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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
' %
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- & . . ‘ 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
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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 liquid to air which is needed, for ex-

. ample, when hydronic collectors are used for space heating, the
liquid medium for 'the collector is pumped through the piping in-
to the exchanger. The heat from the liquid is then conducted or

-

»
[ 3
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‘ transferred into the surrounding pipe and fin area. This occurs
because heat always moves from a hotter to a colder material.
The heat is then radiated from the fins and forced ajir is then
blown through the fins to remove the heat. The larger the sur- -
face area of the fins, the greater.the heat dissipation.

One of the most common applications for this type of heat trans-
fer is the coolinﬁ sytems used on all air cooled engines. Fins
on, the block of the engine radiate large amounts of heat because
of the increased surface area.

This process can easily be reversed so that heat can be trans-
ferred from air to liquid, providing the air is hotter than the
liquid. A typical applicaton for this type of heat exchanger
is ‘an air type of solar collector, transferring energy-to the
hot water system of a residential home. Although possible,

. this method of heat transfer is a little difficult because the
density of air is far less than that of water, causing poor
heat capability,

The second method of heat transfer is illustrated in Figure 2. X

In this case, heat is transferred from a liquid to a second

liquid. ouqf

] Figure 2, A liquid fo liquid heat exchanger

'

., / t—w /-

A typical example would be an o0il cooler used to cool the heat
within a transmrission of an automobile. The heat build-up in
the transmission fluid is sent to the lower part of a radiator
to be cooled by the water system. N

. -
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Although mdny designs exist, .the more common, types use coils of
tubing placed ¥irectly. within the second liguid. In this case,
the heat from the first liquid is conducted into the metal tube
and then conducted into the second liquid.

Another method of liquid to liquid heat exchanger is to have
the tubes of each system physically contacting each other.,
Through conduction, thlte heat will transfer from the hotter
liguid to the colder liquid. - <

’

ACTIVITIES

Description

List of Materials

z R
5

2 copper tubes , %" diameter x 3" long
2' x 2' base board

Wooden supports »

Aluminum sheet metal

Thermometers

2 male connectors

2 control valves

Solder .

Soldering iron/Propane torch

Tin snips

- .
oW~V WD

NOTE: The fins and copper tubing can be obtained as a unit
(fin tube) from many heating/cooling suppliers. You
. . may also be able to salvage a unit.

Project Construction

J A simple liquid to air heat exhanger can be made as illustrated
-in Figure 3. '

(R)

Hot water connectiong
Wl

(n

Control valves

L 2

4
«

Figure 3. A model liquid to air heat exchanger.

w
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Two copper tubes are mounted on a frame with a control valve

placed on each end.

to the end of each tube.

ally near 140 OF, can be used as
s water could also be heated from
The fins are made from aluminum

to the copper tubing.

per inch of pipe).

TEST PROCEDURES

The

bl
.

'&

Hot water from a hose can then be supplied-

The hot water from the faucet, gener-

the hot water source. (This- -
a hydronic solar collector.) , ’
sheet metal and can be prese fit

fins should be spaced equally (3-4

-

-

1. When the demonstration model is complete, measure water
temperature input with thermometer and record on the chanmt.

W N

run out.

w

Hook up hot water to tube #1%
Turn on control valve to allow a small amount of water to

Measure temperature output and record on the chart. -~
Determine the drop in temperature due o heat exchange

by subtracting the output from the input and record on

the chart.

6. Measure' Radiant ~temperature approx1mate1y 2" above tube/#l

, and record on the chart.
7. Repeat- steps 1-6 using tube #2 (with the fins) and record

on the chart.

-~

8. Repeat steps 1-7 using a high.flow rate and record on the

chart.

