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1 Executive Summary 
The in-fridge ice maker has been the same for the past 20 years.  The technology is fairly 
unexciting and there has been little innovation brought into it, despite the fact that many 
people use it everyday, often with error and frustration. This is the design challenge with 
which Mabe approached our team.  Our team consists of 4 Mechanical Engineering 
Master's students at Stanford University and 5 students at UNAM in Mexico City, of whom 
come from mechatronics, mechanical engineering and industrial design backgrounds. To 
gain an understanding of what Mabe was asking of us, we have surveyed existing ice 
maker and cooling technology, talked with users, and run scenarios for different ice 
maker environments. We focused on solutions that not only increased performance but 
improved experiences. 

To begin tackling the design prompt, we deconstructed it to thoroughly examine its 
motivations. We first started by asking how ice is currently used.  Among the many uses 
of ice, using it to cool drinks is by far the most common. It is a nearly ubiquitous solution 
to cooling a warm beverage. After reaching this conclusion, we formed another question 
that would inform our benchmarking and need finding moving forward: do we even need 
ice at all? 

Ice is used to achieve a cool beverage that is pleasant to drink but with one drawback - 
that it dilutes the concentration of the drink. One of our very first findings is that people 
really did not prefer ice in their drinks if there were other ways of cooling them. We 
achieved this insight from a taste test using warm Coke and various cooling methods for 
their drink. People chose the methods that did not dilute their drink. They would like for 
their drink to be cold but for the integrity of its flavors to remain intact as well. This 
sentiment was corroborated during need finding interviews as well. If people could have 
their drinks cooled in a way that bypasses ice, they would be highly inclined to choose 
that option. 

 
Figure 1: We found that people would prefer to have their drinks cold but without using ice to 

cool them 

This insight informed our benchmarking and prototyping. We shifted our focus from ice 
to rapidly cooling drinks. Agitation within the liquid and movement of an external cooling 
fluid are the key requirements to cool a drink effectively. The agitation within the liquid 
promotes a higher heat transfer rate and lowers the overall cooling time as the liquid is 
mixed. This can be achieved by just shaking the liquid; however, this is not a viable option 
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for carbonated beverages. In order to introduce agitation within a carbonated beverage 
the drink must be spun around an internal axis. This creates a Rankine vortex that serves 
to mix the liquid without disturbing the carbonation. This is achieved because all of the 
liquid inside the can moves at a constant angular velocity. Also, drinks are cooled at a 
much higher rate if the cooling medium is moving around them rather than just sitting still. 
The external fluid movement improves the convective heat transfer. 

 

 
Figure 2: Two key factors for cooling a drink 

 
However, there are people that still like ice. The aesthetics of the ice really sway 

people. The important qualities of ice to them are the shape and clarity. More interesting 
and effective shapes of ice are preferred over traditional ice cubes. People are also more 
comfortable with clear ice. It seems cleaner than traditional cloudy ice cubes because it 
seems like you can "see" the lack of impurities in the clear ice. Clear ice is very trendy in 
bars and is a desired product in the home. Making clear ice is quite difficult; however, it is 
usually made by agitating the water as it freezes so that all the impurities bubble to the 
surface and are removed from the final ice cube once frozen. This is very hard to do at 
the scale of regular ice cubes. 
 We engineered an experience that gave users a taste of having their drink cooled in 13 
seconds. Although the warm drinks were not actually cooled but merely switched with a 
cold one in this experiment, the response to it was resounding. People were really 
impressed with the experience and wished the device was functional. With this in mind, 
our vision moving forward is to bring that experience into actuality. We'd like to create a 
product that rapidly cools beverages, thereby removing the need for ice to cool drinks. 
We'd like this device to fit into a freezer instead of the traditional ice maker. This opens up 
the possibility to saving energy and refrigerator or freezer space by not having to place 
warm drinks in the refrigerator to cool them down. Users would have cool drinks on 
demand with no risk of dilution. 

 



Team Mabe Design Document March 18, 2014 

 3 

Table of Contents 

1	   EXECUTIVE SUMMARY ............................................................................................................................ 1	  
1.1	   GLOSSARY ......................................................................................................................................................... 7	  

2	   CONTEXT ....................................................................................................................................................... 9	  
2.1	   NEED STATEMENT ......................................................................................................................................... 9	  
2.2	   PROBLEM STATEMENT ............................................................................................................................... 11	  
2.3	   CORPORATE PARTNER ................................................................................................................................ 12	  

2.3.1	   Corporate Liaisons ................................................................................................................................................. 12	  
2.4	   THE DESIGN TEAM ....................................................................................................................................... 13	  
2.5	   DESIGN COACH ............................................................................................................................................. 17	  

3	   DESIGN REQUIREMENTS .................................................................................................................... 18	  
3.1	   GIVEN REQUIREMENTS .............................................................................................................................. 18	  
3.2	   FUNCTIONAL REQUIREMENTS ................................................................................................................. 18	  
3.3	   FUNCTIONAL OPPORTUNITIES ................................................................................................................ 19	  
3.4	   PHYSICAL REQUIREMENTS ....................................................................................................................... 20	  
3.5	   PHYSICAL OPPORTUNITIES ....................................................................................................................... 21	  

4	   DESIGN DEVELOPMENT ...................................................................................................................... 22	  
4.1	   FALL QUARTER RECAP .............................................................................................................................. 22	  
4.2	   WINTER QUARTER OVERVIEW ................................................................................................................ 22	  
4.3	   DARK HORSE ................................................................................................................................................ 23	  

4.3.1	   Freeze Testing .......................................................................................................................................................... 23	  
4.3.2	   Mr. Freeze .................................................................................................................................................................... 24	  
4.3.3	   Poker Night ................................................................................................................................................................. 24	  
4.3.4	   Dark Horse Learnings ........................................................................................................................................ 25	  

4.4	   POLAR ROLLER ............................................................................................................................................ 25	  
4.4.1	   Version 1.0 .................................................................................................................................................................... 26	  
4.4.2	   Heat Transfer Model ........................................................................................................................................... 28	  
4.4.3	   Version 2.0 ................................................................................................................................................................... 30	  

4.5	   MOVING FORWARD .................................................................................................................................... 34	  
5	   DESIGN SPECIFICATION ...................................................................................................................... 36	  

5.1	   POLAR ROLLER OVERVIEW ...................................................................................................................... 36	  
5.2	   POLAR ROLLER PERFORMANCE .............................................................................................................. 39	  

6	   PROJECT PLANNING AND MANAGEMENT .................................................................................. 41	  
6.1	   WINTER QUARTER PLANNING REVIEW ................................................................................................. 41	  

6.1.1	   Winter Milestones ................................................................................................................................................... 41	  
6.1.2	   Winter Budget .......................................................................................................................................................... 42	  

6.2	   SPRING QUARTER PLANNING .................................................................................................................. 43	  
6.2.1	   Spring Timeline ........................................................................................................................................................ 43	  
6.2.2	   Spring Budget .......................................................................................................................................................... 43	  

6.3	   TEAM MANAGEMENT ................................................................................................................................. 45	  
6.4	   PERSON REFLECTIONS .............................................................................................................................. 46	  

7	   BIBLIOGRAPHY ........................................................................................................................................ 48	  
8	   APPENDIX ................................................................................................................................................... 49	  

8.1	   FALL DESIGN DEVELOPMENT .................................................................................................................. 49	  
8.2	   BRAINSTORMING ......................................................................................................................................... 50	  

8.2.1	   Uses of Ice .................................................................................................................................................................. 50	  
8.2.2	   Important Qualities of Ice ................................................................................................................................ 51	  



Team Mabe Design Document March 18, 2014 

 4 

8.2.3	   Refrigerator Experience ................................................................................................................................... 51	  
8.2.4	   Users ................................................................................................................................................................................. 51	  

8.3	   USER BENCHMARKING AND NEED-FINDING ....................................................................................... 52	  
8.3.1	   Interviews at Stanford Shopping Center ............................................................................................ 52	  
8.3.2	   Interview at Atherton Appliance and Kitchens ............................................................................ 52	  
8.3.3	   Ice Taste Test ........................................................................................................................................................... 52	  
8.3.4	   Street Slurpee Observation and Interview ...................................................................................... 53	  
8.3.5	   Interviews with extreme users ................................................................................................................... 54	  

8.4	   PERSONA DEVELOPMENT ......................................................................................................................... 54	  
8.4.1	   Chad Fitt ........................................................................................................................................................................ 55	  
8.4.2	   Esther Lascurain y Rivadeneira ................................................................................................................. 55	  

8.5	   BUSINESS BENCHMARKING ..................................................................................................................... 56	  
8.5.1	   Whirlpool ...................................................................................................................................................................... 56	  
8.5.2	   LG ....................................................................................................................................................................................... 57	  
8.5.3	   Shenzhen Zhongxue Refrigeration Equipment Co. Ltd ....................................................... 57	  
8.5.4	   Comparison between different refrigerator manufacturers ............................................ 59	  

8.6	   TECHNOLOGY BENCHMARKING .............................................................................................................. 59	  
8.6.1	   Mpemba Effect ....................................................................................................................................................... 59	  
8.6.2	   Spherical Ice vs. Cubed Ice ......................................................................................................................... 60	  
8.6.3	   Frost Boss .................................................................................................................................................................... 61	  
8.6.4	   V-Tex ............................................................................................................................................................................... 62	  
8.6.5	   Articube ......................................................................................................................................................................... 63	  

8.7	   CRITICAL FUNCTION PROTOTYPES (CFP) ........................................................................................... 63	  
8.7.1	   Rapid Cooling without Ice .............................................................................................................................. 63	  
8.7.2	   Rapid Freezing ........................................................................................................................................................ 69	  
8.7.3	   Clear Ice ........................................................................................................................................................................ 72	  

8.8	   CRITICAL EXPERIENCE PROTOTYPE (CEP) .......................................................................................... 73	  
8.8.1	   Social Gatherings ................................................................................................................................................... 73	  
8.8.2	   Ice Lucho ..................................................................................................................................................................... 74	  
8.8.3	   CEP Lessons Learned ...................................................................................................................................... 76	  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Team Mabe Design Document March 18, 2014 

 5 

 

LIST OF FIGURES 
Figure 1: We found that people would prefer to have their drinks cold but without using ice to 

cool them .................................................................................................................................................................................................... 1	  
Figure 2: Two key factors for cooling a drink ........................................................................................................................... 2	  
Figure 3: User interview 1 ........................................................................................................................................................................ 10	  
Figure 4: User interview 2 ....................................................................................................................................................................... 10	  
Figure 5: Observations ............................................................................................................................................................................... 11	  
Figure 6: Business Model ........................................................................................................................................................................ 12	  
Figure 7: The Mabe liaison team ....................................................................................................................................................... 13	  
Figure 8: Road map of the quarter ................................................................................................................................................. 23	  
Figure 9: Orange slice frozen with liquid nitrogen ............................................................................................................ 23	  
Figure 10: Kahlua frozen with liquid nitrogen ......................................................................................................................... 24	  
Figure 11: Bartending a poker night ................................................................................................................................................ 25	  
Figure 12: Polar Roller 1.0 ................................................................................................. Error! Bookmark not defined.	  
Figure 13: Polar Roller with wine bottle and pumping system ............................................................................... 27	  
Figure 14 Flow past a circular cylinder ........................................................................................................................................ 28	  
Figure 15 Temperature profile of drink using heat transfer model ................................................................... 30	  
Figure 16: Polar Roller 2.0 ........................................................................................................................................................................ 31	  
Figure 17: Survey data showing uses of ice ............................................................................................................................ 32	  
Figure 18: Survey data showing how users would like drinks cooled ............................................................. 32	  
Figure 19: Cross section of 1st ice skeleton design .......................................................................................................... 33	  
Figure 20: Ice skeleton with ice after 10 minutes in Polar Roller .......................................................................... 33	  
Figure 21: Cross section of 2nd iteration of ice skeleton .............................................................................................. 34	  
Figure 22: User interacting with Polar Roller concept .................................................................................................... 35	  
Figure 23: Close up of Polar Roller Concept .......................................................................................................................... 35	  
Figure 24: Photograph of Polar Roller ......................................................................................................................................... 36	  
Figure 25: Polar Roller Render with Annotations ................................................................................................................ 37	  
Figure 26: Side View Showing Coolant Level ....................................................................................................................... 37	  
Figure 27: Aluminum cylinder ............................................................................................................................................................. 38	  
Figure 28: Skeleton insert ....................................................................................................................................................................... 38	  
Figure 29: Cross-Section of Cylindrical Ice Tray ................................................................................................................. 39	  
Figure 30: Cylindrical Ice Tray after Cycle ............................................................................................................................... 39	  
Figure 31: Performance Chart ............................................................................................................................................................ 40	  
Figure 33: Design development ........................................................................................................................................................ 49	  
Figure 34: Initial brainstorming ........................................................................................................................................................... 50	  
Figure 35: Ice taste test ............................................................................................................................................................................. 53	  
Figure 36: Street slurpee ......................................................................................................................................................................... 54	  
Figure 37: Extreme users ........................................................................................................................................................................ 54	  
Figure 38: Chad Fitt ...................................................................................................................................................................................... 55	  
Figure 39: Esther Lascurain y Rivadeneira .............................................................................................................................. 56	  
Figure 40: Whirlpool logo ...................................................................................................................................................................... 56	  
Figure 41: LG logo .......................................................................................................................................................................................... 57	  
Figure 42: Shenzen Zhongxue Refrigeration Equipment Co. Ltd logo ............................................................ 57	  
Figure 43: Flakes produced by the flake ice machine .................................................................................................. 58	  
Figure 44: Tube ice ...................................................................................................................................................................................... 58	  
Figure 45: Block ice ..................................................................................................................................................................................... 59	  
Figure 46: Refrigerator manufacturers comparison ....................................................................................................... 59	  
Figure 47: Spherical ice test ................................................................................................................................................................. 60	  
Figure 48: Frost Boss .................................................................................................................................................................................. 61	  
Figure 49: Rankine vortex sketch ..................................................................................................................................................... 62	  
Figure 50: V-Tex ............................................................................................................................................................................................ 63	  
Figure 51: Articube ....................................................................................................................................................................................... 63	  



