.;D-1qf.ﬂ17 L.u

AUTHOR
TITLE

-~

INSTIIU?ION

SPONS lGENG!
BUREAC NO
PUB- DATE .
NOTE -
ﬁAVAILABLE FRON

A . (
EDRS PRICE
; R

-5 -

ABSTRACT

)

,A [c

faatt*nelli. Charles A., Ed.: Ddw, thﬁ 0.,~Ed.. | .
/Energy and Energy Ccnservaticn Activities for ai;b -
“Schoyl S e

i Ener Y In
. Coloj /.
. National Science Foundation, !ashington, D.é .

DESCRIPTIRS. | '

. snitahle fof*hig
“gathematics. clasdroons. The activities are independent, each having Vo,
its own :bjectﬁy .

@ecial saction
ntains limits,] sample data, and

i f‘ o ' . SB 030 347

udents. ..
crna}icn Asscciates. Inc., Littleton. R

73900527 - . | - ; IR .

po tage). - _ g

L I

ur”1x9~1o Plus Postaqe. P

*Class Activities. Energy: -*Enarggisﬁnserva*lcn. ' - -
Eh,ircnaen *Environmental Educa ) - | L

*]1 terdisciplinnry Approachy uathb-atics Educati}p, .

. . . el

this manual contains fifteen’ energy-activities LT |
s¢hool physical-anl environmental, &pienca*and : .

g, introductisn, ani background infordation. A :
f each activity is-writted for the instructor and

uggestions fer follow I
Activitias. fostiof.the activities are analytical br ew rical tnd - _
- *require students to . have completed a second year 'of high school ' ° = % o
Salgebra. (Autho /PE) e ' T o Lo L e e
, A - .Q . . '. . .-t *
Y ' - !. *: * er A ! ’“ ; f *
’ : . - (’ * ".!
) ‘. PEEFS 4 l, )
\ * ' '~ \f ¢ : .’. . ( ) A
. A * . A} . ".“ ‘ , i. L S
‘ . ' oo ) u .: k-; - 2
. . / o..q.
. ’4:- ’ L *
- N - 4 ‘ » /

) *
***:ttkttcc'ht*tt*iﬁt:cmt*tt*# *t**ﬂttt#*t****ﬁﬁ**t**:\#**#****tt**#t*#

* Reprod tions supplied by \EDRS are the best that cam be mala ' k- )
* - from the original documrent. ' ox
****##t#** #tt**t##*t*#*tt*#*#tttt*tttt*#*t#*t****ﬁ***t#*v*#*#t*t*#tt**

- Q‘ \




[y

ED184817.

)
»h

S

—

”

. ATING IT SOINTS OF VIEW OR OFINIONS

¢

- F B N . "
ENERGY AND ENERGY GONSERVATION .
ACTIVITIES ' FOR LT
HIGH SCHOOL STUDENTS .

. ‘ “PERMISSION TO REPRODUCE THIS
U.S. DEPARTMENT OF NEALTH, MATERIAL HAS BEEN GRANTED BY
BOUCATION & WELFARE . 4 .

NATIONAL INSTITUTE OF, c
. EOUCATION 1
THIS DOCUMENT HAS BEEN REPRO:
DUCED EXACTLY AS RECEIVED FROM ' -

THE PERSON OR ORGANIZATION ORIGIN- ; . . ¢

STATED DO'NOT NECESSARILY REPRE.
SENTOFFICIAL NATIONAL INSTITUTE OF"
Enucnjpn,nosamu OR POLICY {

-JO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC).”

gl
.

‘ I3

Prepared by the Projéct Staff and Participants

of the WORKSHOP ON ENERGY CONSERVATION, Unfversity
‘of CoTorado, School of Engineering, -and supported )
by the National-Scienck Foundation (Project #SPY ..
. 78-04527, 1978) g _

]

*

L2
[ ]

. *
s ' s . \

"' .




Portions of this publication may be reproduced for wse in classrooms
-and for public meetings. . Use of any material in this publication for
inclusion in other publications must not be made without written
permission from Energy Information Associates, Inc.

¢

]

o

Additiona] copies may be ordered from Energy Information Associates, Inc.}‘
2690 W. Main Street, Littleton, Colorado 80120 for $6.00 (cost plus
handling and postage) Allow three weeks for delivery.

‘et ) ] . 3
~
] L




P )] f -
P . Acknowledgements
CPROJECT DIRECTOR: = ~ @& , 7
- 3
o Dr. Chuan C. Feng -~ - .

‘Professor of Engireering
University of Calorado

. PROJECT COORDINATORS AND EDITORS:
o Charles A. Bottinelli; President..
Littleton, Colorado
«  Dr. John 0. Dow )
UniverSity of Colorado
CONTRIBUTING TEACHERS ;

Wilbur C. Bergquist
Mead Junior High ’
Mead, Colorado :

. Beryl E. Brasch  -°
' . Kent Denver Country Day School
_ " Englewood, Colorado
Dennis ‘Cole
"~ Hinkley High Schdol
\V Auror? Colorado

Robert Lee Emary
Worthington Senior High School |
Worthington, Minnesota .
John B. Felber, e
Hinkley High Schoal .
Aurora, Colorado

. Claudé J. Ford
*  North High School : -
.Denver, -Cal orado

.. Sister Markita Haef11ng~
Trinity
» + - Hutchinson, Kansas

. o
-~ " [
- Il ..
.

Energy Information Associates, Inc _'

-Associate Profassor of Engineering

“Richard L. Marcy -

*Aurora, Colorado

PE

Edward C. Hall, Jr.

-Wayland High School - ‘

¥Wayland, nassachusetts

John S: Hood . - -
St. Charles High School | ) ‘
St. Charles, I1linois =~ .

Thornton High School
Thornton, Colorado

K. David-Pinkerton -
Smoky Hill -

Miriam A. Proctor
Brighton-High School "’ .
Brighton, Celorado Y

Richard Sfillwagén -
Crown Point High School
Crown Point, Indiana

~ Joe Rogriquez
" Pueblo High School

Pueblo, Colorado SRR




e T Abstract
e ~ This manual contains fifteen energy and energy conservation o |

o askactiyities.suitable for integration into bigh school physical. and

"'ehvironmental science and math ciassrooms' The actiuities are in-

- dependent, each being self-contained with its own objectives, intro-
"duction and baekground infonmation A- special section of each activ-'
| ity (Teacher s Guide) is writtén for the instructor and contains

he]pful hints, sample data and suggestions for fo]low-up activi- :
ties. - / ‘
- Most of the activities are analyticai or empirical and require
Y ‘' a second year high school algebra capabi}ity Others may require ;
some background in trigonometr' and computer programming Effort
was made to*iosure a qdantitative approach and,“where possible to
) -relate activity results to the social economic and environmenta]
. ramifications of energy conservation, Among the topics included
are-’ thermocouples, heat content of fuels, heat storage mechanisms,
‘wind machines. solar geometry, i]lumination exponentia] growth,
-insu]ating characteristics of various materia]s, electrical con-
.sumption of .appliances, solar greenhouses and passive solar design
p Both theoretica] and practical‘engineering concepts are illustrated
and demonstrated by the activities
Student pages can be detached from the manual and reproduced
, ‘ in class sets. Additionally, the materials needed to implement .

these activities -are inexpensive and can be found at home and in

high school stockrooms or they may Be purchaied Locaily at hard-

.

ware stores ' ‘ _ y B :
' o T -




iti

'.. | .
From duly 31 to August 18, 1978, seventeen‘;elected high school

physical science and mathematics instructors convened at the Engtneer-
ing ‘Center, University of Colorado, to participate in a Nationa]
Science Foundation SUpported “Norkshop onlEnergy Conservation“ Ong
of the project goals.was to produce a se]f—contained set of actirity
modules for infusion‘and integration into high school physical sci-
‘ence ang_math classes. ‘ | |

. The rationale for this groject is straightforward:' Although ’
Many fire energy eddcational naterials havejbeen produced Py pdbiic
and private organi;ations in the years fol]owing the OPEC embargo,
much of what is available is suitable for the non-technical stgdent | '
It was felt that 1itt1e ‘exists currently to challenge and to e cour- .
age the above average student to pursue technical careers rela ed to -
new‘énergy technologies and oriented to energy engineering This -

Qfglume is a contribution to that effort. L T -

Chuan Q :Fen'g
Project Directgr
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t, = L . #1. IMPACTS OF EXPONENTIAL GROWTH
| ‘t N )

- ! e 4

PURPOSE : The purpose of this ectirity is to focus your attention on
the relef;onship(between rates of populotidn growth and conSumption of
finite resources. Our 1ndustrialized sysfems which support our con-
temporary lifestyles functlon on an energy base derived prlncipally
from the fossil fuels (coal, oi], natural gas) Hhile the unused
o quantities of these materiel resources may seem very great to us, the p
fact remains that they are being censumed very repidly. Some of these
resources will be depleted in our lifetime, causing profound changes .
'in our lifestyles. | . | |
y All of ys need: to understand and practice ways we can use our
ienergy and other finite resources more coafervatively and intell1gent]y..
Some of you may wish .to consider pursuing energy mandgement cereers
in order that you may become c]osely 1nvo1ved in helping to solve our L

energy problems Iﬂ is, perhaps one of the greetest cha]]enges ever -

,‘to be faced by our wgrld societies. | o | ) b

 INTRODUCTION: _ | . | \\
1. .Deﬁnitiqns _ . /.

a. Finite resources - resources® such as coal, 011, gas and min-

, | erals, wh1ch are ]1m1ted, they are not being rep]eniéhed or

renewed

Y

b. Exponentxal;growth - the growth of a quantity {such as pop—

.ulation) whi¢h increases by a fixed percentage of’ itself in .
equal time intervals. _ : :

c. fFossil fuels - those finite, natural resources which'provide

_ the energy'(l) to generate our electricity,' (2) to run our

N m ¢
industrial systems, (3) to heat our homes, (4) to run our

-

4

v o) i} “ 9 -

i - 3




automobilés.

d. Doubhnggt‘lme - the time required for a quantity grouing at

- a constant rate to double in size. < ; R

e. Extrapolati 2 “type of prediction in which what has happened
in' the past is e tended into the future. |

2. Applicatioﬂs. The concept of applying exponential copsumption rates

can be applied to situations other than energy. For examp1e. if we can
determine the popu1ation growth rate for Denver, Né can extrapolate the
future wequirements for water, food and clothing.

\

3: History: Perhaps modern man has more 1nfonnation auailab]e about his

-

resources and their consumption than at any time in the past. Hhat we do

with this infermation may have profound 1mplicat10ns for the future.

1

~ OVERVIEW OF ACTIVITIES: - -
1. first Day: A review of mathematics and problem solving. !
i . v - ‘
2. Second Dax- A simulation exercise to compgre -the space occupied

by two popuIations having difftrent expnnential growth rates.
3. Thi$d Day: A simulation exercise to compave consumptdon rates
4. Foutth Day. Fossil fuels and problem solving.

5. Fifth Day:” General reViaw and tésta
" n | . o, '

FIRST DAY: A Review of Mathematics and Problem Solving
. ‘ ‘ ¥

PURPOSE: As a result'of today's activity, you will understand and. be

“ablé to work problems. involving: B R

(1) exppnents, (2) expapential growth rates, and (3) daub]ing
2 time. (T, = 70/P ), . oo

‘e
\

MATERIALS : Papér and-pencii LT -

T s

PROCEDURE : Problem solving

r

1. 'Exggnen&, .the power. tp which a n&mber is raised

s




‘ﬁ

- . : ~

- ) . . ‘ * »

25

(pN
-

L Exaﬁples: means 5 x 5

means 5 x 5.x 5 = 125+ T

-+ ).

: : 5 means 5 x 5:x 5 x5 = 625

. Problems:. gl = ' o S 7
r - ¥ B S
LI a2 C -y o ‘ . T
| 2. - | : ‘i" -

‘ . .
4" J e ®
8 - | . -
— - . , Y

2. Scientific Notation: 'Hhéh using ver& large numbers, it is much

. easier to.eigressfthe number in terms of powers of ten.

_Examples: . . 10 =1 x 10 " T o~ §
- ’ o ."fbo =1 x 10 , ;
| 1000000 = 1 x 10%.° | ' -
’ ' problems: 1. Express in powers of ten: ' .
: a2l = 2.7 x 10—————?’ .
| | b.8%6-" ® .. . ,
T« e T4
.. 4.27,100,000 = .

o 2. In 1970 the United States proquced 3. 29 billion

. ) . barreIS‘of 0il. Express this quantity in powers of ten.
. . ° &
« * ! ‘ f ’ .

P - ° )

- — —
- 3. Exponen;ia1 Growth Rate: When a quantity grows by a fixed percent

’ per year,.the drowth is exponentia1 Tﬁis is represented by
- Equation, 1): N=N, ekt (1) where N 415 the size of the growlng quanti-
ty at\time jﬁ/ =0 ; N 1s the f1na1 size of" the quantlty k is ‘the N
fractionalychadge ip N per timé_unit and e is the base of natural

logarithms. Expanential growth is character1zed by doub11ng When - the »
s . . - ’ _




. - ' < ¢
’@gvéwt‘h rate is constant Equation (2) can be used, to detemnne the time
Yy \J
v for the.q;fantity to dqub.'le. Tnat ‘equation is: R ®
" W - By & Y0/p.. - --=(2) | \/_ C
‘. o . ' o \ ,’ . o o , S .
ﬂhere, . o o S .
\f‘l_ Té"‘the time required to’double and, L. R .
= the percent growth per year W
Problems : | ; . N .‘ “”}
\\; ! 1. Assume that 1n 1958 the popuiation of Denver. Colorado
y was 500, 000 (5 X 105) If the grmvth rate ﬂ Denver -‘ y
has been 3.5% per year, how many years are required fer
. | Denver s .population toadouble? .
[ , Ty ¥ 70/p % 70/3.5 £20 years. .o .
1.,‘ o i Therefore, Denver's population in 1978 =_‘ y '
Denver S popu1at10n in 1998 = - -F ~ ). ugf;
. 2. If each person cnnsumes a duart.of mi per day'in Denver._f..
i 3 how. meny gallons of milk,uould be consumed per day; ‘_ . 1
in 19587 : .
’ . ’ c = s
| . 119782 - L
ST [ S B

"~ 73, 1f each dairy cow gives four gallong of milk/day, how many ,

¥ cows would be required to provide milk to Denver's population?
. o  ip 19587 «a o : | . S
L N " in 1998 7 WU T S

e f . . . . \‘i t Y
- "‘ *
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- -
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- - . . < . - . . X ‘ »
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] L] -

. . ) . . - . . .
. L e . A LIS ) - ‘ . . . .o . . ¥
- L . ¢ . er g -
PN ‘t&' .
ce s .
-

% ﬂl, 43' Assume that there were 250 000 (2 5 X 40 ) automobales

,;f;f“';-' - in De?xer in 1958 and that the;aimber of a;tos.u111 in-
C . ' crease 1n direct proportian to popu]at1on increase. l
‘ ﬁ* 5 o How many autos would we expect SR - .
s | ':'- | -In. ]978? -,mf-- Ff ,1 DR B .. ;; . T
c) ,' . 1019987 ‘:_,..‘.--"-'_*: SR
< ‘.T';'. Assupe that e&ch automobiIe uses three ga]\ons of gas-~ ) . .

o]iné per day. Campute the number of galions of gasolinem' ‘-
‘9. . consumeq per dqy. o ff‘ . : -
“In.19587 )

" In 19782 - - . S

In 19982 ' ;

6. Assume that each)person in Denver uses 100 gallons of

) "water per day. Compute &he number of gal]ons of water :

4

used per day.

. In 19587 . ' L

\In 19782 " i ‘ :
In 19982ﬁf

. . ' . - . . P
- JONCLUSTONS: - S ' .

o

What effect does an exponential growtn‘rafe have on a populéQ

[ £

tion?

HhéfJfoect does an- exponential growth rate have an a population's

. consumption of reséurces? ' \ y-

|
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?‘MEMﬂs 1momuuﬂunwmt .‘,;‘ ;o

o™

in the two bottles at.differentsfates.. The first population doubles

SECOND DAY : A Simﬂ&tim Exerctse' te Compare the Space Occupiea b_y Two

Popu}ations Having Different. Grouth Rates | .

]

-

PURPOSE . s reSuTt o, this exercfse, ‘the student will: (1) ofServe,,

¥
.

..tions gmwing et different r;a‘tes, (2) sain an appreciation for the impﬁcté

.t t

* ‘_which populatibh grov‘th rates have on space avai bﬂity

]

-

300 m] beans/pair of students

‘ . . .

- ..
LAPY “« »

PﬁOCEbURE.' smg beans ‘as units of aipepu]ation, ,studentg plaee them

L

ever_y minute; the second population doub]es every five minutes. The

simpulation wj#‘quﬁnue until one bottle becomes full.

/o .

DATA: In the space provided record the number. of population units |
placed in each bottle for every minute 1ntewa1 ey -
. Time ~ Number of Population .Number of Populetiop Units -
{mTnutes) Units - (TZ =] min) , (T 5 min) .
’ .'1 - : e ‘ _
2
3' .
'4 | ~
5 | -
6
. 7 C N
« . f . |

,.(
A

,Caicu?ai:e and éompare the rates ag which space’ is occupied by two popu]a- ,; ‘




- ' / E A
' A ~ 4 .
/ .(’-Q . = | '~ . "
L o : " Time - Numper of’ Population® - _Number of Populatlon Units
<o (wimiTesyt [ Units U-,!“‘min) (T = Semin
. . ; - 9 . ‘ \ . ] ' * : .
| i .
. 10 , . ’“
' nooo ) |
t.‘ ‘. ‘]2 X . . : ‘- k.‘ €
( , — . .
) R K T
ST T ‘
) ]5 / - :
S, -~ < Total: - |
. - | .« e | S :
| ~ .RESULTS: 1. Did either population fill its bottle? _ ~ P
. | | "Which one? . : " s (

How many minutes were required for this to occur?

/ - ‘ . - ' -
- T : , . o c
2. How many units of population were placed in the first bottle? =

- . )
2

o AN
The second bott1e? | -

3. If the simu]ation had cont1nued for the fu]l fifteen minutes,~

‘ ’ how many population units would have occupied the first bottle? -
The second?
CONCLUS FONS : S, ‘ b f

1. How is available space affected by population growth rates?
. g




,2; The world pppulation todey is estxmeted to be 4 bi]]xon peopTe .
{i‘__‘ <. It 1s grouing at the rate of: 1 6 ‘percent per year In how many years can -,

“-we expect the ﬁngd pupulatjon to double EO 8 billien peeple?

PSR , yeabs. (T 2 §'70/P) S, - ‘.‘C i
'.ﬂmuaﬁmtmntMspwonmemmwoP ;j; |
b T a) hosﬁita}s? '_. ' ' e ’
. "b) pouer generating plents? B _ ' ] . : ;_
‘ c) farms? SRR : i o > | ‘ E: 2
{ | dj reservbirslof'waten? ' S _ B ,:Ef,'\f
' Now name S'othen needs which will be affectéd b& this coubling. S ?jf
' T . o o R
‘ : (
: | f .
THIRD DAY: A Simuletion Execcise Comparing Ceneumptiqn at {ero end'Expg-' //
nent1a1 Raﬂ§? L | . i - y ?{
ggggg;g_ As a result of today' 5 activity, you will be’ ab!e (1) to cemfj//
\ pare mathematically ghe consumption of a resource by two populations--oné .

‘at zero growth rate and one at an exponentia} g?euth rate and (2) to develop
- a greater epprec:etion for,the significance of resource ccnsumpticn by
populations, growing at exponential rates. R ' o
MATEkIALS: 12 1iters of papcorn (popped) ~"
. Two 6-11ter bowls * ; B
PROCEDURE: Two large bowls of popcorn will each represent a finite resource.
(Note: Each bow! could represent the world reserves of &al, crude oil,
, natural gas, fcod, water, etc.) One will be/Eensumed by a non-growing

. popuTation (1. &, IPG); the second will be cbnsumed by a popu1ation which

doables every minute (Note: The minute 1nterval could represent any

interval of time, a day. month, year, centdry ).

!

16




e ﬁember af the Qlass will represent a zero-growth popu1ation

', ( ate: Each person can represent a thousand; a mtllion. or any'number

6f peo¢1e ) This person will eat one piece of popcorn évery minute

‘fremfthe first bowl. The remeining members of the class wil] compose |

_ their eonsumptdon rnte every minute until all remeinihg students

. P

N

.continue until one bowl is-empty. .

the growing population. They, too, begin consmning with only one
person eating one piace the fi?st minute They continue doub]ing .

are eat1ng . _' ' 'r-‘ e ‘ ' l . 1!£ .

-

In order to continue the exponentia? rate of'censumption. ihe;

“larger population will. now simuJetevgreetér'numbersfey simplj doubling

the quantity it consumes at" each minute.inteﬁvalg The simulatipn will

L .

DATA: In the space previded, record the'quentityfof ;hEIresource con- .

sumed ey each population group for every'minute 1nterve1.

| fime Quantity Consumed by ' ~Quant1ty Consumed by .
(minutes) Zero Growth Population Grening Population -

L]

~

1




L /
Quanth;,y Consumed by \Quantdty Consumed y

(ﬁm’es). zerd Growth Popul&tfon | Gming Populnti

Did either population consume 'all of its resgource?

/
/
[

. <

. ¥Which- one? ’

How mny intervals of time (p:inutes) wenh required for the
resource to be -consumed? r | ’_ |

During this period of time, how mny pieces of the resource |

wdre consumed b,y the zero growth mte pépﬂation? , .‘; ‘
/ )

8

{

" By the exponentia'!‘ly grou‘lng pepu'l/at'lon? LI * .

.
13
,‘.
14
| 15
Tqﬁaﬁl:n
RESULTS:
1.
2.
3.
4,

- population?

If the simu‘lation could have continued for twenty-five minutes,

how many pieces would have been .&nn_smed by the zero growth-
;‘/ . ¢ . |
j/_. .

¥
Dt

By the exponentially gros‘t’lnd f)dpuntion?
. -t

7

‘

i .

N -

AR L
.}

&

| CONCLUSION: How dues,populatjon,gront’h‘rate‘ affect the consumption of

a resource? /o
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< . : f / : . . «
‘ ~ FOURTH DAY Howel:ong Wi11; Our Fossil Fuels Last?

. /) . ‘i/ ﬁ }/‘ : . N} K

g PURPOSE As a result of this exercise. you wil] (1) be able to calculate
| the lifetime for certain fossil fuels, (2) gain a better-understanding of
-When we may expect these resources ta be dep]eted, (3) understand the "
. A importance of conservation. and, (4) give sume thought to pursuing .
u ///{ g careers™in science. | - : ce h : @t%f: :' ) !
- EATERIAL N\Cer,-penc1l aﬁ% ca]culator L : }; .
S PRGCEDURE: Proti].e_a; solving’ . | |
. Problems:‘ 1. It is estimated tnat the ultimate]y'?ecoverable resources | .
3 . “ of oil from jast the continental United States will’ be
\ | 190 BB (billion barrels) By 1972, 96. 6 BB had been pro-
| duced:  How many BB of 011 remain to be receovered? |
What percent of the total o0il was produced by 19722
) 2. In 1970 the annual production of oil from reserves in the
) , continental United étates was 3.29 BB. . Assume that the
consumption rate remains constant. (Is that really: likely?) v~’
] How many years of oil prodéziion remains? (This number is
- the static reserve index'fqr domestic petroleum.)
At wnat‘year nay ue expeet U.S. oil production to be‘exhausted§
3. The Alaskan oi] reserves are estimated to be approximateiy.io
BB. Assume that the 1970 production rate of 3. 29 BB could be
;n&- . maintained. How many years of additional production will -this
%}%( ;give us?‘ K .
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- 4, It is estimated that there may be 103.4 BB of U.S. 0il shale.
Assuming the 1970 production rate of 3,29 BB, how many add1t1on—

’
* .

aiayears might,tbts add to our oil production?

¢

- ' * s - . . ]

. . ’ . N .
LI P % M —=

N

€ -

A L 4 has been ca]cu]at / that uith a 3% growth rate. aQ] of théﬁg‘
I reserves will have been cohsumed in 35 3 years. At a. 3% growth:
ER ‘.' rate factor calculate'how many years uould be required for. pro-

RV

T v duttion (and censumgtion) to double. ; Lo .

~a?
i,
,1

*

N . . . .
. - 2 N
e . i . ! k. LI
LT ‘ & . .
i -F.-‘N' . . \ - . L

6. ,th_is the price of gasoline increesing ;teadily? )

e . i .

s | { ‘ - I

. - ]
.‘j) . Do you expect the price to jncrease, decrease, or remain the same -
C . in the future?, ] ' .

!

Why? i .

7. The ultimate we%ld crude oil production is estimated to be 1952.
BB. By 1972 we had consumed 261 BB, 1eaving a worid reserve of -
1691 BB. The world consumption rate in 1970 was 16.7 BB. As-

'suming a zero growth rate,‘how many_ years wil] be reguired to

consume the world's remaining reserves of oil?

.

f

8. Can we realistically expect the world- consumption of oil to re-

main at a zero growth rate? Why or‘why not?

¥

- " The "developing third world nations" are demanding more 0il1 to im-.
prove their productivity and standard of Tiving. = If the ﬁorld
: consumptioh growth rate is only 5% per year, in how many years

o - . could we expect the world reserve of 1691 BB to be depleted?

20
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the conékpt of recycling?

- Hint: Use the following equation: | \- o
a ) L0 | Rk S
S L [ro”]'m;, L
- where: k= grouth‘rate , 19700 LT .
' - ’ ‘R = remaining reserves 'i:ié
. i ' production rate 1970
CONCLUSIONS coo S . '
. \ »
1. "How do product‘mn growth rates a'Ffect the ert'ime of finite re-
sources? | ‘
f {
1 - g
e 2: Some people say that "browth is good--bigger is better.V Hhat,gg .
. .'you think about this statement?
| N Y
7 :
3. Through p1anne9 obsolescence many manufacturers maintain high pro-
| v duct1on rates. Shou]d we outlaw “p]anned obsolescence?“ Why or why
not?
4, Except for the continuous input of sun11ght « the human race must
»

finish the trip with the supplies that were aboard when the "space-

ship’earth” was launched. What impact does this statement have on

N
N

[}

Many raw chemicals (used to make medicines, fertilizers, and plasfics)
are made from petroleum products. Should we save our pe@roTeumqfor

~these important chemicals or use the oil for fuels?

Why or why-.not?
- - 21 -
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6. Is there any weakness in the argument ‘that we -should promote ever—

increasing rates of. consumption of resource% -in the hope that seience -
and techno\ogy wil] rescue us from‘the c8nsequences of doing so?
A . N

. - * ) . L .
. , - 7 ] R . - . e . 1 i
. - . i N " - - ' . ‘ ..

k] ‘gf '. . -
.
1. Nhat is of critical 1mportance in, tb1s stgtementz “At‘turrent levels

of output and recovery, coal reserves can be expected to last more

than 500 years." ‘
' N\

b4 .

8. *Nith‘greet challenges there also are great'opportunities. What
| opoortunities do you Seeﬁfor coreefs in science?

*
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TEACHER'S GUIDE

OBJECTIVE: .Siudents willf&nderstdhdzthe impact of the exponential growth

.
L

rate of popu1atioﬁ.on‘the consumoojooﬂof_ﬁjgj;gﬂ:esounees such as the
'foqiil fhe]s, water apd food. ' ”

4
-

e . : . o 3 [

aBACKGROUND
. 1. On Finite Resources Professor Albert A. Bartlett, Department-of'-

" Physics and Astro hysios Univeroify of‘Co1orado has stated, "The question
‘of how long ouy resources will last is perhaps the most important question (
that can be asked in a moder& industrial society.":

Modern industrial and technological development§ coupled with the
voracious pub11c appetite for the use of consumable resources_enab]es us . |

"tg see the l%ﬁht'atithe end of the resource tunnel.” The light, in this

- oose, méanS the end of those resources, for all practica].purposeo. ’

.

The fossil fuels (coal oil, gas) serve as fhe-primany energy base v

- for most of our 1ndustr1al productiv1ty By . practicing conservation '
; .

* techniques, we can pro]ong the use of but notzijevent the exhaustbon of

#

these resources.

y

2. Exponential Growth Rates _of Human Populations: In very general

terms, we may assume the premise that a direct QUantitatiVe corrélation
exists between/ the number of people and the consumption of finite resourcesl
Swnce populafion tends to grow exponent1a11y, we can assume, therefore,

that finityl resources alsg will be depleted ‘at an exponential rate.

- . 3. Exponential Math: The classic equation for exponential growth
e _ n okt ‘
is: | N=Nge (1) " |

where N = tﬁe size of the quantity at time t,

N, = the initial size of the quantity at time t =0,

e = the base of natural logarithyms (2.71828),
P ‘ TN

Y ¢
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k = the fractiona1 change‘on the quantity per g1ven time

interval (thef'rowth rate) and . 9 ,‘
o~ . ' ) ‘ ‘ ’ -
t = time. - . 5* | o )

If the quantity doubles in size (N=2N ) Qurma an| amount of tin' tys then
‘ o 2 < okb ; o Vi | -

' ‘

. i L .69 ~K.70 = 70 -
.. ’and t2,(the doublxngftlme):— = ook T p

. . S /.
where P is k&expressed as a percentage .

If Equation (1) is applied to resource production, integrated and solved
For t, an.expression termed the exponential reserve index is obtained:

1 Rk
t=4+1n +1 2) .
R L @, |

- where t = the resource expirat1on time; i.e., the time it

will teke from t to’ consume all of the resource.

R‘

= an estimate of remaining reserves of the resoufce.
k = the fractional rate of’ growth, | f
ro' = the proouction rate at t=0 and " 4
In = the natural logarfthym. -

v

. 4. Summary Statement: This activity is not intended to be anfexhaustive
V4

“or comprehens1ve treatment of the subject of energy or resource consump-

tion. Rather, - 1t is 1ntended to focus the student's attention on :re

relationshiplbetween rates of population growth and resource consumption.
- ‘ !

This relationship is having and will continue to have profound, implica-

tions on all aspects of our lives. | .

TIME REQQ}RED: This actiuity can be accomplished in five‘teachjng'periods

of 45 minutes each: -

, .

MATERIALS: . ‘

Regu]ar graph pape4
: 300 m of rice per pair of students

e 01
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3. . One zﬁe‘mmker‘or potrtle per studgnt\ . ‘; ik P
» X 4. 2-bse of unpoppea popcorn (for 175-students) ~ ~ | .-
. 5. “wo .6 lifer | b e e
6.0 Notebook pape RE x ., ¥ e R
" "“ _ ,’ & .
Suggestion for popcornfconservation‘ Save the nemaining zero growth materials .
?o’r gther classesi‘ : o L .t .‘ﬁ? |
P ﬂ*‘ [ . . L SN } * - C )
SUGGESTED FOLLOW-UP ACTIVITIES.g h_ . .. o , . :
. . " - . . 4- N

1. Constrgct expﬁnential growth graphs fon‘varymg rates of’ growth '
2. Repeat the above using semilog graph paper. ' .
3. Showsand discuss other types’ of exponenhal growth grabhs using

~ the grgphs_gn the fol towing  pages. - .
REFERENCES : S N N

1. fhe Poverty of _SH‘E- Barry ‘Commoner, Kiopf, Inc., 1978
2. 4 The Mah-Made World, Polyteéhnic Instltute of Bmoklyn, Grqw- |
Hill, 1971. . s L. A

’ 3. "The Forgotten Fynd@n@ntals of tﬁe Energy Crisis," by Dr Albert

" A. Bartlett, Department“&f Physics and Astroplfysiés /ﬂniversity
of Canrado* Boulder, Coloradp e | -

4. "U.S. Energy Resources. A Rev‘@w as-of ‘1972; a National Fuels and

e " Energy Policy Study, Serial 93-80 (92-75) Part I,° by M..King
Hubbert. U.S. Government Printing Office, Washington, D.C. 20402
$2.35, 267 pages ) -
<o,
~
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#2. CALIBRATION OF A THERMOCOUPLE -

PURPOSE: To calibrate a thermocouple for convenient temperature measure-
a o ‘ ., : . » ‘

_ments.. ‘
s A

INTRODUCTION: Society has always.needed some form of‘measurement to'be
able to tra?e goods and build cities. It.becomes increasing]} important
“that we adopi standard units to insure that everybne.is talking about the
same quantity.. | L - |
Scientists have accepted the freezing point and fhe boiiing point of |
water (at one atmosphere_of pressure) as the two reproducib{e points for

- temperature measurement. You will be ca]ibrating a éhermocouple against‘
these same reference poi‘nts’ by‘mtpari'ng‘th‘e voltage output of the thermo-
coupie against various water temperatures-as measured with a thermometer

Basically,a thermocouple is a device, composed of two dissimilar
metal wires joined at two points, which converts heat into electrical
e;;rgy by v}rtue of the potential difference or elecfromotive‘force (EMF)
between the two metals.
| This EMF is dependent upon teﬁperature, allowing us to use thermo-
couples as temperature-sensing devices.

- ’ ‘ ’ . ’ . o
| . .

MATERIALS: Thermocouple, millivolt meter, thermometer, 250 ml beaker, heat

source, ice, ring stand and graph paper.

PROCEDURE : ’ €

1. Prepare the ice-water bath by placing ice and cold water in a 250 ml
beaker. Stir to.bring the temperature down to 0°C. Assemble your

| %gparatus as shown in Fig. 1.

‘-t




Fig ,1 Apparatus
".1

Wait until the bath temperature is at 0°C tefore taking any ‘
. measurements. Record the voltage. output at 0 C on your Data

Sheet. - |
Begin heating the water bath and record both the water bath temp-
erature and the voltage outpg} every minute, until the water boils
Continue for two more minutes after the water boils. (Be sure to
read both the volt?ge and water bath temperature simu]ganeously.)
Constrhct.a graph of voltage as a function of tempe}ature.
Determine the slope of the line and yse a dotted line to extrapo-
late thé curve to 300°C. | ' |




<
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J | _ DATA SHEET
{ Time, TempsratureA | Voltage
in minutes (millivolts)
P = s | S
0 : .
S 1 )
2 | ’
34 .
4
5
\6 - f
- ,_7 B R i a
8 : .~
]0 » .
11 ‘ ,
12

—
o

gl e
™

—
o

—
<

4

18 > .
19 - ’ :
20 | a

CALCULATIONS AND RESULTS:
& 1. Graph the voltage on the "y" axis and the temperature on the “x"

axis. .
2. Determine the slope and record it here:
- (What are the units for the slope?)

3. Graphically, determine the voltag& for the following temperaturés:. -
0% = (what units?) '

. 20%
50°C

]

i




. f 0 .
, ' ]QDO C= i 4 ;(what unitsf)
) 0 c= . L

300° ¢ = |

A

sure to 1abe1 and save youn-graph for further. use with this thermocoup]e !

3
(

QUESTIONS: S ks , .
1. Give thrée reasons for the need for accurate méhsuring tools. T

. ve tr e

. 2. Why are at least two points needed . to calibrate a scaHF?

.

4

7.
'3. What voltage COrreSponds to 75°C?

4, What is the.corresponding temggrature at 10 millivo1ts?

5. - Is there aﬁy difference in the slope between 10° ¢ and 309 ¢ and

<

A / the slope between 80° C and 100 C?

-

6. Using the slope, determine the voltage at 75o C?

7. What informatfon can you qbtain from the slope?

¢ 2.

-

8., What is one advantage of a thermocouple over a ;hermnmeter?

9, Hhat.is one advantaéd of a thermometer over a thermocouple?

/
L] {
7 T

B ¢ . ’ * . .
10. Where could a thermnpéuple be used in your home?

