Watts On Your Mind?

Solar energy educational activities for schools

Activity Overview
Grade Level: 9-12
Activity: HS-1

Description

Students will investigate patterns of heat in
the classroom and learn how windows
affect aroom’'s comfort. Students will also
learn how to treat windows to make them
more effective with energy conservation.

Learning Outcome

Students will determine the areas in aroom
which are warmest and coldest and explain
why, determine the places where air
infiltration occurs in aroom and explain
why, list the functions of windows, list the
kinds of energy-saving window treatments
and explain the need for them, research
energy-saving window treatmentsin
current books and magazines, and
recommend energy-saving window
treatments for various situations, listing
their advantages and disadvantages.

Subjects
Science, Home Economics

Process Skills Used

Reading a thermometer, recording and
graphing data, researching information in
current books and magazines, taking notes

Duration
Six class periods

Key Vocabulary
Conservation, window treatments

Curriculum Standards

Texas (TEKS): 112.42.b.1, 112.42.¢.6,
Louisiana (LSCS): ESS-H-A1
Arkansas (ASCF): 3.1.34

National (AAAS Project 2061): The
Physical Setting— 12", The Designed
World — 12"

Window Treatments

Materials
* lamp with uncovered light bulb
* gix Celsius thermometers
* string and masking tape
» colored pencils
» asheet of plastic, paper, or tissue (15 cm x 15

cm)
* apencil
 afan

» current books, pamphlets and magazines
containing window treatment information

e index cards

Method

Part 1. Collecting Data

* Turnonthelamp. Cup your hands near the
bulb. Describe what you fedl.

» If possible, stand next to a sunny window.
Describe what you feel now. Caution: Do not
touch the bulb. It may be very hot.

* Suspend six thermometers around the
classroom using masking tape and string.
Three thermometers should be hung close to
the ceiling and three close to the floor. Make
sure at least one thermometer isin front of a
window. Record the position of each
thermometer in Data Table 1 on Worksheet A.
For example, Thermometer 2's position might
be on the back wall, 1 meter above the floor."
Also record the outside weather conditions; for
example, apartly cloudy day with a
temperature of 5 C.

* Dividetheclassinto six groups. Each group
should select athermometer to read. Every 5
minutes read the temperature of your group's
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Infiltration thermometer. Record the thermometer readings of
Meter all the groupsin Data Table 2.
»  Graph the temperature data from each thermometer
1= A — = on the graph provided (Worksheet B). Usea
different colored pencil for each set of data. Write
the color used for each thermometer on the key.

» Take asheet of paper, plastic, or tissue and tape
one edge to apencil. Hold your "infiltration
meter" 15 cm in front of the fan. Then hold it 15
cm behind the fan. Observe the results.

S—— * Hold this"infiltration meter" in various positions

around the edges of several closed windows, either
in the classroom or at home. Observe what

happens.

* Asadclass, makealist of the functions of windows. List as many reasons as you can for
why we have windows in our homes.

» Defineradiation, conduction, convection, and infiltration.

Part 2: Researching Window Coverings

» Discuss how and when heat islost or gained through awindow. Be sureto includein
your discussion such factors as:

solar radiation, the direction of the window faces, the time of day, the
season of year, radiation, conduction, and convection, ventilation,
infiltration, and insulation.

* Do the Reading Activity provided on Worksheet C.

* Research the kinds of window coverings which can be used to admit more sunlight when
needed to help heat the house, to block sunlight when needed to help cool the house, and
to reduce heat loss from windows at night or during cloudy periods. Use current books,
pamphlets, and magazines. Useindex cardsto list and take notes on the kinds of window
treatments available for solar energy and energy conservation.

* Read the three case studies provided on Worksheet D.

» Useyour notes and the Reading Activity to recommend a window treatment for each case
study situation. Explain why you chose each window treatment.

