to be carefully looked at and discussed, the benefits in a particular application must
outweigh the cost of implementing fiber sensors. Despite the opportunity in utilizing new
technology in the field of temperature sensors, tM34 sensor suits the basic functions and

needs of the groupbs digital shower system.

The use of a stepper motor for the groupds aj
For the particular use of controlling the flow of water and temperaéitiags the system would

require a motor that provided precision. This section of the survey will discuss the different types

of stepping motors that are available, their characteristics and uses.

Stepping motors come in two forms; permanent magnet @bkareluctance motors permanent

magnet motors tend to feel like a bumpy road as you twist the shaft of the motor around, while

the shaft of the variable reluctance motor have a propensity to spin freely[ 7].

14
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Variable reluctance motors usually come witiree windings all connected to a common
terminal, that when put to use in an application the common terminal is connected to the positive

supply while each winding is energizen sequence as seen in Figure 2

Figure 2: Stepper Motor Winding [6]

Unipolar motors are of the permanent magnet variety and often come with IBadséhat are
typically wiredwith center nodes 1 andc®nnected to each dfi¢ two windings while the ends
A and B are connected to ground in artle reverse the direction of the magnetic field of that

particula winding similar to Figure 3

Figure 3: Stepper Motor Winding w/Poles[6]

15
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Winding number 1 is coiled between the top and bottom poles, creating the norsouhd
poles. For the second winding it is then coiled around the left and right motor poles. This
arrangement allows the creation of a permanent magnet with 6 poles, 3 South and 3 North
located around its circumference [7]. Motors that come in higher aegtdutions of 1.8 to 15

degrees per step have to develop proportionally more poles.

Bipolar Motors are built in a similar fashion as unipolar motors, except the two windings are
wired in such a simpler method that center nodes not used as shown ingkre 4
Unfortunately the drive circuitry is more complex if the user wishes to reverse the polarity of the
poles. To solve such issues arbtidge is used. Hbridge connections allow the polarity of the

power source applied to each end of each windirogtoontrolled independently [7].

Figure 4: Stepper Motor Winding w/H Bridge [6]

Given the various types of stepper motors available the unipolar motor seems best sthited for
application. Onef the reason the group chaseunipolar motor above all else, was the wiring
configuration was simple and provided the possibiidyreverse the polarity of the magnetic

field, while the bipolar motor did not offer a simple system as easily and requiresbadgd

16
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connection tabe used. This particular motor also provided a resolution of 1.8 degree per step
which would give the group more accurate control of the shaft position of the motor. Other
parameters that contributed to técwmdethewmveds dec
in of the mixingvalve. The group also wanted to find a motor that was affordable that would be

able to neet the other criteria, fortunately timeotorchose fits the objectivesof this project

For simplification purposeshe design will bebased on the principle theterewill be only one
outlet water shower nozzle head, one cold water input, and one hot water input. A comparative
consumer product available today is the Moen ioDIGITAL Shower and the KdkiéB6-1

DTV Il Primary Digital Interface.

Figure 5: Moen ioDigital Shower[18]

17
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Q

Figure 6: Kohler Digital Interface [17]

It is important to note the various differences and simigmibetween the desigmoject being
constructed the Moen i0DIGITAL Shower and the Kohl&-686-1 DTV Il Primary Digital
Interface. These differences will serve to increase the marketability, and ultimately the base
price of the shower control interface device. The greater the functionality of the control interface,
the greater the asking price fdretdevice can be. A control device that can only control one
shower head nozzle, and does not support the adaptability to control more than one device will
cost significantly less than other control devices. In addition, a control device that does not
provide a digital, numerical readout of the current water temperature will also cost less. The cost
of the product will ultimately be based upon the amourfeafures the control device hasd

the adaptability of the device to the current shower system.

For the aesign doject the Moen i0DIGITAL Shower and the Kohl&-686-1 DTV Il Primary

Digital Interface, there are many differences to be noted that will vary the price of the operating

18
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control unit significantly. A digital display of the current settingdhe system is available for

the Team Aquemini Design Project and the Kolile886-1 DTV Il Primary Digital Interface.

The digital display is important because it gives a more user friendly operation for the device. As
an added accessory, Moen ioDIGITAhower has a remote that allows the user to control its
features from outside of the shower; a useful feature for those who seek it. All three digital
shower designs provide the user to actively adjust the temperature of the shower. A massage
control functon is only available with the Kohler device. However, an output pressure flow
control option is available on all models except for the Kohler control device. The only device to

not have programmable user presets is the Team Aquemini device.

Table 1: Comparative ShowerFeatures

Digital Shower Features
Digital Temperature | Massage | Pressure | Music Programmable
Display | Remote | Control Control | Control | Control | Presets
Team Aquemini Design Project Y N Y N ¥ M M
Moen ioDIGITALShower N ¥ Y N ¥ N ¥
Kohler K-686-1 DTV 11 Y N Y ¥ M Y ¥

15 Discussion

Approaching this design will be moderately difficult; having decided that such a system can be
implemented quite easily since the basic frame work of the piping system for the shower design
already exists. The group has discussed packaging the systekitaw/tach will include the

motors that control the flow and temperature of the water. The user interface would be digitally

controlled, replacing all knobs and handles usually included in a shower system. This digital

19
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interface will be water proof to prewut electrical incidents. Implementing such a product for full
commercial use would require more foresight into the needs of the individual, for instainee in
conceptualized commercial design of the systeiithium ion batteriesan be useds a power
source or for environmentally conscious individuals the use of a solar panel to power the system

can be an extra incentive.

20
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2.0 Project Formulation

2.1 Overview

Over the course of the project several ideas have been developed to be implemented in the design
of the system; from selecting the noos, motor microcontrollers, hoses, fittings and various
other equipmenand implementing them to the overall design of the prototype. Several times has
the group switched back and forth over the final design of the systenhaamdt will be
implemented. Over the course of the summer the group devetmgoed in ortwo ideas; one,
devel oping the original design of replacing t
market with a cost effective, simple digital intedasystem, lat is significantly cheaper tha

what is currently available in the market or develop a portable digital shower system and
simplifying the number of parts needed for development.|diter was based on the concept of
conducting oudoor activites such as camping or hikirag an alternative to purchasing an RV

for such activitiesAlthough this design proje@s focusing on one desigif, the group were to

operate as a real business the second alternzdivdeadto an expansiomf the system and
business. As of September 4, 2009 gheup hasgdecided todevelop theoriginal idea of simply
replacing the analog controls found in regular showers with a digital system that provides the

user with an overall affordable system.

2.2  Project (bjectives

The objective of this project is to design a fully digital shower system at a cost effective rate and

provide simple functionality. Surveying several different vendors the group foundubht

21
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systemswereextremelyoverpriced, even for core pieces of the system such as the user interface
were expensive. The systems that are commercially availabtetidcludethe installation fees

or plumbing costs that the system would incur. With the system the team has eévatap
designed, a less expensive system can be used that delivers the same basic functions as the
products that are out in the market today and can be installed at a lower price. Simplicity,

functionality and affordability in thdesign willbe vital toachievingthe mainobjectives.

