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. . . FOREWORD ‘ . , , Co
/ ': ’ A\\ - E - . ‘\2 N

! Indiana educators have alhays tesponded to the demands placed'

IAY

upon”them U& society to resolve natural and human resourcq

issues and problems. The task of teachlng epergy conerts

apd confervation practices to Indiana's youthxls a response S

to energy problems facing our state and natiofy, It will be

Al
S

acgomplis?ed by many high school téacheérs’and students getting
4

involved in emergy education. . .
Ve feel that students of all ages must be taught an egaxgy

. conservation ethic. This etthic will enable ¢ach student to

/
usef Indiana's and America's energy resources more efficiently
< . .

and with les$ waste. To help high school teachers accomplish - "

this major goal, we are pleased to introduce a new Senior High .
' N N
School Energy Education Curriculum. Thl§ exciting and 1nnovat1ve .
- Yy .

program-contains energy -education activities, programs and resources

i’ for you and your students. ’ ~ » ) -

- ) N i .
. We encourage you and your students to get involved in the lessons

., . 4

contained in our materials. We hope. you will:use these mater%als S

4 . ) . . - v . *
as a,starting point and go far beyond by involving other class-
students, resource agencies and citizens in .your

4 ‘ ¢

A broad educat10na1 effort is needed to help pre ares

»
room teachers,

comnunlt,y

- students to deal with a grow1ng problem which affects us all.

Harold H. Vegley * John M. Mutz

State Superintendent of
Puyblic Instruction

Lieutenant Governor
State of Indiana
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. INTRODUCTION _ o
(Rationale) * ‘e

E

ENERCY ESUCATION - WHAT IT 1S - Past, Present, Futute

v ¢
Energy educatiaﬁ’?s the “attempt %o resolve the conflict between
our present life style and the energy costs in both dollars and\

resources to produce and maintain that life style. «
nergy education is reality education in that it deals with what
exists here and now.

§ oo .
But, energy education is so a.study of futuristics. The future-
that all of us’ must be willing to live in and accept is the one’
that we are creating right “now by our daily decjsions. We -must
examine the beliefs that "growth is good'" and "bigger is better!
« and determine the impact these beliefs will have on our future.

Energy eggkators interested in the challenge to teach students
- about loeal, state, national and global energy resources, pro-
blems gnd issues should.consider the the following quegtions: 2]

1, Can you help prepare your students to make wise and care-
ful Mecisions about our remaining non-zenewable energy
resources? .

s [

2. Can you help prepare them to investigate and make wise
decisions about research and development efforts for alter-
nate and renewable resources, recycling progtams, more ef-
ficient transportation systems, better personal consumption

. habits, ard a personal commitmént to efficient energy usage?

~ )

3. Can 'you explain tv your classes where energy comes from,
what the basic sources of energy are, -how long our npn-re-
newable energy resources will last, and'the energy options
among which our nation's people must choose . if we are to
survgve?

.
)

+

'The_ three questions above suggest that energy educafion is a
challenge which encompasses: allsfacets of living. Energy edu-
cation i§ am opportunity for students to have impact on a long-
b ‘lived problem, an opportunity to &pply traditional content and
skills to an important problem situation, and an opportunity - .
for students to participate in persogal'and sc~ial .decisions. .

.WHY STUDY ENERGY?

"One of the best ways to deal with a crisis is to consider it as
\ an opportunity. From this point of view, the energy crisis pro-
vides almost endless possiblities for children to learn abaut‘
themselves. FEnergy after all is what makes all things go. We
need to realize that the energy crisis isn't just.the newest fad.

o

-
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By studying the energy érisis, students cdn see. where humanity-

has been, where it is now, and where it might be going. The )
energy crisis is another chapter in the story of mankind's con-
tinu%ng effoit to reshape the world and 'the ingvitable cost of

doing that." . T = ' N

To ensure propep utilization-of energy sources, our sociéty
must be.educated alout qlternate,life styles,, epergy resources, /
technology, consumer behavior and occupations. ’ ..

The Indiana Statg Départment of Public Instruction, in coopera-

tion with.the Indiana Energy Section, has organized the Energy
Education @urriculum_Project (EECP) to meet- the challenge of -
educating young people (our future adults) about energy, the
energy-crisis and the role they can play to’ help conserve

America's economy and resources. .

.One way the Energy Education CQurriculum Project staff has dealt

with the task of disseminating energy information and education

is through the Indiana Energy Curric¢ulum Units. The units have

been organized to help provide educators in many areas with les-
sons, ‘charts, materials and 'hands-on" actifities to be used in

the classroom. 4 .

- i \l { ‘.\p 7

-
L

< . -

v 1Quote taken from: The Science Teacher -- geptember 1978.
Article: "Teaching the Energy Lesson' ' .
Author: David J, Kuhn ' v
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The Curriculum - Bagkngund Information

. <
. The égergy Education Units contained in the Senior High School :
materials were adopted-from existing .energy education materials,
~ A team of teachers from Indiana reviewed and evaluated energy-
documents from across the nation, and only those activities or
v lessons which proved to be effective in educating students were
chpgen‘for Indiana's, program. ‘
] The units are designed to be used as the individual teacher
' . .wishes. The energy unmits could be used as an entire curriculum
_“or as a resource document, supplement o¥ laboratory manual of
. "lands-on" activities which can be infused.intp already existing
- curricula: .
The Indiana Energy Education materials Tor grades 9112(consists T,
.. of a Teacher Guide, nine units confainirg a.wide variety of
energy lessons, resources, Jearning aids and’a bibliogfaphy.

*q [

- Unit Objective . . . \ ¢
v ) “ - % -
. . Upon completidn of this unit the student will be able to de- ,*
o fine the common units for measuring hédat energy (Calorie, -BTU) .

and convert measurements from one set, of units to another, given

the convefsion formulas. Also, the.student-will be able to

caldulate the+heat transferred to water by different heat sources,

given its mass and change in temperature,- ’ ) '/
7 \]

« . Unit VII Background Information g - ) - ,

All forms ‘of energy can be converted to heat. Some sources of
.energy are used to -produce heat energy for heating our homes
and offices. In this unit Students seek to determine the most
economical source of heat for homes and offices in order to -
introduce them to the measurement of heat energy and its

.+~ standard units: the Calorie and the BTU. ) B

.