» Asadclass, discuss the advantages and disadvantages of the window treatments
recommended for each activity.
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Background

If you've ever stood by awindow on a sunny day or a cold night, then you know that windows
have alot to do with how comfortable your home feels. Heat moves from warmer to colder
areas. Heat will enter through a window on awarmer day but escape through a window on a
cold night. Heat gets around in three ways. One way isradiation. Sunlight is radiation, and
most of it passes directly through glass, warming the objects on the other side. Conduction
occurs when heat is transmitted through an object. Glassis a good conductor, and transmits heat
from warm air that touchesit. Convection happens when heat is moved by moving air. When
cold air dipsin (infiltrates) around the cracks in awindow frame, it displaces the warmer air in
the room.

All three of these methods of heat transfer affect the comfort of people in houses and buildings.
In this activity you will investigate the patterns of heat in your classroom and learn how windows
affect aroom's comfort. You will find out how to treat windows from the inside to make them
more effective in conserving the energy needed to heat or cool your home.

Discussion

Looking Back:

Y ou have learned how heat islost or gained through windows. As energy becomes more
expensive, controlling this heat exchange will become more important. One way to conserve
energy is through window treatments. During cold weather, these treatments can be opened to
allow sunlight in or closed to keep heat in. During warm weather, these treatments can serve an
opposite function. They can be closed to keep sunlight and heat out or opened to allow cooling
breezesin. When these windows treatments are sealed at the edgesto reduce air infiltration, they
are even more effective.

Each window isunique. When selecting awindow treatment, you should choose the kind of
treatment which best meets your needs and tastes and best solves the windows problems. There
are many kinds to choose from: draperies, shades, shutters, panels, and interior storm windows.
Each variesin cogt, attractiveness, effectiveness, and ease of use. The choiceis up to you.

Going Further:

Investigate the windows in your own home. What kinds of window treatments are being used
now? What kinds of treatments would you recommend to increase energy savings? Design,
construct, and install a new treatment in your own home.

Plan awindow treatment to save energy in your classroom. As a class project, raise money to
construct and install this treatment.

Investigate commercial window treatments that are designed to save energy. Compare their
costs, R-values, effectivenessin reducing heat loss or heat gain, ease of installation and use,
attractiveness, and durability.
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Use your research to write a pamphlet or news article on window treatments for solar energy and
energy conservation. Duplicate the pamphlet for distribution to community groups or submit the
news article to school and community newspapers.

Assessment

Have students record their observationsin ajournal. Use the following questions to guide the
discussion. Have students respond to one question with a short paragraph.

1.

What form of heat transfer (radiation, conduction, or convection) were you feeling when you
placed your hands near the light bulb? When you stood next to the sunny window?

2. What happened when you held the "infiltration meter" in front of the fan? In back of the fan?
3.

What happened when you held the "infiltration meter” at different positions around
windows?

What caused the results you obtained when holding the "infiltration meter" around meters?
Describe the results you obtained from graphing room temperatures. Where was the room
warmest? Coldest?

How did the temperatures in front of the window compare with those in other parts of the
room? Why?
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Worksheet A
Changesin Room Temper atures
Data Table 1
Outside Weather Conditions (°C)

Thermometer Positions

Thermometer Position

1

2

3

4

5

6

Room Temperaturesover Time
Data Table 2
Temperature (°C)
. . . Thermometers
Time (in minutes) T 5 3 y z s
Starting Temperature
5
10
15
20
25
30
35
40
45
50
55
60
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Worksheet B
Changesin Room Temperaturesover Time

Using the data gathered in Worksheet A, make a graph plotting time on the x-axis and
temperature on the y-axis. Use different colored lines for each thermometer and make sure to
add a key/legend to your graph.
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Worksheet C

Reading
Interior Window Treatments

Draperies

One common window treatment is the use of draperies. When drawn during cold weather or at
night, draperies can reduce heat |oss from awarm room. They can aso be opened when the sun
is striking the windows to take advantage of its heating effect. During warm weather draperies
can be closed to help keep the room cool.