2.3  Design Specifications

The construction of the prototype will involve a range of comporfeos electrical circuits to
pneumatic systems$p be employed byhis design projectBelow is a prepared ligif all the

compaments that hableen collecte@arly in the design proceks experimentation.

Table 2: Component List

Component List
Board of education with Basic Stamp 2 module
Bistep 2A microcontroller
2 Jameco Motor Model # 42BYG205
1 QTI sensor
A 2 by16 Backlight Liquid Crystal Display
1 Mixer Valve
1 Analog to Digital 0831 converter
1 LM34 Temperature Sensor
1 Air Regulator
1 Pressure Gauge
1 CO2 Canister
2 1 gallon tanks
1 Heating element
1 Valve
3 QTI sensors
10 feet long Tubing
Fittings

22
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The parameters for selecting the stepper motors: wenad toprovide preciseontrol over the

flow andtemperature settings of the water, the motor had to produce enough torque to actuate
the handle of the mixer valve. Figuréand8 respectivelyare themotorsthe prototype will be
utilizing along with its specifications and dimensional design. This particulesrma@s chosen
because it was @ost effetive motor that providedhore than enough torque to actuate the mixe
valve. The torque rating is @8 gcm (18.33 in-0z), the measurerque that would be required

to turn the pirvalve is at most 16 #oz or less.

General Specifications
6 d 'Y *4
Step Angle 1.8" £5% |
»” Ao
Insulation Resistant------- 500V DC 100MQ Min / u § 5
i
Insulation Strength--———50Hz 1Minute 500V Min ) k m
Ambient Temperature --—--—-—-----—20° C~+50° C _// \ A l 30D
; b, Y P ] 4 R #
Temperature Rig------------vreeeeeeeeeev 80° C Max. W LI
Radial Pla 0.02mm M . -
sl bl YA (VIRTNG DIAGRAY)
End Play 0.1-0.3mm
Moment
Max.Static of
Phase | Current | Resistance Inductance | torque inertia | Weight | Overall Dimension | (onnection
Model Number (A) Q) (mH) (kg.cm) (g_cmz) (kg) | LO(mm) | L1(mm) | Diagram
42BYG013 4 02 3 39 1 20 0.2 335 16 wdg.B
42BYG014 4 0.45 19 13 1.3 20 0.2 335 16 wdg B
42BYGO15 4 03 40 19 1.25 20 0.2 335 16 wdg.B
42BYG016 4 0.16 75 55 0.9 20 0.2 335 16 wdg.B
42BYG019 4 0.28 394 235 12 20 0.2 335 16 wdg.B
42BYG020 4 06 20 14 1 20 0.2 335 16 wdg.B
42BYG023 2 04 30 36 2.1 20 0.22 335 16 wdg.A
42BYG205 4 0.16 75 65 13 20 0.24 38 24 wdg.B

Figure 7: Selected Motor Model42BYG205([18]
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Figure 8: Dimensions Of The Motor (All units are in mm)[18]

For the electricahspectof the design project, several components were seléectedo various
elementssuch as ease of usauser friendly design and programming requirements, and low

cost.

The ParallaxBasic Stamp 2 module is raicrocontrollerthat is able to control and monitor
timers, keypads, motors, sensors, switcheslays, lights, and more. The module is
programmable through a simple language called PBagicwas chosen becauseknowledge

of the programming language al®ed in previous engineering coursesAfter conducting
extensive research, a stepper motor controller board compatible with the Bdaddiaaition
(BOE) was found. The secondary BiStep2A microcontroller pictured in FiguBesnd 10
respectively will be implementednd work in conjunction with the BOEThe Bistep2A
microcontroller allows the system to regulate pogver and control of up to two stepper motors
while acquiring a power source that would meet the power requirements fdtem. The two

motors can be independently controlled, which fitet sy st e md s nte euxfigureb y

24

——
| —

a l



Team Aquemini: Fall
Digitally Controlled Shower [Project Formulatioh | 2009

the programming for both the temperature and flow intensity settings, one motor for each
operation. By finding the right motor that produces tbrque neededheamount of power that

would be required to run the system and actuate the mixing valve can be finalized.

www.parallax.com/sic

Figure 9: Board of Education [19]
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Figure 10: Bistep2A Serial Board [20]

Figure 11: BS2 Board of Education connected to a BiStep2A Microcontrollg20]
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Figure 11 is a photograph of aircuit showinghow the stepper motors will be controlled and
regulated bythe Boardof Education and the BiSp2A microcontroller. In this example only one
power supply is being used, for experimentation purposes two separate power supplies will be
usedand a common ground will be established.pFevent ground and wiring issues one power
supply would be usednce theprototype has been finalideEven thoughn the photo there is an

incomplete circuit of the Board @&ducation thdasic setup remains the same.

Receive

L

/ Transmitter

Figure 12 QTI sensor[6]

As for the user interaction with the interface, the original idea was to implement the use of

buttons to control the flow and temperature settings of the water system. Upon further

consideration the team decided to upscale the interface into implementirggesors, seen in

Figure 12. These ardasically infrared sensors that use black and white surfaces to operate at

di fferent voltages. When the I R LEDOGOs signal
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above 1.4 volts, the basic stamp interprets any voltage above 1.4 as 1, below will be 0. So
implementation will be that of using the sensors to replace the functions of a button. Instead of
pushing a button, the user will simply place his/her hand gefim front of the QTI sensor, the

sensor will be read as 1 and the temperature or flow will increase/decrease, removing his/her
hand will send a signal of 0, stopping the operation. Four of these sensors will be employed for

the increase/decrease opeayasi of the temperature and flow intensity.

w
- _T_
= S 4700
R 0.01pF 9
oO—W—9
220 0
& B
:l ¥
QRD1114

Figure 13: QTI Sensor Circuit [6]

The next two compnents work together tmeasure the tempéuae of the environment and
convert that temperature froam analodo adigital display onts screen. The temperature sensor
measures each degree with a 10measurement, one degree equals 0.01 V. The 8 bit A/D
Converter takes this voltage measurement and sends-patoaga digital signal that is read in

Fahrenheibr Cdsius, depending on how the programmer want to set the temperature unit
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NS

Figure 14: LM 34 Temperature Sensof1] Figure 15: 8 Bit A\D Converter [21]

The temperature display component consists of a 26blgacklit liquid crystal displayl CD).

This particular display was chosen because it would allow the team and user to display both the
temperature and flow intensity settings to the user and that it is cheaper than other similar
products. The temperatican be displayed at the top in the first row, while the flow intensity

can be displayed in the second row.

"’"—_FI""""""U\UJ ~ YZ9T-CA

>

e Al

Figure 16; 2x16 Backlit LCD [22]

Another concept the group has developed is creatirenaironment to control the pressure that
would deliver thewater throughouthe shower system. The ideasto use a CO2 canister, to
pressurize two tanks, one for hot water the other for cold, just like a conventional water pipe
system in a homerhere water is pressurized upon delivery. Such a system would help the team

in regulating the flow intensity of the fluid traveling through the system. In order for the group
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to safely harness the air supply, anragulator, shown in Figure l&8ong wih a pressure gauge,
Figure 19 would be used. The air regulatend pressure gauge allows the system to cut off the
flow of gas at a specific pressure. An air regulator consists of three elements; a loading element,

a measuring element, and a restrictiregrent.

