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Lesson 14:
Gravity-Driven Fluid Flow

Objective:

» To study gravity-driven fluid flow that
is caused by differences in solution
density.

Science Standards:
Science as Inquiry
Physical Science
- position and motion of objects
- properties of Objects and Materials
Unifying Concepts and Processes
Change, Constancy, & Measurement
Science and Technology
- abilities of technological design

ST
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Science Process SkKkills:

Observing _ .
Communicating Water of different densities is mixed to produce
Collecting Data gravity-driven fluid flow.
Inferring
Hypothesizing

or tall drinking glasses
2 small (5 to 10 ml) glass vials
Thread
Food coloring
Salt
Spoon or stirring rod
Measuring cup (1/4 cup)
Water
Paper towels

Controlling Variabies
I nvestigating

Activity Management:

In this activity, students combine liquids
of different densities to observe the fluid
flow caused by gravity-driven buoyancy
and settling. The activity is best done in
student groups of two or three. It can
also be done as a demonstration for the
entire class. In this case, obtain an
overhead projector and place beakers on  If using this as an activity, provide each student
the lighted stage. The light from below group with a set of materials. Salt canisters, food
will illuminate the contents of the jarsto  coloring dispensers, and measuring cups can be
make them easily visible from across the  shared among groups. The materials list calls for
room. To reduce distraction, cover the glass beakers or tall drinking glasses. Other
projector lens to prevent blurry images containers can be substituted such as mason jars
from falling on the wall or screen behind. or plastic jars like those in which peanut butter is
Caution: Be careful not to spill liquid on sold.

l the projector.

MATERIALS AND TooOLS

MICROGRAVITY

Microgravity — A Teacher’'s Guide with Activities in Science, Mathematics, and Technology,
EG-1997-08-110-HQ, Education Standards Grades 5-8 (A), 9-12 (1)
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The vials are available from school science supply
catalogs for a few dollars per dozen. Choose glass
vials with screw tops and a capacity of 3 to 4 ml.
Small cologne sample bottles can be substituted
for the vials. It is important that the vials or
bottles are not too large because the process of
lowering large containers into the beakers can stir
up the water too much. It is recommended you tie
the string around the neck of the vial yourself to
make sure there is no slippage.

The student instructions ask the students to
conduct three different experiments. In the first,
the effects of saltwater and freshwater are
investigated. In the second, the effects of warm
and cold water are investigated. The third
experiment is an opportunity for students to
select their own materials. They might try mixing
oil and vinegar, sugar and saltwater, or oil and
water. It may be necessary for the third
experiment to be conducted on another day while
the new materials are collected.

Give each student group at least one set of
instructions and two data sheets. Save the
student reader for use after the experiment.

Assessment:

Discuss the experiment results to determine
whether the students understand the concepts of
buoyancy and sedimentation. Collect the student
pages for assessment of the activity.
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Extensions:

1. How could this experiment be conducted if it
were not possible to use food coloring for a
marker? (In experiments where the density of
the two fluids is very close, the addition of
food coloring to one fluid could alter the
results.)

2. Design an apparatus that can be used to
combine different fluids for experiments on the
future International Space Station.

3. Design an experiment apparatus that would
permit the user to control the buoyancy and
sedimentation rates in the beakers.

4. Design an experiment to measure the gravity-
driven effects on different fluids in which the
fluids are actually gases.

@/
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Student Reader - 1

Gravity is an important force at work in the
movement of fluids. Fluids can be liquids or
gases. The important thing about fluids is they

can flow from place to place
and can take the shape of the
container they are in.

When you pour a liquid from
one container into another,
gravity is the driving force that
accomplishes the transfer.
Gravity also affects fluids "at
rest” in a container. Add a
small amount of heat to the
bottom of the container and
the fluid at the bottom begins
to rise. The heated fluid
expands slightly and becomes
less dense. In other words, the
fluid becomes buoyant. Cooler

fluid near the top of the container is more dense
and falls or sinks to the bottom.

Many crystals grow in solutions of different
compounds. For example, crystals of salt grow in
concentrated solutions of salt dissolved in water.
In the crystal growth process, the ions that make
up the salt come out of solution and are deposited
on the crystal to make it larger. When this
happens, the solution that held the molecule
becomes a little less salty than it was a moment

Dyed freshwater in saltwater beaker

ago. Consequently, the density of the solution is a
little bit less than it was. This, in turn, causes a
fluid flow in the solution. The slightly less salty

solution is buoyant and rises
to the top of the container
while saltier, or more dense,
solution moves in to take its
place.

Scientists are interested in
gravity-driven fluid flows
because they have learned
that these flows, when
occurring during the growth
of crystals, can create subtle
changes in the finished
crystals. Flaws, called defects,
are produced that can alter the
way those crystals perform in
various applications. Crystals

are used in many electronic applications, such as

in computers and lasers.

growth.