Team Mabe Design Document March 18, 2014 

 6 

Figure 52: Rankine vortex simulation ........................................................................................................................................... 64	  
Figure 53: Rankine vortex snapshot .............................................................................................................................................. 65	  
Figure 54: Mill Chill setup and schematic.  The sketch on the right shows the cooling fluid 

motion relative to the beverage .......................................................................................................................................... 66	  
Figure 55: Copper coil cooling apparatus ............................................................................................................................... 67	  
Figure 56: Compressed gas cooling ............................................................................................................................................ 68	  
Figure 57: Internal copper tubes ..................................................................................................................................................... 69	  
Figure 58: Liquid Nitrogen .................................................................................................................................................................... 70	  
Figure 59: Test tubes in dry ice bucket ..................................................................................................................................... 70	  
Figure 60: Lyophilization ......................................................................................................................................................................... 71	  
Figure 61: Test tube inside a container filled with alcohol ......................................................................................... 71	  
Figure 62: Vibrated ice .............................................................................................................................................................................. 72	  
Figure 63: Clear ice test tubes. The tubes on the left contain ice water and the tubes on the 

right contain ultra-purified water ......................................................................................................................................... 72	  
Figure 64: School reunion ...................................................................................................................................................................... 73	  
Figure 65: Long ice ....................................................................................................................................................................................... 74	  
Figure 66: Ice Lucho ................................................................................................................................................................................... 74	  
Figure 67: Full view of Ice Lucho ..................................................................................................................................................... 75	  
Figure 68: Users interacting with Ice Lucho ........................................................................................................................... 75	  
 



Team Mabe Design Document March 18, 2014 

 7 

1.1 Glossary 
• CFP (Critical Function Prototype) - Experiments that test critical functions that could 

be used for the product 

• CEP (Critical Experience Prototype) - Tests that investigate the experience of a 
function or  

• feature of a product (technology may be simulated) 

• Clear-ice - Ice that is crystal clear, compared to regular ice that is cloudy 

• Coolant – Fluid used in Polar Roller to cool down beverage 

• Dark Horse Prototype - 2nd CFP that probes the edge of the design space 

• Developed markets - Markets that have a very low growth rate and high income 

• Developing markets - Markets in the process of rapid growth and industrialization 

• Freezer burn - Damage to frozen food caused by dehydration or oxidation 

• Frost Boss - Product that cools a canned beverage by spinning it for 2 minutes on a 
bed of ice 

• Funky Prototype - Initial device that is a potential solution of the design challenge 

• Heat Transfer Model – A mathematical model used to estimate the performance of 
the Polar Roller 

• High-end user - Upper-middle to upper class users who can afford more expensive 
and newer technology 

• Lyophilization Machine - Vacuum system used to freeze cells in order to preserve 
them for further analysis. 

• Mainstream/regular user - the user from the most typical and average 
socioeconomic background 

• Mill Chill - Concept of cooling a stationary drink by surrounding it with spinning cold 
fluid 

• Mpemba Effect - Phenomenon where warm water at a specific temperature 
freezes faster than colder water 

• Persona - Fictional character symbolizes the typical user our project is designed for 

• Polar Roller – A name given to the prototype that team Mabe created used for rapid 
drink cooling and ice making. Drinks are placed atop any two rollers in the array, 
and rotated at about 130 RPM. A shower of coolant is sprayed on top of them as 
well as partially submerges them 

• Rankine vortex - Phenomenon in which all the fluid is rotating at the same angular 
speed, acting like a solid 

• Skeleton insert – A plastic device designed to be placed inside a cylindrical tube. It 
serves as an ice cube separator that will yield about 10 ice cubes when placed in 
the Polar Roller for a full cycle 

• Spin Chill - Concept of cooling a drink by surrounding by a coolant and spinning it 

• Street slurpee - Popular snack around Mexico City consisting of crushed ice and 
fruit flavored syrup 
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• Wetted surface area – Surface area of contact between drink and coolant through 
which heat transfer occurs 

• WhatsApp - Smartphone app through which people can communicate through an 
internet connection 
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2 Context 

2.1 Need Statement 
During the last few years, new trends have developed, and with these the technology in 
products has advanced towards a more efficient way of solving user’s needs. The main 
goal is to create a closer relationship between products and users. 

There are different methods and techniques for cooling and ice production that are 
actually used outside a culinary context, and may be a good way to satisfy the following 
needs people have: 

• A time-saving way of cooling and making ice. 

• Reduced cost of making ice. 

• Reduced environmental impact when cooling or making ice. 

• To get rid of old and stale ice whenever possible. 

• Produce ice with properties defined by the user (form, color, quantity, making time). 

• Product ice with better quality and a better look. 

Through several interviews and observations with different kinds of users in many 
contexts, we learned that people see the actual way of making ice as time consuming. 
For example, making ice implies a certain period of time for it to be made, which relies on 
the freezer or an ice maker. It’s not instant. Also, ice can only be made with these 
products, which are meant to do a lot more things, which implies undue energy that is 
spent if you only want to make ice. Of course this also leads to more money spent. 

New gadgets and advanced technologies represent a completely new way of offering 
experiences to users. This can lead to making a completely new product for a market 
that is open to these new ideas, which may be the youth in general. This variety of 
advanced concepts has had an impact on user’s needs. A lot of products are now 
customizable, modular and they practically do whatever the user wants or needs. The ice 
wouldn’t be an exception since a lot of interviewed people were not only interested in ice 
with a better look and quality, there was also a big interest in form. 

Wouldn’t it be great to have ice or something cooled right away whenever the user 
needs? To choose not only how much ice you want but also how it looks? Would a 
separate instant-cooling machine be more energy-efficient and practical than the whole 
fridge, which we use nowadays? Is it always necessary to use ice? Can we bypass it in 
certain cases? 

To better understand the interaction between ice/cooling and the user, we conducted 
a few interviews (as seen in Figure 3 and Figure 4) and observations (as seen in Figure 5) 
with the AEIOU (Activities, Environment, Interactions, Objects and User) method.  
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Figure 3: User interview 1 

 
Figure 4: User interview 2 
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2.2 Problem Statement 
A simple way of managing the users’ needs previously stated is to divide them into basic 
fields to see them as a general problem: 

• Ice properties and its customization 

• Energy efficiency 

• Production time 

Current methods of making ice or cooling beverages and food require certain 
economical, environmental and time factors that may not be the same as when the 
original fridges, freezers and ice factories were invented. These two processes intersect 
in the eating and drinking experiences, but together may not be a whole one. How can 
we create a new experience including cooling or freezing, and drinking or eating? How 
can we do that and at the same time, create a bond between the user and the product 
itself?  

A variety of products are offered to users for them to cool or freeze, but none of them 
were thought to solve these problems instantly and separately. It’s not only time we are 
talking about: why depend on a fridge that stores a huge amount of food and drinks if I 
only want some ice? Is there a way of cooling and making ice that doesn’t require that 
much energy? 

 
Figure 5: Observations 
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 When talking about customization, users mentioned forms and colors. However, we 
think that customization may also include programming ice making periods and 
quantities. So, what can we do to anticipate to the user’s needs? How can we take 
advantage of the big variety of technology that is now available? 

2.3 Corporate Partner 
This project’s corporate partner is Mabe, an international company of Mexican origin that 
designs, produces and sells domestic appliances in over 70 countries. Mabe’s products 
include heaters, ovens, microwaves, washing machines and refrigerators. The business 
model is concisely summarized in Figure 6.  

 

 
Figure 6: Business Model 

 Corporate Liaisons 2.3.1
Figure 7 is a picture of our corporate liaisons. As shown in this picture from left to right is: 

1. Victor Guerra.  

• Contact: victor.guerra@mabe.com.mx 

2. Jose Ramón Garcia.  
• Contact: Garcia_Gonzalez@mabe.com.mx 

3. Rosalba Cobos. 
•  Contact: Rosalba.Cobos@mabe.com.mx 

4. Ignacio Marin.  
• Contact: Ignacio.Marin@mabe.com.mx 
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Figure 7: The Mabe liaison team 

2.4 The Design Team 
 

 
María José Flores 
Status: 4th year Mechatronics Engineering Undergraduate Student, 

UNAM 
Contact: majofc_1@comunidad.unam.mx 
Skills: Programming in Matlab, C#, Java, Labview, Electronics 

knowledge 
 

I was born and raised in Mexico City to a family formed mostly by engineers and 
scientists. Since I was young they encouraged me to try to understand the world I lived in, 
how it worked, the problems it had and how it could be improved. While I was studying 
for my International Baccalaureate diploma I found my passion: programming. I thought I 
would study computer science, however I felt programming lacked… something. I needed 
to be able to touch what I made, see it interact with reality. Since I had already learnt 
some electronics and enjoyed it, I chose to study mechatronics. 

 
 
 
J. Daniel Rainey 
Status: 1st year M.E. Graduate Student, Stanford 
Contact: jrainey@stanford.edu 

 Skills: CAD (SolidWorks, Autocad), Programming (Matlab,C++), 
Prototyping 
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I was born and raised in Tucson, AZ. I spent 4 years at the University of Arizona studying 
M.E. and Math, coupled with many internships. Immediately following, and for the sake of 
variety, I spent two years as a full time Mechanical Design Engineer for a small design 
and fabrication company in Tucson. This was a great opportunity to really dig my teeth 
into the realm of design. My favorite aspect, aside from the great diversity of projects, 
was the ability to oversee my designs from beginning to end. Outside the professional 
domain, I am an avid general aviation pilot, snowboarder, rock climber, motorcycle racer, 
soccer player, traveler, and general outdoors-man. I enjoy countless other things from 
computer builds to the stock market to rugby. 

 
 
Ariana Méndez 
Status: 4th year Industrial Design Undergraduate student, UNAM 
Contact: mendez.ari89@gmail.com 
Skills: CAD (Rhinoceros, 3D Studio Max, Autocad), Adobe Suit 
Languages: Spanish, French, German and English. 
 
 

I’m from México City, one of the most populated cities in the world. I love my country: the 
food, colors and landscapes. I also love music and camping with my friends, and staying 
calm with the nature. And why am I studying Industrial Design? Basically, since I was a 
little girl I discovered my fascination for how things work, so my curiosity carried me that 
way. Since then, I discovered that I can build everything possible, the limit is just the 
imagination, and the motivation to do it: and seeing that thing in your mind suddenly 
appears in your hand. 

 
 
Jesús Marini 
Status: 5th year Mechatronics Engineering Undergraduate Student, 

UNAM 
Contact: jmarini29@gmail.com 
Skills: CAD (Catia V5, Solid Works), MATLAB, Arduino, LabView,  
Languages: Spanish, English and Italian. 
 

I was born in Huatusco, my very small and beautiful hometown. I lived there until the age 
of 18, it is a coffee town. I lived in the countryside where we have a small coffee farm. 
This small city has a great elaboration of coffee and a lot of culture and traditions. Built on 
top of a mountain, which makes it a magical place, is a region that is considered a cloud 
forest, making unforgettable landscapes by its great weather. I am currently living in 
Mexico City. I started to study mechatronics 5 years ago because I enjoy the way it 
combines mechanics, electronics, control and instrumentation. I’m interested in how 
mechatronics can help people in different ways and also the different possibilities for 
developing products and services. Other things that I like to do are hiking, travel, I love to 
climb rocks and reach the end of the route (a route is something of a certain difficulty that 
you climb on a rock), which is an experience that changes my perspective of life. 
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Maria Juliana Loza 
Status: 1st year M.E. Graduate Student, Stanford 
Contact: mjlozao@stanford.edu 
Skills: CAD (SolidWorks), Programming (Python, C++).  
Languages: English and Spanish 
 

 
I am a thinker and doer. I love creating things and working with machines. I am from 
Bucaramanga, Colombia and came to the United States to do my undergrad in M.E and 
to play for the University of Chattanooga Women’s Golf Team. I am passionate about 
sports, cars, airplanes, helping people, traveling, and manufacturing. I have interned in a 
steel warehouse company training to do parts modeling in SolidWorks and at Los 
Angeles METRO working in creating directive drawings for the Overhead Catenary 
Systems. For my undergraduate capstone project I worked on a team that built a Baja 
Vehicle for the S.A.E competition. Within the Baja team I was part of the frame and body 
panels sub team, helping to build both the SolidWorks and actual models of the chassis 
and body panels for the car (we placed 10th on the first SAE competition!!!). 