A Restricting Element This element is a type of valve arrangement; it can be a globe valve,
butterfly valve, poppet valve, or any other type of valve that is capable of operating as a variable

restriction to the flow.

Loading Element This elements what applies the needed force to the restricting element. This
can be any number of things such as a weight, a spring, a piston actuator, or more commonly the

diaphragm actuator in combination with a spring.

Measuring Element This element indicateshen the inlet flow is equal to the outlet flow. The
diaphragm is widely used because not only is it used for measuring but as well for loading

purposes.

Figure 19: PressureGauge[25]

Figure 18: Air Regulator [24]

Figure 17: CO2 Canister [23]
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Figure 20: Solid Outline of Shaft Adapter

The final shaftadapter designused to couple the stepper motor shaft to the valve knaiss,
modified for precautionary measures to make sure the adapter was fitted tightly around the valve
pin to prevent any slipping that may occur. Instead of implementing one set #icreas
decidedon usingfour set screws by recommendation of the magtufang laboratory professor.

The initial design can be seen in Figure 20 and the final design in 21.
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Fitting selections for the assbly ofthe prototype has required thorough research and various
trips to suppliers. Before any materialgre purchased for the fluid delivery sgsh, it was
desirableto make sure theequiredpressure and flow wouldebachieved with thenaterials

obtained After applying the flow equatiow}, = avand the Bernoulli equation,

P, + %plvf + pighy = P, + %pzvg + p,gh, the amount of water that would be output

depending on the diameter of the hose and the pressure being applied to Westaakuhted

Knowing this, thegroud e ci ded to use a 10 inner diameter
the pressure lines. Sindhkis system is going tde operated at low pressure, the grecopld
afford to purchase low pressure rubber and transparent vinyl hoses which were inexpensive and

practical.

After choosing the size of thair and waterlines, the grouphad to choose what type of
connectionput of many, for thgoints to have. Afteresearching flared fittingshe groupfound

that the seats are manufactured at two different anglesar®V45°. The seais the angle at

which the mate is machined, the male and female fitting must share the same seat angle in order

for the two surfaes mate and seal properljhe groupchose to work with 37fittings.

JIC 37°Male JIC 37°Flare Female

Figure 22: Flared JIC [26]
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I_..,% *Tm \\_‘ L] i J.

[ | T 2% Thread  Thread
{ H. :_._..I.l an. l.::’.

[ —ShA i

SAE 45° Flare Male SAE 45 Flare Swivel Female
(MS) (F&X)

Figure 23: Flared SAE [27]

The fluid schematic of the system is as follows: A pressurizeght@®® is has an adapter with a

1/ 806 NPT f e mdheegroupusednaeniplei ta connect the adapter to the pressure
regulator which also has a 218PT female. A pressure gauge was attached to the regulator in
orderto read how much pressure was lgesuppliedto the systemthe groupplans to pressurize

the tanks tabout5 psi. Coming out of the other end of theragulator a NPT to Flared fitting,

which connects tahe hoseis attached The grouputilized the one pressurized GQank
connectedn series to supply the pressure at both tdmkssoon found that th€O, tank only

allowed for a few trials before depletinbhe group then chose to work with the compressed air
supplied at the student machine shop to conduct futureSiese the tankare the same size and
contain equal amounts of water, the pressure one tank will see is equivalent to the pressure the

other tank sees.

34

——
| —



Team Aquemini: Fall
Digitally Controlled Shower [Project Formulatioh | 2009

-

Figure 24: NPT to Male JIC Fitting [29] Figure 25: Push on BarbFittings [30]

Hoseswerethen usedo connect the pneumatic systemmponentsUsing push on barb fittings
the groupmade hose assemblies that would supply pressure to the water tanks and provide the

energy to transport the water from one place to another.

Pressure Reaulatoi

MKYy € al
To
MKNnE al

Tank Connection
Adanter

CQ Tank Pressure Gauage

Figure 26: Pressure Tank Assembly
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In order to connect the hoses to the taitk®as necessarnp machine the tank lids and install

bulkhead fittings. Sealant will be applied in order to prevent any air leaks which cause loss of

pressure.

Figure 27: Machined Lid Figure 28: Installed Fitting on Tank Lid

The same sealing method is used to provide the water an outlet without leaking, using a larger
size bulkhead fittinghe groupconneceédatransparenvinyl hose to the valve input to supply the

hot and cold water to their respective valves.

Figure 29: Machined Outlet Nozzle Figure 30: Installed Fitting on Tank Nozzle
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Figure 31: Bulkhead Fitting [31]

The groupchose a bulkheadye fitting because it providetthe opportunity to install the fitting

on the water tanks without having to tap whole and thread the fitting in. With the bulkheead
groupwasable to slide the fitting into the orifice and tighten the connection with a nut which
pressesgainst the inde of the tankasseen in Figur&0. Using this type of fitting along with a
sealant that fills any open spact®e pneumatic/ hydraulic systemould haveminimum energy

loss.

2.4 Constraints and Other Considerations

At the moment the constrainsglectedor the design is for it to be compact, easy to set up and
affordable. Originallythe groupplanned to desiga system to replace the analog shower with a
digital version as provided by other makers. An early examptheddriginal design usechée

process of reverse engineering and desigtiiegdea around the traditional shower plumbing

configuration. Figure32 s h o ws how the ol d design woul dbéve

traditional setup.
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Figure 32 System Comparison

In addition, the group has decided to take into account other deciding factdrei@pproach of
designng such system that will helpnderstand the constraints and the approach of marketing

the final product. These factors are representative of the various needs and wants of the end user
of this prototype, the general publithe group has determined that the direction for the design

of the prototype will be, in turn, be guided by these factors to ensure the successful marketability
and prototype operation. The group hdstermined these factors by researching a needs
assessment of the general public with respect to portability ahd Tlee design otfhe prototype

will be based upon the following; Adaptability, Low Initial Modification Expanse, Low

Maintenance Requirements, Precautionary Safeguards, and Resource Conservation.
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3.0 Design Alternatives

3.1  Overview of Conceptual Designs Developed

As the project prgressed throughout the semestitie group has undergone several design
changes, some changes were made forhé&streasons others werbased on component
selectionthe grouphas made numerous clggs switchingpack and forth over the finalesign

of the system and hotkie compaents will be implementedAfter dropping the portable shower

idea as an option for campers, the compact design was still maintained and applied to
conventional shower systems. Decidingat types of valves to use, what size fittings, what
length hoses wadiscussed at length between group members and a consensus was reached. The
final prototype design would consist of a mixing valve in line with a garden hoseteateatrol

flow, steppe motors would be coupled to the valve knobs to provide control via sedsors.
guarter inch rubber hose was to be used to compress the water tanks and fittings selection would
be restricted ta minimum amount that would provide easy positions for theshasd other

components to meet.

3.2  Design Alternate 1

At the initial stagef the project, the materials needed to realize such a sysshbeing

collected. Group discussions have taken place to discuss at length which valves waild best

the needs of the design when it comes to controlling the water flow. Ball valves, cock valves and
needle valves are the three options that have been chosen. The group has decided that Needle

valves, shown in figurel, would better suit the design requimtsngiven they provide the user
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better control of the water flow throughout the system, allowing the user better flow precision.
Needle valves are generally more cost effective then the other two options allowing the final

product to be more affordabier the consumer.

