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Hot Dog Cool Down Challenge 
This is 5 minute experiment that explores the difference between free convection and forced convection. Children will 

“race” to see who can blow on and cool down their hot dog the most. The child with the lowest temperature hot dog wins! 
Engineering industrial applications include heat exchangers, computer cooling and server cooling. 

Resources Required 
1. Estimated Time: 30 minutes for setup and 3 minutes to present
2. List of Materials and Estimated Cost.

• Crock-pot --  Common kitchen item. Use fire stove to heat water if no crock-pot
• Tongs – Common kitchen item
• Water
• Smokies (Tiny hot dogs) – $3 for 50
• Napkins -- $1
• Toothpicks -- $1
• IR Thermometer -- $30
• Ketchup and Mustard -- $2

3. Total Project Time: 35 minutes

Safety Precautions 
1. Hot food --  Make sure the smokie has cooled enough before allowing others to eat them.
2. Food handling  – Make sure that the smokies are above 135 degrees F before using them in the

demonstration. Avoid potential spread of germs by not touching the smokies with hands.

Preparation Instructions 

1) Obtain the Necessary Materials

A crock-pot and tongs are needed for this experiment. These are both common kitchen items but if you 
don’t have one of these, we recommend borrowing them. Other devices can be used to handle the hot dogs if 
tongs cannot be found. The rest of these materials can be purchased at any grocery store for the indicated 
prices. 

2) Prepare Handout and Practice the Demonstration

Prepare a small handout or poster that briefly explains the phenomena of forced and free convection. 
Practice the demonstration by racing a friend in the cool down challenge.  

3) The experiment
Hypothesis: The experiment tests this question: Which method of cooling is more effective? Forced 

convection or Free convection? 
Variable: Hot dog cooled by forced convection (blown on by students) 
Control: Hot dog isolated from sources of forced convection 
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Demonstration Instructions 
1. Explain to the kids that their objective is to cool the hot dog down the most in 30 seconds. Tell them

that they can blow on it or use anything they want to move air past it.
2. Ask the kids to pose a hypothesis. Which smokie will be the coolest after 30 seconds, the one they

blow on or the untouched smokie?
3. Lay out a napkin for each contestant.
4. Place a smokie from the crock-pot on each napkin.
5. Place a toothpick in each smokie.
6. Place a single smokie on a napkin that will not be blown on. This will serve as the control.
7. Start the race! Stop the students after 30 seconds.
8. Measure the temperature of each smokie. Whichever person has the smokie with the lowest

temperature wins.
9. Measure the temperature of the control smokie. Explain to the students the difference between

forced and free convection and how forced convection cools things down faster.

Industrial Applications 
The principles of forced convection are used in many aspects of engineering industries, including: 

• Power Plants
o Heating and cooling steam for electricity generation

• Car Radiators
o Moving air to cool hot car engine

• Computer Engineering
o Fans can be used to cool the CPU

Potential Discussion Questions 

1. Would moving water cool something down faster than moving air?
2. Why do we blow on our hot food instinctively?
3. Why does your computer have an internal fan?
4. Why do heat exchangers use moving fluid to transfer heat?

Fun Facts and Resources 

• Wind can make the ambient temperature seem colder than it actually is!
• Water is a better convection heat transfer fluid than air!
• Circulating blood uses forced convection to cool your body!
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Heat Transfer through Balloons 
A 5 minute experiment that compares the rates of heat transfer between a balloon filled with air 

and a balloon filled with water. The experiment will explore how the heat capacity of  fluid 
inside a balloon impacts whether the balloon will pop when touching a heat source. 

Resources Required 
1. Estimated Preparation Time: 1 hour (shopping, setup, etc.)
2. List of Materials and Estimated Cost.

• water source - no cost
• water balloons (fill half of the balloons with air and the others with water) - about $3.00
• 200 W light bulb in a desk lamp (200 W works best but a lower wattage can be used if

necessary, but will take a significant amount of time) - about $3 to $5
• rectangle dish or other container for catching any water balloons that may pop - no cost

(already owned)
• grocery trash bag for popped balloons - no cost
• candy to give to kids after they learn about heat transfer - variable

3. Total Demonstration Time: 3 – 5 minutes

Safety Precautions 
1. Light bulb: The light bulb will be hot since it is able to pop a balloon. Carefully touch the balloons

to the light bulb without touching the light bulb with your hand. Have a lamp that covers most
of the light bulb to prevent others from touching the light bulb.

2. Electrical cords: The lamp will have a cord which can cause a tripping hazard. Tape down the
cords or place in an area where no one will be walking across.

