20
24

Liquids in Motion

SCOPE Materials Science Group

University of Chicago

Stephanie Nelson

Brent Sackris

Enrique Sanchez
Table of Contents

Table of Contents………………………………………………………….2

The Big Idea………………………………………………………………..3

Learning Goals……….…………………………………………………….4

Illinois State Standards……………………………………………………5

Bubble Play Station………………………………………………………..8

Bubble Play Station Labels……………………………………………….9

Bubble Photographs……………………………………………………… 10

Bubble Column……………………………………………………………11

Water Table……………………………………………………………….13

Archimedes Screw…………………….…………………………………..14

Archimedes Screw Labels………………………………………………..15

Archimedes Screw Photographs…………………………………………16

Hydrostatic Pressure/Water Tower……………………………………...17

Hydrostatic Pressure Labels……..………………………………………18

Hydrostatic Pressure Photographs………………………………………19

Whirlpool………………………………..…………………………………20

Liquids in Motion

SCOPE Materials Science Group
2004/2005

University of Chicago

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:  The University of Chicago Water Drop Exhibit, Bubble Station, Bubble Column, Archimedes Screw, Water Tower, and Whirlpool

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.

Learning Goals

The Illinois State Standards emphasize that the aim of science education is to develop a rich and full understanding of the inquiry process in learners.
  Because our target age group is children 8-12 years old, we feel it is vitally important that our exhibits integrate smoothly into the Illinois Learning Standards for Science.  Specifically, we hope that our exhibits help students connect the principles of liquids in motion to larger environmental processes and ideas.

The following are a list of the specific state goals and their appropriate subsections that we feel our exhibits fall under.

STATE GOAL 11:  Understand the processes of scientific inquiry and technological design to investigate questions, conduct experiments and solve problems.

A.  Know and apply the concepts, principles and processes of scien​tific inquiry.

STATE GOAL 12:  Understand the fundamental concepts, principles and interconnections of the life, physical and earth/space sciences.

C.  Know and apply concepts that describe properties of matter and energy and the interactions between them.

D.  Know and apply concepts that describe force and motion and the principles that explain them.

STATE GOAL 13:  Understand the relationships among science, technology and society in historical and contemporary contexts.

B.  Know and apply concepts that describe the interaction between science, technology and society.

E. Know and apply concepts that describe the features and processes of the Earth and its resources.

Below are the charts of Illinois Standards to which the above paragraphs refer.

Illinois State Standards
STATE GOAL 11:  Understand the processes of scientific inquiry and technological design to investigate questions, conduct experiments and solve problems.

A.  Know and apply the concepts, principles and processes of scien​tific inquiry.

STATE GOAL 12:  Understand the fundamental concepts, principles and interconnections of the life, physical and earth/space sciences.

C. Know and apply concepts that describe properties of matter and energy and the interactions between them.

	Early Elementary
	Late Elementary
	Middle/Junior High School
	Early High School
	Late High School

	12.C.1a  Identify and compare sources of energy (e.g., batteries, the sun).
	12.C.2a  Describe and compare types of energy including light, heat, sound, electrical and mechanical.
	12.C.3a  Explain interactions of energy with matter including changes of state and con​servation of mass and energy.
	12.C.4a  Use kinetic theory, wave theory, quantum theory and the laws of thermo​dynamics to explain energy transformations.
	12.C.5a  Analyze reactions (e.g., nuclear reactions, burning of fuel, decomposition of waste) in natural and man-made energy systems.

	12.C.1b  Compare large-scale physical pro​perties of matter (e.g., size, shape, color, texture, odor).
	12.C.2b  Describe and explain the proper​ties of solids, liquids and gases.
	12.C.3b  Model and describe the chemical and physical characteristics of matter (e.g., atoms, molecules, elements, compounds, mixtures).
	12.C.4b  Analyze and explain the atomic and nuclear structure of matter.
	12.C.5b  Analyze the properties of materials (e.g., mass, boiling point, melting point, hardness) in relation to their physical and/or chemical structures.


D. Know and apply concepts that describe force and motion and the principles that explain them.

	Early Elementary
	Late Elementary
	Middle/Junior High School
	Early High School
	Late High School

	12.D.1a  Identify examples of motion (e.g., moving in a straight line, vibrating, rotating).
	12.D.2a  Explain constant, variable and periodic motions.
	12.D.3a  Explain and demonstrate how forces affect motion (e.g., action/reaction, equilibrium conditions, free-falling objects).
	12.D.4a  Explain and predict motions in inertial and accelerated frames of reference.
	12.D.5a  Analyze factors that influence the relative motion of an object (e.g., friction, wind shear, cross currents, potential differences).