Handle

«Is available in black aluminum bar,
stainless steel bar, and block phenolic
knob,

Locking Nut

+ prevents packing bolt from loosening.
Stem Threads

« are rolled and hard chrome - plated

for maximum service life Metal Seal Bonnet - to - body

Construction
+ Ensures safety.

Rugged Body
+is avallable with straight and
angle pattern.
Back Sealing
+ provides anti - blow out of stem.
o
Veriety of End Connections

+Include Ve - Lock tube fittinfs,
Male / female NPT threads,

Male / female 1SQ threads,
and socket weld Ends., Variety of Stem Tips
orifi + Include non - rotating Vee(standard)
!‘i:‘m::nmm ?ngfes:ries), non - rotating bo!l, non - rotating soft
6.4mm (GB2 series), 11.0mm seat, and requlating tip.(optional)

(GB# series).

Figure 33 Needle ValveDetail [8]
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Figure 34: Needle Valves[32]

To achievethe preferred temperature, careful calibration will be carried out using a calibration
tank as seen ifrigure 35. Using trial and error, insertion ad temperature sensor inta
calibration tank would be used to read the temperature values for therdi8et#ngs of valve
openings. For instance, when the hot water valve is half opened and the cold water is fully
opened that mixture of water will go into the calibration tank and it will be said that for those
valve settings there is a corresponding outpmperature. These readings will be recorded and

programmed into the control panel.
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Mixing Valve

Cold Water
Reservoir
Hot Water
Check Valve

Cold Water
Check Valve

Calibration Tank

Hot Water
Reservoir

Figure 35: Calibration Tank

Implementation of the stepper motors in actuating the needle valves, will involve designing a
shaftadapter. One end of the adapter will consistrodrifice where the shaft of the motor can
be inserted. The other end of the adapter will consist of two protruded rods that will be inserted
into two circular holes in the-Shaped handle. Each step thetor turns the adapter will actuate

and turn the handle. An early concept of timv the group planned to couple the valve and

motoris presented ifrigure 3.
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Figure 36: Conceptual Valve Control Setup
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Figure 371 s t he
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those LCDdisplays are the analog controller® ( button} for the system, each set of buttons
corresponds to an operation. During the early stages of development, the original idea did not
include the implementation of the shower and bath activation featlihesidea was later

includedenhanceneoftheg r o u p 6 s ofsimpligty throughdunctionality.

3.3  System Implementation Expenses

It was of great importance to the group to design a product that could be integrated into an
existing home plumbing stam with minimal costAs a result of achieving seamless adaptability

for the new prototype into the pexisting plumbing system, high modification expenses can
accrue. Sources of possible expenses can include the type of motorized ball valve, the type of
check valve and the type of directional flow control valves used. Expenses can incur when the
components that are selected éaunnecessary additiondéatures. For examplei was
determined that the pressure that the components will experience isranges of 30 psi. It

would be unnecessary fdhe group to select valves that are capable of operating under
conditions of 30050Qpsi. This would be a costly and unnecessary design alternative.tiAdso,
group has also determined that the operating teryseréorthe prototype will range from 46

to 85°F. Once again, it would be a costly and unnecessary design alternative to select
components that are capable of operating in temperature ranges that are significantly greater than
what is anticipated. Selteg the correct components for the prototype will ensure that initial

modification expenses will be kept at a minimum.

3.4 Low Maintenance Requirements
Another one of the design concernstbé group was to ensure that once a prototype was

eventually marketed to consumetbat product could be easily maintained without using any
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special equipment or having to use a specialist mechanic. A way to ensure this was to select
components for the produthat were notespeciay made, therefore only required current
knowledge to perform work on. Due to a design selection of everyday, known components,

maintenance costgerekept at a minimum.

3.5 Precautionary Safeguards

Oneof the design features of the digital showderface system is the ability for the customer to

see the real time temperature of the water on a seven segment liquid crystal display (LCD) that is
positioned on the digital shower interface display. Thisigie of the prototype serves as the
precautionary safety safeguard measurement. With this LCD display, the temperature of the
water can be determined in a manner that will pose no harm to the costumer. Currently, the way
in which one will measure the temmpture of shower water is by gauging it by touch. This
method of checking the temperature of the water can prove have a safety risk. If the water is
extremely hot, and the customer unknowingly makes contact with the water, the water can

potentially scoldhe customer.

3.6  Resource Conservation

Finally, the prototype places an emphasis on resource conservation. Based upon research, at
60psi, the average shower head will deliver approximately two gallons per minute. To save on
unnecessary water waste, thgitdilly controlled showehas been designéd have the capability

to significantly decrease the flow of water at times when the customer deems necessary. All the
customer must do is press a single button and the water delivery will decrease from tn® gallo
per minute to approximately one and a half gallons per miftiepototypeis desigredso that

it will not deliveredwaterat 60 psi but ab psi.
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3.7 Feasibility Assessment

After completing thditerature survey and discussing at length the parts needed and the design
aspects of the system, the group adamantly baligna the concept is fuyllfeasible Given the
revisions to the original concept designd elimination of all hurdlesthat the alibration test

would have givenMeasuring the temperature of the water and pinpointing the position of the
shaft at the exact moment of the current wate
could potentially contain many errors that would hagsulted inpoor performance of the
system. Such arduous tasks can be trouble for the programming portion of the prototype since the
shaft position will have to be pset and with whatever temperature the user chooses the shaft
will actuate the valve untithe position that correlates with that temperature is reached. In
dealing with this design aspect the group took an easier and much more viable route by giving
the user full control over the system, instead of using preset tempeshaitgositions. Té

user will simplychoose tancrease or decrease the flow and temperature operations.

3.8  Proposed Design

Re-examining the design of the system and taking into consideration the cost of building the
prototype and the goal of a simplified digital shower system the group has decided to discard the
use of needle valveend replacdt with a mixing valve. A mixingvalve is the perfect component
forthes y st e mé s iragehpeling ecnaré prexision and control over the temperature of the
water. The valve simply mixes hot and celdter ata certin temperature, seen in Figure, 38
through separate inlets simultasly within the same system. The final product of the two sets

of water temperatures allows for a single mixture to exit the third outlet of the valve at a new
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temperature. This eliminates the method of using the motors to control separate valvds for eac

inlet and rids the cost of adding a third motor to control the water flow.

= REPLAY

temp
40° C

Figure 38: Example of Mixer Valve [33]

In the alternate design of the system two motors were used to actuate two valves that were set to
control theflow of the hot and cold liquids respectively, seen in FiggseSince then the team

has updated the design and as a result of using the mixing valve mentioned earlier, the decision
was made that a better use of the motors, werattachone motor to the mixing valve and
another motor to the second valve to control the fdwhe liquids seen in Figure 38y
actuating the mixing valve the user and tezan havelirect control over the temperature of the
water and no longer have a needimplement a third motor to control the flow of the water

through the system, since a second motor carsee forthat purpose.
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A motor controlled flow control valve will be placed in line with the exiting flow of the water.
There are currently littleotno mechanical setup for the flow control of a shower system. Once
the system is adapted to the current home shower setup, the user can have full control of the

output flow of the shower.