 
 
David Kingman 
Status: 1st year M.E. Graduate Student, Stanford 
Contact: dkingman@stanford.edu 
 Skills: CAD (Solidworks, Catia V5), some FEA analysis in SolidWorks  
     COSMOS package, MATLAB.  
Languages: English, Cantonese, and conversational Spanish 
  

I was born and raised in Hong Kong in a mixed Caucasian-American/Chinese family, and I 
moved to the US in 2009 to attend the University of Southern California (fight on!), where I 
graduated with a B.S. in Mechanical Engineering this May. I am a lover of traveling and 
technology (both old and new), which in my eyes go hand-in-hand. I am a firm believer in 
needing to approach challenges and tasks from all perspectives – in terms of technology, 
business, and culture – which means that teamwork, open-mindedness, and 
communication are key in solving real problems. 

 
 
Jorge Luis López 
Status: 4th year Industrial Design Undergraduate Student, UNAM 
Contact: lopezb.jl@gmail.com 
Skills: 3D Advanced Modeling in Rhinoceros, Grasshopper,  
 Autodesk T-spline and Adobe Suit.  
 Languages: English and Spanish. 

 
I’m Jorge and I’m from Mexico City. I’ve been studying Industrial Design at UNAM for four 
years now. I couldn’t be happier at this stage of my career and life because I’m doing 
exactly what I want which is learning not only from school but people and life. I think 
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design is about creating experiences and getting the most of materials, processes, 
methods and studies, in order to not only solve a problem, but to change people’s lives. I 
think technology is essential for any designer as it’s the key to satisfy this time’s needs. I 
enjoy learning new methods, new trends and new materials. My passion along with 
designing are every kind of sports. So I’m aiming to get a sports design job as soon as I 
finish my studies.  

 
 
Sebastián Quijano 
Status: 1st year M.E. Masters Student, UNAM 
Contact: jsebasqm@gmail.com 
Skills: Mechanism Design, Manufacturing, Project Organization, CAD  
 Design 
 

I was born in the glorious year of 1988 in Mexico City during the 14th day of September. 
Son of a nuclear engineer and a dentist, my first approach to technology was during my 
fourth birthday when a set of mini-screwdrivers became my favorite toy and several 
mechanical devices in my house suffered the effects of my curiosity. Catapults, ships and 
cars were the first primitive models that came out of my mind and built the foundations 
of all my present projects. After graduating as a mechanical engineer in the summer of 
2012, I began my professional trip through bearings and sales in order to define my quest: 
innovative design. Nowadays I’m studying a Masters in Mechanical design at UNAM and 
I’m on the way of reaching my dreams. 

 
 
Matthew Ríos 
Status: 1st year M.E. Coterm Student, Stanford 
Contact: mrios23@stanford.edu 
Skills: Mechatronics, Programming (Matlab, C++, Arduino), 

Prototyping 
 

My father introduced me to engineering at an early age. I learned the basics of machinery 
and construction through his latest projects around the house - anything from installing 
electrical wiring to coming up with our own inventions. The more I was taught about 
technology and how things work, the more my curiosity and excitement for it continued 
to grow. It eventually culminated in the decision to devote my education and myself to 
mechanical engineering. It was the reason I came to Stanford – I knew the undergraduate 
and graduate programs in Mechanical Engineering would give me the tools necessary to 
pursue my passion. The past fours years has given me an advanced technical knowledge 
base and understanding of the basics of design and creativity. But I could not predict how 
the programs would challenge me, shape me and most importantly, inspire me to use 
engineering to help others. I come from Modesto, California - a rural community in the 
Central Valley. Both my parents are teachers in low-income communities, so from an 
early age I was taught the value of helping others. I am interested in using my skills in 
mechanical engineering and design to aid in the effort of providing better, more 
affordable healthcare. 
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2.5 Design Coach 
 
Uri Geva 
Status: coach 
Contact: ugeva@stanford.edu 
For over 30 years practiced product development, both hardware 

and software,  
and film production. 
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3 Design Requirements 
Based on the given requirements for the product provided by Mabe, we consistently 
conducted benchmarking, needfinding, and created and tested prototypes over the last 
six months. We used these findings to understand the needs and desires of our potential 
consumers, and break down the vision for our product into many functional (what the 
system should do) and physical (what the system should physically be) requirements. We 
also recognized several functional and physical opportunities to investigate. 

3.1 Given Requirements 
While Mabe did not necessarily give requirements for the project, they did list the 
shortcomings of today’s ice makers that can potentially be addressed. 
 

Table 1: Given requirements 

Problems with Current Ice Makers Rationale 
Bad taste of ice that has been stored for 

a long time 
If ice is usually made faster than it is 

consumed, ice at the bottom of the storage 
can become (unknown to the user) 

extremely stale and taste bad. 
Slow production of ice In the event that there isn’t enough ice for 

an occasion, the ice maker is too slow at 
producing ice on-demand. 

Volume of the ice maker Minimize the space taken up by the ice 
maker to increase storage space for either 

the freezer or refrigerator unit. 

3.2 Functional Requirements 
Table 2: Functional requirements 

Functional Requirements Metric Rationale 
Cool down drinks quickly Cool down a 12 oz. can of 

soda/beer in 1 minute 
A can of soda/beer takes 
45 minutes in the freezer 

(120 minutes in the fridge) to 
reach an ideal drinking 

temperature of 44℉ from 
room temperature. We 
want our product to be 

immensely faster. 
Composition of drinks 

cannot be changed 
Drink container must not be 
breached/opened in order 

to cool the drink down 

A common complaint of 
using ice is that it dilutes 
drinks. Additionally, the 

carbonation of soda/beer 
cannot be disrupted so that 

it won’t fizz out when 
opened. 

Account for drinks of 
different sizes/shapes 

System must take in drinks 
ranging from Red Bull cans 

to Wine bottles 

Product should be able to 
cool down drinks that are 
commonly had cold, and 
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these vary widely in size. 
Cool down multiple drinks 

at once 
System must take in and 

cool at least six 12 oz. cans 
at once 

Drinking scenarios usually 
include multiple people, 

and soda/beer is 
commonly bought in six-

packs. 
Make ice more quickly 

than today’s ice makers 
Produce 20 cubes of ice in 

10 minutes 
Current ice makers take 

about 90 minutes to 
produce a tray of ice. We 
want our product to meet 

today’s on-demand lifestyle, 
and also eliminate the need 
for planned ice production 

and storage. 
Be energy efficient Consume less than 84 

kWh/yr (DOE 2014 energy 
regulations) 

In addition to meeting 
energy requirements, we 
also want the product to 

consume less energy than 
current ice makers. 

3.3 Functional Opportunities 
Table 3: Functional opportunities 

Opportunity Rationale 
User should be able to control how cold 

they want their drinks to be 
Not all people like their cold drinks at the 
same temperature, and should have full 
control of how cold the product makes 

their drink. 
Ice production start-time should be 

programmable 
Ice making very likely cannot be instant, 

and it would be more convenient if the user 
can determine when ice should be made in 

preparation for an event. 
Beverage should be clean and ready to 

drink once cycle is done 
To convince users that the drink is in the 
same clean condition as before, the drink 
should be dry and cleaned at the end of 

the cycle. 
Users should be notified when cycle is 

finished 
Some sort of visual or sound cue should 

notify users when the drink has been 
cooled or when ice has been made, in case 

the user decides to step away while the 
cycle is taking place. 
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3.4 Physical Requirements 
Table 4: Physical requirements 

Physical Requirements Metric Rationale 
Be smaller than current 

ice makers 
Product should take up less 

than 768 in3 of space 
Complaints about current 

ice makers include the 
space they take up. Our 
product will ideally be 

smaller, and also provide 
the potential to eliminate 

the storage space needed 
for ice as well as drinks 

(since drinks can be cooled 
on-demand). 

Allow the user to see 
what’s happening 

A see-through display 
would give users full view 
of the drinks being cooled 

or ice being made 

One very important finding 
was that users love the 

opportunity to be involved 
with the process, even if it is 

just by seeing something 
cool happen. 

Be located relative to the 
fridge/freezer unit at an 

ergonomic height 

Main user-interface portion 
of product must be at about 
50 inches from the ground 

Use of this product should 
be as comfortable as 

possible, and be located 
ideally around the average 

person’s chest height. 
Control features must be 

conveniently placed 
without impeding the user 

experience 

Control features will be 
placed to the side of the 

see-through display 

Control features should also 
be at an ergonomic height, 
but carefully located to not 
disrupt the rest of the user 
experience with seeing the 

cooling process. 
Must not be 

uncomfortably deep into 
the fridge/freezer unit 

The compartment that the 
user will have to place 

drinks into must be no more 
than 1 foot deep 

In order for the user to 
comfortably utilize all the 

space that can be used, we 
want to make sure that the 
user doesn’t have to place 
their hands so far as to feel 

like they are “reaching”. 
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3.5 Physical Opportunities 
Table 5: Physical opportunities 

Opportunity Rationale 
Should be easy for user to load/unload 

drinks 
System should be ergonomic, and 

consumers should have no difficulty using 
the product. There is an opportunity for an 
automated process to accept drinks from 

the user and place drinks. 
Should be easily maintained The parts of the system should be 

designed so that they can be easily 
replaced by the user (in case of wear and 

tear). 
Should not be too noisy A complaint about automatic ice makers is 

that they are very noisy when dispensing 
ice into storage. Ideally, the sounds of our 

product would be a part of the user 
experience, not an unwanted side effect. 
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4 Design Development 

4.1 Fall Quarter Recap 
At the end of the fall quarter, we had decided that rapidly cooling drinks was our most 
exciting option. There is very little technology out there that rapidly cools drinks, and we 
felt that we could easily improve upon it to build a better device. Our main source of 
inspiration was a device called the Frost Boss. It introduced us to the concept that drinks 
could be cooled quickly and easily. It spins a can of soda over a bed of ice for two 
minutes. We decomposed the process and sought to understand each aspect and learn 
to improve it. Our biggest take-away from the Frost Boss was that rotating a can 
promoted heat transfer without disturbing the carbonation in the can. Another piece of 
technology that gave insights into rapid cooling was the V-Tex. It rapidly cools drinks but 
with a slightly different process than the Frost Boss. It still spins a drink but instead of 
using ice to cool the drink it cools the beverages by swirling chilled water around it. It also 
can accommodate beverages of various sizes, which the Frost Boss cannot. The team 
learned that liquid-contact cooling far outweighs solid-contact cooling (which the Frost 
Boss uses) and air-contact cooling (as seen in a refrigerator or freezer). One aspect of 
both technologies that we found lacking was that each system only cooled one drink at a 
time. 

We used the findings from our benchmarking to inform our prototypes throughout the 
quarter. One of tests was creating a system we called the Mill Chill that rotated chilled 
water around a stationary can to observe the cooling time compared to a refrigerator. It 
took 7 minutes to cool a can of soda; it greatly improved upon the refrigerator cooling 
time (45 minutes) but still was not close to cooling a drink as fast as the Frost Boss (2 
minutes). This showed us the importance of internal fluid movement in cooling a 
beverage. Another prototype the team built, Ice Lucho, used deception to trick users into 
thinking a bottle of soda was cooled in 13 seconds to a desired drinking temperature. The 
response to the device was very positive. Everyone that tried the device was shocked by 
the cooling time and wanted this device for themselves. This taught us that the time 
aspect of cooling is really important and should be focused on as we moved forward in 
the design process.  

More detailed information about our benchmarking and prototyping can be found in the 
Appendix. 

4.2 Winter Quarter Overview 
During the winter quarter, we proceeded with a design process that included 
brainstorming and needfinding, in order to design the Dark Horse, Funk-tional and 
Functional prototypes. After each prototype, we conducted deep analysis of the 
information that we gathered from user testing in order to gain insights that defined the 
conceptual status of our project. 
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Figure 8: Road map of the quarter 

 
Today’s status includes a defined functional prototype for rapid cooling and ice making   

that now must be optimized. As always, our team understands the importance of user 
considerations when making design decisions but we are also aware of the challenge of 
incorporating the vision of our client, Mabe. 

4.3 Dark Horse 
The Dark Horse period of our design development led us to look at quickly freezing 
liquids and solids directly using liquid nitrogen. We first started by looking at how liquid 
nitrogen could be used to quickly freeze various drinks and foods for different 
applications and then narrowed the scope to just freezing alcohol. 

 

 Freeze Testing 4.3.1
We started experimenting with liquid nitrogen and seeing the effects of freezing various 
liquids and foods with liquid nitrogen. We froze fruits and alcohols and then tasted them 
to see if they were still edible (as seen in Figure 9 and Figure 10). During this testing 
period we first began experimenting with drink mixology using liquid nitrogen. We tried 
making different drinks using frozen alcohol cubes to replace the traditional ice cubes.  

 
Figure 9: Orange slice frozen with liquid nitrogen 
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Figure 10: Kahlua frozen with liquid nitrogen 

 Mr. Freeze 4.3.2
The team created a smoke-and-mirrors device that “froze” liquids in two minutes while 
users answered questions we asked about their thoughts on a quick freezing device. We 
gutted a wine chiller and made a hole in the back that we were able to reach in and 
switch liquids out with their frozen forms. Our users had the choice of freezing orange 
juice, espresso, or vodka. The drinks started in liquid form outside of the device and then 
the users placed it inside and closed the door. We asked them questions to distract them 
while we switched out the liquids.  

 

 Poker Night 4.3.3
We used liquid nitrogen to tackle problems that bars face as well as create a good user 
experience. Because liquid nitrogen is at -321°F, we were able to freeze hard liquor. 
Having alcohol cubes would help a bar reduce spillage, which is a big source of lost 
profits. We took advantage of this to create different types of mixed drinks with frozen 
alcohol.  

