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Heat and Thermal Energy

@ s

v Observe the effects of thermal energy transfer

v Understand the relationship between thermal energy and temperature

=

= Background

=

Thermal energy causes atoms and molecules to
shake around. What we call temperature is really
just an average of the thermal energy of all particles
in a system. If you've ever stepped out of a shower,
you've felt the effects of thermal energy moving from
one place to another.

No matter how hot your shower was, you'll start to
feel cold ifyou don't quickly dry your skin. The fastest-
moving molecules of water are evaporating from
your skin into the air, taking their large amounts of
thermal energy with them. This lowers the average
energy of the molecules that remain, the same
way that the average height of the people in your
classroom would be lower if the tallest people left.

Lowering the average thermal energy of the water
still on your skin lowers its temperature. This draws
thermal energy out from your skin into the water,
since it naturally flows from hotter areas to colder
areas. After losing this thermal energy, your skin
feels cold. To really feel this, try drying one arm and
leaving the other wet after your next shower.

On your skin or anywhere else in the universe,
molecules and atoms move faster as they absorb
thermal energy. In solids, this means that they bump
up against each other and transfer that energy to

Assembly:

particles that are moving less. In liquids or gases,
particles collide as they move from place to place,
transferring energy like billiard balls.  Whenever
thermal energy moves from one object to another,
we call it heat.

Heat moves in three distinct ways.

Radiation is the way that our Sun transfers
heat over millions of miles of space, through
electromagnetic waves.

Two objects that touch each other can transfer
heat directly from one to the other through
conduction.

And gases or liquids can move heat around when
their temperature causes them to rise or sink,
creating convection like in a pot of boiling pasta.

A thermoelectric generator is a way to create useful
energy from heat, which is usually thought of as
wasted energy in most mechanical processes. It
uses moving heat to transport an electric current,
which can be used to power electric devices.

During this activity, we will use a thermoelectric
generator to allow us to visualize moving heat
through the generation of electricity.

llf generator is already assembled, go to the Procedure section.

1. Look at the thermoelectrical system (the two connected containers with red and black wires on the top).
Which of the other parts do you think will attach to it?
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How does the thermoelectrical system fit into its base? Does it matter how you attach them?

Why do you think the seals are colored red and blue? The thermoelectrical system’s wires are also different
colors. Do you think there's a right and wrong side to put each seal? Write down anything you've observed
in the Observations section below.

&\&\ Procedure

N

Fill two beakers with water, one hot and one cold.

2. Before you fill your generator, be sure to put cold water in the side with the red wire and hot water in the
side with the black wire, or all of your results will be backwards!

3. Open the tops of the two containers to fill your generator with hot and cold water.

4. Close the lids and insert the thermometers into the seals, pushing them down gently but firmly until they're
almost touching the bottom of the containers.

5. Start the stopwatch and record the temperatures of each thermometer in the table below.

6. Connect the red and black sockets on the generator to the fan with the red and black wires and observe
what happens.

7. Disconnect the wires from the fan and connect the generator to the LED lights instead. Observe what
happens.

8. After 2 minutes have gone by, record the temperature again, then repeat steps 6 and 7.

9. Repeat step 8 until you've filled in the table below.

s Qbservations
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A Experimentation

1. What happens to the system over time? Record your data from the Procedure section here:

Time Hot Temp |Cold Temp
(min): | (°C): (°Q):
0

Observations:

2

8

10

2. If you put salt in your heated water and ice water, what would you expect to happen to the temperatures
you would measure on either side of your generator? How would this affect the fan and LEDs?

3. Howmuch salt makes a difference? Copy the largest temperature difference from your previous experiment
to the first row, then use water with different amounts of salt and determine the greatest temperature
difference you can achieve.

Salt [Initial Hot Initial Cold Observations:

(8): Temp (°C): Temp (°C): .

0

Copyright © All Rights Reserved to Horizon Educational Group HDI’iZDn

www.horizoncurriculum.com Educational



< @ |
lab @ et (B3) | 138 Thermal Power Science Kt }';‘ﬂ','{,‘;}‘cﬁﬁ'}ﬂ,{

STUDENT GUIDE

Heat and Thermal Energy

@ Measurement

For this section, you will need a multimeter or the Horizon Renewable Energy Monitor. For an introduction to
using a multimeter, click here.

1. Record the highest current in Amps and highest voltage in Volts produced while the generator is powering
the motor. Record your answers below:

Current: A
Voltage: V

2. Observe the motor as the current decreases until the motor stops. What is the lowest current and voltage
that still runs the motor?

Time |Hot Temp |Cold Temp

(min): | 0): (°C): Current (A): |Voltage (V). |Observations:

3. According to your data above, for every °C difference between the hot and cold sides, how much current
and voltage does the thermoelectric generator produce?

Copyright © All Rights Reserved to Horizon Educational Group HDI’iZDn

www.horizoncurriculum.com Educational



Physics | ¢
lab @ et (P ) FCII38- Thermal Power Science Kit Em{ﬂ?cﬁﬁﬂ

STUDENT GUIDE

Heat and Thermal Energy

p Analysis

Make a scientific claim about what you observed while running your generator.

2. What evidence do you have to back up your scientific claim?

3. What reasoning did you use to support your claim?

4. Design an experiment that would test how to increase the amount of electricity produced by the
thermoelectric generator. Describe your experiment below:
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E, Conclusions

1. Does the temperature difference between the hot and cold sides decrease at the same rate all the time?
How do you know?

2. Explain where and how heat is moving in your apparatus while the generator is running.

3. Once the temperature of the two sides is the same, is heat still flowing between them? Why or why not?
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