3.9 Discussion

After analyzing and researchinpe grouphas concluded that adaptability would be fully
possible withthe proposediesigrs. Based upon the given conditions of water pressure, water
temperature variations, and the capabilities of the preexisting piping sysegmototype had to

be designed in such a manner so as to allow for seamless adaptation and component
configuration compliance. The various components that makbeajprototype must be able to
operate in the preexisting conditions of the bathroom pipingisys-or examplehe prototype

utilizes several motor operated valves to control water flow. The typical hlummbipg system

has on average 60p3ihedesign had to be certain thhe prototype components were all able to
operate efficiently while expmncing that amount of pressure. Also, the typical home plumbing
system has a cold water temperature that can be as low as 30°F in the winter time and increase
significantly to 140°F as a result of the water heater. The valveshiagtoup utilizes for he
prototype must be able to adapt to these conditions and withstand the temperature variations.
Over all, this project is meant to provide a service that is currently only available at a very high
cost. Using the ideas mentioned it will be an ideal systexhis commercially viable. Minimal

piping would have to be removed to install such a system. Keeping labor costs low for the

customer.
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4.0 Project Management

4.1 Overview

Each group member will be assigned a task to perform that fits their strengths accordingly. The
conceptual and structural design, programming, testing and writing the report will all be split
amongst team members. The goal of this group is to develop a well implemented work ethic and

well organized development team to produce the project in a temelgfficient manner.

4.2  Breakdown of Work into Specific Tasks

Parts List and Cost Estimatehe group will gather and list the parts needed for construction and
the estimated costs of the project.

Calibration of Testing Apparatusbefore fullydesigning the actual prototype, a testing model

will be constructed beforehand. This apparatus will be designed to calibrate and partly be used to
implement the programming of the user interface and motorized control sequences of the ball
valves.

Program Development The design of this program will be the control panel that will control all
parts of the prototype from setting a desired temperature to intensifying the water flow.

Circuitry Implementation- Along with programming the user interface, the wimy will be
designed and implemented into the system that will help control the current and amount of
voltage passing into the system.

Construction of Prototypethe final construction of the prototype will be fully modeled after the
testing apparatuill of the crucial parts of the system will be fully implemented into a fully
working apparatus.

Error Adjustments any errors found during the coursetloé simulation of the prototype will be
addressed and fixed before final presentations.

Senior Desig Report- The report would be a report presenting the idea, objectives and give an
updated status on the production of the prototype.
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4.3  Organization of Work and Timeline

Table 3: Timeline of Project

2009
Number Task Start End
March April May June July August October D

1 Project Development 3/20/2009 ' 4/17/2009 . - ‘ . - - '
2 Solid Works Design 4/1/2009 A 5/12/2009 ‘

3 Parts List/Cost Estimate 5/6/2009 . 5/30/2009 A ‘

a Material Analysis and Selection 5/25/2009 6/2/2009 ‘

6 Construction of Testing Apparatus 5/30/2009 ' 6/20/2009 . ‘

7 Calibration of Testing Apparatus 6/11/2009 . 7/15/2009 ‘ ‘

8 Construction of Prototype 7/3/2009 A 8/29/2009 ‘ ‘ ‘

10  [Testing of Prototype 8/16/2009 A 10/20/2009 - ‘

11 Error Adjustments 9/26/2009 | 11/19/2009 ‘

12 Mock Presentations 11/17/2009 ' 12/4/2009 . ‘

13 Final Presentations 12/12/2009 ' 12/13/2009 ‘ ‘

The completion of th@arts list and cost estimate should be done and ready for ordering by the
final week of April. The group is to analyze which parts are needed to complete the project and

gather the necessary funding to purchase the parts.

Calibration of the testing appauatwill begin in May and carried out for 3 weeks. All data are to
be recorded for later use in implementing the program for the user interface. Key parts for this

apparatus must be in place before conducting experiment.

Program development and circuiirpplementation All data previously collected shall be used
to develop a program that would be used to operate the user interface and fully implement all
necessary components together. The circuitry should be completed before program development

takes plae.
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4.4  Breakdown of Responsibilities Among Team Members

Alberto Garcia: Responsible for component selection and purchase of all pneumatic and
hydraulic equipment including: hoses, fittings, pressure regulators, and valves. Generated
engineering drawingpertaining to thermal and fluid systems. Responsible for the design of the
shaft adapter. Used simulation software for stress and force analysis on certain components of
the prototype. Assisted in the assembly circuitry, by soldering and analyzing scleired the
assembly of the hydraulic and pneumatic components of the prototype. Wrote sections of the

report pertaining to relevant project responsibilitesyanized the final report.

Lorenzo Green: Responsible for component selection and purchadleetdctric and digital
equipment including: motor controllers, displays, converters and extensions. Generated 3D
engineering drawings of control panel, valves, stepper motors and circuit boards. Design of the
control panel. Led the assembly of circuitsg]dering and analyzing schematics. Wrote the main
portion of the programming code to control the stepper motors. Wrote sections of the report

pertaining to relevant project responsibilities. Organizeditia¢report layout.

Vladimir Louidor. Assisted with writing thesectionsreportincluding heat transfer, literature

survey and conclusigmelped obtain technical information regarding the stepper motors.

45 Commercialization of the Final Product

Simplicity and the ability of an individuab control their temperature preferences on machines
are highly desired applications in the technologically driven market. The design of the product is
meant to be a low cost alternative to the high cost product that has already been made available

on themarket today and is marketed towards higher income individliks design will be
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marketed toward individuals with modest incomes, who enjoy applications that bring a level of
simplicity into their lives while enjoying the luxury that has only been mesiy tailored

towards high end individuals.

Thedigital, touch less, shower assembly will be marketed as an adaptive system. Madieeting
product as an adaptive system as opposed to requiring a complete overhaul of the current home
plumbing setup is great cost effective alternativ€he final product will have the cost saving

ability to be purchased as an aftermarket component to complement the current plumbing system
of the home ownefThedigital shower design project only requires minimal modifcat to the

current plumbing system to ensure correct functionality. Modifications of the current system

include: additions of control panel, elecal motors, motor controllerand an available power

supply.

4.6 Discussion

It is hopel thatthe groupdesignsa product that consumers are intriguedyed e si gnds si mj
to use features and low cost will hopefully prompt median income home owners who want to
experience an upscale shower system to purchase such a cost effective produsststem is

meant to provide consumers with a low cost alternative to the type of luxury shower systems that

are out in the maek. By designing this system the growil be improving upon a system that

is currently not cost effective, does not place emphasis oro#teof maintenance over the long

term and in doing so will be adversely affecting the consumer and turning away potential buyers.