3. Popping balloons: The balloons with air will pop and make a noise so be prepared. Also, the
water balloons could also pop so have a container under the balloons to catch the water. The
force from the water balloons popping might also break the light bulb so always be alert.

Preparation Instructions 

1) Obtain the Necessary Materials

You can find light bulbs at Home Depot or Lowe’s. The water balloons and container are usually 
available at any local store such as the Dollar Tree. 

2) Set Up the Demonstration
1. Fill water balloons (half of them with water and the others with air)
2. Put the 200W light bulb into the desk lamp and plug in the lamp
3. Place the rectangle container underneath the light bulb
4. Turn on the desk lamp & wait a few minutes for it to heat up before beginning the

demonstration.

BYU – ChE 376 – Hand’s On Demonstrations of Basic Heat & Mass Transfer Principles Page 1 of 2 



3) Prepare Visual Aid and Practice the Demonstration 
You can gather a group of kids (If you have young kids or there are kids in the neighborhood they 
make for great audiences) to practice this demonstration. 

 
Demonstration Instructions 

1. Start by asking the participants which balloon they think will pop most easily. You can let them 
hold the balloons to compare. 

2. After the participants make their hypotheses, hold the air filled balloon up to the light, touching 
the balloon to the lightbulb. It should take between 5-10 seconds to pop, depending on the 
balloon and the heat source. 

3. After the air filled balloon has popped, test the water filled 
balloon in the same manner by touching it to the lightbulb. 
It is unlikely that it will pop. 

4. Explain the principle behind what was just observed, noting 
that water has a higher heat capacity (ability to hold heat) 
and is able to draw heat away from the balloon membrane, 
preventing it from popping. 

Potential Discussion Questions 
 
1. When a balloon filled with air and a balloon filled with water are held up to the heat source 

(lightbulb), will either pop? If so, which one and why? 
2. How do resistances of the fluids affect the rate of heat transfer from the source to the balloon 

and fluid? 
3. Air resists heat transfer fairly well, what are some everyday examples where air is used as an 

insulator? 
4. Water conducts heat fairly well, what are some everyday examples where water is used to 

transfer heat? 

Fun Facts and Resources 

• Fun Fact #1: This is the same principle is used when you fill a paper cup with water and set it 
over a flame. The cup will not burn until the water reaches a temperature at which the cup will 
combust or catch on fire.  
 
Resource: A short explanation of Thermal conductivity: https://www.nde-
ed.org/EducationResources/CommunityCollege/Materials/Physical_Chemical/ThermalConductivity.htm 
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Which Material Melts Chocolate 
Chips Faster? 

This is a quick and exciting experiment that will teach students about the intuition they already 
have for why some things transfer heat better than others, as seen in real-life applications such 

as cooking, clothing, and construction materials. 

Resources Required 
1. Estimated Run Time: 10 minutes (1 minute for actual demo, the rest for setup and explanation)
2. List of Materials and Estimated Cost.

• Large bucket ($1)
• Heat lamp and bulb ($15)
• Aluminum sheet ($1)
• Aluminum squares, copper mesh, cloth, fabric, tile, and other materials to demonstrate

heat transfer (varies)
• Chocolate chips ($2/bag)
• Wax paper ($2/75 ft2)

3. Total Project Time: 1 hour

Safety Precautions 
1. WARNING: heat lamp will get hot and should not be handled directly. Leave unplugged except

for when running experiment.
2. Materials used for heat transfer will also get hot and should be handled with care.
3. Melted chocolate chips will be hot and should be handled with care.

Preparation Instructions 

1) Obtain the Necessary Materials

• A heat lamp, bucket, and aluminum sheets can be found at local hardware stores such as Home
Depot.

• Chocolate chips can be found at a local grocery store.
• Other materials such as tile, cloth, etc. are available from a variety of stores.

2) Prepare Handout and Practice the Experiment

Prepare a handout with a diagram showing arrows coming from a heat source and through a 
material, indicating the direction of heat flow. Practice the experiment. Neighborhood children make a 
great audience for practicing. 
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3) Construct the Apparatus
1. Place the heat lamp inside of the bucket such that it sits below the rim. We recommend that a

small hole be cut in the side of the bucket for the heat lamp power cord.
2. Place the aluminum sheet on top of the rim of the bucket. Any other material used to

demonstrate heat transfer will be placed on top of the aluminum metal sheet.

Experiment Instructions 
1. Explain to the students how the apparatus is set up.
2. Have the students select 4 different materials on which to place chocolate chips. Combinations

of materials may be used as well.
3. Place the materials on the aluminum sheet and place a piece of wax paper with several

chocolate chips on top of each material.
4. Have the students make a hypothesis about which materials will melt the chocolate chips the

fastest and which will melt the chocolate chips the slowest.
5. Turn on the heat lamp.
6. Have the students watch to determine which materials actually melted the chocolate chips

fastest or slowest. It should take about one minute for the heat to transfer through most
materials and start melting the chocolate chip. You may need to touch the chip lightly on top in
order to show the chocolate chip melting.