It would be interesting to note, the cost of heating homes in
'the past, present and future! How has the energy‘crisis had
an affect on home heating costs and what is the outlook for
the future 4n our everyday living? . .
. Unit VII lessons can b& infused easily into many disciplines,
' specifically;-General Science, Chemistry, Physics_and Math.
The lessons consist of "hands-on" activities.'and. experiments
fbr students .to do. In addition to experiments in ewmergy e
conver%ion there are also’lessons designed for the student
to conmstruct various simple machines or-devices to demonstrate .
the energy conversion concept. Y , :
’ * *

. ” .

b
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. . S ‘ EECP
‘ 7 S Unit VII
o . ¢ : Lesson)A .
’ ) ) .
©\LESSON TITLE! "Calories.for Heating Our Homes, 4
) ‘ * The Cost of Heating" .

® -

LESSON OBJECTIVE . ‘ Y

. Students” will become familiar with the common’ units for measur-
“ing heat energy (calorie’, BTU) and be able to calculate the
heat transferred and. the cost per unit of heat energy that

could be produced by-an energy ,sburce. .
' T, T .
BACKGROUND INFORMATION T -
* ! ' 4 - N r -~
Key Ideas _ , . :
- " 2
1. Many mmsmc,@nibggggyerted to heat energy in
- order to heat homes and offices. ‘ S ”(s”zr'

2. The observed temperature change of a substance is directly
proportiopal .to the amount of heat energy transferred to
- the substance; and indirectly proportiondl to its mass.
yfﬁ/,3. Standard units of heat energy, .such as Calorie or BTU, can
. . be definmed in terms of the energy required to change the
', (. temperature of a specified mass, (t kilogram or 1" pound) of
* a standard substarce (water) by a .gpecified number.of .
degrees (1~ Celsius or 1 Fahrenheit) . ‘

' 4, The reldtive costs of heat energy from different 'sources

can be ‘determined by converting the known price per unit
of measure to .price per unit of heat energy (i.e., price

,\ J pep‘Ealq:ie or BTU).‘~

~

~

_ Teaching Suggestions
Pre-lesson Preparation

‘ ‘. N ‘ : - N . . N s

This lesson can best be employed in the context of other studies
of heat apd énérgy. In particular, students should hawve aquired
some simple understanding of the concepts of: .-

1. Energy-how do we know it is being used? (We observe energy
in use as ither }ight,* motion, or warmth.)
2. WEnergy sources-wiftat materials or processesyare capable of
producing light,* motdon, and warmth? _ (Fuels, electrfirity,
o _syn, etc.) - . - !
: 3. Temperature and how it ‘is méasured. ' “
4, - Hegt-a form of energy which is transferred from a hot sub-
. stgnce to 4 cooler substance in its vicinity. - :
+ - y) -

%

*Includes radiant energy. °* .

p
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o -ACTIVITIES .~ . S L
Students ,are asked in response to an 1ntroductory story, to ™
determine the mostlgbonomlcal source of heat energy.  They are .
' - led to enumerate possible seurces, both ‘past and preséht and . .
to investigate their pﬁlce per dﬂit of yneasure (volume, welght
, or electrlc energy). g . _ Ry v o
- . . . ) /

TN, Begin lesson’ by posing a problekhsiggation in’ which one
- needs to compare and determlne e, most economical source
: f heat energy! -

L1 2 - ‘ .
~

- For example, relate the following story to students: . - -

. ”In a.conversation one even:ng with several of _my friends, we
gan discussing some of the newspaper and magdzine stories
, ated to the engrgy crisis. Each of us was particularly ‘ .
concerned gbout the risin costs of fuels and electricity. )
- (Do you know what I mean “fuels? Can. you name some?" ~An- -
‘swer: fuels are substqnces, such as coal, ‘oil, natural gas, . < .
alcohol, wood,” etc:, which release their stored energy upon :

[ puined L . & . s
. N'One frlend Mr.,Smith, said that his home (apartment) was
k. heated by the burning of heating oil, and his bills were
' 1ncreas1ng "each month because of the rising cost of-oil.
Another friend, Ms% Jones, said that her place was being>
heated by the burnlng of natural’ gas, and her hills weré
4 rising because of the increased ghs prices. The home*
N Ms. Green was recently built and was all electric.  Each
, room in the’ house, was heated by baseboard heaters Her
. ' heatlng b111s wel ~a1so rising. LN e

L%

-t

Al

! ) o
” .
nh !'The conversation was like a conversatlon between fishermen:
- ~each friend claimed his heating bill was larger, in much the ‘
. ”m shme way each fishqrman relates that the fish he caught, was ¢
. . . larger. Each friend, however, ‘was interested “in the heat
i * . sources which _would be “the mdst economical the one whlch
R would provide the grcatest amount of heat for the least mdney. .

"I suggested that since we were studying Heat and energy here

in class, we might be able to help them determine whether -

electricity, 0oil, natural gas, or some other fuel would be ¢

the most economical." \ o { 2
/‘\‘ % = ’.' . -

2. Brainstorming with students to obtain a 11st of current”

. : and prev1ous sources of home heating. ,'o . i

- "Before we try to determlne the cost df these fuels let's
. e construct a 1ist of fuels’ that are now be ng used for

SIS heatlng\bomés.and offices jn our commu v." : T
' 7 - . . / . '

-
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Hav& students brainstorm and list on tﬂe board ‘as‘ many

fuells as they, can think of. The list might include:
Heating «0il . ’ - N U
N Naturai,Gas - . tes .
"~ Electricity (not a fyel) .- R y
.Coal, Hardwood: ‘' - v ;
Othbrs, such-4s gasoline and alcohol . < @y

. B . ‘ 0 A Y
The first thré%”éﬁz?%y sources in this list were mentioned
in the story. Coal and wood are used. in only a small per™-
,centage of buildings at present, but were once used exten-

. sively. If these fuels are not mentioned, these ight ‘be

introduced into the discussion by displaying¥Figure 1. -

“ Discusgrﬁ¥th stﬁdents, using %fgure 1, the histbry of fuel

usage' during the past 100 years.’
Ask/students: : -

NI ’ .
"from this éraph, which fuel is, most used used nowadays ‘as
our source of energ??. Which was most.used 25 years, ago?’

° -
. %; \\/\ 50 years ago? 75 years ago? 100 years ago?

(_;zl.

As an optioﬁ,-one might discuss at this point the possible

.reasons for the change in fugl-ﬁsage,in the last 100 years.
(See NSTA Energy-Envirgnment Source Book, Volume II, Chap- -
. ter 4.) (Note: the figure displays cogy urfbtion of fuel

for all uses, not:just home heating.) .

;i . « - P 4 ,
Suggest to stgdents that it might be worthwhile to include
coal, hardwood, and other petroleum derivat@ves such %ﬁg\
gasoline on the list. ! / -

/Through discussion of how fuels and electricity are pro-
duced, direct student attention toward specifying their

cost as their price per unit of meagure.