<
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\\

| OBJECTIVE: The student will: ' q
| 1. Understand how to cek%hratg ¥ theerCOuple using a water bath, a ,'
| voltmeter and a’ thermomeﬁer 2 - - . ' f‘
2. Record and graph the.data fbr future use.
3. Demonst"ate an understanding of graph reading by determining the
slope and extrapalating to 150°“0¥(3029 F). . R .
4.‘ Show an awareness of measurengent b}{!iscussing the concept of .scale

. ’ . . ’ “\. . § ) ’ $
calibration. o SR .

BACKGROUND: Thermocnubles are a very convenient form of temperature measure-

x/

ment since their output can be monitored with a millivolt meter, thus keeping -

system disturbance at a minimum. ‘ oL '5;3\ -

The operation of a thermocouple is based on the fact that a smal] electric )
current will flow between two dissimi]ar metal wires if their junctions are main-
tained at different temperatures. One Junction, calléd the reﬁerencee is normally
kept at 0°C while the secenq\junct1on serves as the- sensor. Howevér, aqpept-
able results are available without maintaining the reference junction at 0° ¢ .'5
provided that the reference junctien 1s always at the same temperature for each

) . \
use. \

T
.

This activity utilizes the meter itself as the reference junction while
-also completing the circuit. The beft thermocouple for classroom use is the

copper-constantan (type T) since its effective range is QGOQC to 300°C. Its

accuracy is - .8° ¢ up, to 100° c, in%reasing to £ 2.25% at 300°C.1 One shert-

) coming,!however. 1s the rapid oxidatﬂon of copper at high.temperatures over

400°¢. |
| ! Thermocouple Temperature Measuremeni: P.A. Kinzi! 1973 John Nﬂey & Sons,
| Inc., p. 122. X
. »
| ERIC . 33
[ il Provided by RRIC . . : 3
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Ilﬁg/;;QUIRED: | | .

1. One period for actual measurements

2. Two to three periods if the teacher wishes to include more about

meaSUrement and measuring skills.

MATERIALS (per group)

Thermocouplé'(see;suggestions for sources)'ﬁ

Millivolt meter R h . :"f S
Water bath (with ice) |

Thermometer

Heat source.

Ring stand and clamps :
R : ‘ "b |
SUGGESTIONS The simplest method of thermocouple construction is to buy type T~

thermocouple wire available in any city or from Instrument Service Co., at 4241
Jason, Denver, Colorado at about 8¢ per foot. The second choice is to buy equal ‘.
guage copper and constantan wire or to try hardware stores for either wire or .

thermocouples’

h . The joint can be twisted, but is better if soldered or clamped.

This activity can be used as a replacement of the traditional blank

thermometer calibration lab., It can be practically applied in some of the solar energ
activities outlined in this manual. Additionally, i® can serve as a source of

/]  discussion regarding measurément and graphing applications.

SUGGESTIONS FOR FOLLOW-UP: The thermocouple is almost a requirement for solar

. ~
lab activities as thermometers need to be read by opening the system while
v thermocouples can be monitored without disturbing the system. Secondly, thermo-
couples can read higher temperatures than the standard classroom thermometers

gy can safely attain.

34 »
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The thermocouple$ produced in this activity can be used later in

the fo]iowinglactivities.found in this manual:
save That Ice, Activity #4 o
The Insulating Qua}ities of Various Fibers, Activity #5 N ; -
The Efficacy of Light Sources, Activity #9 | -
Constructing a ﬁgdel Greenhouse. Activity #13
Solar Energy Storage in Grével, Activity #15.

/ REFERENCES: | B R T

. . ,
1. Thermocouple Temperature Measurepent, P.A. Kinzie, 1973, John
Wiley & Sons, Inc. ' | |

" 2. The Theory and Prgbert{es of-ThermJEouplg Elements, P.D. Pollock.
197i, American Society for Testing and Materials. .
3f Source: InstrUmeht.Service‘Combany,‘4241 Jason, Denver;
Colorado, (303) 458-7302. . I

-

-

_ ) .
- o . )
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#3. A TIME.AND COST COMPARISON OF HEAT SOURCES - ..,

PURPOSE: In this experiment, you will:ll) use sevéral different heat sourceés
to raise the temperature of.a known quantity of water, 2) calculate the
quantity of heat required to heat the water, 3) calculaéeAthe relative costs '_"-,
fﬁr using each of these fuels, and 4) cqrrelate the experimental daté with

‘home heating data.

INTRODUCTION: In our technological society), we obtain our energy from many
different sources. In'this‘cbuntry; homes aré hgated uﬁing a variety of.
methods'including.oi}, natural gaé, wood, electricity, and solar energy.
.,ffg,. : This, particular experiment will focus on the’uSe uf'seve;al fuels and
a hot plate é§ heat: sources, Some of the fuels that will be used afe_pet-‘
iinoleum based;‘e.g,? propane, butane and paraffin. Other fuéls'arg distilled
ff’frcm'wnod~products; e.g.: alcohol and sterno. You will éﬁperimenéally de- |

.7 :

;termine the cheapeét method of providing heat. Upon completion of the ex-

i perimeht, other considerations such as effiéiency. pollution: and fuel avail-

épility will be discussed. It is important for all Americans to undeﬁétand.

[ . . —

. the implications of using a particular fuel.
ﬁia ~ MAJERIALS: (per team) o ‘ o VA
i - K

250 m1 beaker ) .

I i,

- 1513 ‘ Various heat sources including candles, tterno, alcohol lamp, hot |
}( .. plate, propane torch

L .
\? Water '

Graduated cylinder, 100 ml

¥

'; . Clock or watch with second hand

Thermometer

z ’ ‘ _ 6 . "..A‘
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PROCEDURE: For this experiment, you will be using several of the heat

sources listed above. In order to compare the various heat sources, cal-

culations of the amount of fuel must be done for each heat source. These

calculations will vary depending on the heat source Below, you w111 find

- 'the steps involved in calculating the amount of fuel used for each heat

1 -

source.

1;‘ Add .exactly 200 grams of water to a 250 ml_beaker.

2. Record the temperature of the water in‘the data table.

3. _A. For sterno, atcohol lamp, proﬁane burner: Detenmine.the
‘e mass.of the source before heating . '
B. For hot plate:’ Récord the watt rating given on the hot

. | p]ate identification plate and turn the hot plate to the

highest setting.’ |

4. Place the beaker just above the hottest part of the source.
5. Record the starting time. | |
6. Continue heating until the temperature has been ra1sed‘by exactly

50°. o -. .

7. Record the time when‘the desireo temperature has been reached.

8.. Turn the heat source off. |

9. For sterno) alcohol lamp; propahe,burner: ‘Determine the mass of
the source after heating. |

10. Repeat 1-9 for each of the other heat sources.

. .
L - |
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r * . .
DATA: | . ~ R
, |Starting | Final | Starting Final | Starting | Ending
Fuel ¢ |Mass, g | Mass, g | Temp,, C | Temp., C | Time Time
Candle ' | ’ T
Sterno | . )
Alcohol Lamp . ’ )
Propane Burner ' _ : ‘
o pete [ -
' Wattage Rating: | ) T
FINAL RESULTS:
: .+ B C pb - = E F
Units | Cost tc Heat . Time
Fuel Used Cost/Unit 200 m1.H,0 to 50°C Cost/Calorie Needed
Candle g /g - | | I | '~
"Sterno g &9 ‘
Alcohol Lamp g ¢/g . X
Propane Burner d . ¢/g ( . r L o
Hot Plate - KuH ¢/ XWH o '-
T ¢ = J‘
- CALCULATION: , _ ‘
A. Heat used:= (Spec.ific heat) (mavss) (change in temperature) = calories
specific heat of water = 1 cal/gram O
mass of water used': % 200 g )
change in temperature = 50°C ,
heat used = (1 —CE%-C) (200 g) (50°¢) = calories
HEAT IN KILOCALORIES = $38C1SS 9. . = Kcal or Calories




- ) . 3

B. Amount of “fuel® used = Mass before - Mass after = grams

C. Obtain cost per unit from your instructar.
- D. Cost to heat 200 ml of water- 50°C: . g
(cost per unit)'x (number of units used) = - |
( B ,

- cost calculated inD ' --
number of kilocalories in A

- F. Time needed = Ending Time - Starting Time

E. Cost pef kilocalorie =

-

<

for hot plate: ({(number of watts) (time in hinutes} = KWH
' e (1000 w/kw) _‘35 min/hr) o

)

"
« 2
: . ~
- CONCLUSION: N A
b L b
{
v 2
QUESTIONS:
* 1. Which heat source was the most expensive?
. - T least expensive?

f 2. Which heat source was the fastest?

. T . , . -

the slowest?

.




"in choosihg a heat sdurce?'z

Other than time and cost, what other factors might be considere

AN

s Y A
&

1

Check with Tocal heatifig contractors, electric companies and solar

installation companies in order to complete the chart below:

»
-

_ HOME HEATING SOURCES --UNITED STATES

\

. No. of . S Ihsta)ation | -
| calories | Cost per | Cost per| of Equipment| Pollution’
Unit per Unit Unit | Calorie Average Home Level
. |oi1 galion 36,000 | medium _
Natural gas | 1000/cubic ft | 260,000 L B ] Tow
Wood cord” | 5,300,000] | high . °
Coa | ton | 6,200,000 o~ [ nigh
Electricity | kwh 860} - ] variable
“Isolar langley 1200 cal]| , . none
| - me/hr | ; ‘

" 4th and 5th choices for hedting systéms.

For eéch of the sources listed above; list the advantagés and

disadvantages, including any factors wWich érg not. included in

-

the table. .

. . )Y
Now, the choice is yours. Make a list of your.lst, 2nd, 3rd,
. ’

‘e
1
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TEACHER'S GUIDE.

-

OBJECTIVES: Upon completion of this activity, the student will be able to:

1. Demonstrate proficiency in measurements of temperature and time in

compar1ng heat sources. - . - \

2, Understand the source. of each of the fuels encountered

3. Make calculat1ons of heat, amount of fuel consumed- cost of eaeh‘
heattng source, and cost per calor1e of heat de11vered

4e‘ LlSt several factnrs in ch0051ng a fuel

5. List five common_methods of heating a building. |

. 6.  Research current pricks fd; both instai]atioﬁ and fuel, ‘and make

\h:& | calculations necessary to:comphre the methods of heating

Q? 7. Make an educated-audgnent as to the type of heatxng system most

appropriate for fiis (her) needs

-

BACKGROUNDi Most students have heard about the different methods of heating
4 &

-a house or building. In this: activ1ty, they will be able to dlrectly ob«

,serue the efficiency of various ]aboratory-heaf sources and relate the kmow- .
1edge to actué{ heating systems in.buildings. ‘This particulir activity coufd‘
be(used in a variety of scientific disciplines: the physics teacher could
implement the "activity when discussing energy and heat; the chemistry teacher
could use it'whén specific heat™is studied..\Jt would be best utilized after

students have had some packground in fuel prddu tion and use.

40

CTIME REQUIRED: 1 1abdratbny period for data collection -
. 1

éfsa’regu]at class periods for calculation and discussion

L




MATERIALS (per group): -‘Heat sources can be rotated so that.#n a class of 30

students working in groups

of 2, you would need 3 of each heat source.

L3

LY

*
N o]
.

propane stove, it

*

L

1. Caution students in the proper use of all heat sources.

goggles must be worn.

3 - candles -
. 3 - sterno cans |
© 3 - alcohol lamps . ‘ ! \
N 3 -<.propane burner (stove). . '
.3 - hot pTates | |
15 - beakers . -
15 - thermometers ‘ o
f - clock with second hand
- 15 - graduated cylinders
SAMPLE DATA: . - . . o
. = I ~ Cost to | _ -
- Units Cost Per Heat 280 ml o Time
Fuel Used Unit Hzo 507C Cost/KCAL, ~ Needed
) _{(min)
Sterno Too10.2g 31¢/9. 3.17¢ 317¢ 1.6
‘Alcohol Lamp - . 6.4.g 5.5¢/9  35.2¢ " 3.62¢ 8.2
Propane, 449 .37¢/9 1.65¢ O 65¢ 5.3
Butane 53¢ - .78¢/g 4.12¢ — - .412¢ 3.5
Hot Plate .083 kwh  4.4¢/Kwh .37¢ - .037¢ 6.7
(750 watt) Lo . |
SUGGESTIONS: - « |

$afety

Exercise care with hot ' beakers.

Other heat gdhrces; sucb as a &Unsen burner or butane caﬁp stove
could be suﬁstituted.of added.

3. In calcu]ating the mass of fuel used for sterno, alcohol lamp, and

is important to subtract the mass. of the container_

A wheg cq]cu]ating the cost per gram,

Have yeédy a'quantity of water at room temperature.
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SUGGESTED FOLLOW-UP ACTIVITIES:

- 1. Discuss the use of fuels in producing electricity.

E. o b 2. Demonstrate the use of the sun's energy for heating water.
P . ig . PR
3

i
|
X
|
|

. Discuss heat loss in houses and methods for reducing fuel con-

“sumption.

—

‘ 4. Demcnstrate the use of fuels in transportation. |

-

REFERENCES :

Enerqy - Environment Source Book, John Fowler, 1975 by Natlonal
Science Teachers ISsociation

Energy - Environment Mini- Unit Guide Stephen Smith, et al s 1979,
by National Science “Teachers Associatlon

~

3




#4. SAVE THAT ICE

PURPOSE: In this activity you will: '
, 1. .Eva1uate the'comparative val@e of the insulating ability of .
, several different’materia]s. | o
2. Calculate the heat loss‘(gr gainy in Btu's.
" 3, Determine the R factorof‘yoyf insu]atf%g material. .
4, Propose a reyision to the activity so tﬁat-you can make the

ice Tast 10% longer than your first attempt.

INTRODUCTION: Whether you are trying to keep heat out of a container or

keép it in, the problem is still the same - how can you resist the trans- j.
fer of heat from the hot regi?h to the cooler one. The material that you
use will accomplish this in‘varying degrees depending onlitsvabi1ft§'to
. resist that flow. .Th¥sfis known as the R-value of thé insulating material,
with the higher number indicating a gfeater insulating apj]ity.
‘Your proﬁlem in this actjvity is to use any one mateniai commonly

/

available tb you to wrap a known quantity of ice so that tﬁe*least amount

N

of ice will Q§ye_me1ted‘in 24 hours. You will determine the percentage of
ice lost to melting, and~wi11‘compare the relative values of insulating

properties of each of the substances used by the various teamé in your class.

i

In addition, you will calculate the amount of heat energy transferred into

your ice “package".

£

MATERIALS {per group) -

2 - styrofoam cups or 1/2 pint milk cartons

Balance - '

1n§u1ating_materials (your choice)
 Thermometer (-10 to 120° ¢)

114 , /
, .




PROCEDURE :

Day 1:

Day 3:

10,

11.

12.

13.

37
b 4
| . L
Determine the mass of a styrofoam cup (or milk carton). Fill it

with water and find-the mass of water and container. Record in -

" appropriate space op Data Sheet.

~

Determine and record the mass of the water (Data Sheet, #3).

. Collect the insulat%nq material that you will use.

Ovérnight, freeze the container of water.

. - ‘
In the next c]assrperiod, remove ice frﬁmAfreezer and wrap it in
your iﬁs&]ating.materi}l (not to exceed 2 feet in circumference
along any of its thfee axes. '
Label your team's package and place itrin‘ehé%§&me‘locatiop as all
the others as directed by the teacher.

During the next class period, qnwrap‘the container of ice, being

careful not to spill any melt water.

Determine the temperature of the melt water.m(Data Sheet, #4)
Quickly determine the mass of the remaining ice and record. Sub-

tract to find the mass of melt water. (Data Sheet, #5, 6 & 7)

v

Calculate the number of calories absarbedvby the ice. This is the
energy necessary to melt that mass of ice. '

Determine the humber of calories of heat that_was used only in

<
L

warming the water 1#11). -

Determine the total amount of heat energy absorbed by this system

(#9 and #11).

- Determine by calculation the number of Btu's of energy fo mélt

\ .
the ice (#13). (1 Btu = 252 calories)
- 4D




DATA
-
Day 1: |
T. Mass of container \ 9
. 2. Mass of container and water | ; tg
3. Mass of water (#2 * 1) < | g )
Day 2: . ) a ‘.
4. Temperature of melted water o o

5. Mass of water after 24_hours

(podr off into a separate container) g A
6. Mass of ice at end of 24 hours - ° : ]
7. Mass of ice that melted (see #5) ‘g

8. Percent of ice that remained after
24 hours {#6/#3 x 100) . | 4

9. Number of calories of heat absorbed |
" by the ice'(each gram of ice that |
melts absorbs 80 calories of heat) o calories

(80 cal) x #7 | - _ | | - t
10. Temperature rise of melt water at end of . p'
24 hours (Fihal temperature #4 - 0°C) C
11. Number of calories of heat aﬁsprbed by
the melt water (#5 x #10) / calories
12. Total amount of energy absorbed by the
melting of the-ice and warming of the _
) melt water (#9 + #11) _ ' calories
13:° Number of Btu's absér -
(#12 x 1 Btu -

252 calories) Btu's Iy

&
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CONCLUSIONS AND QUESTIONS: . ,

1

| most economical to use considering its insu]ating va]ue?

Of all the projects done in class, which insulating material al-

Towed the least amount of ice to melt?

What experimental errors might have been entountered in this activity?

How would you change this activity so that your remaininQ ice will

be at least 10% largef? . : —

..

Rank in order from the most expensive td the leaSt eipensivé, the o

relative cost of each of the materials.

Compared to the relative cost of each, which materia] would be the

If you were tgsflace any of these insulating materials in your

house, what problems might you encounter?

] e

Do any of the‘materials suggest difficulty in installation?
Consider labor costs in installing each of the materials. How

does this affect the overall cosf of insulating your home?

-




' TEACHER'S GUIDE | ’

OBJECTIVES: After dbmpleting this activity the students will be able to:
1. Compare the ‘relatl‘ve‘ value of the various types of insulating

materials. . -

2. Discuss insulating materia!s in -terms of&-value

BACKGROUND: Heat flow depends on area, ttmet thickness and temperature

di fference. The flow of heat occurs only when«there is a temperature dif-
S -

ference (the "driving force"). Regardless of hoﬁ much insylation you use,
there will be no heat lost or gained if the inside temperature is the same

as the outside temperature. The greater the difference 1k temperature,

\ \

the greater is the heat flow. The direction of heat flow oﬁ?transfer is
’ u\ .

always from the warmer side to the‘cop]er side. | IR 5
' ™.

The resistance to heat flow of a drteriaI' the R-factor, is de

Srmined

','
AR

by laberatory testing. The test results are expressed usually as “UﬂfaCﬂQrs

rather than R-Factors A U-value is the transmissipn rate of a materiaf“éx-i'

pressed as the rate of flow (British Thermal Unfts Btu) per square foot o?
‘area, per stated thickness, per hour of time subJect to a temperature differ-

ence. This is often stated as Btu/hr/ft%/°F for specific thickness. Rather

~ than writing Btu/hr/ftZ/OF every time, the symppl U is used‘to‘express this

value. The resistance to'this,flow rate is expressed as R, which is equ’p
to, 1/U. - | o
One Btu 1O the amount of heat energy required to raise the temperature
L L4

of one pound of water one degree F. A1l furnaces and air-conditioners are

rated in terms of Btu's. . A 4

h’}\ D

o~

i

R
.

-.'t‘
A

Sy
S
H




TIME REQUIRED:

4 class periods | -ZE ’
1 - planning of approach arid aﬁsigq{ng~of.groups .
1 ; preparininh;ulat;ng péékage | |
1 - mea'surin.g and recording data '
1 - discussion and comparétizg.eva1uation 

MATERIALS (per group):

2 - water containers (1/2 ;iﬁt milk cartons or large styrofoam cdps)
1 - freezer o |

» 1 - thermometer | _
‘6 - balances {several grogps could .share)

SUGGESTIONS : f
/

1. Avoid starting the activity such that the meltiég.process will
occur over a weekend or holiday. Twenty-four hours is about the ‘
limit to expect ice to last except under the ds!t ideal conditions.

2. Have each team or group summarize its data and type of insuiating '

: materiai_used on the board so\that éhe rest of the classfgan arrixg
at conclusions.

3. Sugéested insulating materials:

: . " a. spun fiberglass, *
. b. styrofoam sheets ' | . ¢
o
| 3

SR c. ®ellulose fiber (shredded newspapers)

)

e. rock wool

{ , o d. urethane foam
F ", © f. wood shavings

A1l Of these méj‘haye varying thickness and density of packing.

¢
.

] : ,4()

Q . - ) ;*"_‘ -t




42

4, Compare the R-value ratings of the various materials to their costs.

A local lumber yard can give you Current prices. Hhxcr mater1al
is the Jeast expensive for a given R-value?

5. Experience has shown that using larger blocks of ice and hav1ng in- _

sulating material on hand makes for a more successful experience.

SUGGESTED FOLLOW-UP ACTIVITIES:

1. Have the entire class discuss the ideas elicitedeSy Qués;ion £3.
Have a group carry it out to quantify any 1mprovements

2. Discuss how retarding heat flow from our homes during the winten
or into our homes during-the summer is a real-world application of

the principles demonstrated in this activity.

SAMPLE DATA:
1.. Macs of container o | _14 ‘l g
2. Mass of container and water . ‘ 250 9 .
3. Mass of water (42 - #1) | f .. 236 g |
4. Temperature of melted water | ‘ 8 | 1§§
5. Mass of water after 24 hours | ' v
{pour off into a separate container) 200 g
6. Mass of ice at end of 24 hours 36 g~
7. Mass of ice that melted (see #5) . 200 g !

8. Percent of ice that remained after{é4 ‘ "
~ hours (#5/#3 x 100) : p . 15.25 %

9. Number of calories of heat absorbed
by the ice (each gram of ice that |
melts absorbs 80 calories of heat) . 16,000 . calories

(80 cal) x #7
g

10. Temperature rise of melt water at end
. of 24 hours 0 o ‘
| assume T,=0°C, T,=8°C, 12-71=3c° 8.0 ¢

50




" NOTES:

3

1 Btu = 252 gram-calorie}

'11. Number of calories of heat absorbed

by the water (#5 x $10) 1,600 ~  calories

12. Total amount of energy absorbéd' ' ) ‘ .
by the melting of the ice and . 17,600 calories
heating of the water (#9 + #11) '

(If T, - T, = 0°C then 16,000 + 0 = 16,000 calories)

13. Numbgr of Btu's absorbed 69;8v  Btu's
‘ ?
REFERENCE :

Solar Experiments for H gh School and College Students Norton, Hunter
and Cheng. 1 oda]e ress. p. 16 .

A

a

-

Latent heat of fusion = 80 calories per gram.

80 calories of heat energy are required to melt 1 gram of ice to
water at 0 °C. ) .

—

\ a

e 1
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#5. THE INSULATING QUALITIES OF VARIOUS FIBERS

PURPOSE: The student will perform an experiment to collect data on the. R

insulating capability of various cloth fibers used in clothing manufacture.

INTRObUCTiON: One of the’nays that man'has protdcted himself from tne forces
of nature is through the use of proper clothing. He has learned to use the
correct type of';ibec or, in some cases;‘cpmbinations of fibers to reduce the
. rapid loss of-his body heat.

The purpose of the clothing we wear is to reduce heat loss to a reason-
able level in order that we can remain comfortable under most weather conl
ditions. Generally, the body‘e heat is_lpst py the three‘methods'of_heat
transfer: cbnvectipn.‘conductian, and/or radiation. ~Convéction is heat trans-
fer via moving fluids; conduction involves loss pf.heat-thfongh molecuiar |
motion in solids, and radiatipn‘is the transfer'of heat via electromagnetic

- waves from a s&urce through a separating medium | ‘
We will determinégin the following activity why certain types of c1pth-

ing seeém to keep us more comfortable in cold conditions than pthers.
’ . ® .

> !

. . " MATERIALS: Several pieces of cloth (various weightS‘of wool cotton, nyion
%

~--—---~-—e_-gheﬂ down).—Two "heat” boxes/student group, themocouple or thermometer =

for each "heat" box, source of wind (fan), wind guage (hand held). See Figure 1

T

HEAT SOURCE -
100 WATT LIGHT
BLUS

[ ]

. N - » 52.
Figure 1. Apparatus

-

e
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[ . .
- -
\ .

Two heat boxes are needed so that the one without the wind passing over

A

it would be the “control". \ ’

PROCEDURE : ‘ e f\
1. The heat boxes should be set up‘to begin'generating heat at the |
) start of the class period with the cloth removed to allgw time fok
heat to accumu]ate and the temperature to stabllize in the boxes
2. Place a p1ece of -the selected materia] over the open sides of bagh

heat boxes (masking §gpe should work well for this), completely

covering the opening. B
~/
3. Dxrect a steady flow of. air at the test cloth from a fan.
4, Beg1n 1 minute observations of temperature change, recording resuTts "
- in the data table. o - ’ vf"fxq
- DATA: In the.follewing data table record the type of cloth being tested, ,
the time and the heat box tempeh?ture. Continue the experiment, taking temper-
. € . . '
ature readings each minute for approximately 20 minutes. - d
& _DATA TABLE s .
\ . ’ ~

Cloth Sample

Time, minutes . Temperature of Heet Box,C

0

1

2

3 , .

4 ‘ . - | .
5 . |

6

7




P

. N - . DATA TABLE (Continued) /

«

A
t

Cloth Sample \

o~ ‘ -

Time, minutes Temperature of Heat Box:

[

8 o .

n e

!. ! . - ]5@

6 | -
/ . 17

{18

- - . N -~

19

20 | |

]

-

CALCULATIONS AND RESULTS: -

1. From your data plot é graph of temperature as a‘function of time.
2. Determine the slope of the line oh your graph; i.e., find the

) ' o e ' ‘ {tx? .

.t B number of degrees change in temperature per miﬁuf% of "exposure." -

3. Compare your,resulti with thbsé'd ‘students who used difféfgnt

a oo samples of c]oth.‘ | . a L

]

CONCLLSIONS AND QQESTFONS: ‘y;e class détd to answer the fallowing;
1. Which fﬁbér‘has the highest’insulatipg property in £his expg?$g¥
_ment?- S o N
2. Can you suggest why soﬁe fibers are used in combination with

other fibers? “»
| - . . 51
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Which of the natural fibers {(wool or cotton) wodtg%you prefer for

.
’

winter clothing?

o N

Can you think of weather conditions that would alter the ‘insula- - ¥

" “ting qualities of cloth fibers? Explain.

. .
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- TEACHER'S GUIDE “
' "

e

OBJECTIVE: gtudents will learn how to determine what éffect various

ciothing has on retarding the Toss of body heat.

*

'BACKGROUND: - This aotivity is designed to illustrate the resistance'of‘_

c]othing material to heat transfer.

Bu11d1ng insu]at1on (or R factor) is dlscussed in another activity

in this manual but the purpose of th1s acttvxty 1; to aquaint stude:Z%ﬁ\

with some of the prrnc1p1es of heat energy conservat1on even,though
is dealing with heat conservation in the human body and not a bu11d1ng

!
or«ﬁome. : L ' ' . ' }

- -

TIME REQUIRED: This activity should take o more than two class periods
. ’

{
E“

- —
ks

One. period may be required to gather the data.

MATERIALS (per class or Qroup): The teacher has the.option‘of demopstraQ '

ting this activity or assigning it to student grdups The materials re-

-~ —

| quired are: two "heat boxes/group, thermocoup1é or thermometer, card-

board box; wind guage; wind source (fan). Dne or two fans . will probabty

' accommodate'all of the students‘ test boxes. Suggested samples of cloth |

"to use are woo], cotton, ny]on other netura] and man—made fibers.

The use of "down" (a combination of fibers) can 1ead to e discussion
of proper "1ayer1ng" of clothes. Hoo1 may atso vary as to weight and

tightness of weave.

*

SUGGESTIONS: JMS activity is appropriéte for independent study in the
following classes: energy, meterology, home economics, physics, earth

science and b1oTogy. You may wish to check an ASHRAE manual for further

?




-

L]
-~

studies on values of clothing insulation.
b v « (‘f

FOLLOW-UP: A relatdd activity involves the use of the following equation
to determine wind chill: | o
= (0.14 + 0.47 v'/%) (36.5 - T), where

H is the wind chill factor, v is the velocity of wind.in m/sec and T is

‘ K
the ambient temperature in °c.

You may a]so wish to def1ne Clo units jor your classes These units

are used by the c]othing industry and eng1neers‘%b detennine comfort un-

der varying environmental conditions-epart1cu1ar1y wind speed and humidity.

. One Clo is defined as the amount of,insulation necessary to maintain com-
fort and mean skin temperature at 92°F in a room.at 70°F with air move-
ment not over 10 ft/min, humidity not chr 50% (metabejism of950\ca10ries/

square meter/hour).

-

. o . :
REFERENCES ASHRAE Manua] 1977, Amerlcan Socjety of Heating, RefrlgeS.

*®

t1ng and Air Cond1txon1ng Engxneers

&
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#6. HOME HEAT LOSS STUDY

PURPOSE: You will learn the concepts of heat flow and infiltration and

will gain-a practical knowledge about heat transfer in homes and their

construction.

’INTRODUCTION: Most exgjting about this écti&ity,is its potential for

studying heatJf]ow in your .own house. We will study°ah eXamp)E'of a

2

1000 ft°, two-story house to observe what effects various construction .

materials and building techniques have 02 its thermal properties.

This activity is based on the derived expression for conductive

-

q =4l

. i Btu

where q, is the rate of heat transfer in Fr (Btuh), - 7 B
' '

~

k is the therma1 conductivity of the surface material 1h

Btu - in.- -Btu - ft.

R . ' or ——y=t,
hr-ftF  hr£t°OF
* A is the area of the surface in ftz, ool

©

AT is the te&perature differenée acghss the surface in °F and

w is the.surfaceﬂthickness in feet or inches. . o
In the process‘af using Eq-(1), we will be imtroduced to thermal conducti-
vity, R and U-values and the calculations of area for the house.

Nerwiil aiso study infiltration, using the.density and sbecific heai
of air, the number of -air changes per hour, the volume of air in the house

and the inside and outside design.temperatures. " J(

MATERIALS: .
A 4K computer, programmed in BASIC
Graph paper | _
SK
Activity sheet ' *
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PROCEDURE : | .

Choos®” the house transmission area you wish to study: floors,

ceilings, walls, wall on buffer space, windows and doors.

2; Brainstorm for variobs types of constructions for your trans-
mission area. (See Appendix C)
3. List 5 or more different types of constructions for your trans-
- mission area. |
‘4. Draw or describe each type of construction. '
. . , ’ ) ‘ ‘6’
5. Input construction materials, and theip R-values (or their k-values ..
and their thicknesses). (See APpendix C.) . |
6. Get heat flow results in Btu/hr for each traﬁsmi§sion-areaﬁ
7. Get heat flow in Btu/hr for total hause.
e A
8. Find the gain or loss in Btu/hr for your change.
DATA: "
Transmission Area T
" Construction #1 . ' . -
Layers of Materials . ; R-valle
1. ~
2.
3/ . I
4.8 - e
5.
6.
7. Vo
8. _
' Total R-value
R o ~
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Construction #2

Layers of'Ma:er{aTs ‘ . ‘ R-value

m\lmmbwm.—‘
r

Total R-value

Construction #3 : .

1]

Léyers of Materials .

A
¢ .
* h -
. . ( . . ® .
: . € -
. —— R
: .
—

A\ e v
. N

.

-~
-

0 ~N O N B W N -
R

+

Total R-value
C§hstrucgion #4

Layers of Materials ©
A i Q ’

0 ~N O o B W N -

. | 6

'/ " Total R-value




gaxgrs qf Materials

-

" Construction #5 .

oowmm-:swm:-

" Layers of Materials »-

Total R-value

Construction #6

I

0~ O v o ow N —

Layers of‘Materials

Total R-value

Cpnstruétion #7

CO ~N O o bW N

R g

R-value
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Constriction #8 .
Layers of Materials ) V.R¥valué
1.
2. i
3. .
4. e = - -
5.
B- <
7. 1 i :
.8. .
~ Total R-value
;",\
) Table of Results
. . Total R-value Area Heat Total Heat ‘Difference in
Run # of Area Loss (Btu/hr)  Loss (Btu/hr) Gain-or Loss -
Control] | _ '
1 T . I
@: 2 . + . . ‘
3 )
4 - )
5
. 6 _
& -
8 ]
QUESTIONS: g . | |
1. which transmission area shows the lowest total heat loss? __ '\

N

2. Your transmission area contributed what per cent of the tota1 heat

loss of the house, in control rum '}‘. %. With your optinm]

"construction %.

2

3. If natura] gas costs $1.50 per mifﬁlon Btu S, in Denver, how much .

would one pay per day with the original system? $ The new

system? $  How much is saved? $

52
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4. What is the relationship between heat flow and R-value?.
}f

Befween heat‘f]qw and construction matebiéls? |

J

-

£

-

5. What factors would'ihﬁluencé your choice of construction matefials

for a new, house? _-

L}

f
L 4
-

-
]

.6.A HoQ could you,cﬁange your existing house to reflect these conclusions?

T

3 s
!
7 ’ .
! ¢ L]
// -
f )
.
« ¢
.
»
/
/
[}
&
-
. -
[
P
/
| S
P - 5‘3 i
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| TEAGHER'S GUIDE o
[ S, OBJECTIVES: Students will: ‘ 7 | N T

L]

1. ‘Gain a practica] knmﬂedgg of ‘a house's thermal system

| 2. Study the det/yed.expresstons for heat 't low and infittiat1nn N
3. Make a graph of heat loss as a function of R-value.
- 4, List ways to decrease‘heat loss. ) A ‘
5. Use the computer to gather data. . . ) ‘o [ .

.

BACKGROUND To analyze a home s heat- Iess, one must use.SQVera1 concepts

such as conductive, convective‘and radiative héat flow Only heat 1oss by

conduction, the transfer of heat through solid materia]s, is considered 1n

this activity., - | | | ; L o ';
. ‘ \' ) -
If given a Surface which separates two spaces having different ain axq

temperatures, heat wi]l flow (be conducted) through the surface from the

L

uarmer to the colder space. . Conductive heat transfer 1s described by EQ (1)

-~

9 = kA AT (1) P

4 I Btu Yo
. where qk is the rate of heat transfer in Jr {Btuh), AR
) ks the thermal conductivity of the surfaﬁe material in . . .
| Btu --in. . Btu'- ft. . .
- - hr-£t20F nr-££20F | -

A s the area of the surface in £2,

AT is the temperdture difference_acrossﬁthe ;urface‘in-QF and

‘w is'the surface thicknesslin feet or inches. ‘

EQ (1) indicates that Q is direct]y proportional te the thermal con-
ductivity, the surface area and the temperature difference; itfds inversely
proportional to the material's thickness. | ‘

In general the rate at which most physicalaprocesses occur is dtrectly

proportional to a "driving" potential and inversely proportional to a resistance.