7. Explain the results, pointing out the differences in heat transfer due to the different materials
and thicknesses. In general, a metal will conduct better than a mesh, which will conduct better
than a fabric. On this scale, however, material thickness tends to have a greater effect.

Discussion 
Heat transfer is determined by Fourier’s law and predicts that materials with a higher heat transfer 

coefficient (such as metals) will transfer more heat between a temperature gradient. It also shows that 
the amount of heat transferred is inversely proportional to the length of material through which it 
travels. This relation allows heat transfer rates to be predicted based on the properties of a material. 
Further discussion could point out that a higher temperature gradient will also increase the heat 
transfer rate. 

Potential Discussion Questions 

1. Why do we wear thicker coats when it’s cold outside?
2. Why are oven mitts made out of thick cloth rather than metal (other than the practical side of

flexibility)?
3. Why do houses have insulation in the walls?
4. If you have a factory to make ice cream, and you want to get the ice cream really cold, what kind

of container would you put it in to make it colder faster?

Fun Facts and Resources 

• Principles of heat transfer are all around you! Look for examples such as cooking with a pot and pan,
ironing your clothes, running your car, and roasting marshmallows. Chemical engineers must take
into account these principles when designing new materials, power plants, or chemical reactors.
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Ice, Ice, Baby!! 
5 Minute experiment that explores the conduction of heat through different materials into ice 

Resources Required 
1. Estimated Time: 5 minutes
2. List of Materials and Estimated Cost.

● Metal sheet 
● Wood/Cutting board
● Ice
● Paper towels (for cleanup)

3. Total Project Time: 10 minutes

Safety Precautions 
1. After the demonstration, dry the surfaces of the melted ice.

Preparation Instructions 

1) Obtain the Necessary Materials

For this experiment, you will want to obtain four different surfaces: metal, wood, plastic and diamond 
(optional). It’s easiest to use everyday household objects, in order to cut down on cost. For example, you could use a 
piece of 2X4 for the wood, a cookie sheet for the metal, a cutting board for the plastic, and a drill bit for the diamond 
(again, diamond is optional due to the difficulty in obtaining it, it was used here because of its availability and high 
thermal conductivity). Use any shape/size of ice that comes out of ice-machines; however, try to use ice cubes that 
have consistent surface areas and sizes to minimize confounding variables. You should also obtain paper/cloth towels 
for cleaning up the water. Also, you will need a desk or table to perform the experiment on as well as an icebox to 

keep the ice cool if the demonstration will go on for an extended period of time. 

2) Prepare Handout and Practice the Demonstration

If you decide that you want to provide a handout, you might want to include the relative magnitudes of the 
thermal conductivities of each of the materials that you are using and a question to help students in formulating a 
hypothesis. These thermal conductivities along with Fourier’s law will be helpful in explaining the phenomenon of 
different melting times. 

Fourier’s Law for thermal conduction in 1 direction, and constant k: reaQ =   − k *A * Δx
ΔT

 Of course, before the formal presentation, you will want to run through the experiment a couple of times, to 
increase your efficiency and work out any bugs. 

Demonstration Instructions 

1. Begin by letting the kids touch the different materials and ask them which one feels the warmest and which 
one feels the coldest.  The majority of the kids will say that the wood and plastic materials feel the warmest,
while the metal materials feel colder.

2. Ask the kids to make a hypothesis: “If I were to place an ice cube on each of these materials, which one
would melt the fastest (and why)?”

3. Allow the kids to check their hypothesis: perform the experiment by placing an ice cube on all materials and
let them observe which ice cubes melt the fastest.
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4. Discuss with the kids why the seemingly “cold” materials melted the ice cube faster than the “warm” feeling
materials.

Potential Discussion Questions 

There are some great questions you can ask to the kids to get them engaged in the experiment.  
1. Why does the metal feel colder than the wood even though they are at the same temperature? Ans: Your

body does not measure the temperature of the substance it measures the rate of heat transfer.

2. Ask the kids before the demonstration to make a prediction as to which substance is going to melt the ice
the fastest. It is important that they make a prediction beforehand in other for them to get the full effect.
Most of them will predict that the wood will melt the ice fastest because it feels the warmest.

3. If the student is really engaged in the demonstration, you could ask them at the end to explain to you why
houses have pink insulation in their walls instead of just being made of metal. Hopefully they can relate to 
you that the insulation has a much smaller k value than the metal, thereby keeping the house either warm in
the winter or cold in the summer.

