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Garment/ 

Protect user  

Gets wet  Product 

becomes 

heavy, user is 

uncomfortable  

3  Rain with no 

umbrella/ 

falling into 

body of water  

8  None  2  48  Label on 

package and/or 

product: Do not 

get wet  

Garment/ 

House 

components  

Rip/ Tear  Components 

may fall out  

5  Aging/ 

Mistreatment/ 

Accidental 

pulling or 

getting caught 

on objects  

4  None  2  40  Careful care by 

user OR higher 

quality material 

used  

Garment/ 

House 

components  

Stitching unwinds  Components 

may fall out  

5  Poor stitching 

quality, 

Aging/ 

Mistreatment/ 

Accidental 

pulling or 

getting caught 

on objects  

3  None  5  75  Careful care by 

user OR higher 

quality 

assembly/ 

manufacturing  

Cooling Unit/ 

Cools air  

Peltier cell ceases 

functioning  

No cooling  5  Age, impact 

on cell  

3  None  6  90  Protective casing 

on unit  

Cooling Unit/ 

Cools air  

Fan ceases 

functioning  

Heat 

dissipation 

decreases; 

overheating  

5  Aging, 

impact, 

getting wet  

4  Casing  5  100  Padded and 

water-resistant 

casing  

Cooling Unit/ 

Cools air  

Wiring ceases to 

reach unit  

Cooling Unit 

ceases to 

function  

4  Cut wires, 

severed 

connections, 

3  None  6  72  Stronger or 

thicker wires  
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blockage, 

circuit short  

Cooling Unit/ 

Dissipates 

heat  

Heat sink cracks/ 

chips  

Heat 

dissipation 

decreases; 

overheating  

5  Corrosion, 

impact  

2  Casing  5  50  Padding inside 

casing, surface 

treatment  

Distribution 

System/ 

Transfers air  

Air pump ceases 

functioning  

No cool air 

delivered to 

user  

3  Aging, 

impact, 

getting wet  

3  None  6  54  Padded and 

water-resistant 

casing  

Distribution 

System/ 

Transfers air  

Tubing system 

tears/cracks  

Air delivery 

reduced  

3  Age, impact, 

garment 

caught on 

objects  

4  None  5  60  Stronger 

material for dist. 

Syst.  

Distribution 

System/ 

Transfers air  

Tubing de- attaches  Air delivery 

stopped  

4  High impact, 

mishandling   

3  None  5  60  Stronger 

connections  

Battery Pack/ 

Provides 

Power  

Ceases to function  Power stops  5  High impact, 

age, getting 

wet  

2  Protective 

casing  

6  60  None  

Battery Pack/ 

Provides 

Power  

Batteries break; acid 

leakage  

Power stops, 

damage to 

device  

7  Impact or 

misuse  

2  Protective 

casing  

3  42  Line casing with 

acid- resistant 

material  

Wiring/ 

Distributes 

power  

Discharges to user  Device ceases 

functioning, 

injury or death  

10  Exposed wire 

getting wet, 

short circuit  

2  Control, 

wire 

insulation  

7  140  Special care to 

wiring layout, 

fuses, thicker 

insulation, 

water-proof case  
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Control 

Circuit/ 

Controls 

Temperature  

Stops functioning/ 

short circuits  

Very high or 

Very low 

temperatures 

reached  

9  Age, impact, 

getting wet  

2  Casing  6  108  Water-proof 

case, 

maintenance   

  

The scale used for each section is as follows:   

Severity; 1-10 with 1 being minimal effect and 10 being fatal. In this scale, 9 = serious injury, 8 

= non-serious injury, 7 = property damage but no injury, 6 = damage to device and irreparable, 5 

= damaged device, repairable, 4 = very little damage and high inconvenience, 3 = inconvenience, 

2 = slight inconvenience, 1 = almost unnoticeable.  

Occurrence; 1-10 with 1 being almost never to 10 being very frequently, such as daily. In this 

scale, 9 = weekly, 8 = biweekly, 7 = monthly, 6 = bimonthly, 5 = every six months, 4 = annually, 

3 = biannually, 2 = every five years, 1 = once every decade.   

Detectability; 1-10 with 1 being extremely easy to detect and 10 being almost unnoticeable. In 

this scale, 9 = requires expert to notice, 8 = requires special equipment to notice, 7 = difficult but 

possible to notice without equipment, 6 = noticeable only if looked for, 5 = noticeable if 

component is checked, 4 = noticeable by looking at entire product, 3 = noticeable, even without 

inspecting entire product, 2 = difficult to not notice, 1 = almost impossible to not notice.  

Table 3 is not comprehensive, but shows some of the failure modes and effects associated with 

them with regards to the product. Now that the RPN has been evaluated for each failure mode, 

special attention can be given to those with high RPN values to ensure the product is safer for the 

customer. Looking specifically at failures with RPN ratings over sixty, assuming the 

recommended actions were to be taken for each failure mode, the following table shows the new 
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RPN for all of those cases. The failure modes with RPNs of sixty or lower will not be shown. 

Table 4: Failure Modes and Effects Analysis with Reduced RPN Values  

Component/ 

Function  

Failure  Effect  (S)  Cause  (O)  Controls/ Actions 

taken  

(D)  New 

RPN  

Garment/ 

House 

components  

Stitching 

unwinds  

Components 

may fall out  

5 Poor stitching quality, 

Aging/ Mistreatment/ 

Accidental pulling or 

getting caught on 

objects  

2 High quality 

assembly and 

manufacturing  

5 50 

Cooling 

Unit/ Cools 

air  

Peltier cell 

ceases 

functioning  

No cooling  5 Age, impact on cell  2 Protective casing 

on cell 

4 40 

Cooling 

Unit/ Cools 

air  

Fan ceases 

functioning  

Heat 

dissipation 

decreases; 

overheating  

5 Aging, impact, getting 

wet  

2 Water – Proof 

casing and 

humidity detector 

3 30 

Cooling 

Unit/ Cools 

air  

Wiring 

ceases to 

reach unit  

Cooling Unit 

ceases to 

function  

4 Cut wires, severed 

connections, blockage, 

circuit short  

2 Stronger and 

thicker wires than 

necessary; Strong 

connections 

between cases  

4 16 

Wiring/ 

Distributes 

power  

Discharges 

to user  

Device ceases 

functioning, 

injury or 

death  

10 Exposed wire getting 

wet, short circuit  

1 Control, wire 

insulation, fuses, 

thick insulation 

and water-proof 

case  

6 60  
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Control 

Circuit/ 

Controls 

Temperature  

Stops 

functioning/ 

short 

circuits  

Very high or 

Very low 

temperatures 

reached  

9 Age, impact, getting 

wet  

1  Water-proof 

casing, details for 

maintenance in 

manual 

5 45  

 