The goal is to market this product to a broad user base, currently systems that already exist in

t odayds ma rdkte highndmmgne gpwnersa $olobviously the product itself is a high
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end user device. As a wodlie companythe priority is to tailor the designto middle class
families, who donét want to pay for an expen
installation fees nor labor fee. These systems also have high maintenancevbistss a

component that many consumers think about when makingxpensive purchase, with Team

A g u e msystemaley would have less to worry about.
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5.0 Engineering Design and Analysis

5.1  ShaftAdapter Design Analysis

Material selection for the shaft adapters was determined through COSMOSWorks. A static
analysis simulation was carried out applying the maximum torque the stepper motor was capable
of. Knowing that the most common materials in echiae shop are either aluminum or carbon
stee] simulationswere runusing both material® choose the best alternative. Once knowing

the load, restrictions and yield strength, choosing the material of the shaft adapter was obvious.
Aluminum would comjy with the fit form and function, it s a lightweight material and does not
rust. This is advantageous being as this desagndontact with water. Figures 39 andsh@w

the data collectk after the simulation was carriedit. Using the results from thexgineering
software COSMOSWorks allowed for an insight of how the shaft adapter would react under the

applied loads.

Figure 39: Stress Analysis for an Aluminum Key
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Figure 40: Stress Analysis for aCarbon Steel Key

To verify that the software results and calculations were taken correctly, hand calculations were

carried out and an error analysis was taken.

T: Maximum shear stress
T: Torque
r: Outer radius of the shaft

J: Polar moment of inertia

Knowing the torque the motor would output, the design came down to picking a radius that
would handle the load. WithT = 1.1281b-in, r = 0.60in, J = g(rg —r}) with r, =
rand r; = 0.20 in. The value fort = 3.366 psi. This is the shar stress the shaft adapter will

experience under the given torsional loads. Given that the yield strength of alumithimxis

10*psi, the aluminum key design is well over design failure point.
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After an engineering drawing was developed, it was giveéhegananufacturing center for a cost
estimate. After the machinist reviewed the drawing, he calculated that it would take about 2
hours to manufacture the key. Including cost of material and labor, the key was quoted at $40.00.
Since two keys were requirelde offered to do the first one at no cost. Because monetary funds
were running low, it was decided that each key would be manufactured at different machine

shops are avoid costs altogether.

5.2  Heat TransfeAnalysis

Heat transfer is the flow of therin@nergy from a warm object to a cool object or environment.
When a temperature differential exists between separate objects and or their surroundings, the
transfer of thermal energy takes place until thermal equilibrium is reached. This process
continues until both bodies reach a steady, equal temperature. Thermal energy transfer always
occurs between objects at different temperatures, especially between an object ofiehbiggrer
temperature and that of a cooler temperature. There are three basis ofodeat transfer,
conduction, convection, and radiation.

Conduction is the transfer of heat that is in direct contact to other particles of matter. Transfer of
energy could occur by elastic impact such as those that occur in fluids or by free electron
diffusion most commonly found in metals. Fundamentally, heat is transferred by conduction
when adjacent atoms vibrate against one another, or as electrons move from atom to atom.
Conduction is a phenomenon that occurs in solids more easily since the atomganstant

contact with one another. On the other hand in liquids (with the exception of liquid metals) and
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gases, the molecules are usually further apart, which makes it less likely that the molecules
would be collidingand passing on thermal ener@]

Metals (particularly copper, platinum, gold, iron, etc.) are the most practical conductors of
thermal energy. This is due to the way that metals are chemically bonded: metallic bonds (unlike
covalent or ionic bonds) have fre®oving electrons which arable to transfer thermal energy

rapidly through the metal.

Sever al ot her physical characteristic of matt
density and pressure. As the density decreases so does the potential conduction that may occur.
Hence, fluids and gases are less conductive. This is due to the large distance between atoms in a
gas: fewer collisions between the atoms means less conduction. Gases behave much differently
due to its physical properties, conductivity in gases increaskeruincreasing temperature.
Conductivity increases with increasing pressure from vacuum up to a critical point that the
density of the gas is such that molecules of the gas may be expected to collide with each other
before they transfer heat from one sid to another. After this point in density, conductivity
increases only slightly with increasing pressure and density.

To properly calculate the amount of heat transfer or conduction rate, a few principles must be
understood. The temperature differenceises heat transfer gx to travel in the positive X
direction. Qx is a dependent variable, that relies on the known measurement of a particular
object, such as @&@T the temperat urndAthe drobser e n c ¢
sectional area [34

There are three pos$thscenarios to whichanbe observe aboutthe behavior of gx. Holding

&l and &x constant and changing A, gx are | | t h

held constant anex is allowedto change, gx is now inversglyr opor t i on al toae x.
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and e&ex are held wodistaoat!| y hemnolmkke ¢ffesbafirhase t o ae”
varying variables can be summed in one equation:

A AT
“ [
Jx Ax

When the material is changed for example from metal to plasticotiguctive properties of the
materiel have to be taken into consideration. Although the proportionality equation remains the
same, equal values of A, T, and X, the value of gx would be smaller for the plastic material.
Hence a new variable that takewiaccount the behavior of any material is:

= —kA—
qx k AX

Where k is the thermal conductivity (W/m - K) of the material. This can then be rearranged and
interpreted as the heat flux:

' dT
Gy = = = —k

A dx
The minus sign in both equations is to indicate thatheat transfer always occur in the direction
of the decreasing tempr at ur e . F o u r,istatesd@hat thie aeat flex gsuaairectional
guantity, for instance the direction of the heat flux is normal to the cross sectional areavA, k
as an isthermal surface [34 This equationcan now be rearranged to represent a more
generalized conduction rate equation in the form of a vector quantity:
; ar 0T oT

qx = —kVT = —k(1a+ ]E-l_ k £>

is the three dimensional del operator and T(x, y, and z) is the scalar temperaturd feeld. |

implied that the heat flux vector is in a direction perpendicular to the isothermal sui@d¢es
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Thiscan be shown by an al t er attkes wite consielarasiantha o f

directionn of the heat flux denoted ly,:

. kaT
I = %50
The heat flux vector equation can also be resolved into components in Cartesian components
with several general expressions:

oT . oT ; 0T

Jx = _k& dqy = —k— q; = _kE

Each expression depicts the relationsbfpthe heat flux across a surface to the temperature
gradient in a direction that is perpendicular to the surface. It can also be observed that the
medium that the conduction occurs in is isotropic (uniformalirdirections), meaning that the

value k is independent of the coordindieection[34].

The second mode of heat transfer is called Convection. Convection heat transfer involves the
transfer of heat between a solid surface and a nearby gas or flatds i motion. As the fluid

flows by quickly the transfer process increases. Unlike conduction, there exist two kinds of
convection:

Natural Convectior This method occurs when fluid motion is caused by buoyancy forces that
result from density differems due to temperature discrepancies in the fluid.