€

Ask students to constructfheir own table of heat spurces
from the list on the board.” Instruct them to lTeave room
for six other cQlumns for later work. '"We now .have our
ghopping list of heat sources. Let's find out how much
each costs." . . ‘ SR / '

A v
Make the observation, or develop the idea through gdis-
cussion, that the cost of an item in a market is always

& given as so much money for a given quantity of ~thefit

.being sold. For example: strawberries may e sold for
.81 a quart, stringbeans for 39 centg a pound, milk 'for
$1.20 a gallon. Quart, pound, and gallon are #nits of
measure. : Lo

ooy,

~—

¥
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Request that students, therefore, add as columns 2 and 3
to their table the headings "Units of ‘Measure' and "Price
Per Unjt" respectively. Students may know some of the
units and prices; these should be solicited and %ecorded.

End lesson by assigning students thg)@ask of determining
"priwe per unit,of measure' for all heat sources in table.

Divide-class inta several groups, one group for each" .
heating source listed. Ask each group to determine the

unit ‘of measure and the price per unit for those sources

here. This information is lacking. Explore with students
the possible sources of this information: Their families'
" heating and utility bills or local gas, oil, and electri¢
companies. ' . . .
L4
N LI v
FIGURE 1 . . . : -
~The Changing Fuel My ! ‘ / ’
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N . .o ) Unit VII.
Tl ] - - Lesson B

- LESSON TITLE: *"Po We know the Heat Proguced.Per -

- ; ; *  'Unit af Measure?"

o

P

. “ * s
LESSON OBJECTIVE: " < R "
N ) - S ;' v ]
X ‘? - . The student will pé able io_compare the relative cost of. dif- .
ferent energy sources using” theiy costs per unit of heat energy '

And identify the imost. economical one. )

® - .
[N

BACKGROUND * INEORMATION = - . \ ,

- .

‘In order to deter&ine ‘the most ‘economigal heat source, students | .
- are led fo realize the need for knowing the heat produced per '
unit of . volume'or weight measure” for each fuel (and heat per

kilowatt-hour .for electricity). Demonstrations are performed

' . to suggest experimental means for measuring these quantities. .. o

~ ..}
" ACTIVITIES S o | .
. Set up four tribo&? (or ring stands and rings) with, wire ‘gauze~
) - -pads. Place an uninsulated 500 millilter pyrex beagker filled
. two-thirds with water on each tripod ‘and pad. Prepare materials
necessary to heatsi€ach beaker by a different method: a Bunsen
burher for one, -an electric immersion heater for another, an
. alcohol lamp -for anpther. (At minimum, set up(&wo tripods with
the first two\hgat sources.) )

a4

. ‘ N \
« 1. .Complete the” table of heat sources$ and their price per .
* unit of measure found at the end of the lesson. - A
. o v , AY
4 . Record in tie table the units of measure and the average
) price per unit for each of the heat sources as they were %
obtained by your students. T information on costs may
“differ to some extent for a ngiety of reasons: for ex-
' ample, the price per unit of electricity may differ de-
‘pending oH-the amount -used in each home. Approximate
.\ " .averages are satisfactory, however.

. (For demonstration purposes we will use here the prices
prevailing in the Washington, D.C., area in mid-1974.)
»
LT - : . P , .
2. Devélop the need for a ®%ommon unit pf measure (price pex
“heat produced) by attemptiné to'determine the most eco-
nomical heat source from table entries.

s & " - . * .
C {/ Ask students: ' .

* "Which sowrce of heat is the most economical to use? Which
> . haﬁ\gge lowest cost per unit of measure? Is it more costly
to héat a home with heating oili or naqiéél gas, for example?"

ERIC & SR PR TN
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1 .. In all probability, students will point out that one can-
- not compare, the cost per 100-cubic feet for natural gas
with thatwfax gallons of heating oil. If this is not
A ‘ suggested 1t may be useful to add the follow1ng
5 . -
"If *this question' is nqt cleaf leg's try a sllghtly
“ ~-different question. When you're at the supermarket)
. can you determine which food can give you the most
' T nutrition for the least meoney7 For example, can you
’ tell me which gives yow" mMore nutrition: a gallon of
. milk or a pound of cheese? Why not? Art the units the
. same?4 (No.) Then what is ‘the problem in determipin
" the most economical .source of heating?" .(The cost o%
the sources are d@t the same unit of measure.)

<7

-

-~

_ Have students determine the quantities tHat they need
p to know in order -to change each price per unlt of measure
) " to the prlce per unit ‘of heat energy.

d Ask: . ) ‘

' ) "When we buy these 'sourd®s, what are we interested in?"
Their weight? (No.) Their volume? (No.) How about the
amount-qf heat they produce?" (Yes.) ’

- . .

"Why do we quote their price per weight or price per

f _volume? What are we really interested in?%" (The price
per unit of heat they produce.)
¥
N ™ I -
1 (2) (3 () " (5)° {6) 7
. Heat Unit of Price Per
Souree Measure Unit =
Heating O Galion $ 036
Natural Gas 100 Cubic
Feet 0.22
Electricity Kilowatt:
) Hout () 0.05 X
Coal Ton ’ 5165
Hardwood Cord (") 4000 - X
i Gasohine Gallon 0.56

.

I

{°) These units may need to be explained to students -
fﬁbur 1s the unit of electrit energy It s calculated from the ‘wattage of the appliance or device and the time it

~ a kil
' . 1s used, A 100 watt bulb used Yor 1 hour uses 100 watt-hours or 0 1 kilowatt- hours if used for 10 hours, it uses 100 X
10 = 1 000 watts-hours, or 1 kilowatt-hour . <
. a cord of wood 15 a pile of fogs 8 feet long, 4 feet hngh and 4 feet wide. .
e ] . .
- G
» Lo ! ‘
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; (The above discussiodn would not be needed if in the
. previous discussion some students already indicated the .
. ' engergy spurces as they are given in the table. What you , :
“ ‘ want to buy is not coal, wood, or oil itself but the
energy it stores.) : '
. Ask students: . : . >
C : e .
{ ‘ "How can we determine the price of heat produced b{ each
h source?. If we know, for example, the price per gallon or
. per kilowatt-hour, what do we need to know to determine -
’ the price of heat produyced?" (We need to know the heat ;
produced per gallon or kilowatp-hour.) .
Demonstrate that if you know the price per gallon, you v

can determine the price of heat produced by knowing the
heat” produced per gallon:

3

price per gallon price of
' divided by ? ™ T\—heat produced
¢ ’ ($ per gallon) = ($ of heat produced)
s : N . . - . -
- & . , . ‘
. Thus ($ per 1lon) C
. v . ($ of Eeatﬁproauced) £(7)
" ‘ . or ? = (heat produced) > '
) . s (gallon) ' = heat produced .
P . - / ) . . ' per gallon
4 * Have students fill in column 4, Quantiéy We Need to Know, of their
tables. :

’ . . A, .
¢ 4. Perform demonstration 'of heating water by various energy -
sources in order to suggest methods for measuring heat
produced per unit of measure.

