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NOMENCLATURE 

 

Symbol Description SI Unit  

t Time s 

T(t) Temperature at Time t K 

Ta Ambient Air Temperature K 

h Convection Heat Transfer Coefficient W / (m
2
·K) 

c Heat Capacity  J / (kg·K) 

AS Surface Area  m
2
 

V Volume  m
3
 

D Diameter of the Rod = 0.0949 m 

L Length of the Rod = 0.0125 m 

H Liquid Pressure Head mïH2O 

k Thermal Conductivity W/(m·K) 

Nu Nusselt Number n/a 

P Pressure Pa 

æP Differential Pressure Pa 

Pr Prandlt Number n/a 

Q Rate of Heat Transfer W 

Re Reynolds Number n/a 

ɛ Viscosity kg/(m·s) 

v Air speed m/s 

æh Pressure Read from Manometer in-H2O 

ɟwater Density of Water kg / m
3
 

Ʌair Density of Air kg / m
3
 

g Acceleration due to Gravity m/s
2
 

Ts Surface Temperature K 

Ta Ambient Air Temperature K 

Ts Surface Temperature of Cylinder K 
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1.0 Introduction 

 

 1.1  Abstract 

 

Year after year new products are introduced 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 humans becoming heavily dependent on them. 

Technical efficiency is becoming more sophisticated and every product promises more advanced 

features that would heighten the user experience. Computer technology has become so integrated 

in the general population over the years that many have become dependent on them to make lives 

easier. They have found a place in homes and daily lives; from computers and laptops to the 

TiVo and the BlackBerry. Recent technical developments in the past decade have seen the 

introduction of the rumba, a robotic platform that autonomously vacuums your home floor, a 

self-cleaning toilet along with many more innovations that have infiltrated homes.  More 

breakthroughs have yet to hit the market that would significantly increase user productivity in 

and outside of the home. 

  

 1.2 Problem Statement  

 

Having surveyed the different types of digitally controlled shower systems available from all 

vendors, one identifiable problem that became persistent and common in these systems was that 

what they were marketing were highly expensive and did not include the cost of installation or 

materials.  The goal of this project is to develop a similar system that delivers the same basic 

functions at a lower cost in purchasing, installation, and maintenance of the system.  The system 
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will be designed to incorporate simplicity through functionality, and most importantly cost 

effectiveness. 

 

1.3 Motivation  

 

The groupôs primary motivation for considering this project is the idea of delivering a cost 

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 product that was available in the market, but after 

further research into the cost of such a system it was deemed too expensive for the average 

household to afford. The cost of the system did not include the cost of installation, which would 

add high labor and material cost (to rebuild the walls that would have to be knocked out). Such a 

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

incomes. The implementation of the groupôs project would eliminate high costs in both 

installation and maintenance costs.  

 

1.4 Literature Survey  

 

This survey will discuss at length the core components of the groupôs shower system including 

advancements that have made that can better approve the quality and performance of the system. 

One of the systemôs components that is integral to the systemôs overall performance is the use of 

Parallaxôs LM34 Temperature Sensor [1]. The sensor itself 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 has been in development for a number of decades. Methods such 
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as optical-scattering, fluorescence, and optical absorption have all been thoroughly explored as 

alternatives to standard temperature sensing devices [10].  One particular method that has stood 

out is the use of In-Fiber Bragg Gratings (FBR). FBR is an optic fiber that reflects a particular 

wavelength that is satisfied by the Bragg condition  [15]. FBG is 

widely regarded favorably over its competitors due to the robustness of the wavelength 

codification, its small size and low cost [13]. The temperature sensitivity reaches approximately 

13pm/°C, employing the use of  different materials such as polymers or using long period 

gratings as coating  the sensitivity of FBG can increase significantly  from 108 pm/°C to 310 

pm/°C  respectively [10,11].  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 system, the options 

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 optimization 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 of several journals are proposing is using fiber optics particularly photonic 

crystal fibers that have Germanium-Doped (Ge-Doped) cores that would produce a wavelength 

encoded temperature sensor using the temperature dependence of the cutoff wavelength 
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characteristic found in a liquid filled germanium doped microstructure fiber [12] to create a 

temperature sensor device. 