All of our experimenting culminated in a poker night that we bartended. We created a 
menu of drinks that all utilized liquid nitrogen in some form or another. Some had frozen 
alcohol cubes and others used the liquid nitrogen to freeze a layer of the drink. We also 
had drinks that allowed the users to interact with the drink making experience, such as 
watching a can of beer foam into a container of liquid nitrogen and mixing their own gin 
and tonic after being given frozen gin cubes. The drinks were a big success and we 
received great feedback from the night. All of the participants were very excited by the 
liquid nitrogen and expressed sincere interest in a bar that used it or a device that made it 
accessible for home use.  
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Figure 11: Bartending a poker night 

 
We also consulted a local bartender (who also managed the bar) during this process to 

gauge the interest in liquid nitrogen as a tool for bartenders. He was hugely enthusiastic 
and was very eager to experiment with the liquid nitrogen to create different and exciting 
drinks. He used the liquid nitrogen in every way he could think of and made many 
interesting drinks. He also expressed interest in having liquid nitrogen in his bar. He 
commented that it would create great visual appeal to drinks that were otherwise boring. 
He also said that using frozen alcohol as a replacement to ice cubes reinvigorates ice and 
makes it an active part of the drink rather than a passive item. 

 Dark Horse Learnings 4.3.4
Although we ended up pivoting away from the bar scene and the use of liquid nitrogen 
after the Dark Horse period, we learned a great deal about what users are after. 

• Users want their drinks made or cooled as fast as possible. Several poker night 
participants commented that they would have liked the drinks to be made faster. 

• The visual experience is a big factor in user enjoyment. Seeing the vapor coming 
off of the liquid nitrogen was exciting and enhanced the overall experience. 

• Being able to interact with the process makes the user more invested in it. Users 
really enjoyed being a part of the “cool” liquid nitrogen process, whether it was 
mixing the drink after being given the frozen alcohol or picking frozen beer foam 
out of a container of liquid nitrogen. 

• Users aren’t concerned with how it works, just that it does. During our Mr. Freeze 
testing, a very small minority of users inquired into how the device worked. Most 
just accepted that it worked and left it at that. 

4.4 Polar Roller 
The culmination of our findings leading up to the end of the Dark Horse informed our 
creation of the Polar Roller system. It combines our rapid drink cooling learnings from the 
fall and our user experience needs found in the beginning of the winter.   

 
Note: See Design Specification section for more detailed and technical information of the 
Polar Roller. 
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 Version 1.0 4.4.1
In version 1.0, we created a device that uses a chain-driven set of rollers (as seen in Error! 
Reference source not found.) to rotate beverages and water pumps in a reservoir of 
super chilled salt water (not pictured) to bathe the rotating beverages. The device was 
able to cool a can of soda in 50 seconds and a bottle of white wine in 3 minutes. This 
device provided a huge improvement on the existing technologies currently available. It 
combines the effectiveness of liquid cooling from the V-Tex and the increased heat 
transfer of beverage rotation from the Frost Boss into one system. It also takes into 
account the users’ need for a quick and effective cooling device. We used a saturated 
salt water solution since it could reach -6°F without freezing solid. This allowed us to have 
a super cooled fluid to bathe the beverages and increase the heat transfer rate. More 
detail about the specific design choices with respect to the heat transfer will be 
discussed in the following Heat Transfer Model section. 
 

 

 
Figure 12: Polar Roller 1.0 

 

Not only did we require the device to work faster than a Frost Boss, we also addressed the 
need for cooling multiple beverages of different sizes simultaneously by having long rollers. 

This iteration of the prototype allowed for fours cans of soda or two bottles of wine, and 
various combinations in between (as seen in  

Figure 13).   
The device generated a great deal of excitement in our class and outside of it as well. 

It quickly gained a reputation throughout our engineering building and many people not 
associated with our class would inquire about the device and ask to see it work and use it 
themselves. The overwhelming positive response to its effectiveness bolstered our 
design decision to pursue rapid drink cooling as a solution.  
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Figure 13: Polar Roller with wine bottle and pumping system 

4.4.1.1 Version 1.0 Issues 

• Very messy. The salt water splashed outside of the device as it worked and 
seeped out of the joints of the device. 

• Salt water very corrosive. The salt water, although at the temperature we needed, 
rusted the drive components very quickly. 

• Salt left over on beverages. The salt water left the beverages very salty after a 
cycle was run and necessitated that the cans and bottles be wiped down 
thoroughly before consumption. 

• Beverage spun too slowly. There was room for a faster motor and a better gear 
ratio to achieve faster rotation of the cans, which, according to our heat transfer 
model, would yield better heat transfer. 

• Pumping system not reliable. We had one pump to push water through a tube 
that split into two tubes. The system was very inefficient and uneven amounts of 
water came out of each tube, which did not allow for consistent cooling. 

• Small percentage of surface area was wetted. We saw that the salt water was 
only contacting the top half of the can or bottle at any one time. 

 
The team looked to address some of these issues as we moved forward to the second 

version of the Polar Roller. The ones we did not address were left for consideration 
during the spring quarter. 
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 Heat Transfer Model 4.4.2
Given the superiority of cooling down a drink using the Spin Chill concept (spinning a 
drink that is surrounded by a coolant at a fast angular speed), a heat transfer model of the 
system was developed in order to better understand the different factors that promote 
heat transfer. It was decided that the most appropriate model was that of flow across a 
circular cylinder, as shown in Figure 14. 

 

 
Figure 14 Flow past a circular cylinder 

For simplicity in this model, we will assume that the coolant temperature is constant 
(does not change with time), that the heat capacity and transfer through the cylinder wall 
itself is negligible, that the temperature of the drink (inside the cylinder) is constant 
throughout the circular cross-section, and that the drink and coolant have the same 
thermal properties as water at 𝑇 = 57℉ (the average operating temperature of our 
system). These properties are listed in Table 6. 

 

Table 6 Coolant and drink thermal properties 

Property Value 

Density, 𝝆 62.36  
𝑙𝑏!
𝑓𝑡!

 

Dynamic Viscosity, 𝝁 2.94
𝑙𝑏!
𝑓𝑡  ℎ

 

Specific Heat Capacity, 𝑪𝒑 1.001
𝐵𝑡𝑢
𝑙𝑏!°𝑅

 

Thermal Conductivity, 𝒌 0.336
𝐵𝑡𝑢

ℎ  𝑓𝑡  °𝑅
 

 
The analogy here is that instead of a stationary can with coolant moving at a constant 

velocity across it, we have a spinning cylinder with coolant moving relative to the surface 
of the cylinder at a velocity of 

𝑉 = 𝜋𝜔𝐷 (1) 
 
where 𝜔 is the angular velocity of the cylinder (in units of revolutions per second). 
 
The first goal is to find the convective heat transfer coefficient, ℎ, between the 

coolant and the cylinder. To begin, we need to define the fluid flow properties.  
 

Coolant flowing 
across cylinder 

Coolant properties: 
Temperature Tc 
Velocity V 
Density ρ"
Dynamic Viscosity µ"
Specific Heat Capacity Cp 
Thermal Conductivity k 
 

Cylinder Diameter D 
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First, we define 𝜆 as a dimensional constant related to the diameter of the cylinder by 
 

𝜆 = !"
!

 (2) 
 
Next, we characterize the Reynolds number 𝑅𝑒! and Prandtl number 𝑃𝑟 of the flow 

as 
 

𝑅𝑒! =
!"#
!

  (3) 

𝑃𝑟 = !!!
!

 (4) 
 
With 𝑅𝑒! and 𝑃𝑟, we can calculate the laminar Nusselt number 𝑁𝑢!,!"# , the turbulent 

Nusselt number 𝑁𝑢!,!"#$ , and the overall Nusselt number of the system 𝑁𝑢!,! , as 
 

𝑁𝑢!,!"# = 0.664 𝑅𝑒!
!
! 𝑃𝑟 !

! (5) 

𝑁𝑢!,!"#$ =
!.!"#  !"!

!.!!"

!!!.!!"!"!
!!.! !"! !!!

 (6) 

𝑁𝑢!,! = 0.3 + 𝑁𝑢!,!"#! + 𝑁𝑢!,!"#$!
!
! (7) 

 
which is valid when 10 < 𝑅𝑒! < 10! and 0.6 < 𝑃𝑟 < 10!. 
 
Finally, with 𝑁𝑢!,! , we can calculate ℎ as 
 

ℎ = !"!,!  !
!

 (8) 
 
The second goal is to equate the heat transfer, 𝑄, from the warmer fluid inside the 

cylinder (the drink) and the colder coolant. 
 
The heat transfer from the drink is given by 
 

𝑄 = 𝑚𝐶!
!"
!"

 (9) 
 
where 𝑚 is the mass of the drink, 𝑇 is the temperature of the drink, and !"

!"
 is the 

drink’s temperature gradient over time. Additionally, the heat transfer from the coolant is 
given by 

 
𝑄 = ℎ𝐴(𝑇! − 𝑇) (10) 

 
where 𝐴 is the surface area of contact between the coolant and the cylinder, or 

“wetted” area. 
 
Putting Eq. (9) and Eq. (10) together, we get the differential equation 
 

!"
!"
= !!

!!!
(𝑇! − 𝑇) (11) 

 
Solving for 𝑇, we finally get the solution as a function of time 
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𝑇 = 𝑇! + 𝑇! − 𝑇! 𝑒
! !!
!!!

!
 (12) 

 
where 𝑇! is the initial drink temperature. 
 
As an example of what Eq. (12) means, let’s assume a coolant temperature of 𝑇! =

5℉, a drink initially at room temperature (𝑇! = 70℉), a spin rate of 150 rpm (𝜔 = 2.5 
revolutions per second), a drink inside a standard 12 oz. can with about 70% wetted 
surface area (𝐷 = 2.1  𝑖𝑛, 𝐴 = 29.5  𝑖𝑛!). This will result in a drink temperature profile shown 
in Figure 15. 

 

 
Figure 15 Temperature profile of drink using heat transfer model 

 
Eq. (12) can also be rearranged to find 𝑡!""# , the time it takes to cool a beverage from 

𝑇! to a desired final temperature, 𝑇! , such that 
 

𝑡!""# = −!!!
!!

ln !!!!!
!!!!!

 (13) 

 
Of course, there are a lot of assumptions that make this model only approximate. 

However, what is important to note is that after thoroughly investigating the different 
characteristics, it was found that the coolant temperature 𝑇! is the most effective in 
reducing 𝑡!""# , followed by the wetted surface area, then followed by the spin rate of the 
drink. 

 Version 2.0 4.4.3
For the second version of the Polar Roller, the team looked to improve certain aspects of 
version 1.0 while simultaneously simplifying other functions that we already had already 
accomplished in the first version. We also decided to tackle ice making with our Polar 
Roller because new needfinding showed us it would be worthwhile.  
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4.4.3.1 Changes from 1.0 
Refer to Figure 16 for design changes detailed below. 
 

• Improved motor and gear ratio. This allowed us to rotate the beverages faster 
and thus improve heat transfer rate. 

• Moved motor position. We repositioned the motor above the system to avoid it 
getting splashed by water as it ran. 

• Capacity reduction. We reduced how many beverages could fit in the system 
because we had already achieved cooling multiple beverages at once and it 
simplified our building process. 

• Improved reservoir and pumping system. We attached a reservoir to the overall 
system so it was not separate as it was in version 1.0. We also used a perforated 
tube to evenly bathe beverages in the system to achieve more consistent cooling. 

• Modulated draining back into reservoir. According to the thermal model, the 
more wetted surface area, the better the heat transfer. With this in mind, we 
controlled the flow of salt water from the cooling chamber back into the reservoir 
such that the beverage being cooled was slightly submerged, thus increasing the 
percentage of overall surface area in contact with the salt water. 
 

 
Figure 16: Polar Roller 2.0 
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4.4.3.2 Ice Making 
We decided to tackle ice making with version 2.0 based on a survey we sent out. The 
survey told us that people mostly used ice to cool drinks (Figure 17) but if they were 
presented with the option of cooling their drinks with or without ice, a little over half 
would bypass ice and a little under half would still use ice (Figure 18). This showed us that 
although most people would like to avoid drink dilution by bypassing ice, there is still a 
significant demand for ice and should be considered moving forward. 

 

 
Figure 17: Survey data showing uses of ice 

 

 
Figure 18: Survey data showing how users would like drinks cooled 

 
Our first concept in tackling the ice making issue was to create a cylindrical ice mold 

system that used a thin-walled aluminum tube filled with water and a plastic skeleton 
inserted into the aluminum tube (cross section seen in Figure 19). After the tube was 
sealed, we ran it in the Polar Roller for 10 minutes. After the 10 minutes, we had created 
ice (as seen in Figure 20)! However, the ice cubes were very hard to remove from the 
mold and did not yield significantly sized cubes. We were very excited by this proof-of-
concept and felt it was a great start in addressing both areas of user needs. 
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Figure 19: Cross section of 1st ice skeleton design 

 

 
Figure 20: Ice skeleton with ice after 10 minutes in Polar Roller 

 
The second iteration of the ice skeleton was longer, had bigger ice cube slots, and had 

fewer features that would hinder ice cube removal (cross section in Figure 21). As before, 
it created ice and further confirmed that ice making was an achievable goal with the Polar 
Roller. Although there are several issues with the ice making strategy, our purpose was 
not to perfect the strategy but merely prove that it was possible. Spring quarter will be 
focused on improving this strategy, such as making ice removal easier and the skeleton 
stronger, or perhaps coming up with an entirely different way to make ice with the Polar 
Roller.. 
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Figure 21: Cross section of 2nd iteration of ice skeleton 

 

4.5 Moving Forward 
Instead of optimizing a standalone unit, which is another viable path for this project, we 
have elected to integrate the Polar Roller into a refrigerator as our final deliverable. This 
more closely aligns with our project prompt, and will provide several advantages to a 
refrigerator unit. The idea is that the Polar Roller will be a complete replacement of the 
existing in-freezer automatic ice maker. Since ice can be made virtually on-demand, this 
removes the need for having an ice maker that runs 24 hours a day and stores ice in a 
reservoir bucket. Next, the Polar Roller will eliminate the need to store beverages that 
don’t need to be kept refrigerated for preservation reasons i.e. soda cans, beer cans, wine 
bottles, etc. Since these beverages can be chilled to a desired drinking temperature in 
about 45 seconds, they can be left in a pantry or elsewhere and leave the valuable real 
estate inside the refrigerator to something more important.  