Pose the questions:

"How can we determine or measure the amount of heat produced

v by a gallon of oil, or 100 cubic feet of natural gas? Do
you have any ideas? Let me show you some expaerimentg whith
might suggest a method."

[N

Light the Bunsen burner, the wood splints, the alcohol lamp,
and turn on the immersion heater. Explain each set-up.
Place-a thermometer in each beaker. «




- v

" . ,"What is occurring in each case? (Water is being hqﬁtea.)
how do you know it is being heated?'" (The temperature of
- the water is increased.) .

7

Ask students if theﬂ;can then suggest a way to measure
heat by measuring something that is always associated
with our g¢oncept of heating (an increase in temperature
of the water when heated.) The change in temper-

ature of a substance can then be used as an indication
' ‘that heat is being transferred to .the substance.

5. Pnd lesson by assigning students the task of devising ?
experiments to measure®the amount of heat produced by
each fuel.

* Summarize discussion: ,

"We have determined that in order to compare the cost of
the different heat sources, we need to know the heat pro-
duced per unit of volume or .weight (or electric energy)
measure. We have also seen how the heat produced is
related to the temperature change of heated material.
- Does this suggest a way to determine the heat produced
. per unit of volume or weight?" :

Assign students the task of devising, on the basis of 4
this infdrmation, experiments to measure the quantities
in column four of their tables. Have them write down
the materials they would need, the procedure they would,
follow, and the means they would %se to calculate the
heat transferred. +Ask them to note any additional in-
formation they still need. . . -
= ‘ If students have no previous knowledg% of heat units, it
is likely that they will not be able to calcdulate the heat
produced from the temperature change measurement that they
- . will probably suggest as part ofr their experiment. In
addition, they may not specify the quantity of water or
other substance'employed in their experiments. These may

+, Serve as points fér discussion in the next lesson.

ng% . . ) 1
{1) . (2) (3) (4) (5) (6) 7
Heat Unit of Price Per Quantity We
Source Measure N Unit Need to Know
1 Heating Oil Gallon $ 036 (Heat per Gallon} *
~ Natural Gas Ne_ 100 Cubic {Heat per 100
Feet 0.22 Cubic Feet) U
Electricity Kilowatt- (Heat per Kilowatt-
Hour + 0.05 Hour}
Coat s Ton 51.65 (Heat per Ton)
Hprdwood Cord 40.00 {Heat per Cord}
Gasoline Gallon 0.56 {Heat per Gation)
o~
|
v, ' ’
£ - 12 \ »
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Unit VII

. . Lesson C

[}

. ‘ ‘ ”
1LESSON TITLE:" "Measuring Heat Transfer: The Calorie

- LESSON OBJECTIVE

Students will be able to determine that the change in tempera-
ture depends also on the mass of-theisubstance being heated by
conducting a series of experiments.

~

BACKGROUND INFORMATION ‘ t

)

Experiments are performed to demonstrate that one can not equate
the heat transferred to a substance to its change in temperature.
The change in temperature depends also on the mass of the sub-
stance being heated. From this result the defimition of the

Calorie is developed.

N

.

Advance preparation:

“aw

-

Set up apparatus (see materials list: at end of lessons) to heat
2 beaker of water with a Bunsen burner. Experiment may be per-
formed as a demonstration or as a student experiment (in which

case materials. are needed for each studen

1.

Review student suggestions for measuring the amount of heat

produced per unit of volume or weight of the heat energy
sources. '

Ask students to descirbe how they would détermine how much

& or group of students).

heat would. be produced by burning the wood splints, alcohol,

natural gas, etc. What equipment would they use? Would
they use water as the substance to be heated? Would they
measure its temperature change? How much fuel would they
burg or use? Suppose they measured a témperature change,
then what? Is the amount of heat transfgrred equal to
the temperature change? ) - o
SN - .

Per m, or have students perform, an experiment toO de-
termine if the temperature chahge of theg heated water: can
be equated with the heat transferred. ‘

: +
"Let's perform an experiment to determipe if we can say
that the amount of heat tra?sfer;ed from, for example,
the burning gas ol a Bunsen’burner to the water in a . .
beaker can be set equal to the temperature change of the

f

water.'

L3
N

Have students construct a data-table similar to Table '2 in

this lesson. Explain that since it is difficult to measure

volume of gas burned by a.Bunsen burner, you will measure

+
A

13 . £~
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instead the time of heating for each trial. If the rate
(votume per second) of the gas flow is Tnot changed, thén
the heating time will be directly proportional to the
volume of gas -burned. N ]

. 4 4
Heat successively three 500 milliliter uninsulated
beakers of water which are about two-thirds full for a
short period of time after recording the masses of the /
beaker, and the beaker plus water. Use g slightly dif-
ferent amount of water each time.

.
*

Measure the initial temperatufe and final temperature for
each trial. The gas-flow setting should not be varied.
Sample data are found in table 2.

In _these trials a thermometer was left in the water and
used to stir the water while it was being heated. The
beaker was removed from the heat source at the end of

*  four minutes in each trial: the final water temperature
K was recorded as the highest ‘temperature reached. ' To
obtain useful results with this simple apparatus, the
) volume of water was not varied by more than 20 percent. .

(The heat transferred to the beaker was also ngglected,)

»

ACTIVITIES \ ' ‘

A: When the experiment has. been completed, ask students
questions which develop the point that for.the same
¥ , heating time (and therefore, volume of gas butned) the
temperature change was different. For example: -

3

[ 4

1. ""Was the measured temperature change the same or
different for each trial? (Different.)
2. Was the volume of gas burned the same or different?
(Same, since the time of heating was the same.)
. Caem .

' 3. If the same amount of gas was burned, was the same
amount of heat transferred? (Yes,)

4, Then why is the temperature change different if the °
heat transferred is the same?" (The masses of water.
were different.) ) C

-

*

N Help students to copclude that the heat transferred cannot
be set equal to the temperature change because’ the temper-
ature change depends on the amount of water being heated:

: a large amount of water will have a small change in -
temperature, while a smaller amount will have a larger
' change in temperature for the same amount of heating.