Fun Facts and Resources 
We were able to use a diamond tipped cutter for this test as well. Diamond has a very high thermal conductivity, so it 
melted the ice even quicker than the metal did. Diamond tipped cutters are used as inserts on drill bits for oil drilling. 
This is because diamond is very strong, and it quickly transfers heat. When drilling for oil the bits get very hot, so 
diamond helps transfer the heat out of where they are drilling so it can be cooled by water. 

image: google commons 

Here are some pictures of our group presenting to the students, and letting them feel the apparent temperature of 
each of the objects: 
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Hogwarts Potions Class 
5 minute experiment that will demonstrate heat convection and thermal conductivity and how it 

relates to Chemical Engineering and cooling effects of different materials. Students will 
hypothesize which tube will cool the Potion (Koolaid) the most after running it through a tube in 

an ice bath.  

Resources Required 
1. Estimated Time: Contraption requires about 4-5 hours of building, glue needs to dry for at least

12 hours.
2. List of Materials and Estimated Cost.

Contraption 
• One large plastic bin
• 2 ft. Drill for pipe holes
• 8 ft of 1/2 ‘’ copper, plastic, and glass tubing
• 3 ft of latex rubber
• Scissors
• 2 ft fishing wire and 6 push pins
• ¾ ‘’ rubber stopper
• gorilla glue and hot glue gun
• wood blocks of various sizes to hold up pipes
• 3 small funnels
• Copper tube bender
• Total Cost: 30-40$

Day of
• Thermometer, around 5 gal/ice, water, salt
• Koolaid mix and ingredients
• Small cups for students to drink, large cups for pouring and catching cooled Koolaid

3. Total Project Time:
About 6-7 hours preparation and 12 hours waiting time. Total 18-19 hours. 

Safety Precautions 
1. When building contraption, use proper safety techniques while drilling and using hot glue gun.
2. Glass can be broken, so be careful when handling.
3. Do not allow the students to drink the Koolaid that has been run through the tubes, as the tubes

may not be clean. Have other sample cups prepared for the students afterwards.

Preparation Instructions 

1) Obtain the Necessary Materials

• You can find the bin at Walmart.

BYU – ChE 376 – Hand’s On Demonstrations of Basic Heat & Mass Transfer Principles Page 1 of 2 



• All tools can be found at a local hardware store.
• Tubing and stopper can be found in a college laboratory stockroom.

2) Prepare Contraption
1. Purchase materials for contraption.
2. Drill three holes in the top lip about 1.5 inches down from top of one side of contraption evenly

spaced to fit tubes through and three holes on opposite side about 1 inch above bottom edge.
3. Bend tubes and fit into bin, avoiding the walls as much as possible and maintain a constant

downward slope. Let about 3-5 inches on each side of tubing stick out.
Note: Glass tubing will have to be “bent” by attaching small pieces of latex rubber 
tubing to their ends and then pieced together to fit inside bin. 

4. Glue any pieces of tubing that need to be stabilized with hot glue to the sides or to wooden
blocks to hold it up. 

5. Attach funnels to top ends of pipes via latex tubing.
6. Hold up funnels with pushpins and fishing wire.
7. Add gorilla glue to make watertight seals around holes in the plastic.
8. Drill hole in side near the bottom for the stopper.
9. Let glue dry for at least 12 hours.

3) Day of Demonstration
1. Fill contraption with ice, then top off with water.
2. Add ice
3. Prepare Kool-aid

Demonstration Instructions 
1. Explain to students that purpose of the contraption is to cool down the potion, but they have to

decide which tube to run it through.
2. This method is better than using ice cubes because it does not dilute the Koolaid and it is better

than a refrigerator because it cools it much quicker.
3. Have the students make a hypothesis about which tube will cool the Koolaid the most.
4. Have a student measure the temperature of the Koolaid before running it through the

contraption.
5. Run the Koolaid through and then measure temperature afterwards.
6. Explain that different pipes have different thermal conductivity values and the higher that value,

the more heat will be lost through that material.

Potential Discussion Questions 

1. Why are our pipes in our house copper instead of rubber or glass?
2. Do you think bigger pipes would transfer heat better, or smaller ones?

Fun Facts and Resources 

• Amusement parks use similar methods in order to cool their liquids instead of using ice because
it dilutes the drinks and it also is much more expensive to make ice.
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Chocolate Meltdown 
3 Minute Experiment that teaches the basic principles of conduction, convection, and radiation 

which are commonly used in Engineering applications such as cooling a nuclear reactor or 
designing a thermos to keep hot chocolate warm.  