Microgravity — A Teacher's Guide with Activities in Science, Mathematics, and Technology,
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To learn how to grow improved crystals on Earth,
scientists have been growing crystals in the
microgravity environment of Earth orbit.
Microgravity virtually eliminates gravity-driven
fluid flows and often produces crystals of
superior quality to those grown on Earth. One of
the major areas of materials science research on
the International Space Station will involve crystal
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Student Work Sheet - 1

Gravity-Driven Fluid Flow

Procedure

¥

Fill the first beaker with freshwater and set it on
the lab surface. Also fill the second beaker with
freshwater. Into the second beaker add
approximately 50 to 100 grams of salt. Stir the
water until the salt is dissolved.

. Dip the first small glass vial into the beaker
with freshwater. Fill it nearly to the top. Add a
couple of drops of food coloring to the water in
the vial. Close the top of the vial with your
thumb and shake the water until the food
coloring is mixed throughout. Place this vial
next to the saltwater beaker.

. Partially fill a second vial with salty water and
food coloring. After mixing, place it in front of
the beaker filled with freshwater.

. Wait a few minutes until the water in the two
beakers is still. Gently lift one of the vials by
the string and slowly lower it into the beaker
next to it. Let the vial rest on its side on the
bottom of the beaker and drape the string over
the side as shown in the pictures. Answer the
questions on the data sheets and sketch what
you observed in the diagrams.

. Place the second vial in the other beaker as

before. Make your observations, sketch what

you observed, and answer the questions about
the data.

Second Experiment Procedure:

1. Empty the two beakers and rinse them
thoroughly.

2. Fill one beaker with cold water and the other
with warm water.

3. Repeat steps 2 through 5 in the previous
experiments.

Original Experiment:

1. On a blank sheet of paper, write a proposal for
an experiment of your own design that uses
different materials in the beakers. Include in
your proposal an experiment hypothesis, a
materials list, and the steps you will follow to
conduct your experiment and collect data.
Submit your experiment to your teacher for
review.

2. If your experiment is accepted for testing,
= gather your materials
= conduct the experiment
 submit a report summarizing your
observations and conclusions

7
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Student Work Sheet - 2
Gravity-Driven Fluid Flow
Data Sheet

Research Team Members:

Beaker and Vial:
1. Water in beaker (check one)
Fresh
Salty
2. Water in vial (check one)
Fresh
Salty
3. Describe and explain what happened

Sketch what happened.

Beaker and Vial:
1. Water in beaker (check one)
Fresh
Salty
2. Water in vial (check one)
Fresh
Salty
3. Describe and explain what happened

.

Sketch what happened.

/
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Lesson 15:
Tetrahedral Kites

Each student constructs a tetrahedron and describes the linear, area and volume using non-traditional
units of measure. Four tetrahedral are combined to form a similar tetrahedron whose linear dimensions
are twice the original tetrahedron. The area and volume relationships between the first and second
tetrahedral are explored, and generalizations for the relationships are developed.

Students will:

e Construct a tetrahedron from straws, thread, and tissue paper

o Combine four tetrahedral to make a larger tetrahedron
o Discover the relationship between the linear, area, and volume measures of similar
polyhedral
&

Materials

For each group of four students:

e 24 eight-inch straws (per kite)

o Kite string .
e Glue stick

e Tissue paper, 20" x 26" O

e Scissors

o Tape

Background: ~

When you ask-most-people what Alexander Graham Bell was most famous for they will probably
be able to tell you that he was the inventor of the telephone. Some people may even know that it was
invented in 1876 and that he later invented the gramophone. Very few people realize that Bell had a
great passion for both aerm’ics and kites. He used kites to further his knowledge of man assisted
flight. Bell designed, made and tested many of his own man-carrying kites himself. To begin with Bell
concentrated on the lifting aspects of the kite and experimented with rotors and winged flying wheels.
Some of these were able to reach a height of more than 150 feet.

Bell used a variety of geometrical shapes in his kite designs. Geometry is a branch of mathematics
concerned with the relationship between points, lines, surfaces and solids. A tetrahedron is a four-sided
solid, triangular pyramid. The two large tetrahedral shapes at the ends are attached together with a
framework of smaller, hollow tetrahedrons. A tetrahedral kite is a multi-celled rigid box kite
composed of tetrahedral shaped cells. The cells are usually arranged in such a way that the entire kite

Summer of Innovation 2010 Launch and Learn
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is also a regular tetrahedron. Bell found the tetrahedron to have a very good strength to weight ratio.
This simply means that an object is structurally very strong but at the same time is very lightweight.