The properties of using Ge-Doped core are appealing because of the following traits [8]: 

 Low Loss splicing to standard fibers 

 Using conventional techniques to ease the use of photo inscription of fiber gratings 

 Good guidance when the holes are collapsed to build in-fiber gas or liquid cells 

 

 
Figure 1: Y Shaped Ge-Doped [10] 

  

Figure 1 is a Y shaped Ge-doped core that the authors 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 1.48, measured at 589 nm and 25°C [8].  

The temperature coefficient of these liquids is approximately . 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 function of the refractive index value [8]. The results obtained from the authorsô 

experimentation into the use of photonic crystal fiber optics yielded very promising results.  The 
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sensitivity is mainly determined by the thermo-optic coefficient of the liquids that fill the fibers.  

An estimated sensitivity of 25 nm/°C has been observed with a detection limit of roughly 

0.001°C [8]. 

 

The use of fiber sensors are very promising in the field of improving the accuracy of temperature 

sensing and can serve a beneficial role in the shower system. The LM34 temperature sensor has 

an accuracy of 1ÁF that is guaranteed at +77ÁF, while the authorôs experiment yielded a detection 

limit of 0.001 . 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 LM34 temperature 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, the LM34 sensor suits the basic functions and 

needs of the groupôs digital shower system. 

 

 

The use of a stepper motor for the groupôs application came in the form of a recommendation. 

For the particular use of controlling the flow of water and temperature settings 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 or variable reluctance 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]. 
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Variable reluctance motors usually come with three 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 energized in sequence as seen in Figure 2.  

 

 
Figure 2: Stepper Motor Winding [6] 

 

 

Unipolar motors are of the permanent magnet variety and often come with 5 to 6 leads that are 

typically wired with center nodes 1 and 2 connected to each of the two windings while the ends 

A and B are connected to ground in order to reverse the direction of the magnetic field of that 

particular winding similar to Figure 3.  

 

 
Figure 3: Stepper Motor Winding w/Poles [6] 
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Winding number 1 is coiled between the top and bottom poles, creating the north and south 

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 angle resolutions 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 are not used as shown in Figure 4. 

Unfortunately the drive circuitry is more complex if the user wishes to reverse the polarity of the 

poles. To solve such issues an H-bridge is used. H-bridge connections allow the polarity of the 

power source applied to each end of each winding to be controlled independently [7]. 

 

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

 

 

 

 

Given the various types of stepper motors available the unipolar motor seems best suited for this 

application. One of the reason the group chose an unipolar motor above all else, was the wiring 

configuration was simple and provided the possibility to reverse the polarity of  the magnetic 

field, while the bipolar motor did not offer a simple system  as easily and required an H-bridge 
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connection to be 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 the teamôs decision were the required torque to actuate the valve 

in of the mixing valve. The group also wanted to find a motor that was affordable that would be 

able to meet the other criteria, fortunately the motor chosen fits the objectives of this project. 

For simplification purposes, the design will be based on the principle that there will  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 Kohler  K-686-1 

DTV II Primary Digital Interface.   

 

 

Figure 5: Moen ioDigital Shower [18] 
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Figure 6: Kohler Digital Interface [17] 

 

 

It is important to note the various differences and similarities between the design project being 

constructed, the Moen ioDIGITAL Shower and the Kohler K-686-1 DTV II 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 for the device 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 amount of features the control device has and 

the adaptability of the device to the current shower system.  

For the design droject, the Moen ioDIGITAL Shower and the Kohler K-686-1 DTV II Primary 

Digital Interface, there are many differences to be noted that will vary the price of the operating 
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control unit significantly. A digital display of the current settings of the system is available for 

the Team Aquemini Design Project and the Kohler K-686-1 DTV II Primary Digital Interface.  

The digital display is important because it gives a more user friendly operation for the device. As 

an added accessory, Moen ioDIGITAL Shower 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 function 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 Shower Features 

 

 

 

1.5 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 system as a kit, which 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 
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interface will be water proof to prevent electrical incidents. Implementing such a product for full 

commercial use would require more foresight into the needs of the individual, for instance in the  

conceptualized commercial design of the system, a lithium ion batteries can be used as a power 

source or for environmentally conscious individuals the use of a solar panel to power the system 

can be an extra incentive. 