Conventional draperies, though, will not prevent much heat exchange through awindow. The
reason issimple. Draperies stand away from the window, leaving a space between drapery and
window. Inwinter, for example, the air in this space is cooled by the window, drops toward the
floor, and is replaced by warm air at the top. (See Diagram 2.) This continuous action creates a
convection current, reducing room temperature near the window. In fact, aconventional drapery
reduces heat |oss from aroom by only 10%.

To prevent this convection current from being set up, draperies should be fitted at the top or
bottom. Most simply, this can be done by letting the draperies fall onto the windowsill or floor.
For maximum effectiveness, the draperies should also be fitted at the top (with a cornice or by
placing the drapery against the ceiling), sealed at both sides, and overlapped at the center. (See
Diagram 3.) Velcro or magnetic tape can be used to attach drapes to the wall at the sides and
bottom. Thiskind of drapery can reduce heat loss as much as 25%. Thermal draperies, with two
layers separated by an air space, will reduce heat loss even further.

Roller Shades

This most common window treatment is an effective energy saver when properly installed and
used. The shade blocks air flow and forms an insulating layer of air between the shade and the
window. A roller shade reduces heat exchange by as much as 28%. By adding side tracks, tape,
or closures to seal the shade to the window frame, heat exchange can be reduced by 45%. If the
shade is made of or covered by areflective material, this heat exchange can be reduced even
further.

For greatest efficiency, a shade should be reversible, reflective on one side and dark-colored on
the other side. The reflective material should aways face the warmer side -- outward in summer
and inward in winter (See Diagrams 4 and 5).

In summer, shades should be lowered on sunlit windows to reduce solar heating. In winter,
shades on the south side of a house should be raised during the day to increase solar heating, then
lowered at night to reduce hesat loss.

Insulating Shutters

Insulating shutters are a very expensive form of window treatment, but may reduce heat
exchange by as much as 80%. They consist primarily of insulation, plywood or wood panels, a
vapor barrier, and a decorative covering. Insulating shutters should fit tightly to the frame on all
sides to prevent convection currents and to trap an insulating layer of air between the shutter and
the window.
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Insulating Panels

Insulating panels, or pop-in shutters, are normally made of rigid insulation. They are
inexpensive, whether you buy a kit or make your own. These panels can be popped into the
windows as needed, but require storage space when not in use. They can be covered with
decorative fabric or posters to make them more attractive. Insulating panels are made so that
their edges seal tightly against the window frame. Seals can be made of magnetic tape or velcro
strips. This type of window treatment can reduce heat exchange by as much as 85%.

Interior Plastic Storm Windows

A simple and inexpensive way to reduce heat exchange is the interior storm window. It can be
made of polyethlyene (like clear garbage bags) or rigid plastic. This window treatment can
remain in place al winter and will reduce heat |oss by as much as 50%. Flexible plastic can be
easily and quickly taped to the window frames. Rigid plastic storm windows must be mounted in
the same manner as insulating panels.

27 sunlight

1

1
SEEIRRAIR

:;::;::ﬁ 'I-ll'-lzﬂ reflective side
Diagram 2 Diagram 3 Diagram 4
Conventional Insulating Draperies Insulating Draperies
Draperies

Page 8 Window Treatments HS-1

Created by CSGServices, Inc. for Watts on Schools. To learn more log on to www.wattsonschools.com.



=*  Watts On Your Mind?

Solar energy educational activities for schools

— :‘31'-*_“___' . )
=, S W 2T
S

TR, T

Diagram 5
Roller Shades— Winter Use

—] \\"\-.
/ ol ___ folding
/ {"'/, /', Pl i shutters
shutters -~ Ao
opaned 7 './f S
away from .
window i s 45
Fd &
o /
_"-._____‘./
Diagram 6

Insulating Interior Shutters

interior
storm
window

.,

M,

bl ey
s

i

=
-~

Diagram 7 :
Insulating Panels Diagram 8
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Worksheet D

Case Studies

For each case study below, select a window treatment and explain your selection.