For DFE (design for environment), it is the responsibility of the designers and other 

engineers creating a product to ensure that the product minimizes its environmental impact. This 

means that during the product’s entire life cycle – from acquisition of the raw materials that will 

be used to create the components of the product, all the way to the end of the product’s life and 

its recycling or disposal – any processes used to create, use, or dispose/recycle the product must 

be as environmentally conscientious as possible. The amount of energy needed, and the amount 

of pollution the product contributes to must be minimized in every facet possible. This can be 

achieved, just as is the case in the other DFX sections, through the use of principles and 

guidelines that steer engineers towards an overall more efficient product. As what appears to be a 

running theme at this point, some of the principles used in DFE include minimizing the number 

of parts in the design, having parts serve multiple functions, using common parts throughout 

different product models, promoting modularity, and other principles that were discussed in 

earlier sections. This is because all these principles inherently promote minimizing waste, 

thereby leaving the smallest possible carbon footprint on the environment. For this research in 

particular, all the decisions made in the previous DFX sections will contribute to DFE. 

Additionally, as much as possible, all materials used should be renewable, recyclable, and/or 

abundant. 
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Manufacturing and Assembly Plan 

When designing a product, choosing the components to fulfill necessary functions for the 

design are not the only considerations that need to be made. In addition to component costs and 

compatibility with the design, one must also consider how each component is manufactured. 

Manufacturing costs may increase the overall price of the end design more than anticipated. 

Some expensive components may be more affordable or more environmentally friendly than less 

expensive alternatives. Just like manufacturing processes need to be taken into consideration 

when making a design, so too does the assembly of the end product in order to come up with a 

viable business strategy.   

Peltier Cells – Peltier cells were previously made “very elaborately by hand” [Energy 

Research for Application – BINE Information Service – Thermoelectrics] and methods to 

automate the production of Peltier cells are still being researched. So for the time, it seems they 

would need to be purchased from third parties, instead of the cooling garment business 

producing them itself. Not many optimizations can be made to the design of the Peltier cell, aside 

from choosing the model that will be the most cost effective while still providing the necessary 

cooling power.  

Fans – Since fans are available for a relatively low price, it should be acceptable to order 

in the fans and assemble them with the final product rather than the company producing them. 

However, if a very large number of garments are expected to be sold, to the point where 

producing the fans in-house would be less expensive, then either injection molding, computer 

numerical control (CNC) machining, or extrusion could be used to create the casing that holds 

the fan blades, and injection molding or machining could be used to create the fan blades 

themselves, since they are typically made of plastic, like polyvinylchloride (PVC) or 
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polybutylene terephthalate (PBT) for example. Like Peltier cells, fan optimization consists of 

choosing the best model for the lowest cost.  

Air Pumps – Similarly to fans, air pumps can be purchased from a separate manufacturer 

instead of being made in-house. The air pump used in this design is a DC motor which is 

comprised of magnets around an iron core cased in aluminum and PVC plastic. 

Heat Sinks – Heat sinks can be manufactured using extrusion or casting. Extrusion is 

typically more expensive because of the post-machining that must be done, but can produce 

higher quality heat sinks than casting, since materials with higher thermal conductivities 

typically cannot be casted due to their melting point. 

Tubing – The polyvinyl chloride (PVC) tubing to be used for the distribution system 

could be manufactured easily using extrusion. If a fabric design were to be used instead, cutting, 

measuring, and trimming (CMT) along with heat welding could be used to manufacture the 

distribution systems.  

Garment – The garments will be manufactured from reflective materials such as PU 

coated oxford shell and reflective strips using traditional cutting, measuring, and trimming 

(CMT) methods on an automated conveyor.  

When it comes to the assembly plan of the design, automation would save the most 

amount of money. Although it is possible for robots to assemble both the cooling units and 

distribution systems, integration between the distribution system, the actual garment, and the 

power source may need to be assembled by hand, due to the nature of the design. 
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Distribution Plan 

As of right now, the plan to distribute the final product consists of utilizing trucks to 

carry the product to the purchasers, whether that be an individual who ordered a product online, 

or a store who ordered a number of products to sell themselves via a business arrangement. An 

official website would be available, and companies wishing to sell the product in their own stores 

would likely have to speak to a representative of the company over the phone. There are no 

specific companies being considered to deliver the product at this time. 

Other Considerations 

This section of the thesis is devoted to aspects of the design that did not make it into the 

final product, but could improve the overall design if sufficient time and resources were devoted 

to development. Below is a list of these design choices.  

Although the final concept of the design chosen for this research focusses on utilizing 

thermoelectric technology (Peltier cells) to create a cooling effect, there are other viable cooling 

technologies that can elevate the performance of the final product. Because of the limited time 

and resources allotted to this project, these aspects will not be focused on when creating a 

prototype, but their utility and potential inclusion in future iterations of the end product will be 

detailed in this section.  

Evaporative Coolers – Evaporative coolers, also known as swamp coolers, are a cooling 

technology that operate on the principle of evaporation. Typically, an absorbent mesh holds 

water while hot, dry air passes through it. The warm air causes the water on the mesh to 

evaporate, losing heat through the evaporation process. The result is that the air coming out on 

the other side of the mesh is cooler and also more humid than the air that came into the mesh. 

The advantages of evaporative coolers are that they provide a cooling effect with relatively low 
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power consumption, and do not require any type of special chemical or phase change material – 

only water is needed. The disadvantage is that evaporative coolers only really work well in dryer 

environments, which means they would not be very viable in regions such as the Rio Grande 

Valley. Another disadvantage is that swamp coolers lose the water that is supplied to them, 

which means the water supply would need to be refilled manually by the user. This also limits 

the utility of the cooler, while lowering the mobility and increasing the weight of the garment. If 

the product discussed in this thesis were to be sold in arid places, swamp coolers may be 

implemented into those models if the added cooling resulted in less power consumption, which 

could offset the added weight and inconvenience. However, the production models sold in areas 

with similar humidity levels to the Rio Grande Valley should not have evaporative coolers 

included.  

  

Fig. 67: Diagram of an evaporative cooler  

Fig. 67 shows a diagram depicting the typical operation of a swamp cooler.  

Ice Packs/Phase Change Packs – Utilizing packets of ice or some other material that 

melts at common outdoor temperatures would cool users using the principle of melting. In order 

to freeze these substances, they must be exposed to cold temperatures for some period of time. 