 



Team Aquemini: 

Digitally Controlled Shower                                                      [Project Formulation]                                                                                             
Fall 

2009 
 

 
21 

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 motors, motor microcontrollers, hoses, fittings and various 

other equipment and implementing them to the overall design of the prototype. Several times has 

the group switched back and forth over the final design of the system and how it will be 

implemented. Over the course of the summer the group developed honed in on two ideas; one, 

developing the original design of replacing the current analog showers that are in todayôs home 

market with a cost effective, simple digital interface system, that is significantly cheaper than 

what is currently available in the market or develop a portable digital shower system and 

simplifying the number of parts needed for development. The latter was based on the concept of 

conducting outdoor activities such as camping or hiking as an alternative to purchasing an RV 

for such activities. Although this design project is focusing on one design, if the group were to 

operate as a real business the second alternative can lead to an expansion of the system and 

business. As of September 4, 2009 the group has decided to develop the original 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 Objectives 

 

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 found that such 
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systems were extremely overpriced, even for core pieces of the system such as the user interface 

were expensive. The systems that are commercially available did not include the installation fees 

or plumbing costs that the system would incur. With the system the team has developed and 

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 the design will be vital to achieving the main objectives. 

 

2.3 Design Specifications 

 

The construction of the prototype will involve a range of components from electrical circuits to 

pneumatic systems, to be employed by this design project. Below is a prepared list of all the 

components that had been collected early in the design process for 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
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The parameters for selecting the stepper motors were: it had to provide precise control over the 

flow and temperature settings of the water, the motor had to produce enough torque to actuate 

the handle of the mixer valve.  Figures 7 and 8 respectively, are the motors the prototype will be 

utilizing along with its specifications and dimensional design. This particular motor was chosen 

because it was a cost effective motor that provided more than enough torque to actuate the mixer 

valve. The torque rating is 1300 g-cm (18.33 in-oz), the measured torque that would be required 

to turn the pin valve is at most 16 in-oz or less. 

 

Figure 7: Selected Motor Model 42BYG205 [18] 
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Figure 8: Dimensions Of The Motor (All units are in mm)[18] 

  

For the electrical aspect of the design project, several components were selected due to various 

elements such as ease of use, a user friendly design and programming requirements, and low 

cost.  

The Parallax Basic Stamp 2 module is a microcontroller that is able to control and monitor 

timers, keypads, motors, sensors, switches, relays, lights, and more. The module is 

programmable through a simple language called PBasic and was chosen because of knowledge 

of the programming language learned in previous engineering courses. After conducting 

extensive research, a stepper motor controller board compatible with the Board of Education 

(BOE) was found.  The secondary BiStep2A microcontroller pictured in Figures 9 and 10 

respectively will be implemented and work in conjunction with the BOE. The Bistep2A 

microcontroller allows the system to regulate the power and control of up to two stepper motors 

while acquiring a power source that would meet the power requirements of the system. The two 

motors can be independently controlled, which fits the systemôs needs by allowing to configure 



Team Aquemini: 

Digitally Controlled Shower                                                      [Project Formulation]                                                                                             
Fall 

2009 
 

 
25 

the programming for both the temperature and flow intensity settings, one motor for each 

operation. By finding the right motor that produces the torque needed, the amount of power that 

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

 

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 Microcontroller[20] 
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Figure 11 is a photograph of a circuit showing how the stepper motors will be controlled and 

regulated by the Board of Education and the BiStep2A microcontroller. In this example only one 

power supply is being used, for experimentation purposes two separate power supplies will be 

used and a common ground will be established. To prevent ground and wiring issues one power 

supply would be used once the prototype has been finalized. Even though in the photo there is an 

incomplete circuit of the Board of Education the basic setup remains the same.  

    

 

 

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 implementing QTI sensors, seen in 

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

different voltages. When the IR LEDôs signal is absorbed by a black surface, the voltage R goes 

Transmitter 

Receiver 
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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 or finger in 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 operations of the temperature and flow intensity. 

 

Figure 13: QTI Sensor Circuit [6] 

 

The next two components work together to measure the temperature of the environment and 

convert that temperature from an analog to a digital display on its screen. The temperature sensor 

measures each degree with a 10mV measurement, one degree equals 0.01 V.  The 8 bit A/D 

Converter takes this voltage measurement and sends an out-put as a digital signal that is read in 

Fahrenheit or Celsius, depending on how the programmer want to set the temperature unit. 
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Figure 14: LM 34 Temperature Sensor[1] 

 
Figure 15: 8 Bit A\D Converter [21] 

 

The temperature display component consists of a 2 by 16 backlit liquid crystal display (LCD).  

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 temperature can be displayed at the top in the first row, while the flow intensity 

can be displayed in the second row.  

