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Solar Power Heating

Keywords: Active Heating, Conductor, Heat, Insulator, Passive Heating, Physics, Solar, Specific
Heat Capacity, Thermal

Meta Description

Discover which materials make the best insulators for the home. Learn the basics of thermal
physics and solar heating through this interactive investigation.

Learning Objectives
Understanding the concepts of passive and active solar heating.
Evaluating the thermal insulation capabilities of some common materials.

Linking the thermal capabilities of each materials to a real-world heating problem in a building
which must be heated in winter and cooled in summer.

Key Terms

Active Solar Heating
Using electrical and/or mechanical means to heat a building using solar power, for example by
using PV systems and sun-heated water for heating.

Passive Solar Design
Using insulating materials to control the heat flow in and out of a building.

Specific Heat Capacity
The heat energy in Joules required to increase the temperature of 1 kg of a material by 1 °C.
This value is a property of the material.

Thermal Conduction
The process of heat transfer through a solid, liquid or gas via the movement of particles.

Thermal Conductor
A good conductor of heat, e.g. metals.
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Thermal Energy
Heat energy. It tends to travel from warmer regions to cooler regions.

Thermal Insulator
A poor conductor of heat, e.g. air.

Method

Step 1
Cover the workspace with newspaper or a plastic sheet. Paint the outside of the box black. Leave it
to dry completely.

Step 2
Tape a piece of masking tape to each of the cans. On each of the pieces of tape, write the name of
one of the materials under test.

Step 3
Take one of the cans and fill it with half of given the material. Insert the thermometer into the can
and, holding it in place, finish filling the can. Repeat for the other cans.

Step 4
Draw a results tables similar to the those shown inFigure 1.

Step 5
Take the initial temperature reading in each of the cans.

Step 6
Place all of the cans inside the box but do not cover the box.

Step 7
If a shallow box is used, holes may need to be cut into the top of the lid to pass the thermometers
through. Ask an adult to help you cut the openings.

Step 8
Take the box outside and place it in the sun.

Step 9
Carefully cover the box. The lid or covering can be fastened using some tape.
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Step 10
Use the spare thermometer to measure the air temperature near the box. Record the reading.

Step 11
Leave the boxes in the sun for half an hour.

Step 12
Open the box and measure the air temperature within it. Record this temperature, as well as the
temperatures inside of each of the cans.

Step 13

Re-seal the box and leave in the sun for another half hour. Step 12 should be repeated at least twice
more. As the boxes get warmer, the metal cans will may get very hot and oven gloves may need to
be worn to prevent burns.

Step 14

Using the graph paper, plot graphs to show how the temperature inside the box and within each
material changed with time. You can do 6 separate plots or you can plot all the results on a single
graph for better comparison. Remember to always label your graphs.

Figure 1: Create one table for each of the materials and one for the temperature inside the box.

Precautions

1. Mercury thermometers should be avoided when possible. If such thermometers break, the
mercury can spill out. Mercury can have a dangerous effect on human health and the
surrounding environment.

2. The heated cans may pose a burning hazard, so gloves may need to be worn when handling
the cans.

3. Take care when making the openings for the thermometers in the lid of the box. The
thermometers can easily crack and create a cutting hazard.

4. Ensure that there are no sharp edges or pieces of metal on the cans which could lead to cuts.
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5. Where possible always use recycled materials such as old shoe boxes and unwanted
newspapers.
6. The cans, shredded paper and cardboard box can all be reused or recycled after clean-up.

Narrative

Imagine you'’re taking part in an obstacle course race. First you have to dribble a football around
some cones. Then you have to skip through some tyres on the floor. Next up is net where you have
to climb all the way up one side and all the way down the other. Finally, you need to wade your way
through a gloopy pool of thick mud.

You want to run through the course as fast as you can, but the obstacles keep slowing you down.
Each obstacle slows you down to a different extent. For example, you may be able to dribble the
football around the cones much faster than you can wade through the mud.

So now you know what heat energy experiences when it meets insulating materials. The heat
energy naturally wants to travel from warmer regions to cooler regions. So in winter it wants to travel
out of the home and in summer it wants to travel into it. Now, the walls and roofs of homes usually
have special materials called insulating materials built into them. These prevent heat from entering
or escaping from the home.

There are a lot of insulating materials — some better than others. Imagine in our race example, that
you are the heat energy trying to travel out of the house to the cool winter air outside. Each obstacle
represents a different insulating material. Although they all slow you down, some are a lot better at
slowing you down than others. So the mud would represent a better insulator than the cones and
football.

In this experiment we are investigating which materials are the best for home insulation. In this case
we are heating from the outside and taking the temperature at the centre of the material. So the
material which heats up the least at its core has the best insulating properties — it provides the
hardest obstacle for the heat energy — and so it is best for keeping heat trapped in winter and
keeping heat out of our houses in summer.

Questions

Why was the box painted black?
Matt, black surfaces absorb heat the best.

Which material would you use to insulate a house?
Insulating material with smallest temperature change.
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How can thermal insulators also be used to cool a building?
Prevent heat from entering the building.

Why is building insulation important?
Saves on cost and emissions associated with heating (or cooling) a building.

How can water be used in active heating systems?
To circulate heat.

Why should hot water pipes be covered in insulating materials?
Prevent loss of heat.