TEST RESULTS _

[y

3

High Flow

Low Flow ‘
Tube Tube Tube Tube
Without With Without With
Fins' Fins Fins Fins
Input Temperature :
(It) . >
Qutput Temperature. -
(0.) Y
t LY
| Difference i
(I, - 0.) : ,
Radiant Temperatuyre |- - -
(R ) /k .
Alr‘TEmpefature ‘
(At)
1rference
(R, - AD) 7
t t
rd
i 32,
- u\}
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Questions to Ask:: N oo P ) .

1.  Ask students.to examine the dataathey collected. What effect’
do the fins have on the amount'of heat radiated into the air?

2. Ask-students to review the data® they colIécged. What effect
does the rate of flow have on the heat exchange ‘process?

3. In” this system, where is heat being transferred by conduction,
convection and radiation? . ’ ’ ' ; /
1] -

N .
- . .
.

I

"4, The difficult part of.the heat's journey is into apd‘out of

_The Minnesota Trial Test Materials

the exchanger, not thrgugh it. If your class has built at

least two models you might want to try a contest. ~You could
title it "THE -MOST HEAT EXCHANGER FOR THE MONEY" or....? 5

Challenge your students «to improve the efficiency gf the )
model heat exchanger.‘' (This could aI%%Vbe a special,project :
for a group of interested students.) arger fins? Closer
fins? Painted fins? Fanned fins? Soldered fins? Btc..

The students who participate in the contest must be able
to convince you and the class that they have improved the
‘ .

design. 7

RESOURCES

-

A

Baer, Steve. 1975. Sunspots. Zomewérkstorporation, Albuquer-
que ($4.00). . ,

Duffy, Joseph W. 1972. Power, Prime Mover of Technology, Mc- ’

Knight and McKnight Publishing Company, Bloomington,
Hlineis—— . .

L

Hand, A.J. 1972. Home Energy How-To. Popllar Science, Harper
and Row, New York, New York.

Kates, Edgar J. 1968. Diesel and High Compression Gas Engine
Fundamentals, American Technical Society, Chicago, Illinois.

: , - :
Meinel,. Aden B. and Marjorie P. Meinel. 1977w Applied Solar
Energy, An Introduction. 'Addition-Wesley Publising Company, .,
Reading, Massachusetts, » o~ !

}

Minnesota Department of Education . .
625 Capitol Square Building
St. Paul, Minnesota 55101 |

Developer of Minnesota Program M|y
Mr. Tom Ryerson - Supervisor -
Industrial Education
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B Cess and” that only pure alcohol will be used as a- fuel.

\ ) , EECP
, ® ‘ Unit VII
. - . Lesson H

.
-

) >4
LESSON TITLE: "Moonshine Travel: SunshineC;?%utions"

.-

LESSON OBJECTIVE

.

Stﬁ&gnts will be able to run a dynamometer test, plot the
horsepower and torque characteristics for 3 different fuels,
and compar€ the exhaust tharacteristics of 3 different fuels.

. -
v

BACKGﬁbUND INFORMATION

One of many ways that is belng suggested for/brldglng the gap
- o the post-oil age is the exploration of alternativ®s to -
gasoline. Gasohol, a blend of 90 pgrcent gasoline and 10 per-
cent alcohol is one such alternative that has been the subject
of considerable attention and debate. As of September, 1979
it is belng used as, automobil€ fuel at more than 800_.gervice
stations 1n 28 states across the nation. ‘

Proponents of gasohol coafend that since gasohol can bejmade
from maﬁy different kinds of plant products, precious®oil and ?
gasolfne supplies cam be preserved. Distillers dried grain, .
a by-product of° the .,ethanol-producing process, is a very con-
centrated, high protein animal fged. Ethanol.enhances the
octane rat;ng of gasoline, and this alleviates the problem of’~
.engine knock. Gasohol reduces carbon monoxide emissions and,
céaccordlng to some engineers, can produce better mileage than
stralght ‘gasoline. .