 

Figure 16: 2x16 Backlit LCD [22] 

 

Another concept the group has developed is creating an environment to control the pressure that 

would deliver the water throughout the shower system.  The idea was to 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 home where 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, an air regulator, shown in Figure 18 along with a pressure gauge, 

Figure 19 would be used. The air regulator and 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 restricting element. 

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 element is 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 indicates when 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 17: CO2 Canister  [23] 

 
Figure 18: Air Regulator [24] 

 
Figure 19: Pressure Gauge [25] 
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Figure 20: Solid Outline of  Shaft Adapter 

 

The final shaft adapter design, used to couple the stepper motor shaft to the valve knobs, was 

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 screw, it was 

decided on using four set screws by recommendation of the manufacturing laboratory professor. 

The initial design can be seen in Figure 20 and the final design in 21. 
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Figure 21: Modified Shaft Adapter Drawing 
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Fitting selections for the assembly of the prototype has required thorough research and various 

trips to suppliers.  Before any materials were purchased for the fluid delivery system, it was 

desirable to make sure the required pressure and flow would be achieved with the materials 

obtained.  After applying the flow equation, q = av and the Bernoulli equation, 

    the amount of water that would be output 

depending on the diameter of the hose and the pressure being applied to the tank was calculated.  

Knowing this, the group decided to use a İò inner diameter hose for water flow and ıò hose for 

the pressure lines. Since this system is going to be operated at low pressure, the group could 

afford to purchase low pressure rubber and transparent vinyl hoses which were inexpensive and 

practical. 

After choosing the size of the air and water lines, the group had to choose what type of 

connection, out of many, for the joints to have. After researching flared fittings, the group found 

that the seats are manufactured at two different angles, 37  and 45  . The seat is the angle at 

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

for the two surfaces mate and seal properly.  The group chose to work with 37   fittings. 

 

Figure 22: Flared JIC [26] 
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Figure 23: Flared SAE [27] 

 

The fluid schematic of the system is as follows: A pressurized CO2 tank is has an adapter with a 

1/8ò NPT female connection. The group used a nipple to connect the adapter to the pressure 

regulator which also has a 1/8
ò 

NPT female. A pressure gauge was attached to the regulator in 

order to read how much pressure was being supplied to the system, the group plans to pressurize 

the tanks to about 5 psi. Coming out of the other end of the air regulator, a NPT to Flared fitting, 

which connects to the hose is attached. The group utilized the one pressurized CO2 tank 

connected in series to supply the pressure at both tanks but soon found that the CO2 tank only 

allowed for a few trials before depleting. The group then chose to work with the compressed air 

supplied at the student machine shop to conduct future test. Since the tanks are the same size and 

contain equal amounts of water, the pressure one tank will see is equivalent to the pressure the 

other tank sees.  
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Figure 24: NPT to Male JIC Fitting [29] 

 

Figure 25: Push on Barb Fittings [30] 

 

Hoses were then used to connect the pneumatic system components. Using push on barb fittings 

the group made hose assemblies that would supply pressure to the water tanks and provide the 

energy to transport the water from one place to another.  

 

Figure 26: Pressure Tank Assembly 

 

CO2 Tank 

Tank Connection 
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In order to connect the hoses to the tanks, it was necessary to 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 fitting the group connected a transparent vinyl 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 group chose a bulkhead style fitting because it provided the opportunity to install the fitting 

on the water tanks without having to tap whole and thread the fitting in. With the bulk head the 

group was able to slide the fitting into the orifice and tighten the connection with a nut which 

presses against the inside of the tank, as seen in Figure 30. Using this type of fitting along with a 

sealant that fills any open spaces, the pneumatic/ hydraulic system would have minimum energy 

loss. 

2.4 Constraints and Other Considerations 

 

At the moment the constraints selected for the design is for it to be compact, easy to set up and 

affordable. Originally the group planned to design a system to replace the analog shower with a 

digital version as provided by other makers.  An early example of the original design used the 

process of reverse engineering and designing the idea around the traditional shower plumbing 

configuration. Figure 32 shows how the old design wouldôve been implemented into the 

traditional setup.  
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Figure 32: System Comparison 

                                     

In addition, the group has decided to take into account other deciding factors into the approach of 

designing such system that will help understand 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 public. The 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 has determined these factors by researching a needs 

assessment of the general public with respect to portability and cost.  The design of the 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 progressed throughout the semester, the group has undergone several design 

changes, some changes were made for aesthetic reasons others were based on component 

selection, the group has made numerous changes switching back and forth over the final design 

of the system and how the components will be implemented. After dropping the portable shower 

idea as an option for campers, the compact design was still maintained and applied to 

conventional shower systems. Deciding what types of valves to use, what size fittings, what 

length hoses was discussed 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 hose valve to control 

flow, stepper motors would be coupled to the valve knobs to provide control via sensors. A 

quarter inch rubber hose was to be used to compress the water tanks and fittings selection would 

be restricted to a minimum amount that would provide easy positions for the hoses and other 

components to meet. 