	12.D.1b  Identify observable forces in nature (e.g., pushes, pulls, gravity, magnetism).
	12.D.2b  Demonstrate and explain ways that forces cause actions and reactions (e.g., magnets attracting and repelling; objects falling, rolling and bouncing).
	12.D.3b  Explain the factors that affect the gravitational forces on objects (e.g., changes in mass, distance).
	12.D.4b  Describe the effects of electromagnetic and nuclear forces including atomic and molecular bonding, capacitance and nuclear reactions.
	12.D.5b  Analyze the effects of gravitational, electromagnetic and nuclear forces on a physical system.


STATE GOAL 13:  Understand the relationships among science, technology and society in historical and contemporary contexts.

B. Know and apply concepts that describe the interaction between science, technology and society.

	Early Elementary
	Late Elementary
	Middle/Junior High School
	Early High School
	Late High School

	13.B.1a  Explain the uses of common scientific instruments (e.g., ruler, thermometer, balance, probe, computer).
	13.B.2a  Explain how technology is used in science for a variety of purposes (e.g., sample collection, storage and treatment; measure​ment; data collection, storage and retrieval; communication of information).
	13.B.3a  Identify and explain ways that scientific knowledge and economics drive technological development.
	13.B.4a  Compare and contrast scientific inquiry and technological design as pure and applied sciences.
	13.B.5a  Analyze challenges created by inter​national competition for increases in scientific knowledge and technological capabilities (e.g., patent issues, industrial espionage, technology obsolescence).

	13.B.1b  Explain how using measuring tools improves the accuracy of estimates.
	13.B.2b  Describe the effects on society of scientific and technological innovations (e.g., antibiotics, steam engine, digital computer).
	13.B.3b  Identify important contributions to science and technology that have been made by individuals and groups from various cultures.
	13.B.4b  Analyze a particular occupation to identify decisions that may be influenced by a knowledge of science.
	13.B.5b  Analyze and describe the processes and effects of scientific and technological breakthroughs.

	13.B.1c  Describe contributions men and women have made to science and technology.
	13.B.2c  Identify and explain ways that science and technology influence the lives and careers of people.
	13.B.3c  Describe how occupations use scientific and technological knowledge and skills.
	13.B.4c  Analyze ways that resource manage​ment and technology can be used to accommo​date population trends.
	13.B.5c  Design and conduct an environmental impact study, analyze findings and justify recommendations.

	13.B.1d  Identify and describe ways that science and technology affect people’s everyday lives (e.g., transportation, medicine, agriculture, sanitation, communication occupations).
	13.B.2d  Compare the relative effectiveness of reducing, reusing and recycling in actual situations.
	13.B.3d  Analyze the interaction of resource acquisition, technological development and ecosystem impact (e.g., diamond, coal or gold mining; deforestation).
	13.B.4d  Analyze local examples of resource use, technology use or conservation programs; document findings; and make recommenda​tions for improvements.
	13.B.5d  Analyze the costs, benefits and effects of scientific and technological policies at the local, state, national and global levels (e.g., genetic research, Internet access).

	13.B.1e  Demonstrate ways to reduce, reuse and recycle materials.
	13.B.2e  Identify and explain ways that technology changes ecosystems (e.g., dams, highways, buildings, communication networks, power plants).
	13.B.3e  Identify advantages and disadvantages of natural resource conservation and manage​ment programs.
	13.B.4e  Evaluate claims derived from pur​ported scientific studies used in advertising and marketing strategies.
	13.B.5e  Assess how scientific and techno​logical progress has affected other fields of study, careers and job markets and aspects of everyday life.

	
	13.B.2f  Analyze how specific personal and societal choices that humans make affect local, regional and global ecosystems (e.g., lawn and garden care, mass transit).
	13.B.3f  Apply classroom-developed criteria to determine the effects of policies on local science and technology issues (e.g., energy consump​tion,  landfills, water quality).
	
	


E. Know and apply concepts that describe the features and processes of the Earth and its resources.

	Early Elementary
	Late Elementary
	Middle/Junior High School
	Early High School
	Late High School

	12.E.1a  Identify components and describe diverse features of the Earth’s land, water and atmospheric systems.
	12.E.2a  Identify and explain natural cycles of the Earth’s land, water and atmospheric systems (e.g., rock cycle, water cycle, weather patterns).
	12.E.3a  Analyze and explain large-scale dynamic forces, events and processes that affect the Earth’s land, water and atmospheric systems (e.g., jetstream, hurricanes, plate tectonics).
	12.E.4a  Explain how external and internal energy sources drive Earth processes (e.g., solar energy drives weather patterns; internal heat drives plate tectonics).
	12.E.5  Analyze the processes involved in naturally occurring short-term and long-term Earth events (e.g., floods, ice ages, temperature, sea-level fluctuations).