Resources Required 

1. Estimated Time: 10-15  minutes to perform experiment
2. List of Materials and Estimated Cost.

- Consumables
• Chocolate chips - $2
• Paper towels - $3
• Toothpicks - $2
• Parchment paper - $3

- Equipment (Generic prices listed but all are common household items) 
• Thermometer - $5
• Hair dryer - $12
• Heat lamp or high watt light bulb - $10

3. Total Project Time: 30 - 45  minutes to perform experiment and set up /clean up

Safety Precautions 

1. Keep electrical cords out of the way and taped down.
2. Don’t allow anyone to touch heat lamp bulb, as it gets very hot.
3. Avoid submerging hair dryer.

Preparation Instructions 

1) Obtain the Necessary Materials

All materials are common household items and can be found at a supermarket. A heat lamp 
can be bought at Wal-Mart or Home Depot. 

2) Prepare Handout and Practice the Experiment

The results of the experiment can vary widely depending on the power of the heat sources.  
Try melting the chocolate with each of your sources (heat lamp, hair dryer and hands) to 
determine which method is quickest.  You will also want to measure the temperature of each 
heat source.  A high speed setting on the hair dryer may blow away the chocolate chips. 
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Experiment Instructions 

1. Briefly explain the three types of heat transfer and tell the students you need to find the
quickest way to melt the chocolate.

2. Tell the students the temperature of each heat source or have students measure them
for a more hands on-experience.

3. Have students form a hypothesis by picking the best method of heat transfer and
explaining why they are choosing that method.

4. Prepare the Experiment: Place two separate piles of chocolate chips on parchment
paper that has been taped to a table or weighted down to prevent it from blowing
away, then give a few chocolate chips to each student to hold.

5. Perform the experiment: Heat the piles of chocolate chips with the heat lamp and hair
dryer while the student holds their chocolate chips in a closed fist for 45 – 60 seconds.
Keep the hair dryer and heat lamp 2-4 inches away from the chocolate chips.

6. Chocolate chips are designed to hold their form when baked so you will need to use a
toothpick to stir the chocolate to discover the extent of melting.

7. The results will vary based on the hair dryer settings and the power of the heat lamp.

Discussion 
Conduction, represented by the handheld chocolate chips is usually a very efficient method 

of heat transfer but in this case is hampered by the relatively low temperature difference 
between the chocolate chip and hand. Forced convection is an efficient method of heat 
transfer. This effect is created by blowing the air at a high speed through the blow dryer. 
Radiation is the least effective form of heat transfer but with a large enough temperature 
difference it can be very significant, as in the case of the sun, which provides plenty of heat 
even though it’s roughly 93 million miles away. 

Potential Discussion Questions 
1. Would a nuclear engineer want to have high or low heat transfer from a nuclear core?

High heat transfer would generate more electricity.
2. A thermos is used to keep a liquid either hot or cold. When using a thermos would you

want to have high or low heat transfer? Low because we want to keep the heat inside
the thermos (or outside if we want to keep cold). How is heat transfer reduced in a
thermos? Using materials that do not conduct heat well. Another method is having a
vacuum layer in the thermos, so that only radiation heat transfer is possible.

3. What are some everyday examples of conduction? Convection? Radiation? Stovetop,
cold from the wind, and the sun.

4. Is temperature difference the only factor in heat transfer? No we must also take into
account the method of heat transfer. The material that is used to conduct or convect
heat will make a difference in the amount of heat transferred.

Fun Facts 

• Chocolate chips begin to melt at 90 °F due to the cocoa butter in the chips.
• Chocolate chip cookies were invented in 1937 by Ruth Graves Wakefield of the Toll

House Inn.
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What’s Hot?! 
3 Minute Experiment that explains how radiation, conduction and convection transfer heat differently.  In 

industry, different methods of heat transfer are used to heat up or cool down processes. This is a quick 
experiment on how effective each method is. 

Resources Required 

1. Estimated Time: 3 hrs.
2. List of Materials and Estimated Cost.

 Chocolate Chips 
(1 bag) - $2.29 

 Light bulb with 
socket 

 Power strip with 
on/off switch 

 Infrared heat gun 

 Hot Plate  Extension cord 3 plastic crates  Mesh cutouts 

 Hair Dryer  Plastic wrap  Aluminum foil  Excitement 

3. Total Project Time: 5hrs.

Safety Precautions 
1. Keep hotplate at reasonable temperature avoiding temperatures that will burn the chocolate.