3.2 Design Alternate 1 

 

At the initial stage of the project, the materials needed to realize such a system was being 

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

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 figure1, would better suit the design requirements, given 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 affordable for the consumer. 

 

 

 

Figure 33: Needle Valve Detail [8] 
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Figure 34: Needle Valves [32] 

 

 

To achieve the preferred temperature, careful calibration will be carried out using a calibration 

tank as seen in Figure 35.  Using trial and error, insertion of a temperature sensor into a 

calibration tank would be used to read the temperature values for the different settings 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 output temperature. These readings will be recorded and 

programmed into the control panel.  



Team Aquemini: 

Digitally Controlled Shower                                                      [Design Alternatives]                                                                                             
Fall 

2009 
 

 
42 

 

Figure 35: Calibration Tank  

 

Implementation of the stepper motors in actuating the needle valves, will involve designing a 

shaft adapter.  One end of the adapter will consist of an orifice 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 T-shaped handle.  Each step the motor turns the adapter will actuate 

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

motor is presented in Figure 36.  
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Figure 36: Conceptual Valve Control Setup 

 

 

Figure 37: User Interface Display Panel 

 

Figure 37 is the concept for the systemôs user interface panel.  One can observe the design 

includes several displays that reveal the temperature, pressure flow, and the time. Just below 
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those LCD displays are the analog controllers (i.e., buttons) 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 features. The idea was later 

included enhance one of the groupôs objective of simplicity through functionality.  

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 system with minimal cost. As a result of achieving seamless adaptability 

for the new prototype into the pre-existing 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 have unnecessary additional features. For example, it was 

determined that the pressure that the components will experience is in the range of 30 psi. It 

would be unnecessary for the group to select valves that are capable of operating under 

conditions of 300-500psi. This would be a costly and unnecessary design alternative. Also, the 

group has also determined that the operating temperature for the prototype will range from 45°F 

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. Selecting 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 concerns of the group was to ensure that once a prototype was 

eventually marketed to consumers, that 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 product that were not especially made, therefore only required current 

knowledge to perform work on. Due to a design selection of everyday, known components, 

maintenance costs were kept at a minimum. 

3.5 Precautionary Safeguards 

One of the design features of the digital shower interface 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. This design 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 temperature 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 scold the 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, the digitally controlled shower has been designed to 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 two gallons 

per minute to approximately one and a half gallons per minute. The prototype is designed so that 

it will not delivered water at 60 psi but at 5 psi. 
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3.7 Feasibility Assessment 

After completing the literature survey and discussing at length the parts needed and the design 

aspects of the system, the group adamantly believes that the concept is fully feasible. Given the 

revisions to the original concept design and elimination of all hurdles that the calibration test 

would have given. Measuring the temperature of the water and pinpointing the position of the 

shaft at the exact moment of the current water temperature wouldôve been time consuming and 

could potentially contain many errors that would have resulted in poor 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 pre-set and with whatever temperature the user chooses the shaft 

will actuate the valve until the 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 temperature-shaft positions.  The 

user will simply choose to increase 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 valves and replace it with a mixing valve. A mixing valve is the perfect component 

for the systemôs application in achieving more precision and control over the temperature of the 

water. The valve simply mixes hot and cold water at a certain temperature, seen in Figure 38, 

through separate inlets simultaneously 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 valves for each 

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

 

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 the flow of the hot and cold liquids respectively, seen in Figure 35. Since 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, were to attach one motor to the mixing valve and 

another motor to the second valve to control the flow of the liquids seen in Figure 38. By 

actuating the mixing valve the user and team can have direct control over the temperature of the 

water and no longer have a need to implement a third motor to control the flow of the water 

through the system, since a second motor can be used for that purpose.  