X
& 8




L & .
B. Introduce the MKS (Metric) unit of heat energy, the .
Calorie. NI ‘ .

"Since we cannot equate the heat transferred to the -
temperature witholt considering the amount. of, water
being heated, we need to define a new unit for heat
.energy which wil]l take this into account. In the metric
(MKS) system of units this is called the Calorie. If
* we heat 1 kilogram of water and raise its temperature by
1°c, then we have transferred 1 Calorie to the water."

¥

‘ (You might wdnt to note that the calorie, spelt with a
small c, is the CGS unit -of heat energy. The Calorie -~
kilocalorie -- equals 1,000 calories. The Calorie is the
unit most commonly applied to food.)

TABLE 2

Time of Mass {in kdograms; . Temperature (°C)
So H

Tei of :;‘:: (m|::xt|e:°) Beaker Beaker + H2O H20 {nitial Final o Change

1 ) Natural 4 0186 \ 0584 0398 i5 54 39 »
Gas ’

2 Netural 4 9186 0609 °| 0423 15 52 37
Gas v

3 Natural 4 0186 ' o670 0484 15 48 33
Gas ) >

o b * ¥
C.. Have students determine if the heat tzansferred to the

water in each trial was, in fa%t, the same.
(-]
‘ Ask your'stud!:ts to.calculate ths number of Calories of
heat energy tranfetred to the water ip their first trial.
If they appear to be puzzled on how td proceed, use the
data for trial 1 (in Table 2, or preferably, the data they
collected) and work through the first calculation with them.
Help them to see that if it takes 1 Calorie (or 1 calorie)
of heat to raise the temperature 6f 1 kilogram (or 1 gram)
f water loC that, using the~data if%Table 2, it would take
.398 (pr 398) times as much to raise the temperature of
0398 kilograms (or 398 gramsj by 1°C, and that it would’
. . take 39 times as much to raise the temperature of 0.398
. kilograms (or 398 grams) of water 39°C. . This reasoning
is summarized'in the expression::

Heat traﬂsferred = 1 (Calorie]kg/op) x mass (kg).x
change in temperature (°C)

. . ” Heat transferred =1 (Calérie/gg/oC).i 0.398 kg x 39°C

-

Heat transferred = 16 Calories or 16,000 calories




td

Ask: .

"Is it possible to check our earlier assumption that the
natural gas burning at a constant rate for the same period
of time would provide the same amount of heat energy to
different quantities of Water? Is the heat transferred in
trials 2 and 3 the same a$ that in trial 1?'' (Ask students

to chegk if this, is so. Their calculations will probably

, indicﬁie that* the assumption is wvalid.)

’ D. End lesson by ésking students to think about how they could
determine how much heat is produced by 1 kilowatt hour of}
electric energy as measured in Calogies.f

§ . Related Activity X

Have students research the amount of energy stored in different
‘ " foods as measured by the number of Calories each is said to
¢ contain., Which foods contain heat energy than the amount
transferred to the water? Which less?:

*Note. this relationship is exact only for water, which has a
specific heat of 1.0. A later lesson might be developed to
introduce specific heat by performing the same experiment with

a different liquid: wuse the ‘same mass and she same burning time.
The energy transfer will be the same, but the temperature change
will be different because the specific heat will-'not be equal

to 1.0. ‘
) PR T "
.. RESOURCES )
’ Energy-Environmental Mini-Unit-Guide - A,product‘of the NSTA

(National Science Teachers Associatiom) Energy - Environmental
~ Materials Project, John M. Fowler, Director.

. The development of these materials was* supported by the Office-

vwof .Environmental Educatidn under the Environmental Education
Act bf 1970 (P.L. 93-278).

\
Books
. Articles : N
- -
’ £ . ! =
R
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“ . __ Unit VII

- . C o Lesson D

*

LESSQN TITLE:E "Kilgwatt-hours, Calories and BTUs".

LESSON OBJECTIVE !

[\ N . .
By performing a Sigple experiment, students will determine
the number of Calories that are equivalent to one kilowatt-
hour.® Students will become* familiar with the BTU and compare . «
it to the Calorie and Kilowatt-hour.

®
BACKGROUND INFORMATION
3 ' o - -
Set up apparatus as in Lesson C, but+substitute ‘immersion
heater (s) for Bunsen burner(s) and 250‘milliliter beakers
for the 500 mtlliliter beakers previously used. ’

1. Revie® previous lesson.
Recall with students that although you have together

developed a unit’of measure of heat enerxgy and have.

found that the heat energy transferred by burning the

same quantity of gas was the same, you still: cannot .

say how much heat energy there is inTa cubic foot of, .

gas because the volume.of gas burned was not measured.

Tell them that you will ask them to research later

what the number of Calpries produced per unit of volume

or weight measure is for the various energy fuels. by

checking with the library references and local utilities.
Hpwever, you would like to determine in class one of the \QK
quantities that is needed in column four of Table 1.

1

s < ¢ i -
2, Introduce and perform, or have students perform, an experi-
ment to deté{pine heat equivalent of kilowatt-hour.

Solicit student suggestions as to how to measure the
heat produced as medsured in Calorieg by 1 kilowatt-
hour of electric -energy. Suggest that an,immersion .
. * heater can be employed to heat the water by electricity.
\ ] .
Call their atteﬁ%ion to the wattage marked on the stem
of the immersion heate¥. . ‘ 5

"Since we know thé wattage, can we calculate the heat
equivalent of 1 kilowatt-hour of electric energy by

' %sing)it to heat water just as the burning gas was_ used?"
, Yes.

X . To do so it will be necessary to record x%e time of heat-
ing, ‘the mass of the water, the initial temperature, and
the final temperature. Ask students to record in their

? \

-

. 5 - -
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notebooks'a table with the appropriate heading in which

“data for three trials can be recotrded. The data tabld .
Acceptable to your students should be placed on the
board before the.trials, are rup. ) Tty

%

The data in ¥able 3 were obtained with a 250'Wab€ immer -

+ .. sion heater and a thermometer placed in'a 250 miililiter

~ *~" peaker#containing approximately 200 milliliters of water

' each time. The initial temperature was read with the

il immersion heater in the water -but before it was turned on.

~ The immersion heater was turned off .and removed from the

) water at the end of 180 seconds. The final ‘temperature

was the highest temperature recorded on the'thermometer

~during the time the immersion heater was on. ‘

" ACTIVITIES S g
- - ’ A 3 ’ ;
A, Have students calculate the number of Calories produced -by
1 &ilowatt-hour ,of electric energy.