- 51
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" "In conductive heat transfer, the “driving".poﬁentiallis the température

difference; therefore, by EQ (1) , the thermal resistance, R_, of the sur-

. face must be T - | | :
. | o L RS =“EA—_ (2) . : . .
S “and EQ (1) can be rewritten as |
s - ‘ _AT
¢ R TR (3)

, 'S
~ However, most tables listing thermal properties of construction materials
and 1n5u1ation do so in terms of one or more of the fol]owing

: Btu - in.
a) the thermal conductivjty. k, in . ftzoF 5 . . | .

fb)' the reciprocal of the.therma]-cpnquctivity. %1 in

hr £t29F '
Btu - in. o \
t) the "R-value" for one ft2 of material of a given thickness, w,
20 i
hr ft°°F ; ,
in o
1 in Etu P
d) the thermal conductance, C = , ’ 5
R | ' ‘ﬁ-valpe 'Fhr st ZoF
i | .
Using the units fer k,and w, it can be shown that %-= R-value for one
ft2 and a given thickness of material: - ‘
" - " in _ _ hr ft %9F = R-value |
' Btu - in. Btu - o e y
hr. ft2 Of Dy
' Substitution of R- value “for " fntg EQ (2) yields |
R R-value ,
. s A
| and substitution;of RS into EQ (3) gives
? e _
P -t .
| | o f ‘ e) = 1 T \
{ | 1 {for a surface) RvaTue XAT X A (8) \
\

. _ ] .
Since ¢ = patwe » - " . :
. R - ¢




| qk (for a surface) =CxAT x A (5)
(The reader shou]d verify that the units do check.)
Depending on hou thermal information is tabled, Equations (1), (4)
and (5) wi]l yield the same rate of heat f1ew (within rounding errors)
through a surface cdmposed of one material with a thickness, w, and area, A
For a given heat barrier (wall, floor, ceiling, etc ) composed of two ?
or more 1ayers of building materia]s it 1s necessary to define U, the |

overall coeff1cient of heat transmission (commonly called .the U- value) f5r

n-layers ef.materials:

. 3 ] ] . L
- . U. = . (6) S
e . E}* C o o .o
' wnere RT = R + R2 ........ + R is Qhe total thermal reéistance for the

o -
multi- layered surface and Ri’ g wven R are the resxstances of layer],
1ayer2 ]ayer |

‘. » .
. ‘ - ' o

The heat 1o0ss (or gdim) through the multi-layered barrier is then ex--

pressed by ‘ . - | ‘ . | .
qk'UxA'fo (7) |

~

B s

R e

It can be seen from EQ (6) that the h1gher the U- value, the Tower the ther-
mal insulating ‘value of the composite surface. |
Appropriete units for U are ' Btu . ” | . .o,
o - £t% hroF » | .
EXAMPLE 1: Using Equations (1), (8) and (5), determ1ne q, far a wa11
(30 ft x 8 ft) of 4-inch face brick with inside and outside temperatures
g9 Btu - in. )

of 65%F and +10°F,.respect1ve1y. (k for.face brick is 55
e hr ftoF

Neglect air films and wind. -Are your}enswers_the same (within rounding

error)? ' . ,
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SOLUTION:
Kk
| a) By EQ (1): q = xAX Y |
— _ 9 Btu ¢ in.: 1 2 o 29,700 Btu
. : q, = 55 X 71T X 240 ft~ x 55°F = - hr
, hr ft© °F . .
) By EQ [2): gy R—_V;Tu_e' xJ xaT -
1 .11 hr £l OF f’<
- R-value = x w = 1 x 4 in. & - Bt x 4 in.
Btu -- 'In \ U__- 1"
9 .
. - - hr ft? OF )
2 0 .
hr ft~ °F
.444 —-‘—B—EI‘—— . . |
“?QE Btu  x 240 ft? x 55%F = 22430 B -
hl‘ ft Of: ‘ ' ' '
P c) ByEQ(S):qk=CxAxAT '
- _ 1 .1 Btu Cenk
Si'nce C = Rovalue _ 444 2.25.2 m ’ t‘h n
q = 2.252 ;——;zz——- x 240 ft2 x 55%F = 2700 Btu
r -

.3/4 mdh p]ywood acked by 2 inches of blanket/batt 1nsu1ation ‘ Ins1de and

outside temperatures are 65 F and -10° F, respectively.

. SOLUTION: From Tables: = R )
Btu -.in. . '
kﬁ for plywood is .802 mF 2,;
B _‘1? f.dr b]ankee/batts is 3.5 ?:u%ﬁig
" R- value for plywood of this thickness is
R-value = % X W= 8}32 g:uff'z’:F X .75 in. = ,935 hr &2 O_F

R-value ﬁor blanket/batt insulation of given thickness is:
' hr ft2 OF nr ft2 OF

R-value = ¢+ x w = 3.5 g x2 in. =7 :—W_

[

By EQ (6) U= g

EXAMPLE 2: Determine U and A for a cbmposite “wa'l]" '(10‘ X 10 ) made of -

]

)




2\ -

% 126 B . a

U =9 S . - .,

Pt 35 hr ftf | ‘ o

By EQ (7) .~~~ o g U xA x AT
! . ‘_‘..‘"‘._ : 2 ) .
g = 126 —r' x 100 t° x 5% -
K k . bhr ft ' |
Ce _945.2 Btu - | S SN

‘ ] Qk T e hr . ' f""'/f

Anuther expression used in the. computer progrém re]ates to\?h(\ltpatlgn
Inf11tration is expressed by EQ (8) . // 3

. | where ‘qi = ra@te of heat ]oss due to inf'ﬂtration
) . Q . .
' volume of air in the house, ft3 )

= a1r changes in the house per “hour, usuany betwegr 5 and 1.5; |
. ¥ . ‘.
(.7 used 1n the program) o %
. P = the denszty of air (1b/ft3-)v C . . »
€, =.the specific heat of air (Btw/Ib°F) ~ = o - '
T AT = difference in temperature between. inside and o&t'si'a_e,v'oF §
| ‘Exam"l e
s ' For a house &ith 1000 sq. Ei N a'hd 8 ft-. ceihngs determine the heat ' -
N : \
' required to mamtam an inside air temperature of 65%F with an outside . . T
. : ,—-"/ * . [ ‘:@-
'temperature«‘of 15%F; 5= .075 Tbs/ft>  * . | ;j
,‘ ' L P : .. ) * . ‘a ) t{‘
| .-qiz.\[.'aH.ca. .'p.AT '.’ﬂ\- ‘ . 7 . Q’;,‘
L ' = 8000 ft> - .7 changes/hr ;.24 Btu/1b°F - .075 1bs/ft> - 50°F°
) ’ A
~=5040 Btu/h or Btuhi - N

TIME REQUIRED One to two hours, depenchng on ava11ab111ty of computers
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MATERIALS:  *
- ‘EActivity sheet -- | .
| 'Computer - I

| “Graph papet .

SUGGESTIONS- Students working 1n groups of two or three is suggested

Ha]lowing more construction combxnat1ons to be used Encourage wall construc- '
. t1ons of cement b]dck cement form, brick and - wpod sid1ng, for cei11ngs -
glass fiber, rock wool, cellulose fiber,.for floors: wood with and without” RN ‘.
. insulatien underneath carpet ti]es, for windows:" uith stosm windows,
Adoub]e paned tr1p1e paned,‘for doors with and without:storm doOrs.‘ig'

It is suggested that: "you group your students to share their data with

others SO that they may see. the relative 1mportance of their resu]ts in respect

to the tbtal house. ‘h S

In the combuter program there may be two sources of diﬁficu1ty w1th ‘your
’ BASIC. system. . “On 11ne 710° two LET statements are combined on one line with '
& cqlon. If you ‘can't use the colons; use. 710 LET R = R(9), 715 LET R(1) =

R(Q) as substitutes. In a few Tines the LET statement in an equat1on has been

N 0m1tted " For Iines 202 280 315, 689 and 695.you may add them if necessary

Also lxnes 750 to 830 may be a prob]em 1n\some systems The logic

-

,wou]d require. two addit1onal statements for each IF THEN.

X

EXAMPLE:
750 IFI & 1THEN A = W Y~ W3 = W9 - DI - D2 - D3 -
?#}f You should substutute | P , - 3
756 I =0 THEN 831 o . s
@31 LET A = Wl + W2.- W3 -H9'- DI - D2 - D3 o |
326070860 ' . .. TR
e 54 s
. . - {
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LI o | Design Temp:
‘ < - - inside - 15°F . N
outside 68°F .- ’
Inﬂﬂnﬂkytﬂamm:OJvmn
N LIVING AREA e arm windaws
# ! am Flr. . '
‘ . CEILING-8-0" ! o N .

R _ FLOOR PLAN FOR STANDARD RUN HOUSE
| Walls:  brick veneer 4", woad‘?heathihg 3/4"; stud wall with
‘fiperglass insulation 3-1/2" and wallboard 1/2". R =11.72
2nd fl6or ceiling wallboard and fiberglass ball insulation (6")

1st floor tloor hardwood f]ooring 1/2" on plywood subfloering 3/4"

\ (uninsu]atéd)

- : Fig. 1. | .X
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SAMPLE DATA

RANSMISSION AREA 1°% Floor - R-values
Layers of matergls |
1. Hardwood flooring.1/2" | | . .48
2. Plywood subflooring-3/4" | | .93
‘ TOTAL R-valuls 1.41
TRANSMISSION AREA Ceiling ‘ -
~ Layers of materials | o
1. Wallboard 1" | - .45
&, Fiberglass batt 5" - : , 16.67
\ ; ~ TOTAL R-values-- 17.12
- TRANSMISSION AREA Walls
. Layers of materialé
1. Brick veneer 4" : | 5.99
2. Wood sheathing 3/4" | ' | .93
3. Studwall with fiberglass insulation 3 1/2" & 17.83
- 4. W¥11board 1/2" A .23
' TOTAL R-values 18.98
TRANSMISSION AREA Windows -
. Layers of materials .
1. Windows with storm windows 2.00
' | * TOTAL R-values ~2.00
; A , i
TRANSMISSION AREA Door J
[ ]
Layers of materials
1. Single doors : 1.9
' . TOTAL R-values 1.96

TRANSMISSION AREA Erench Doors

Layers of materials

1. French doors . 1.18

"~

TOTAL

R-values
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for outside wall CALCULATE

;
wall tn buffer space Q
floor ;
ceiling
windows i ‘
READ —1 front door - NT—i—w
- door to garage PRI
CONSTANTS french dgor - HEAT LOSS |°
) (Surface area ‘ o s . FOR AREA
infi]tration : X
- - ' . ' FIGURE
DEF INE | | INFILTRATION
- Q AND_ . L LOSSES
INFILTRATION
READ . ’ TOTAL ‘
CONSTANTS . LOSSES= ~
(R-VALUE) | o Q'+ gl .. |
| . PRINT v
s$6§$\" standard (3 TOTAL
REA . LOSSES ‘
. |
INPUT .
LAYERS | , -
. L . N
- STOP
INPUT . P :
THICKNESS L times
K Conductivity | N
.R Value= | | o
Rva]ue M Rnew

Fig. 2. Programming Flow Chart

¢ 4
Ay
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PROGRAM

1

10 REM THIS PRCGRAM IS DESIGNED TO STUDY HEAT FLOW THROUGH
20 REM DIFFERENT MATERIALS IN A HOUSE

30 REM WRITTEN 8, 13, 78 BY DENNIS COLE REVISED 9. 1.78

40 REM THE -FIRST READ INPUTS THE CONSTANTS FOR THE

50 REM HOUSE'S SURFACE AREAS. THE SECOND READ ADDS

60 REM THE CONSTANTS FOR INFLITRATION, THE THIRD INPUTS

70 REM R VALUES FOR THE SURFACE AREAS.

80 READW1, W2,w9,D1,D2,W3,D3,F1,Cl

90 READV, C m,7e

92' PRINT "ENTER YOUR DESIGN TEMPERATURES FOR YOUR HBUSE"
93 PRINT"(INSIDE TEMPERATURE COMMA OUTSIDE TEMPERATURE)";
94 INPUTTI,T2

100
130
135
140
150

165
170
180
190
200
201
202
210
220
221
222
223

224,

225
226
227
228
229
230
231
232

240

250
260
270
280
290
300
310

DATA935," 1040,247,19,17,153,35,926,926,13579,17 65. 15
FORI=1T08 ,

READR{I) ,

NEXT.

DATAY1.72,11.72,.74,17.12,2,1.96,1.96,1.18

PRINT"HHICH TRANSMISSION AREA DO YOU HANT TO STUDY":PRINT.

PRINT"1,WALLS', "2.WALL OF BUFFER SPACE","3. FLOORS"

PRINT"4. CEILING" "5 WINDOWS","6. DOORS" "7. CONTROL RUN™:
INPUTX

[FX=7THENT360

PRINT"DO YOU KNOW THE TOTAL R VALUE OF YOUR MATERIALS
PRINT" (YES OR NO)";

R=0 ~

INPUTBS '
IFB$="YES"THEN232

PRINT"DO YOU KNOW THE R VALUE OF EACH OF YOUR MATERIALS";
INPUTCS

IFC$="NO"THEM260

PRINT"HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES";
INPUTZ

FORJ=1TOZ

PRINT"WHAT IS THE R VALUE OF MATERIAL NO. "3J;

INPUTRR : v

LETR=R+RR -

NEXTJ

GOT0360

PRINT"WHAT .IS THE R VALUE"; ) x

INPUTR

GOT0360 :

PRINT"HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES";
INPUTZ
R=0
FORJ=1T0Z
PRINT"HOW THICK IS LAYER";J;"IN INCHES";
INPUTM

3

65
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. _ PROGRAM (continued)

315 M=M/12
320 PRINT"WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K"
321 PRINT" (IN BTU.-FT./HR.SQ.FT.DEGREES F.)"; oo
330 INPUTK . ‘
340 LETR=R#(M/K)
350 NEXTJ ‘
360 LETR(9)=R | | | o
380 GOSUB700 |
400 LETQ(9)=V¥*C*.075%.24* (T1-T2)
405 DIMAS(20)
410 FORI-ITO9
420 READA$(1) .
430 NEXTI
440 DATA"OUTSIDE WALL","WALL ON GARAGE AREA", "FLOOR","CEILING"
450 DATA"WINDOWS" ,"FRONT DOOR™ "GARAGE DOOR"."FRENCH DOORS"
460 DATA" INFLITRATION"
610 PRINT: PRINTTAB(25); "HEAT LOSSES":PRINT:PRINT
630 PRINT"TRANSMISSION AREA";TAB(25); "R-VALUE";TAB(40); "HEAT LOSS"
635 PRINTTAB(41);"BTU/HR. "
640 FORI=ITO8
650 PRINTA$(1); TAB(27); R(]) TAB(42);0(1)
660 NEXTI
670 PRINTAS$(9);TAB(42);Q(9)
680 PRINT:PRINT"TOTAL LOSSES";TAB(42): -
689 Q=0 : '
690 FORB-1T09 :
695 Q=Q+Q(1)
696 NEXTI
697 PRINTQ
699 END
700 FORI=1T08
701 IFI-7THEN703
702 IFI<>8THEN705
703 LETR(1)=R(6)
704 GOTO750 .
705 IFX<>1THEN740°* -
710 R-R(9):R(I)=R(9)
720 GOT0750
740 R-R(1) ~ 0
750 1F1-1THENA-W1+H2-W3-H9-D1-D2-D3 | |
¥60 IFI-2THENA=W3/2 .
770 1F1-3THENA-F1/2 ‘ P - .
780 IFI-4THENA=C1/2
790 IFI-5THENA=WQ
800 IFI=6THENA=DI
805 IFI=7ANDX=6THEMR=R(6)
806 IFI=8ANDX=6THENR=R(6)
810 IFI=7THENA=D2/2 = .
830 IFI=8THENA=D3 | : :
840 LETQEI )=A*(T-T2)/R
850 NEXT , , r
860 RETURN o
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i 4 SAMPLE PRINTOUTS
1. €0 ROL :
| o

"S ENTER YOUR DESIGN TEMPERATURES FOR YOUR HOUSE
+ (OUTSIDE TEMPERATURE COMMA INSIDE TEMPERATURE)? 65 2
NHfCH TRANSMISSION AREA DO YOU WANT TO STUDY

l
I
+r . WALLS ~+ 2. WALL OF BUFFER SPACE 3. FLOORS -

»
4 CEILING 5. WINDOWS 6. DOORS 7. CONTROL RUN
27 B . |
. HEAT LOSSES | |
' TRANSMISSION AREA "R-VALUE - ® HEAT LOSS
o ‘ | BTU/HR.
OUTSIDE WALL' : n.72 8597.95
WALL ON GAME AREA 1.72 437.329
' FLOOR .74 41920.3
. CEILING | 1712 - 1811.97
o WINDOWS 2 . 82745
FRONT DOOR - 1.96 ' 649.49
GARAGE DOOR 106 .  290.561
FREMGH DOORS 1.18 1987.29
'INFLITRATION  11463.4
< TOTAL LOSSES - 75432.8
0K | o
2. - WALLS ° \
0K
RUN
| ENTER YOUR DESIGN TEMPERATURES FOR YOUR HOUSE
(OUTSIDE TEMPERATURE COMMA INSIDE TEMPERATUR)Z 65,-10
" WHICH TRANSMISSION AREA DO YOU WANT TO STUDY
t *
1. WALLS' 2. WALL OF BUFFER SPACE 3. FLOORS
4. CEILING 5. WINDOWS 6. DOORS 7. CONTROL RUN
21
| DO YOU KNOW THE R VALUE OF YOUR MATERIALS (YES OR NO)'
i NO
- HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES?.?2
! HOW THICK IS "AYER 1 IN INCHES? .75 -
-, WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K

(IN BUT.-FT./HR.SQ.P¥.DEGREES F.)? .

E - "HOW THICK IS LAYER 2 IN INCHES? 2

| WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K
(IN BUT.-FT/HR.SQ.FT.DEGREES F.)? .025
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SAMPLE PRINTOUTS (continued)
2. WALLS(continued)
| HEAT LOSSES |
TRANSMISSION AREA R~VALUE HEAT LOSS
- BTU/HR.

OUTSIDE WALL K ' 7.3 | 15858. 1

WAEL ON GARAGE AREA . M2 489.548
FLOOR ’, . .74 - 46925.7
~ CEILING . - 17.12 2028.33
: WINDOWS 2 9262.5
: FRONT DOOR 1.96 _ 727.041
GARAGE DOOR _ -~ 1.96 ) 325.255 |
FRENCH DOORS 1.18 2224.
INFLITRATION | 12832.2
TOTAL LOSSES ~ 90673.2
0K N |

3. CEILING B
RUN | | |

ENTER YOUR DESIGN TEMPERATURES FOR YOUR HOUSE

(OUTSIDE TEMPERATURE COMMA INSIDE TEMPERATURE)? 65;-10
WHICH TRANSMISSION AREA DO YOU WANT TO STUDY .

1. WALLS 2. WALL OF BUFFER SPACE 3. FLOORS *

4. CEILING 5. WINDOWS 6. DOORS 7. CONTROL RUN
2% 4

DO YOU KNOW THE R VALUE OF YOUR MATERIALS (YES OR NO)*

N0 | :

HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES? 2
HOW THICK IS CLAYER 1 IN INCHES? .5
WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K
(IN BTU.-FT./HR.SQ.FT.DEGREES F.)? .0925
HOW THICK IS LAYER 2 IN INCHES? 12
WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K
(IN BTU.-FT./HR.SQ.FT.DEGREES F.)? .024

‘




: 3\@ (continued)

= -

? ~

. TRANSMISSION AREA

© _ OUTSIDE WALL
WALL ON GARAGE AREA -
FLOOR
CEILING
~ WINDDWS
FRONT DOOR
GARAGE DOOR -
FRENCH DOORS
INFLITRATION

L |
TOTAL LOSSES~
- 0K ¥

SAMPLE PRINTOUTS (continued)

{

- HEAT LOSSE7
R-VALUE

!
np
n.72 -

.74

2.7
2

1.96
1.96
1.18

HEAT LOSS ”

BTU/HR.

9624.57
489.548
46925.7
824.487
9262.5 -
727.041
325.255
2224.58
12832.2

© 83235.8

[}

L 4
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SUGGESTED FOLLOW-UP ACTIVITIES: ~_

.1. Have students do heat flow andlyses for their houses. This may be done

by "cranking it out" qr by changing these' components of the computer
program. {A11 the changes would be made in Lines 80 through 150):

W1 = wall area of 1st floor .q\,f“t .
= perimeter * height of.ceiling |
W2 = waii area of 2nd floor | | -
= perimeter . height of ceiling = Ae‘
W3 = wall facing buffer space
= length . height
= Area of windows . - . "

W9
Di. D2, 03 = area of doors (you must be particu]ar about door piacement)
F1 = area ot first floor | ' /\ o Y

C1 = area of ceiling or roof surface area

For Simplification, treat o%sements 1ike attics. (Temp §-15T )

R1, through 8 are the R-values of the areas. Jf

2. The compute program was’ designed especiaily for use with all BASIC
computers. A student could be assigned to change the program. Fig. )
1 is the floor plan usedfto create the standard ‘run.

3. Disc'ﬁgjthe topic of ipsutation payback at current fuel cost. Using
degnéz days, compute -the heating bi11 with and without the new insula-
tion. One might also consider 3 house-design activity o

4. IFurther studies-of heat flow by convection and radiation, 1nfiitnation
and \nsuiation materials, might be pursued

5. Other programming activities are thermostat operation and set- back

efforts, passive and active solar deSign monitoring home consumption, v




i

P L
computerized home environmenta)l control, buildings and energy codes,
. AN ‘ .

efficiency, and hgg} content of fuels. , ‘

. REFERENCES: ° e |
ASHRAE Fundamentals, Chapters 19, 21,23, 24, 22, 25, 26

Solar Heating and Cooling, Chapte?; 1 and 2. Jan F.‘Kreidgr and Frank

Kreith. McGraw-Hi1l, 1977,

_‘\ . Energy Conservation in the Home. U.S. Dept. of Energy. Oct., 1977.
. "Simulation of Temperatureywithin a‘Bui1ding Space" by ﬁaieBui lee

|

. for NSF Workshop, 1978.

lectures 16.and 17 by Dr. John Dow for NSF Workshop
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#7. HOW MUCH HEAT DO WE LOSE THROuen A TYPICAL ,DO'QRNAY? R

PURPOSE : In this activity, you uill examine variaus options for doorway _

design‘in a model house. You wili determine the minimum amount of heat

- l"

INTRODUCTIDN- A1l of our lives we have heard the words “Ciose that door Do

" what you may not .know is just how much heat is 1ost through an open deor

| heeessary to keep trie modei house atra desired temperature e

you want us to freeze to death?“ or some uariation of that statement But h;.f’lf

N

Y \ <
b

" There are several factors which will affect the amount of- heat 1ost

| through a doorway. Obviously, the outside temperature is 1mportant and

the speed and direction of the wind must be considered The‘design of the

) doorway, however, is probably the most critical aSpect of heat loss through
it, If the door is set back from the rest of the house, this. uwy reduce hea

Toss. Aﬁother idea. to consider is the addition of a vestibule, which makes '

it necessary to enter the house by opening and ciosing an outside door‘

followed by opening and ciosing a second door into the house}from the vesti-

bule. In this activity, we will use a model'house to‘conpare'different goor—

_In addition, there are simple waxs to. redﬁce that heat Toss’ considerably.,:u,

way designs.

MATERIALS: Two styrofoam model houses - one with a flush door, ithe other

with a vestibule. . o e a ’
- ‘

Heat source for modei house (40 watt Tight bulb)
.hermostat |
Thermometer

o

Clock {with second hand)

- .

e T,
N
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PROCEDURE: in this experiment, you will be comparing the amount of time

that the light bulb "heater" is actually on in order to calculate the -

famount'of energx_necessary tp heat.your model house.

1.

- .

Control “houSe":

a. Set-up your house with the door closed.

":h ‘ Record the temperature

Set. the thermostat at the setting detelh1ned by your 1nstructor.

(g

"d. Turn on the light. Record the start1ng‘t1me.
e. For each minute, record whether the lighttwas.on or eff for
~that minute. JIf the light was on'for mgre'than half pf a
minutea‘recprd "on", ]ess“than;half a mihute record "off".
f. Record the temperature at 1 mlnute intervals throughout the

experlment -

tg. Cont1nue the experiment fdr ten minutes after the house has

s

[readhed the thermpstat temperature Continue to record temper-
atures and on twmes of the bulb

‘:House thh door open1ngﬁevery 2 unnutes for 5 seconds:

*a:i;Set up your house w1th the door ctosed
b, Re*erd the temperature | B
d:iIKeep the thermostat at the same settihg.
d. 'Turm'dn‘theﬁtight and take readings as before.
e. When thé{temperature:hae reached your thermpstat setting, open
the door and leave it open for exactly 5 éeconds. Continue
“to do this at 2 minute intervaly. - ,;f'
f. Recorﬁ'the ttme=and temperature reaeings as before as well as

the bu]b\on—time. (
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. ‘~ ¥ " - . .
. rf

!

|

[ ] a . N ' A' i . - .
1

i

23! House with door openihgﬁévery minute for 5 seconds:

< " a. Repeat the above steps; only‘ihis‘tihe_open'the doer,every.ﬁ

. ~ ' minute for 5 seconds. o

+ . L L] \ : .
?.“ . - 4. House with vestibuleé and 'door opening every-z.minuteg‘for 5

, seconds:

-~

. Reﬁeet the above eXCept that when opening the doors, follow

— e e

oy 3 . 4
! . -

; . | h these fnstructions
. 1F\ - Oggn outs1de door for 5 seconds then clase

f‘ . . - Open inside "door for 5 seconds then c105e

\“ . 5. Housn with vestibu]e and door opening evety minute for f1ve .
4 .

secanas’ .

LR

‘\

PRI ; P a. Repeat step 4; ondy th}e time open the vestibu]e and door |

every minute.

,

¢ ’ - House with =~ House with

, House w/Door House w/Door Vestibule &% Vestibule &

Control opening every opening every Door opening - Door openxng
House 2 minutes 1 minute every 2 min every 1 min

v, Time mp Li Light Light Light T Light
. ° (m?ﬁ) (SC) On/ f (Sm 0n/0ff (a On/0ff (smg 0n/0ff ( On/Off .

t

/




CALCULATIONS o ‘.‘, I

- A‘, Make graphs “of the data you have Co11ected for each of Xhe, models. .* . . .
. - . The grdphs should be. temperature as a functron .of time. Indicate - -
on each g“apb whether the 1xght-was on or of f by showing a so11d S ‘
Lot e o line for. *an" and'a dotted Tine for "off“' ~ : R
B. Calculate the amount of time .that gpe }1ght was on for each cen- &

-

‘V T a :dxtlan after the emperature had reached th ’ﬁhermostat sett1ng f» ot ?_*.

. v u‘.’Th1s can be dnne E$>s1mp1y check1ng your data’ and add1ng up the ' ‘; T
S o minutes that the .1 ght- wag,on. Record. your results belgw v ) L
Lt L gsggulate the.amnuz& of energy used- dur1ng the ten minute period

o : of each conditidn y fn11owing‘the samp?e below. - . -

F . N «
. ) ] I3 ¢
¥

S "'NUMBER OF 'z WATT RATING . . NUMBER OF - L |
.7 KILUWATT, = JOF LIGHT © 1 x] KILOWATY x " UTES THE ~ X 1.HOOR 7"
SRR HOURS BB e ‘Tﬁﬁﬁ‘ﬁETT§ - LIGHT WAS.ON  GOMIN

Record your fesul?ﬁ betgw Vet f', o ot e

L . -
]
¢ 2 . DS - . # ¥ y * -

LA . L . - R . ’ .
S . R _ o, - ’

L]

e
’, . .

. . . . f . .
g e e
. . | S ’ e ’ ' L4 <
VA .- . X o | L .
. . + ‘e .
L n ' <y - . f . ‘o
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s

0

D. ?lcuiate the percent increase in energy use due to tbe opémng of the

[ ]

doors and/or. vestibule. (Hint See the sample calculation be'low )
, A

Amount of Energ_y Used _ Amount of Energy Used

% Lncréase = (KHH) .. _ in.Control House (KHH) 100
“ ~Amount.of Energy Used g
' Cawen “ . in Control House (KHH) .

L

v 'Sumarize the resufts below. -

, ) Results . . - L. |

i | .o Amount of. Time e ‘ . f\
- '+. Light Was On Number of KWH % Increase in - * .
: BT . (min) . USed Energy Use ,,

— .. T - - — ; ¥Foo
- Control House "' - - ) ' |
‘ * : B B B . - “‘ b v
. *.House w-ith~Deor . . -

Opening Every 2 Min -~ R o . ™

*House with Door . - R ‘

' Opening Every 1. Min .- - N o L .
House with Vestibule " ', o ] k
‘Opening Every-2 Min' : o
House with Vestibule " .

Opening Every 1 Min -

-

re

Ql_JESTION ‘ !
o 1. 'chh house used the most e.nergy to maintain the des1gnated temp- Y
| erature? - RINE ) ‘
2. Which hou‘se used the 1ea'st energy? ’ - )

-

©oa Consid@r houses which qk set up as,foﬂoy:s o

+
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[ ”
i 1 : 3 4
L l L
. ) wi ndow South window -
- o »
] . ! "' .
| " -~ X N .
. $ Lo
'ﬂ v ' - Y -
) ) .# . . ‘North : . ) ot
' door door. a S I v
R N vespibule —y : '
) pj' .o ‘ \« . ¢ ',. - . )
' .t - - ‘ “ - t ‘ . .
If the houses above ere to be qperated under the same ‘conditions .
' - *
_as the houses in- which you opened the door every mi nutes for 5 seconds,
o ‘predict whether there wou1 be mre, less, or the same amount of energy :
: USed under the . following conditdons: ,
L R - . ‘Door and-
" | . - Door OnLy Vestibule
a. Window slightly open:(np wind). . \ ‘
b.. Nin:dow'ﬁ:losed.(north wind). : , °
. Inl,inqd’on'c*losed (south wind). o /> . . -
d. Window slightly open _(eis(t wind). - ’ " )
‘ . A . . i . &
e. Wifldow closed (edst wi,nch. . )
) ' ot « -t . ‘
. : \
4. A vestibule is on1y one way of reducing heat Toss‘es through doors in * %
’ both res1dentia1 and cgnmerciﬂ bu\ﬂdings List *vera] q,ther method-s
which are used to reduce heat 1oss through-. doorways. ’ -
: ; 3
da. ! L .
T X . . ,
< b. . , ' Z‘
C. Y - . < T T
. - . - ) v A ’ h
[ q; i
~ - \ b
Cuy - A L3
‘ . . - . . v 5
_'?. : & . X . T . \ _
| .&/’ : | L Ven 85 “4e "t A ‘) 8 % !
} N : , r ! ° . .
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, TIME REQUIRED: Two 45 minute periods for data_collection

78

TEACHER'S GUIDE - .

OBJECTIVES: Upon completion of this activity, the student will be able to:

1. Take accurate data of temperature and time in a model house

heated by a 1ight bulb.

2. Calculate the amount of energy in kilowatt-hours required to

-

heat the model house.:

[}

3. Explain the effects of opening and closing doors onvbuildfhg

- heat loss
¢

4. Calculate the percent increase in energy consumption as a re-

sult of opening doors. 1

5. List Several methods of reducfnd‘heat'losses throogh doorways*

~

. BACKGROUNDE In the\e:ergy-conscious society in which we live, mych has

) been written and said about conservation of energy. In this activity,

students w111 focus on one single aspect. of conserving energy; t.e.,
reduc1ng hegt loss through doorways. Compar1sons will be made among a
closed house, a house with e conventional doorway opened at regular
intervals, and a house with a vestibule doorway ooened at regulg“inter- :
VaI§; Students will be’ab]e to calculate the percent increase in‘energy

use due to door openings.
4 »

One-two 45 minotefEEFiods.for calculations and questions

MATERIFLS (per groqp) For a class of -30 working in pairs, you wi?l need
é .

.15 mode) houses, 6 with vestibules and 9 with convent1ona1 ‘doors . These

- model hgﬁses can be constructed using small styrofoam coo]ers wh1ch ‘have

o A ' \
Y o S SY)




*

. - /
.place when the string is releas

-~

¥

been fxtted with a smal] window on top (Saraﬁ wrap or plastic will work)
and appropriate dqprs It is suggested that the door be designed so that
a string will pull the door up,ﬁgllowing it to easily fall back into
ed. Be sure to have a way to close the

door -s‘éﬁre]y ' e |

The styrofoam coo]er would be placed upside-down on a p1ece of wood .
onto which has been mounted a light bulb socket and thermostat. Putty
may be used te make a tight seal between the wood and the styrofoam In
addition, there must be a small hole for a thermometer. The thermostat

P

should be located near the thermometer.. ' .
Thermostats are avaqlable at a nominal cost from heatwng ccmpan1es'
and hardware stores. Many peop]e have installed new. clock thermostats,

These model houses could also be used for other empir1ca1 app11ca-

tions such as determining effects of insu]ation and stratification of

 temperature in houses.

SUGGESTIONS o S s

(]

" 1. Be sure to set up each house with identjcal conditions, 1nc1ud1ng
dour sxze, type of thermostat, type of bulb, accurate thermometers
- and the same initial temperature '

2. If necessary, cal1brate each thermostat to be standard with the .

£

contrcl houses | Ll o )

¥ 's .

3. If yoy w1sh to reduce the amount of time spent in 1ab, spiit the
‘data col]ect1on between the. lab teams and p001 data at the end
of one period. -

©

'L‘_'
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A}

2

4. Make sure that the students understand that they are not really
measuring the amoent of heat, since a light bulb is not an '
« efficient source of heat. |
Vs, Make sure that the thermostat setting that you choose is high
enough to céuse a reasonable heat demand If the éctivity is

done in a classroom at 65°F (18 C), a suggested thermostat

setting would be 95°F 135°C)

SUGGESTED FOLLOH-UP ACTIVITIES:

1.. This activity cou]d be lengthened by testing the effect of wind

(electric fan) on different housing orientations -

1}

2. A calculation.of heat loss in a normal house is an exercise

which can point out the other heat loss'%auées. o v

b}

3. A similar activity with these mndei houses could i]iustraxe
‘the effectiveness of various types of insulation. -

‘ »

REFERENCES: - , N . ..
) University Physics, Sears and Zemansky, Addison Wesley.

. t ‘ ‘ ' {

Physics fur Students of Science and Eggineering, R. Resnick and D.

Halliday, John Wiley and Sons.

‘f_ASHRAE Fundamentals, 1977 : -

Seiar Heating and Coofing, J.F. Kreider and F. Kreith, McGraw-Hill

* Book Co. . o N .
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#8. CALCULATING ELECTRICAL CONSUMPTION IN YOUR HOME™

PURPOSE: The purposes of this activity are: 1) to do a home survey of
electrical appliances;.2) to calculate the'number of ki]owatt hours of
"~ electricity consumed annually by these'appliances and; 3) to calculate

the apprdximgte annual cost of operating these appliences.

T 7

INTRODUCTION: Most people are not aware of the number qf.electriéal appli-

anceshfouﬁd in their homes. We would probably tend to guess we.have fewer
app]iences“thdn we actua]iy possess. Few of uss-have any concept of the
q;antities of)electricity consumed by our applia ces. Each app11ance
will consume a certain quantxty of electricity during the‘course of a
year and few of us co'der the co]lective effect or cost of operatmg
our home appliances.

“There are two methods by which one can attach a prief tag.to the

4

usage of e]ectr1c1ty in your home. One method is ‘to read the electrec
{
meter each day. Th1s will by subtractiOn), tell you the ndmber of kilo-

watt hours used Ber;day The\g)eblem with us1ng this method is that it

does not allow one to determxne or ana]yze whith’ app]xances are consumxng fi
_ the greatest amounts of electrical energy. .
The seccnd methed is to calculete the eleetriéity{eoesumeJ by each
app]iance and add the ineividual calcU]ations to attaie a‘totai daily
usage. This method entails a great nimber of calculations and a considers;{"
at1on of the ttme each appliance was operat1ng . ' | Q
oo E]ectr1c power is measured in watts Power in watts is determ1ned t‘ﬂ' i

L
by mult1p1y1ng Eﬁectricai pressure in vokl!'by current flow in amperes.

If a one- watt appliance is.run cunt1nuous]y for one‘poup, 1t wx]] consume
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¢\

_ one watt-hour of electricity. A 100-watt light tulb"hi11 use 100 watt-hours
of electricity every hour it is on. Your e1ectric meter measures.kﬁ]owatt~
hours ofs electricity. One kilowatt-hour is equal to 1000 watt hours, so o
ten 100-watt 1ight bulbs turned.on for one hour will consume one k110watt;

hour of e]ectricity Kilowatt-hours'are units of energy. f

| The cost of electricity is. calcu}eted by multiplying the number of .
kilowatt-hours used by the rate per kdlewatt hod?. . Assuming the electric

rate is 5 conts per kitowatt-hour, it would cost 0.6¢ to p1ay records on -

a 120-watt snlid-state stereo for each hour.