-

Critics of gasohol codtend that the amount of acPeage to grow
the fuel, plus the amount of energy expended in plantlng,
- harvesting and processing, make alcohol fuels, whether in pure
form or as a mixture, a doubtful solution. Opponents claim it
thakes more energy to produce ghsdhol than can be gained from
it. Most studies on which this claim’is based assume that
fossil fuels provide all the energy for the.distillation pro—

-~

.Straight alcohoals, for example from 140 tor 190 proof, can be
uded although there are certain’engine mod3fications that must
be made. They also p6int out-.that alcohol costs more to make
than gasoline. v . . .

The use of alcohol as a fuel is pot a recent technology. " The

- idea™is. old and nearly unlversal }n a high-school graduat-

- ing class‘speech in Waghington D.C.*in 1917, Alexander Graham
Bell said, ™Alcohol can be manufactured from corn stalks and ‘—
from almost any vegetable mdtter capable of fermentation:
growing/brops, weeds -~ even’'the garbage from our cities. We
need never fear the exhaustloggof our ,present fuel supplies

. ‘so- long as we can produce an annual crop of alcohol.”

-




& : : . ’
The use of alcohol/gasohol appeared with the gggggssion when .
farmers could not sell their products, and redppeared with each
succeeding rece$sion and fall in grain prices. The logic made
sense: the technology was there; alcohol was easily made by
fermenting grain or other plant material; and could be used

for fuel either alone or in combination with ordinary- gasoline.
The mixture (it a 90 (percent .gasoline, 10 percent alcohol com-
bination) is gasohol. But gasoline was cheaper than alcohol,
and readily available. And Americans gdopted gasolihe.

Now Americans don't have enough fuel. In 1977, they drove 113.7
million 'cars 1.12 trillion miles and burned 80.2 billion gallons
of gas - and the number.of cars, miles, and gallons is rising
every yegr. e ’

In a recent report of the U.S. Department of Energy, alcohol's
potential for petroleum savings 1is stated as follows: .

r

»

Throughs1985, the contribution of alcohol fuels'
is expected to be modest nationglly--perhaps
dispiacing as many as 48,000 babrels per day of
0il once recent presidential initiatives are put
into practice. Production will be limited by the
capacity to convert agricultural and waste material

> Into alcohol. Ify agricultural states, alcohol fuels . =
'} . Ry

may become~quite significant sources of local supply.

' 4
Materials List to Be Used in Lesson:

1. A small engine loading device or a commerciéé’dynamometer
for a small engine (Note: any type of chassis dynamometer
will also work). T '

Torjue meter on the dynamometer Or loading device. L

" RPM meter. , ‘e
Eithey a 2 of 4-cycle ®mall engine.

Small paper filters (vacuum cleaner filters or equivalent)
Fuels - gasoline; if available, gasohol; alcohol. Use the
highest percentage (957) ethyl of ethandél rubbing alcohol
that you can buy. ,The label will also,indicate that the
alcohol is denatured. Do net use methanol® or propanol!

o,

[ AN S, N e UL A

A NOTE BN ALCOHOLS

D ——

T alcohol used in gaschol is grain alcohol .or' ethandl. The
r% materials appropriate for conversion to ethanol a?? diverse
and include productd\ such as cheese’ whey, citrus wastes, sub-
standard corn and g%?in sorghum, Jerusalem artjchokes, etc. The
variety of possiblities is only just being_expiored.

s = : .

The greatest use of grain alcohol today as a fuel is in combina-
tion with gasoline to form gasohol. This blend, which is 10
percent alcohol and 90 percent gasoline, does not require any
engine modifications.” -

o

(Gasohol should be used only in ib75 - model or newer cars.)

7 * 35 A
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. from natural gas and petroleum.

‘ -~
. b
uéen straight alcohol is used as a fuel, whether i¥ be ‘ethdnol 7
or methanol, there are some adjustments. that need to be made. )
(See Crombie, Resources). . . . ;

é

Alcohol content, ”p;oof;" is expressed in units equal to twice
the percentage, e.g., 200 groof is 100 ‘percent alcohol; 160
proof is 80, percent «alcohol. 200 proof ethyl or pure alcohol

is not available for classroom use. Unless commefcial\gaag%gg
is available, you can use at least a 957 denatured, ethyl‘a -

hol as a reasonable substitute (available from your pharmacy
as rubbing alcohol).