Transitioning from the standalone prototype to a fully integrated system, the team will 
look at several design aspects and added features. We will look at ways to create a 
compact system in the height dimension so freezer and refrigerator space reduction is 
kept to a minimum. The team envisions a separate door for the Polar Roller section, in 
which a tinted glass window will display the inner workings to add visual appeal. A smart 
and intuitive interface will allow the user to place the target beverage(s) inside with ease, 
and select the option he/she wishes to do. Ideally, we will devise a way for the user to 
select the final temperature in which to cool the beverage. A few concept renders of the 
refrigerator integration are included next two figures (Figure 22 & Figure 23). 
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Figure 22: User interacting with Polar Roller concept 

  
Figure 23: Close up of Polar Roller Concept 
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5 Design Specification 

5.1 Polar Roller Overview 
The team focused on integrating all of the given and discovered requirements into one 
cohesive product. To best achieve this, the concept of spin chilling with a liquid cooling 
medium was used. In order to satisfy the multiple beverages of varying sizes 
requirement, an array of rollers was used. The team created a standalone prototype that 
would employ each of these concepts and dubbed it the “Polar Roller”. A photograph of 
the prototype is shown below (Figure 24). 

 

 
Figure 24: Photograph of Polar Roller 

 
The Polar Roller operates via an AC motor driving a chain, which in turn drives a pair of 

rollers. The rollers are coated with electrical tape to increase friction with the beverage 
being cooled. The motor RPM and gear ratio between the sprockets is set up such that a 
12 oz. aluminum can will spin at 130 RPM – a number that we determined would be an 
ideal tradeoff between cooling rate and mechanical stability.  

Next, aquarium pumps force a coolant through a perforated tube that showers the 
beverages while they are spinning. We used saturated salt water for our coolant, as it 
provided a simple and non-toxic fluid that could get down to -20°C. However, in the 
spring quarter, the team will explore alternative coolants in order to avoid the drawbacks 
associated with salt water. Namely: corrosion of metal components, salty taste left on 
beverages requiring a rinse cycle, and evaporation necessitating concentration 
management.  

The coolant is allowed to pool underneath the beverages, partially submerging each. 
This increases the coolant contact area, thus increasing the heat transfer rate. A render of 
the Polar Roller is shown below, with annotations labeling each of the major components 
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(Figure 25). Another render is included next, which shows the Polar Roller from a side so 
as to illustrate the beverage submersion (Figure 26).    

  

 
Figure 25: Polar Roller Render with Annotations 

 

 
Figure 26: Side View Showing Coolant Level 
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In order to address our discovered demand for rapid ice production, we created a 

specially designed ice tray that could be placed on the Polar Roller. Since the coolant 
used was close to -20°C, the system was able to freeze water in under 10 minutes. The 
ice tray consisted of a machined aluminum cylinder with rubber sealing stops at each 
end. A 3-D printed skeleton insert, which separated each ice cube was placed inside. The 
aluminum cylinder and skeleton insert are shown below (Figure 27 & Figure 28). A cross-
section render of the assembly is also included (Figure 29), as well as a photograph taken 
after the skeleton is removed from a 10-minute Polar Roller cycle (Figure 30). 

 
           

 
Figure 27: Aluminum cylinder 

 

 
Figure 28: Skeleton insert 
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Figure 29: Cross-Section of Cylindrical Ice Tray 

 

 
Figure 30: Cylindrical Ice Tray after Cycle 

Although the Polar Roller prototype met great success in rapid beverage cooling and 
ice making, there are some issues that will be addressed in the spring quarter. As 
mentioned, the salt water used as coolant is not ideal for several reasons. Also, due to the 
poor insulation of a single ¼” thick acrylic barrier, our coolant warmed up very rapidly. 
This caused the inability to have consecutive ice-making trials. The entire cooling process 
with the Polar Roller was very messy as well. Since the roller sprockets were not 
completely separated from the pool of coolant under the beverages, the drive chain was 
partially submerged sprayed the coolant in the near vicinity.  

5.2 Polar Roller Performance 
The Polar Roller’s performance in cooling beverages and creating ice was exceptional. 
We compared its cooling times directly to those that you would find if placing a similar 
beverage or ice tray in the refrigerator or freezer. A summary of this performance is 
included in the following chart (Figure 31). 
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Figure 31: Performance Chart 

 
The results gathered from the Polar Roller prototype gave the team incentive to pursue 

this concept into the spring quarter and integrate it into a refrigerator as a final product.  
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6 Project Planning and Management 
When managing a project in which two global teams will be working together to reach a 
common goal management, time planning, and communication are crucial elements of 
the project. In this section, we will present the overall progress of the winter quarter 
pertaining to the accomplished milestones and budget management that was laid out 
during fall quarter. It will also cover the team’s spring quarter timeline that has been set 
up to allow us to have a finalized and successful product.  

6.1 Winter Quarter Planning Review 
The main goal for the winter quarter was to produce a prototype that would function and 
appeal to the user. In order to reach this goal the design team had to spend some time 
revisiting our user and trying to figure out what the user truly wanted. Different user 
scenarios were set up in order to come up with new and innovative ideas regarding ice 
usage, ice making, and ice storage. Following this, a few prototypes were built and tested 
in order to capture people’s reactions and start making progress towards generating a 
design vision. To have a more concrete design vision, a decision was made to survey 
common individuals regarding their ice usage, drink temperature, and drink cooling 
preferences.  This gave the team a better overview of what the product functions should 
be and what the users really wanted and needed. This allowed us to manufacture the 
Polar Roller, which targets the users’ need for ice as well as their need for rapid drink 
cooling. In the winter milestones section (Table 7), you can see a line-by-line list of what 
the team set up to accomplish during the winter quarter. All of the milestones presented 
in Table 7 were completed by their respective due dates.  
 

 Winter Milestones 6.1.1

Table 7 

Dark Horse 
Prototype 

• Come up with Dark Horse user 
• Build prototype 
• Conduct user testing 
• Interview bartenders and test prototype with them 
• Prepare for small group meeting presentation 
• Share small group meeting presentation and feedback 
with MABE and UNAM 

1/23/14 

Travel 
Preparation 

• Send a copy of our passports to Manny Hundal 
• Fill out emergency contact information 
• Make copies of health insurance cards 

  

Funktional 
Prototype 

• Build prototype 
• Test prototype 
• Prepare for small group meeting presentation 
• Share small group meeting presentation and feedback 
with MABE and UNAM 

2/6/14 
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Functional 
Prototype  

• Address MABE’s need for the product to generate ice 
• Ship Funktional prototype (Polar Roller 1.0) to UNAM 
• Build a 2nd version of the Polar Roller 
• Test Polar Roller 2.0, focusing on its ice making 
capabilities 
• Prepare for small group meeting presentation 
• Share small group meeting presentation and feedback 
with MABE and UNAM 

3/6/14 

Winter Design 
Presentation 

• Prepare winter brochure 
• Present winter findings and progress to the ME310 
class 
• Share the winter presentation with MABE  

3/13/14 

Winter Design 
Documentation 

• Write compilation of the project development to date 
• Share Winter document with MABE in order to get 
feedback during our visit to Mexico 

3/18/14 

Stanford Visit 
to UNAM 

• Comment and share all previous work with UNAM 
• Complete a thorough patent search on existing 
cooling technologies 
• Present winter progress to the MABE team during our 
tour of their R&D facility 
• Brainstorm/prototype Polar Roller-freezer interface 
• Brainstorm/prototype ice making strategies 
• Decide on a final product  

3/20/2014  
- 
3/26/2014 

 

 Winter Budget 6.1.2
Stanford and UNAM teams maintain budgets independently throughout the project, and 
each team has been given an $8000 budget for the duration of the project. In this section 
the money spent in the fall quarter will be presented as well as an overview of the winter 
quarter expenses of each team.  

 
Stanford Budget 

• During the Fall quarter, the Stanford team spent $667.29 

• In Table 8, you can see the predicted and actual expenses for the winter quarter 

• Adding up the Fall and Winter quarter expenses gives a total spending of $3225.29, 
which leaves us with an available balance of $4774.71 for the Spring quarter 

Table 8 

 
PREDICTED ACTUAL 

Dark Horse  $800 $771.94 
Funky Prototype $600 $548.60 

Functional Prototype  $1,600 $754.35 
SUDS 

 
$458.80 

Travel 
 

$23.86 
Total $3,000 $2,558 
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UNAM Budget 

 SPENT 
Dark Horse  $500 
Funky Prototype $500 
Functional Prototype $700 

Total $1700 
 

6.2 Spring Quarter Planning 
This section covers our goals and plans for the spring quarter. It is divided into the 
specific prototype deliverables of the quarter as well as testing, communication and other 
deadlines pertaining project management.  

 Spring Timeline 6.2.1
The timeline presented in Figure 32 (on following page) is an overview of the spring 
quarter and accounts for all of the specific deliverables and milestones to be followed by 
the team in order to have a successful quarter.  

 Spring Budget 6.2.2
Stanford Budget 

As mentioned in the winter budget section, we have an available balance of $4774.71 
for the spring quarter. The 3 main costs for the spring quarter will come from final product 
manufacturing, EXPE booth set up and assembly, and product integration into a freezer. 
Currently, the team plans to spend no more than $400 on the EXPE booth, which leaves 
$4377.71 available for final product creation and integration. The team believes this 
should be enough money to present Mabe with a great, finalized product.  

 
UNAM Budget 
One of the greatest expenses expected for the next period is the material required to 
manufacture a small-scale refrigerator. 
  PREDICTED 
Tools and materials $900 
Equipment $3,800 

Total $4,700 
 
Equipment to be bought 

• Compressor 
• Refrigerant 

 

 

 

 

 



Team Mabe Design Document March 18, 2014 

 44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi
g

u
re

 3
2:

 S
p

ri
n

g
 q

u
ar

te
r 

ti
m

e
lin

e 



Team Mabe Design Document March 18, 2014 

 45 

6.3 Team Management 
When managing a project in which two global teams will be working together to reach a 
common goal, team management and communication are crucial parts of the project. So 
to start the project and make sure that good working relations and communication habits 
were generated, the Stanford and UNAM teams designated roles to each of the 
members (as seen in  Table 9).  

 Table 9 

 
UNAM Stanford 

Chief Communications Officer Jorge Lopez Maria Juliana Loza 

Chief Financial Officer Sebastian Quijano Matthew Rios 

Chief Documentation Officer Ariana Mendez David Kingman 

Chief Planning Officer Jesus Marini J. Daniel Rainey 

Chief Technology Officer Maria Jose Flores 
 

 
To keep constant communication and everyone up to date with the project, winter 

meetings between Stanford and UNAM have been conducted twice a week on 
Wednesdays and Fridays. Wednesday meetings were conducted from 3:00 pm to 4:30 
pm and Friday meetings went from 12:00 pm to 1:00 pm. During Wednesday meetings 
the Mabe team joined the Google Hangout from 3:00 to 3:45 PM in order to be debriefed 
with the project’s progress and to present corporate feedback to the student teams. The 
rest of the Wednesday meetings between UNAM and Stanford allowed the student 
teams to communicate all of the work that had been carried out during the week and 
update each other before having to present to the teaching team on Thursday’s small 
group meetings. Friday’s meetings consisted of sharing the feedback from the teaching 
teams and making decisions to move forward.  

In addition to the weekly meetings on Google Hangout, the teams have been using 
Google Drive to share documents, presentations, and media. The two other 
communications methods that have been used are e-mail and WhatsApp. 

Moving forward into the spring quarter, the Stanford team has decided to set up an ME 
310 working schedule, which detail everyone’s availabilities in order to schedule specific 
hours to work on the project. The idea behind this is to have a more concise plan for the 
students to follow and know their expected work hours for the entire quarter ahead of 
time. We are hoping this will create a more productive environment and believe this 
might help all students be accountable for being on time and getting their designated 
tasked completed in a timely manner.  
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6.4 Person Reflections 
Jorge Luis López Barrera 
Seeing all in perspective, it’s been a long road now and results are way better than 
expected. Although some members imagined this whole process and its results a certain 
way, it was the user that dictated what are we doing and how are we making it. 

To me, that is the best part of it. Designing for people applying this method that is taking 
us to innovative ways of solving problems. Through a hard cyclic road of work, we have 
achieved results I don’t think even Mabe thought. 
 
Maria José Flores 
This period was quite interesting. I enjoyed the dark horse prototype since it allowed us to 
explore different ideas for different products. Having so many choices remaining focused 
on one can become a challenge. Although the global team has remained in constant 
communication, it is sometimes difficult to communicate the entire idea and the 
motivations behind it. 
 
