20
2

Liquids in Motion

Stephanie Nelson, Brent Sackris, Enrique Sanchez

1. Background

In the beginning, the possibilities for museum exhibits seemed endless; from solar-powered hot dog cookers, to waste-management videogames, the scientific world was our oyster, so to speak, in our quest to latch onto possible science outreach exhibits for the SciTech Museum. Our coach had secured a number of various University of Chicago scientists to come in and discuss environmental science concerns with us; unfortunately, many of them were no longer currently doing research at the university. Slowly but surely, exhibit ideas began to fall by the wayside (sanitary issues and proper meat-cooking standards squelched the solar powered hot dog cooker) until we came up with two major ideas: bio-mimicry and the physics and history of the modern toilet. Although neither of these ideas was directly tied to what was happening at U of C, they did address environmental science issues.  

However, although bio-mimicry and toilets may have interesting scientific principles attached to them, we were unable as a group to come up with anything particularly intriguing or educational.  Unfortunately, too much time was poured into the physical manifestation of the final product (i.e., an interactive giant toilet, or a bio-mimicry Velcro wall) that little time was spent on the actual conceptualization of a cohesive exhibit experience that would convey relevant scientific principles to the museum goers. In fact, our two main ideas were so dependent upon the object themselves, that even after visiting the Peggy Notebaert Nature Museum “Grossology” exhibit, where we saw an entire room filled with the science of the disgusting, we failed to realize that we had yet to come up with anything but a giant toilet to slide down or a bio-mimicry bean bag toss.  

What were we proposing was nothing that would seem out of place inside a McDonald’s playground. The lack of a solid exhibit design became even more apparent when a professional storyteller came to assess our exhibit designs: we discovered that we had very ‘story-heavy’ exhibits that would need to follow a chronological progression which would not necessarily be the best exhibit for SciTech. Furthermore, front end evaluations done at SciTech did not spark much interest in the children, or the staff, for the bio-mimicry and toilet ideas.  

However, all was not lost with these initial ideas. After all, Shen Weiss became the toilet-spokeswoman, and managed to secure a possible partnership with the Kohler Company; the company sent us a working model of one of their current toilets and offered to help sponsor any exhibit that might have a potty focus, giving her some basic experience in seeking potential partners for museum endeavors. Meanwhile, other members of the group learned a lot about the history of the toilet – for example, did you know that John Crapper invented the initial design for the modern toilet? Or that at the beginning of the industrial revolution in England, people from all classes were literally drowning in their own feces?  

Unfortunately, showing off the latest and greatest toilet model was not the intention of our project, nor was SciTech a museum particularly suited to a history heavy exhibit – so once again, with a better understanding of exhibit principles under our belt because of homework assignments, our group decided to take our project in a new direction, and thus the water table was born!
2. Water Table Concept
An early proposal of the Materials Science Group was to create a water table consisting of five separate stations in order to present a variety of fun, interactive learning tools. A water table of this particular shape would also allow several visitors access to the stations at one time. The water table underwent several changes, such as the shape from star to square. The important aspects of the water table, however, are its stations, which are capable of functioning independently of one another. These stations, whether on a table or individually, will allow museum visitors to interact with water in different ways, as well as learn how water can be used in daily life.

The initial activities for each tip were the following: Archimedes Screw, Water Twisters, Water Tower, Pump Race, and Water Mill. Two of the group members, inspired by the new water focus and a quick review of Sid Nagel’s research, decided to work on an exhibit that would allow visitors to explore the properties of a single water drop—what eventually evolved into the Stop a Drop exhibit. 
Because of cost issues and engineering demands, it became less and less practical to have a giant water table or interactive activity akin to those water themed exhibits from the Peggy Notebaert Museum, the MSI, or the Navy Pier Children’s Museum. 
Consequently, we split up and began prototyping the individual aspects of each of water table activities, and the water drop prototype followed the basic design of the exhibit on display in the KPTC. By Christmas, our new big idea, of “Liquids in Motion,” was forming. After a successful prototyping phase, our group presented our ideas to a receptive audience in early spring, with a last minute addition of a highly aesthetic, preconceived ‘Ooze Tube’ display that provided another way that a museum audience could experience the break up of individual liquid drops.
3. Liquids in Motion Exhibit Concept
The “Liquids in Motion” exhibition provides an excellent platform to spark children’s interest in the properties of water and other liquids. The movement of liquid is an already accessible idea in the mind of many children and, therefore, serves as an excellent device to turn a natural curiosity about fluid dynamics into a presentation of the unconventional movement of liquids. Rather than explicitly stating the scientific principles behind our exhibits (forces such as inertia, surface tension, and gravity), we instead wish for children to discover through play and observation what these forces look like in action. Thus, our exhibits are meant to invoke questions such as: How does water form a whirlpool? Why would water move upwards when it would normally fall downwards? Why don’t water drops look tear-shaped? Why do bubbles form, and why do some liquids take longer to form bubbles than others?