Do NOT use methanol. It is a poison., -Furthermore, methanol/
gasoline blends require engine modifications. In general,
methanol's properties differ mote from gasolide's than do
ethanol's. The domestic supply of methanol comes primarily -
Methanol can also be made

from coal, oil shales and far sands. 45

- - BEN

"DEFINITIONS

In ofder to perform the expérimeﬁt, you will want to review.
some terms and definitions with your students.

Work--WorR is defined as the result of applying a force, cre-
ated by a source~of energy, to a body or mass through a cex-
tain distance., Work is actually energy jp transition. ' For
example, if a person pushes a stalle utomobile and the force
causes the ‘automobile to move seyeral feet, work is then being
dohe. The definitiog then means that g body moved a certain
distance by a forcp, creating work. FPorce is measured in pourds
and distance is measured in feet. Wofk is then measured in foot
pounds. If should be understood that if a force is .applied to

a bqdy and it doesn't move, then no work is being done although
it may seem like it.

~
4

Horsepower --HoZsepower is defined as a measure of work being-

done. More specificai}g, horsepower is actually considered
the rate at which work{1s being done in a straight line direc- . .
tiOn. .

v -

The amount of horsepower depends upon how fast the work is

done, which means time must be considered.’ In other words,

power is the number of ft, lbs. being performed per second

or ft. lbs./sec. When 33,000 pounds have.been lifted one )
foot in a period of one minute, then one horsepower has been . >
created. L . ) ‘ °

Torque--Torque is defined as a 'twisting force." This is in
conrrast to the definition of horsepower which was defined as {
work applied in a straight line direction per time period. ‘ :

Twisting force tends to cguse rotation of objects. Most of
the energy conversion—systems and power transmisstion systems

A
~
’ h

13
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N — . . .
’ use torque as 4 «convenient -méasurement. Some of these appli-
‘*x'ﬁcations are motors, generatérs, gears, trans issioﬁs, engines
"and wheels. Totque is normally expressed iESfOOt pounds,
N An example of the difference between torque and horsepower is
/7 . that torque is generated within a diesel engjine by the crank-
.shaft which, in turn,- pushes. the vehicle forward in a straight
~/ . line motion. The straight line motion can be measured in
horsepower) but the twisting motion from the engine crankshaft -~
is called torque. An example may help students, understand this.,
* & large truck pulling 40,000 lbs. and an automobile pulling
2,000 1bs may both be rated very clgse in horsepower, say, 200
horsepower. The truck engine must produce a great deal more
torque ‘though than the automobile engine because the truck must
: overcome a heavier force. Diesgl Engines are generally used
where torque is the primary need while gasoline ‘engines gene-
rally do not produce as fuch, torque. :

Performance Chart§-—Tq§ terms work, torque,.and horsepower all
play an Important role when studying performance of energy con-
verters, They are usually displayed on Performance charts.

L] o .

Performance charts. are usedyin the power converter industfy'td
display the outpuc‘characteg&sticaﬁﬁf the individual converter.
In fact, most any converter from gasoline engines to high speed
turbines utilize .performance charts. From these charts op timum
speeds (and different fyesls) can be selected for the highest
. fuel efficiency at, iffic pgger outputs, .
« o \ :ﬁb , . Ni
© In addition, ‘each engimg, application has a different set of re-
quirements placed upon 1t, With\the use of performance.-charts
the most efficient.. fuel can be sz}Fcted for the best application

(Figure.l). . : ; 70
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" ACTIVITIES S
" ~
Procedure
1. Use-regular gasoline.
¢ 2. Start the engine and increase the throttle so that the -,
engine operates at maximum engine RPM without any load .
applied. Record RPM on Chart- A. - #