Monitor the light bulb and hair dryers as well (though not as big of a concern)
2. Keep the extension cords out of the way and taped down to avoid tripping hazards
3. Don’t have the chocolate chips heat for too long as they could possibly burn (mostly an issue with

the hot plate)

Preparation Instructions 

1) Obtain the Necessary Materials

You can find everything but the chocolate chips and hair dryer at Home Depot.  We brought most of the 
materials from our homes (like aluminum, light bulb, plastic wrap, hair dryer) and borrowed the hot 
plate from the risk management department at BYU. 

2) Prepare the Experiment

1. For crate #1, place the light bulb inside with the cord pulled through the bottom of the crate and
plugged into the power strip.

2. For crate #2 place the hair dryer inside and positioned to blow vertically through the top of the
crate. Pull the cord through the bottom of the crate and plug into power strip. For crate #2 ONLY
wrap the 4 sides and top of the crate with plastic wrap (leaving the bottom uncovered).
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3. For Crate #3 position the hot plate and pull the cord through the bottom and plug into the wall
(not the power strip).

4. Place the three crates side by side and wrap a layer of aluminum foil around the sides and the top
of all three crates.

5. Cut holes through the aluminum over the top of each crate that correspond to the shape of each
mode of heat transfer (Crate #1 a small circle just smaller than the bulb, Crate #2 a small circle
just smaller than the mesh, Crate #3 a rectangle the size of the hot plate). Warm the hot plate to
desired temperature.

3) Practice the Experiment
If you have young kids or there are kids in the neighborhood they make for great audiences. 

Experiment Instructions 
1. Explain to the audience the set up of the experiment
2. Show the students the 3 boxes, explaining the mode of heat transfer for each box.
3. Tell the audience what the temperature is of each mode of heat transfer.

a. Radiation: light bulb filament ~3000K
b. Convection: Blow Dryer heating element ~700K
c. Conduction: Hot Plate surface ~350K

4. Ask for each individual’s hypothesis.
a. Which one will melt the chocolate chip the fastest?

5. Once a consensus has been reached begin the experiment to test the audiences hypothesis.
a. Turn on the power strip
b. Place chocolate chip above each box
c. Wait 45 seconds and then show by prodding or picking up the chocolate which ones are

melted. Use caution to avoid being burned.
d. The hot plate should have melted the chocolate first, followed by the hair dryer and then

the light bulb.
6. Explain to the audience why radiation did not melt the chocolate when compared with conduction

and convection.

Discussion 
With each of our experiments we can see that conduction works the best, even at the lower 

temperature, to melt the chocolate chips.  Using this information we can decide what method is the best to 
use in different situations in industry and in real life.  Sometimes it doesn’t make sense to use conduction 
to heat or cool something so convection is used because it is a close second to the speed of conduction. 
Other times (like to warm a reptile in a terrarium) we want to provide heat but only a little of it, so we 
choose radiative heat transfer. 

Potential Discussion Questions 

1. Now that we see the difference between conduction, convection, and radiation,
a. Why do we use heat lamps to warm reptiles?
b. Why do we fry eggs using a frying pan?
c. Why do we dry our hair and hands using warm air?

Fun Facts and Resources 

● Heat can only transfer through outer space by radiation
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● If we could capture 100% of the suns light for 1 hour we would have enough energy to provide
the whole world’s energy needs for one year.

http://www.edinformatics.com/math_science/how_is_heat_transferred.htm 
https://www.wisc-online.com/learn/natural-science/earth-science/sce304/heat-transfer--conduction--
convection--radiation 
https://www.youtube.com/watch?v=yUEPGMnRqGs 
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Insulation Station 
3 Minute Experiment that explains heat transfer and heat transfer resistance and how they 

apply to home insulation, coolers, and space blankets 

Resources Required 
1. Estimated Time: The set-up of the project is actually part of the demonstration, so it only takes a

few minutes. It does take more time to purchase these items. Some of these might be most
easily purchased online, so give yourself some time in advance to order and have them shipped.

2. List of Materials and Estimated Cost.
• Heating lamp ($5.00 - $10.00)
• Simple Infrared Thermometer ($15.00-$25.00)
• Mylar blanket ($3.00)
• Fleece blanket ($10.00) or one from home
• Thin sheet of fabric ($5.00) or one from home

3. Total Project Time: 5-10 minutes for the demonstration, and up to 30 minutes for a discussion.

Safety Precautions 
1. There will be a need for electrical cords to power the light bulbs. Make sure there are no loose

cords, as these may present a tripping hazard. Tape down cords for safety.
2. The bulbs can get very hot, so make sure that they will be placed on objects that will not burn or

melt when putting the bulb down.
3. Also remember to handle the lamp carefully-either use oven mittens or hold the bulb at the

base so it does not burn you.
4. Be careful when plugging in the lamp so to avoid electrical shock.
5. When pointing the lamp to heat things, make sure that things do not get too hot.