Once they are completely frozen, they will remain a low temperature until they are completely 

melted. By placing packs of these substances on the garment in a way such that they contact the 
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wearer, heat could be absorbed from the user into the substances. The extra heat would begin to 

melt the substance without raising its temperature. Heat would continue to be absorbed from the 

user until the substance was completely melted. Even after this, however, heat would continue to 

be absorbed until the now liquid substance was in thermal equilibrium with the user and the 

surroundings. This means that these packs of cold substances could provide cooling power for a 

relatively long amount of time. The advantages of ice or phase change packs are that they 

provide passive cooling, provide cooling for a substantial amount of time, and are relatively 

inexpensive. Passive cooling means that the packs do not have to be powered by any external 

power source and instead feed off the heat coming from the user and the environment. The 

disadvantages of these packs are that they typically add a large amount of extra weight to the 

garment, somewhat restrict movement, and also become useless sacks of extra weight once they 

are finished absorbing heat – they no longer serve any purpose. The main disadvantage is the 

preparation needed for these packs: the substance must be frozen in a freezer or some other 

cooler before use, which costs time, energy, and limits the overall portability of the design. If the 

end design is able to provide a comfortable experience without the use of phase change packs, 

they should be avoided. However, if more cooling is necessary, they could be a viable option.  

Vapor Chambers – Vapor chambers are an expanded principal version of heat pipes. Heat 

pipes transfer heat by allowing a liquid inside the bottom of a metal tube to absorb heat, causing 

the liquid to evaporate, carrying the heat up the tube, where the wall of the tube is cooler, so that 

the heat can be absorbed by the top of the tube, causing the gas to condense back into a liquid, 

which then flows back to the bottom of the tube to repeat the process. Heat pipes carry heat only 

in one direction. Vapor chambers, however, allow heat to travel on a 2-dimensional plane, and 

can serve to transform a high heat flux into a more manageable flux that can then be removed by 
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convection. The advantages of vapor chambers are that they are compact, gravity insensitive, and 

allow for more efficient cooling by more evenly distributing heat. The disadvantage for vapor 

chambers is that they are expensive. The aim of this project is to create an affordable cooling 

garment. Therefore, vapor chambers will not be considered in the prototyping of the design, 

but could be added in the future if more affordable manufacturing methods become available.   

   

  

Fig. 68: Diagram of a Vapor Chamber  

Fig. 68 shows the operation of a vapor chamber. Liquid inside the wick evaporates when 

heated, traveling through the wick back down to the heat source, after the gas contacts the cooler 

surface above.  

Meshed Clothing – For the actual garment where the cooling components and distribution 

system will be housed, a strategy that could be employed is using meshed fabric as the inner 

layer of the garment. This would make it simple for the cooled air to flow out of the distribution 

system directly onto the user while also holding all components in place.  
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Fig: 69: Example of meshed cloth  

Fig. 69 shows an example of what meshed clothing looks like. As can be seen, the holes 

in the cloth will make for easy air flow to the user.  

Fabric – Although the prototype distribution system utilizes vinyl tubing for simplicity, 

the final design could employ a distribution system consisting of fabric. This design would be 

easier to manufacture than a series of tubes, and would also likely be more comfortable for the 

user, since the fabric could lay flatter against their body.  

User Experience 

When designing a successful product, more than just the technical aspect of the product 

needs to be understood. Yes, the product must function as designed and live up to a certain 

quality. But also, it must be a pleasant experience for the user. From opening up the package to 

throwing the device away (or similarly executing its end-of-life functionality), the designer has 

to think from the point of view of the user and make sure that as few steps in the product’s life 

cycle as possible, if any, are cumbersome, tedious, or otherwise unpleasant for the user to 

experience. If user’s have a good experience with a product, not only are they more likely to go 
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back to the same company for future products or replacement/maintenance parts, but they are 

also more likely to recommend the company and/or their products to people that they know, 

spreading the user base of the product. Below are a series of considerations that have been made 

or will have been made by the time the design is complete with the intent of enhancing the user’s 

experience with the product.  

Beginning of use portion of product life cycle – When a potential customer is looking to 

buy a product to fulfill their comfortability needs, their eye should be drawn to the packaging of 

the product. Speaking of the packaging, due to the nature of the technology that makes up this 

project’s design, the product itself will very likely need to be sold inside of a box as to prevent 

theft and/or damage to the product. Once purchased, the user should have an easy time accessing 

all the parts and setting up the garment for its first-time use. Upon opening the box, the 

instruction manual/quick guide should be sitting on top of all the components. After pulling out 

the guide so that the user knows exactly where it is, the main fabric garment should be pulled out 

next, followed by the cooling units, and finally the battery pack. Each set of components will be 

individually wrapped, and the plastic wrapping should be labelled “A,” “B,” “C,” etc. The 

instructions should tell the user how to assemble each component with one another, and then 

provide directions on how to use the garment.  

Use portion of the product life cycle – While the user uses the cooling garment in their 

everyday life, operation and maintenance of the garment should be as painless as possible. 

Access to the control system that keeps the temperature in check (whether it be a simple on/off 

switch, temperature dial, or otherwise) should be placed somewhere the user can constantly see it 

if necessary, and access easily. One of the forearms is an ideal location. The chest area is also an 

acceptable location, although it wouldn’t always be in the user’s vision. Components of the 
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garment, such as cooling units and battery packs, should be easily removable from the garment, 

and easily taken apart, but still very secure. This will help the user troubleshoot any issues they 

are experiencing, and also be able to clean and otherwise maintain the garment. The instruction 

manual should include detailed steps in how to clean all cleanable components of the garment. 

The charging cable used to recharge the battery pack should be able to conveniently access the 

battery pack both while the garment is hanging (put away) and in use. Of course, putting on and 

taking off the cooling garment should be as easy as possible, and will have been considered in 

other chapters of this paper.  

End of life portion of the product life cycle – When the user no longer has a need for the 

cooling garment, or when the product stops working, or it needs to be gotten rid of for one reason 

or another, the user should have no problem disposing of it. Instructions on how to dispose of the 

different components that make up the garment should be printed on the packaging box, the 

instruction manual, and somewhere on the cooling garment itself to make the process abundantly 

clear. Although it is not yet known how each component will be disposed of, each should require 

as little effort on the part of the user as possible, while still being responsible ends to each 

respective component.  

End of Life Plan 

When the user of the cooling garment no longer has any use for it, they will get rid of it, 

just like any other product. Included with the instructions on how the garment operates should be 

a guide on how the producer recommends “throwing away” the product. In accordance with DFE 

principles, all components of the product that can be recycled will be recommended to be 

recycled to the user, while all other components will be recommended to be safely disposed of to 
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the user. This section will cover how each component of the cooling garment should be 

discarded at the end of its life.  