MATERIALS: “Estimated Annual Energy Consumption of Appliances” (Appendix D)

Home Data Sheets . : .

PROCEDURE: (f} Survey your home for,eiectrical appliances. Write the

. ' N .
number of each appliance found in your home -on the data . -

sﬁeet. ,
‘_4ﬂ 8 (2) Multiply the numbe* of each applience by the average
number of k1lowatt hours used by each appliance annual]y

Muttiply the number of ki]owatt -hours ‘Used by your electrxc

rate.

(4) Add the costs to' find.the téta\ aeﬁual electric bill,

=

gucsn{m ST .

'\\\ 1. Does your héﬁe have more or fewer e]ectrical appliances than

’yOU*m1ght have guessed before conducting the survey?

N R . . - .
" - P v
. A
-

2. _In your opinion, is your home above average, average, or below

.~aveﬁg§e in'regard to the.number of electrica].app]iances?

- i R . . -
. L 3 .




. .- 5\ : 7
| ~ <Data Sheet | | |
. , Averade Annual Consumption Total KWH Annual Cost
Appliance \ | Number - | in KWH ;P Used Annually @ 5¢ KwH |

Ma jor < - "

hir Conditiondr (room)

Air Conditioner (central) .
Clothes dryer
} -
———— ) ﬁ/ (RSN
.‘ » ———adi. N\ * < - e ————————
' _— | Q - ettt
TOTALS . ’ ' 2 -
| g 0 - ' . .
‘ - Estimated Hours ~ Total KWH Annual Cost
hdditional App]ipnces:' Number Watts | Used per Year '~ Used Annua11z - @ 5¢ per
‘ )
~

e
2 . 4 £
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3. X an electric hair-curling iron is rated at .75 amps, and is used

“ 1y explaln why you would keep. lhose five.

‘an average of 15 minutes per day 6 days per week, calculate the

annual cost using your iocaI utility rate.

«*,

Of the electrical appliances found in your home, which five con-

qume the greatest amounts of electricity annuaﬂy7

@ -

S

. If a federaf law wére enacted that would allow each home to have - -

only five electrical appliances which five would you keep? ‘Brief-

)

If your home were to. be al]otted a ltmit of 6000 Kwh per yea? thh

LR Y

| substant1e1 penalties for exceéding the limit which app]iances

wou]d you keep? y

any R YL LT

8.

- g.

L] S

. What effects would the doubling of Blectric rates have in your

home? Why? What effects wou]d oécur‘to-peopIe on fixed incomes?

-

- ‘ , -

)

——

DR ]

Ca]culate the percent ge .Qf your family's annué1 1ncome that is spent

““on e]ectrwca1 power. . | ;-

. ! ‘ ‘ |

*

" Calculate the difference in annual cost.of operating a tube~type-

radio- (125 watts) and a solid-state radlo (25 watts) 1f both are
. d

Q use& six hours per day. . - . . ¢

)

. . . B o : .
f",_ . ; - -
[
.



TEACHERYS GUIDE L e

.'OBJECTIVES' Students.« will be able to: (1) survey the1r own homes fOr \ ,",é1‘§
: o e1ectr1ca] app‘iances, (2) calculate the energy (in k1lowatt hours) con- L

sumed by thelr electr1ca1 app11ances 1nd1V1dua11y and collective?y, (3)

-_'f colcu]ate the cost of operating their electrical appliances, (4) develop

an awareness of e1ectr1c1ty consumption and costs VT 'T;'th, | ;r I

e
PL . .
¢ .. . . .
¥ ‘su

ST

BACKGROUND ’Electrlcal consumption due te home app11ances has 1ncreased B
dramat1ca11y in the past few years Nat1ona1 studies ind1cate that consump~ -

tion is. 1ncrea51ng at 7% annually. This represents a doubling of consump- _‘:]

’ * ' S ]
tion every 10 years o L, . S

~. . . >

Most ‘are not’ aware of’the number of electrical app11ances found in —

thexr homes, the amodnts of eneggy consumed by these app11anees or the

cost of operating‘these app11ances individually or collective]y ! !

¥

Some bas1c equatiohs used 1n this ectrvxty are:

’ ——————

Power, Watts =_ EﬂectricaI Pressure vdlts '3 turrent Flow, Amps

paS—_

\pne kilowatt = 1000 watts ' o b - 5‘ ;°
Ehergy,kilowatt—hours ='watts x-time»(in hours)lloqdi

Cost = fpergy ki]owatt-hours'x edectriclrate, cents/kilowatt-hour

L]

1Y

o
&

TIﬁEfREQUIRED. Two cﬂass per1ods (55 minutes eaoh) homework time -
. MATERIAL:S: . Data sheets.

SUGGESTiONS:,.T) Electric rates vary occording to region. Call your - . -
. i B BN . [. ‘ ‘ ] .- ’ 1
’electric company anﬂ\qgt_the‘;ctual rate . ” o

2 z) Preview the data sheet w1th students, show how to ca1 o

,.qu?ate,annual consumptton and cost and,el1ow students ) ) ‘\‘ea

-

. d ) ' ® .
. A x
f _ o Oi




.. several days to complete their surveys. S~
s ' o
. - 3) Gnvé\:tudents the opportunity to add app1iances to the
data ‘shegts. They wilt have to calculate kilowatt- hours Lo

used annually by ‘these app]iances R

#

4) Note: . “furnace fan" is listed on the data sheet
, '5) You might anticipate the five appliances selected ;o keep.
' wi_ﬂ be: hrange, cTothes wa_;her, fumace fan, TV; and re-

frigerator. ﬁrlf six are seTected the clock will probab]yl

. &
N

ANswER ggussnou #3: (Based on 5¢/kwh)

s watts voltg x amps

- L . 4
- L] -

120'v x 175-a = 90 watts -

_';'kiiowifts = 90 watts/lODO .09 kw
_;_;? 'time-é 15 ﬁ"'7day X 6 days/week x 1 hr/60 min & 52 weeks/yr ‘
| | it 78 hrs/yeir - T *"‘_ : ’
' kwh/year = 78 hrs/year x .09 kw 7. 025Ewh)year
> ~ cost = 7. 02 kwh/year x .05 =$. 351 per year"' k o ;“
. o ,

ANSWER TO QUESTION #9: (s§§ed on Sit/kwh) <
Tube type. o . : ,l )

. 12 watts‘&“ﬁ hns/day = 750 wattehnnrs/day
| 750 watt- hours/iooo = .75 Jcilawatthho‘ur/day f
e .75 keh/day x 365 days = 273.75 kwh/yr =y -
7975 % .05 = $13.68 . . . : &

] 3 v‘ ] " " R . ‘ . ,.. “-“ X A. -‘v ’. | p
. SQ]1d State ‘ . ' ' ', s - . . e

25 watts. x 6. hps/day, = - 150, watt*hours/day o

*

150 watt-'hours/day/iooo 15 mowatt hours/day




*.
.15 kwh/day x 365 days = 54.75 kwh

154775 x .05 = $2.74 | : ‘
Difference = $13 69 -'$2.74 = 510 95

Note: ‘The following may be of interest: , ' |

u.s. HpUseho]ds with Major Appliances, 1973 (percent)* : ; .

} raan ‘ -

. Clothes washer - 78 | . "Refpigerator - 99
.Nonautématic -0 © .Manual defrost - 48.
'Au%oﬁetic -70 f‘ﬁ ) Frestiess - 5} | | | L.

hishwasherf—fzs ‘ . - Stove - 97
w-97 ‘ o ., Gas - 52
Black Bphite - 64, o  Electric - 46,
‘Cotor - 63 . | Freezer '3

' Clothes Dryer - 53 - S . Y

S éas : 15 e Cor . ‘ ‘
L. - . v . _‘/{' p R ; - .
//‘, E1ectr1c -38 f. W ST |
*TﬁE\Amer1can Energy Consumer, Dorothy K. Newman & Dawn Day, Ba1]1nger . $.Z

Pub11shing Compahy, Gambridge, MassachusettS, 1975

T e " . - - ° N
) P . . . -
ﬁ' . 7. . .‘ "y ) ‘ . A
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-
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49, THEEFFICACY OF LIGHT SOURCES
PURPOSE: To determine the efficacy of various light sources. -~
3 ' \ - . . ' ‘ . kN ‘
iNTRODUCTION " The lighting efficiency of Tamps and ather 1ight sourcés is

e

~termed EFFICACY and is determined by dividing the hght output in lumens

by the power used by. the hght ‘source in watts. Therefore efficacy units
: \
are tumens/watt. In this activity’ different 1amp§, wil'l be tested to de.ter— ,

/

ﬂilﬂe their efficacies as well as each lamp's desirable and undesirable . ¢

S
characteristics. < - . 3 S | '/
. ' e . ’ ! “ L

\ : s
MATERIALS: (each growp) - S = | L PR

‘Graph’paper' T . ) .
1 - photemeter and associated equipment .‘ " T " ~° R “: .-
1 - incanaescent‘lamp fixture Lo SR ' "i‘:.{. \ -
.1-' -5 watt fluorescent fixture .. \ . ’: ; ‘
Y2 ~ cardboard bu/es, insides paint dtiack and 1arge enough/ fq em;er/‘»
. the fixtures < ,} S E d“’ RRE
AT I id\d wattage Tamps , incandescent, ’Exeinpx'le:'. 15 watt Sbjfﬁé‘t_t,“n-onef o
greater than. J00 watts " ) T ot o h '
’ TV
2 or mofe different - 15 watt flugrescent Tamps ** Y q /

* . ) L YO . R .
. . . ®al

PRocsdanE | R R . L R O
1) P‘race a knovm st@ard hght;o]rce at ofe end of a photometer S :.‘ ‘.“

Place a box with one open side over the buib The mtehor’ shbtﬂ‘ds Ay

be black and the open side facing the phetometer " R 7
1 2) on the other.éide of the phatometer set up the unknoun hght h

source in the same‘way,. ot




- . 4 ‘ y - “z..

~3) - Slide the ‘photometer unti) the 11ght is the -same intens1ty on L

both sides of the meter stick Measure the d1stances of 1xght_~\\\

sources to photometer

4). Using E = lf ., Where ' . S Lo

E is‘the 1igﬁt'intensity falling on the photométer i?‘ldhens/meterz.

found‘fron bulb'cartons)

I is the light output in 1umens (Ikndwn
, )

/
d is the distance from the photometer to the' light source in meters.. ‘
. \‘ . ¢ . ;- .
E E ‘ - . ) \ . ) ‘f
"If “known = unknown R . R X2 . - .
oo I ‘, . f ' . ’R“?‘ , C e “
. NS . . i
<. then known _ _unkngwn L . . e
. d? . dZ . . ~ % ’ R .
known unknown’ : . ’ ~
I A ' SRR
- . —%ﬂgﬁﬂ X dynknown = unknown o - 5 .
[ . d . . . . ‘ “ ® . H
: - “known - ¢ , ‘
- -— ¢ . 7 ‘ v o
& o : , e dapn ¥ :
Find Iunknown 1n‘1unens and record on the data page.
5) Find the EFFICACY of light source - ¢ ¥ = = : Lk ‘
_ _41-\-— . ‘.‘ B . ' ] ‘ .w . ’c . A.j
EFFJCACY SoRer - - S e
- .o . ..t .
where I is light output in }umens'and the. .power ‘input (found o _.°*,
. '. ' . £ < . . - ¢ /“ ¢ ..
bulb) is in watts.. e, e i S Lo

6) Repeat steps. 3 through 5 for, two more incandescent lamps dhd record jfﬁ."

. .,

results ‘on the data page. ' A A v S

7) Replare the- unknohn incandescent, lamp f1€ture w1th the f]uorescent f/f T
{ ‘ . X

f1xture and put in a fluorescent lamp. ' ) ? ’
8), Repeat steps 3 through 5 and record on data page. '}: ’\ . 'ff
9)‘ If. your teacher has‘ahy other spéc1a1 bulbs to test, then repeat }f
. steps 3 through 5 and record.on data page | : ~ :’ o f/

- . *
-~ 8 . . » ¢ ) 4
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10) Make a dual histogram of power in watts as a function of efficacy

-

K * '. | in Iumens/watt. D{stinguish-the two lamp types with different -
E ‘ . 0‘ . . . - \
. colosrs. v\ .
,:\ Y nA[A - ! ' ‘ N ‘.‘
‘ | Illumination| Distance Power Efficacy N
Lamp - (Tumens ) {meters) (watts) | (lumens/watt]
N - &~ . “ i ’
Known Incandescent . _ <
” . o ‘,‘ b~ :
‘y . ‘
2) '
/§)‘ .

»
4) Known Fluorescent

5)

6)

J7) - ]

8)




Efficacy (lumens/watt)

60
50
40

30

20°

10

¢

3 ' -

-

36 35 40 45 50

_Power (Watts)

10 15 20 25

.55( 60

CONCLUSLONS: - ' i

1) What cbnélhsions can_ﬁe drawn fromqthéfhistogram?

' 2). How does the f]yorescent Tamp compare‘with,fhe incandescent lamp?

3) vae.54@8 of the advantages and disﬁavantaéés‘ofv ’ .
a) fluorescent lamps. Lo i .
b) incandescent lamps.

4)

When installing light fixtures in the home, wheré would youf?oi7te

the di?ferent types of lamps? Give your’réasons:

LI 3 . =

C et

e




TEA@HER'S GUIDE , A .
OBJECTIVE: Students wilkebe agle to.apply a standard photometr1c methdd
\
in the determlnat1an of efficacies %or several light. sources. *

BACKGROUND This is a consumer educatxon a&tivity that will sncrease the

understandtng of the positive and negative energy consumptioﬁ aspects of

4 “

typical lamps found in the homg and school. ‘ -

V

TIME REQUIRED: One 50 m1nute period i¢ recommended for this activxty,
v ' ,
however, several fol1ow -up act1v1ties Tisted below cou]d be added to he]p“

the student enhance his understand1ng of eff1cacy ' ‘ _ f‘ .
- . ‘ ' '
MATERIALS “The basic mater1als are listed on~the’ student act1v1ty pages.

It is recommended that the teacher havé 3 different incandescent lamps;
e.g., 25-, 60-, 75- or 100-watts. More lamps of different wattages could :‘

be used if ynu desire. When purchasing fluorescent lamps, the suggested

K wattage to usé is 15 watts. : - oot
\V There are several special 1amﬁs that can be found in schoo]s, ‘

cluding proJect1cn lamps, for examp]e Check with yeur custodiam or aud10a

4 ] §

‘visual staff.
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SUGGESTIONS:- -This activity should work well as a fo]low—up to the stan- .
dard photqpefer experiment found 1n most physical s¢ience or physics T N
. - .
. sources. Stidents seem to enJoy determining the efficacy of unknoyn light
snurces . 7 '
FOLLON upP ACTIVITIES
. 1) Try asking the student to determine the efficacies of some ,
specia] light sources such’as high jntenstty, halogen, mercury and i
-project1on bulbs. B . |
2) Dete~m1ne the effect of ref]ectors with the use of lamps. (This
may be done by p1ac1ng aluminum foil ins1de ‘the box. )
3) Have students check. the wattagf lumens .and efficacy of the 1ife-
time (5 year) light butbs. (They will genera]]y be low )
) 4) :Over the open s1de of the box place a ‘cover and 1nsert a thermometer
into ‘the top of the cardbnard box. Turn on the 1amp and take temp-
grature read1ngs over a perioq?of time (5 or 10 minutes) then
oy graph temperature as a function of’time !
SAMPLE DATA*:.
' L . ' ‘ ,
Incandescent (all frosted): _— A
| I1lumination  Efficacy
Power (watts) (1umens) (1umens/watt)
: f
15 R 1 8.3
, 25 235 9.4
40 , 455 11.4
60 ' 870 11.4 . ¥
75 1190 13.9
j00 - 1750 I L

L]
] : .
L @
‘
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Fluorescent lamps: ~» )
. : ) ¢.

) ~ I1lumination Efficacy ’
Power (watts Name (lumens) '~ (lumens/watt)
15 | ~ cool white . ‘ 850_ 58
" deluxe cool white . 610 N
" , warm white ‘ ~ 600 40

Lo 1 warm i 870 58
. . ‘ 1
* For GE bulbs only, others will show lower efficacy. |
- REFERENCES: IES Lighting Handbook
. ' I1luminating Engineering Society &!’
‘ Standard Lighting Guide ‘
» 3rd Ed. 1962
/ ‘ .
. s 1977 Ed.
Form 9200 4
- ) ) i
/ * |
\
8
I3 . .
* './/‘ '
\
y N S
La>
- * §
- '\
f. *




"breezes of 1-7 mph to déstructive hurricaneS'with speeds above 50 mph. Har-

. an aeroturcine. It can be made in a variety of shapes, but the most famil-

#10.  USING WIND POWER TO PRODUCE MECHANICAL WORK

PURPOSE: To demonstrate the conversion of wind energy into work and the

effect of wind velocity and aeroturbine diameter on the conversion.
) ¢ -

MATERIALS: Fan with variable speed windlpunne],.anemometer or other wind- |

spéed measuring device; ring stand 'and clamp for honing wind machiné; .

20- and 50- ~gram mass standards classroom set of wind machlne h*ads,

.cardboafd acetate, or metal for f1ns; str1ng

J

INTRODUCTION: Wind power, derived from so]af radiatioh, is an'obvious
N '

force acting in our physical world. Winds can range from light cooling -

nessing wind power has been a challenge for centur1es, but the name of

the man who discovered that wxnd could be used to turn a wheel has long been

" forgotten. : o ) . . .

] * [

Wind machines have been called windmills (used to grind grain), wind

pumps {used to pump water) and wind generatofs (Used to generate g]e&tricity).

¥

Any device used‘io capture wind power bxnghe rotation of a wheel is called

iar type cqnsists of a circular head with"sf or more fins attached.

The power of the wind can be determined from the kinetic energy of a

moving mass of air: - ‘ e .
e = Lwe ¢ |
* 2 ) \
where M = mass of air in kg, Y = velocity of air in meters/sec

By‘?iﬁding the mass of air passing‘through the aeroturbine per unit time,

we can arrive at power {energy per unit time).

b




r

The mass of air passing through ar %eroturbine during a given time
period is a product of the.density of air, the area of the aeroturbine fac-
ingdthe wind and the velocity of the wind: . o '

= pAV .

density of air in kg/m3

- where p =
| A = the area of the aerotu;bine in mt ' : ’
V| = the velocity of thewind in m/sec - ) '
Substitut1ng | ' *
Power input (P ) = KE/unit time = -5 (DAV) 2
.Therefore, . | R | .
| = %pAV3 “ m

-

From Eq(1) it can "be seen that the power of the Q1nd is d1rect1y proport1on-'
a] to the square of the diameter of the aeroturbine (A =n d Jand to the cuhe
of the wind velocity. ' ‘ ' v | S
" The power of the wind obviously cannot be completely coverted to
usable power by a wind machine. A. Betz of Germany determined t#t the

theoretical efficiency can be as hxgh as 59.3%, but ;he actual eff1c1ency

of a weil=built machine is about 40%.
In this experiment you wil] measure' the power output of a model 'wind

‘machine by having it 1ift a weight The kinetic _energy resulting from a

vertical 11near motion is .the mass t1mes the acce]erat1on due to graV1ty tines
the d1staqce the mass,moved. Since power is kinetic energy per unit time:
A Power output (?o)'= KE/unit time = PO =M29h/t (2)
~ ,

where M2 = mass in kg of the mass standard, . voe

g = acceleration due to gravity, 9.8 h/sec%

. b . i

1oy




PROCEDURE: L %QAV

height in meders, and

1]

h

. ¢

t = time in seconds.
Since efficiency equals power output divided by'power input, you will

be able to calculate the efficiency from the Equations (1) and (2).

- % efficiency = g%— x 10 2gh/t x 100

3

1. Your wind machine head consists of the following parts:

Figure-1. Wind Machine Head

, XLE HOUSING — SPOOL ~ 209. MASS -
_ STANDARD - ‘

!

P]ace four spokes w1th fins attached evenly around the head spoo]
2. Test the position best suited to produce constant rotary motion
by rotat1ng theQ“Spokes" and f1ns to different positions. Try -
placing the fins éaral]el, berpendicuiar, and at various angles &
to the plane of f%e head spool and check which position produces ' | \W
- the fastest spin wﬁen placed in front of the fan. Attach the

- r*axle housing to a c]amﬁ on a ring stand before using the fan to
o | .

test spin. L. ~ " ' o

3. Attach 30 cm of string to the axle as shown in Fig. 1 afterayou
have found the best;fin anglg. Attach‘a 20 g mass staqgard,‘shorf-

enirg the string so that it will rest on the table top or flaor

p when the wind machine head is attached to the ring stand clamp.

4. Check the wfﬁd\§peed using the wind meter.
£ \
5. P]ace the wind machine in posxt1on and measure the tlme it takes

for the mass standard to be 11fted to the axle

lljﬁﬂ)-_ .
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7. Replace the 20 g mass standard‘with a 50 g mass standard and repeat

6. Repeat Step 5.

Steps 5 and 6. _
8. Make two tria]sawi;:\zze of the mass standards using a different. |
wind speed. S | .
9; Make two trials with one of the mass standards using‘larger fins.
10. Record a]] data in ihe tap]e below. N s . |

DATA TABLE T s ) |

- LY S

-
-

Barometric pressure (mm Hg)

Temperathre,(OC)

L]
-

e

ﬂTrfa] No. V (mph) | V(m/sec) "Mass (g) ‘| Mass (kg) | h (m) “ t (sec).

¥

X

CALCULATIONS: - Density vqries'with the temperature and pressure according
. ; _ ,

. to }he Idea] Gas Law:

« ‘@
)

¢

where: vy, T, anﬁ'?l are the volume,absolute tempera%ure and pressure (respectivel
: | S | )
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.

rSTP (Standard conditions of'Temperafure and air Pressure) and Vos fé and P2

- ) i . ' e

i“refl t your local conditions.

\ . ' : - /
‘Sipffce the density has an inverse relationship with the volume: . N
, ’ ‘.‘,‘ _ Y -:r" )
' - py TP,

1 12 , Yo

o - B
where P ,.is SIP density and ©, is classroom air density.
(Densify of air at 0% and 760 mmvpressure'is 1. 30.kg/m3.)u

!
Convert to the dgps1ty at your 1ccat1on and room temperature

(Rem1gder. Temperatures must be:expressed in Ke1v1n degrees to u;e }he

GaS g.aw{; ) * {

e power output ‘ .
r Efficiency = bower input . X 100 {4)

- . Conversition units needed:

1 mi.= 1.61 x 10°.meters

14r = 3.6 x 10° sec

1g= 001 kg

£

Naccelerat1oﬁ due to gravn:y)1L 9. 8 meters/sec2 on the surface of the earth

. CALCULATIONS

¢ | :
Trial No. - . Ared | Power input | Power output

’ .2 _ w3 _ | (output
(m®) (Pi' %:)AV ) PO— MZ?h/t, (mput X 100
1= -

1

1.

Efficiency ‘

L
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CONCLUSION | Include in your wmtten conclusxon 1) the effimency va]ues v

yo,u obtaifd i‘n terms of the theoretical va!ue. 2) thg relat nsmp between

fhe powe cmtput.ahd the veTocity of the wind, .and 3) the relationshm between
the Pwer oqtp\:t and the area of the éemturbine oo 7 S
e : Q ’ b : . . o - o . e
e “z‘? . . ‘ S & - . g . . ) i
L. , . aom E—‘f“a .
S ) ‘
' oy o ‘ :
f&f i i ' . ). i o vﬂ ' A Y F/
. ' ; . 3 . X ‘ ; ‘: -
QUESTIONS . : N ]
Q"N ’ o Ay S

1. qu cbuld frictipn in mn\d machme \be' reduced’?- ]

L

2. What es the single most important. factor which redqces the

\ theoretxca] efﬁmency to 59.3%7

‘3f Why is the agtual efficiéncy less thani..the theoretical efficiency? -

£

4. What major factor would reduce the amount of pewer ubtainesd from

s f
a~foPl-sized wind machine? - | / o CT
. : W) . o ) ) ’ ‘4 - ¥, . | " ‘
}ist areas ofk‘,’major cost in erectiig-mgsfnd, machjne?
- . R P s . T ’.’\. : ‘

L

EXTENDED ACTIVIHES N

- o
: IK. Buﬂd a podel mnd machine designed to operate mgre efﬁmenﬂy

~ 2

‘2. Nmte 2 report on mnd generatbrs : - - Ay

3., Write a report on the structure of fins. - .. . Ps

4, Nmte a report on placement of win& ma;;hmes 'i’n terms of 1oca1 and

regional topegraphy.

' . »
s ) &

_ - 5, Wind machines opera& wben the winds range from 10 to 20 mph.
' » %

ity
‘Study your, Tocality ta. check whether a wi nd maémne weum be pratmcal

6. Write a report about how the winds are driven by the sun. ' ‘. N

T

. e
A .‘ . 4 O"

.g B rl
- 1 F;‘.}, . .
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. OBJECTIME The student w11} demonstrate the power of the wind determine

.':the anmmnt of useable power that can -be . extracted from. the.uxnd .and deter~

Al

m1ne the effect of wynd veloc1ty and aeroturb1ne,area on power output

¢ - . . '
. . \-. . “ . KR . k

: ""BACKGROUND The“ wea-]th of 1nforma_t1on about- wmd power ’rs %]most overwhe]m—
i g There are reoords of quant}tat1ve stud1€s done as ear]y as 3759 -

‘Understandrnq-how wxnd 1s produced makes a fascvnatxng study Trop1ca1 a1r

H

.rls1ng toEthe upper 1eve1 of the troposhere causes cold po]ar air to move
[a

in to rep]ace the r151ng warmer a1r . Cor1o]1s forces,sresulting from the

.

f - .
. > '
. . _— . : N ' -
. .- . . .
- & - . ¢
. . - . - . * . .
. e * <t - - . T . . . - L
- . - =l .
- ' . * e . _.'.' , . . . N . - ot R \ . .
- . . te . g 2 . * - \
, .
.

rotation of the earth also p]ay a 1arge part -Localized WJnds, of coursqp *

*

depend on the topography qf an area. . .

.

H1stor1ca11y, wind power included using sails-which were attached to

‘ ¥
boats and bttycles._ Ihe first windmill was used to grind grain, and those

" wind machines used to pump water, their most common usage in the U.S. ,
_are actua]]y wind pumps. Wind machines used for generatfng electrtcxty are’
~ called wind generators or wind chargers. . . 5“1 .
Students may be-particularly 1nterested in wind power to generate

i~

electyicity into a power gr1d when both systems are hooked together. R

L
Home gnergy - How To has a very practical description of the advantages and

electlfc1ty. ‘Supposedly, home wind generators are capble of generatxng

¢

disadvantages of home wind generators, as well as approximate costs of some

L 3

recent attempts to harness wind for the generation of electricity.

-

Wind energy as an alternative souroe of power has severa] major draw-

backs:. 1) Wind. dnes not bdow steadily. 2) Storage of energy produced from

L LY

&
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‘ mnd has many more problems than stgr&g& of ehergy from ‘the. sun. 3) The

' super-structure required to support a wind generator adds apprecm,b] y to

" the cost. . 4) Nind enemj} at a' particu]ar lo;atiqn is hard to quant1fy

S @

Al-though man_y studies have been done on~the types of rotors and, m the case
- I
, of prope]'ler' machmes, the types of b‘1ades which work best. most of these

' studmes are- €ss ent1a41y guahtative in nature. \l most useful quant1 tative

r‘t
- ;

‘rstudy is desnmbed belaw L KR
N ey

T A Betz in Gemlany ca]cu]ated the theoretim ff1c1ency of wind

(4

machmes -by app.ying the mo;hentum theor_y used fhr sh1p S pmpel]ers Three

. ve]oc1t1es %ms)when wind passes through a winﬁamchine

'V = wihd speed before the. rotor : i* CREP ) L
I 2o

wind speed thrpugh the rotot

i

 ; V'2 w'ind‘; @b’eyond the rotor ] -

.;iv

- i

If M is the si\){ a1r 91551ng .through the rotor per unit time, the
g rate of change of momentum is M(V - V ) and th\/s is the resulting thrust.
Power can be found by mu1t1p1y1ng the thrust by V: M(V1 - VZ)V = Power.

" The rate of change of kinetig, e,nerg_y is 1/2 M( - .Vg) (1)
which, when ‘si_mmified, indicates that the wind speed thrcucjh the rotor -
‘'equals the average Vi and V,, or ' | '

S ' : \r1 + V2
v =
2
The mass of air passing thropgh the rotor per un'it time is equal to the air

density times the area of the rotor, times the wind velocity:

M = pAV )
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The powers P, is- ; - :
e o Po= pAUAY, - Vz) L J
) Substituting V = (¥, +V,)/2 . Y ‘
' i : oL v
4 . . k
. P = oA v] +, Vl Vz) ,}%/ .
: T . , 2 . Al
’ SubstifUting o= Vz’“i- pogen-beéémes.‘ . . ‘
| AT R Y
P= pAVI,-(l v ) (1 ) . -
- 4 . ’ ., .
Multiplying to simplify, ‘ C ‘ .
‘ N aP = pAV]- (1 +a-a?-a?)
& 4 " I
A ‘)
differentiating, ' '
- 3 *
E'_E QAV 1 (1 - 2 - 3a2 )
L
The mgximum power occurs when the slope %g- = 0. | , S
“\\ . Solving for o , the power is maximum when o = W3. //Q
\ |

‘ g - /
Thus, the power is maximum when the final velocity, Vz,iis one-third of the/
¢ \ P
\\\ upwind velocity, V,. o ' | T -/
'\‘ Maximum power is obtained when : T /
.\I‘. . - . /
3 oAV -
P = AV_1 x 8/27 as compared with P =""EF“" in the wind,

/
//
/

'or1gina1]y, or }6/27 (59 3%) becomes the maximum obta1nab1e powefk/ (Refer

to E. N Gold1ng, The Generat1on of Electricity by Wind Power.) A/s1m1}ar

coefficient has been developed for propeller wind mach1nes, us1n? aerodynamic
principles of 1ift and drag. In that case, the coefficient is sl1ght1y
higher, abcu\%> 68.7%.

Both der1vat1ons ignore such factors as fr1ct1on and other losses, resu1t1ng

in the actual maximum efficiency of 40%. ; ;,

o0 . o 11
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If students are familiar-with rotationa] calculations, it is possible

to approach the prob]em in terms of torque S1nce the wind is ectlng

'perpendicular to the face of the wxnd machine, -on]y that force whxch is

act1ng p&ra]]e] to the face of the wind mach1ne on- -the -tipped b]ades will

produce a tcrque Th1s tor?ue w111 in turn, set up an anguﬂar ve]oc1ty

| which has k1n/t1c energy ‘or power in terms of energy- per un1t time Thxs

'-must be t/;nslated 1nto 11near energy to. 11;t the mass attached to the

shaft. ,/ - - . : ‘ oL —

’ -L1sted beﬁow are some references Practical-minded students would v

also enJoy artwc]es from Popular Sc1ence or Mother Earth News whlch tend

to feature unusual uses of alternat1vg)§ner§y i
/ _. . :
MATERIALS: :One set of Tinker Toys, Set 136 (about $4.95) can supply
- r .
eight sets of wind machine heads, if you use only one axle housing; four, -

if you use two. If your class is smaﬁ, a more stable windp machine head
can be prepared by ‘using two axle housings attached to two clamps and two’
ring stands. These axle housings are cad]ed 'W' in the set. The orange
rods form the spokes and fhe order for the rest consists of spool, blue
rod, axl h0usxng, spapl, second axle housing (1f used) yellow rod, string,

final spdol or a wheel. Each of the 'W' p1eces (axle housings) must be

secured by t e.oraﬁoe washers supplied or lock washers. You may alsohave

:to cut extra | pieces the same size as the orange rods for spokes. A, hand-

held wind me er'ls‘evailable for under ten dollars. *If you have an anemo-

meter available, it wauld be more accurate.

-«

A prope 1er-type, portab]e fan with variable speed contro] which is

larger than 12 1nches in diameter should supp]y speeds from 10- 12 mph

E

A rheostat (try bOrrowfng one from the”drama dept.). wou]d make 1t possable

.

. 11

~.l¢
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ta q;? more precxse veIOC1t1es e.g., 6 mph or 12 mph, 5 mph and 10 mph ‘
which, wou]d make the increase in power as a cubic function-of the velocity N
f L .
easier to observe.. A strehm11n1ng grwd;cons;st1ng of 1nch-w1de-boards
} . ) , | y

placed in a network of squares (about 2‘inches square) wi]] reduee turbu- o

.. lence. A wiﬁd éunnel perhaps made ‘From. a large cardboard box 'mxght in- "

4
' crease w1nd speed and reduce ‘turbulence. « c
TIME REQUIRED: One period for actual operation, with 6 to 8 groups: More - ({
. " time may be needed §f you choose to give an_in#roduction ‘to wind engrgfo | o

and its technicgﬁ. otential.or if you féel that calculations need to be

done with your.class. L ) -
‘ | ' o’ L
SUGGESTIONS: : o - ' ~ ",
' L . : - ¢
Answers to questions: - o 'f . .
,-].';Use‘an oi]ed;ﬁeta] axle holder. . ‘ fﬁ .o
. .
25' The fins--not all the wind power can be captured.

5 Theoretical does not take into agcount‘fr1ctgon losses, etc.
4. Wind is not steady.
‘) | 5. Support structure
| Students will do well to get 5% efficiency.
Caraboard fins may be made out of heavy caﬁFbOard (such as a puzzle
box). | *

ADDITIONAL ACTIVITIES:

- 1. Determine the maximum lifting mass for the wind machine.

, 2. Measure the effect of increasing or decreasing the number of fins.

h )

3. Change the shape of the fins. Measure the effect. ‘
¢ ! f
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. An advanced class hight wish to build a school wind generator.
. Rtk :

b - " _"i , X . . ’
REFpfENCES: - . . ‘
~i_ dhther Earth News Handboak of H Power, Bantam Books, Inc.,
O New York, N ¥ork 1974; Many ‘Jever ﬂdeas. SRS eyt

Hpnd A.J., Home neggy How-Tﬁ Book Divis1on, Tinks Mirror Magazxnes,

i Inc., Harper and Row, New York 1977 Vgny practx;al. ATSo rea11st1c‘~ ©

Y Tomcosts. -t . . -

:'-Golding, E.NW. The\kgneratibn of E\ectricigy by Hind Power , Halsted P(g&s
1

) Book, gdhn N11e§ and Sons, Inc., New York, 1955. A very tethnic
-

D
. { book.

Crowther. Richard L., Sun Earth, A.B. Hirschfield Press, Inc., Denver,
Sun_Earth fi

_Colorado, 1976. ' Good general information.

Hamilton, Roger and Emory Kristof, "Can We Harness- the Wind?™, National:
J

ceographic, Vol. 148, No. 6, December 1975, op. 812-829. Good pictures.

Hack]eman, Michael AQ Wind and Hindspinners, Peace Press, Cu]ver City,

L

Californ1a, 1974. Interesting.
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ANALYTICAL DETERMINATION OF THE SOLAR ANGLE QF INCIDENCE

. iy ON A FLAT PLATE COLLECTOR . . /
: AL\ , L ¢ ' | P

INFRODBCTIOV Consider the rays of the sun as sources of heat and

’\\ .egergy Manf ca]cu]atmns for solar- energy are apphcatior\s%af

‘i basic*trigonometry' . { e - B
u\’ .« . ‘ ‘-._ . » - -\ﬂ. . -
g PROCEDURES CALCULATIONS AND RESULTS « | ._gr
| -(A. Consxder a flat p]ate solar co]]ector as an examp}e (Fig.

a - “rtf#gf/’
L : “f//{,x”

1 /

SUN'S RAYS

‘ J ¥
.FRONT - ; - SIDE -
Figure 1. Flat Plate Solar Colléttor ¢ | .
.