David Kingman 
The evolution of this project this quarter has been very interesting - going into the Dark 
Horse weeks with liquid nitrogen, it seemed like we stumbled onto a very exciting but 
nearly impossible-to-implement idea, and by the end we still had no idea about what our 
final product might look like. However, we did learn a lot and had a lot of fun being 
divergent! Once we decided with UNAM that the Polar Roller would be the best way 
forward, things really started to come together, and it was good practice to step into the 
engineering mindset and break everything down into math, science, and realistic 
manufacturing/integration ideas. I'm very excited to meet with our UNAM partners in 
person once again to hammer the details out for a final product, and to see the potential 
of this idea come into fruition. 
 
Maria Juliana Loza 
It has been very interesting to work with a global team, and I believe that every week that 
goes by is a unique experience from which we have learned. One of the toughest things 
to do when working in such a large group is to keep everyone informed and on the same 
page, but I think we have done a decent job at this. Being able to communicate with our 
liaisons every week has also proven to be very helpful since we can receive almost 
immediate feedback on what we are working on, and this has helped us feel confident 
with the direction in which we have refocused our design goal.  
 Something that we are constantly reminded about is that communication and 
collaboration are very important, and we believe there is some room for improvement in 
this area. Besides this we realized that setting up a set schedule for the spring might be a 
good idea since more concrete things will need to be produced and time accountability 
needs to be addressed. Overall, winter quarter was good since out goal to have a 
functional prototype was accomplished and our winter design presentation was a 
success.  
 
José Sebastián Quijano Martínez 
After two quarters of intense design activity the project is converging into a defined 
concept that seems to satisfy the needs of the users and the philosophy of the client.  

Although it would have been great, the idea of technological innovation was not found 
in the development of new physical principles, but playing with the settings of the various 
functions defined by users that generate the best experience with the product.  
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Multidisciplinary interaction among team members has managed to combine many 
wild ideas to generate concepts that go beyond the ordinary, such as cooling clothing or 
backpacks producing energy with body heat.  

This creative, structured and systematic process is defining how the final product will 
be presented to MABE. 

 
Ariana Méndez 
At this part of the project, it’s very important to understand the function, that’s why we 
began to work with prototypes that provided us an important ways to understand the 
final product. I think that in the next work, we could explore more about user and the way 
they interact with the final product. 

 
Matthew Rios 
This project has taken us to so many spaces throughout the quarter and it has all been 
exciting. Liquid nitrogen is a lot of fun to play with and having such a successful like the 
Polar Roller really makes the process worth it. There is still a lot of work to be done 
before this is a finalized product so our team dynamic is ever important now. Execution is 
what spring quarter is all about. 

I look forward to what the spring has to offer. I know it will be a lot of work and stretch 
us to our limits but we will be all the better for it. Our communication could be improved 
and will need to be so that spring quarter goes as smoothly as possible. All in all, I’m 
enjoying the project thus far. 
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8 Appendix 

8.1 Fall Design Development 
In order to move forward with the design development, there were several key 
processes to cover. These include an initial brainstorming of ideas for the project, user 
benchmarking and need-finding to understand who our project is actually going to serve, 
development of personas who symbolize the users we want to always keep in mind 
during the design processes, business benchmarking to consider the other businesses 
that work in the same industry, and technology benchmarking to learn from existing 
products or ideas that are related to our project.  

 

   
Figure 33: Design development 
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8.2 Brainstorming 
Our brainstorming was a combination of looking at ice and its uses, and ways to get 
around using ice. We relied on personal experiences, past observations, and thought 
experiments as sources for our brainstorming. We also looked into potential users to 
interview that could provide us with valuable experiences that differ from our own. 

 

  
Figure 34: Initial brainstorming 

 Uses of Ice 8.2.1
We brainstormed various uses for ice spanning all types of situations, industries, and 
needs. Explained below are the ones that we felt were most prominent and the rest of 
our ideas follow that. The hope here was to receive inspiration from areas that use ice 
heavily in uncommon ways or in infrequently noticed industries. We tried to be as 
divergent as possible. 

•  Injuries 

o  Putting ice on an injury is almost an instinct to most people. It is one of the 
most common uses of ice although we do recognize that there are 
alternatives to ice for this use. 

• Cooling drinks 

o  Cooling a beverage is the first use for ice that comes to mind. It provides 
good cooling but also dilutes the drink. 

•  Eating 

o This spans several types of products that all have the same general theme. 
Some of these include snow cones, slurpees, ice cream, popsicles, etc. 

• Others in this category: 

o Medical (Organ preservation, blood preservation, during birth, ice chips) - 
Chewing it as sign of iron deficiency - Igloos - Spa treatment - Erotic uses - 
Ice baths - Indoor sports (Ice hockey, ice skating) - Snow machines - Sleet 
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- Hail - Frost - To kill someone (Ice dagger) - Ice sculptures - Ice 
blocking/sledding - Zoos - To cool soup - Preserve flowers - Food 
preservation - Ice baths - Sculptures - Food service industry (Butchers, fish 
markets, ice cream trucks) - Indoor sports - Cryogenics - Molecular 
gastronomy - Ice hotel - Ice bar - Snowmen - Snowball fights 

 Important Qualities of Ice 8.2.2
Here we brainstormed what might be quality categories of ice that would provide us with 
insights into desirable traits of ice. These raised many questions that we considered 
moving forward. 

• Shape 

o  The shape of the ice pieces could influence user reaction and improve 
surface area, which increases cooling rate. 

•  Color 

o  How would people respond to different colors of ice? 

• Purity 

o  How does water purity affect ice formation, and to what extent? 

• Opacity 

o  What opacity is most desirable? 

o Does opacity affect performance? 

• Experience 

o Is it soft? 

o  Does it hurt your teeth? 

 Refrigerator Experience 8.2.3
The following are different ideas that we had for various experiences that a refrigerator 
and freezer could provide to users: 

• Shaved/crushed/cubed ice - Cool shapes - 3D printing - Laser cutting - CNC - 
Colors - Ice welding - Instant ice (Need based, "Just in time") - Flavors - Ice 
cream maker - Kinect molding - Spray cooling - Ice mugs 

 Users 8.2.4
We brainstormed various users that deal with ice and cooling on a daily basis, whether in 
their work or their personal life. Here again, we tried to be divergent in the hopes that we 
thought of an uncommon area for ice or cooling use from which to seed our thinking. 

Doctors - Ranchers - Masseurs - Fishermen - Butchers - Chefs - Bartenders - Waiters - 
Athletes - Physical therapists - Athletic trainers - Climbers - Professors in 
thermodynamics, physics, etc. - Ranchers - Pharmaceutical - Ice Sculptors - Penguins - 
Parents - Children 

One key idea we wanted to explore further after brainstorming is cooling drinks. An 
important realization that came along with this is that we may not need ice in order to 
achieve this goal. These learnings informed our benchmarking and need-finding moving 
forward. 
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8.3 User Benchmarking and Need-finding 
In order to better understand the potential users of our project, we decided to conduct 
some need-finding research in various ways: interview “mainstream” consumers at a 
shopping center, interview a kitchen designer at a high-end kitchen appliance store, and 
perform an experiment to observe users’ thought process when choosing how to cool a 
warm drink. 
 At this stage, our intention is to observe the most users as possible in contexts that are 
outside Mabe’s comfort zone. That’s why we also decided to look around Mexico City’s 
streets. There, we found some extreme users that either their jobs or activities are 
involved with ice. 

 Interviews at Stanford Shopping Center 8.3.1
We first visited the Stanford Shopping Center to interview a variety of users about their 
opinions on current refrigerator and freezer technology. During the day we spoke with 2 
children, 3 parents, 3 adults in their early 20’s, 4 adults in their mid/late 20’s, and 4 adults 
in their 30’s. Some of the questions we asked were regarding their uses of the freezer, 
likes or dislikes about their entire refrigerator system, out-of-the-box ideas for future 
technology, whether they liked their drinks cold, and how often they would use ice in 
their drinks. While we anticipated some of the answers, such as a lack of storage space in 
either the freezer or the refrigerator, or that sometimes stored meat and produce get 
freezer burn, we also learned about problems that we hadn’t considered before. These 
problems included the noise from automatic ice makers (from dispensing into storage or 
into user’s cup), or old ice at the bottom of storage units tasting stale. We also received 
some very interesting futuristic ideas, such as a refrigerator system that scans and keeps 
track of the items inside, which can also store expiration dates and warn users about 
products going bad. However, what was most interesting was that while 9 of the 14 adult 
interviewees like their drinks cold, 10 out of 14 don’t use ice very much except for in the 
summer season. This made us question the necessity for a product that produces instant 
ice if only a small minority of people use ice at all to cool their drinks. 

 Interview at Atherton Appliance and Kitchens 8.3.2
Next, we stopped by Atherton Appliance and Kitchens (well-known for serving the home 
design needs of very high-end users) and spoke with one of the designers about 
different kinds of requests customers have had, since Mabe is expecting to target high-
end consumers with this project. Most of the products that consumers were interested in 
were refrigerators with very practical features, such as dehumidifiers in closed 
compartments (to prolong the life of different kinds of produce). We also learned that the 
requests specifically for ice-related technology were for ice makers that produce small 
soft pebbles of ice (which an athlete bought to make ice-packs for injuries), and for clear-
ice makers (simply for the aesthetics when put in their drinks). This time, our need-finding 
made us question the demand for new and innovative ice makers – even at high-end 
stores most consumers don’t give much thought to interesting features for freezers, and 
generally preferred to spend money on significantly practical products. 

 Ice Taste Test 8.3.3
Finally, we wanted to understand what users think about when presented with options to 
cool a warm drink. To do this, we set up an ice taste test, where we presented 7 
participants with a cup of warm Coke and different “coolers” (regular ice cubes, spherical 
ice, frozen Coke cubes, plastic ice cubes, and stainless steel cubes) as seen in Figure 35. 
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We placed these 5 options on a table and asked the participants which they would 
choose and why. The participant then placed cooler in the Coke and finished the drink, 
after which we asked for feedback on the cooler, while offering them to try a different 
cooler as well. 
 From this experiment, there were several significant observations. No one chose the 
plastic ice cubes because they looked unclean. One person chose regular ice because 
that is what they are used to and don’t mind dilution. The ice spheres were interesting 
and cooled the drinks fairly quickly, however it become an obstruction and prevented the 
drink from being completely finished. The frozen Coke and stainless steel cubes were 
appealing at first because people hoped it would not dilute the warm Coke, and people 
also found the stainless steel cubes classy and intriguing. However, the steel cubes 
actually didn’t perform well – it took a long time for it to cool the Coke, possibly a 
combination of generally slow heat transfer, as well as it sinking to the bottom of the drink 
thus cooling the coldest part of the drink. The frozen Coke actually cooled the drink very 
well (due to the high porosity and increased surface area in the ice from trapped carbon 
dioxide) but made the overall drink flat. We learned that, for the most part, people are 
interested in trying new and novel things. Aesthetics played a big part in helping people 
choose their cooler, but performance and drink dilution eventually became the biggest 
concerns. 

 
Figure 35: Ice taste test 

After this preliminary need-finding, we realized that producing instant ice may no 
longer be an effective design goal, and decided to focus on developing our typical user 
(persona) to give us better direction. 

 Street Slurpee Observation and Interview 8.3.4
Street slurpees are very popular all around Mexico City. They consist in crushed ice with 
fruit flavored syrup all over it. They are sold throughout the year no matter the weather. 
What we thought would be interesting was talking to a man who sells them (see Figure 
36). The process of making street slurpees is not difficult, so what we learned was more 
about the people that consume them. 
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Kids are definitely the ones that buy them more. The seller told us that the process of 
making them is very striking for kids and they always want to see how it’s done from the 
beginning. We stood there for an hour and verified what the guy told us and also noticed 
that the more colorful the syrup was, the more the kids asked for it. 

After this observation, we found out that a process could be the whole center of an 
experience and that ice users are also out on the streets. 

 

 
Figure 36: Street slurpee 

 Interviews with extreme users 8.3.5
To get more out-of-the-box information about ice and cooling, we conducted a few 
interviews with extreme users (as seen in Figure 37): an alpinist, a cosmetologist, an ice 
cream maker, a housewife, a skater, students, kids. We found different uses for ice, for 
example to refresh the skin before a body treatment. We also found that most of the use 
of ice in Mexico City is for cooling beverages at social events, and some users prefer their 
drinks with ice because they want a less concentrated taste or they like the sound of ice 
striking the glass. Another reason users found ice useful if for anti-inflammatory purposes. 

Also we asked them how they imagined the ice of the future, and they mostly 
answered that ice will disappear and that we are going to use other substances for 
cooling like nitrogen or dry ice. 

 
Figure 37: Extreme users 

8.4 Persona development 
To keep us focused on the user throughout the project, we created two personas based 
on some of the most significant feedback we received during our need-finding 
interviews. As Mabe wants us to focus on high-end customers, we also decided to make 
our persona somewhat of an extreme user. 
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 Chad Fitt 8.4.1
Chad Fitt is a socialite. At least once a month, Chad hosts large cocktail parties, and is 
always looking to impress his guests with new technology. While he doesn’t like diluting 
his own drinks with ice, he would still like them cold. Even more importantly, so do his 
guests. The night before one particular party, he tries to prepare by putting all his new 
drinks in the refrigerator, while putting the extra stash of drinks in the pantry since they 
don’t fit in the fridge anymore. The party has started, things are going well, and Chad is 
happy: the guests are enjoying their cold drinks, having great conversation and catching 
up. However, before long, the refrigerated drinks are gone, and the guests are still thirsty. 
Chad opens up one of the stored case of warm beer, but knows he can’t serve it with ice 
and ruin the flavor. He also doesn’t have time to stick them in the freezer. Now what? At 
this point, Chad wishes there was some way to cool the beer quickly without putting ice 
directly in it. 