Bell continued to experiment with the tetrahedron. He built a kite called the Frost King, which was
made up of 1,300 tetrahedron cells. The kite accidentally lifted one of its handlers some 30 feet above
the ground! The kite, including all of its tackle weighed just 125 1bs; the weight of the handler was 165
Ibs. 10 miles per hour wind was recorded. The pull of the kites was measured using a standard spring
scale. These can be found in most school science laboratories. From this Bell concluded that a much
larger kite, carrying an engine, providing a 10 m.p.h. thrust would easily carry a man.

The first controlled man-flight, in one of Bell's kites took place in 1907. The kite was named the
Cygnet, a much larger version of the Frost King. This kite contained 3,393 cells and carried floats to
enable it to land on water. It was towed behind a steamship to a height of 168 feet. The pilot Lieutenant
Thomas Selfridge survived the seven-minute flight unfo tely because the winding crew onboard
the ship were too slow to unwind the towrope the Cygnet hit the water and brok tact.
Selfridge died seven months later while flying as a-passenger of Orville Wright. ame the first
person to die in the history of powered flight. (Word to the wise-don’t try this at home).

Instructional Plan

In this lesson, students work together in groups to create tetrahedron models using straws, string, and
tissue paper. .

Each group leader should then distribute six straws. Instruct the students to use three straws to make
an equilateral triangle, so that the length of each side of the triangle is one straw. Students will have
no trouble with this.(Then, tell them to use two more straws to make two congruent equilateral
triangles with the five straws so that the length of each side of the triangles is one straw. Again,
students will have no trouble with this. Ask them to describe the shape they have made. Responses
should include two equilateral tria parallelogram, and a rhombus. Use the last straw with the
other five to make four congruent equi 1 triangles so that the side length each triangle is

one straw. This is more difficult because the students try to do it in a plane. Eventually, however, a
student will realize that the object can be three-dimensional and will construct a tetrahedron.

triangle. It is impo that one end of the remaining string be long enough to pass through
another straw.‘The easiest way to pass the string through the straw is to start the string into the
straw and then suck the string through the straw.

1. String three straws r’the 40" string. Tie the string so that the three straws form a tight

Summer of Innovation 2010 Launch and Learn
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2. Tie en end of each of the two short stri o the vertices where there isno knot. Then, pass
each string through a straw and tie the ends together to form a tight

triangle. The five straws
should now form a rhombus with-one diagonal, as shown below. ;g

F’f ..-"_-H._r ﬁ 1-':-:- .|
o -r.f
S\

3. Pass the long strin‘g through the last straw and connect it to the opposing vertex to form a
tetrahedron. Tie the ends together to complete the shape.

Summer of Innovation 2010 Launch and Learn
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4. Fold a 20" x 26" piece of tissue paper into fourths,
and is enough to cover two faces of the tetrahedron.
place the template on two folded edges. .
should place the template and make th i is still folded. This
will prevent unnecessary cutting, and th i

5. Unfold each qu!er. They will look like this:

Summer of Innovation 2010 Launch and Learn
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6. Attach the tissue paper to two faces of the e table. Put
glue along the flaps, and fold the flaps ¢ aws. on, apply glue to
the other flaps, and fold these flaps over t

Summer of Innovation 2010 Launch and Learn
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7. Call the resulting shape Tetrahedron 1. mdentxt the edvs one straw, the area

of a face is one triangle, and the volume is one tetrahedron.

8. Have students combi ies of Tetrah \ke a larger tetrahedron. Place three
tetrahedral on the table and tie adJ t base vertices together.

9. Place the fourth tetrahedron on top of the other three, and tie the adjacent vertices. Make the
joints tight with no slack in the string for a sturdier model.

Summer of Innovation 2010 Launch and Learn
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Call the resulting larger shape Tetrahedro nal
below.

Summer of Innovation 2010 Launch and Learn
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Tissue Paper Template

Cut out the figure below. Fold a 10” x 13” piece of tissue paper into fourths, and place the template
below on the folded paper. Cut along the three sides indicated by the word CUT, and then unfold the
tissue paper. When finished, the completed piece will look like the figure to the right...

6.50"

CUT

1.25" -

Summer of Innovation 2010 Launch and Learn
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National Aeronautics and
Space Administration

Educational Product

Educators &
Ltlﬁge?\rtss Grades K-4

EB-1999-03-002-DFRC

Educational Brief

X-Gliders: Exploring Flight Research
with Experimental Gliders

Obijectives

Standards and Skills

- The original X-planes (1947-1952).

O ULLILICL UL 11U VAUVl LV 1V Laulllll ald L.caril

The students will:

Build a glider.