Fabric – The user of the cooling garment will be encouraged to recycle the fabric making 

up both the main garment housing the majority of the components, and the distribution system, 

with any local clothing recycling solutions available. Alternatively, with a few modifications to 

the garment, it can be donated instead.  

Battery pack – The contents of the battery pack, including the rechargeable batteries, 

Arduino controller, and associated wiring should also be recycled, as well as the plastic casing 

containing those components. Alternatively, the casing and wiring can be safely thrown away, 

but it would be recommended that the Arduino be sold or otherwise reused.  

Cooling unit – The fans, air pumps, heat sinks, and plastic casing of the cooling unit can 

all be recycled, and doing so is encouraged. Alternatively, those items can also be safely thrown 

away. It would be best to recycle the Peltier cells for other uses at the end of their life, so the 

optimal thing to do would be to offer a service for customers to send in their Peltier cells once 

their devices have reached the end of their lives, so that the company offering the jackets can 

reuse the Peltier cells. This would be beneficial both financially, and for the environment. 

Warnings – The user should not simply throw away the entire product as is – in 

particular, the rechargeable batteries and Peltier cells should be recycled. In many states, 

throwing away rechargeable batteries is not legal, and recycling is the only available option.  

Business Plan 

Since this product is being designed to become commercially successful, there is more to 

it than simply making sure it works. Even if the product provided a pleasant and safe experience 

for the user in every way, and was designed to have as little an impact on the environment as 
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possible, it would not be guaranteed to reach mass market appeal. In order for a startup company 

or entrepreneur hoping to sell a new product to achieve the highest chance of running a 

successful new business, a good business plan would be required. An extremely useful tool to 

use when creating a good business plan is the business model canvas (BMC).  

  

Fig. 70: Example Business Model Canvas  

Fig. 70 above shows a blank BMC – which is separated into nine distinct sections, being 

value proposition, customer segments, customer relationships, channels, key activities, key 

resources, key partners, cost structure, and revenue streams. By filling each of these sections 

with data about a particular idea or product, this canvas can be used as a guide to build a 

successful business around that idea or product. The following sections will cover how each of 

the sections of the BMC are filled with the cooling garment as the center product.  

Value Proposition – The value proposition of a business is what the business is offering 

to its customers. Not what item or service, but rather what value that item or service provides. 
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For example, the value proposition of a company that offers its users a ride to a destination, like 

Uber, for example, is not transportation from one place to another. Instead, the value proposition 

of Uber is convenience, especially when compared to traditional taxi services. By comparison, 

Uber drivers arrive with one tap, already know the end destination, and do not request cash 

payment. Therefore, individuals who are considering becoming customers of Uber, are typically 

drawn in by the convenience of the service Uber provides. That convenience is what the user 

values, not the car ride itself. Knowing this, the value proposition the cooling garment offers is a 

little different depending on what customer segment is being considered. The next section, 

customer segments, will discuss why the two customer segments college students and 

construction workers were considered. The customer segments that will be focused on are 

college students who walk from class to home and vice versa, and construction workers who 

work outdoors frequently in warm weather. For the college students, the main value propositions 

being offered are comfort and freedom to be outside on hot days. For construction workers, the 

value proposition is oriented a little more toward professionalism. The value propositions for 

construction workers are increased work efficiency and reduced risk of heat illness. From these 

value propositions, the key activities needed to provide these values can be extrapolated.  

Customer Segments – As was stated before, the customer segments being considered in 

this research are separated into two scenarios; a college student, aged 18 – 35 living in a warm 

climate, who walks to campus from home and vice versa, and a construction worker, typically 

male between 25 – 55, who works outside in a warm climate frequently. The customer segments 

guide the potential entrepreneurs to fill out the customer relationship and channels sections of the 

BMC. The customer segments section describes the target customers for the company to focus 

on. There is a distinction here that needs to be made. Although the two personas, one of a 
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college student and one of a construction worker, are the intended users guiding the design of the 

cooling garment, they are not necessarily the buyers of the product. In the case of the student, it 

is likely that either the student or their parents will purchase the garment. But in the case of the 

construction worker, it is more likely that someone higher on the corporate ladder, like a project 

manager, for example, would be making the purchase. On the other hand, OSHA may also be a 

potential buyer for construction workers, offering the garments to construction companies for 

free or otherwise. Although it is important to know who the end user is when designing a 

product, it is important to know who will be making the purchases when designing the 

advertising for a product. The customer segments and value proposition sections were worked on 

by team members attending the NSF Icorps program in 2018. The remaining sections were 

not covered, and are therefore less developed than these first two sections.  

Customer Relationships – The customer relationships section of the BMC describes how 

the company will interact with their customers. It maps out what methods will be used to attain 

new customers and transform regular customers to loyal customers – or customers who will 

remain with the company throughout multiple product launches. Examples of customer 

relationships include customer service and reward programs. For the cooling garment, some of 

the customer relations include customer service for troubleshooting the product, offers for 

replacement parts or components, offers to repair the product, and deals and/or reward programs 

for loyal customers.  

Channels – The channels section of the BMC describes how the user will learn about the 

product and how it will get to them. It can include physical channels, such as UPS trucks, and 

non-physical channels, like a website. For the cooling garment, some of the channels include a 

website where customers can order a product, all transportation that will be necessary to deliver 
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the product, such as trucks, planes, ships, etc., and retailers who can buy the product directly 

from the company to sell in their stores.  

Key Activities – The key activities include the functions the product must provide in 

order to provide the value that has been promised to the customer. In this case, the cooling unit 

must be able to regulate the user’s body temperature to keep them cool, which will keep them 

comfortable in warmer weather conditions. This is somewhat related to the functions that the 

product needs to fulfill. As was explained earlier, those functions and subfunctions are lowering 

skin temperature, interfacing with the user, absorbing heat, dissipating heat, and utilizing a 

system control.  

Key Resources – The key resources are everything the company has which can ensure 

that the key activities described in the last section are being fulfilled. In the case of the 

theoretical company that could be made surrounding this design, the key resources include the 

technology that goes into the product, as well as the engineers who design/maintain the product, 

and the sales and marketing employees who ensure that the product actually makes it to the 

customers. Without all of the employees working on the product, the key activities would not be 

possible to fulfill. 