This scenario and the presence of a cardboard cutout of Chad Fitt (as seen in Figure 38) 
throughout our project have helped drive and lead us in a new direction: to rapidly cool 
drinks while avoiding putting ice directly inside. 

 

  
Figure 38: Chad Fitt 

 Esther Lascurain y Rivadeneira 8.4.2
Esther Lascurain y Rivadeneira (as seen in Figure 39: Esther Lascurain y Rivadeneira) is 45 
years old and has two kids. Since she doesn’t work, she is into cooking and confectionery, 
although she doesn’t have much time since she spends a lot of time at gym and “Rumba” 
lessons. Besides that, every week she hosts her friend’s gatherings at home. She’s 
married to a Procter & Gamble manager and drives a brand new Nissan Maxima. 



Team Mabe Design Document March 18, 2014 

 56 

Esther doesn’t hesitate to spend a lot of money on clothing and accessories. The same 
happens with home furniture. She owns an ice maker and makes use of it at every social 
event she hosts.  

When the events aren’t too big, the ice maker works perfectly. She doesn’t need that 
much ice so she never runs out of it. However, when there’s a major event at home, one 
of her maids has to be next to the fridge to quickly get constant quantities of ice. They 
have to do this at least thirty minutes before the guests arrive at the event. 

    
Figure 39: Esther Lascurain y Rivadeneira 

This persona was essential to always have extreme needs in mind when talking about 
time and quantities. We made up Esther as a very demanding user. 

8.5 Business Benchmarking 

 Whirlpool 8.5.1
 

 
Figure 40: Whirlpool logo 

Whirlpool is the second biggest home appliances manufacturer with more than $17 
million revenue. Its main market is North America (which represents 55% of its revenue), 
followed by Latin America and Europe, although the company is starting to gain influence 
in the Asian market, particularly in India. An important characteristic of Whirlpool’s market 
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is that a large amount of its sales (15%) come from the “new installation market” which 
involves newly built homes. 

Whirlpool divides its market in two large segments: Developed and Developing 
markets. Developed markets have a very low growth rate which lead the company to try 
to reduce costs by diminishing the amount of warehouses as well as the product 
development budget. Developing markets includes countries like Brazil, China and India, 
and Whirlpool tries to match its products to the needs and likes of the low-end 
consumers. To achieve this, the company uses platform methods and innovation. 

In the platform method the company develops the core of the product and then, 
through marketing, finds the needs and tastes of the specific segments and adds market 
specific capabilities to it. In innovation, the company creates brand new products 
specifically designed for a market and sells them as low cost products in order to 
increase its brand recognition in the country. 

Whirlpool produces and sells a wide variety of products that include washers, dryers, 
fridges, ice makers, ovens, microwaves, dishwashers, compactors, water filters, water 
heaters, air conditioners and central heating systems. 

 LG 8.5.2
 

 
Figure 41: LG logo 

The LG Electronics Home Appliance Company is a global leader in the home appliance 
industry, dedicated to offering healthier and greener products, blending smart 
technology and trend-setting design and providing a complete solution for improving 
daily life. LG’s insightful products, including refrigerators, washing machines, dishwashers, 
cooking appliances, vacuum cleaners, built-in appliances, and healthcare products are 
designed to resonate with consumers around the world. LG’s innovative technologies and 
convenient features, including the world's first smart refrigerator, steam washing machine 
and lightwave oven, set new trends in the appliance industry. 

 Shenzhen Zhongxue Refrigeration Equipment Co. Ltd 8.5.3

 
Figure 42: Shenzen Zhongxue Refrigeration Equipment Co. Ltd logo 

Shenzhen Zhongxue Refrigeration Equipment Co. Ltd is a company committed to ice 
machine production and marketing. Its business philosophy is “quality first, reputation first, 
service first”. Unlike Mabe, this company has focused on large scale ice production 
machines meant for the industry and business and provides customer support through a 
chat on its webpage, and some of its machines include installation, a year of warranty and 
lifelong maintenance. Their main customer segments are the fishing and chemical 
industries, supermarkets and hotels. Below are some of the products sold by the 
company. 
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• Flake ice machine (as seen in Figure 43: Flakes produced by the flake ice machine): 
fully automated ice production going from 500 kg to 30 tons per day depending 
on the model. 

• Tube Ice Machine (as seen in Figure 44: Tube ice): Produces 30 to 50 tons of clear, 
tube shaped ice each day. 

• Block Ice machine (as seen in Figure 45: Block ice): It produces 10 tons of ice per 
day. The user can select the desired weight of the blocks (10 to 100 kg). 

• Seawater Ice Makers: the company sells ice makers that can obtain the ice from 
seawater, providing ice to fishing boats. 

 

 
Figure 43: Flakes produced by the flake ice machine 

 

 
Figure 44: Tube ice 
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Figure 45: Block ice 

 Comparison between different refrigerator manufacturers 8.5.4
Consumer Affairs is a webpage where users can evaluate different brands and report 
complaints. The page includes a 5 star rating where it compiles the evaluations and 
indicates the percentage of users that choose each star. This information was compiled 
(as seen in Figure 46: Refrigerator manufacturers comparison) and used to rate different 
refrigerator manufacturers in order to understand how GE (a company closely associated 
with Mabe) stands in the market. According to this information, GE is rated at the upper 
levels of the table, just below Frigidaire and Viking. 

 

  
Figure 46: Refrigerator manufacturers comparison 

8.6 Technology benchmarking 
Although our observations (need-finding and persona development) led us to focus on 
rapid cooling without ice, we thought that it was important to avoid narrowing our vision 
so early, and that it was still necessary to research ways to develop more ways of 
freezing and cooling. 

 Mpemba Effect 8.6.1
During our research we stumbled across the Mpemba effect, which states that under 
some circumstances, warm water can freeze into ice faster than cold water. Since the 
original prompt from Mabe is to have ice on demand, this presents an avenue to reduce 
freeze time.  
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To test this, four ice trays filled with water at different temperatures (60F, 78F, 100F, 
and 120F) were placed in the freezer. The time each tray of water took to freeze was 
recorded, and it was found that the warm water at 100F froze the fastest by far, followed 
by the cold water.   

This experiment served as a proof of concept of the Mpemba effect in a conventional 
freezer under pressure of 1 atm. Contrary to what one would intuitively expect, warm 
water does in this instance freeze more rapidly than cooler water. Although there is no 
certain reasoning behind this, we suspect that it is because ice at the freezing 
temperature is actually less dense the cold water, and that warm water will which freeze 
fastest when its density is closest to that of the ice. 

 Spherical Ice vs. Cubed Ice 8.6.2
Many shops for home goods sell special molds for freezing water into different shapes, 
and one of the more appealing ones we found were for making spherical ice. This piqued 
our curiosity as to whether these special shapes are purely aesthetic, or if they also serve 
some functional purposes. Initial guesses were that for the same mass of water, spherical 
ice would last longer (as spheres have the smallest surface area per volume) than several 
ice cubes. If this time difference is significant, this could be useful if a customer prefers 
ice that cools a drink less but lasts longer, or vice versa. 
 To best test this, two cups of water with equal mass and temperature were set side by 
side (as seen in Figure 47: Spherical ice test. Next, the spherical ice and ice cubes (total of 
120g of ice for each case) were separately placed into each cup. What was observed was 
that the ice cubes cooled the drink much quicker (as expected due to the larger surface 
area), but sphere appeared to melt more quickly initially. At some point, the ice cubes 
visibly began to melt more quickly. After one hour, all the ice cubes had melted, while a 
little bit of the spherical ice still remained.  
 

 
Figure 47: Spherical ice test 

While there is a difference in the time taken for the different ice to melt, the results of 
this experiment suggest that this is not significant enough to be useful in the real world, 
and that different shapes for ice are in fact more for visual appeal than functional.  
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 Frost Boss 8.6.3
In doing initial research, we saw that many existing products utilized a spinning process to 
cool the drink, avoiding the need for putting ice directly in it, such as the Frost Boss (seen 
in Figure 48: Frost Boss). The Frost Boss spins a canned drink over a bed of ice and water 
for two minutes, and testing shows that it (surprisingly) cools the drink down from room 
temperature to about 44F). Additionally, the carbonation of sodas or beer remains 
undisturbed, and doesn’t explode after opening the can.  

After further research, we found that there are two key features that make this work so 
well. First, constant agitation in the fluid increases thermal conductivity (since the cold 
and warm fluid particles are constantly mixing). Second, when the can rotates at a certain 
speed, all of the fluid inside eventually moves at the same angular speed as well (known 
as a “Rankine Vortex”, as seen in Figure 49: Rankine vortex sketch). This causes the liquid 
to behave like a solid, preventing the carbonation in the drink from being disturbed. 
 

   
Figure 48: Frost Boss 
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Figure 49: Rankine vortex sketch 

Given how well the Frost Boss works, the Rankine Vortex is an attractive concept to 
approach rapidly cooling drinks without ice. The simplicity of the process also makes it 
easy to implement in existing systems (such as refrigerators).  

 V-Tex 8.6.4
V-Tex is the only energy efficient self-refrigerated home appliance and commercial 
technology designed to rapidly cool multiple beverages in seconds at one time. V-Tex 
(as seen in Figure 50: V-Tex) will cool both cans and bottles of all shapes and sizes, from 
a 150 ml can to a wine bottle. 

This product is the only small self-refrigerated home appliance, designed to rapidly 
cool beverages. Unlike other products and solutions for cooling beverages, V-Tex cools 
drinks dramatically faster and requires no setting up as it’s a self-refrigerated solution. 
There is no need to add ice and no having to dispose of the melted waste ice once the 
user has finished cooling their drinks.   

Like the Frost Boss, a drink is placed inside the container of the V-Tex (which is already 
filled with a cold liquid). The portability of V-Tex can be very useful and can reach a lot of 
markets. 

 



Team Mabe Design Document March 18, 2014 

 63 

 
Figure 50: V-Tex 

 Articube 8.6.5
Another way to rapidly cool is with gases, such as CO2. One product that already uses 
this concept is the Articube (as seen in Figure 51: Articube), which has adjustable gas 
pressure and freezing temperature control. The Articube can reach temperatures of -
30°C in 4 seconds, has an alimentary liquid CO2-based freezing system, and safety 
system for high-pressure bottles. 
 

 
Figure 51: Articube 

8.7 Critical Function Prototypes (CFP)  
The need-finding phase led the team to realize that many users would rather avoid the 
use of ice altogether if they could still have cold drinks. The reason is simple: ice dilutes 
drinks. This caused the team to brainstorm ways to cool a drink from the outside of the 
container rather than the inside (as with ice). Additionally, the concept of cooling a drink 
from within was explored, as well as instant freezing.  

 Rapid Cooling without Ice 8.7.1
The team brainstormed many different ways to cool a drink rapidly. One way, as 
discovered during our benchmarking, is the concept of “spin chilling”, as employed by the 
Frost Boss. The principle behind this method is that the internal drink fluid is agitated by 
spinning about its cylindrical axis. The external fluid is only mildly agitated by the spinning 
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motion of the drink itself. The spinning causes a Rankine Vortex within the drink so that in 
case we are dealing with a carbonated beverage, the carbonation is not disturbed. We 
wanted to experience this visually, so we created a test vehicle of our own. 

Spinning the drink relative to the cooling fluid is certainly one way to achieve rapid 
cooling, but we wanted to try other methods. These are outlined in the following sections. 
The Frost Boss carries with it a few shortcomings that these methods will potentially 
address, namely: 

• Limited to only one size and shape of can. 

• Limited to only one can at a time. 

• Messy, as water can often get everywhere. Not desirable for indoor use 

• Does not have a temperature control function. 

• Time to cooling is about 2 minutes. We’d like to improve on this. 

8.7.1.1 Rankine Vortex Simulation 
To better understand the Rankine Vortex, and to establish some insight on the timeframe 
it takes for all fluid to spin at the same rate, we created a simulation. To do this, we 
attached a 4” diameter transparent plastic cylindrical housing to a drill so that it could be 
rotated. We filled this cylinder with water and a few different substances to help observe 
the fluid motion in the cylinder. We then capped the top, rotated the cylinder using the 
drill, and observed the behavior of the fluid and foreign substance. A schematic of this is 
shown in Figure 52: Rankine vortex simulation. 

 

 
Figure 52: Rankine vortex simulation 

With this simulation, the team was able to gather a better understanding of the Rankine 
Vortex, and the time required to establish one. It took about 50 seconds for the 4” 
diameter cylinder to develop a complete Rankine Vortex and have the total volume of 
fluid rotating at the same rate. It can be inferred that a smaller diameter cylinder, as with a 
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soda can, will have a shorter time delay from start to full Rankine Vortex. A snapshot of 
this simulation is included in Figure 53: Rankine vortex snapshot. 

 

 
Figure 53: Rankine vortex snapshot 

  

8.7.1.2 Mill Chill 
Instead of spinning the drink relative to the cooling fluid, the team decided to try spinning 
the cooling fluid around the drink. We dubbed this “Mill Chill”, as an analogy to the 
difference between a milling machine and a lathe machine. A lathe spins the part and the 
tool is stationary (spin chilling), while a Mill spins the tool and the part is stationary (Mill 
Chill). This method would address the flaws with the Frost Boss concept, such as being 
independent of container shape and size, and being able to account for more than one 
drink at a time. 