Case Study 1

For the winter months, Sue and John will be living in an apartment in New England. The
apartment's living room has only one window area, a set of south-facing patio doors which lead
to asmall balcony. The doors are not tightly fitted and air leaks in around the edges. For now,
Sue and John have alightweight pair of draw draperies covering the window area, but they want
the room to remain comfortable during the coldest winter night. Because they are on alimited
budget, the newly-married couple does not have much money to spend on window coverings.
What window treatment would you recommend for this coupl€e's living room?

Case Study 2

Jim has just moved into a college dorm in a southwestern town. His corner room has two
windows, one facing south and the other west. Although the room is air-conditioned, the heat
from the sunlight entering the windows makes the room very uncomfortable by late afternoon.
Jim would like to select a covering for his windows that will be attractive, but will also help to
keep the room cool. What window treatment do you recommend for Jim's dormitory room?

Case Study 3

Karen and David have lived in their story-and-a-half Cape Cod home for over twenty years.
Since their children are now grown and have recently moved away from home, the two
bedrooms and bath on the second floor are unused during the winter months.

Winters are cold in the northern plains states where David and Karen live, and they are trying to
reduce their home heating bills. They have closed off the second floor. Even though the upstairs
windows have storm windows and weather-stripping, a large amount of heat till is being lost
directly through the glass. David wants to find a type of window treatment which will reduce this
heat |oss. What kind of treatment do you recommend?
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Supplemental Information For Teachers
Window Treatmentsfor Energy Savings

Windows transmit solar energy. They can be used during cold weather to provide heat by
admitting solar energy, but during warm weather solar energy should be blocked in order to
prevent excessive heat gain. Windows also transmit heat energy. During cold weather, heat
should be prevented from escaping through them, but, in warm weather, heat should be
prevented from entering through them. Window treatments that reduce heat loss or heat gain and
also reduce air infiltration can save energy. These treatments vary in cost, effectiveness,
durability, ease of installation and use, and attractiveness. Energy-saving window treatments
include draperies, shades, shutters, panels, and interior storm windows. Different windows
require different treatments, depending on their size, shape, orientation, and placement. The
factors of personal taste and expense also determine the choice of window treatments.

Every window treatment has advantages and disadvantages.

Background

Windows provide light, ventilation, and a view of the area outside. They aso transmit solar and
heat energy. Asthe price of energy increases, we will be forced to seek methods of maximizing
solar gain and minimizing heat loss during cold weather, and of minimizing solar and heat gain
in warm weather, in order to conserve the energy needed to heat and cool our homes.

Windows on the south side are of great value as heat collectors, but only on cold, sunny days. At
night they lose heat, and during warm weather they can cause aroom to overheat. Windows
facing in other directions experience a net heat 1oss on cold days and a net heat gain when
outside temperatures are warmer than inside temperatures. Windows can transmit 20 times more
heat than an insulated wall of the same size.

Heat is transmitted through windows in several ways:

Radiation

occurs when heat is transferred as infrared radiation from one object to another through
space. Heat is radiated from your body to objects such as windows.

Conduction

occurs when heat passes through an object from particle to particle. Glass is a good heat
conductor and transmits heat from the warmer air touching it.

Convection

occurs when heat is transferred by the movement of air. In abuilding, air movements called
"drafts" are caused by conduction or by air infiltration. Warm air touching cold window
glass, for example, conducts heat to the glass; the air becomes cooler and more dense, and
drops toward the floor. Warm air replacesit from above, and a current is set up. A convection
current is set up. A convection current can transfer substantial amounts of heat. Infiltration
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occurs when air leaks through windows and doors around the glass and frame. Infiltration
produces drafts and can be eliminated by caulking, weather-stripping, and airtight insulation.

Insulating window treatments will reduce unwanted heat exchange. Aslong as they can be
removed or opened on the south side to permit solar gain when needed, they are an effective
means of reducing energy costs and conserving fossil fuels.

Source: Alliance to Save Energy (Credit: This activity adapted from What Color Absorbs the Sun’s Heat
Best, created by the Solar Energy Research and Education Foundation, www.seref.org.)
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