3. Apply a slight load by increasing the load control so
that the RPM drops approximately.500. Record torque
-and RPM on Chart A. A
4, Tncrease the load 8o that another 500 RPM is dropped.’
. Record both RPM and torque on Chart A.
5. Continuegincreasing load and dropping RPM by 500 until
the engine stalls.  Record each reading--torque and
RPM--on Chart=A. )
6. Calculate the horsepower rating for each“terque and RPM
. rating using the formula:

Horsepower = T x RPM |
. ' 5252%
N LI : N
7.  Hdve students*develop performance curves by plotting the
torque, HP, and RPM on Chart B. Label these curves ac-
cording to the type of fuel used.
8. Place the paper filter over the exhaust under a heavy
toad and record the color of the paper after the test on -
Chart A. . .-
Yo 9. Empty the fuel tank. Make a 107 alcohol and a 90%7 gaso- "~
¢ line mixture and add it to.the fuel tank. Keep all con-
. ditions the same as for the previous ‘test? .
10. Plot a second performance curve,with this fuel by follow-
ing steps 2-8 and record the data on Charts A and B res-
pectively. Label the curves. —_
11, Empty the fuel tank. Now make a 307 alcohol and a 707 .
) gasoline mixture. Keeping all conditions the same as for ‘\h-//

W e

the previous test, plot a third performance curve with

this fuel by following steps 2-8. Record on Charts A, 6and

B respectively. Label the curves. . N
. . R

~

*

*NOTE: Some éommercial dynamometers use a different figure.
10,000 may be used if the dynamometer is measuring

% ft. 1bs, rather than straight ft. lbs.
o .
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"CBART A ;

READING
NUMBER
\

RPM

TORQUE

HP

EXHAUST
CHARACTERISTIC

® .

b 1

10

11

212
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Zero ‘ RPM .- Max.
ALTERNATIVEé

Other fuels may be used as well in this experiment, Comparisons

may be made between low and high octane, leaded fuels, oil mix

- fuels, propane fuels or other ratios of ‘alcohol in fuels in the
same thanner. .

Questions to Ask !

1.
2.

3.

4 .
As alcohol was added to the gasoline what happened to torque?

]

What enéiné”speed produces the highest horsepower on any
type of fuel? -

Which fuel is most useful for maximum horsepower?

9
~7

-
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. S EECP
- - : . Unit VII
. ) Lesson I

LESSON TITLE:-
LESSON OBJECTIVE

"Seeing Dusf As A Fuel"

Students will have#the opportunity to study the concept of .

ecycling by constructing a useful product, fireplace start-
S($< made from recycled sawdust.

BACRGROUND INFORMATION

/

The energy crisis is bringing renewed interest in recycling
materials. There can be a savings in money, energy consump-
tion and natural resources. -

. A
In a recent issue of the Iowa Energy Bulletin (see Resources)
there was a report.of a study_of a unique energy opportunity
conducted by the City of Pe11§ Iowa. v
[}

The Pella Muncipal Power Plant is located adjacent to a

manufacturing plant that could provide 20 percent of

the city's fuel requirements with a clean burning fuel

at approximately one~half the cost of coal.
»

The fuel is sawdust ahd 190,000 pounds are produced
each work day as a by-product of the Rolscreen Company.
Rolscreen could seel the Citywof Pella approximately

47.3 mllllon pounds per year, representing 282,130
cmillion BTU's of energy. Presently, the sawdust is
sold to particle board manufacturers and shipped to
the buyer by rail.

The word "recycle'" means to process or treat something in

order that it may bé used again. While many products can be .
recycled, few products are. As we look 'to the future, it is

likely that more attention will be given to recycllng in or-
der to save energy and other resources.