Preparation Instructions 

1) Obtain the Necessary Materials

• You can find the infrared thermometer and heating lamp online at Amazon.com.
• The blanket and sheet can be found at a department store like Wal-Mart
• The Mylar blanket can be found at any sporting goods store or the sporting goods section of a

department store in the emergency section.

2) Prepare Handout and Practice the Experiment

This experiment can be practiced with one other assistant. Ideally there are two people helping with 
the experiment and a few observers and participants. The handout should be designed to review 
methods of heat transfer with a few basic equations describing an element of heat transfer. 
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Experiment Instructions 
1. Describe to the students the principle of heat transfer by using a lamp to radiate heat.
2. Explain how certain materials (e.g. blankets) reduce heat transfer.
3. Ask the students to make a hypothesis about which blanket will reduce heat transfer the most.

Explain to them that the control is a body without additional blankets covering them
4. Test the students hypothesis by having them first shine the light a given distance away from the

student (1 ft), and read their before and after temperature using the IR thermometer about a
foot away. The light should also shine on them for a given time (10 sec). On another student,
have them hold up a blanket while the light is shining on them, and then test their body
temperature after.

5. Repeat this process for all the materials.
6. You should see that with different materials, there is a lesser temperature change, meaning

there is less heat transfer occurring.

Discussion 
The Mylar blanket has the least amount of heat transfer because it is reflective, and it therefore 

reflects the radiative heat away from the body. The Mylar is also a polymer, has a low k value, and is also 
resistant to conductive heat transfer. When insulating a home, you have to choose a material that is 
very resistant to heat transfer so that the home stays cool in the summer and warm in the winter. Pipes 
are also insulated in the winter so that the fluid inside does not freeze. 

Potential Discussion Questions 

1. Would metal be a good insulator?
2. What color does a good job reflecting radiative heat?
3. Why is home insulation so fluffy?

Fun Facts and Resources 
Foam cups are good insulators because they have tiny pockets of air trapped inside them.  
Your body itself generates a lot of heat. If we use blankets we are preventing heat transfer from our 
body to the outside world.  
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Home is Where the Heat is 

3 Minute Experiment that shows how the principle of heat conduction is used to keep our houses 

warm, and explore which materials serve as the best insulators. 

Resources Required 

1. Estimated Time: 30 hours
2. List of Materials

 Temperature Gun

 Ply-wood

 Super Glue/Glue Gun

 Wood Glue

 Construction Paper

 Dowels

 Lightbulbs (we used heat lamps but just 12 W
bulbs would be much cheaper)

 Variety of insulation materials (cardboard, tongue depressors, cotton balls, felt,
insulation, aluminum foil etc.)

 Power Strip
3. Total Project Time: 35 hours

Safety Precautions 

1. The biggest safety concern was with making sure the houses didn’t get too hot. By using
normal light bulbs this risk could have been eliminated but the heat lamps had to be
monitored, especially with the cotton balls and insulation to make sure the possibility of a
fire was minimized.

2. Wires taped to the ground would be a good idea to minimize the risk of tripping and
possibly knocking over and breaking the light bulbs.

Preparation Instructions 

1) Obtain the Necessary Materials

You can find the thin plywood (really any board will work) at Home Depot or a different 
hardware store. While at the hardware store, pick up enough wooden dowels to construct the 
desired number of houses. You will need four 8 inch dowels per house. Light bulb-to-socket 
adapters can also be found at Home Depot. Depending on the desired insulators for the house, 
materials can be acquired at any local store or a craft store (we used construction paper, cotton 
balls, cardboard, Popsicle sticks, aluminum foil, and insulation.) A short extension cord or power 
strip is also needed.  
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Take the plywood (8’’x8’’ is a good size) and drill a hole in the middle large enough for the 
socket adapter to fit through. Drill a small hole in each corner for the dowels (3/8’’). On the bottom 
of base file out a small strip for the cord to run through in order to keep the house flat. Glue dowels 
in each corner. Build the walls with the desired insulation materials by gluing to the wooden 
dowels. Place another 8”x8” board on top of the wooden dowels, this is where the students will 
measure the heat. 

3) Prepare Handout and Practice the Demonstration

Make a handout that has the students test a hypothesis. They should guess what material will 

make the best insulator and state why they think that. Test the models before demonstrating.  