‘u . Note that the sun' S rays are cons1dered to be para11é1 The placeiA
ment of the flat-plate of the collector relative to the direction of the

sun becomes critical. Ihe direct normal component of solar dnselation,
Ib3'is given by the formula

I.=1 . .cosq i

B maximum

(1)
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¢ L]
@& . . ) . . .

, where i is the angle of }n?idencé aslfhown.Wn F1g._z'and I axi is the
amount of solar ihso]apion on a flat surface. . ‘ T
(‘f"ﬁ‘ .
3 . *
b
¢ - o
. o .
.
VvE ¢ t
» .
8 , !
! H
» | . :

Figure. 2. SidékView of Collector  ~ " ,

Does 1t seem 1ogica1 that the max1mum 1nso]at10n will be received when
the sun's rays are perpend1éu]ar to the co]lector face? Ver1fy this from
the formula Ib'= Imax cos & i when & i .= 0%. “(Hint:’ Recall the gnaph of

the cosine shown in Fig. 3.)
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(Note that the ‘graph of the cosine is at a maximum when < i #\0.)

Once -the collector p1afe is in place, the sun will m§ve re]ative;to ’

thg collector. Note the appareht motion of the sun. ‘ T .

~

Exercise: What perceﬁtage oflthe maximum insolation wiiﬁ the so]ar'co11ector
have availatle as the angle of incidence varies? (Hint: Use equation (1), - ° h

‘trig tables or the trig functions 8n a ca1£ulat0r to'woqk the following-

Lt N ‘ >
excercijse. ! . . ot * : . ° .
EXCERCISE:

Angle of Incidence,d i . 1.08:Maximum Solar Insolation

f o Tk, ’ ‘
a) i=10" " . r—’// S S
A b) i = 20° SR o, ,
C) i= 300 . -
. d) i = a5° | | | :
d) * I
e) i =60° | | ;
f) i =90° _‘ e
" " N

| T

After 60° you might as well zip yourself into a down sleeping bag and

forget about splar energy. f | . o .

*

B. Determining the Angle of Incidence. Now that you cam see the effect

L4

of the angle of incidence of the sun's rays on the collector plate, of what.

. ‘is that angle i‘a function? How does one determine <« i for a south-facing

.collector? o ‘ | . y \
Part 1. 'DETERM%NE § . .
‘First, let's consider s ' f\

* § = the solar declination angle.

L1,




fhis angle varies with the day of the year as the éarth rotates ﬁround the

. ) .y , _ A
sun and chinges because the earth's gxisvis “titted" 23.5° from tHe verti-
T : - ' .

cal. See Figure 4. ¢

{

Figure 4. Earth's Revolution Around fhé Sun
To find the solar declination-4§ fo} any‘day of ‘the year,
let dan 1 =day1l | «
Jan 2 = day 2 \
Jan 30= day 30
Feb 1 = day R
& S ‘ ¢ y

Dec 31 = day 365

Then &8 = 23.5 sin [350(53;;;%!)] (2)
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~Examples:

a) - “Jdan1, s = 23.5

™

© = 23.5 sin 281,10 = -23.06

Mar 21,6 = 23.5 sin 360(234*3])]

»

- 28.5 i [360 33—5—5-] -

-

+

.5 sin 330o
{0

L4

Note that Ma}ch 21 {s the vernal equinox when the day and night are of
equal length. how convenient that on that day, sin = 0 and that,the anglg
of decl{natfﬁﬁ,ﬁ = 0. (Of;cnurse, this is‘not 3 coincidence.)
Exercises: ’ - ,'1

Find « § for the foTlﬁwing dates %s1ng Eq. 2.

a) May 21
(day 141)

b) September 21
(day 261)

(Hint: September 21 is the autumnal equinox) & &

-Dec. 31 .
(day 355) ' «S

. DETERMINE L

Now that you have found & , the Qfgle of so?ér declination, con-

sider the latftude L of-the site of the flat plate collector. Thig

11y




< ) . - .
:, ‘ ' '1 . ! . { 1 ]2
k v v
1 - ‘ A e
L t

is easy enough to ffnd on a map, a globe, or an ét]as._ (Let L = 40°N un-

L] «
jess gtherwise specified). Se«Fig. S. : o d
>0 AR o _

et

Figure 5. Latitude

4

3. Determine H
g
Next, consider H, the hour angle, for you know that the sun's
angle varies throughout the day. :The hour angle, <CH = 15% x the number

of hours away from solar noon. :
$

A quick approximation may be made by using local standard time. -
‘ | | & H = (12:00 - Standard Time) ° léolhr.‘ (3)
Examg]és: |
" at 11 a.m: {1 hour before noon), &H = +15°
V4

at 9 a.in. (3 hours before noon), &H = +45°

at 7:30 a.r.” (4.5 hours before noon), <H = +67.50 ¢

at 2 p.m. (2 hours after noon), <H = 300

Part 4. DETERMINE o

Now we" have the information we need to find a , the angle between

the sun and the horizon. The solar altitude, a , as seen by*an observer on

the earth is depicted in Fig. 6.
/ .

] o 4
. \

oy, §
¢ 1["' . F

P
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Sl'{N y ‘s ~
v ) ¢ K
HORIZON .- L
. L] e ’ “;- h ;‘3 ‘..‘ Y ’ - ‘. . |
. . Figdre~6. Solar- Altitude,. o ¢
. - T - . B 4
_ o, "f" T . ' .
™ . . : “ N
f . ] ’ -
o is detéomined by EG. 4: o -
. . sina = (sin L sin & ) P (cos L' cos & cos H) . (4Y
- L . € Ne.
© - where you ms‘_l recall. . .. . L 5 . .
oL = latftude . L / >
) - - . _ \ - | .
" .5 = angle of declination. .. L ‘ o =
H/= hour angle o N b
Example; Find a at L = 45° north, at 10 a.m. standard time on ,
| . March 21, where  §=-Q0. .. N
W T H'="112:00 ~10:0Q) x 15° = 80°  (from Eq. 3) e
A . .
. Then-from Eq. ‘4:
.h“ o - T ) . * o~
' sin o = (sin 45° sin Oo).+(cosr 45° “"cos 0° * cos 3007
' N o - o* v
, sing = (707 °© 0) + (.707 * 1 °.866 )
‘ : ,"“ - & . N* ~
Y So.+ sin a = .612 : |
- .h - . . 0
o = 37.76 —
, y , )
L N ) ‘ ,
Exercise: ijse .some of the data you have” found from previous exercises.,
. ’ ) ﬁ'i;nd « for | = 40° north, H.= TO a.m. standard fime on May 21 )
TN~ (D y 14)‘:
«, . R ‘ |
\ L8 = ’ , " (Hint: Use Eg. 2)




) . _‘;l ‘ . ‘J ) . ‘ . ‘.
~ ’ - | N4 :
gh= - " . B - (Hint: Use Eq.3 ).
o= : L e (Hint: Use Eq-4)
. Parts. DETERMINE Y S L BRI
* ~ . . . .7 4 ~ 3 . -
| . There is one more mecessar_y prehmmary ang1e 9 ‘fmﬂ o
. * *
) oy =the so]ar azxmuth the angle in the hon zontal plane be- |
: ¢! R 1y
| A tween due south and the pmJectinn of the sun S.. rays. I
: f2 T See F1g 7 L | ~ ‘
e - e
/ . .; “ “‘*
Y " . . - ;‘ . . : ', \l !
EARTH'S HORIZON . '
> )
;o ] Figure 7. Solar Azimuth N
- The solar azimuth angle, Y , is given by.’ .
. ) Xy ;
- sin y = Cos8 sin H l5) e,
, coS o , ”
Example: .Find y for the example in the previous section where
C L= 45N
o o

- b

-




. y ' . . - s @

l » ~
| ] . .
> o _ ( ]
) o o '
and H =10 a.T. standard time (H = 30" ) on March 21 . .
where 6 = 0° and.y = 37.76° , ' A
h cos 0° sin (+30°) =(1.0) (’sf'= 632
) Then, £in v = T cos 37.769 7905
' Y : 39.23° y ‘
.Exercise: Find y for the exercise in Part 4
oyt A | |
- - : v y '
Part 6. DETERMINE 1 o ' -

Finally, we have enough information to find i, given by

L 2. ¢

cos & i=(cosq cosysing )+ (Sinacose )

where, © = the "tilt" angle of the-solar collector (i.e., the angle

bet&eeh the collector and the hori;énta]). See Fig. 8.

SOLAR ) < _
COLLECTOR . /;) 2

' HORIZONTAL

‘ j Figure 8. Tilt Anglg,
Example: Determine the angle of incidence_ between the sun's rays and a
5 ; " flat plate collector surface tilted at an angle ¢ = 50° on July 21st
. ' : 123 : ’

7/
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“at 11:00 a.m. The col]ector is located at 40° north 1at1tude

: : a. & = 23.5 sin }360 (3§5—i~393)J = 20.55°

. M

! 365

b. sina= (s1n Lin 5 ) + (cos L cos & cos H)
= sin 40° sin 20.44°%) +{cos 40° cos 20. 44 cos 13°) b
' = .9179 | K
a = 66.3° _
: cos § sin H .55° sin 15°
€ SIMY® Tcosa - "c0s 66.630 .
sin y = .6108. .

Y = 37.65° N - o

d. -cos i = (cos a cos vy sin e ) + (sin a cos 8 ) (6)

= (cos 66.3° cos 37.5° sin 50%) + (sin 66.63° cos 50°)
- .8307 -
i =33.83°
Fiéally, we have found that i = 33.83° and cos i = .8307. Therefore, by
Eq. 1, onelcculd co]lect 83.077% of the maximum 1nsolation -
. Part 7. SUMMARY. In order to do the calcu]at1ons requ1red to find ;the per-

cent of the uvaxiab]e energy a flat plate so1ar collector could absorb,

g one must give his trigonometry a real workout by f1nd1ng

1) 8 - the solar declination for a g1ven ‘day of the year.

2) L --the latitude of the site.

3) H - the hour angle fot the time of day. .

4) o - thevsolar altitude

é) Y - tdé sélar azimuth ’ 6 } e
6) o - the angle of "tilt" of the collector.

7)1 - the.angle of incithce.

g L0
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7 CONCLUSION:

Return to (Eq. .1), . !

- - ' . ‘I=I CQSi
. . g D max,

where Imax is the maximum amount of solar insolation that falls on a
flat Surface. Assume idealized conditions, i.e., no reflection off

" )
. the collector surface, no diffuse beam, clean plates, no loss to

smog, fog, shade, efc. Then,’Imax = 1000 watté/meterzy(this is a
good round number estimate). Then, as an examp]e, using the
sample problem from the last section, where i = 33.83°%.

.

1

b 1000 cos 33. 83°

fl

10Q0 . .8307 = 830.7 watts/meters
_ FURTHER INVESTIGATIONS. L . '

\

‘Instead of using a fixed plate, can you see the advantage of
de&ising a method for your collector to "track" the sun, or fo]]ow it

across the sky? Or, instead of using avflat plate collector, think

about the characteristics of a parabola, one of the conic sections.:.

' . j(’fA:::i:————-PARASOLA
- * ‘ . é

R ——
L
<,
FOCAL POINT A -
= v
4
=
, 7))
_é
-
Q "

EB@S; . | Figure 9. Parabolic Collection

e




ST | o BEERTT:
| ‘ . " : | ' .
| The parallel rays from the sun will focus at a given point, the "focal
| point" of the parabola.‘ Iﬁgcking devices and focusing co]]éétprs are ndw
: avai}ab}e. New worlds are open to you.
“In conclusion, By usinglbas}c trigonometry, you can work your way
through a typical éngineerihg problem in solar heating. Nor qu can make " .

: L : . / .
up your own data and use the format below ta solve your own problems.

Format for.Solving Problems . 3o
, s :
Given: A site where latitude L = )

«

Time of day (standard time):

Day of the year:

the tilt angle 6 = \
Fi?d: 1) ¢ = _ ' . . (Eq. 2)
2) L = o . (given)
3) Wi . | (Eq. 3).
4) - ' (EQ- 4)
5) vy = ¢ v (Eg. 5)
. ‘_ . .
6) i = (Eq. 6)
7) ;b‘= | | (Eq. 1)
X ¢
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GLOSSARY OF TERMS AND SYMBOLS

Insoldtion - the rate of solar radiation re;eived by a unit surface

in a unit time (units of watts/meter2 used here).
2 \ ! po \

Angles - all in degrees: , ~

Solar Declination ( &) - the angie between the equatorial plane of
the earth and the sun's direct rays.

Solar Altitude (¢ ) - the angle between tfie horizon and the sun's

direct rays. Solar noon occurs when o is a maximum. ’ , oy

Solar Azimuth ( y) - the angle in the horizontal plane between due

south and the vertical prejection of the sun's rays. | ~
\ o) .

Latitude (L) - angle between the equatorial plane and the oq§erveﬁ. . | R

Angle of Incidence (i) - the angle .between the sun's direct rays

and the perpendicular to a’surface.

Y
' Tilt Angle (0)- the angle between thé collector surface an%he horizontal
! - 360°  _ :0 . &
Hour Angle (M) - 5. = 157/hr from solar noon

r ) '

. Conversion Units: ' '!

1000 watts = 1 kilowatt £ 343 Btu/hr

1 langley = 1—5§1%£12*= 369 Btu/ft2
cm” -
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TE4RHER'S GUIDE

OBJECTIVE: Enrichment in trxgonometry, grades 11-12. At the end of the
course in Basic Tr#ggnometry, some students ask, "What is it good for?"
As enrichment fer such a student, this unit cou]d be used to ‘ilustrate a

timely application.

BACKGROUND RECUIRED: An understanding of trigonometry.

TIME REQUIREDEI 4-6 hours of indjvidual student's time.

SUGGESTED FOLLOW-UP: - F

a) Determine the solar insolation constant.
b) Desiygn and build a flat plate.
¢) Design and/or build anparab0}1c collector.

d) Reading - There is a glut of material on solar heatfng. Many

)
/ . b -
jourrals, books, texts, etc. are flooding the market; write to

SERI in Golden, Colorado for upigs-date‘bib]%ographies.
N .

Answers to Exercises:

Section A.‘ a) 98" Section B. Part 1) a) 20.25°
b) 94v. . . b) 0
c) 87% c) -22.94°
* d) 7% - Part 4). & = 20.14° , H
e) 50% ‘ ' " o =57.58"
f) 0% | | ‘ part 5) vy = 61.12°
4 T .
-
' A7
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v #12.. LET THE'SUN DO IT | .
. AN .
PURPOSE: Tg determ1ne the\most efficient way to ut111ze the sun's energy

‘ «

for heating by exper1ment1ng Hth\home des1gn, insufation, ‘and color

\ . #

INTRODUCTION' One purpose of a éhe1$er is to moderate extremes of tempera-

ture. The combnna;1on of a foss1] fue\ shortage and the high cost of living

A

enhances the need for solar heating. Proper planning and construction “of
a building to make use of the 'sun can régylt in energx sav1ngs. A technique
which employs the conventional parts of a bg}1d1ng to c011ect, store and dis-

‘tribute solar heat without energy-using mechan1sms is ca]]ed ‘passive”

A

[ . . . %
solar heating. '

Collecting the/ sun's energy %nvo]ves three bésié‘fequirements:

1. The'house itself must be a solar collector, which means the sunlight
should be let }n when needed. R

2. The building should be a.storehodég for heating. Heavy materials
such as stone or concrete accomplish this. ' _ 5 .

3. The house must be a heat trap. - Insulation, weatherstr1pping,
shutters, and storm windows help fu1f171 this requirement. ‘

The optimum sbape is an elongated builgiing w1th an east-west axis. Thi§

design.shouid permit the greatest number of windows facing fhe sotth and thai

b e

least facing the north.

MATERIALS: Carcboard, Saran wrap, masking tape, insulation of some type,

material for carpet, meterstick, thermometer.

PROCEDURE :

i
1. Choose one model design from the model page below and construct your

model home of cerdboard with 3;45 m2 < base < .50 m2. Windows should cover

[

Qo 1oy
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~ MODELS

These are side views of the model homes. Each "home" should be ori-
ented outside with an east-west axis. To insert insulation, walls and

ceiling should be made of fwo pietes of cardboard‘1 cm apart. .Fill in the

-
[

space 'with designated insulation. | E
‘3 ) _ - Né~f—-—$ .

Paper
" Insulation

, ¥

.

.No
Insulation |

Paper.
Insulation
77

A Light Carpet

Styrofoam
Insulation

F

Dark Carpet

L

B AN NN R N W
.




data section_telow.
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600 cmg: 450 cm2 on the south, 150 cm2 on the east and west sides. Use

Saran wrap for-windows. 'To construct walls use 4wo pieces of cardboard

spaced 1 cm apart. Fill in with specified insulation. All inside walls

will be a light color. Carpet coigrs will be specified.
2. Camputé the volume of the home in m3. (qu vofume“;f any regu--
lar prism is Ah where A is the area of the base‘and‘h is"fﬁgfﬁeight )
| 3. On a cold, clear day place your model home outs1dé\for approx1mate]y

one hour, oriented with an east- west axis. , e,

' / 4. With a thermometeér, check the temperature outsideg and record. Then

check the temperature inside at 10 minute intervals thil no further temp-

erature increase is observed. .

5. Plot a graph of temperature as a func¥ion' of time. Complete the

30 |-
25 ' '
20 - o . . . '

X

15 | .

——d
(]

Temperature (°C)
I

0 10 20 , 30 40 50 60 70 80
Time, minutes
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DATA: Volume of building | ‘ > ,
Dutside temperature ¢
‘:, Final inside temperature %

Specific heat of air = .248 ki]ocalorigs/kgnoc

Mass of ]m3 of air =1.29 kg.

. QUESTIONS, PROBLEMS, AND CONCLUSIONS:

1. De}ine: calorie, ki]otalorie,'Btu.

2. Using the fbrmula, Q= mc.(TInside.— TDutside)’ where Q is heat in
kilotalories, m is the mass of air contained in the model in kilo-.
grams, ¢ is the specific heat of air"in kcals per.kilogram per'
degree and T &s temperature in degrees celsius, find the amount of
‘heatustored in your passive solar home in ki]oéa]or@es.

3. One Btu = .252 kcal. Express your answer to #2 in Btu's.

4. Compare the amoﬁnt of heat stored‘ih,you} model solar home with the

{

models made by your classmates.

-+

5. What conclusions can you make regarding the passive heafing éapa~

bilities of the various models tested?

£
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TEACHER'S GUIDE

OBJECTIVES: At‘the completion of. this experimept‘the students SZ;qld be
lsple to: - | ‘
1. Calculate the amount of heat stored in_a given volume of air.
2. Undefstaﬁd the meaning of pasSi;e solar.energy, _
3. Utilize the reflective and absorptive. characteristics of fnterigr |

}
colors.

+  BACKGROUND: \ by

"Now in houses with a south aspect, the sun's rays pengtrate into

the porticoes ‘in winter, but in summer the path of the sun is right

over our heads and above the roof, so that there is shade. If - |

then, this is the best arrangement, we should build the south side

loftier to get the winter sun and the north side lower to keep out \\‘_ﬂﬂ,sz’!A
“the cold winds." Socrates (469-399 B.C.) as quoted by Xenophon in

\1emorab1‘lia. - ’ .

- Passive solar heating is defined as the technique whichﬂbses fhe con-
venfiona] partﬁ-of a Sui]ding to collect, store, and distribute solar heat- 4
without energy-using puMps or fans. Generally, it relies on the south wall
to collect and!itore heat. Other inbcvafors have uséd 55-ga1}on steel drums
' filled with water to corfstruct the south wall. .fhe water heats bff day and
radiates insidé the home at night. A home with proper design éhd coﬁstrucL
"tion can result in energy savings. .
As can be learned from the quqtation, solar heating is not a. twentieth
‘ century fnventicn; .According to Roman requlations the axis of a military.
camp had to be within 30° of true south. , Teotihuacan, a Meso-American city,
was laid out on a grid 15° west of south. Pueblo Bonito was built by the
Indians in Ciaco Canyon, New Mexico, between 919 to 1180 A.D. The semi-
circular structure with a 520 ft. diameter aqd four stories high housed

]

1200 inhabitants. The plan of the structyre was based on the position of
_ .

¢ ) P
- ¥
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the sun in the summer and winter solstices. Surfaces were exposed to
more radiation in the winter than in thg summer. Wall and roof cdnstructioﬁ
was varied in thickness and camposition to store the sun's heat and to per-.
mit the proper timé lag of the day's heating effect to r8diate into the y
interior at night.. The Acoma PuebTo near Aibuquerque.waé built on a similar
plan. Early New England pouses had masonry;fjlléd walls and compact tay-
outs to minimize heat losses during frigid winter monthg; Many colonial
%WErican homes had'high walls and windows oh the sguth_while a Tow sloping
roﬁf faced the north,
Since an abundant supply of che;p fossil fuels became avai]aqu dqring
the present century, the sun was ignored iﬁfdesigning bui1dings. Now high

. costs and the shortage of fossil fuels havé reversed the situation. /f~~\

JIME REQUIRED: 5-10 days

. SR ' ' ~~
MATERIALS: Each group will need a sufficient amount of cardboard (packing

boxes will suffice for a source), masking tape, Saran wrap, material for
" -

* walls and floors, thermbmeter, meterstick.
- . , ; oA
SUGGESTIONS: This experiment can be a group project with groups of three

or more as the instructor deems advisable. One model can be built with a
standard inverted v-shape& roof and no {nsu]ation to serve as a basis for
comparison. The other homes can be varied according to types of insulation
in wall and ceiling, color of ca}peif and chosen design. Model designs have

been developed so that subtraction of results from two @odels will yield a

difference attributable to one vari;BTe\b\

£

 SAMPLE PROBLEM: Assume a mcdg] has a volume of ;2m3. Find Q (amount.of heat).




T

= Specific heat of air = .248 kcal/kg .%¢c

Inside
T
_0uts1de
Mass of 1 m air = 1.20 kg . }

Mass of air in kg contained by model = .2Zm

S ' 127

20 °c

i

= final inside‘temperature

= ambient air temperature = 0 %

3x-——-——-g-]zgk 258kg-
m

258 kg x 238 keal , 500 = 1.28 kcal

Then Ql=-mc (Teoa = Tl o0 ) = .
” Inside Qutside’ ) kg' o¢

SUGGESTED FOLLOW-UP ACTIVITIES:

3. Vary orientation of the same houses.

1. Let any of the models heat up to its maximum capacity. Open and

c]ose a door at minute intervals for twenty minutes. Graph the

temperature as a function of txme. Conc]us1ons?

2. Add a "f1replace" (do not 1gntte) to one of the homes ObserVe the

temperature inside the model as the "flue" is opened and”closed.

*

Conclusions?

. cas . -
4. Calculate mass of air at local conditions using gas laws.

. REFERENCES: - & :

The Solar HomeBook, by Bruce Anderson and Michael Riordan, Cheshire

Books, Harrisville, New Hampshire, 1976. N

‘Homeowne:r's Guide to Solar Heat1ng_and Cooling, by William M. Foster,

~

Tab Books. Blue.Ridge Summit, Pennsy]vanla 17214, 1977.

Designing and Building a Solar House, by Donald Natson, Garden Way
Publishing, Charlotte, Vermont, 15445, 1977.

Physics: Energy in the Environment, by Alvin Saperstein, Little, Brown, .
and Company, Boston, 1975. .

Direct Use of the Sun's Energy, by Farrington Dan1els, New Haven Yale

University Press, 1974.
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#13. , CONSTRUCTING A MODEL GREENHOUSE : J‘

PURPOSE: The purpose of this activity is to provide studeots with and experience
of constructing a mode] solar greenhouse from the mater1als prov1ded and to

determine quantitatively the total heat gain, in Btu's, for. the solar’
-
greenhquse.

INTRODUCTION: This activity is designed: especially for the student who
— . DR R

likes to eat.' Realizing . that oyr pregsent energy resources are being )

depleted rapidly, we must seek other useful forms of energy far Tong term

use and storage This is apﬁ11cab1e to food production., .

§

what is a solar greenhouse? The term solar greenhouse genera]]y " e e

. refers to greenhouses whose heating and lxght requiremepts are ]argely

]

provided by the sun. Al] greenhouses receive most of the1r lwght from the

. sun and. recentiy some have been designed to use the sun for heat'ing as’

‘_ well. So]ar greenhouses collect and store solar energy for heating and

~

are well 1nsu1ated so that the heat may be used at night and during cloudy

§

per1ods. -
MATERIALS (per group): | N

Cardboard box 33" x 20" x 20". Box size Way vary

“IStyrofoam - enough to line all interior'surfaces of greenhouse

'A1um{num cans, 16 - stahdard pop cans - ‘ : ‘
High temperature, non-toxic, flat black paint - 1 large spray can

Saran wrep |

Ohe;hole fuober stopper

Thermometer - BOoﬁrgmximum_(oven thermometer) ‘ .

\ - *




Glue

 Masking tape _ \ '
" | knife or razor blade ‘
) Ruler )
. Pencil .
Data sheet I
- Graph paper | . - | ‘
PROCEDURE:k '

- Pay 1. Activity 1

1. Construct your soiar greenhouse using the carqbnard box.. (Refer
to Fig. 1 for p]an.). )

.2, 'Insgrt thermometer into one hole rubber stoﬁper aﬁd then insert

. _ , - - . _
(4 -stopper centered into side of greenhouse.
| 3. Coyerfthe opening with one sheet of Saran'ﬁrap. "
o = ) .
Day 2. ,Agtivity 2 ' L
Place your greenhouse'oh the sodth(sine of the school building with o
’ the Saran wrap surface facing south. | .

1. Record the ambient air temperature on a data sheet ‘nd record the
,‘"greenhouse" temperat&re every two minutes on your data sheet.

- 2. Note changes of cloud cover on data sheet. o,
0 N

3. ‘Graph the tempegatuée as a function of time for outsiqe and
inside. | ‘ ‘ ' . ]
" Review Q?estiuné for Activity 2. B . |
. 1. How fast did'f%e greenhouse heat up to its maximum temperature?‘

2. What maximum temperature was reached?




Diagram of a Model Solar Greenhouse °

Fig. 1.
SIDE VIEW
BOTTOM VIEW
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| ‘;‘ 3. What effects‘do weather coqditipns have on a solar greenhouse?
Day 3. Activity 3
., ' 1. 'Remove Saran wrap and thermometer. -
2. Using ruler, knife and glue, insu]éte the interior-walls of
the greenhouse with styrofoam. |
3. Pa;nh the 1nter1or of the greenhouse with flat black, noneiox1c
| paint.

4.; Painf all sixteen a]umindﬁ cans with flat black.

Allow everything to dry until next day.

Day 4: Activity 4 ,,

| }. Fill eluminum cans with water and cover holes with masking

. .tape, Record weight of water. Fill each can with same amount. '

2. With masking tape cannect‘alum1num cans s1de -by- s1de in four
grou}s of four. '

3. Tape each set of cans on top of one another; and attach with
taee ec‘stéples to the back of the greenhouse. ’

4. Touch-ep inside of greenhouse with flat black paint.

5. Insett thermometer into side wall by pushing throdgh styro-
foam. ‘ ‘ | |

6. Stretch one layer of Sarqp wrap over opening.

7. Place greenhouse on south s1de of school building exposee‘
to the sun. Record ambient air temperature on.dpta sheet, and
record inside temperaturesrat_two minute intervals for fifteen
minutes.

\
8. . Graph temperature as a function of time for the next class meeting.

-
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" Day 5. Activity 5
//N. Place_greenhouse outside’and record temperature for {1 Leen

minutes. Remember to record ambient air temperature first.

2. Take greenhouse inside and record the temperature for fifteen

minutes. Continue to observe temperature cﬁgnge if' change
. .
occurs slowly.

3. Construét a grqph of temperature as a function of time for your

model f?om‘data sheets. Compare graph with uninsulated greenhouse.’

Day 6. Activity 6

. 1. Using data provided by your teacher, calculate the heat gain for

. Activities 2, 4 and 5 in btu's/hr on the "collector" surface.

2. What effect did the insulation, black paint and cans of water

have on temperature change?

3. What changes-can be made in construction of your model to allow

it to collect more heat? : | ’

4. How might a simplé solar greenhouse be constructed to provide

heat for a home.

-




TEACHER'S GUIDE
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OBJECTIVE: Thae student will construct a model solar greenhousse, determine

quantitatively the number of Btu's "collected" by the_soﬁar collector sur-

face and the total heat gain, in Btu's. Qptional activities are included.

BACKGROUND: The Btu, or British Thermal Unit, is a commonly used unit of

heat. It is defined as the amount of heat required to raise the temperature

of one pound of water one‘gegree Fagrenheit; specifically, from 59°F to
60°ﬁ. Heat losses and furnace capacities are described in Btu's éer hour.
For exaﬁple, one gallon of o0il burned at 70% efficiency will deliver about
100,000.Btu's (one kilowatt-hour ig the equivalent of 3,412 Btu's). In |
comparisomy the maximum intensity of sunlight at 40°N 1atitude is 306
"Btu's per square foot per hour.
The student will determine the princib]es dpon which a solar éreenﬁouse'
functiohsj Model consfruction,‘accu}ate calculations and measurements
and recording of data, as well as visual observations,are stressed.
The term solar greenhouse generally refers to greenhouses whose heating
and 1igh£ requirements are provided by the sun. Mosf solar greenhouses |

collect and store solar energy for heating and are insulated so that the

heat collected can be used at night and during cloudy days. Solar green-

houses can be used to collect and store solar energy in many ways. The
design of solar collectors and storage ;ystems depends uﬁbn such fécto}s
as climate, economics and local weather conditions.

The two mair type§ of solar systems are active and passigg; An active
system collects heat‘eneréy at one point, transports it, stores jt at another,

and delivers it for use somewhere else. Conventional energy sources are
{

needed to move the collected solar energy. . o .
\ - . .

11;
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In a passive system water contaihers,Awater pools, rock walls and
other miteriais with high thermal mass collect, store and deliver the heat
without circulating fans and pumps. If at any point in the system, additional
energy must be used for storage or delivery, then that\bortioh of the system

D .

has become active.

i
-

Solar greenhouses can be bui{t indepgpdent]y or'aftached.to an exist-
ing structure. A well-designed solar greenhouse can deliver more heat to
‘a house during the day than the house loses at night.

‘Anéther"adyantage of a sd]ar Qreenhouse is the‘extended,'year-round
growing season at a much lower operating cost than the conventional units.
They are fe]ative]y inexpensive and easy to build.

Q@ the average, there is enough solar energy to heat a greeﬁhouse,in
the winter in most of the United Statés and Canada. During the coldest
time of the year,‘late January on a clear day, the inténéity of direct ,
solar radiation is about 290 Btu's per square foot per hour at noon at 40°N
1atithde. This energy could heat the air from 40° to 70°F in one hour-in
a properly oriented 12' x 16' greenhouse.

Solar energy enters the greenhouse as shortwave radiation. When it’s.

‘§E§orbgq by inside surfaces, infra-red waveS'(heaf) are radiated. These
longer wavelengths cannot 'escape back (to the atﬁosphere (the,"Greenhouse
Effect”). |

The light requirements mu;txép balanced with heat requirements in a
solar greenhouse. If the greenhouse is to function properly, it will reQuire‘
) ‘ <

some type of heat and storage capability. The activities are designed to

illustrate these pasic solar greenhouse principles.

11
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TIME REQUIRED: Six class hours.

SUGGESTIONS: Some students may wish to gather data on days when there is

'partial cloud cover. This would ﬁrovide comparative data.

Day 1. Activity 1: o nhé///
1. Students will construct their model solar greenhouses.

2. Time remaining in ¢lass period may be used to discuss various

types of greenhouse construction and cost.

Day 2. Activity 2:

1. Complete Activity 1. Remind students to save their data sheets.
2. Students complete their graphs as homework,. using their data.

3. Students should answer review questions at end of Activity 2.

-

Day 3. Activity 3:

1. Students will make basic changes in gréephouse;construction:
. . b

"gbﬁkéi . insulating and paint{ng interior and a]uminum cans with non-toxic,
flat black pgint.
2. 1If time permits, discuss and compare student graphs from previous_

k]

day (Activity 2).

-
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Day 4. Activity 4:
1. Complefé modifications of model.
\ 2. Set-up m%gel and record temperature on data shéet for fifteen minutes.

Day 5. Activity 5: ¢

1. Discuss graphs frﬁm Activity 4.
2. Students may coﬁlect more data for comparison.
3. Data should be graphed for v‘f.olelowing oi0es meeting.
Day 6. Activity 6: o

. Explain to students the method used to calculate totalminsolation
on a surface in Btu/hr Refer to Saﬂmle Problem (A) below.

2. Discuss imp]ications of solar energy basé{ggn experiences with the

" a3
0.
C o,

model solar greenhouses.

OPTIONAL ACTIVITIES: RN

1. Students who have mastered trigonometry may wish to caltu?gie\total
) clear-sky insolation with reference to angle of collector surface \ﬁgfer
to Sample Problem (B) below. (Ref]ective radiation need not be consid@%%d ) .
2. Determine tetal number of Btu's collected jn the solar greenhouse..- Fﬁﬁ# o
’ Refer to Sample Problem (C) below.
3. Thermocouple may be substituted for thermometer. Insert_it in cne' ]
aluminum can and attach to voltmetet- (Refer to “"Calibrating A Thermocouple”

in this manual for set-up instructions.

GENERAL INFORMATION AND EXPLANATION OF PROBLEMS:

Sample Problem (A) /

How man;jBtu‘s of solar heat impinge on the surface (2.5 ftz) of a south-

facing collector tiplted 40° from the horizontal at 10:00 a.m. oﬂs January 21

(Tatitude, 40° N)?

RS S
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From Table 2, the solar radiation is 237 Btu’s/ftz. Therefore, the

radiation striking 2.5 £t is:
2 Btu's

x 237
£t2

2.5 ft

= 592.5 Btu's

Sample Problem (B) ' o ¢ |

Determine the total clear-sky solar radiation falling on a-flat-p1ate
£
collector tiltedA50° to the hd®izontal on Jan. 21 in Boulder, Colorado at

noon. See drawing.

P}

Angle of incjdence, i
‘Solar altitude, a

The solar radiation that strikes the earth is made up of two components,
beam (or direct) radiation and diffuse (or scattered) radiation. Beam
radiation is that solar radiation received diréct]y from the sun withqut
change in direction. Diffuse radiation is solar radiation received after
its direction has been changed by reflection and atmosphé!zc scattering.

The amount of beam radiation impjng%ng on a surface on the earth is
a function of surface-to-sun genmetr&. The beam.comppnent of solar, radia- .
tion (Ib) effectively received by-a collector is given by | .

I, =1

b .. COs i (1)

bn
»

where Ibn is the beam radiation fal]iﬁg on a §gfface perpendicu]é} to the
sun's rays, agg 'i' is the angle of incidence measured between the sun's
rays and the -normal to the collector surface. When the angle of incidence

3{5‘.?; equal to 0, cos{i) = 1, and the beam radiation ‘available to the

n'

c61ﬁ§étor.(lb) is the maximum value, Ib
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_ The diffupe radiation component, (I ), received by the
collector is Yetermined by the equatian
Id = C . lbn . Fa
where C ic the dimensionless value given in the last column

of Table 1.presented below; and Fa is the angle factor from

the surfacg to the sky:
| = (1'+ cos(6)/2)
where 0 is éhe cd11eétor,tilt angle measured from the horizontal.
. o .
. Table } Extraterrestrial Solar Radiation Iﬁtensity

(Btuh/ft) and Related Data for Twenty-First Day of
Each Month, Base Year 1964 )
. . . r -——
é , Equation Decli-
2 of Time, nation A 2 B c .
Btuk/ft min. deg Btuh/ft“  (Dimensionless Ratios)
‘ [4 - :

Jan  442.7 “ -11.2 ° -20.0 - 390 0.142  0.058; -

. Feb  436.1  -13.9 -10.8 385 0.144 0.060
- Mar _ 432.5 - 7.5 0.0 , 376 0.156 0.071 - ,
Apr =~ 425.3  + 1.1 +11.6 -~ 360 ° 0.180- 0.097 ‘

'May  418.9  + 3.3 +20.0 350 ° 0.196  0.121

. P
June 415.5 - 1.4 +23.45 345 0.205 0.134
July 415.9 - 6.2 +20.6 344 “0.207 0.136
' e e ! .