Ask students to calculate, using their data, the number
. of Calories produced by ¥ kilowatt-Hour of electric-energy. -
.+ The calculations for the data in Table 3 follow:

Electric-energy supplied by immersion heater = heat energy
- gained by water { : ' .

0125 kilowatt-hour = 10.4 Calories (mean of three-trials)

) 1 kilowatt-hour = 832 Calories (or 8325000 caloffes) -
¢
B, Introduce BTU (British Thermal Units) - as unit. of “heat energy
“and have students, calculate the number of BTUs per Calorie.

At this time students might'be.inQerested in knowing how
) . their value for the heat equivalent of 1 kilowatt-hour
of electric energy compares with the literature value.
) One kilowatt-hour equals 860 Calories. Also tell them
™ ~ that although our country .is switching to metric units,
heat energy is still measured and reported most frequently
by engineers in British Tifermal Units. The BTU is_opera-
tionally defined as the heat required to.raise the "tem- .
“perature of 1 pound of water (about 1 pint) ‘by 1°F (Fah- 9
renheit). Thus, it would be useful to convert the unit
of Calories to BTUs or to redo the experiment with the
immersion heater taking measurements of the mass of water
in pounds and temperature readings in degrees Fahrenheit.
Choosing the former, instruct the students to convert the
mass data in Table 3 from kilograms to pounds with the con-
version equation 1 gilogrgm'= 2.2 pounds, and the tempera-
ture readings from °C to "F with the conversion equation
F=29/5(Ct 32). . . =

“\

o o~
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.+ The calculations using the data for trial 2 in Table 3
follow: : . : -
N W . ' g
T.(%F) initial = 9/5 (14-+ 32) = 83°
T (OF) final = 9/5 (64 + 32) = 173°F _ '
T CF) =T, - T, = 173 -.83 = 90°F - ' ‘ .
Water ‘heated = '(0.208 kg) x (2.2 pounds per kilogram)
- = 0.458 pound “ . .
Energy gained " N
by water =1 (BTg per pound OF) x Mass (pound) )
, x T (F) ¢ '
' . - \‘
= 1 (BTU per pound °F) x 0.458 (pound)
x 90°F : )
="41.2 T .
] BTUs S ] o \:.
Electric energy supplied - heat energy gained
by immersion’ heater = ‘ by water
| .0125 kw-hr - 41,2 BTUs
B 1 kw-hr = - 3,300 BTUs*

*The literature value for kw-hr is 2,412 BTUs .

”awgﬁg :

f*5incegthe heat transferred to the watef should be the

~ same whéxher it is measured in Calories or BTUs, it is
~ possible to use these results to determine how many

Calorjies equal 1, BTU. A
.0125 kw-hr = 10.4 Calories o« k
0125 kw-hr = 41.2 BTUs o .
41,2 BTUs = 10.4 Calories R ~
S 1°BTU = 0.25 Calories or 1 Calorie o 4 BTU
C. End Yesson by .assigning students task of completing column  °
N

five, BTUs Per Unit of Measure, of Table 1.

Recall Table 1 and the search for the most economical energy
source which began this study of energy. . Ask students to-

- “zomplete colimn five as homework:
i

"What is’ the heat eﬁergy in BTUs.that.éan be obtained from
1 gallon of heating,oil, 1 ton of coal, 100 cubic feet of
gas, 1 kw-hr of electricity (check own results),.l gallon
of gasoline, and,l cord of wood?". - . ,

The specific references listed in the bibliography for‘this
activity should be suggested, Also, some- students should

make calls to local ehdergy suppliers fbr information re-
gdrding their. particular product. ° v

L]
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TABLE 3 N, ‘ . : :
«  Heat Efiivalent in Calories of a Kilowatt-hour of Electric Energy t
\ 1 S Total Energy Mass {in kilograms) Temp, (°C) * Energy N
R Electrical Transterred ] Transferred
' " Power Time Kilowatt Beaker to H26
. ) S S (kilowatts) ( Ly hour Baaker +H20 H20 | T | T¢ | AT {catories) N
” . 1 ' 0.250 180 0.0125 '0.1 01 0.292 0.191 15 69 |54 10.3 ‘
2 0.250 180 0.0125 0.101 0.\309 0.208 14 64 50 10.4
' 3 0.250 . 180 - 0.0125 0.101 0.308 0207 14 65 51 10.5
' %
. . 71 St
4 )
— el | «
T . \;\ /
v . [} ® * ~ a -,
L 4 [y ‘ ¢ - " -
, . . -2
- . ¥
- i \
t N - ‘ * ’ - \ B
R { £ N - -
& .y N ,
; =
b // -2 -~ ’ * .
s & ) ! . . .o !
v ’ F‘ R . b v
o - ' . . A4
i °
. ® — e
7. :
1] 3 . -
. »* . :
1 . . ~ Ay
t 5 .- 4 ’ . -
% . - . &
pos . P ,
. g
- . . » .
s s o
L N4 : . .
h . * .
. v v .
. LY
. . L ,
L ] »
. .. M x
? » - , 4
- = - . ) i
- . B L] - 3 ‘
. ‘ . )
5, s é
. -~
i . ’ . n »
- 20 - ' ’
"ERIC : :
- N . -
. — .- . , .a




. - %
’ . . EECP
- & . . ‘ Unit VII
’ Lesdon E

LESSON TITLE; "The Most Economical Home Heat Soufce"

®»

« LESSON OBJECTIVE:"

- v DY
Students will determine the most economical heat source from
the information they have obtained in previous lessons.

BACKGROUND INFORMATION: %

In this lesson students determine the most economical heat source
from the ¥nformation they have obrained in previous lessons. =

1. - Review previous~1§ssonlﬁhd students' assignment.

Begin class by discussing the ‘results of their literature
search for the standard values for the number of Calories
equal to a BTU and the number of BTUs 'equivalent to a
Kilowatt-hour. The percentage difference between the
standard values, and their measured values could be calculated.
s ‘ . ) )

Refer students to Table 1l-in previoufglessons and to the

, eqpy which you have placed on the board. Write "BTUs Per
Unit of Measdrement" in-.the heading for column five.- Ask
students to give y?u the values they have researched for
the number of BTUs/ per unit,of measurement for each source.
(Columns five, six, and seven of Table 1 in 'this lesson
contain information for the teacher's reference.)

' 2.' Haveféégggg;;—zétermine cost per million BTUs and the

relative cost of each heat source. .