To do this, we created cylindrical vat of water in which to place a can. We then created 
a whirlpool in the water using two aquarium pumps. The water was chilled with ice. This 
setup is shown in Figure 54. 
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Figure 54: Mill Chill setup and schematic.  The sketch on the right shows the cooling fluid 

motion relative to the beverage 

This concept showed potential, as it was able to chill a stationary drink in 7 minutes to 
the desired temperature of 44F. 

8.7.1.3 Copper Coil External Cooling  
Addressing the issue of the mess created by using water as the heat transfer medium, 
we elected to attempt a rapid cooling method by conductive heat transfer. To do this, we 
designed an apparatus that would supply a coolant chilled below the freezing point of 
water via a copper tube that spiraled around the soda can.  
 In theory, the heat transfer between copper tubing and drink container would be much 
lower than that of water and drink container. In an attempt to offset this reduced 
efficiency, we lowered the temperature difference by using dry ice to chill antifreeze 
(which would reach temperatures below the freezing point of water). We ran through 
trials in which the can to be cooled was both stationary and spinning.  A key reason the 
team wanted to investigate this approach is that this would be relatively straightforward 
to implement in a refrigeration system since a refrigerator already has a circuit of cold 
fluid traveling through pipes. A schematic of this system is detailed in Figure 55. 
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Figure 55: Copper coil cooling apparatus 

During testing, we observed that spinning the can within the copper tubes was not very 
practical, since it created a large amount of friction, and even visibly scratched the 
surface of the can. Aside from these pitfalls, the temperature drop in the can after several 
minutes was barely noticeable, spinning or not. 

In a futile attempt to measure the viability of solid to solid conductive heat transfer, we 
spun the soda can against bare dry ice. Again, after several minutes the temperature drop 
was hardly noticeable. 

8.7.1.4 Compressed Gas Cooling 
The type of compressed gas we are referring to is the incorrectly named “canned air” 
used for electronics dusting. These cans contains a gas or mixture of gases that are 
relatively easily phased changed into liquid by compression. When released with the can 
upright, as intended, a phase change from liquid to gas occurs inside the can and the can 
drops rapidly in temperature. However, when incorrectly used by spraying the liquid with 
the can upside down, the phase change occurs outside the can (since now the liquid is 
sprayed directly through the nozzle) and whatever the liquid touches will drop in 
temperature. 

We wanted to explore this concept as a means of rapidly cooling a drink. To do this, we 
simply bought several Dust-Off® (which contain difluroethane) cans and sprayed them 
upside down at a soda can, spinning and stationary (as seen in Figure 56). 
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Figure 56: Compressed gas cooling 

This method did drop the temperature, but not to the desired temperature after two 
minutes. In fact, we were unable to run the experiment long enough to drop the soda 
down to the ideal drinking temperature due to running out of canned refrigerant. We 
concluded that this was a reasonable method, and with some adaptation could prove a 
viable way to rapidly cool a beverage. 

8.7.1.5 Copper Coil Internal Liquid Cooling 
Applying the idea of heat transfer by using conduction, we placed a copper coil inside a 3 
L (0.79 Gal) container filled with frozen water (as seen in Figure 57) and made different 
liquids flow through the tube.  

Using a thermal camera we measured in real time the change of temperature at 
different points in order to understand the way in which the liquid was losing energy 
through the turns of the coil.  

The most important result was the fact that common water and sodas’ temperatures 
can be lowered by nearly 23°C (73.4° F) in 10 seconds with a simple conduction 
homemade system. 

The function of quick cooling seems to be possible using this idea - the only problem 
was that most people who saw the experiment reported that they would not drink the 
liquid that comes out of a tube without being sure it is clean. 

Another important variable that has to be measured is the energy used to maintain the 
frozen environment that surrounds the copper coil in order to be compared with the 
energy used to cool the same quantity of liquid with a conventional fridge, so we can 
define whether this system is eco-friendly or energy consuming. 
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Figure 57: Internal copper tubes 

8.7.1.6 Summary of Rapid Cooling CFP Results 
Regarding the tests to rapidly cool drinks from the outside, we observed that in each 
scenario where a stationary and spinning can was tested, the spinning can provided a 
more efficient heat transfer. We also observed during the Mill Chill experiment that 
movement of the exterior cooling medium also increased the cooling rate. The methods 
that could cool the beverage down to 44 F are expressed quantitatively in Table 10. 

 

Table 10: Summary of rapid cooling results 

Method Cool time to 44 F 

Freezer 45 

Mill Chill 7 

Frost Boss 2 

 
Our take-aways from this series of tests are that in order to rapidly cool a drink, the 

following are important: 
• Internal fluid movement. This can be achieved by rotating, revolving, shaking, 

rocking, vibrating, etc the beverage. 

• External fluid movement. This also improves the convective heat transfer rate out of 
the can. 

• A Rankine Vortex kills two birds with one stone: It supplied an agitation to the 
internal fluid to increase internal convective heat transfer and mixing, while also 
allowing the carbonation inside to remains undisturbed.  

 Rapid Freezing  8.7.2
Different ways to quickly freeze water were researched during the physical 
benchmarking, so the team went to the Integral Immunology laboratory at the INER 
(National Institute of Respiratory Disease), Mexico City - where most of these experiments 
could be analyzed in real uses.  



Team Mabe Design Document March 18, 2014 

 70 

Using a 25 ml test tube of water as the experimental object, we observed the following 
freezing phenomenons:  

• Immersion in a liquid nitrogen container with a temperature of -270°C (-454°F) 
produced instant freezing just with the contact between the test tube and the 
liquid environment (as seen in Figure 58). 

• This solution solves the problem of instant freezing but uses a substance (liquid 
nitrogen) that is not easy to come by for domestic use. 

 

 
Figure 58: Liquid Nitrogen 

• Test tube confinement in an ice bucket (as seen in Figure 59) filled with solid CO2 
(dry ice) with a temperature of -70°C (-94°F). Freezing takes 10 minutes and 
generates a super frozen ice that takes more than 2 hours to melt completely at 
a 22°C (71.6°F) environment.  

• Solid CO2 becomes vapor quickly if its temperature and pressure are not 
controlled, and is a relatively expensive solution for obtaining very low 
temperatures.  

 

 
Figure 59: Test tubes in dry ice bucket 

• Vacuum freezing using a lyophilization machine (as seen in Figure 60), a low 
pressure system that allows the water to reach its freezing point at a higher 
temperature than in a normal system. This allowed us to produce instantly at 
22°C (71.6°F). 
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• Even though instant freezing is solved with this machine, the use of vacuums has 
not been applied in domestic technologies because it is expensive and difficult 
to use. 

 
Figure 60: Lyophilization 

• Immersion of the test tube in a container surrounded with a sponge filled with 
isopropyl alcohol (as seen in Figure 61) and frozen in a -70°C (-94°F) fridge. The 
thermal properties of this substance generates a 1°C (33.8°C) per minute 
temperature decline.  

• The only function that this method tests is the control of cooling temperature. It is 
also not a cheap process because the isopropyl alcohol must be changed after 
each use. 

 

  
Figure 61: Test tube inside a container filled with alcohol 

 



Team Mabe Design Document March 18, 2014 

 72 

8.7.2.1 Summary of Rapid Freezing CFPs 
Regarding the tests to explore instant freezing alternatives and ice clarity, we found that 
the technology that we are looking for does exist in other contexts (industry, medicine or 
science), so for future actions we must try to apply these ideas for domestic use to reach 
our goals. 

 Clear Ice 8.7.3
In order to solve the lack of clarity in ice that the users reported, we performed out two 
experiments. In the first experiment, vibration was used to make the air in the ice molds 
disappear, and in this way generate a clearer ice cube (as seen in Figure 62). We were not 
able to control the frequency and amplitude of the vibrations, so the ice cubes ended up 
having very irregular shape and did not become clearer.  Another prototype with a 
vibration of lower amplitude and higher frequency might yield better results. 

 

     
Figure 62: Vibrated ice 

For the second experiment, water purity’s influence in making an ice cube more clear 
was analyzed. We place two test tubes, one with ultrapure water and the other one with 
ordinary water, into a bucket filled with CO2 to generate an accelerated freezing process. 
After 10 minutes, both tubes were removed from the container and the differences were 
observed (as seen in Figure 63).The ultrapure ice was considerably more clear than the 
ordinary one, which means that water purity is an important factor in ice opacity. 

 

 
Figure 63: Clear ice test tubes. The tubes on the left contain ice water and the tubes on the 

right contain ultra-purified water 
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Clear ice has proven to be a desirable feature that came directly from the need-finding 
after the physical benchmarking with users. After the experiments related to this property 
and the correct results, we can now try to apply the experiments to a real process for a 
usable product.  
 

8.8 Critical Experience Prototype (CEP) 

 Social Gatherings 8.8.1
While planning our CEP’s we all agreed that we needed to throw some parties due to the 
inevitable use of ice and cooling. By doing that, we could solve several doubts such as 
whether ice is necessary or not, as well as the desire for different ice colors, forms and 
flavors. 

We hosted two different social events. The first one was at our workplace with no 
alcohol and only with school companions (as seen in Figure 64). The second one was at 
an apartment at night with alcoholic drinks. 

 

     
Figure 64: School reunion 

At both parties, drinks were already cool because the first thing we were trying to test 
was if users would put some ice in their already cool drinks. And they did. All the varieties 
of ice were at the tables and everyone could see them. Even though the drinks were cold 
enough, users were attracted to the ice, although not to every kind. 

To make this CEP more useful, we took away the ice for a bit and find out if people 
asked for it. They didn’t. Users only used ice while visible due to the drinks’ coolness. 

The clearer the ice was, the more the people used it. Also, ice in the form of a large 
tube (as seen in Figure 65) was the most used of them all. We believe this was because 
everybody thought due to its large size, it would most of the plastic cup. With this, we 
concluded that ice shapes are relevant to users. Although, we can’t say the same about 
flavored ice. 

In both gatherings, flavored ice was extremely ignored. Nobody used it. We asked 
some people why they didn’t try some froze coke and the answer was unanimous: they 
didn’t use it because they didn’t trust what they were made of. 
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In the second party (with the alcoholic drinks), the results were a bit different. Ice was 
only used for the first drink. After that, people didn’t really care about putting ice in even 
though it was available. 

 

    
Figure 65: Long ice 

 Ice Lucho 8.8.2
Due to the constant results of a hypothetical need for rapidly cooled of drinks, we 
decided to run some tests about how this experience would actually be. Being aware that 
elaborating a CFP for this would take a lot of time, we just focused on making this 
experience as real as possible. We decided to build a prototype, named the “Ice Lucho” 
(seen in Figure 66) with the looks of a kitchen appliance. 

 

      
Figure 66: Ice Lucho 

The main purpose of this prototype was to observe people’s reactions right after they 
introduced a warm beverage and instantly got it cooled. In order to make this reaction 
happen, we simulated this process by having a rotatory surface on the inside with a 
vertical wall in the middle. The prototype has two doors (although the users only see 
one), while the other one was hidden on the opposite side. Users placed their drinks 
inside, and as they did it, we introduced an already cold drink without them noticing it. 

Just as we mentioned, we made this as real as possible. Once the two beverages were 
inside, the whole system worked automatically. We digitally programmed the whole 
prototype to work for 10 seconds, during which a lot of things happened to distract the 
user’s attention from was actually going on inside.  
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The surface rotated 180º in order to put the cool drink in front of the user’s reachable 
door while it was closed. Because it was all automatic, we added some elements to make 
this experience more real before the user took out his now cold drink. A digital screen 
was connected to the whole system to demonstrate how much the temperature was 
supposedly decreasing. We also added some blue LEDs, a vibrating motor, a water 
pump and a container of water with blue food coloring in it (as seen in Figure 67). 

 

    
Figure 67: Full view of Ice Lucho 

The blue color on every other element besides the machine was to reference the cold. 
Once the machine started to work and all the systems turned on, the object started to 
vibrate and the water pump started to blow inside the water container (to pretend the 
system needed this blue water to cool the drinks), and the blue leds started to flash. 

 

 
Figure 68: Users interacting with Ice Lucho 

 
After running for 10 seconds, users were asked to take out their drinks. The results 

were almost unanimous. There was a big surprise in their faces and a lot of comments 
were made. The first question people asked was how it was done. After that, they asked 
whether it could cool cans or food or if it could only cool bottles. Afterwards, they 
commented that they would love to be able to cool an entire six pack at the same time. 
Some users provided us with some useful feedback. The mentioned that they liked that 
the device was so portable but they would be even more interested if they could plug it 
into their car and take it with them for picnics or parties. It is important to mention that a 
couple of users asked us to add the possibility of creating ice in the same way.  
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 CEP Lessons Learned 8.8.3
Thanks to the CEP prototypes we gained the following information: 

• Users enjoy having their drinks cooled down in 13 seconds, which makes it 
important to achieve something close in the product.  

• The shape of the ice is important. In the CEP users preferred the elongated ice over 
the traditional ice cube. 

• Users are unlikely to add flavored ice to their drink. We believe this is mostly 
caused by lack of confidence in the color of the ice since users seemed to 
prefer crystalline ice. 

• During social events, users add ice to their drinks even if they are already cold. 

• If ice is not seen then it is not likely to be consumed. Its visual attraction is extremely 
important. 

 