Materials List

1.t Paraffln - Use old candles or purchase slabs of paraffin.
2. Double Boiler - (A low temperatﬁre crock pot/will work.
Never heat paraffin directly in a pan becaus¢ it may
ignite if it gets too hot.)
3. Hot plate with adjustable heat control
%;‘ Soup ladle : ' = ‘ ;j
29
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Sawdust - The coarse sawdus

works very well.

t from a jointer or surfacer

Support basé - To hold paper tube while it is being
filled with the sawdust/paraffin mixture, These blocks ’

can be made by gluing a 1 i
diameter dowel rod to a pie
or more are required.

neh long piece of 1 inch

ce of scrap board. Two dozen —~I:>

% t

=,
Ny

Figure 1.” Support base for
they are being £

holding the paper tubes while
illed. )
paper in various colors

ety, use th&/all metal type
element and dial at the top.
1ly better than peat thermo-

lower temperature range.

stirring the sawdust and

melted paraffin (A three pound coffee can works well).

7. Tapé - cellophane
8. Paper - 8% x 11 inch ditto
9. . Candy thermometer - For saf
with the bimetalic sensing
Candy thermometers are usua
meters because they have -a
10. Large can - To be used for’
11, Wood stirring stick or wood
42. Funnel
13, Dowel Rod - % inch diameter
mately)
ACTIVITIES
Procedure ;
1.

en spoon with a long handle.

by 15 inches long (approxi-

3

Roll sheets of 8%" x 11" paper into tubes and adjust the
size to fit snug over the support bases. (The paper
should be rolled so that the finished tube is 8% inches

long.) Tape the paper tube

s on the outside (Fig. 2). N

NOTE: Colored ditto paper ma{lbe used to brighten ug
es,

the project. Also, before
you may wish to ditto (or

rolling the paper into tu
rint) the name of your school,

the instructions for using \thg starters, etc.




°

Figufe 2. Tube rolled from 8%" x 11" ditto paper and

taped on the outside. ,This tube is adjusted
to a size that will be snug a¥eund the sup-

po?g/bése,

2. Set.the tubes'in an upright position on the support bases.
They are now ready to be filled with the paraffin/sawdust

mixture. .
' \_/

-

’\, ) '

~ -

Figure 3. The support base will
. hold the paper tube in
an:,uptight position so
) _that the tube may be
’ filled with sawdust/
: paraffin mixture.

N—’

P

' Melt the paraffin in a double boiler. Keep a thermo- .
meter in the melted paraffin at all times and never
let the temperature exceed 125-150°F. Observe the
following safety rules:

a) Use a double boiler or a wax melting pot. Don't,:
for example, heat wax in a kettle over 4&-open. '
flame. )

b) AlwaKs keeﬁ a thermometer in the melting \paraffin
’ and keep the temperature as low as possible. Un-
like water, which boils, paraffip look the same_
at a safe temperature (125 - 150°F) as it does at
, an unsafe temperafure. When paraffin is owerheated
\ it can reach it's flash point and start to burn.

)

)

a
fat'}
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c) Use a metal thermometér rather than a glass thermo-
meter. ) N '

d) Do not over fill thé container. A container filled
to 1/3 of its capacity is satisfactory.

‘e) Always use a electric heating element.,- It is safer
than an open flame. ]

f) Use a metal double boiler rather than a-glass dou-
ble boiler. '

~

Mix one ladle of paraffin and two ladles of sawdust to-
gether in a 3 pound coffee can. Stir with a long woodep
.spoon or a wood stick until the sawdust is coated with
the parrafin. Experiment with different ratios of saw-

dus® and paraffin.

Carefully spoon the mixture into the paper tubes while
the mixture is still hot and pliable. Students may
spoon the mixture into a funnel and then use a %" dowel
to ram the mixture into the tube (Fig. 4)."

-
Allow the mixture to cool and then carefully remove the
paper tube assembly from the support bases.

To use the fireplace starter just light the paper tube

with® a match. The fireplace starter will burn for. 30
to 45 minutes. It may be used for campfires, fireplaces,

or for starting charcoal grills.