Experiment Instructions 

1. Set up each house in a row with the bulbs inside each
2. Make sure the bulbs are not touching anything inside the houses (walls or insulation) [This could
lead to a safety issue as well as throw off the results] 
3. Place the roofs over each of the houses
4. Turn on all the light bulbs at the same time at least 5-10 minutes before running through it with
the students 
5. Tell/let the students see what each of the houses are made out of
6. Have them hypothesize which will be the best insulator
7. Explain that if the side walls insulate well, then the heat will have to go out the top board, which
is where the students will measure in the next step. 
8. Have the students use the IR gun to measure the temperature at the center of the outside of the
roof from 2-3 inches above it, the warmer the board, the better the insulation. 

Discussion 

The top of the two houses that should be the hottest are the aluminum foil and the fiberglass 
insulation. The aluminum is one of the hottest because light reflects back causing heat to get 
trapped inside. If air were blowing outside of the aluminum house, it would cool faster due to 
convection transferring the heat away.  Insulation is a good insulator because it has a high 
resistance to heat transfer. The Popsicle sticks will most likely have the lowest temperature coming 
out of the top of the house because it is not as air tight as the other houses.  Overall the fiberglass 
insulation should be considered the best insulator for a home because it retains the most heat and 
it is less susceptible to wind whisking away heat from the house. 

Potential Discussion Questions 

1) Which house do you think will get the hottest, why?
2) Why don’t we use tin foil to insulate our house instead of fiberglass insulation?
3) What do you think makes the fiberglass insulation work so well?
4) What role does insulation thickness play in the effectiveness of an insulation?

Fun Facts and Resources 

One of the features common in commercial building insulation is having a significant amount of 
void space filled with air, which is a good insulator. Arctic animals such as polar bears and reindeer 
are able to stay warm partly due to pockets of air trapped within their fur, which act as insulation. 

2) Build the Models



Super Nitrogen Cloud 
5 Minute experiment that explores heat and mass transfer principles related to phase change with liquid 

nitrogen and hot water. Hot water causes liquid nitrogen to boil rapidly and change phase. As the 
nitrogen enters the gas phase, it cools water vapor in the surrounding air. The resulting visible cloud is 

condensed water vapor, similar to a cloud in the sky. It is important to understand vapor-liquid 
equilibrium and heat and mass transfer within mixtures for distillation processes, refineries, and other 

two phase chemical reactors. 

Resources Required 
1. Estimated Time: 15 min
2. List of Materials and Estimated Cost.

• Liquid Nitrogen ($0.55/L)
• Water (Free)
• Beaker/Dewar ($20 or rent)
• Safety Equipment: Gloves, goggles, etc. ($20 or rent)

3. Total Project Time: 15 min

Potential Hazards/Safety Precautions 
1. Possibility of children inhaling excessive nitrogen. All children must stand arm’s length away

during the experiment and cannot lower their head’s directly over the cloud.
2. Freezer burns (from liquid nitrogen). Only the group project members may handle the liquid

nitrogen bottle, with the provided gloves.
3. Burns from the boiling water. Only group project members can heat the water via microwaving,

and carefully place it on the table.

Preparation Instructions 

1) Obtain the Necessary Materials

You can find the liquid nitrogen and a Dewar flask at a local chemistry stockroom. The gloves, beaker 
and other safety equipment can be found at any local store. 

2) Prepare Handout and Practice the Demonstration

Study the principles of heat transfer involved in this experiment and do a test run of the experiment 
so that you can know how the project is going to work. Then perform the experiment! If you have young 
children or there are children in the neighborhood they make for great audiences. 

Demonstration Instructions 
1. To pique the children’s interest, first ask, “Want to make a cloud?”
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2. Ask, “What do you know about liquid nitrogen?” and have a discussion about how cold it is and
how it has a low boiling point.

3. Have the students take the thermometers and measure the temperature of each beaker of
water.

4. Explain to the students that a cloud will form when the liquid nitrogen is poured onto the water.
5. Have the students hypothesize as to which temperature of water will form the larger cloud.

Allow the students to discuss.
6. While wearing the gloves, pour out a little bit (approximately 10 mL) of nitrogen into each

beaker.
7. While the clouds are forming, explain the engineering principles and let the students feel the

cool temperature of the cloud as it spills onto the table.

Potential Discussion Questions 

1. What variables do the size of the cloud depend on?
2. Which temperature of water will form a bigger cloud?
3. What are the bubbles on the surface of the water after pouring the liquid nitrogen made of?
4. What is the cloud made of?

Fun Facts and Resources 

• 78% of the Earth’s atmosphere is made of nitrogen gas.
• There is a liquid nitrogen lamp called the Nebula 12 used to replicate the weather in your home.

About Education Website’s page on Liquid Nitrogen facts: 
http://chemistry.about.com/od/moleculescompounds/a/liquidnitrogen.htm 

(Performing the experiment at a Middle School Engineering Fair) 
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