Team Aquemini: 

Digitally Controlled Shower                                                      [Design Alternatives]                                                                                             
Fall 

2009 
 

 
48 

A motor controlled flow control valve will be placed in line with the exiting flow of the water. 

There are currently little to no 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 researching the group has concluded that adaptability would be fully 

possible with the proposed designs.   Based upon the given conditions of water pressure, water 

temperature variations, and the capabilities of the preexisting piping system, the prototype had to 

be designed in such a manner so as to allow for seamless adaptation and component 

configuration compliance. The various components that make up the prototype must be able to 

operate in the preexisting conditions of the bathroom piping system. For example, the prototype 

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

has on average 60psi. The design had to be certain that the prototype components were all able to 

operate efficiently while experiencing 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 valves that the group utilizes for the 

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 system that is 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 timely and efficient manner. 

 

4.2 Breakdown of Work into Specific Tasks 

 

Parts List and Cost Estimate - the group will gather and list the parts needed for construction and 

the estimated costs of the project. 

Calibration of Testing Apparatus - before fully designing 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 circuitry will be 

designed and implemented into the system that will help control the current and amount of 

voltage passing into the system. 

Construction of Prototype - the final construction of the prototype will be fully modeled after the 

testing apparatus. All of the crucial parts of the system will be fully implemented into a fully 

working apparatus. 

Error Adjustments - any errors found during the course of the simulation of the prototype will be 

addressed and fixed before final presentations.  

Senior Design 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 

 
 

The completion of the parts 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 apparatus will 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 circuitry implementation- 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 place. 
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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 drawings pertaining 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 schematics. Led the 

assembly of the hydraulic and pneumatic components of the prototype. Wrote sections of the 

report pertaining to relevant project responsibilities. Organized the final report. 

Lorenzo Green: Responsible for component selection and purchase of all electric 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 circuitry, soldering 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. Organized the final report layout. 

Vladimir Louidor: Assisted with writing the sections report including heat transfer, literature 

survey and conclusion, helped obtain technical information regarding the stepper motors. 

4.5 Commercialization of the Final Product 

 

Simplicity and the ability of an individual to 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 the market today and is marketed towards higher income individuals. The 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 previously tailored 

towards high end individuals.  

The digital, touch less, shower assembly will be marketed as an adaptive system.  Marketing the 

product as an adaptive system as opposed to requiring a complete overhaul of the current home 

plumbing setup is a great cost effective alternative. The final product will have the cost saving 

ability to be purchased as an aftermarket component to complement the current plumbing system 

of the home owner. The digital shower design project only requires minimal modifications to the 

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

include: additions of control panel, electrical motors, motor controllers and an available power 

supply.  

4.6 Discussion 

 

It is hoped that the group designs a product that consumers are intrigued by. The designôs simple 

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 product.  The system is 

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

are out in the market.  By designing this system the group will be improving upon a system that 

is currently not cost effective, does not place emphasis on the cost of 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 

todayôs market simply tailor to high end home owners. So obviously the product itself is a high 
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end user device. As a would-be company the priority is to tailor the design to middle class 

families, who donôt want to pay for an expensive system that does not take into account the 

installation fees nor labor fee. These systems also have high maintenance costs, which is a 

component that many consumers think about when making an expensive purchase, with Team 

Aqueminiôs system they would have less to worry about. 
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5.0 Engineering Design and Analysis 

 

5.1 Shaft Adapter 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 a machine shop are either aluminum or carbon 

steel,  simulations were run using both materials to choose the best alternative.  Once knowing 

the load, restrictions and yield strength, choosing the material of the shaft adapter was obvious.  

Aluminum would comply with the fit form and function, it s a lightweight material and does not 

rust. This is advantageous being as this design has contact with water. Figures 39 and 40 show 

the data collected after the simulation was carried out. Using the results from the engineering 

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 a Carbon Steel Key 

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

carried out and an error analysis was taken.   

 

 Maximum shear stress 

 Torque 

 Outer radius of the shaft 

 Polar moment of inertia 

 

Knowing the torque the motor would output, the design came down to picking a radius that 

would handle the load. With  with 

 The value for . This is the shear stress the shaft adapter will 

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

, the aluminum key design is well over design failure point.  
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After an engineering drawing was developed, it was given to the manufacturing 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 required, he 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 Transfer Analysis 

 

 

Heat transfer is the flow of thermal energy 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 of a higher ïhotter 

temperature and that of a cooler temperature. There are three basic modes of heat 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 atoms are in constant 

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 colliding and passing on thermal energy [34]. 