Key Partners – Key partners include other already established businesses and services 

that are necessary to deliver the experience offered by the start-up company to their potential 

customers. Key partners to the cooling garment could include the companies that provide the 

component parts, construction companies for purchasing and distributing the product to the end 

user, distributors who will sell the product in their own stores, and transportation companies that 

can deliver the cooling garments both to stores to be sold, and to customers who buy online.  
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Cost Structure – The cost structure of a BMC accounts for everything that will cost the 

business money. This is the source of the amount of money that needs to be taken away from a 

company’s revenue to be able to calculate that company’s profit. In this BMC, the cost structure 

consists of manufacturing the product (which includes running the machines, paying for work 

done, and purchasing materials), paying employees (in addition to the work they do, covering for 

their benefits, retirement plan, etc.), and marketing the product to the customer segments.  

Revenue Streams – The revenue streams are exactly that; sources of revenue for the 

company. This source of revenue minus the costs associated with the cost structure, make up the 

over-all profit the company makes. For our example, the only source of revenue results from 

direct sales of the product, whether it be to some distributor, or directly to the customer through a 

website.  
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Fig. 72: Assembled circuit (far view) 

 

Fig. 73: Assembled circuit (close-up view) 
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Secure the temperature sensor to the cold side of the Peltier cell on the cooling unit using tape or 

some other effective means. Run the program installed on the Arduino Uno. The code to be 

uploaded to the Arduino is the following: 

int sensorVal; 

int coldness; 

const int cell = 3; 

const int sw = 4; 

const int sensorPin = A0; 

const float baselineTemp = 20.0; 

float voltage; 

float temperature; 

void setup() { 

  Serial.begin(9600); 

  pinMode(cell, OUTPUT); 

  pinMode(sw, OUTPUT); 

  digitalWrite(sw, LOW); 

} 

void loop() { 

  // put your main code here, to run repeatedly: 

  sensorVal = analogRead(sensorPin); 

  voltage = (sensorVal/1024.0)*5.0; 

  temperature = (voltage-0.5)*100; 

  if(temperature > 30 && temperature < 40){ 

    coldness = 50;    

  } 

  else if(temperature > 15 && temperature < 24){ 

    coldness = 0;    

  } 
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  analogWrite(cell, coldness); 

  delay(2);     

  Serial.print("Sensor Value: "); 

  Serial.print(sensorVal); 

  Serial.print(", Volts: "); 

  Serial.print(voltage); 

  Serial.print(", Degrees C: "); 

  Serial.print(temperature); 

  Serial.print(", PWM: "); 

  Serial.println(coldness); 

  delay(10); 

} 

 

Note that coded in this Arduino script is a limit on the amount of current that can run through the 

Peltier cell. The coldness setting of 50 is a numerical value the Arduino gives to the MOSFET 

that allows an amount of current to run through it. This numerical value has a maximum value of 

255, which means the prototype is currently only allowing about 20% of its maximum current to 

flow through it. To test that the cooling unit is maintaning the desired temperature: Ensure that 

the power source (batteries) is fully charged. Flip the switch to the “ON” position: the device 

should activate (Ardiuno lights turning on is a sign of power flowing). Use the thermometer 

(infrared) to measure the temperature on the cold side of the Peltier cell. Through the control of 

the circuit, the temperature should increase and decrease periodically, but should be within a 5°F 

range centered at the temperature specified in the code (24 °C or 75 °F in this case). 

Alternatively, the Arduino can be connected to a computer and linked to the Arduino IDE 

software (the software used to upload the code into the UNO) and the serial monitor can be used 

to display the temperatrue that the temperature sensor is reading directly. If the cold side 
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temperature is hovering around the numbre specified in the code, the circuit and components are 

working properly. If this is not the case, please check the circuit and ensure that all of the 

components are functioning properly. While the circuit is running properly, take note of the 

Peltier’s hot side temperature for the purposes of preventing over-heating. 

The same set up can also be used to test the battery life of the prototype. Simply switch on the 

device, and time how long the prototype runs before the power source runs dry. During this time, 

keep an eye on the hot-side temperature of the Peltier cell to ensure that it is not over-heating. 

Distribution System:  

Materials/Components: 

• Same as the previous section, plus the following: 
• Tubing 
• Anemometer 
• Tube connections 
• Powered air pump 

Connect the air pump to the system as shown below: 

 

Fig. 74: Connection between Air Pump and Neck Prototype (Left) and Underarm Prototype 

(Right) 
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Once the prototype is connected, flip the switch to turn it on. Use the anemometer to measure the 

speed of the airflow and air temperature at the outlets of the tubing. 

Results 

 Four experiments were conducted using the version 2 prototype and the testing protocol 

described in the previous section. Firstly, a basic test to determine the temperature difference 

between the hot and cold sides of the Peltier cell was conducted on the prototype. In the 

experiment, the limits of the temperature detection for the temperature sensor needed to activate 

or deactivate the Peltier cell were set to 21 °C (70 °F) and 18 °C (64.5 °F). This means that once 

the temperature of the cold side of the Peltier cell was above 21 °C, it would activate, and 

continue running until it dropped below 18 °C, at which point it would deactivate. Of important 

note is that for all four experiments, it was discovered that the current running through the circuit 

was sufficient for the MOSFET connected to the Peltier cell to begin heating up very rapidly 

during the tests. In order to proceed safely without risk of burns or damage to the prototype, a 

small heat sink was affixed to the MOSFET in question, and an external source of airflow was 

utilized to keep the temperature manageable – a Red Suricata brand rechargeable mini air pump. 

As there was not sufficient time, the solution was not made an integral part of the prototype. For 

the first experiment, the conditions were as follows: tests were indoors with no wind, and 

ambient temperature was about 25.5 °C (78 °F). The temperature at the cold side of the Peltier 

cell was recorded from the serial monitor of the Arduino IDE software, while the hot side 

temperature was recorded using a DUOYI brand DY2050 model infrared thermometer. 