Forced Convection This mode occurs when a fluid is forced to flow over the surface of an
object by an external source such as fans and pumps. Creating an artificial forced convection of

heat transfer
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The formula for Rate of Convective Heat Transfer:

Q = hA(T; = Ty)
Where A is the surface area of heat transfer, Ts is the surface temperature and Tb is the
temperature of the fluid at bulk temperature. However Tb although with each situation and is the
tempeat ur e of the fluid Afaro away from the
coefficient which depends upon physical properties of the fluid such as temperature and the
physical situation in which convection occurs. Therefore, the heat transfécieoéfmust be
derived or found experimentally for every system analyzed.
Earlier in this sectionthe principle of thermal catuctivity was briefly discussealong with the
importance of the behavior of different material in relation to amount of reeatfér that can
flow from one matter to another. The thermal conductivity is one of the most important thermal
properties of matter that determines the amount of heat transfer that is being released from a

particular matter. Thermal conductivity relateccamduction in the x direction can be defined as:

Ax

ke = = GT Jan)

One can also conclude that as the heat flux increases so does the thermal conductivity. In general
the thermal conductivity of a solid iarger than of a liquid or gas [B4igure4l describes the

thermal conductivityor various materials
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Thermal Conductivity of Common Materials (at 25° C)

Material Conductivity (Watts/meter-°C)
Acrylic 0.200
Air 0.024
Aluminum 250.000
Copper 401.000
Carbon Steel 54.000

~ Concrete 1.050

~ Glass 1.050
Gold 310.000
Nickel 91.000
Paper 0.050
PTFE (Teflon) 0.250
PVC 0.190
Silver 429.000
Steel 46.000
Water 0.580
Wood 0.130

Figure 41: Thermal Conductivity of Common Materials

In the solid state, the transfer of thermal energy is due to two effects; the movement of free
electrons and lattice vibration waves. These effects can be added so that k is the sum of the

electronic component ke and the lattice componidr{&4].

k=k,+k
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ke is inversely proportional to the electric
l ow } e, but their ke is much | arger than kIl

relationship between kl and k is no longegigible. For nonmetallic solids k is determined
mainly by ki, a characteristic that depends on the frequency of interaction between the atoms of
thelattice[34].

For insulation systems, thermal insulations are made of low thermal conductivity matexials t

are combined to achieve a low end thermal conductivity system. Materials such as fiber, power,
and flake type insulators the solid material is delicately dispersed into an air space. Systems like
these effective thermal conductivity, which is dependgidn the value of k and the radiative
properties of the material éds surface as well
it will occupy. This type of system also involves the dependency of the dankity (solid
mass/total volume) a pperty that depends heavily on the way the solid material is fojadéd

Foamed systems have small and hallow spaces created from the bonding or fusion of the thinly
solid material previously mentioned, that creates a rigid matrix, called cellular insulation.
Reflective insulation is comprised of multilayereparallel thin sheets or foils of high
reflectivity, reflecting back radiant energy back tosibgirce[34].

Finaly it is important to recognize that heat transfer through these insulted systems can take on
several modes that may include:

o Conduction through the solid materials

o Conduction or convection thugh the air in the void spaces.

0 Radiation exchange betwedretsurfaces of the solid matrix especially if the temperature is

very high.
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In the fluid state the spadsetween moleculess larger Due to the larger amount of space

between the moleculedhd motion of the molecules is mar@ndom in fluids then in slids,

therefore thermal energy transport is less effective. The thermal conductivity of gases and liquids

is now smaller then in solids.

Conduction through solid
or a stationary fluid

Convection from a surface
to a moving fluid

Met radiation exchange
between two surfaces

T1=T2

Tfluid < Ts

T
<>

=1/

Figure 42 Three Heat Transfer Modes

The materials involved in the shower system utilize several different nietalsing copper,

brass,polyvinyl chloride (PVC) plastic, and aluminum. Copper the material othe mixing

valve and the water flow valve is composed of brass. The plasti@tthnat is being used for the

fluid delivery is made out of polyvinyl chloride. While the two tard® produced by a

manufactured brandgloo, that uses its own insulation material called Ultratherm insulation.
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The thermal conductivity of the polyvihghloride plastic tubing is approximately 0.19 (W/mK)

at 25°C. Given the fact that the tubing is clear plastic, there will be a heahtosgh the
system. The type of heatansfer that is accumulating in the tubing is forced internal convective
heat tansfer. Two convective heat transfer phenomenon are occurring in the fluid delivery
system; 1) from the fluid to the surface of the tubing and 2) from the surface of the tubing to the
environment. The rate of convective heat transfer can be found thtawufgrmula;

Q = hA(T, — Ty)

Since heat gained or absorbesl positive while heat lost is negative, a negative smyst be
positionedon the heat lost for the equation to hold.
Qeold = MeoldCeo1dATeold = = MhotChotAThot = —Qhot
q - Heat Loss
m i Mass
C - Specific Heat
AT - Temperature Change
For example, if it is desired to mix 50 g of water at 30 °C with 50 g of water & 10 °

To find the final mixed temperaturieis necessary tapply thegiven formula.

Hot
water -

Mixing

chamber ————
Cold Exit

Figure 43: Example Mixing Chamber
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Meo1dCeo1dATeold = — MhotChotAThot

(300)(4186 J/KQ)Timix - 10 C) =- (309g) (4186 J/kg) Tmix - 30 C)

(Tmix - 10 °C) =- (Tiix - 30 C)

2Thix = (30 + 10 °C

2Tmix =40 C

Toix = 20 T

It can besea here that as long as the mixture of wasekeptequal and neglect the differences

of density, the final mixed temperature is an average between the hot and cold water. The actual

Tmix Will differ from this value because of some heat loss to the camtain

53  Component DesigAnalysis

A majorfactor in the design of the prototype is the tank storage sySiemulating the pressure

in the water tanks was necessary in order to establish a value of the pressure applied into the
tanks. After the water tanks were drawn to scale using Solidworks, a COSMOSWorks pressure
analysis was carried out. Simulating the puessthe first component that would fail would be

the lid as can be seen in Figure 44 that the lid has the largest displacement. Once these values
were obtained it was established that the pressure would not be regulated larger than 5 psi to

avoid possibleupture of the tank lid and injury to the team members.
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Table 4: Data and Results of Pressure Analysis on Water Tanks

Name

Type Min Location Max Location
Displacementl | URES: Resultan{ O m (2.59042 in, 6.37894e008 m | (-0.507391 in,
Displacement
Node: 3687 -5.41024 in, Node: 480 7.4175 in,
-1.88396 in) 0.279034 in)
Stress1 VON: von Mises| 7.23128 N/m”~2 | (-0.623982 in, 1854.16 N/m”2 | (-2.1571 in,
Stress
Node: 4393 -3.3769 in, Node: 13996 -3.00524 in,
2.69068 in) 3.83126 in)
Strainl ESTRN: 2.76549€009 (-0.623982 in, | 7.09094€007 (-2.1571 in,
Equivalent
Strain Node: 4393 -3.3769 in, Node: 13996 -3.00524 in,
2.69068 in) 3.83126 in)

| name: Cooler Pressure Analysis

me: Studdy 1
Static displacement Displacement1

formation scale: 564275

URES (m)
6.379e-008
l 5:847e-008
| 53162-008
. 4.7842-008
. 4.253¢.008
5 3.721e-008
31892-008
2.658e-008
. 21280008
. 15852.008
1.0832-008
5.318e-009

1.0006-033

Figure 44: Displacement Analysis Results
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ooler Pressure Analysis
1

ESTRN
7.091e-007
l £.502e-007
. 5.914e-007
. 5.325e-007
. 4.737e-007
. 4.148e-007
3.559e-007
2.971e-007
. 2.382e-007
- 1.793e-007
1.205e-007
£.163e-008

Figure 45: Stress Analysis
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6.0 Prototype Construction

6.1  Description of Prototype

Incorporation of the knowledge obtained from courses such as transport phenomena and design
of thermal fluid systems has allowed for such systems to be used in this design project. Selection
of thecontainers that held that water required calculations pertaining to how much pressure they
would be able to handle. After researching various water containers, takirag@otontsize and

cost, it was decided that @mmercially available watethermos wuld be one of the best
options. The thermos reviewed could contain 2 gallons of water and provided insulation warm
water reservoir. Knowing thahese thermosés need be pressurized 1in
water from the tanks to the shower head, foatiah was carried out by means of the equation

P =F/A, P being pressure; as forceandlas ar e a. Measuring the rad
the effective area was found twe A = nr? = 3.14(4 in)? = 50.24 in?. Having a constant

source of pressurealculating the force the lid would experience was now possible. Estimating
that the lid would be able to withstand about 70 Ibs of force, it was only a turn of the knob on the
pressure regulator to maintain the force under this threshold. UsiagF/A with A =

50.24 in*and F = 70 lbs the pressure regulator was set to maintain a valuk €f1.4 psi.