Questions To Ask

ll

5‘-\2

£

Has ‘this activity made you more aware of the need to be
more concerned about the use of materials and energy?

- What are some of your reasons?

What are the advantages and/or disadvantages of these
fireplace starters? : .

What would you do to improve the design: of the starter?
How would you know that the improvement is really an im-
provement? ' -

.

What is the optimum length of the starter fdr various
kinds of fire starting applications?

Rind someone in your community who knows the do's and
don'ts of wood burning. Ask that person whether these

starters have hazards associateq with them.’ .

-




Figure 4,

-

Use a Funnel to transfer
the hot mixture to the
tube. Spoon the hot saw-
dust/paraffin mixture into

the tube using a small
wood dowel,

-
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. . : g ' Unit VII

4 ) Lesson J

_LESSON TITLE "Pedel Power"

LESSON OBJECTIV . ’; . ”
© D Students will construct a machine that will en%bie a person to

generate- electr1c1ty by Eedalxn% a blcycle providing students -
with practical and usefg 1n31g ts.lnto the productlon apd trans-

fer of energy «

(3 N -

‘ BACKGROUND INFORMATION - ‘ﬂ . .- ' .

e As we contemplate solutlons o ‘the energy crisis we usually find .
. ' 690urse1ves listing a variety of p0331b1e alternatlve sources such ﬁ%@
) eg? solar, wind, water, geothermal, tidal, etc. Somewhere at .
e .bottom of thls ligt: we would,probably remember- to mention
.humans as an energy source, ‘.. -. )

4
Humans have always.used thelr muscle power, however, as technology

has developed we rely less ‘and less on our bwn muscle power as a
means of serving our basic needs. Some observers are suggesting
that .society may»have to slow its pace, change some of its values

-and.make use of more .humard power. . . ] P
Materlals Llst ' ~ . > .
. ’ & y ‘
] Regular blcycleyf;ame 2oe " . .
o GCenerator - a. a 12°volt, automobile generator, or - a
b .. 20.y01t 1800- rpm, 1000 watt generator.
o E (T e tost is approx1maEe1y $175.00 ;f pyrchased ‘
TR : ‘ new) ° . ’ A}
Leather belt materlal e ; ) \ : %
Angle iron. - %" x 2/ . I .
. Voltage meter ‘ ) . . .
*Miscellaneous materials - 12 volt car, batﬁgry, nlc rome wire, ,
. bulps, pg}leys, assorted sprockets " - // N
ACTIVITIES (’\>‘ o
LLEELE L .
& .Construcfion" : <N T L ‘
° . . . . ) . . . -
A " oAlternative A., Remove the ‘rubber tire from a regular bicycle . ' -.
: e and suspenq it in“a stand as-shown.in Figure 1. - -
. . Couple ‘the Eenerator to the rear wheel ofvthe
- - . blcycle w1t a 1eather belt g )
hEN } -
e . Alternative Ba Elevate the fear tire- oﬁ a bicycle and use the <O,
. , - tire to drive varipus, generators By holding
— P #  them aganist: the revolv1ng tire. . .The,.small ‘
‘ . T :&Zf motors and generatprs could be fitted w1th )
E ! rubber, plastic, or “wobden drums which serve e e K
R o ® - as friction drive mechanisms # . ‘ '

Q 4 3 - Ky . . ., - R
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Rear wh;el Support /;

and genera‘tor mount

'
. V4 x Q" angle iron ,\\t/hee( elevq{diﬂ ,
o — 2 : .
I . 4 ’ '

8?3’ Figure 1. Construction details of the bicycle generator. (/i,

+ ¢ .