Liquids in motion have characteristics different from liquids at rest, namely they form incredibly interesting shapes and patterns that are aesthetically pleasing. We hope that the aesthetic attractiveness alone of many our exhibits will also add to their charisma as sites for indirect learning in the museum space. If nothing else, the images formed, for example, by oozing bubbles and water drops that appear to be frozen in mid-air are evocative enough to temporarily grab the attention of even the most disengaged patron.

This project includes the following exhibits: Stop a Drop, Bubble Play Station, Bubble Column, Archimedes Screw, Water Tower, and Whirlpool. During the final prototype review, the Whirlpool exhibit proposal was replaced by the SciTech museum’s Water Wheels exhibit.
The target audience for each of our exhibits is 8-12 years old. In order to meet the educational needs of this particular age group we have consulted with the Illinois State Science Standards which emphasize that the aim of science education is to develop a rich and full understanding of the inquiry process in learners.
  Specifically, we hope that our exhibits help students connect the principles of liquids in motion to larger environmental processes and ideas.

4. Liquids in Motion Exhibit Summaries
A. Stop a Drop

[image: image1.emf]
The SCOPE ‘Stop a Drop’ exhibit built by Panos Oikonomou and Shenandoah Weiss shows universal shape and repeating patterns of falling water drops through the use of strobe mechanics.

Please refer Oikonomou and Weiss’s report.
B. The Bubble Play Station

The Bubble Play Station consists of two exhibits; Ooze Tubes and The Bubble Column. The University of Chicago Physics Department, through the efforts of Dr. Sid Nagel, is currently conducting research on the breakup of bubbles in a variety of viscous fluids. Dr. Nagel and his team have attempted to define the mechanisms involved at the moment in which a bubble breaks off from its original source. Their research focuses on the non-universal dynamics that cause the formation and breakup of a viscous bubble. Unlike water bubbles, which maintain a universal pattern during their formation and breakup, viscous bubbles behave differently: a long, thin thread forms before the eventual pinch-off of a forming bubble. Viscous fluids provide an important medium by which to study this phenomenon because scientists can witness the breakup in slow motion. 
[image: image2.emf]Station 1: Ooze Tubes
Labels:

- How Ooze Bubbles Are Made

- Bubbles are made when air gets trapped inside liquid.Air wants to move up because it's lighter than the ooze. It pushes against the liquid and gets trapped making a bubble of air. When the bubble reaches the surface…it pops!

- Where Bubbles Are Found

- Bubbles are all around us! Have you ever taken a bubble bath or blown bubbles in your chocolate milk? There are many different types of bubbles. Some float in the air, while others travel under water. See how many different kinds of bubbles you can find today.
Our group is interested in creating an exhibit using Ooze Tube toys which nicely demonstrate bubble breakup, as studied by the University of Chicago. Furthermore, they provide an aesthetic, simple medium in which to explore other fluid properties such as surface tension, velocity, and movement patterns unique to fluids. The Ooze Tubes will provide contrast to our water exhibits, as viscous fluids behave differently than water. This contrast will help illustrate water's unique characteristics.
An open-area Ooze Tube play station will allow children to manipulate Ooze Tubes of various sizes, colors, and shapes in order to engage and allow them to witness the bubble formation at various stages.  Through open-ended exploration and semi-structured signage, children may begin ‘experimenting’ with the Ooze Tubes to observe the many interesting scientific dynamics at play.

We do not think this type of exhibit will benefit from heavy signage. The aesthetics of the exhibit will prompt visitors to inquire about further science. We feel that lesson plans targeted by age group would be more appropriate in exploring scientific principles in-depth. For example, concepts such as surface tension will not be clear to young children, but such principles are not necessary for the enjoyment of the exhibit.

Station 2: The Bubble Column

[image: image3.emf]Labels: 

- If you pump faster and faster, do the bubbles ever ‘catch up’ to one another?

- Why is it that the first couple of bubbles seem to meet up with each other and join together?

- Do you think the size of the bubble affects its traveling speed? 