	12.E.1b  Identify and describe patterns of weather and seasonal change.
	12.E.2b  Describe and explain short-term and long-term interactions of the Earth’s components (e.g., earthquakes, types of erosion).
	12.E.3b  Describe interactions between solid earth, oceans, atmosphere and organisms that have resulted in ongoing changes of Earth (e.g., erosion, El Nino).
	12.E.4b  Describe how rock sequences and fossil remains are used to interpret the age and changes in the Earth.
	

	12.E.1c  Identify renewable and nonrenewable natural resources.
	12.E.2c  Identify and classify recyclable materials.
	12.E.3c  Evaluate the biodegradability of renewable and nonrenewable natural resources.
	
	


Bubble Play Station
Science: 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. (The green Ooze Tube in the photograph below nicely illustrates this phenomenon.) Viscous fluids provide an important medium by which to study this phenomenon because scientists can witness the breakup in slow motion. 

[image: image1.jpg]



Scientific Medium: Ooze Tube

Ooze Tube Our group is interested in creating an exhibit using Ooze Tube toys (see above photograph), 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.

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.

(We may want to incorporate photographs of different types of bubbles, see page 9)

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.

Illustration of Possible Ooze Tube play area (below):
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Bubble Photographs
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picture source: primates.ximian.com/ ~federico/photo/portraits...

2003/06/29, Nikon Coolpix 990 f/3.8 1/141 sec. at ISO 100 sensitivity
Bubble Column
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Another idea being considered by SciTech is the development of a pump-activated, bubble column as seen in the photograph above.  Much like the ooze tube, this would involve 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 Science: 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. 

The Medium:  As picture above, SciTech has fancied the idea of creating a large scale, interactive Bubble Column that could be controlled by a pump by museum patrons.  This would be a nice variation from the hand-held ooze tubes also being proposed in this report as it would add a certain interactive element to the creation of the bubbles.  However, if time or money does not permit, a smaller, handheld, pump-less version of this bubble-column exists.  Unfortunately, at the time, a picture could not be located, but it does appear on display in Sid-Nagel’s office and would still display the same science as a column of larger scale.  If possible, it would be nice to have a few columns with varying liquids inside it – or maybe a soda bottle or something – so patrons could see that different substances will produce bubbles of various sizes that travel upward at various speeds.

Labels: Again, since the science here is rather complex, we wouldn’t want to have verbose signage, but instead save the more in-depth explanations for possible lesson plans.  Some labels we think would get patrons to start thinking about what they are seeing:

· 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?
Water Table

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 (see below diagram).  A water table of this particular shape would also allow several visitors access to the stations at one time.  The water table has undergone 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.
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The water table would include five stations capable of functioning independently:

1) Archimedes Screw

2) Hydrostatic Pressure

3) Water Mill

4) Pump Race

5) Whirlpool

Three of these exhibits, the Archimedes Screw, Hydrostatic Pressure, and the Whirlpool have been more fully developed by the Materials Science group and are currently in the prototyping process.

Archimedes Screw
Science:  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  45-degree angle (approximately), the turning screw moves water from the lower end, through the internal spiral chamber, to the top (see below diagram).  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: image7.png]



picture source: www.tiscali.co.uk/.../ images/c00125.jpg
Design:

The original design of the Archimedes Screw exhibit (as seen below) 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 (down low) up to a fan that spins when water runs over top of it.
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Labels

“Can you spin the fan without directly touching 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 travelling exhibit could incorporate these lesson plans targeted to each age group.

“History”:

The Archimedes Screw was invented over 2000 years ago!  It was used to help farmers move heavy grains and water their crops.  Today the Archimedes Screw can be used on farms and in water treatment plants.  (Show photographs illustrated below)

Photographs
[image: image9.jpg]



A Egyptian farmer using an Archimedes Screw by hand to water his field.

Photograph by Helen and Frank Schreider of the National Geographic staff.
[image: image10.jpg]



A water treatment plant in Memphis, Tennessee using seven different 

Archimedes Screws to move dirty water into the plant.

Source picture: http://www.mcs.drexel.edu/~crorres/Archimedes/Screw/ScrewMemphisMed.jpg

Hydrostatic Pressure/Water Tower

Science:  

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.

Exhibit: 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 (see diagram).

[image: image11.png]



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.

In the following picture, taken from the Empire State Building in New York City, there are at least 30 small water towers visible on the tops of these buildings! 
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Photographs
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picture source: www.djc.com/news/ ae/11151100.html
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picture source: www.rootsweb.com/.../ postcards/arwell.jpg
Whirlpool
Labels for the floor exhibit:

What is a whirlpool?