Aug  420.0 - 2.4 +12.3 - 35] 0201 0 0.122

. Sep  426.5 + 7.5 0.0 365 0.177 . 0.092

: Oct  433.6 ° +15.4 -10.5 ~ 378 0.160 0.073

Nov  440.2  +13.8 -19.8 . 387 0.149 0.063

° Dec 443.6 + 1.6 0.057

-23.45 391 0.142

To convert Btuh,/ft? to W/mZ, multiply by 3.1525; example: 442.7 Btuh/ft”
3.1525=1395.6 W/m (The Bty units in this chapter are thermochemical.)
To convert deg to rad (ST unit), multiply deg by 0.01745.
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In addition to the beam and diffuse’radiafion componeq?s, there may
' exfist a. further gain in radiated energy due to reflection fro;n the immedi-
ate surroundiﬁgs In the Boulder, Colorado area about 70% to 90% of the
total radiation co]]ected is generally in the form of beam radiation. | N
However, incﬁsrthern c11mates where snow covers {he ground for most of the
~winter, the diffuse and reflected radiation can account for half of the
¥otal energy collected.

,=1_+1 +1

pr gt @

‘where It'= total solar radiation .
}b = direct beam radiation ' \
Iy = diffuse radiation g

; 'Ir = reflective radiation

-

To calculatt the beam radiatjonm, refer to Table 2 “Normal" column.

Now refer to Table 2, \Normal".co]umn.' (No angle adjustment has been

—made). Note that‘?&uh = Btu:g per hour. Ibn at normal at 12 noon = 294.

Source of i is shown in figure below.

Ib = Ib . €CO0S 1 .
§294 Btu)(coh 10° ) . .
ft
.= (294) (. 984)
1, = 289.5 "Btuh/ft2 .
a (_ ) - .
Table 2.* : _ "
Date . So]%r Time | Solar Position Btu[ Sg. Ft. Total Insotation en Surfaces
AM PM Alt. Azm. -So.Facing Surface Angle with Hor
’ Normal |Horiz.| 30 40 50 60 - 90
‘Jan 21 8 4 8.1 55.3 142 28 ‘ 65 74 81 85 '84
T 9 3 16.8 44.0 239 g3 1155 {171 [182 {187 {171
10 2 23.8 30.9 274 127 | 218 {237 {249 |25 223
11 ] 28.4 16.0 289- 154, | 257 | 277 290 | 293 [253
12 30.0 0.0 294 164 270 |291 |303 |306 263
urface Daily Tot. 28]2 g48 1660 10 1906 1944 6

* See Appendix B-5

11/
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¢ . )
Calculate diffuse radiation:

4% Cly, - Fa
\ | | Fa = 1 +.cos 50 : >
5 .
Fa = .821 i
C = .058

C - *!:‘:‘(fhsa)izgq)(.sZI)

Idv= 13.99 Btuh

Calculate total solar radiation:

'It = 289.5 + 14
I, = 303.5 Btu

Note that this.q?gure is found u‘nder,SO0 surface angle at noon as total insolatior

sample Problem (C) §¥

v / Equation (3) is used to determine total heat, H. -
o . . . T
" H = Btu of H,0 + Btu of air (3) | -
H = (mass)(Speciffc heat)(aA temp) + (volume){density)(specific heat)(A temp)
or H = (1bs)(Btu/16%F)(OF) + (£t3)(1b/%t3)(Btu/16°F ) (°F)

. i

Follow-Up Activities:

1. Various paint treatments may be used on the inside of the greenhouse
[

to determine heat gain as a function of color.

11y

. _ ' v
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2;, Some students &ay wish to de§fgn a solar gﬁeenhouse on a larger =
scale and delve into other investigations; e.9., construction |
types, design, orientat;on..climatic effects, solar geometry.

3. The eode]’greénhouse may be used.to heat.watﬁ?s\\ge::inentdata

‘ can be collected to illustrate the principle of a solar water
heater. |

-

4. A large scale solar greenhouse might be constructed from 3/8" .
plywood as an industrial educatxon project )

5. The basic model des1gn could be modified to make a so]ar oven,

6. The basic model deflgn could be modified to include so]ar distillation.

7. Determine R-factors and.U -factors for insulation used in the mode]

Refer to Homeowner's Energy Guide (in b1b1lography); also ASHRAE,

American Society Qf Heat1ng, Refrigerating and Air Cghd1tlon1ng
1977 Fundamentals Handbook Chapter 26, Table I.
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« #14. SOLAR HEAT STORAGE AND HEAT OF PHASE CHANGE

M .
& ]

PURPOSE: You will learn how to calculate the heat of fusion (heat of .

so]1d1f1cation) of a pure substance. With this 1nformation and class data,

—_—

you will be able to choose whlch sé%stance would.be best suited for use in

a solar heat storage unit.

¢

INTRODUCTION' Imagwne no ava11ab1e energy resourcés to heat your home

Solar energy technology may very well be one of the best solutions to the

-

future energy crunch As you know, heat storage from a solar co]]ector

N,

must be considered if one intends to stay warm at‘night or whz:/ﬁpe sun is

obscured by* clouds. e
-

‘Heat storage has been effectively accomplished with large rock bins i
and water tanls. But one prob]em is.the space they must occupy. Finding
Mate;ials that release more heat per unit of storage volume becomes a
very 1mportant consigeration.

It has been found that as mater1als change phase they absorb or emxt
much more heaf(per gram than Just -ohe phase absorbs or em1ts as it is heated
or cogled.- | The heat absorbed by a melting substance at qts melt1ng pownt
1s called the heat of fus1on the heat released when a substance so]1d1f1es
"at its freezing point is called the heat of so]1d3f1cat1on. Can this
“Jatent heat" be used to dggigﬁ a compacﬁ solar heat storage unit? You'll

,compare the heats of fusion of some purewsubstahces and choose which might -
N . ‘ \ R . '

'

be best for your storage bin:

.
. +
) . .
¥
] ' -
N y; .
-
. . .
* ‘ .
t
£




1 small burner .
1 styrofpam éup, 1 pt

Test tubes (18 x 150 mﬁ) ?

«

Iest”tube‘holdér :

Ice

-

Pa;a&icﬁ1ordbenzene (psdhCIZ);qglting point 53°C;

143

i

Ring stand, c)amps for holding thermoheter and test tube.

~ Plastic caps - -

WATER- 3/4 FULL

Fig. 1. Apparatus

PROCEDURE: Part I - Heat of Fusion

4

TEST TUBE _

Keap Substance and
Water Stirred Siightly

S

n

At the conclusion of this part of the experiment, Data Chart I should

be completed. ‘ p |
. " Datg Chart I

-

1. Mass of test tube

.
2.+ Mass of test tube + substance ..l

(P!
- -

‘3. Mass of substance




4. Volume of water used S e m1 ‘
. ‘Initiai teﬁéeréture of water bath ° °c
) ‘S. Final temperature of the water bath . %
7. A T1(%)- o | | | %
8. Heat in ca]orieé loﬁt by‘the water to the
.éubstan;e “"f‘/f | cal :
‘9. Heat of fusion in calories per gréﬁ of’
\ {r substance ’ B y cal/g

10. Heat of fusion in kcal per mole A _ ‘ | kcal/mole

-

- 1, Find the mass of a cleén, dry test tube to the nearest .01 g. Fill it

approx1mate1y half- full ‘with one of the substagces provhded by your instruc-
tor, and mass it again (be sure to write QQNn the name of your substance).

2. Heat enough water to fill your styrofoam cup calorimeter three-quarters
full (know the volume exactly). The water temperature bhould be 25°C to

30°C above the melting point of the substance. Prepare calorimeter by placing

[

one styrofoam cup.in éﬁother cup. Cuk holes for thermometer and test tube

in cap. . R o | B

3. Place the test tube énd your thermometer into the ca]orimeter.‘ Seé

Fxg TL Record tbe temperature of the‘water every 30 seconds. Note when the
substance f1rst appears to be melting and wheh it Has all been melted. _’A/
After all of the substance has melted and the temperature remalns fairly

constant, stop recording.

CALCULATIONS: As you have noted, the temperature of the water bath dropped.

We must make the- assumption that the hgat energy associated with the
temperature chanje (A T) was gained by the substance in the test tube and
not Tost to the surroundings; i.e., the heat gained by substance equals the

heat lost by the water bath.
Qr
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|
To calculate the heat Tost by the water bath you must know the mass’
of water, AT (OC?, and the specific heat of water (1 calorie per gram per

Oc). The equat1on Yooks Tike this:

Heat lost by water Heat of fusion = (mass g) (A T, %) (spec1}nc heat, 1 cal) (1)

g ¢
By Eq. (1) you can see that the heat will be expressed in calories.

1. Calculate the number of calories required to melt the substance
2. Calculate the number of calories required to melt one gram of the

. . - substance (divide the total numBer of calories by the number of
e . ’ . . q .
grams of substance). ’

- 3. Ca'culate 'the number of kcal required to melt one mole of your

N : .
“suybstance. Hint: \
1 kcal , _ 1
ca]/g X 1000y cal * g/mole = kcal/mole

where g/mole = the molecular weight

' PROCEDURE: Part 2. Heat of Solidification % . ~

At the conclusion of this part of th& exper1ment Data Chart

‘should be completed e

4
&

‘ ' T ' Data Chart II.

1. Mass of test tube - s g

2. Me;s of test tube and substance ' g

r 3. ‘Mass of substance ‘ - g
EA' ’ 4. Vo]ume of water used o o m
| . 5. Initfal temperature of water bath __“«___q_mPPC
E Y 6. Final teﬁberature of water bath " 2%
. Oc

7. a1 (°c) o _— e

L |
,
praa
ol
-~
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8. Heat in calories gained by the water bath
from the substance . , _cal
9. Heat of solidification in calories per gram
of substance | 7 cal/g’

10. Heat of solidification in kcal per mole , kcal/mole

1. Mass a clean, dry test tube to tbe ﬁeafest :Ql g. Then filF it one-

ha]f full with ohe o?—the substances provided by yqur'inst}uctqr. and mass

it again. | |

'2.‘ Oﬁtain'a ggg¥g volume of water at a temperature which is approximéte]y

20° to 30°% bé3ow the melting temperatdre of your substance and fiTl your
styrofoam cup ca1orimg§er. e

3. Heat the solid until it is entirely melted. (Do not overheat). ‘As soon -

as the crystal formation is evident, place the test.tqge in the ca]orimeter

and record the uempefature of‘t@e water bath every 30 ;econds. When all of the .

substance has solidified and there is no further temperature change, stop |

recording.

CALCULATIONS: As the substance solidifies, it gives off heat to the water

bath,Acausing??Es‘temperatUre to rise. lSsum%ng no heat loss tp the'suré
roundings, the heat §bsorbed by water equals the heét released by thé sub-
stance. Again the calculatiaé uses fhe~mass of §ubstance, QT C and the speci-
fi; heat. .

Heat gained by water = Heat of solidification = (mass, g)( AT, %) (specific

heat, (} Cg]).
g(

1. Calculate the number of calories released by the substance as it solidi-

fies.

2. Calculate the number of calories released by one gram of your substance

154
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- as it solidified.

3. Calculate the number of kcal released by 1 mole of your substance.

' 1 kcal -
cal/g x 000 cal x g/mole = kcal/mole

DISCUSSION QUESTIONS: ‘ )

1.

How do your two values (heat of fusion, heat of solidification)
compare? ' | | "

Is there any heat gained while the substance is only’in one phase?
(Hint: Think of specific heat capacigm) . ;

What would be the effgct on yodr results if the cafori%eter were
betgér insulated? How could you find out?

Find the specific heat of fusion of other sﬁbstances which would
be suitable for use in ;olar storage. Discuss the.possibi]ities

of using these substances.

. Sketch a very simple diagram of the flow of air from solar collec-

tors on a roof through a heat storage unit and theri to a home's
living space. Could gne use this system to coél a house in the

summer?
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TEACHER'S GUIDE

&

OBJECTIVES: Students will understand: 1) that there is a definite heat
‘effect associated with the melting and freezing processes; 2) the terms:
hgat, temperature, calorimetry, heat of fusion and hgat of so]idification;

3) various aspects of solar energy storage technology.

e

BACKGROUND: Energy storage can be actomplished in several ways. Passive

thermal storage is the storing of the sun's heat iqpffstructure (e.g., a wall
of your hoﬁse). Later, the wall will ra;ia;e heat into the house. Chemical
storage utilizes a substance Tike hydrogen in a fuel Fei]. Fly wheels also
store energy. Chemical(battéries’are a common means of e1ectric;1 storage,
o but théyc/re expensive. o v

Finally, eutectics can be effective materials in which to store

=

energy. The latent heat of a eutettic is ‘energy stored or released in a
phase change. Most Eonﬁmn‘substances-uSed for séogage have&Specific heéts
“of one QE;TESS. A given eutectic with'a;high heat of fusion requires 1ess,
mass for the's;me amount of heat.storgge capability. . " “
A problem is finding materials tﬁat’cb§nge phase. in' the temperature
range of solar collector operation (160-300°F). One substance that has

been studied is Glauber's Salt (Na,S0,-10H,0). Its disadvantage is that

it oftengdeteriorates after several cycles. “
TIME REQUIRED: 3-4 class periods. @ 41'
SUGGESTIONS:

1. This activity is designed for an 11th grade chemistry class to develop the
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"topics ‘of calorimetry, heat of fusion; and initiate interest in solar
storage technology. It is hopéd that‘post-Iab discussion will include the
need for alternate energy techno]ogies.

2. To be conversant with engineers, one must use Btu's (Eritish
Thermal Units). One Btu is the amount of eﬁergy reéuired to heat ohe pound

of water one degree Fahrenheit. The appropriate conversion factor‘?s:
}

1'Btu_ ' ‘
252 calories : '

"3. Other substances to use:
' Heat of

Substance Melting point, °C Mq]ecu]ér weight fusion, cal/g
1,4-Butanediol | 15-%9 C 90 L
n-Octadecane . | | 27-29 255 L
paraffin o - 50-58 500 _ 35.1

" Paradichlorobenzene R 147 . 29.07.
Diphenylamine - 53 . 183 = 304
Naphtha]ené{; ) 79-80 18 35.06°
Naphthol | T oA T e 38.94

4. Be certain that students know the diffeféhce between temperatureﬁ\\
and heat. ' Temperature is merely an arbitrary'zcale of the flow of heat from
"hot to éo]d, whereas heat is the amount of energy the system may contain
ﬁeasured in uﬁits like calories. Students.should realize that a substance
may release.or absorb heat energy at its freezing point withou; a change

~

in temperature.
-

SUGGESTED FOLLUW-UP ACTIVITY: Determine the dollar savings that a eutectit

heat storage unit could save. Contaét your local utility company about




&

prices of heating. Discuss criteria for selecting practical storage media.

ANSWERS TO QUESTIONS: ~ . S
1. Nearly the same. )
2. Yes , , o .

" H = ( AT) (mass) (specific heatof eutectic) = calories

3. Insulating the calorimeter would reduce the heat lost to the
surroundings. This would increase values obtained for the heat

. of fusion. S

: L——# — House
C df iln]et -

. ' Heat . -
. Eutectic melted during day;
‘r Air Flow ’ Storage qﬁ;at night air flow'is reversed
and the solidifying substance

heats air to house

| .___m;_-‘___m_"_,, - ‘ < Cold return air

1%
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#15 SOLAR ENERGY STORAGE IN GRAVEL '

PURPOSE You will megsupe ‘the heat storage capacity and the eff1c1ency of

~ . -

a grave1 bed system. |,

INTROBUCTION: Selqr energy heats our homes passively now thro?gh south- |
. facing windows. We can augment our home heating with a solar collector, -
. . . '4
storing excess heat for nights and cloudy weather.: Solar\heat can be

stored in water for later transfer to room air, or it can be stored in
gravel or broken brick. — ‘ . ‘

In this-experiment a hair dryer will be used to simulate an air-ﬁeating
collector and a gravel storage bed will be used, but the prngiBTes cgn Ee
applied to any collector/storage system. " The size chosen for the g%ave] bed,
the collector size, and the heat loss of your component, wil] help ¢eterm1ne
the highest bed temperature for a given amount of so?ar radiat1on Remember,
in transferring the heat from 'source to storage t0vhouse,.use as few steps

(]
as possible, keeping the path of heat flow short, and insulate heavily to
: . p

reduce heat -losses.

MATERIALS:

1 197

Three thermometers
H ‘ .
Plywood or sheeting material £

Haix dryer, 1000-watts

Gravel (1.5 inches)

10 x 10 graph paper
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Small elgctric fan
’ Glue
Nails
Duct tape'
2-inch duct ; .

Screen

'PROCEDURE:
‘ 1. Construct a container of the appropriate volume (1 ft3) to hold
the rocks, using sheeting material or piywood.” Seal afl edges with
2" duct tape. .The top should fit tightly to limit heat losses.
2. Make an inlet at the top and an 6ut1et on fhe opposite side near
the bqttom, so that the air f]ow\contacts the maximum amount of rock.

3. Determine. the mass of rock you are using. Weighing can be avo1ded

by remembering that the density of rock is about 126 1bs/ft

e
i
2" DUCT INLET
———— PLENUM
SCREEN'
GRAVEL BED
. PLENUM — \ §oPPORT
. , SCREEN
‘\
2’! NCT “
OUTLET
..1-(\.
- R A
LA , v o e -
‘ . . ] Figure 1.
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Mount the hair dryer in the inlet.

4.
5. Insert a thermometer iﬁ the inlet and a thermometer in the outiet
ducts of your storage bin. '
6. Insulate the storage bin to simu]ate a basement 1ocat10n . »
Z."FTJI the storage component thh gravel and seal top. Turn on hair ©
T dryer. ,, . ‘
8. Meqiure and record temperatures of the air in t;e inlet énd outlet
ducts at 5 minute inierga]s for thirty minutes. ’
9." Shut off hair dryer. | Ce
10. If EdssiSIe, tembérature*measurements shou]d continue to determine
how long 1t takes for the stored heat in the rock to be released.
* 11. Plot the temperature as a functxon,zf the time on 10 x 10 graph paper.
12. Compute the total amount of-hegt stored in the storage tomponent using
- AH=mxsxaAT - | *
where m is the ma$s of rock, s is the specific heat, 0.205 cal/g-c®
(0.205 Btu/]b‘Fo),Iand AT s the_ﬁffference between the initial
| temperature and the maximum'temperature of the rock séoragelbin.
13. Determ1ne the vo]ume of.your storage bin (V= 2 xwxh), and .
~ . the rock density (D = m/v)
14. Determine the air flow rate, R = voTuﬁe of air/time
QUESTIONS: ‘ . )
1. How could we use this stotred energy? ' What was the cost?
2. What size_so]ar system woulq you need to heat your home? Your
classroom? - l |
3. Nhaf\etﬁer storage material could be-used?

14




E . ‘ ' , . 188

TEACHER'S GUIDE

!

OBQECTIEE; The student will be able to measure the heat storage capécity

and efficiency of a gravg] bed.

ad

TIME REQUIRED:~ Five or six 45-minute class periods. This experimsgt may

1 .
be done individually or in small groups. . .\

MATERIALS: Three thermometers, plywood or sheeting material, insulating

material, gravel (1/2 - ) 10 x 10 graph paper, glue, nails, duct tape,
"2" metal duct; 1000-watt hand held hair dryer

SUGGESTED FOLLOW-UP ACTIVITIES v

1.” Visit a solar home, measure and record Btu's produ ed, Btu's

storgd, and Btu's used. . .

-

2. Compare two or more solar storage units and their cést effectiveness.

3. Design and build an air-]oop, rock storage, convective solar heater.

f oo, * .,

SUGGESTED CAREERIEDUCATIDN ACTIVITIES: Given the opportunity to identify

three occupaticns of 1nterest, the studept will 1ist the names addresses
and phone numbers of local persons and/or groups with whom the student could
discuss: g '
empioyﬁent opportunities *
training or éki]is require; S
hiring procédgrES |
Given the ébportunity to work in.smg}f groups, the student will ideﬁtify

the business opportunities in the solar industry. ’ . &
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Appendix A-1

|

« Sélected Constants

CONSTANTS .

Acceleration of gravity | g
Atomic mass unit - amu
Electron rest mass Me
Proton rest mass ‘ . M

Neutron rest mass gfii:‘

Avogadro tg number,
Boltzmann's constant k
Gas constant

Planck's constant h
Stefan-Boltzmann constant o

(black body)
Qe]ocity of light » c

PREFIXES

&icro (u) = one millionth
milli (m) =‘one thqusandth M
centi (c) = one hundredth
deci (d) = one tenth
"~ deka (D) = ten times

-

hecta (h)
kilo (k)
mega (M)
giga (G)
tera (T)

980.7 m/sec?
32.17 ft/sec?

1.660531 x 10”27 kg
9.109558 x 107%! kg

1.672614 x 10727 kg
1.674920 x 10727 kg

| 6.022 x 102? /gram-mole

n

F.38 x 1072 joule/®K
1.987 cal/gram-mole Ok
1.987 Btu/1b mole °R

6.62 x 107" joulessec

'5.67 x 107% W/m2K“ .

2.9979 x 10%m/sec
186,282 mi/sec

one hundred times
one thousand times
one million times
10° times

1012 times
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Aruitoxt provided by Eic:

App’endix A-2

' Conversion of Units

b
a
Frva Tu . Multiply by Frum To Buitiply by —
acre-ft gal 1.2¢ a10? cal/g Btuw/1b 1.80000
- liters 1.233 a1g* “ = /xg 1.1633
. - - - 1232.8 cal/eec Btun . 14.308
acre ba 0. 4047 - | ] 4.184
« Angstrom (%) . Li--- a1~ - S/eec 4.184 _
ata . xg/n® 1.0332a10° . Ruw/sec * s.pes4am10””
- - rg/cm? / 1.03m - f1-1b/aec 3.0080
- a/cad 1.0332x10" - g-ca/sec’ +.2885x10%
- YT 16.70 cal/cadsec Y 1.3372000¢
“ tona/ 122 1.03§ - w/ca? 4.184
bar atm 0.9069 R wat 4.184 x10°
. dyn/cn? lc‘ - ' J/lanc 4.184 =10
) “ ag/n? 1.020 xio! " xw/n® 41.84
- 1b/10% 14.5038 R wa/nn 150.462
St " “wil cal/ca L (lanjgley) 1.0000
- L2 1.0848 v ¥sec R4
" cal 281,996 callemdn xw/a? 1.1623x10° 3
- o, 2.938 as0”* w/en? © asaawie”?
- fi-1t 1783 esl/calmin ut-? s.9732110" %
stu/d f1-1b/nac * 0.2162 - L/min .. 1,0000
- cal/mec 0.0700 cal/cm'Conec/cn -i-m:"'lr"-/n*‘,L 0.087197
- v 0.2831 = n’w;c’r"up 0.80628
Mw/nin v, - ©.01757 - J/cmClec/ca G.1me T
- v, 17.87 - W/ ca?cca 4184
Btu/1b L,  d/xg 2.328 %1077 w/a2c%/ca 4184 x104
h cal/g [ % tLEL) . XN L] Q.39470
sru/eeiantn w/m? TR r 0.03381
- . cal/cmduec 6.8 a0 cm? ' mz 0.15%00
srw/redn cal/cadnec 7.3344x10"3 - red 1.0764a10"7
- S/eminoe © g 1s24m1e”? e in’ 8.1023x10” 3
- 4 wymie 4 1524 " 3,8318%10°°
" xa/m?n 11.348 cfm 1iters/ssc 0.4720
" cai/ea®n ©.2712% day wec 86 ,500.0
- cal/cntmin 4.5308x10">2 dyne S/rer 10”
- o L/mia _a.azomai0”? dyse-ca? b bar 10°° '
Bt/ ey cad/utt%sec 1.3873 erg ' Sty 9. 4845210 17
" w/aict s.6783 ‘ ' eat 2.3901a10”*
Beu/te3r%n /s cal/ce®con/cn 14.881 N g-cm R 1.01%1a10"7
- 3/ csecs/n 1.13075 8 - KW, 2.7778x307 4
- Jal/nicOnoc/en 81.13548 1" _om 30. 4%
- w/mic%/ca 17.294 - = 0.30450
8tu/113Pnin aalsea’cUrica 1 2401 ftwater) ata 0.0298
" ki/ndOn/cn 100.45 - 187107 0.423%
- - cal ‘micYsec/cm 3. 4447 '2 “;.2 104.8
Ty PP Tl B S L cm _929.03
« u_zcoh,. !...lg * :l. lz] 0.082203 «
“ ¥/nic®/n 0.14412 1 cs 2.0a17a10%
cal - £-cm 420684.¢ - 2,8317x107
" J ' ¢.18¢ . gal{u.s.) 7.490%2
. Btu 3 seasxie " fiiors 28 3108
* o .“‘ 1.1622x10° . flf“(". 1--nf~er . 0.4
xJ 6. 184 x107 " xa/n 1.09724
- ", 1.1622x00" " ' =i/n o0.68182

159
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Aruitoxt provided by Eic:

- -
- ~
A-2 :
A}
from To Ruitiply by From To Baltiply by
fr-1n Bt 1.3841x10~3 e nt 0.63157
- cal 0.32608 <. -1t 3200.84
" J 1.35883 Kead 3 s.18mx30%
pD.8.) o’ aves. 't acres - 247.108
- 1b(water) 8.34517 - ni? 0.30610
Y - xg(wter) 3.7882 =/n ft/mac 0.9113
- red 0.13368 Lo a1/a 0.e2137 -
v acre-ft 3.0889x10"¢ knote on/eec 51. 444
: " 1iters 3.7882 " f1/nec 1.8878
M 1 2, 2048x10°° - ai/n 1.1508
e/ca® 184 1.6223x20 7 - mt, 1.883
- atn 9.6784x10" 4 Ky Pu/ate 88 . 8253
g/cn’ xe/n 107 - ata/n - 3614.0
" /1m0 3.6120x10°2 - . 1.3410
. wveed naw _ - sal/mte Lanrrag
g-om Bte 9.3011x10" " csl/nge 138. 642
- J ».s088x10"2 - I/aec 10%
g-ca/sec cal/eec 2.2438x20° % “ I/ 00 -
' " Bte/uin 424300 1 sty ‘ 3410.08
- Y R - i §,38300)0
- s2-sec 0.74870 « keal 8,59326210
. cal/min 1.0es8s10¢ - ¥} ) 3600
in o= 32.54000 “ 10(R0 evap.) 3.89
ta(satery 1/ in? 3.6120s10"3 ' eu/md ptw/ ety 317.91
- s’ 00 39.39m - ol 2.10000
- ats 2.488 21077 « cal/cateec 0.31901
1a? o® 6.4516 - x3/adn * 1000
- 1ef 8.9444x10"? L (laagley) cal/cm 1.00000
fae? ca’ 16.387} - 3/cad — 4.184
ol A 1.6387x10°3 - /et Q.84
- e 5.7870x10 ¢ Btusre 3 soss
1 (R ata 3.3aa1m0”? L/atn cal/onduin ¥ .0000
“ ft(vater) 1.13% « eal/cmisec 1.8867x1073
: Btu 94845121074 - stu/redn 1.3772x10¢
o xm 2.7778x10°7 Liter a3 81,0354
~ cnl 0.239006 - . sl O.28418
- . arg 10 red 3.83187210°%
" ft-1> 0.737882 i :-3 1000
- » 2.7778210™4 1n/10% g/cn? 70. 3070
Iesd . cal/es? 0,339008 " s 703,070
I/eec . 1 10/ 10" e/cm 17.6799
- Stu/min 5.8907x10"2 “ xg/n 3.78790x10°
- cal/min 14.3404¢ tumen v 1. €700
“ wp 1.34108x107? - - 8.2137x10"%
xJ A 3.7778x10”¢ rt 3.3808
xJ/n* Btusre” s.si11xt0 ¢ ~ in ! 39.3701
- cal/n® 239.006 u? 1¢3 10.7639
- cat/cn? 0.023%0 “ " 1580.00
. “ Real/n® 0.23%01 “ - -~ 1074
Asal/ndey uz_q;mx 41840 - scpes 2, 47108s10"
- xJ/n%day <. 1840 a' rer 38,3147
xs 16 2.20403 acre-ft 8. 1071x10"4
xg/cnd ‘mtm 0.96784 in 8. 103372204
o ft(water) 32.80923 m1 {U.8) 284,172
“ /e 14.2233
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-

from To Rultiply By ‘ Fraom To Waitiply by
=ty x 1.084ux10° . thers o 20.28
- oy 1.0548 . w 1. 0848510%
y wn w3.878 - kcal 2.5200x30*
nuse? sotwred [T v Btiush 3. qre4d
i ye 1789 - _spl/ees. 0. 19013 .
= . 1600.34 - w 1341023107,
- ™ T r.eo834 - J/nec 1.00000
3 2 ‘
» ke 2.58999 w/ca® cal/ca®sec ©.230049
“ scres $40.000 - atw/ftdn 31.721
" . 2
by M & __Im_! _ 20,0000 _
X (pewtow) dyees .10 - ) Ja1/ca’ntn 14.3310
pousdal v o0.03108 - L/min 14.3310
“ s 14.0981 " . ni/an 3.60000x10
1b & 45,3924 » cal 9,184
" e 0.453592 - ft-1b 2089.322
thers Bty 10? . xg-» 367,098
« Btu 0.10000 . xi/nd 2.eso00xi0*
-
*
~ .
€
*
F
I
]
16 \
. -
W .
{. i)
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Appendix A-3

Conversion of Celsius to Fahrenheit

.,

Temp C [ ] 2 3 « s ] ? ] L
- 80 -58.0 N -61.6 -83.¢ -68.3 -87.0 -48.8 ~10.6¢ -T2 ¢ -7¢.2
-e -40.0 -¢1.8 -41.8 -45. ¢ -47.2 -49.0 -%0.8 32 8 |- ¢ -84.9
-39 -22.8 -27.8 -35.% -27.4 -2 .12 -31.0 -32.0 | -3e.¢ | -28.¢ -38.1
-20 - 6.0 - 8.8 - 1.8 -0 -11.2 -13.0 -14.3 -18.6 |-18.¢ ~20.2
-10 «14.0 *13.2 *«10. 4 e b 6.8 « 5.0 ¢ 3.8 e 1.4 [-0.¢ - 2.2
- 9 3.0 0.3 28 ¢ 26 .6 4.8 23.0 21.3 18.¢ |ea17.8 | <15.8
.0 3.0 e ase St e 3.3 @.0 «a.. €8 . “.2
10 a0 5.8 8.6 30.4 57.2 W.0 0.8 3.6 e ¢ .3

20 ss.0 -8 71.8 73.4 11 %] 77.0 78.8 ©.e 2.« [TH 1
30 .0 s1.8. ».e [T (A 9.0 s.0 a6 | 1004 01,2
«© 104.0 | 105.& 1078 § e s 1.3 113 0 114.8 1166 | 118 ¢ 1920.%
] jaz.e ! 12318 133.6 137 ¢ 129.12 131.0 1328 136.6 | 13@.4 136.1
«© 10.0 141.6 1006 | 1406 147 2 140.0 100.8 TR 186.8
70 180.0 1988 161.0 16,4 1652 167 .0 108 8 170.6 | 1734 174.2
] 13" W) 1717 8 1788 inl. ¢ 183.2 ins.0 [T 1as.6 | 190, ¢ 199.3
] 19¢.0 1288 197 ¢ i8¢ | 2012 2030 204.8 206.6 | 208 ¢ 210.%

100 212.0 313 8 215.4 I ] ey | o0 193.8 12¢.6 | 228 . ¢ 228.2
110 $20.9 . 2318 233 8 338. ¢ FELIN] 239 0 260 .8 943 8 | Jed ¢ 0,
130 3¢8.0 40 8 2418 233. ¢ 5.3 LV 58.8 60,6 | 242 ¢ 184.3
1320 a0 | 2078 | sen 6l | 271.¢ | 2723 [ 2750 | 2768 | 3186 jI80.¢ | 2N 2
140 284.0 288.8 287.8 200 . ¢ 1.3 by <] 4.8 6.6 | 198.¢ 00.3
10 | 2m.0 | 3038 | %056 | 076 |00z | Mo | orss | e |ned} e
180 M0 | e W*W.—'Lm-r‘“m'rww-nn— :
170 .0 38 8 341 8 263 4 245.2 367 0 480 200.6 | 333.¢ 384.2
180 3% 0 asr. s 1% .e M. 1e).2 3880 de.8 Me.0 370.¢ ne.e
18Q 374 .0 h12 W ) 317 8 re. ¢ 18 .2 2w} 0 e 8 3 6 lsa . ¢ .3
200 93 © 3.8 95 8 ¥7 4 108 2 «®t o Q3.8 40¢.8 L ] 8.3
210 410.0 411.8 413.8 415 . ¢ 417.2 419 .0 @0 s 4a ¢ e 4 [ %
10 438.0 @ 4316 43,4 8.3 7.0 6.8 “a.e | ez ¢ a2
II' 8.0 7.8 [N 451.4¢ 3.2 458.0 [ ) e 6 -0 . ¢ 2.2
) “e.0 “s. 0 “?r e - ¢ @12 730 a8 a7 0| 470 ¢ 0.2
230 X 3§ s ¢ 447 & e 3 LX) “w3.p we & | e ¢ a3
%0 0.0 ) 8 201.6 08 ¢ 07.3 309 .0 s10.8 31%.6 | 514.¢ | . 518.2
e $18.0 sie.8 521.6 323 4 53y z 827 0 A28 8 530 6 3% .4 334.2
280 88 0 837 » 2.0 & 541 ¢ sdéit 2 aéh 0 S48 @ 2N @ 280 ¢ S8z 2
~#vo 884 .0 888 8 sl 8 880 ¢ St 2 M0 e 8 Na 6 | 368 ¢ 370.2
300 872 0 873 A 578 8 AT7 . ¢ s19 2 T snd ¥ Mg 6| S ¢ ["TR ]
310 %0 0 sl 8 N ] 505 . ¢ 973 9 0 800 % 2.6 40¢.¢ ae.3
32 808.0 e & &t 6 813 . ¢ 1% 2 817 ¢ 818.8 a10.0 833 . ¢ 834 .2
330 m.o‘ 8271 8 &3 § 611 . ¢ 33,2 835 07 834.8 ' el8 6 6. & 843.3
30 s46.0 | Gesn a7 @ e ¢ €8s 2 as1 0 | es4 s €. e | 858.¢ 0.2
350 el1.0 61 8 aed. 8 47 ¢ 9.3 €74 .0 e12 .8 ers. 6 876.4¢ [ 318 ]
Feo | amo | edie ] eme [ e | emd [ imc| el WIS || T
b pi “..0 e s 701.8 70} ¢ Tos. 2 707.0 708 8 708 713.4 Tie.2
o 716.0 717 8 7188 731.6¢ | TRA.8 128.0 12¢.8 736 .6 | 7504 132 2
I 4 0 7288 | N7 s 738 ¢ 741.3 Ta1 0 746.8 746.8 | 748 ¢ 780.3
€00 752.0 753 .8 758 6 757.¢ 7i8.3 1 Q 743 .8 764 @ | T68 ¢ 788 3
410 | TR0 | TTI.e ) 734 } TIB 4 1713 mMo| 1w 783.6'| 1866 Ll
<o 7%8 0 106 e 1.8 M ¢ 198 % 197.0 T8 8 wo.6 | s0R ¢ 204.2
40 w0e.0 0" & we s | si1. ¢ 811.2 1% 0 sie 8 ele o | &30 ¢ g
[ 12¢ 0 -1 a3r 6 [ W] a2 3.0 N s 8| e ¢ 840.3
4% 842.0 ] 84l 8 X45.8 847 . ¢ He® 2 ¥s51 0 [ 234.6 | 854 ¢ 858.3
40 80 .0 L3I ] [T 265 ¢ -7 2 e 0 [ 572.8 | a8 ¢ 7 2
@0 878 0 aTe. 8 LI ssvl | o0 2 a8y .0 ass s 20.6 | 202 ¢ 0.3
4« "»e 0 "N s 298 & 201 ¢ €W 2 908 .0 04 . § 8.0 #10.¢ a2
490 214.0 15 8 P17 & 19 ¢ 821 3 23 0 324 3 928 .6 238 ¢ 0.2
800 931.0 911 8 215 6 937 4 939 2 9¢1.0 { *Q s 944.8 ] 048 ¢ 0.2
s10 #820.0 ”81.8 933.8 948 ¢ 887 2 8.0 ] M0 6 | %I 6] S86 ¢ 0. T
220 W0 e 8 °71.8 973 ¢ 783 277.0 ®78 8 0.6 ] -] 0.3
s30 9s.0] 7.8 | s s T o9 2 9880 96 8 998 & J1000. ¢ | 1002 2

-

Conversion formulae:

¢

1"

5/9(°F-32)

9/5 °%c + 32

L
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Appendix A-4 :

Energy Ratings of Fuels

- FUEL ) -, y Btu A Per Unit
Coal: ' . . :
Anthracite | 12,700 - espound
Bituminous - ~ 13,100 : pound
Coke . - 12,400 pound
Hydrogen (dry) , 325 ft?
) - 62,050 . pound
Nattral Gas (dry) X . 1,035 ft?
» 25,047 pound
Natural Gas Liquids (average) 21,325 pound
. ' - 4,412,000 . barrel '
Butane (C,Hyo) - - . 21,400 pound -
. ' 4,506,000 barrel
Propane (C;Hg) 21,600 ' pound
4,402,000 barrel
Petroleum: oo \
Crude 0i1 ) 5,800,000 , * barrel
% ) - 138,100 . .gallon
18,100 - pound
; Gasoline f 5,253,000 barrel
' . 125,000 gallon
‘ . 22,200 pound
Kerdeene ' 5,670,000 . barrel.
‘ . 135,000 .. gallon
\ 19,700 . pound

FUEL AND ENERGY EQUIVALENTS

T 443 1b bituminous coal
5,604 ft? natural gas
1,700 kwh electricity
4.52 bbl crude oil

1 bb] crude 0il

[ ] B | B 1

1 short ton

bituminous coal
- 25,300 ft? natural gas

7,679 kwh electricity

79.01 1b bituminous coal

74.95 gallons crude oil

303.34 kwh electricity e

1 Mwh electricity

260.5 1b bituminous coal

3,397 ft® natural gas ,

0.588 bbl crude oil ‘.