Temperatures were recorded every 30 seconds for both sides of the Peltier cell for five minutes 

after activating the prototype. The table below shows the data collected. 
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Table 5: Temperature data for hot and cold sides of Peltier cell while active 

 

Table 5 shows all eleven data points collected for each test. Each test was conducted under the 

same conditions, and the time interval between the end of one test and the beginning of a new 

Time Elapsed (s) TC (°C) TH (°C) Average TC (°C) Average TH (°C)
0 28 29.7 27.1 28.93333333

30 25.5 28.3 24.73333333 27.9
60 24.5 29.7 23.99333333 27.86666667
90 23.7 29.1 23.48 28.13333333
120 23.5 29.5 23 28.23333333
150 22.75 28.2 22.75 27.9
180 22.75 28.9 22.75 27.73333333
210 22.75 28.9 22.50666667 27.76666667
240 22.75 29.3 22.50666667 28.63333333
270 22.75 30.2 22.43 28.63333333
300 22.75 30 22.50666667 28.06666667

0 26.6 28.5
30 24.5 27.7
60 23.75 27
90 23.5 28.3
120 22.75 27.5
150 22.75 27.5
180 22.75 26.5
210 22.5 27
240 22.27 28.5
270 22.27 27.5
300 22.27 27

0 26.7 28.6
30 24.2 27.7
60 23.73 26.9
90 23.24 27
120 22.75 27.7
150 22.75 28
180 22.75 27.8
210 22.27 27.4
240 22.5 28.1
270 22.27 28.2
300 22.5 27.2

Test1

Test 2

Test 3



138 

test was about twelve minutes, to allow all components to return to thermal equilibrium. For the 

measurements taken, the accuracy of the infrared thermometer was ± 1.5 °C. The following table 

shows the standard deviations and standard errors for the average cold and hot side temperatures: 

Table 6: Standard Deviations and Standard Errors for Cold and Hot Side Temperature 

Measurements 

 

In the table above, AVG. stands for average, STD stands for standard deviation, and SE stands 

for standard error. 

 The second experiment was conducted in order to determine how the lower temperature 

of the Peltier cell affects the air being taken into and then expelled from the air pump. For this 

experiment, the inlet for the air pump was placed flush directly against the cold side of the Peltier 

cell (with a heat sink attached to the Peltier) inside of a case constructed to hold the components 

close together.  

TC AVG. (°C) STD (°C) SE (°C) TH AVG. (°C) STD (°C) SE (°C)
27.10 0.64 0.19 28.93 0.54 0.16
24.73 0.56 0.17 27.90 0.28 0.09
23.99 0.36 0.11 27.87 1.30 0.39
23.48 0.19 0.06 28.13 0.87 0.26
23.00 0.35 0.11 28.23 0.90 0.27
22.75 0.00 0.00 27.90 0.29 0.09
22.75 0.00 0.00 27.73 0.98 0.30
22.51 0.20 0.06 27.77 0.82 0.25
22.51 0.20 0.06 28.63 0.50 0.15
22.43 0.23 0.07 28.63 1.14 0.34
22.51 0.20 0.06 28.07 1.37 0.41
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Fig. 75: Air Pump and Cooling Unit Setup 

The prototype was switched on, and was allowed to run for 2.5 minutes. According to the data 

from the first experiment, this is enough time for the Peltier to reach an equilibrium state where 

the temperature no longer fluctuates while on. Once this time was reached, a HAPPEEY 

manufactured anemometer was used to measure both the airflow speed and temperature at the 

outlet of the air pump. The anemometer was held about 2 inches from the outlet, and the 

temperature and air speed displayed were recorded. The table below shows the data. 
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Table 7: Temperature and Airflow data for Prototype 

 

Table seven shows the three data points collected for each of the three tests conducted. Ten 

minutes were allowed to pass between collection of data and starting the next test to allow for 

thermal equilibrium to be reached. Each test allotted 2.5 minutes for the device to reach a steady 

state before data recording. Because the anemometer was able to pick up temperatures, the 

ambient temperature for each test was noted to change for each test. The ambient temperature for 

the first test was recorded as 25.7 °C, the second test had an ambient temperature of 26.2 °C, and 

the third test had 26.7 °C as its recorded ambient temperature. The average flowrate and 

temperature for the first test were 3.43 m/s and 26.07 °C, respectively. The same for test two and 

test three were 3.53 m/s and 26.47 °C, and 3.8 m/s and 26.47 °C, respectively. In the above 

measurements, the accuracy of the anemometer was ± 5% for the air speed and ± 2 °C for the 

temperature. The average air speed recorded over the 9 data points taken was 3.59 m/s with a 

standard deviation of 0.3 m/s and a standard error of 0.1 m/s. The average temperature recorded 

was 26.33 °C with a standard deviation of 0.2 °C and a standard error of 0.07 °C. 

 A third experiment was conducted under the same conditions as the second experiment. 

Like the second experiment, the purpose of this one was to determine the airflow rate and 

Reading Flow rate (m/s) Temperature (°C)
Test 1 1 3.5 26

2 3.3 26.1
3 3.5 26.1

Test 2 1 3.7 26.4
2 3.2 26.4
3 3.7 26.6

Test 3 1 3.3 26.4
2 4.1 26.5
3 4 26.5
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temperature using the same anemometer, only this time the outlet was to be of the distribution 

system tubing prototype. Unfortunately, upon conducting the experiment, it was found that the 

flow rate at the outlet of the prototype was too low to register readings on the anemometer, so the 

experiment was aborted. 

 Finally, an experiment to determine the battery life of the prototype was conducted. In 

this experiment, the prototype was turned on and left to run with no interference, aside from 

checking potential warm spots with the infrared thermometer to make sure no part of the 

prototype began overheating. Unfortunately, due to the external airflow source having a lower 

battery life than the prototype, the experiment had to be aborted to avoid overheating of the 

MOSFET described earlier. After the Red Suricata air pump was recharged, the experiment 

resumed, only for the same outcome to take place once again. Due to the long charging time of 

the Red Suricata air pump (3 hours and 15 minutes), as well as it performing for only about 45 

minutes on a full charge, and the shortage of available time, the experiment was not able to be 

carried out more than twice, and it was determined that the prototype had a battery life of at least 

1.5 hours, as that is the total time the prototype remained on from one full battery charge. 

Discussion 

The data in table 5 was converted into graphs to display visually the trend in Peltier cell 

temperatures versus time. They are shown below. 
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Fig. 76: Peltier hot and cold side temperatures vs time 1st test 

 

Fig. 77: Peltier hot and cold side temperatures vs time 2nd test 
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Fig. 78: Peltier hot and cold side temperatures vs time 3rd test 

 

Fig. 79: Peltier hot and cold side average temperatures vs time 
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 Figures 76 through 79 each show a slight downward trend for the cold side of the Peltier 

cell that tends to level out after about 150 seconds (2.5 minutes). Of note is that this temperature 

leveling out occurs around the 22.5 °C mark and does not meet the lower boundary temperature 

set at 18 °C required to deactivate the Peltier cell. This means that the Peltier cell reaches this 

“steady state” temperature while continuously running, and does not seem as though it is capable 

of becoming colder. This is likely due to the limiter in the coding only allowing 20% of the 

Peltier’s maximum allowable current to run through it. This limiter was put in place in order to 

prevent overheating of the PCB, and even with this reduced current level the MOSFET 

connected to the Peltier cell still burned quite hot. Allowing the limiter to grant a larger flow of 

current into the Peltier could potentially allow for the cold side temperature to become cooler, 

but at the cost of more power consumption and more heat necessary to dissipate away from the 

circuit. Another possibility is that the Peltier is defective, but since the device had been tested 

previously and was able to reach a higher temperature difference between the hot and cold sides, 

that possibility is less likely. Although the hot side temperatures were not as steady as the cold 

side temperatures, they still hovered between 27 °C and 29 °C on average, meaning that at the 

present heat absorption rate, the heat sinks and fan were enough to keep the Peltier cell from 

overheating.  