Brief Explanation

In thermal conduction, when a material is heated, the motion of the particles within a material
Increases.Heat is transferred throughout the material by particles transferring their extra motion to
neighbouring particles. The materials investigated in this experiment are all poor conductors of heat
and are known as thermal insulators. These materials prevent heat energy from travelling from one
area to another. They can be used to ‘trap’ heat energy to heat up a room or building and to keep
heat energy out of buildings, too. Some insulating materials such as shredded paper trap air, which
has an insulating effect.

In passive solar heating systems, insulating materials are used to heat rooms or small buildings.
These materials are usually built into the walls and floors. They can also be used to cover hot water
pipes which transport warm water to the kitchen or bathroom.

In Passive Solar heating design, homes may be designed to capture solar energy via the windows
and then retain the heat via insulated walls. They may use window shadings and nighttime ventilation
for cooling in the summer. The insulation prevents heat entering the house through the walls and
roof.

In active solar heating systems, solar power is captured and used to heat a fluid.The warm fluid is
circulated around the building. These set ups are more complicated and expensive to install than
passive heating systems. Using passive solar heating systems can help to reduce the need for
active systems, thus reducing the cost and emissions associated with heating building.

Detailed Explanation

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


https://www.goodreads.com/book/show/5647732-complete-physics?from_search=true
https://www.goodreads.com/book/show/5647732-complete-physics?from_search=true
https://www.goodreads.com/book/show/5647732-complete-physics?from_search=true
https://www.teachengineering.org/activities/view/cub_environ_lesson09_activity1
https://energy.gov/energysaver/passive-solar-home-design
https://energy.gov/energysaver/passive-solar-home-design
https://www.teachengineering.org/activities/view/cub_environ_lesson09_activity1
http://steamexperiments.com/experiment/solar-power-heating/
http://steamexperiments.com
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

Solar Power Heating - STEAM Experiments - Page 6

http://steamexperiments.com

Thermal conduction occurs due to energy transfer at an atomic or molecular level. Particles in the
heated area gain energy and their motion increases. These particles push against neighbouring
particles, increasing their motion. The free electrons present in metals promote this energy transfer,
making metals good conductors of heat. Insulators do not have free electrons and conduction takes
place via elastic waves; they have low thermal conductivity. In conductors, the transfer of energy via
elastic waves is negligible. Insulators are used to keep heat within or out of a space.

Different types of passive insulation are used in housing.For example plastic foam is used to insulate
warm water pipes and tanks. Walls can be filled with mineral wool or plastic foam. Roof and loft
insulation usually consists of mineral wool or glass. Double glazed windows use air trapped between
the panes.

The specific heat capacities of the materials affect their rates of heating. The specific heat capacity
of a material is a property of the material and is defined as the heat energy required to raise the
temperature of 1kg of the material by 1°C. Since all the cans received approximately the same
amount of heat energy, the specific heat capacity of the materials has a substantial effect on the
change in temperature experienced by each material. Equation 1 shows the relationship between
temperature change and specific heat capacity.

[latex]\Delta [/latex] [latex]T = \frac{\Delta
QXmc}{/latex] [1]

Where: ?T is the change in temperature in °C,Qis the heat energy transfer in Joules,m is the mass in
kg and c is the specific heat capacity in J/(kg °C)

So, if two of the cans receive the same amount of heat energy and contain the same masses of the
different materials, the material with the lower specific heat capacity would heat up faster. Likewise,
the material with the lower specific heat capacity will cool down faster. Note that since the materials
were measured using volume as opposed to mass, direct comparison based on specific heat
capacity is difficult.

Applications and Research

Applications

Some form of thermal insulation is used in most buildings across the world.Insulation is most
commonly used in residences and commercial buildings. During the winter months, thermal
insulation reduces the amount of heat energy within the building being transferred to the colder air
outside. During the summer months, thermal insulation performs the opposite function of preventing
heat from the warmer atmosphere outside from being transferred into the building, which is cooler on
the inside.
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Research

which can be added to existing
buildings in order to improve their heating and cooling efficiency. In one study, an approach using
passive and active technologies, as well as an innovative energy management system was studied.
A substantial amount of heat energy is received from and lost via the facade of a building, making it
an important frontier in the control of heat flow in and out of buildings. This new technology involves
the installation of panelling on the facade to control heat transfer. It is being tested on a building in
Spain where winter temperatures plummet to below 0°C and summer temperatures soar to over 35°
C, making for ideal testing conditions.

Investigation

¢ Try expanding the experiment to other materials such as cooking oil, sponge, wood chippings
or plastic wool.

e Repeat the experiment using a new box. This time cover the box in aluminium foil or paint it
white instead of black. How does this affect the results?
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Subjects

Engineering & Technology
Physics

Education

Primary

Secondary

Informal

Time Required

Few hours

Preparation: 20 minutes
Conducting: 120 minutes
Clean Up: 10 minutes

Cost

10-25¢€

Recommended Age

6-9
10-12

Number of People

2 participants

Supervision

Required
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Location

Outdoors
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Materials

1 cup measuring cup

6 non-mercury thermometers
5 cans

Black paint

Cardboard box

Fine jablo packing (1 cup)
Graph paper

Masking tape
Newspaper/plastic (to protect surfaces from the paint)
Oven mittens

Paintbrush

Paper

Pencil

Ruler

Scissors

Salt (1 cup)

Sand (1 cup)

Shredded paper (1 cup)
Sugar (1 cup)

Water (1 cup)
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Could more District Heating Schemes help tackle Climate Change?(Advanced)
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