T000 ft3 natural gas

1000 kwh efectricity'

LTI T T T O I | I 1
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Appendix A-5
Specific Heat and Heat Storage

v/

<
Specific Heat of Materials

2

Specific ' Specific
heat. heat,
Eement colfg Compound / cal/g
Rydrogen Il2 3.41 " ler ‘ B,O 1,00
Helium 1.24 1 Lithium hydride LiH g.6
Lithium Li 0.85 Litbium flqurth LiF . 0,37
Berilliums 0.438 Lithium chloride LiCl 0.28
Sodsum Na 0.293 Sodium fluoride My 0.38
Nitrogen Ny 0,249 Sodium chloride NaCl 0\;: '
Neon Ne 0.246 mlct\-‘f.luortde cnrz 0.
Boron B 0.245 Potassium fluoride Kr 0.20 .
Msgnesium Mg 0.243 " Sodium hydroxide RaOH 0.2 '
Oxygen 0, 0.219 Potassium hydroxide KOH 0.2
Alumipum Al 0.21% hgne-t_t_l"yclﬁt.lortdc IgCl2 0.19
Fluorine Fz 0.197 Calghm chloride ClClz 0.16
Phosphorus P 0.181 d Potassium clhoride KCY, 0.16
Potassium K .0.180 Iron chioride PeCl, 0.18
Sulfur. S 0.178 £inc chloride ZnClx 0.14
Silicon S1 0.168 Copper chloride CuCl, 0.14
< i
Heat Storage Capacity )
-
. Specific  Volume heat Thermal ™ Thermal
Density heat cepacity conductivity diffusivity
p . c . pc k k/pe
Material glem3 calfg C°  callem3C° calemfemiC®sec  cmi [sec
Maier 1.0 F&) . 1.00 0.0014 00014
frap shot 1.86 0.13 1.02 0.160 - 0.157 .
Oils 1.00 060 0.60 0.00036 0.0006
Rock 2.50 020 - 0.50 0.0060 0.0120
Mg O, 30 0.20 0.60 0.0025 0.0042
Mg(O, - 6H,0 .7 038 ~ 065 0.0030 0.0046
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l Appendix A-6

Heat of Fusion of Materials

|

[

|

Heat of Fusion of Materials

Heat of Melting
fusion, temperature,
Material ) colly °c
Beryllius chloride BeCl, 310 47 N
Sodiums fluoride Nar 168 992
Lithium hydride LiN 139 680
Nickel chloride NiC1, 139 100
Sadium maishorate snm2 135 866
Beryllius fluoride Bery 128 - BoO
Sodium chloride NaCl 123 « 803 )
Potassiums fluoride xr 117 860
Calcium silicate &8103 115 1512
Magnesium chloride lcClz 109 708
Lithium hydroxide L10# 103 | 462
Magnesium fluoride Mgr, o5 1386
Lithius fluoride LirF 83 886
Sodium silicate Nag104 84 1087
Iron chloride F-Clz '82 677
Potassium chloride KC1 az 778
" Lithium silicate usma 80 1201
Boric oxide B.‘,.():l 76 449
Lithium chlortde Licl 16 613
Mangagose chloride lnClz k3! 708
Chromium chloride Cr(!l2 a8 s1¢ °
Aluminum chloride A12C16 a3 180
Sodium bromide Na Br 61 T42
Potassium bromide KBr 58 ¢ 730
Sodium hydroxide NaOH 38 . 318
Tithiua bromide LiBr 34 , 547 4
Fotagssium nitrate m._, 28 ~ 337
~ Copper chloride CuCl 25 430
' . 8
;
\
- ! ..
i
. ! .
I I : ‘

l .
| - :
F
| . '
| ;

. l ray !
k . 3 N b
o -
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Appendix B=1

* P -
N .+ Useful Solar Flux Quantities
. ¢

Quantity .t ' kW/m2 MJ/m3k  Biu/ft3h
4 - ‘Extraterrestrial solar flux (Solsr Constant) 1.353 a8 429.2

Desert sealevel, noon, direct (D) 0.87 3.49 308, \

\ Desert sealevel, noom, direct + scattered (D:§) 1.05 Y 3.18 334. . .
® " Standard sealevel, noon, (D) 0.93 3.33 295,
. Standard sealevel, noon, (D4S) 1.03 i.n ‘827, “
Urban, typical, ncen, (D) - 0.61 2.16 .Fsa.
| Urban, typical, moon, (D+S) 0.81 2.92 [257.
'24h average, Desert, fully tracking, (D+S) 0.40 1.43 148.
24b average, Desert, fixed 1 tilt, (D+S) 0.24 0.87 J 76.

Ratio, noon/24h lve)-ge, Desert, fully tracking, (D) 2.66
, ’ Ratio, noon/24h average, Desert, fully tracking, (DeS) 2.57
. Ratio, moon/24h average, Desert, fixed A tilt, (D) 4.30 1 ¢
- ’ Ratio. noon/24h average, Desert, fixed A tilt, (D+8) 4.20
’ Ratioc, extraterrestrial/24b average, Desert, FT, (De38) 23.40
Ratio, extrasterrestrial/24h average, Desert, FA, (De8) 5.85

+ - . —— \
e ' N .
- .
. B
-
»
.
'
‘ ”
L
'
-
€ * .
~ .
-
» .
- .
N
}
-
. N €
e
.
] .
- k .
B
N
v -
b
‘ »
.
N
.
“ fen
-~ »
-
kel
- sy - B
LI JR
N
Q el
ERIC , |
. .
-




. - | ~ Appendix B-2

‘ Normal Monthly -AVerage Temperature of Selected Cities

{In Fahrenheit degrees. Airport data unless otherwise noted. Based on
. : standard 30-year period, 1931 to 1960.)

' . ‘ Location I Feb Mw A May  lun jul Aug- Sep Oct Nov  Des Ann

Ag Mobile $310 $52 &0 676 156 BLS 828 M2T 119 699 389 s4.1 682

* AK  juneau 1 68 04 MO 436 21§53 Sa1 489 416 34 284 40

. . . AZ  Moenix 497 33§ Se0 672 750 816 £98 875 828 107 S8l 516 6.0

: AR Little Rock 406 444 SIR 624 TOST B9 BI% B Ta) 631 495 419 617

CA Las Anpeies 44552 $70 94 BID 648 691 691 GBS 649 - 611 569 60

Sacramenta 432 €9.2-~5%4 SR4 640 05 €4 a1 716 635 S19  ab.4 604

San Francisco! $0.7 S0 s 57 S7.4 %90 SR $9.4 620 674 $T.4: S2¢ $6.8

. CQO  Deaver 285 315 164 464 561 065 729 715 610 N14 317 316 49.8

€Y' Marttord 60 271 160 48S 599 687 734 712 611 €10 41} 289 58

Of  Wimington JMa 118 413 S2t 627 Tia 760 743 676 . 566 454 35| S41

. DC  washington 169 378 448 §57 658 42 TR2 768 €97 590 477 It sTO

. FL  lackwonviite 39 $15% 627 of7 158 BUB 826 823 1S4 710 617 361 695

Misar 669 619 705 742 76 608 mIE 1) 83 778 724 681 IS¢

; GA Atlants 447 461 Ste 602 691 768 789 782 i1 624 S1.2 44K 614

. Ml Honolutu 725 724 728 742 159 1% 7R% 794 7192 182 1S9 136 159

' D Bobwe 21 M5 LT S04 B2 KSE. 752 121 627 S16 386 32.2 510

It Chvcage 220 277 33 490 600 05 JI8E T4l €51 s 399 291 S0O8

. Pearia 1.7 284 176 08 618 TUT 160 Ted 664 533 197 291 S14

. . IN  indianapolis 290 311 389 508 6. T 752 13T &6S. S6.4 409 3ttt $21%
T 1A Des Matnet 199, 234 838 487 . 606 710 63 T4l 654 542 ITR 253 492

: KS  Wichits 320 368) 443 S67 660/ 765 809 808 T3 S99 444 I8 ST

KY Loutwifte IS0 358 433 . %48 &4 T4 776 182 695 $1.9 447 163 $¢.7

- . LA New Ovieans S48 CSTL 614 679 M4 KO KIE K1Y TRI M4 GO $S4 GRE
R Ml Pottiand LR Y BT I Y P N N L S R Y Y & T T 8] AN LK

- . MO Baltimore 348 387 430 42 644 1S Jem 150 eB1 $70 455 388 $%.2

MA  Boston 199 303 377 479 S88 678 Y7 71T 653 SSO0 449 333 St 4

Mi Derradt 169 212, 148 476 %90 697 744 718 851 <3R 404 299 SO.t

Saull Ste. Mare 158 187 238 180 496 S90 646 640 SS8 461 133 209 406

MN  Duluth 87 108 213 370 9.7 SBB 655 638 47 446 273 140 379

- Minne 2polis ., !

. : B St Paud 124 15T 274 443 S71 668 T2 100 604 489 312 1K1 4V7

: MS  [ackidn 479 05 65 649 1Y) 798 821 B0 65 &0 $5% 494 65.5

§ © MO Kansas City i1 4S8 431 S5 656 TS9 RIS 798e i} 502 4«46 ISR S68

’ St Loun 19 147 4268 549 642 741 781 168 695 SE4 441 148 553

MT Great | s 21 18 10.7 446 s10 99 634 o668 S/4 q71% 343 27.% 44}

. ) y . NE Omata 203 265 169 SKL? 610 fii TRS 162 669 <57 iu\ 282 $t1 8

- NV Reno 104 356 415 K0 539 601 677 .55 TSRS 492 MY 319 484
NH Concovd 212 2 12 4avs €SS H46 6vE 674 91 48 1.6 280 4% 6

NI Atlanta City ME YT 411 S18 K1Y TOO TS IVT 6724572 467  36.6 Se 1
NM Mhuuufrqur is0 9.9 45 8 §65.7 0 bS 1 49 I8 § H. W 08 <80 4le 170 se66 .

- - NY  Atbany 121 231 130 462 S19 873 721 100 616 SOB 391 285 476
Butfato 5 241 IS 435 S48 648 698 684 K14 SO8 191 277 467

New York! 122 3134 405 Si4 824 TI4 T8 781 6RAS S8 Y 470 359 s4.§

NC  Chartatre 427 44} G0 eG3 640 771 192 IR?'  F19 §25 <04 427 608

Raleigh 4ip 430 495 SY 3 RBI6  ISH 7T hY 712 608 SOC 41.9 9§

ND  Bismarck 99 1315 262 41S s59 64s Y1l 69Y SAY 467 289 “i71.8 4712

oM Cincinnand 1y 381 477 54 2 64 2 7314 %9 187 630 S$7T9 4468 18 Y ¢82

' Ueveland . 184 285 151 47,0 S80 673 719 104 642 Si4 413 30¢ 487

Colombus 299 31 189 s08 61S 08 J4B 73I 659 S4l 412 1S 470

i , 0K Oktahama s VI0 41t 4RSS S99 6R4 7RO RIS B2R TEB K'9 4%4 401 603

. OR Purtiand R4 420 &1 SIR SF4 620 6T) RhE LI <S4l AST 41 ) €29

PA  phitedeipha 3LV 842 410 S20 w26 1@ CISH 186 K& S8 a4 f 319 it s

Pittsbusgh 289 297 368 490 598 6R4 721 TOR 64! Sit 408 30? S013

: RI  Providence W2 297 170 47 SIS 662 721 0S8 632 St2 43Q 320 504

* SC  Columbu 469 484 Sed 636 722 19T Bib6 BOS iS3 641 SV 464 640

SO Stoux Falis 1$2 191 301 459 S83 &Rt 743 118 618 sot 128 241 457

TN Mémphis 415 441 STU 614 70V 18§ 813 Ko ST sl 01 425 81§

Nashvitle 399 420 491 596 686 T4 S0Z 192 128 61 485 414 600

X Dallas 459 495 S6.1 650 729 A1l Be9 8BS0 779 6B 49 4B 658

f! Paso 423 491 549 634 719 810 81Y RO4 745 644 S12 441 8113

Houston $3.86 S88 613 GRS 760 816 BIO RIZ 792 114 608 57 692

UT  Salt Lake Cury 1.2 325 404 499 89 674 169 48 . 644 st 7 &7 0.1 049

VT  Budington 182 174 267 412 SIR 642 A90 K87 SRA 476 IS Y 215 at7Y

VA Nurfuil LR N A Y I L T A

LY Rikhmond I8 LA} i’ LS I YR A LN i th {1 AL 48 % WY SR

'Y WA Seatile Tacoms iRy 408 418 482 s4 4 SQf 643 64'1 4 4 24 439 408 St

f Spodapr ! o L 47 4 Sh2 6ta ras AN 60T 491 L o) ar8

WV Chartcstan 86 178 444 <53 pA 120 149 TR Xl 813 46} 3171 S5

Wi Muwaskee 06 224 310 436 s34 533 687 ST 801 SO0 IS8 246 451

WY Cheyenne 254 27) 324 4246 $29 630 100 677 8K 415 342 2.8 4SS

PR San juan <74 44 %) 766 787 $00 804 $09 0SS 00 7R2 162 180

| .

[ ) . *From U.S. Department of 'Commerce, NOAA, “Locel Chimalological Data * for more detaied data see U.S. Deparimant
l of Commerce, NOAA, NCC. “Uimatography of the United States,” Publ No. 84

| fCuty office data.
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Appendix B-3

Macon

"Chenatic Atla} of ihe United Stater.” U.S.

%
'
—i — e —
, Location Jub Aug  Sep Ot
AL Buminghad ) [} 0 Y 91
' Huntevitle .0 0 12 i
Mot * o o 0 22
Montgomery [ I 0- [ ]
AK Anchorage 248 ¥ $16 930
Annette 42 208 mm $67
Rarrow ° 803 840 1,018 t S00
Racter I AL IR 2L SR 1,482
Brihel 1S 194 at2 t o2
* Cold Ray a4 428 828 102
{otdoea 88 Wi $22 181
§ aiedanky LA TN 3 P 642 1,003
funedsy 0t i 4R% 124
" Keg Saimon 1y 122 st Wns
Kotehue I8 446 11V 1,249
MG ath 208 18 6311 1 IR&
Nome 481 €98 L R )
9 Pad 6§05 519 612 862
o Shemya © 871 41 S0 84
Y ahutat 3 347 44 Te
AL Flapaff 46 63 201 358
Phoenix 0 0 ] 2
' Prescott 0 a 21 48
Tutson Q0 0 0 26
Window [+ @ 6 246
Yuma 0 a " L0 a
AR 11 Smath o 0 11
7T Lettte Rock "o o e a7
o Tewarhana 0 0 0 18
CA  Bakertield 0 0 a 3
Brhap -0 1] 42 248
{ enyon 4 40 120 7
Burbank ! 0 0 [ 3
t ureka 110 287 258 29
f resno 0 Q [ )3
L ang Bexh [} 3] 12 40
L o Aogelcs i 22 42 b 3
Mt Shavta 24 b2} 2 406
Qakland Yy 50 4% i2?
Pt Arguetio 202 ige 162 0%
Red Bluft o O ] Y
Ssacramento [} ] 12 Ri
S.mdhﬂg Q [} 30 a2
¢ S4n Diego 6 0 18 17
San francine 81 18 &0 141
Santa Cataling 1€ 0 < A1}
Sania Mana 39 s LY 14
() Alamens [ 13 W 21 (XL}
€ grbere ackr Spaangs S8 <28 %2 AN
- Denvrs [ 9 th7 428
Grand jum tion 1] 0 0 LR
Purdio [} 0 4 126
€T Brdgepent ¢ 0 66 1w
MMtard 0o 6 9% i
New Haven [+} 17 87 147
0f  Wimington 1] Q st I
FL Apdacheola 0 1] o i6
‘ Davtona Beac® 0 0 0 0
fL Myers 0 0 0 0
Jacksonwiie 0 0 0o 12
Key Wess 1] 1] a 0
Laketand [} [} 4] 0
Mizm: Beach Q 0 a [+]
Qrtanda Q 0 [y 0
Fenucola 0 [} [} 19
T atfahassee [ ] (1 b
wYampa i 0 1t f
W Padm Rauh 1] Q 4] i3
GA Athens 0 ] 12 s
Atlanta 1] o 18 12!
Byusia o 0 ¢ I8
Columbus o [} a .- 81
0 [+] [} T

o

re

Normal Total Heating Degree-Days

Nov  Dec
3161 58S
26 66
P10 B 1)
130 s27
124 1,512
7138 199
1,971 2,362
1,944 2,317
143 ) A6
9N 1,122
1,007 1,22
LAY 2,284
92t b1l
1,290 1,608
1,128 227
1,791 2,242
1.45% 1,820
61 1.197
876 1,042
6 1,144
367 1011
234 415
s79 197
23 406
711 1,008
‘148 W9
450 04
s 116
48 $6!
, 28 se2
s 197
§79 106
m s
e 499
319 sas
156 288
180 9%
8% 802
309 488
M anp
118 §58
1.1} £1?
a0 6%
. 2
00 482
TY ]
17 W
1.06% 1420
RS 1012
x19 o
188, 1113
1% 986
1S 9%
7M1 1419
648 1011
sga 927
13 19
N
4 109
144 110
] b1 ]
'S8T 164
] 40

12 198
195 381
198 180
W
S 8t
40s 632
414628
137 ss2
111 s
o1 s02

§92

694

415

$43
t.631

@“s
2,817
2818
1,901
[ NEY]
1,299
2,149
12
1,600
2192
2,244
1879
1.228
3,48
1169
1,169

474 ©

865
4
1054
Wi
184
156
826
46
84
864
LY
146
S86
178
12
9%
A\
g4

T L0s

ot
18
i
SO8
18
449
1478
LE2R
RV
139,
1,088
1079
t,209
1,097
ega
?
248
146
1312
40
198
b1
220
400
178
m}
a7
642
619

se9__
§5%2
508

Goverpment Frinting Office, 1968

ted Mae,  Apr May

462
587
300
a7

1,116
1))

2,332

2,169

1,590

1,016

1,086

1,901

1,670

1,480

192

1.81]

{.666

1,168
958

1,019
91

128
“ny
144
170
3.
BTN
L33
408
104
066
181
211
410
406
by 2
102
™4
400
92
rpL]
442
ey
249
195

(R0
P16
U1l ]
LAt
K\
&7
6,
4,061
991
874
260
190
104
246
A 3
148
36
168
m
IRb
14%
Coae
s 79
29

445

4
Y

63 108 ]
FEVIRERE T 19
M 2 0

‘90 0

L% SR 1 $92

84} (01 90
2,468 1.44%
2477 181 1N
1,658 1,173 106

1122 ” had
[A1E ) 84 %0

1,739 1,088

L)

1.07% [ 1] 6ot

1411 966 6TY
2020 1456 1087
1,788 1,122 648
1,770 1,314 930
1,265 1098 936

1011 a8 8M?
1,047 840 632

"t 851, 437

M 7% 1]
60% 180 58
242 78 &
&01 91 °®%
1n M. 0
456 144 22
44 126 9
350 108 1]

%7 108 19
s19 306 143
™ 82 W97
39 118 'Y
s0s 438 12
e %0 56
287 188 %0
8 219 %8
IRV IS TR '}
183 25¢ 180
4031 9 298
188 47
wo 216 102
820 426 64
02 1y 24
w1 219 e
16 M9 192
Wi oo .M
00 896 446
T A 1
sK7 358 288
29 T 148
17 429 s
351 si0 208
898 495 17
871 sS4} 245
LTI T YRR TE 2

120 3] 0
140, 1% 8
82 0 0
174 2 4]
9 0 b}
99 0 0
L) ] a
108 [ 0
183 6 [}
202 % 0
1oy ] 5
W ' oo 0
a1 14 n
437 168 2
350 %0 o
s 2 ]
8 -6 0

jun  Amn

0 258§
0 307
0 1,560
o 2.
315 10,804
m 1,069

987 20,174

924 19,682
402 14,18
491 9880
444 9 704
222 14209
1%t 9,074
408 16 341
&36 16,104
18K 14,288
(SA NN T N ]
126 11,199
6% 98107
438 9097
150 1,182
o 1,768
15 4,162
o 1,800
0 4,82
o
0 V292
0 ILne
0 2513
(]

2422 .

16 4277
195 5.507
18 1,648
85 4043
o 2492
18 .71
8t 2.06¢
19  §,7)22
90 2470
241 1,594
0 2,918
6 21773
§1 4209
w1418
126 1,01¢
1oy 2482
2961
K8 K 820
N4 H42E
o8 628}
21 5,640
1S 5,462
21 5617
26 6,112
5897
4330
t.108
879
“;
1,219
188
861
141
186
1.461
1,48%
AR
253
1919
2.9%2
2.7
2,383
2,136

ODODD 2 DODOLROO OO
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T

I 4 f
v -
-
- . I +
’ . -
.
T S SRy

l}nm ful Aug YD (3] Nov Occ, |an tcb Mas Ape May jun  Aan

GA Rome o © 4 165 414 01 10 s11 488 177 34 0 3.,32%

Savannatt e o 0 47 Ms A7 437 [y N4 & o, o 1,89

Yhom mvitie 0 0 0 76 198 366 ¥ 05 208 3 0 0 1,529

0 Sont e 0 132 4is T2 1on Lty B4 T a8 245 81 5,809

Maha F alls 46W 6 M 270 621 108 1370 1,518 1249 1008 oSt 391 192 B 4TS

< tdadwa b alls A2NW 16 60 282 648 1107 1432 1600 1391 L1O7 657 I8 197 B,780

{ rgrtan ] 0 it 148 14 Lt NN [CYRPY I 3L B R AL

Pun stwbine 0 1] 112 *‘Mll._ <900 tdbs L 124 LU 04 148 IV 141 Ul

[T - (] 0 o led4 T S1} ML sse om0 519 198 47 o A

(huagu a o §f 136 7SI LI LN L4e 250 40 2iE 48 6,188

Motme o 9 90 31§ 774 1ARL $3MN. 1100 918 450-. 189, 19 ° 6,408

Mora - 0 s g7 136 189 iKY LS 1,075 M9 42e 183 B 8,024

R e . 9 114 400 817 1225 133 1117 Sel sie 2iA 60 08.830

Soeongtieid ] 0 77 190 896 RO Ligs 918 a8 354 1l TEEX). ]

N Evenoviiie o & et 220 &06 @96 9 78! 60 1V7- o8 O 461

1 Wavee o 9 tos 178 7K LIS LR 1018 M90 471 189 39 6105

(ndhanapoln ¢ ] 0 416 723 1,081 a1l 49 808 432 111 5,699

Soulh Bend [} & it 372 777,125 l,.’!l 1070 933 $28 29 &0 6,419

14 Burhaglon 0 0 91 321 768 1145 1289 1042 Es§ 426 171 33 61N

Des Mot Q 9 * W jot 837 .23 tiuR 1 16 %1 . 489 PR 19 6,808

Deudugue 12 M 186 450 906 1287 1470 1104 1026 46 260 B 776

S City 0 9 108 369 B67 1,240 1435 1198 989  4BY D4 39 &%

Walgtloo - 12 19 R ) 428 909 1,96 1.&&& 1,121 102> 531 - % s4 71320

&9 (emorda 0 0 st 216 Aps 1,023 1ied 935 I8t 312 149 18 5479

Dodge Uity o 0 C 11 151 o6kt 93 10 Mg M9 as4 G249 4984

Ceauitand o [ L Nt B10 1,074 [ toe WE a4 '$07 2 4} 614t

- Tupeka o 1] Y] liog C 672 980 1122 §ys 122 130 124 12 s.tm2

Wahily, 0 (] 51 2N sIs S0s 101 BO4 o4 270 ¥’ & 4620

KY Covegion o 0 75 291 669 983 1,015 893 156 390 149 24 5268

Leningion o o s¢ 239 609 907 96 813 e85 325 1O 0 4.083

Lusnsville 0 0 4 248 SOV 890 930 B8 682 35 108 9 4,860

LA Alerandtis 0 0 0 s 273 &3 4t W m ] o o 18
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Mean Daily Solar Radiation (Langleys*)
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Appendix B-5

» Solar Position and Insolation Values

——

24 6§grees North Latitude

Solar Solar

Date time position BTUH/sq. ft. total insolation on surfaces
. . South facing surface
. AM} PM{ Alt } Azm angle with hotiz. .
‘ Normat| Horiz.| 14 | 24 | 34 | a4 | 90
jan21| 7} 5| 48| 656 71} 10} 17p 21} 25 28] W
8| af169| 58.3] 239 83| 110} 126 137] 145 127}
91 3|279| 48.8| 288 | 151 ] 188} 207 221} 228 176
0] 2137.2] 36.1] 308 | 204 | 246 268} 282| 287, 207
111 1 ba3e] 19.6] 317 | 237 ) 283 306| 319| 324 226
12 460 0.0] 320 249 | 296] 319| 332| 336| 232
Surface daily totals 2766 | 1622 | 19842174 23002360 1766
Feb21| 715 9.3] 746] 158 35 | 44| 49] s3| se| 46
sl a1223] 67.21 263 | 116) 135] 145 150f 151} 102
9| 31344 57.6| 208 | 187 213] 225| 230] 228} 141
1012|451 44.2] 314 | 241 | 273| 286] 291| 287 168
111 1s30] 2s.0) 321 | 276 | 310] 324] 328) 323} 185 ¢
) 12 1seol 00| 324 |.288 1 323| 337 341| 335) 191
- Surface daily totalf, 3036 1998 12276 2396 | 2436 | 24241476
Mar21] 715 113.7] 83.3] 1947} 60| 63] 64| 627 59 27
sl al27.2] 76.8] 267 | 141 ] 150] 152 149| 1421 64
93|42} 679| 295 | 212 2261 2291 225 2147 95
10 2 152.3) s48| 309 | 266 285} 288| 283 2701 120
: 11 |1 ]61.9] 33.4] 315 | 300 322| 326} 320 305| 135
12 166.0].00] 317 | 312| 334] 339) 333} 317 140
‘Surface daily totals 3078 2270 | 2428 2456 ] 241222981022
pr21| 6161 471006 40 7 5 4 4 3] -2
: 715 t18.3) 94.9] 203 g3 774 710 e62{ s1} 10
g1 at320] 89.0| 256 | 160} 157| 149 137 122} 16
9! 3|4s.6| 81.9] 280 | 2271 227| 220} 206f 186} 46
10121590l 71.8] 292 | 278 | 282} 275} 259} 237} 6l
a1 siel 298 ¢ 310 316 309| 293| 269) 74
12 |77.6| oo| 299 | 321 328| 321] 305 280] 19
ourface daily totals 3036 | 2454 |2458]237412228[2016] 488
May21] 6] 6| 801084 86 221 151 10| 9 9] s
715 {21.2}103.2] 203 o8 { 85] 73] 59| 44| 12
d gl alsael 98s| 248 ) 171 | 1159 145] 127] 106} 15
1 913|483 93.6] 269 | 233 { 224} 210 190] 165} 16
vol 2 1620 87.7] 280 | 281 { 275} 261} 239 11| 22
1111 1755] 76,94 286 | *311 ] 307] 293 270| 240} 34
12 186.0| 00| 288 | 322 317] 304 281] 250| 37
Surface daily totals  3032-| 2556 | 2447 2286|2072 1800, 246
jun2i1M 6} 6| 931116 9? 29 201 12 127 W 7
715 2231068 201 103} 871 73} s8f 41| 13
814355026 242} 173} 15RL 142 1227 991 18
9l 3 {avol 98.71 203 | 234 | -221] 204} 182} 155} 18
. 10l @ @6l 95.0] 274 | 280} 269 253] 229 199 18
1111 176.3! 90.8) 279§ 309 | 300{ 283] 259| 227} 19
12 189.4 o.of 281 319 | 315] 294] 269) 236} 22
! Surface dafly totals 2994 | 2574 | 2422{ 2230|1992 1700| 204
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Suldaf

position | BTUH/sq. ft. total insolation on surfaces.

South facing surface
angle with horiz.

Normal . 24 | 34 | 44

8.2{109.0] 81 nl 1wl o9
21.4)tor.8| 195 73| s9| 44
34.8| 99.2| 239 51| 143] 128
48.4] 9as| 261 207| 187
F10°] 2 [62.1] 89.0| 272 ‘ 2561 235| 206
1 75.7] 19.2| =278 2| 287 26S

12 |86.6| 00| 280 12| 298| 2715
Surface daily totals = 2932 , 2250 { 2036

6 5.0}101.3 3s 4 4
745|185 95.6] 186 69| . s0
8 [32.2] 89.7| 241 146} 134
9 45.9| 82.9| 265 | 223 200

10| 2|593| 713.0| 278 | 1268| 252

1" 71.6] 53.2| 284 301| 285

i ‘{8.3 0.0} 286 ' 296
daily totais 2864

1 13.7] 83.8| 173 ‘ 59| 56

8 21.2| 16.8| 248 ‘f 143 136
9 40.2| 61.9| 218 206
10 523 s4.8] 292 : 261
1 61.9] 33.4| 299 309| 295 o

12 | 66.0] 0.0{ 301 | 302| 1] 306
.Suﬁﬁce'qaily xou}s .
7 9.11 749} 138 ., .45 50| .
8 2291 66.7| 247 1391 145]
91 3 (341} 57.1| 284 217 3] 221

10 44,71 43.8| 301 ] 2771 282( 219
H 52,51 2471 309 315 319 314

1 ss.s| 0.0 311, 328 327.
daily touals 2868 |1 2314 2346

7 49| 65.8 67 10 ' 20| 27
8| 41170 5847 232 82 123 | 1421
9 280] 48.9| 282 150 205 224

10 37.3] 36.3| 303 203 " 265 283

1 1438 19.7) 312 236 302 61 320

12 J462] 00| 315 | 247 1315 332
“Surface daily totals. 2706 | 1610 2146 2324

7 32| 62.6] . 30 - 31 7 9r 11 12
8 14.9] 55.3| 225 71 99| 116 129 139
‘9 25.5] 46,0 281} 137 \;'75 198 2141 223

Alt | Arm

10 [ 271 343) 33.7) 304 | (B9 |{234},258) 275| 283
11 40.4| 18.2| 314 | 221 | Q70| 295) 312{ 320} 236

12 |426|] 08f 317 | 232} 282 308] 325/ 332
: Surface daily :S:ars T624 | 1474 | 1852 '2058 2204 {2286 1808

1 BTUH/SQ. FT. = 3.152 Wlm w
NOTE: 1} Based on data in Table 1, p: 387 in ref {3}: O%zrmmd r:ﬂecunce 1 0
clearness factor.
;) See Fig. 4, p. 394 in {3] for lypiul rcgmml clcamess factors.
Ground reﬁe;non not included on normal or horizontal surfaccs
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B-5

. 32 Degrees North Latitude

1 ©

Solar Sestar umm 1. teptah s athest o witfaee
Pt fime position e e g ¢ i -
| Saagth umuwu-u
AMIMM| Alt ] Arm I .,!p.-gm UR )
¢ Normat | Mewis | 77 )\ w7 | 4x | S0 | Y,
-« &
. gy nl ‘0l ) f
7{s]14 gﬂ ! ' .
jan 21 ol s bhzs es| 203 s, gyl tie] 114 31‘1 it
vis | 178 o] ane) 212y %1
9|3 [225] 0| 267 | AR
1012 |3006] 330 208 | 167 298} 28k WA, 778 4L
111 |3e1] 17.5] 208 | 198 273 799 w| 14| 4
12 13s0]. 00| 310 | 209 28| 308} 37 74 254 )
Sorface daily totah 2458 | 1288 | 1839 2008 2us 2164 un
121 2| 34 7] "4 “
Feb 21 : i ;;:;‘; ’sﬁ 247 | 95| 127} 1% 13‘ 1410 1A
9 3 |09 s3.4| 288 | 1s1 | 206} 217} 222 2y VR
ol 2 {391 94] 306 | 212] 266} 278} 23 il 14
‘1_ 1 las.e| 21.4] 315 | 244 304) 317) 31 415 714
> lesol oo] 37 | 25| 316] 30 vl | 1
Surface daily totals 2872 [ 1724 [ 2188123002343 12327 1444 |
21| 75 [12.7] 81.9] 185 s4| &N &0 s': “i 8
M 8| 4 |25 'g}mgzso 129 | 146] 147} 146) 154 /8
s Lol 3 l3asl 621 290 | 194 | 222] 224[ 220w} 207y} 11%
100 2 147.3] 47.5| 304 | 245 280] 28%| 28] 26%) 150
11]1 |ssof 26.8] 311 \ 277 | 317} 30| ng| Wl 10
12 |ssol o0.0] 313 | 287 | 329 333 32’_}4 _g_‘/* H1 |
+ | SBrfice dadly torals 30124 | 2084 | 2378 2403 | 2368 1 2244, um
Ag21} 66 | 61 9.9 66 14 A A T s
715 lias| 922]| 206 VR LT N BV I TR
8|4 [31.5] 840 235 [ 158 | Feh] Tak| 14| 16
9! 3 |439]| 742| 278 | 220 729 217| 24| I8¢} AR
10] 2 |s5.7] 60.3| 290 2574 279| 212 294 2%4] 9%
1)1 |854) 37.5] 295 2071 313} 6| 290 A5 112
12 |69.6] 00} 297 | %07 | 328 318} Wi 2/6] 118
g e e e
Surface daily totals 3076 | 2390 [ 2444 X356 21_ 1994 Tk4
May21| 6| 6 |10.4]107.2] 119 36q 21| 13 Y43 caz2] 7
. 715 [228]100.1) 211 107 | 88] 75| 60] 44| 13
1 8] 4354 929 250 | 175 | 159} 145| 127] 105 1§
9|3 381 847 269 | 233| 223| 209| 188) 163 33
10{ 2 |606] 73.3) ‘280 1 277 | 273| 259| 237| 208} S6
11} 1 |72.0] 51.9( 285 | 305 | 305| 290| 268| 237| 72
T 12 |78.0f o0.0] 286 | 315| 315| 301 278] 247] 77
Surface daily totals © 3112 | 2582 | 2454|2284 | 2064 | 1788] 469
jun21} 6] 6 L12.211102] 131 45| 26| 16| 15| 14 9
. 715 |243]103.4f 210 | 11s|.91] 76| 59| 41| 14
8] 4 1369] 968} 245 | 180 159 143] 1227 99! 16
9! 3 lavcl 8941 264 236 221| 204) 181] 153 19
10] 2 {622].79.7] 274 | 279 268 251 227{ 197} &
11 1 174.2] 60.9 279 306 2991 2B2% 2571 224 6
12 |81.5] 00| 280 | 35| 309] 2| 267| 234| ep|.
' Sgrface daily mga&s . 3084 | 2634 | 2436] 2234 1?90 1690{ 370
Lai .
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1TBTUH/SQ. FT. = 3.152 W/m?
1} Based on datasn
clearness factor.