 For the second experiment, comparing the outlet temperatures of the air pump with the 

ambient temperature shows that for the first two tests, the temperature increased, even though a 

decrease in temperature was expected. The third test was the only one to show a decrease in 

temperature from ambient to outlet. In the first test, the temperature rose from 25.7 °C to 26.07 

°C, an increase of 0.37 °C. For the second test, the increase was 0.27 °C. The third test saw a 

decrease in temperature from 26.7 °C to 26.47 °C, a 0.23 °C decrease. The outlet temperatures 
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do not come close to the average cold side temperature of 22.75 °C recorded in the first 

experiment. There are likely two reasons for this. Firstly, the mechanical work done by the pump 

in order to facilitate airflow generates heat within the pump itself. This results in the air being 

expelled from the pump being warmer than the air it takes in. This could be overcome if the air 

entering the pump were cool enough, which leads to the second reason the results of the 

experiment seemed odd. It seems that the air passing through the cold side of the Peltier cell did 

not lose enough heat to drop its temperature low enough to have the outflow be a lower 

temperature than the ambient, even if it does heat up slightly inside the pump. There are two 

possible solutions to this problem. Firstly, more current could be allowed to flow through the 

Peltier cell, which should allow the cold side to reach even colder temperatures, which would aid 

in the inlet air to the pump being cooler than the ambient air. Again, though, this would lead to 

an increase in power consumption and an increase in heat to dissipate, both from the 

thermoelectric cooler and the circuit itself. The second possible solution would be to force the air 

entering the air pump to take a longer path while staying in contact with the cold side of the 

Peltier cell. This would allow the cell to absorb more heat from the air, allowing it to cool 

further. This solution may be achieved by utilizing a custom-made heat sink to attach to the 

Peltier’s cold side with a single inlet and outlet, and many turns that connect them. Then, all 

access to outside air sources should be sealed from the pump, such that air entering the pump has 

to travel into the heat sink and through all of the turns, extending the contact the air has with the 

Peltier. 

 Since the third experiment ended in failure, the only thing to learn from it is that either 

the design of the distribution system needs to be improved, or the air pump needs to be replaced 
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with a more powerful component to facilitate greater air flow – enough for the user to notice a 

difference when the device is turned on. 

 Since the battery life experiment was not able to be completed due to time constraints, 

there are limited conclusions to draw from it. One conclusion is that, since the power source is 

rated at 2.5 Ah, and the prototype lasted at least 1.5 hours on a full charge, that means the current 

that the power source was supplying while the prototype was running has to have been 1.67 A or 

fewer. Although this battery life is impressive given the application, it needs to be stated that the 

prototype did not perform in an acceptable manner to be considered feasible. The fact of the 

matter is that a user wearing the prototype would not feel cooler while wearing it. This means 

that in order to make the prototype perform acceptably, changes to the design need to be made – 

the same changes mentioned in the previous sections. This would increase the electrical toll on 

the power source, and its life would certainly be shorter than it had shown in the experiment. 

There is not enough information to determine whether or not it would still be sufficient for a 

feasible product, though. If it weren’t, then a larger power source would be needed, which would 

again affect the product’s feasibility by affecting weight and price. 

Future Work 

The testing of the prototype has proven that, at least in its current state, the design is not 

feasible. This does not mean that the technology is incapable of being used in a successful 

product. The iteration that was fabricated in this work is simply not enough as it is - there 

is room for marked improvement. The design methodology is a technique used to tap into the 

nearly limitless potential of solutions to one given problem. Given unlimited time and resources, 

any number of solutions could be formulated and created. However, there are real limitations 

affecting every designer that attempts to solve a problem. The main two limitations are time and 
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physical resources (money). At some point, the designer must decide to move forward with an 

idea or concept for time’s sake even though there may still be improvements to be made. 

Likewise, some solutions available might be optimal, but might be much more expensive than a 

slightly less effective solution. In this case, the designer may choose the less expensive solution 

for prototyping purposes, even though the more expensive solution would be optimal. Speaking 

of optimization, that is another aspect that is time intensive. Optimization includes taking an 

existing design and fine tuning all (or most) parameters affecting the design; from location and 

affixation method of components to operating code. In this way, an optimized design can 

significantly out-perform a similar design using the same components that has not been 

optimized. Much of the future work this project can benefit from comes from the future 

embodiment considerations found in chapter 7. Improvements can be made to the cooling 

technology used in the design, the inclusion of humidity control, improved performance of 

batteries and improved control coding, and optimization of the relevant processes.  
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CHAPTER IX 

CONCLUSIONS 

Research was conducted testing the feasibility of a cooling garment that could relieve 

heat stress from those exposed to high outdoor temperatures, and reduce the risk of heat illness 

while increasing thermal comfort and labor productivity for those who often work outdoors in 

warm environments. The research was conducted to improve the quality of life of the end user 

while also broadening the writer’s understanding of the role of innovation in a modern engineer’s 

professional life. This chapter will discuss the major findings and overall impact of those 

findings.  

Outcome 

Based on the prototypes created and the results collected from the experiments 

conducted, it is the belief of the author that, although the current iteration of the design is not 

enough to be considered a feasible product, there is potential for the proposed design to become 

a commercial success given time and resources sufficient enough to implement the suggestions 

for improvement stated in the last chapter. Although the prototype itself is not refined enough to 

be marketed as is, it does showcase the proof of concept of the technology – the ability to absorb 

heat using a light, compact device with no moving parts (looking at only the thermoelectric 

element). It showcases the prospect of utilizing a cooling unit and distribution system to provide 

cool air to the skin of the user, thus lowering skin temperature and giving the user a feeling of 

thermal relief. Future work will have to be done in order to improve the effectiveness of the 
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system, as well as refining the form factor of the final product, but the concept itself is sound, 

and advancements to both thermoelectric coolers and batteries will ensure that one day the 

proposed product could be financially feasible as well.  Expected outcomes of the prototype 

include a reduction in temperature created by the Peltier cell, a reduction in temperature for the 

air flowing through the air pump as a result, cool air being delivered at the outlet of the 