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 free-moving electrons which are able to transfer thermal energy 

rapidly through the metal. 

Several other physical characteristic of matter that has an effect on heat transfer is the objectôs 

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 increase under increasing 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 surface 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 difference causes heat transfer qx to travel in the positive x 

direction.  Qx is a dependent variable, that relies on the known measurement of a particular 

object, such as æT the temperature difference and æx the length of the object, and A the cross 

sectional area [34]. 

There are three possible scenarios to which can be observed about the behavior of qx.  Holding 

æT and æx constant and changing A, qx will then be directly proportional to A.  If æT and A are 

held constant and æx is allowed to change, qx is now inversely proportional toæ x. Finally, if A 
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and æx are held constant then qx is now directly proportional to æT [34]. The effect of these 

varying variables can be summed in one equation: 

 

 

When the material is changed for example from metal to plastic, the conductive 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 qx would be smaller for the plastic material. 

Hence a new variable that takes into account the behavior of any material is: 

 

Where k is the thermal conductivity (W/m · K) of the material. This can then be rearranged and 

interpreted as the heat flux: 

 

The minus sign in both equations is to indicate that the heat transfer always occur in the direction 

of the decreasing temperature. Fourierôs law equation, states that the heat flux is a directional 

quantity, for instance the direction of the heat flux is normal to the cross sectional area A, known 

as an isothermal surface [34]. This equation can now be rearranged to represent a more 

generalized conduction rate equation in the form of a vector quantity: 

 

 is the three dimensional del operator and T(x, y, and z) is the scalar temperature field. It is 

implied that the heat flux vector is in a direction perpendicular to the isothermal surfaces [34]. 
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This can be shown by an alternative version of Fourierôs law that takes into consideration the 

direction  of the heat flux denoted by : 

 

The heat flux vector equation can also be resolved into components in Cartesian components 

with several general expressions: 

 

 

Each expression depicts the relationship of the 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 (uniform in all directions), meaning that the 

value k is independent of the coordinate direction [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 fluid   that is in motion. As the fluid 

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

convection: 

Natural Convection - This method occurs when fluid motion is caused by buoyancy forces that 

result from density differences 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: 

 

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 

temperature of the fluid ñfarò away from the surface. The h is the constant heat transfer 

coefficient which depends upon physical properties of the fluid such as temperature and the 

physical situation in which convection occurs. Therefore, the heat transfer coefficient must be 

derived or found experimentally for every system analyzed. 

Earlier in this section, the principle of thermal conductivity was briefly discussed along with the 

importance of the behavior of different material in relation to amount of heat transfer 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 related to conduction in the x direction can be defined as: 

 

One can also conclude that as the heat flux increases so does the thermal conductivity. In general 

the thermal conductivity of a solid is larger than of a liquid or gas [34]. Figure 41 describes the 

thermal conductivity for various materials.  
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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 components kl [34]. 
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ke is inversely proportional to the electric resistivity ɟe. Pure metals (e.g. zinc and silver) have 

low ɟe, but their ke is much larger than kl. On the other hand, alloys are rich in ɟe; therefore, the 

relationship between kl and k is no longer negligible. For nonmetallic solids k is determined 

mainly by kl, a characteristic that depends on the frequency of interaction between the atoms of 

the lattice [34]. 

For insulation systems, thermal insulations are made of low thermal conductivity materials that 

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 dependent upon the value of k and the radiative 

properties of the materialôs surface as well f the gas and volumetric fraction of the air space that 

it will occupy. This type of system also involves the dependency of the bulk density (solid 

mass/total volume) a property that depends heavily on the way the solid material is formed [34]. 

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 multilayered, parallel, thin sheets or foils of high 

reflectivity, reflecting back radiant energy back to its source [34]. 

Finally 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 through the air in the void spaces. 

o Radiation exchange between the surfaces of the solid matrix especially if the temperature is 

very high. 
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In the fluid state the space between molecules is larger. Due to the larger amount of space 

between the molecules, the motion of the molecules is more random  in fluids then in solids, 

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

is now smaller then in solids. 