“ :
Write "Cost Per Million BTUs" in the heading for column
six. Assign different groups of students to calculate
the- cost of 1 million BTUs of jenergy obtainable from each
energy soirce. (The average fmount of heat required to
heat a home in the United States for one year 1s roughly
100 million BTUs.) Write #Relative Cost" in the heading
for coiumn seven, and before proceeding, ask what this
means and how each ‘of the values could be obtained (divide
the smallest, cost per million BTUs into each of the other
costs). . ’

[ - f

‘ 3. Close lesson by identifying the most economical heat gource

and possible reasons for the cost variation in the sources.
S

‘Ask: : ™,

"ps a Tesult of. our investigations, which heat source would
you recommend to my friends, Mr. L Smith, Ms. Jones, and Ms.
Greén, to heat Jheir homes? Are there any other factors, in

.’ 21 (;('\
o
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addition to the cost of each million BTUs of energy stored
within a heat source, that you_ would ‘consider in your
decision?" ‘ :
Take a survey in the class of the'number of families who .
use each of the energy sources (excluding gasoline) to

' heat their homes.

As'lé :

S "Why is electricity so much more costly than .the other
ST energy sources?"* (One reason: electricity is primarily
generated by the burning of fossil fuels. Approximately
25 percent of the energy stored in these fuels is con-
verted to electr1c1ty, the remainder is given off as waste .
.. heat at the power’ plant site. In other words, electric
power plants are only 35 percent efficient. The use of
electricity for heating thus involves an extra step in
energy conversion:

burning at ‘,,——”’? 65 percent becomeszﬁ%s}/rheat N

" fuel power plant ——— 35 percent becomes electricity

. ’ Ji for home heating

y as compared to direct heating by fuel in home furnaces: '

L burning in N ’
fuel home furnace ” home heating

’ At this point, further discussion might oceur on the rea-
sons for the- differences in the cost per million BTUs. .
Are some heat sources gnore avallable in your area? Are . ‘.
environmental costs added to the price? Are they greater

’ ) for some sources than for others?7 Are supplies of soge

fuels greater than others? Is-extractfion of the fuels

- hazardous or costly?
TABLE 1

»

. m L oc 2) (3) ' (@) (51 @ | . o

Heat Unit of  Price Per Quantity We BTUs Per Unit Cost Par Relative
, |Source Measure Unit* Need to Know of Measure Million 8TU Cost

Heating O . Gallon $ 0.36 (Heat per Gallon) 145,000 , $ 248 . 1.24

Natural Gas 100 Cubic - 0.22 (Heatper!t ' 103,100 2.16 108 ot

.

. ; Feet 2|, Cubsic Feet

+| Electricity Kilowsatt- 0.04% {Heat per Kilowatt- 3412 12.00 6.00
R A

hour hour)
* ' \\_/

R [l Coat Ton 5165 {Heat per Ton) 25,000,000 2.07 1.03

¥

Wood .. Cord . {Heat per Cord) 20,000,000 | 2.00 1.00

O

Gasoline . ) Gallon 0.56 ’ {Heat per Gallon) 125,000 450 2.25

*Prices quoted are those prevalent in the Washington, D.C. area in mid-1974. Have students resesrch Prices prevailing in their area to replace . °
N
these.
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ACTIVITIES: e o gl
1. Ask the studnts: . 7 2
"What is a €alorie?- A BT{?"

Acce[‘)table.'i:esponseszg—iE

+ ' All are units of heat energy.

R

1 Calorie- = -ambunt of heat enérgytneeged to raise the ,/”\\
temperature ef 1 kilogram of HZO by 1°C.
L\'/1-/BTU = amount of heat enérgy needgd.to raise the ~
stemperature 8f 1 pound of HpO by 1°F. .o, '
N .

v

1
L]

2, Give the students the following information: \\

~

S 1 kilowatt=hour (kw-hr) = 3,412 BTUs kf\
‘ ‘»

1 BTU ’ 05252 Calories

Ask questions. such as: v
(a) "How, many. kilowatt-hours of electricity are needed
‘to produce 700 Calories of heat energy?'’
Acceptable response: ' . -

“700 ‘Calories’= 700+ (0.252 C per BTU) =.2,778 BTU _
2,778 BTU = 2,778 = 3,412 (BTU per kw-hr) = 814 kw-hr |
*(b) "How many Calories dre there in 1 kilowatt-hour?"

“Acceptable response: H

“* 1 ky-hr = 2,412 BTU "
3,412 BTU x~0.252 Calories per BTU = 860 Calories

‘ "3, Give the students the folPlowing information:

Heating Oil has 145,000 BTU per gallon

‘ Coal has 25,000,000\BTU per ton
. .Natural Gas has'— 103,100 BTU per 100 cubic feet -
Electricity has 3,412 BTU per kw-hr .

-

- And the following hypoth¢&tical prices:

< Heating #il* costs. $ 0.30 per gdllon
Coal costs” 30.00 per ton _ ) \
Natural Gas costs 0.30 per 100 cubic feet
Electricity costs 0.02 per kw-hr = ,
. 3 .




Ask students to: ) .

Calculate thé cost per BTU for each energy source.

-

Determine the most economical -one.
\

/

» Acceptable responses: v . .

-

i

The cost per BTU is calculated by dividing the price
petr unit of measurement by the BTU per unit of measure-

ment: o
‘\\‘i; !
HeatingOl -  030-.145 (MBTU per gallon) = $2.70 per MBTU “
Coal ~ 30. -25(MBTU per ton) = $1.20 per MBTU
Natural Gas .- 030+ 1031 (MBTU per 100t>) = $2.95 per MBTU ’
Electricity -~ 0.02 + 003412 {MBTU per kw-hr} = $5.86 per MBTU
‘ / ' 3

f£oal has the lowest cost per million BTUs and is thus the
lmost economical one .in this example. .

4, lternatively, if price data in your region have been
employed in these lessons, use the date for the Washington
area given in this activity as problem data. If the
Washington, D.C. Data were employed™#n the lessons, use
the local price data.for problem data. .

.

RESOURCES

Energy-Environmental Mini-Unit-Guide - A product’ of the NSTA \S
(National Science Teachers Association) Energy - Evnironmental

Materials Project, John M. Fowler, Director.

The development 6f these materials was supported by the Office

of Environmental Education under the Environmental Education
Act of 197Q (P.L. 93-278).

3

Books

*

The Concept of Energy Simply Explained, Morton Mott-Smith
(New York: Dover) 1964. - o

s

Enérgy and Engines, D.S. Holacy (New York: "World) 1967.

-

Energy, Matter and Change, Ronald D, Townsend (New ‘York:

Scott Foresman) 1973, - '

e

For a discussion of the ‘history of our changing fuel m{x, see
Energy in the United States: Sources, Uses and Policy Issues,
H.H. Landsberg and S.H. Schurr (New York: Random House) l96g/
(230 pp., $3.50 pa.) and the NSTA Energy-Environment Source

Book, Volume II, Chapter 4.