- Is there a limit to how fast some things can travel?

Much like the ooze tube, the Bubble Column involves the formation of bubbles using a viscous fluid. However, an exhibit such as this would be much larger than the stand alone ooze tubes, and would not only show the formation and pinch-off of the bubble from the bottom of the tube, but could also demonstrate some principles as to the terminal velocity of bubbles.

The bubble column nicely demonstrates the idea of terminal velocity of a bubble moving through a liquid.  Patrons should notice that bubbles reach their terminal velocity quickly and make a nice, orderly pattern of bubbles rising to the top.  A relationship exists between buoyancy force, drag force, and bubble size – but again, these scientific explanations do not need to be immediately comprehensible for patrons to enjoy the serene march of the bubbles inside the column. 

C. Archimedes Screw

Label
- Can you spin the fan without directly touching it?

Invented over 2000 years ago, the Archimedes Screw is a machine that moves water from a low to high elevation by use of mechanical energy, which is generated either by man or machine. When the lower end of the cylinder is placed in water and tilted at a 45-degree angle (approximately), the turning screw moves water from the lower end, through the internal spiral chamber, to the top. 

The upwards movement of water in the Archimedes screw, by means of mechanical force, demonstrates the ability to manipulate water in new directions, as most museum visitors are only familiar with the downward flow of water. 

[image: image4.emf]The original design of the Archimedes Screw exhibit was based on the concept of the star-shaped water table. We have since learned that SciTech owns an Archimedes Screw, which we intend to use as part of the exhibit. Visitors will be able to interact with the Archimedes Screw by moving water from a small tank up to a fan that spins when water runs over top of it.

Again, we do not think this type of exhibit will benefit from heavy signage. With a simple question, such as the one above, visitors will discover for themselves how to turn the crank, thereby moving the water up the screw. Lesson plans targeted by age group would be more appropriate in exploring scientific principles in-depth. Because the Archimedes Screw is small, it can also be used as a travelling exhibit. The traveling exhibit could incorporate these lesson plans targeted to each age group.

D. Hydrostatic Pressure/Water Tower

[image: image5.emf]Labels:
- Which fan will turn the fastest? Will water flow out of all three faucets? Which ones?

- Water Towers: Did you know…if a building is taller than a water tower, water will not reach the top of that building? The water must have enough pressure, or strength, to reach the top. Very tall buildings have their own water towers and pumps to bring people the water they need.

Water towers are tall to provide pressure. Each foot of height provides 0.43 PSI (pounds per square Inch) of pressure. A typical municipal water supply runs at between 50 and 100 PSI (major appliances require at least 20 to 30 PSI). 
The water tower must be tall enough to supply that level of pressure to all of the houses and businesses in the area of the tower. So water towers are typically located on high ground, and they are tall enough to provide the necessary pressure. In hilly regions, a tower can sometimes be replaced by a simple tank located on the highest hill in the area.

We would like to simulate the way water pressure works inside of a water tower, by using an elevated tank of water and three faucets at various heights. When water is pumped into the water tank, visitors will be able to observe water flowing out of certain faucets, thereby turning a fan below.

E. Water Wheel
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Stop a Drop prototype at SciTech. Image courtesy of SCOPE.  
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SciTech Museum exhibit developer Carina Eizmendi stands beside the Interactive Water Wheel exhibit.


Users build water wheels and observe how energy from falling water is used to turn it. Image courtesy of SCOPE.
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Ooze Tubes are toys that show the breakup of a viscous bubble and demonstrate fluid physics in an aesthetically pleasing fashion. Image courtesy of SCOPE.
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SCOPE intern Nick Wood demonstrates the Bubble Racer Column exhibit prototype. The exhibit shows how bubble density affects terminal velocity. The dual-pump device allows patrons to create bubbles of varying sizes depending on the amount of air trapped in the viscous solution, and ‘race’ them towards the top of the column. Image courtesy of SCOPE.
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The Archimedes Screw is a previously developed SciTech exhibit that demonstrates an ancient irrigation device invented by Archimedes. The water at the bottom of the tank is drawn up in successive lifts by cranking the screw in a clockwise motion. Image courtesy of SCOPE.
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SCOPE interns Brent Sackris, Stephanie Nelson and Enrique Sanchez stand beside the Water Tower prototype. By using a hand pump to ‘fill up’ a water tower, the user learns how water pressure affects the amount of water that will flow to three separate ‘apartments.’











� http://www.isbe.state.il.us/ils/science/standards.htm