Av} -
1~ K |, Test Procedures

. 4
Thi¥ bicycle powered generator should be a device that all stu-
. dents can have access to on a regular basis., If you have used
the 120 volt generator, observe all safety precautions.. As
students work with this “alternative energy machine” yau may
/ want ﬂgemyto answer some questions based on their experience
with the machine and materials, for example: ‘

Questions to Ask During Test Procedure: ¢

1, How much voeltage can be generated with-leg power? For how
: long? : ‘ ,
> . \ . . *
© Lo, What is the eggect of changing the pulley size on the vol-
tage generated? On duration? If you-'have.a multispeed
) biEe, compare the effects of varying the gear ratio on
\ the voltages generated. ' :

-
'

~ . Pl

. o
~ ’ ,!.’_\ . .

]
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= Can a battery be charged with this,machine? How long does
it take7
4, Can you,light a bu1b7 Several bulbs? How many? Make -
' an electromagnet Improve thew€lectromagnet, Heat a
length of nichrome wiré. (Vary the diameters. Which
heats faster? Why?) Of copper wire? Can you heat a
cup of water with it?
5. Compare flat and vee belts. Do they increase/decrease
v shaft speed? What is their effect on volta§e7
6. -What are the practical uses of this machine?
7. How cam you improve this machine? (After the machine
‘ 'has been in use, ask students to suggest some improvements
and try them).,
8. _ Build a 51mp1e current detector by coiling fine magnet
£ yire around a compass and use it to prove that your
blcycle powered generator is prbducing a current.

°

Questlons to Ask

1. . How does a simple generator work?

2, Whag are the factors which determine how much. voltage and

‘ wattage are produced7

- b) .

3. Draw a schematic and a pictorial diagram of the bié;ﬁle
generator. r

-~

RESOURCES

Geii John J. 1976. Energy And Transportation: Power. Pren-
‘ &&Se,Hall Inc.’, Englewood Cliffs, New Jersey.
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Mr. Tom Ryerson - 'Supervisor
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Please Note: Refer to "Resources';section in each lesson for
further reference 1nformat10n.
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' PLEASE TELL US WHAT YOU THINK ABOUT THE SENTIOR HIGH SCHOOL ENERGY MATERTALS i

Your position: teacher - Your grade level:
(check) dept. head
administrator Subject(s) taught: .

other .

- If possible, please answer these questions after you have taught unit 1esson(s5

in your class and examined teacher's guide. If this is not possible, please
answer based on your personal inspection of the unit materials.
1. What project materials are you evaluating? (Check all that apply)
: Unit I Unit VI : -
Unit II Unit VII
gy N Unit III . . Unit VIII
Unit IV Unit IX -
Unit V Teacher's Guide
9.  What is the basis for this evaluation? (Check all that apply)
_ (1) teaching 4 or more (3) personal inspection
lessons . (4)* discussion with others who ‘ -
(2) teaching 1 to 3 lessons know materials ’
3. Have you shared these units with other educators? (Check one)
(1) No . (3) Yes, with 5-10 others °
(2) Yes, with l-4-others (4) Yes, with more than 10
. 3
Circle the rumber from 1 (Definitely No) to 7 (Definitely Yes) which best reflects
your answer . - ¢
v . DEFINITELY DEFINITELY
: . NO NEUTRAL YES
4. Are these materials easy to understand 1 2 3 4 5 . 6 7
and use?
* 5. Do these materials fit with the 1 2 3« 4 5 6 7
,curriculum of your district? L
6. Are you likely up make use of these , 1 2 3 4 5 6 7
smaterials in the future? :
7 * <+
_ 7. Are these materials appropriate for th 1 2 3 4. 5 6 7
level of your students?, *
f 8. Are these aterials interestipg to your 1,2 3. 4 5 6 7
students? . ‘ '
9. . 1Is the reading level appropriate? . 1 2 3 4 5 6 \.\/7
10 Do you think these materials will 1 -2 3 4 5 6 7
: reduc;a energy consumption? T . ! .
What did you like best? : ‘
AW ' -
i What did you like least? ‘ )

.Sugges tions/Comments (Use’ the back as needed):

[4 ™
r

Fnergy Education Curriculum Project, Division of Curriculum, Department
of Public Instruction, Room 229, State House, Indianapolis “\IN = 46204.
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