*




Articles: -
"The Conversion of Energy" Scientific American 224 (3), September o0
1971 (pp. 148-163). *~~ ‘ - .

"Energy" Encyclopedia'Britannica 6 15th edition (Macropedia). e

"Mathematics for Heat,' Chapter 6, in’Energy Does Matter by
. . "Seierrtists of Westinghouse Research Laboratories (New York:
/ Walker) 1964. : v
1] f -
: " Note: Additional references ‘to hooks, articles, and films
are provided in the NSTA Energy-Environment Materials Guid%.

Materials List 'for Lessons A-D.

Ny

Lesson A

R hY
Make transparency of Figure 1 or distrlbut% a copy to each
student. ' -

>

Lesson .B

N}

tripods (or ring stands and rings)
wire gauze pads

500 militrliter pyrex beakers
thermometers

Bunsen burner

alcohdol lamp

250-watt electric immersion heater .
pile of wood splints or tongue depressors

= L4 .

~

(I e

LESSON C

From' the materials in Lesson B, use orte Bunsen burner, tripod,
N wire gauze pad, thermometer, and 3 beakers. In addition, 4

small scale for measuring up to 1 kilogram. If students-perforh =
the  experiment, collect’a QEE_of.these materials for each
R student or student group. R
« Lesson D' ¢ o 2 .

) : Same. materials as in Lesson C except substitute the electric
immersion heater(s) for the Bunsen burner(s) and three 250
milliliter beakers instead of the 500 milliliter beakers.

[
A <

4




X . < % EECP
) - 1 ’ Unit VII
' Lesson F
4
LESSON TITLE: ''Construction of a Hydroelectriﬂanerator" /

LESSON OBJECTIVE

Students will be able to construct a simple hydroelectric
power generating system.

BACKGROUND INFORMATION ° :

y

In addition-to 'learning how to construct the hydroelectric power
. generating system students will also have the opportunity to do

some experimenting. The students can expeqﬁment with differences
of volume, water pressure, propeller size and determine how they
. relate to electrical power output. Also by experimenting, the
student can show how demand affects output of current: :
Y

NOTE: Use compressed‘gir or steam as an alternative power source.
e

ACTIVITIES

1 4

1, Construct a hydroelectrig generator using a bicycle generator.
Make a propeller or cup-like device to fasten to generator
and turn as water strikes it, )

<2, //Cénneet a milliampmeter or bicycle 1ight‘to generator to
show output. ,

3. . Use water from sink 6rhother suitable squrce. Make “dif-
ferent size nozzles, possibly reducing them {rom garden .
hose size to 3/8" copper tubing, . o

. b, Hook up lights in parallel: turn on one at a time to see
effgets in current output.

NOTE: Use compressed air or steam as an alternative power
sqQurce. )
RESOURCES

-

The ﬁipnesota Trial Test Materials
Minnesota Department of Education a
625 Capitol Square Building

St. Paul, Minnesota 55101

Developer of Minnesota Program
Mr. Tom Ryerson - Supervisor
Industrial Edgcation

. N L




S

Prop ~

//Z ‘Water Source

Bicycle Generator
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) EECP
g Unit VII ' //
. Lesson G 4 L -

LESSON TITLE: "Heat Exchangers" ' [

LESSON OBJECTIVE

- 1. Students will be able to build a simple liquid to air
- heat exchanger, in order to see how the process of heat
exchange takes place. e

2. ! Students will be able to determine temgerature differential
across a simple liquid to air heat exchanger and the )
influence of flow rate on heat exchanger efficiency.. . ?

BACKGROUND INFORMATION N : )

I4

In order to analyze any heating and cooling system, a study of
heat exchangers becomes neces$azy. The reason for studying
. heat exchangers is that the heat gatheted within a heating or
cooling system usually must be transferred or exchanged into
air, -if it is to be used effectively. . "
A heat exchanger is a unit within any heating or cooling system ’
that transfers the energy from one medium to another. For ex-
ample, the heat.energy generated within a gasoline or diesel:
. -~ engine cooljing system is transferred from the liquid coolant to
the air by ‘the use of a heat exchanger called a radiator. Heat - .
is also transferred out of a refrigerator by the use of a heat
exchanger. In fact, most industrial or commercial air condition-
ers and heaters utilize some type of heat exchanger. _

There are three basic methods of transferring heat: convection,
conduction and radiation. Conduction is defined as heat flow by
actual contact from a body at a higher temperature to a body at

a lower temperature. ,For example, if the coils on a range were
at a higher temperature and the pan on the coils were at a lower .
temperature, the thermal energy would be transferred to the pan ’
through conduction. The key consideration is that both bodies

(/' are at rest during the heat transfer.

Convection is defined as that methqd of heat transfer which trans- .
fers thermal: energy from a solid bgdy by a liquid or gas that is
in "motion." The key ‘factor is that one medium is in motion, \
and will convey the thermal energy away from the hot body to a -
colder substance. For example, as air is heated by a hotter . ,\
body, the air will rise causing the air to be in motion. The -7
hot air then comes’in contact with the cooler air above it, thus
raising its temperature and lowering the temperature of the
original air. As the thermal energy is transferred by convec-
”\\ tion, the coel air will then drop causing it to be reheated by.

- the original hotter body. .

»




£

.
.

. : Radiation allows thermal energy to be transferred from one sub-,
stance to, another by infrared rays. Infrared rays are not
visible to the human eye. Radiant energy is'transmitted at
. the speed of light. Radiant heat transfer, unlike conduction,
can pass through a medium such as air without heating it appreciably
and is best transferred through a vacuum. This is how most of
the energy comes to the earth from the sun. The waves flow
through a vacuum to the earth's, atmosphere and are either ab-
sorbed or reflected into space. ‘ ‘ e

By applying these thrée heat transfer methods to heat exchangers,
heat can be transferred to any medium whichever is most practi-
cally used in the application. . ’
The most commog,lypgé of heat exchamgers used to transfer heat
within a solar collector system are: 1) air to liquid,. 2).
liquid to air, and 3) liquid to liquid. In order to accomplish
this needed exchange, two types of heat exchangers are normally
designed‘in heating and cooling systems. By combining these
exchangers any type of heat transfer can be obtained. -

« .

Hot Liquid Cooler

(=

J U

l‘;

‘ Blower . - =~
— A <
"-‘* [L
- el ; Z 7

Heat Exch anger

>

' . v

Figure 1. A liquid to air and air to liquid heat exchanger.

The first type of heat exchanger is shown in Figure I. In order
to transfer heat from-a