A whirlpool is a large, swirling body of water produced by different physical factors. Vortex is the proper term for any whirlpools that has a downdraft. The vast majority of whirlpools are not very powerful. More powerful ones are more properly termed maelstroms. 

Where do we find them in the real world?
Very small whirlpools can be easily seen when a bath or a sink is draining, but these are produced in a very different manner from those in nature. Vortices occur in nature in many forms: tornadoes, whirlpools, weather systems, galaxies, etc. Smaller whirlpools also appear at the base of many waterfalls. In the case of powerful ones like Niagara Falls these whirlpools can be quite potent.

How fast and powerful a whirlpool can be?

The most powerful whirlpools are created in narrow shallow straights with fast flowing water. The Moskstraumen off the Lofoten islands in Norway is generally considered the world's most powerful whirlpool, but some claim the Old Sow is stronger. The Moskstraumen has been measured with a speed of the water current of up to 27.8 km/h, and the Old Sow has been measured with a speed of up to 27.7 km/h.

Exhibit building:

The Vortex Sphere device is a very simple experiment for the study of a closed vortex in motion. With this device you will be able to see and study by yourself the path of the fluid flow while the vortex is active. For building your Vortex Sphere you need only:
- A glass sphere,
- A magnetic stirring bar ( commonly used in chemical labs for magnetic stirrer units ). You may also use a cylindrical magnet (axialy magnetized, a cow magnet for example) with a small plastic ring in the center.

Increase the speed so as you begin to see some cavitation bubbles in the water... 
Now, observe the spiral path of the bubbles around the vortex in the water. Try to reverse the rotation and observe the effect on the cavitation bubbles flow around the 

vortex in the water...You may notice that the vortex is stronger in one direction (CCW) than the other direction (CW) (the Coriolis effect).

[image: image15.jpg] The Vortex Sphere by JL Naudin - 10-15-99 - Email; JNaudin509@aol.com
" httpi/imembers.aol.com/jnaudin509/index.htm





source of pictures above and below: http://jnaudin.free.fr/html/vtxsph.htm

[image: image16.jpg]The Vortex Sphere by JL Naudin - 10-10.99



      




The Science of the exhibit:

The water is pulled down and forced toward the drain hole in the center by gravity. If we ignore the small friction forces, the angular momentum of the water stays the same as it moves inward. This means that the speed of the water around the center increases as it approaches the center of a tank. (This is the same reason that the speed of rotating ice skaters increases when they pull in their arms.) 

To make water move in a circle, forces called centripetal forces must act on the water. These "center pulling" forces are provided by a combination of air pressure, water pressure, and gravity.

You can tell where the centripetal forces are greater by looking at the slope of the water. Where the water is steeper, such as at the bottom of the vortex, the centripetal force on the water is greater. 

This water-moving effect is caused by the fact that water moving with higher speeds and in smaller radius curves requires larger forces. Think about race cars: racetracks have steeper banks on high-speed, sharp corners to hold the cars in their circular paths around the track.




picture source: 

Travel exhibit:

The idea behind the travel exhibits is that children can replicate similar exhibit at home with very simple household materials. Fill one of the soda bottles about two-thirds full of water. Screw the bottles onto both ends of the plastic connector. Or tape the bottles together with the washer between them. Without squeezing the sides of the bottle, time how long it takes to empty all of the water. You might want to repeat this several times to validate your time. 

Fill the bottle to the top with water just as you did before. However, this time swirl the water by moving the bottle in a clockwise or counter- clockwise motion while the water is pouring out. Keep swirling the water until you see the formation of what looks to be a tornado. The water begins to swirl in shape of a vortex and flows out of the bottle very quickly. 

For effect, you can add a little food coloring or paper bits to the water. One can also try to add two ounces of colored lamp oil to the water. Lamp oil is available at most department stores were oil lamps are sold. The oil will float on the surface of the water since oil is less dense than water. When the oil and water swirl together, the less dense oil travels down the vortex first and creates a "colored" tornado effect.

It would be also interesting that the students could be able change several washers of different diameters to observe the difference in whirlpool formation. 

 SHAPE  \* MERGEFORMAT 



picture source: http://www.exploratorium.edu/learning_studio/vortex/

Label for travel exhibit:
Have you ever seen a whirling funnel of water going down the drain of your bathtub? 

That whirlpool is called a water vortex. A vortex is a mass of fluid that moves in a circular motion to form a vacuum in its center. You can make your own water vortex here!

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


� http:// people.howstuffworks.com/water
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