Allowing the pressure to be any higher than this would most likely cause the lid to burst off of
the thermos, therefore, prior engineering design catioms as seen in the previous section,

were necessary to prevent such accidents.

Not only did the thermos need to be able to withstand the accumulated pressure, but also the

other components that supplied, regulated and transported the operating pFetis\gs, hoses
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and regulators all need to be rated to be able to perform under the given pressure. Knowing that
the thermosdé |ids would only be able to hold
components began. It was found that due to thedessure of the system an extremely wide
variety of the components could be selected. Further research led to the conclusion that
components that could operate at high pressures (A@000 psi) where significantly more

costly than low pressure compoter(100-500 psi). After analyzing the cost, the selection
process was finalized. All pneumatic components were selected and purchased from the Grainger
Industrial Supply catalogue. Knowing that extensive testing and calibration would require a large
amoun of time for this project, a constant supply of compressed air would be needed to
pressurize the thermos and transport the water from the tanks to the shower head. The most
accessible compressed air line was found to be in the student machine shopingbdHat had

to be purchased were selected by first knowing why type of connections the air line had.

Figure 46: Pressure Regulator with Mounted Fittings

Assessment of this connection was taken andueck disconnect fittingwas selected.

In order to assure a low number of components to keep cost low, connection compatibility
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between system components was necessary research. Grainger provided a great stop for most of
the supplies utilized, they had a wide selection of simktgpe of connections. Figuda shows

the section of the Grainger catalogue used to select the industrial plug used to connect the
compressed air line to the air pressure regulator. For the two components to connect seamlessly,
one of the coupler ends dhdo be a 1/8 Male NPT thread. This ensured an easy connection to

supply air to the rest of the system.

PNEUMATIC SYSTEM COMPONENTS

Hose Couplers

'Industrlal Plugs SPLEDAIRE QT
Push-on hose-barb couplers are for use with push-on hose listed on page 3311. Unlike standard hose barbs, no crimped ferrule or clamps are
necessary. Compatible with industrial or universal couplers.

Connection BDIIY Max.
Size NPT Size Pressure ltem $ Connection Body  Max
(In.) (n.)  (psip Material Brand No. Each Size NPT Size Pressure Item 3
Female NPT Plugs (n) () (psi) Material Brand No. Each
! 14 14300 Steel Legacy  THLI9 222 Male NPT Plugs
i 14 2] 300 Steal Speedaire  2VDHT 1.1 i 78 14 300 Steel Legacy 1HNLA 113
n 14 14 400 304 Stainkess Steel  Leqacy  1KEB2 8.78 I V4 N4 300 Brass Legacy 1PTAT 2.5
i U300 Brass Leqacy _1PTAR 245 t 4 V4 300 Steel Leqacy  THLIB .2
U438 3w Steel leqacy  THMB 2.6 : 14 VA 400 304 Stanless Sieel  Legacy IKEBS 7.00
14 8 300 Steel Speedaire  2UDH3 1.91 = Ve N4 300 Steel Speedaire__ 2UDH5 171
3B 1430 Steel Leqacy THNLG 233 = Y8 300 Steel legary  THNLT 2.3
38 14300 Stegl Speedaire  2UDH2 1.7 V4 ¥E 300 Steel Speedaire  2UDHT 1.91
" 38 14 400 304 Stainless Steel  Leqacy  IKEB3 8.18 38 V4300 Steel Leqary  THNLS 2.3
v I/ 38300 Stegl legacy THWLO  2.03 i 38 Ve 300 Steel Speedaire  2DHG 171
) I w8300 Steel Speedare Z2UDHd 1.01 i 38 Y8 250 Steel Leqacy  THNIB  2.03
= 12 14 400 304 Stainkess Steel  Legacy  TKEB4 873 ] 8 14 400 304 Stainless Steel Legacy 1KERG 1.00
! 12 12300 Steel Legacy  THTLA 553 a ¥8 ¥R 300 Steel Speedaire__ 2VDHE 1.91
) I 17w Stesl Legacy  THTLG 8.33 4 38 Y8 400 304 Stanless Sieel  legacy  IKEBS 1868
i Hose Barb Plugs ¢ 72 14 400 304 Stainless Steel Legacy TKEBT 1.00
LTI T Stesl legacy THMLA  2.00 g 12 Y8 200 304 Stanless Sieel  Legacy  IKEBJ  18.68
1300 Steel Legacy  THMLE 226 12 1z 300 Steel legacy  THILS 513
IR 8 300 Steel Legacy  THNLT 3.26 Push-0n Hose Barh Plugs
/2w Stesl Legacy THNLZ 4.04 o e 300 Steel Legacy  THMLS 240
[T T ] Seel Legacy  THNLS 408 8 U4 300 Steel legay  THWLT 2.0

Figure 47: Grainger Indu strial Supply Catalogue Pg.3308 [35

The use of Teflon tape in this design project was crucial. Air loss as a result of not using the tape
was significant and after this was found, action was taken immediately. Teflon was used on all
tapered threaded (NPT) connections, the teflon served thefispaces between each individual
thread where air was initially escaping. All connections into the pressure regulator required
teflon, as all the inlets were 1/8 female NPT. Plumbing sealant was also used along with using

teflon tape to minimize aleaks. The sealant was used in the areas where holes were drilled and
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bulkhead fittings were used, along witkrings as seen in FigudsB, the sealant provided a leak

free area.

Figure 48 Preventing Leaks Using Sealants

Once d the fittings had been installed, the air hose assemblies were ready to begin. Rubber hose
was chosen for its low cost and it flexibility, after an ideal hose length had been determined a
razorblade was used to shear the hose into the number of piqagedeTo complete the hose
assemblies barbed swivel fittings were fixed into a vise, lubrication-@DYWvas sprayed onto

the barb and the hose was forced to slide over the barbed fitting. This process @mibdhse

hose assembly in Figure 5Blow that hose assemblies were complete, all pneumatic system
components were able to be interconnecfElde 37 seat angle provides a seal without the need

of teflontape, slightly tightening these flared fittings provides an efficient and simple method of

assembly and disassembly for the system components.
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Figure 49: Hose Assembly

6.2  Prototype Design

At the 75 percent milestone of the design process, all of the components pieced together will

appear as illustrated in Figuse.

Figure 50: Constructed Prototype Design