Learn how to change the flight characteristics of a glider.
Conduct an experiment to answer a question.,

Science

Science as Inquiry
Physical Science
Science and Technology

Mathematics
Measurement
Problem Solving

Science Process Skills
Making Models
Investigating
Predicting

Background Information

A look at the research aircraft flown by NASA and its predecessor, the
National Advisory Committee for Aeronautics (NACA), since the 1940's
reveals an evolution of wing designs. In fact, each of the first series of
NACA experimental research aircraft ("X-planes”) used different wing
and tail configurations to tackle the problems of supersonic flight.

These early jet aircraft had straight wings (X-1), wings that angled (swept)
toward the tail (X-2), triangular (delta) wings (XF-92), and wings that
could be moved in flight to change the angle of backward sweep (X-5).
Each design added to our knowledge of high-speed flight.
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AD-1(1979-1982)

| >
N

elliptical wing

straight wing

A

swept-back
wing

canards

swept-forward
wing

oblique wing

A

delta wing

[ |

A

swept-back
wing

twin fuselage

X-29 (1984-1992)

More recently, aircraft designs have incorporated wings that sweep
forward (X-29), and even wings that sweep forward and backward at the
same time (AD-1 oblique wing aircraft). The X-29 and X-31 also made
use of small wing-like control surfaces called canards which are located
ahead of the main wings. The X-36, which was flown during the late
1990’s, used canards and swept-back wings but had no vertical tail. (For
additional background information see the Aircraft as Research Tools
page at the end of this Educational Brief.)

The templates supplied with this activity allow educators and students to
build and experiment with all of these basic wing/tail/canard configura-
tions. Eight different plastic foam "X-gliders” can be built using these
templates (see illustrations, left), but the total number of variations is only
limited by the imagination of the "designer.”

Materials for building airplanes must be lightweight, strong, and readily
available. These qualities make plastic foam a good material for the
construction of flying models. Introduce the X-Glider Activity by discuss-
ing with the students some reasons for using plastic foam in the construc-
tion of a model glider. Most real airplanes are made from another
lightweight, strong, and readily available material called aluminum.

X-Glider Materials

Plastic foam food tray, about 28 cm X 23 cm (Size 12)
Cellophane tape

Paper clips

Binder clips

Ball point pen

Plastic knife or scissors

Toothpicks

Goggles (eye protection)

Emery boards or sandpaper

X-Gliders

2 EB-1999-03-002-DFRC
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Activity

templat

e 1 key

Wing

Fuselagg

template 2 key

Canard or
Haorizontal Stabilizer

Canard or

Horizomtal
Stabilizer

Horizontal Stabilizer

Provide the student with a word list for parts of the glider: fuselage,
wing, rudder, horizontal stabilizer, canard (see template keys).

Distribute plastic foam trays and copies of each X-glider template.

Ask the student to write the name of each airplane part on the
template.

Tape the glider template to the food tray.

Cut out the airplane parts using the templates. Plastic foam can be
cut using scissors, a razor knife, or a serrated plastic knife. It can
also be cut using a sharp pencil or round toothpick to punch a series
of holes approximately 2mm apart around the outside edge of the
part. The part can then be pushed out from the tray. Educators of K-2
students may want to cut out the glider parts ahead of time.

If there are any rough edges around a part, they can be smoothed
using sandpaper or an emery board.

Carefully cut a slot in the fuselage. Slide other parts into it to finish
the glider (refer to the X-glider silhouettes for the basic designs;
another fuselage is needed to make the “twin fuselage” glider).

Extensions

An airplane's weight must be properly balanced for it to fly safely.
The same "weight and balance” principles apply to models. The
students can determine the proper weight and balance by attaching a
paper clip or binder clip to the fuselage. Students should vary the
position of the clip with each flight until the glider flies the greatest
distance in a straight line. Additional clips might be needed to
improve the glider’s flight performance.

Weight and balance is also determined by the position of the wings,
canards, and other surfaces along the fuselage. Have the students
move the wings, stabilizers, and canards to different positions in the
fuselage to determine the settings that make the glider fly best.

Have students measure and record the distance of each flight, and
compare the results with each change in the glider’s weight and
balance.

X-Gliders
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sequent short-winged aircraft.

Experimental research aircraft are tools of exploration,
incorporating the newest ideas in every aspect of aero-
space flight, so for this reason they come in many
shapes and sizes. Some have short wings, delta wings,
swept wings, movable wings, and no wings. They fly
with jet engines, rocket engines, piston engines, solar-
electric engines, and even no engines. Some research

education products. NASA educator guides, educational

briefs, lithographs, and other materials are cross-referenced
throughout Spacelink with related topics and events. Spacelink
is also host to the NASA Television Education File schedule,
and links to other NASA educational web sites.

SeaceLink Home Pace:
http://spacelink.nasa.gov

Please take a moment to evaluate this product at
http://ehb2.gsfc.nasa.gov/edcats/educational_brief
Your evaluation and suggestions are vital to continually
improving NASA educational materials. Thank you.

X-Gliders
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