distribution system, and the prototype lasting at least thirty minutes powered on from a full 

charge. The prototype outcomes were as follows: the prototype was able to lower temperature, 

although not as much as expected. The air pump and distribution system were not able to deliver 

cool air to the user, and finally, the prototype was able to last well past the expected operating 

time on one charge. The biggest challenges for the project can be separated into prototyping, 

designing, and analyses challenges.  For the prototype, the largest challenge by far was dealing 

with the high heat levels. Not only the heat generated by the Peltier cell, but by the control circuit 

itself. The large power consuming requirements of the Peltier cell ensured that there was always 

a large current running through the circuit, which, due to Joule heating, caused a large amount of 

heat to build up anytime the prototype was turned on. Another huge challenge was being able to 

create and wire the control circuit in the first place. As a mechanical engineer, the author of this 

thesis has very limited knowledge on electric circuits, and would not have been able to create the 

prototype without the help of several professors who will be thanked in the acknowledgements 

section of this thesis. In particular, soldering proved to be very tedious and frustrating. For the 

design, the largest challenge was trying to balance product effectiveness, weight, and price that 

would be suitable for a commercial success, all while trying to keep the design from becoming 

too aesthetically wild. As was mentioned early in this thesis, there are compromises that need to 

be made when choosing components with regards to price, weight, and effectiveness, and an 
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increase in one of the categories almost always means a decrease in one or both of the others. For 

the engineering analyses, the largest challenges were being able to find a target amount of heat to 

remove from the user which would be enough to allow them to feel comfortable while not over-

taxing the prototype, and being able to model the effectiveness of heat sinks, which is a key part 

in making sure the Peltier does not overheat. The outcomes of the hypotheses put forward in 

chapter 3 are as follows: 1 – cooling technology is indeed at a point where wearable solutions for 

heat can be designed. However, other technologies, like batteries, may not be at that point yet. 2 

– the author of this thesis believes that a successful business can be created centered around a 

product that successfully fulfills the functions outlined in this work. 3 – a business formed 

around a successful product has the potential to be successful, although further marketing 

research is required to be sure.  

Lessons Learned 

 The major lessons learned from conducting this researched are outlined here. In general, 

the author of this thesis was able to practice soft skills, such as how to more effectively manage 

time and plan ahead for a large project. Communicating with others, presenting information, and 

setting up and conducting interviews were all skills that were also practiced. With regards to the 

prototype of the project, it was learned that handling high heat levels, for both the cooling unit 

and the control circuit itself, was the largest challenge in getting the prototype to function and 

collecting data. It was also learned that creating a control for thermoelectric coolers is necessary 

in order to set any kind of expectations for a constant target temperature. This is because once a 

Peltier cell is powered on, it will continue moving heat from the cold side to the hot side, 

resulting in the temperature difference between them growing larger and larger until it reaches its 

limit, until it is turned off. Most of the time, this limit will be too cold on the cold side, and much 
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too hot on the hot side. Because of this, a control method is necessary in order to maintain a 

constant temperature at the cold side. With regards to the design of the project, the largest 

challenge by far was designing a product that is both aesthetically pleasing and convenient to the 

user, while also balancing effectiveness, weight, and cost of the design. With regards to the 

engineering analyses, the biggest lessons learned were that thermoelectric coolers are generally 

inefficient (around 10% or less), and although are attractive for their small size and lack of 

moving parts, are reserved to being used for unique applications. Another discovery of interest 

was just how difficult it is to set a target “cooling power” for the prototype to try to achieve. 

What is meant by this, is that there does not seem to be much information available on how 

much heat needs to be removed from a user’s skin in order for them to feel comfortable, and 

under what conditions. There are many elements at work, such as metabolic age, activity being 

taken part in, clothing being worn, environment, and many other factors. Finally, the author of 

this research participated in a process of blueprinting a summer camp to prepare students to 

submit projects to an innovation competition. In this context, blueprinting refers to applying the 

design process to how one thinks of preparing and running a class (or in this case, a summer 

camp). From this process, it was found that there can be a very structured approach to planning 

courses for students, focusing on learning outcomes and objectives that lead to activities that 

make sense to achieve those outcomes. This process helped the author better understand the 

design process and add structure to the otherwise chaotic embodiment phase of designing the 

product researched in this project. 

Impact 

As mentioned in the introduction of the paper, the impact of a successful cooling garment 

would likely lead to changes in what is considered social norms, as well as health 
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conscientiousness. The number of individuals openly taking part in outdoor activities would 

likely increase, especially during times of high average temperatures, like summer. This includes 

outdoor exercising, which can lead to a healthier lifestyle for those who are dissuaded from 

going outside often solely due to the discomfort brought on by high temperatures. Although this 

research did not yield a feasible product to become a commercial success, the iteration created is 

a proof of concept, and the failures and suggestions to correct such failures described previously 

can serve as lessons for future engineers. This body of knowledge can serve as a base for 

engineers to improve upon until the problems with the design have been solved, and advances in 

technology pave the way for a commercially successful cooling garment. 
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APPENDIX 
 
 

STATE-OF-THE-ART EQUIPMENT AND SOFTWARE USED 
 
 

Table 8: State-of-the-Art Equipment 
Equipment Purpose Results Obtained 

Multimeter Measure voltages and currents 
in circuits 

Cooling unit circuit was tested for 
proper electricity flow  

Soldering Iron Set Weld electrical components to 
wiring 

Cooling unit prototype made 
possible by soldering 

Electronic Breadboard Provide power and ground to 
electrical circuit 

Cooling unit prototype works in 
conjunction with Arduino uno 

Electronic Wiring Used to connect electrical 
components 

Cooling unit circuit created with 
wiring 

DUOYI DY2050 
Infrared Thermometer 

Measure temperature for 
experiments on prototype 

Temperatures for prototype 
recorded during experiments 

HAPPEEY 
Anemometer 

Measure air speed and 
temperature of prototype 

Air speed and temperature data 
recorded during experiment 

 
 

Table 9: State-of-the-Art Software 
Equipment Purpose Results Obtained 

Heat Solidworks Simulation and analysis of heat 
transfer in heat sinks 

Performance of heat sinks made of 
different materials tested 

Solidworks Visualization of 3D models Shape and size of final product 
visualized  

Arduino IDE Create coding for Arduino uno 
and collecting data 

Coding set up for temperature 
sensor; temperatures recorded 

Fritzing Create schematic and models 
of physical circuit 

Guide for connections on physical 
prototype 

Autodesk Eagle Create schematic for circuit 
and PCB board 

Guide for prototyping and creating 
custom PCB 
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