 

 

 

Figure 42: Three Heat Transfer Modes 

 

 

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

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

valve and the water flow valve is composed of brass. The plastic tubing that is being used for the 

fluid delivery is made out of polyvinyl chloride. While the two tanks are produced by a 

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

at 25°C. Given the fact that the tubing is clear plastic, there will be a heat loss through the 

system. The type of heat transfer that is accumulating in the tubing is forced internal convective 

heat transfer. 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 through the formula; 

 

 

Since heat gained or absorbed  is positive while heat lost is negative, a negative sign must be 

positioned on the heat lost for the equation to hold. 

 

 - Heat Loss 

 ï Mass 

 - Specific Heat 

 - Temperature Change 

For example, if it is desired to mix 50 g of water at 30 °C with 50 g of water at 10 °C 

To find the final mixed temperature it is necessary to apply the given formula. 

 

 

Figure 43: Example Mixing Chamber 
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(30g)(4186 J/kg)(  - 10 °C) = - (30g) (4186 J/kg) (  - 30 °C)  

(  - 10 °C) = - (  - 30 °C) 

 = (30 + 10) °C 

 = 40 °C 

 = 20 °C 

It can be seen here that as long as the mixture of water is kept equal and neglect the differences 

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

 will differ from this value because of some heat loss to the container. 

5.3 Component Design Analysis 

A major factor in the design of the prototype is the tank storage system. Simulating 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 pressure, the 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 possible rupture 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 

Displacement1 URES: Resultant 

Displacement 

0 m 

Node: 3687 

(2.59042 in, 

-5.41024 in, 

-1.88396 in) 

6.37894e-008 m 

Node: 480 

(-0.507391 in, 

7.4175 in, 

0.279034 in) 

Stress1 VON: von Mises 

Stress 

7.23128 N/m^2 

Node: 4393 

(-0.623982 in, 

-3.3769 in, 

2.69068 in) 

1854.16 N/m^2 

Node: 13996 

(-2.1571 in, 

-3.00524 in, 

3.83126 in) 

Strain1 ESTRN: 

Equivalent 

Strain 

2.76549e-009  

Node: 4393 

(-0.623982 in, 

-3.3769 in, 

2.69068 in) 

7.09094e-007  

Node: 13996 

(-2.1571 in, 

-3.00524 in, 

3.83126 in) 

 

 

 
Figure 44: Displacement Analysis Results 
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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 the containers that held that water required calculations pertaining to how much pressure they 

would be able to handle. After researching various water containers, taking into account size and 

cost, it was decided that a commercially available water thermos would be one of the best 

options. The thermos reviewed could contain 2 gallons of water and provided insulation warm 

water reservoir. Knowing that these thermosesô need be pressurized in order to transport the 

water from the tanks to the shower head, formulation was carried out by means of the equation 

,  being pressure,  as force and  as area. Measuring the radius of the thermosô lid, 

the effective area was found to be . Having a constant 

source of pressure, calculating the force the lid would experience was now possible. Estimating 

that the lid would be able to withstand about 70 lbs of force, it was only a turn of the knob on the 

pressure regulator to maintain the force under this threshold. Using  with 

and  the pressure regulator was set to maintain a value of . 

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 calculations, 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 pressure. Fittings, hoses 



Team Aquemini: 

Digitally Controlled Shower                                                [Prototype Construction]                                                                                             
Fall 

2009 
 

 
69 

and regulators all need to be rated to be able to perform under the given pressure. Knowing that 

the thermosô lids would only be able to hold a pressure of 2 psi research for the remaining 

components began. It was found that due to the low pressure 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 (1000 - 3000 psi) where significantly more 

costly than low pressure components (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 

amount 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 shop. The fittings that 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 and a quick disconnect fitting was 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 size and type of connections. Figure 47 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 had to be a 1/8 Male NPT thread. This ensured an easy connection to 

supply air to the rest of the system.  

 

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 to fill the spaces 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 air leaks. The sealant was used in the areas where holes were drilled and 
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bulkhead fittings were used, along with o-rings as seen in Figure 48, the sealant provided a leak 

free area. 

 

Figure 48: Preventing Leaks Using Sealants 

 

Once all 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 pieces required. To complete the hose 

assemblies barbed swivel fittings were fixed into a vise, lubrication (DW-40) was sprayed onto 

the barb and the hose was forced to slide over the barbed fitting.  This process can be seen in the 

hose assembly in Figure 58. Now that hose assemblies were complete, all pneumatic system 

components were able to be interconnected.  The 37  seat angle provides a seal without the need 

of teflon tape, 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 Figure 50.  

 

Figure 50: Constructed Prototype Design 