NOTE:

)

*

22 See Fig. 4, p. 394 in [3] for typical regional clearness factors..
2

Coraund enflertinn nnt incifided an normal or horizontal surfaces.

Solar Solar ',
Date tinme | mm;n ) BTUM/sq. fi. total insolation on surfaces
- = < N
South facing surface
AM|PM | Alt [Azm . angle with horiz. ‘
Normal|Horlz.| 22 | 32| 42 | 52 | 90
w21} 61 6 {107 1107.7] 113 33| 221 4] 13}) 12 8
7|5 |23 [1006] 203 | 107 g 75| 60| 44| 14 b
8| 4 ]357] 93.6] 241 174 | 1 v43] 125| 104} 16
9| 3 {48.4] 85| 261 |- 231 | 220{ “205{ 185| 159{ 3
10] 2 {609} 74.3] 2N 274 | 269] 25¢| 232 204| 5S4
Ml |724] 53.3] 2 | 302 | 300{_285| 262| %32 69
12 |7186] 00! 279 | 311° 310] 296| 273] 242| - 74
Surface daily totals 3012 | 2558 |2422| 2250] 2030|1754 | 458
Aug2l| 6| 6 | 651005 59 14 9 7 6 6 4
7{s ]19.1] 928] 190 8s| 771 69| 60| 50| 12
8|4 (31.8] 84.7) 240 | 156 | 152] 144 132} 116 33
913 {443 750| 263 | 216 | 220| 12| 197} 178} 65
] 10] 2 [S6.1] 61.3), 276 | 262 | 272| 264 249| 226{ 91
1|1 {e60| 38.4| 282.] 292 | %05 298| 281} 257| 107
12 70.31 0.0 284 302 | 317] 309] 292| 268] 113
Surface daily totals 2902 | 2352 |2388( 2296 214411934 ] 736
sep21| 715 |12.7] 81.9] 163 51 s6| 56} ss{ 52| 30
8l al251] 13.0] 240 | 124 | 140] 141} V38| 133 7S
9{ 3 1368] 6211 272 | 188 | 213} 215| 211] 200} 114
10| 24947.3) 47.5| 287 | 237 | 270] 273] 268| 255| 145
. 11l 11ss.0] 26.8f 294 | 268 | 306| 309| 303| 289| 164
12 |ss.ol 0.0} 296 { 278 | 318} 321| 315| 300 1N
Surface daily totals 2808 | 2014 |2288| 2308 | 2264 | 2154 | 1226
o2l 7] s e8] 713.117 991 19 200 321 34 36| 3
s{ 41187 64.0{ 229 90 | 120] 128{ 133 1344 104 .
931205 53.0} 277 | 155 | 198} 208 213} 212} 153
10| 2 }38.7] 39.1] 293 | 204} 257| 269! 273} 270/ 188
1) v las.] 211} 302 | 236 | ‘294 307 1] 306 209
12 147.5! 0.0 304 | 247 | 306| 320{ 324] 318 217
s Surfaceaaily totals + 2696 | 1654 {2100 2208|2252} 2232|1588
Nov2l| 715 | 1.5| 644 2 0 ol *.0 1 PR
8| 4 ]12.7] s66| 194 ss | 91| 104 113] 119] 11
9|3 122.6] 46.1) ,263 | 118 | 173 190] 202] 208} 176
101 2 |30.8) 33.2) 289 | 166 | 233 252| 265| 270| 217
t1 11 }36.2] 17.6] 30 197 | 270} 291] 303 307| 241
12 13821 o0.0/=304 | 207 | 282| 304| 316| 320] 249
#ﬂface daily totals 2406 |, 1280 {1816] 1980 2084| 21301742
Dec2V] 8| 4 | 10.3( 53.8] 176 411 7711 90! 101 108] 107
"9 3|19.8] 43.6] 257 | 102 | 161] 180} 195} 204 183
101 2 127.6] 31.21 288 | 150 | 221| 244} 259| 267| 226
11} 1 32,7 16.4] 301 180 | 258| 282] 298| 305| 251
12 [34.6{ 0.0| 304 | 190 ] 271| 295| 311] 318] 259.
Surface daily totals 2348 | 1136s| 17Q4| 1888} 2016 2086|1794

Tab'le'l: p: 387 inref. 3], 0% ground reflectance; 1.0
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B-\S ‘40 Degrees North Latitude i
¢ !
o - v Q- . .
. ° : Solar Solar .
e Date time position %TUHIsq. ft. total insolation on surfaces
. South facing surface
e AM PM} Alt| Azm -angle with horlz.
) . Normal| Horiz.! 30 | 40 | 50 | 60 | 90
o jan21| 8| 4| 84} s553] 142 28| 'es| 74] 81| 85| 84
. 9| 3168 440| 239 83| 155 171] 182} 187} 1M
B w | 21238l 309] 274 | 127 | 218] 237| 249} 254| 223
T , |l ]2saf 160| 289 ) 154 257| 217| 290 293 253
- (#/ : 12 |300] 00] 294 | 164 291| 303| 306 | 263
T Surface daily totals 2182 | 948 |1660|1810{1906 1944|1726
Feb21| 715 g.s 7271 69 | 410 19| 2| 23] 24 22
. { . §|a|Kal 2] 224 | "73 Fmra) 122§ 126) 127} 107
) 9|3 |2s50] s0.2] 274 | 132 | 195| 205| 209| 208; 167
0! 2328 35.9] 205 | 178 | 256| 267| 271| 267| 210
d1rj1 13s1] 189 305 | 206 | 293| 306] 310| 304} 236
12 J400| 00| 308 V216 | 306| 319| 323} 317] 245
. | Surface dally totals 2640 _| 1414 |2060 2162 2202|2176 | 1730
Mar21] 7|5 11.4l-802] 1N 46 ss| Ss| say: 51 35
. 8|4 |225] 69.6| 250 | 114 | 140| 141 138] 131 89
\ s o'l 3328l s7.3| 282 | 173 | 215 217| 213| 202} 138
1012 latel a1.9] 207 | 218§ 273} 276 271|258 | 176
111 1ar7) 22.6] 305 | 247} 310 313| 307 200
12 1500l o0.0] 307 | 257 | 322| 326| 320| 305| 208
- - T
, Surface daily totals 2916 | 1852 (2308|2330 12284 | 2174 | 1484
K Apr21| 6 | 61 7.4| 98.9 89 200 W 8 7 7 4
7% s |18.9] 89.5! 206 g7 77| 70{ 61| S04 12
. ) st 4l303] 79.3] 252 | 152 153] 14s] 133} 17} 53
9|3 |a13] 67.2] 274 | 207 | 221| 13| 199} 179| —93
10| 215121 s1.4] 286 | 250 | 275! 267| 252} 229| 126
' 1111 15871 29.21¢ 292 | 277 | 308 301| 285 260| 147
. 12 lenel 00! 203 | 287 320 313] 296| 271} 154
. Surface daily totals 3092 | 2274 |2412 2320|2168 | 1956 1022
. . = May21| S| 71 1.9]11e7 1 o] o] ol ol of o
1 edel127l10s6] 144 | 49 251 1s). 14} 13} 9
715 |240] 96.6| 216-| 214 | 89} 76| 60| 44} 13
81413540 87.2] 250 | 175 | 158 144| 125 104 25
9i3 468 76.0| 267 | 227 | 221| 206 186| 160 60
s w2515 e0.9] 277 | 267 | 270 255} 233} 205|-- 89
' 11 {1 |e62] 37.1] 283 | ®93 | 301 287 264) 234) 108
. . 171 700] o0 284 | 301 ] 312] 297} 274] 243 114
. , . ‘
Surface dally totals 3160 | 2552 24422264 |2040|1760| 724
) jun21| S| 7| 42[1173} " 22 a| 3| 3] 2f 20 ‘1.
16]6l148]108a] 155 so| 30! 18] 171 16{ 10
. 130 s baeo] 997) 216 | 123 ) w2 71(* 59 41l 4
L8] al3al 07| 246 | 182 159 142 121 97| 18
.9l 3|as8| 80.2] 263 | 233 | 21914202} 179" 151} 47
- ) 10| 2 |59.8{ 65.8] 272 266 | 248 | 224 194) 74
"- 1111 169.2] 419 2717 96 | 2962781 253 221 92
ot 12 |73.5] 0.0f 279 | 304 | 306 .289] 263 230| 98
Surface dafly totals 3180 | 2648 |2434Y2224|1974{1670| 610
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; ' ( 180

. B-5 .
1 ]
Date ?:: msz:?;n BTEJH/sq. f1. total msolation on surfaces’ [
\ \ L South facing surface
( AM|PM| Alt | Azm angle with horiz.
Normal| Horiz. | 30 | 40 | 50 | 60 | 90 .
ju2t] sl 7| 23| 1182 2 0 ol o] 'of. of o
\ . 6l oiritftoea] 1w | ss0f 26f 17| 15} 14l 9 g
~ 71 s J24.3) 97.2] 208 | 114 | 89| °75| o0| 44} 14
! 8| 4 [35.8] 87.8] 241 1 174 [ 157] 142} 124{ 102} 24
] ol 3 |472| 76.7] 259 | 225 | 218| 203| 182|\i57|- 58
. 10| 21s79] 61.7] 269 | 265 | 266{ 251} 229| Roo| 86
11] 1 |667| 3190 2750 290 | 296| 281| 258) 2284 104
12 1708l 00| 2/6 | 298 | 307) 292| 269] 238) 111
. _ Surface daily totals 3062 | 2534 |2409|2230| 2008|1728 | 702
. g Aug21] 6|61 79| 9o.s) . st | 21} 121 9} 8 7} 5
) 71 s 193] 909 191 | 87| 76| 69| 60f 49| 12
gl #1307 79| 237 | 150 ] 150] 141] 129} N3y S50
~ 9| 3 |s18] 679] 260 | 205.{ 216 207]| 193| 173} B89 .
. 10} 2 |s17] s2.1| 272 | 246 | 267| 259 244| 221| 120.
11| 1 |s93) 29.7| 278 273.| 300 292} 276| 252} 130 :
12 |62.3] ‘oq). 280_{ 282 | 31¥f 303| 287] 262| 147 )
Surface daily totals 2916 _| 2244 '|2354]|2258 2104] 1894] 978 |~
Sep21| 7|5 {11.4] 80.2| 149 | 43} SI 1] 49) 47| 32 &
g| al225] 69.6| 230 | 109 | 133| 134| 131] 124] 84
9| 3 |328] s7.3] 263 | 167 | 206| 208| 203| 193] 132 oo
o, . = 10l 2 |atel 41.9] 280 | 211 | 262| 265| 260} 247| 168 .
o - 11| 1 lan7l 22.6| 287 } 239 | 298| 301} 295| 281} 192 .
‘ 12 1s0.0|] 00| 290 | 249 | 310] 313} 307| 292| 200
S " | Surfacedaily totals 2708 | 1788 |2210{2228 [2182) 2074 1416
o} 115} 4s| 723 48 7 14t 1S} 17| 17 16
3 8| 4 |15.0] 61.9] 204 68 | 106! 113( 117] 18| 100
¥ ol 3 l245| 49.8] 257 | 126 | 185) 195 200] 198} 160 .,
R R 9l 2 13241 35.67 280 | 170 | 24%) 257} 261} 257} 203 (
L e P w1 |376| 187] 201 [e199 | 283] 295} 299 294| 229 } :
) : . 12 l39s| 00| 204 | 208 | 295} 308| 312{ 306] 238
AT | Surface daily totals 2454 | 1348 [1962% 2060 [ 2098 | 2074 | 1654 !
1 . Nov2i| 8| 4 | 8.2] S54L \36 28 | 63] 72| -8} 820 8i
: . Lol 3 {170 sa1] .22 | 82| 152} 167 178} 83| 167
" - 110] 2 |24.0] #1.0| 268 | 126 | 215| 233 245) 249) 219
b , - 1111 V286l 16.1] 283 | 153 | 254 273 285! 288 248
- ) 12 130.2| 0.0l 288 | 163 | 267| 287} 298| 301} 258
Surfacq daily totals 2128 942 |1636]1778 187041908 JX
| ) bec2i] 81 4] 55| s3.0] 89| 14| 39] as] soT sal .56
. 9|3 }140f 419 217 65 | 1351457 14| 171] 163
. ) 10} 2 {20.} 29.4] 261 ’_;y,/zﬁtf 221 235] 242] 221 | ~
1|1 {2501 152] 28 34 | 239 262 276] 283} 252 |
' 12 |26.6| oo 285 | 143 | 253 275| 290) 296 263
\ surface.dstly totals 1978 | 782 [1480]1634]1740 17964 1646 . (

.= 3152 W/m? * - .
) Based on data in Table 1, p. 387 in ret. |3} ;0% ground refiectance; 1.0

clagrness factor. : :
; ig. 4, p. 394 in 3] for typical.regional clearness factors. j -

Gyaund reflection not included on normal or horizontal surfaces. ¢ ' -

AN
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B-5 - 48 Degrees North Latitude .
\)
. ol
Date ?m:r‘ pos;:; n BTUM/sq. ft. 13tal insolation on surfaces
‘ . South facing surface
AM{PM] Alt | Azm ] angle with horlz..,
. ‘Normalj Roriz. 38 48 S8 68 | 90
jan21| 8| 4| 3.5} s46{ 37 4! 17 19 | 22y 22
9| 3 |11.0] 42.6] 185 46 | 120] 132| 140| 145| 139
, 10 2 |169] 29.4] 239 83 | 190| 206| 216| 220| 206
] 11 ] 1 1207] 150 261 | 107 | 231 249] 260 263} 243
12 1220| 0.0 267 | 115 | 245] 264] 275| 278) 255
. Surface daily totals 1710 | 596 |1360 14781550 1578|1478
Fep21| 7] 5| 24 122 12 1 3t el 4]l 4} 4
sl 4 |116] s05] 188 49 | 9s] 102} 105] 106| 96
ol 3 [19.2] 47.7| 251 | 100 | 178] 187] 191} 190} 167
10 2 [26.2] 33.3] 278 {-139 | 240 251} 255} 251 217
1l 1 |305) 17.2{ 290 |- 165 | 278 200| 294| 288 247
12 13200 o0.0] 293 | 173 | 291 304} 307 301 258
~ - | surfacedally totals 2330 | 1080 |1880]1972|2024 | 1978 1720
Mar2t] 715 [10.0] 7871 153 37 | 49| 49| 47| 45| 35
. 1 gl l1os] e6.8] 236 | 96| 131] 132| 129] 122] 96
9| 3 |282]| s3.4] 270 | 147 | 205} 207} 203| 193| 152
' ~ a0 | 2 |3s5.4] 37.8) 287 | 187 263| 266 261 2484 195 |
, 11 |1 {403 19.8] 295-| 212 | 300 3| 297| 283} 223
12 |42.0| 00| 298 | 220 | 312] 315] 309 294|\232
. L) Surface daily totals 2780 | 1578 |2208 | 2228 1218220741632
Apr21] 6|6 | 86| 97.8] 108 271 13} 9 sl 1| §
715 |186l-863) 205 | 85| 76} 69 s9| 48! 2
. |7 l28s| 749 2471142 | 1494 141] 129 13| 69
' /‘ o |-3'137.8] 61.2] 268 | 191 | 216} 20877194 174] 115
q0 | 2 |45.8| a46| 280 | 228 | 268| 260} 245} 223} 152
il 1 lsts| 240] 286 | 252 | 301{ 294| 278} 254077
12 153.6] 00! 288 | 2604 313| -305| 289] 264 185
surface daily totals ~ 3076 | 2106 2358|2266 | 2114|1902 1262
ST 7] s2l1143] 41 | 8+ 4 4| 4| 3[-2
616 l14.71102.7] 162 61 1 27 16]° 151 13} 10
71 s |246| 93.0] 219 | 118} 83) 75} 601 43 13
8| 4 1347 816] 248 | 171 | 156] 142} 123} 101} 45
T 4 9| 3 |aa3| 68.3] 264 | 217 | 217 202} 182} 156, 486
T : 101 2 |s30] s3] 274 | .252 p26s| 2514 229) Q00| 120
e . by1 11 lsasl 286] 279 | 274 | 296} 281} 258} 228| 14!
12 1s2.01 00| 280 | 281 | 306] 292| 269| 238| 149
' Surface daily totals 3254 | 2482 [2418(22342010/1728} 982
qun21) 5| 7 1.9{1165 7] 9 9 8| 1| S
- 6|6 |17.2]106.2] 172 |7 74 | 331 19 18} 16} 12
. 215 127.0] 95.8] 220 | 129 | 93] 77{. 59} 39} 1S
84 137.1]| 8a6] 246 | 187 | 157} 140] 119} 95} 35
9|3 la6.9| 71.6] -261 | 225 | 216} 198] 175} 147} 74
' 1ol 2 |ss.8| sas| 269 | 259 | 262| 244} 229 1894 105
111 be2.7) 31.2 & 280 | 291 273 2481 216 126
12 165.5] 0.0] 275 b—ana a0 | 283 258] 225| 133
Surface daily totals 3312 2626 |242012204[1950{ 1644 | 874
13 . Ad .
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B-5 o
- . f
s W S l Y F
Date | il | osition | . BTUH/sG. fi. togal insolation on surfaces
South facing surface
AM| PM] Al 1 Azm . angle with horiz.
- & Normal| Horiz.| 38| 48 |. 58 | 68 | 90
jut21} 5| 71 s.7{n147 43 10 s| S 4 4 3
6| 6 152Pg4 156 62{ 28| 18} 16| 15| n
71,5 [25.083.5] 211 | g | 89" 15 59| 42| 14
8| 43518211 240 | 171 | 154} 140] 123| 99| 43
9| 3 |448| 688| 256 | 215 |~214| 199| 178 153| 83
10| 2 [535] 51.9 }756 250 | 261] :246] 224| 195] 116
1n!1{e01| 29.0 1] 2712 | 291| 2%6| 253| -223| 13%
12 |626| 00] 272 | 279 | 301 286] 263 232 144
- Surface dallytotals 3158 | 2474 |2386|2200( 19741694 | 956
Aug21| 6| 6| 9.1] 983] 99 280 14} 10f, 9| 8| 6
. 71 5 |19.1] 8721 190 8s | 15| ‘67| s8] 47| 20
8| 41290 75.4| 232 | 141 | 45| 137 125| 109 65
i 91 31384 61.8] 254 | 189.[ 210{ 201} 187 168 110
10{ 2 |46.4] 51| 266 | 225 | 260) 252) 237} 214| 146
11| 11522 24.3| 272 | 248 | 293| 285| 268 244} 169
- 12 |543] "0.0f 274 | 256 | 304| 296{ 279| 255|.177
. Surface daily totals 2898 | 2086 |2300 2200 | 2046 | 1836 |J 208
Sep2t| 7.\ S {100{ 78.7] 131 35 | 44| 44| 43] 40| N
8| 411954 66.8| 215 92 | 124 124 121] 115] 90
9| 3(282] S3.4} 251 | 142 | 196 197] 193| 183 143
10-{ 2 {354 37 269 | 181 | 251| 254 248| 2361 185
L ) 11| 1403 148 | 278 |. 205 | 287| 289| 284| 269| 212
- 12 |420] 00| 280 | 213 | 299| 302| 296| 281| 221
i Surface Baily totals 2568 | 1522 |2102{2118]2070| 1966 | 1546,
Oct21 7] 5| 20| N9 4 0 1y 1] 1 1
o 8{ 4 (11.2] 60.2] Y65 44 | 86| 91| 95] 95} 87
| 9| 3[1934 474 233 94 | 167| 176| 180] 178|157
. 10| 2 |257] 331| 262 | 133 } 22d] 239| 242| 239 207
. _Id 1300 17.1| 274 | 157 | 266] 277] 281| 276| 237
| 12 (31.5] 00| 278 | 166 | 279| 291! 294| 288| 247
¢ + | Surfacedally totals 2154 | 1022 |1774|1860| 1890|1866 | 1626
: Nov2l| 8] £1-86{ 54.7] 36 s | 7] 19 21| 22 22
9l 3 |11.2] 427} 179 46 | 17| 129] 1374 141 135
| 10 2 {170] 2951 233 | 83| 186| 202| 212| 215} 201
; 11| 11209 is.1} 255 | w7 | 227| 245| 255| 2584 238
l L 12 |222] 0.0} 261 | 115 | 241| 259} 270} 272§ 250
| Surface daily totals 1668 | 596 [1336|1448|1518)1544 | {442
L Dec 21 9] 3| 8.0 40.9| 140 27 | 87! 98| 105| 110| 109
| , 101 2 {13.6| 282 214 63 | 184] 180] 192[ 197 190
| 11] 1 112.3] 144]. 242 | 86 | 207] 226f 239 244| 231
12 1186| 0.04 250 | 94| 222] 241 253| 260] 244
Surfaceclaily totals * 1444 | 446 {1136]1250 132613641304
| . 1 BTUH/SQ. FT..= 3.152 W/m?
NOTE: 1) Based on data in Table 1, p. 387 in ref. {3}]; 0% ground ceﬂecunce ‘|~0
s - clearness factor.
I See Pig. 4, p. 394 in [3] for typical regional clearness factors
) 31 Ground reﬂectksn not included op normal of horizontal syrfaces. .
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&
, B-5 .56 Degrees North Latitude.
Date f;:: pxttai:m BTl{H,{sq. ft. total insolation on wrflicei
. - South facing surface
AM|PM| Al Azm l - angle with horiz.
) Normal | Horiz.| 46 | 56 | 66 | 76 | 90
) jan21| 91 3| so| 418} 78 1] so| ss| s9| 60| 60
101 21| 99| 285( 170 39| 135| 146] 154 | 156} 153
. ., 1l tr2e] 45| 207 s8 |- 183} 197| 206 | 208) 201
1 140 00| 217 65| 198| 214 222 2257 217
- )
. Surface daily tora 1126 | 282 934|1010]1058 10741044
y Feb21] 814 76] 59.4] 129 | . 25| es| 69| 72| 72| 69
9] 2 |142] 459 214 65 (- 151] 159} 162 161 15
10| 2 {19.4) 315 250 o8| 215| 22s| 228 224| 208
11l 1 {228 16.0) 266 | 119 254| 265| 268 | 263} 243
012 }4.0 00| 270 | 126| 268] 229| 282| 276| 255 7
| Suftace daily totals 1986 | 740 | 164017161742 {1716]1598
.. Mar23) 771 s | 83| 17.5] 128 28| <l 0| 39| 37| N
. 8! 4 |162] 64.41 215 75| 19| 1297 | 9w
, 9l 323.3| s0.3] 2531 118|.192| 193] 189 180} 154
PN 10! 2 1290l 349 272 | 151 | 249| 251| 246 234} 20§
X , 11l 1 1327} 1791 282 1 172 285 288 282 268| 236
. TS 1 340} o.0| 284 | 179] 297] 300| 294 280| 246
- Surface daily totals 2586 |1268 | 2066 | 2084 2040 |1938}1700
' S Apr21| 5] 7] 141088 o] of of of of o 0
K . 6|6 | 9.6 96.5| 122/} 32} 14 9 8 71 6
“1o7) s [18.0] 841) 201 81/ 74! el 57, 46| 29
. A gl 4l261| 709] 239 | -129| 143} 135} 123} 108} 82
9| 3 |33.6| 56.3] 260 | 169 | 208} 200! 186} 167f 133~
. 101 2°139.9] 39.21 272 | 201} 259} 251| 236 214) 174
» 111 {44.1] 20.7| 278 | 220 292| 284| 268] 245| 200
. a 12 lase] “0.0] 280 | 227} 303]-295| 279} 255 209
. . ¢ * Surface daily totals 3024 | 18921} 2282121862038 1830|1458 °
. - ‘May 21| 4{ 8| 1.2{1255 0 0 0 ol .o} 0] O
, ‘ s{71 851134} 93 25! 10 g 8 116
. A o, <1 6]6liesitotm| 175 | 71} 28 17} 1sh T3 11
- ¢ 71 s 124.8) 89.3] 219°- 119 88| 74| S8| 41| 16
814 {331} 76.3] 244 | 163 153| 138} 119{ 98§ 63
s . 9! 3 1409) s1.61 259 | 201} 212 197} 176/.151] 109
o, {1012 147.6] 44| 268 | 231 259 244| 222| 194 146
s . C - 111 1s2.3] 23.44 273 | 249 288] 274} 251 222} 170
- 12 540| 0.0} 275 255 | 299{ 284 261| 231| 178
. Surface daily totals | 3340 '| 2374 | 2374|2188 19621682 1218
B T qun2t| 4| 8| a2{1272f = al 2] 21 2| 2
s17|11.411153] 122 40| 14| 13} 11} w0l 8,
_ ! \ 6| ¢ |19.3]103.6] 185 86| 34| 19) 17 15| 12
1|5 {276 91.7] 222 | 132) 92| 76| 7| 38} 15
' ’ g1 4 |359] 788) 243 | 175] 154] 137] 116} 92 55
| ol 3 |43.8] 641 "257 | 212 211| 193] 170| 143} 98
10! 2 {50.7] 46.4{ 265 | 240) 255} 238 214| 184} 133
{ 1111 |ss.6] 249 269 | 258 284| 267} 242} 210} 136
PR ) 12 ]s7.5] 00] 271 | 264 294] 276 251 2f9] 164
. . ‘ Surface dafly totals 3438 | 2526 | 2388 2166{ 1910]1606| 1120
; ‘ . . . . - -
| " o=
» s .t * 1 :
‘ 19§ .
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Solar Solar ) , "
Date time positian BTUH/sq. ft. total insolation on surfa;a .-
' South facing surface * ‘
AM] PM| Alt | Azm angle with horiz. ’ '
i § | [Normal|Horiz.| 46 | 5§ | 66 | 76 | 90 ’
G ‘ -
guitl 4] 8. v.7}125.8 0 0 ol of o of o . ‘ ‘
st 71 90{113]} 9 2™ 1v) 10} 91" 8] 6
6| 6 [170]101.Q) tes | 72| 30| 18] te| 14| P »
7| 5 (253] 89.7| 212*f 19| 88| (74| s8I 1| 15 R
8| 4 (336 76.7) 237 | 163 | 451| 136| 1T} 96| 6 e .
9| 3 |arca| 62.0| 252 | 201 | 208 193] 173 147) 106 } f
101 2 148.2] 44.6| 261 | 230 | 254 239 217| 189 142° .
111 115291 23.7{ 265 | 248 | 283| 2687 245! 216 165
12 |s46]| 00| 267 | 254 | 293 278 255 225| 173
. Surface daily totals - 3240 | 2372 [2342] 2152|1926 1646 1186 )
Tawm21] 5] 7] 20l109%] <+ 0| .0/ o| of.o| o] ' *
I 6|.6 102 978] 112 | 34| & 1| 10f 9 7 )
7] 5 185 8as| 187 | (82| 73| 65| se| a4s| 28 ; :
81 4 l267] 73] 225 V28| 140| 131 | 119| 104} 78 | . oo, .
9| 3 [343] 56.7] 246 | 168 | Z02{ 193| 179|160 126 | . = . . .
‘0| 2 {405]| 400] 258 | 199 | 251| 342| 227| 206| 166 | . . .. . . T
1| v |ass] 209| 264 |" 218 | 282| 274 258 235{ W | . 1w
L |12 J463| R0| 266 | 225 | 293| 285| 269| 245 200 Vi oe T i
"Surface daily totals 2850 | 1884 [2218] 2118 (1966178013921 . T N T o0 T
sep2t] 7151 83| 77.5] 107 | 25 |~ 3s| 36| .3¢| 32| 28:)-. .. i '
8| 4 |16.2] 644! 194.| 72| ¥11) 11| 108] 102} 89 f o, v
9| 3 123.3] 50.3] 233 | 144 | 181 182] 178| 168 147 | ‘- by
10+2 | 290 34.9| 253 |/)146 | 236| -237| 232 221] 193 | .7,
, 1] 1 [327] 179] 263 Y 1ge | ami| 33| 267| 254| 228", ‘o x,
. 712 {340 0.0 2(;{ 173} 283| 285| 279| 265 233 4% - . -
Surface daily. totals 2368 11220 {1950 1962 1918182011594, 1, '~ < )
oc2t] B ¢ 7591 104 {* 20| s3| s7| s9| s9| s7po. ,
.9} 3 {13.8].457] 193 60 | 138| 145| 148| 147 138 | . e
Wl 2 [19.0] 31.3], 2% 92 | 201| 210} 213| 210 195 ., : .
. 114 1 |922.3] 16.0) 25§ 112 | 240| 250} 253 2‘&%2300 L
12 {235 00} 25 119 | 253] 263| 266| 261] 241 7 i /
Surface daily totals 1804 | 688 |1516] 1586 |4612{1588 (3480 | =~ - . .
A ' '
Nov21| 9} 3| s.2f 41.9; 76 12| 49| s4| s7{ s97 s8 | - —
10} 2 {10.04 285 165 39 | 13215 143] 149} 152 148, o 3
) jizafras) 200 | ss | 1797 193¢ 201 203 96 | L, . '
12 |142{ o0®f.211 65 [ 194} 209 217| 219 P
. Surface dkfQptotals 1094 | 284 | 914 986103211046 1016 .
Dec21| 9| 3] 19] 405 s‘}! 0| 3| 4| 4| 4| 4 N
{10} 2| es] 215 113F) 19| 86| 95| j014 104} 103 | e it
11| 95f 139 1 37 | 141] 154 163 167] 164 _ e
12 |10.6] 00| 180\| 43| 159] 173] 182] 86| 182 e
Surface daily totals 743 156 | 620] 678) 716] 734 122 cor .
t BTUHYSQ. . = 3752 W/m? ’ '
NOTE: 1} Ba d on data in Table 1, p. 387 in ref. {3]; 0% ground refi¢ctance; 1.0 . .
- cleamessf tor, oy ) S
“See Fig. 4,. 394,in | 3] for typical regional clearness factors. : ’
3 Ground mﬂecxion not included on normal or hoﬂz’onm surfaccs ' \
. - L
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. 64 Degrees- ; i L
grees Nortgu.ét'ltude .

R
Salar Solar . , o
?m tme | . position BTUHAQ. M. total insoletion on surfaces
South facing surface
AM' PMI Alt Azp _ angle with horiz.

“« -1 Normal | Horiz.{ 54 | 64 | 74 | 84 %0 |
jan21] 10} 2| 28] 281} ‘22 2!l 17} 9] 201 20} 20
/] sz 81 12 72| 77| sof 81} 8

12 60| o0} 100 16 911 98] 102 “103| 103
i | surfaccdgilytomis 306 | 45 | 268] 290 302] 306] 304
Feb21| 8| 4 | 34| S8.7{" 35 ] 17| 19] 194 19]. 19
Lol 3l 86l s8] 147 | »31 | 103} 108] 111} 1104407
1w} 2126} 30.3} 199 55 |"170] 178 187} 178]}4
] 1 jasa] 153 222 71 | 212{ 220] 223| N9}
~ 37 1is0l o0| 228™] -77 | 228] 23s] 237 232) 226
Surface dally totals 1432 | 400 [1230}1286 | 1302 12821252
Mar21| 715 | 65| 765 95 18] 30| 29} 29 g 25 |
84 zg.? 62.6| 185 s4 | 101|102 99 ]
. | 9|3 A1 e8| 227 87 | 1711 172] 169 | 160 153
. )’ w0 | 2 1223 327 29 | m12 | 227" 229| 24| 213} 203
i1 11 125] 166|260 | 129 | 262| 265| 259 246} 235
y 12 1260| o0 263 | 134 | 274| 277 277 238 das
A | Surface daily forgls 2296 932 |1856 | 1870 41830 }1736 1656 ]
Apr21| S| 7| 40]1085|, 27, 5 2|1 2] 2| 1 1
el6lioal osal 133" @7 | 15| of ¥|.7| 6
715 birol 816l 194 76} 0% 63| .5p| 3|, 37
g |'a{233| e7.5| 228 | 112 | 136| 128} 116} 102; 91
9 ('3 {29.0| 52.3| 248 | 144} 197 189 | 176| 158} 145
jo| 2 }s3s| 36.0| 260%™ 189 | 246| 239} 224 203| 188
{1 1°]3e.s| 18.4] 266 | 184 -218| 270 |-255,} 233} W6
. 12 for.6] 00| 268.} 190 289,| 281 2667 243} 275
Surface dally totals 2982 | 1644 12176 208211936 |1736 1594°
Amay21] 4| 8 | s.8f125.1) 51 e s] e 4 31 3
s|7{1efn21} 132 420 13-t 100 9,
1 eles{17s] so| 1854 79| 29| 161 141 2] &1
21 s l245| 8s.7] 208 | 117 ] 86|, 72| 56 391 28
8|4 |309] 79.5] 239 | 152/ 148] 133} 115" 94} B0
913|368 63 252 | 82 | 204|190} 170| 145} 428
10| 2 {41.6] 389] 261 | 205 | 2491 .238 2134 186| 167
1111 |ea9] 201 265 | 219 | 278{ 264} 242) 213| 19
12 j4s.0| 00} 267 | 224 | 288] 274} 251 222 201
Surface daily totals 3470 2234 231212124 1898|1624} 1436
jun21| 3} 9| 42{1394} 21 ) 4 21 2 2] 2]
4181 90{1264] 93 27! 10} 9} 8, 7T} 6
st 771147)1136] 154 60 | .16 15| 13} 11} 10
616 |21.001008] " 194 o6 | 3} 18] 171 w4 0
21 s 127.51 87.80 221 |- 132} 91| 74; S51 36 23
8| 4 ]340} 7133] 23 ‘ 166 | 150} 133 ] 112} 88} 73
9|3 |39.9] 578} 25 1 204 187 Ve4| 137} 119
N 10| 2 {44.9| ‘40.4} 258 7-1 2471 230 206] 177} 157
11| e {483 209) 262 | 231 | 215| 268 233} 202} 181
12 {495] 00| 263 | 235 284| 267 242] 231} 189
= | Turface dally totals 7658, | 2488 [23421\2118 1863/ 155811336 |. -
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. ’ !
/
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-

Selar Solar ' -
D& lime “nasition - B8TUH/sq. fi. total insdlation on surfaces v
B \ « South facing surface
. - . Normal | Moriz. | S4 64 74 84 920
Ju21| 41 8| 64|1253] 3| «13] & 51 s| 4] s
51 |121)112.4] 128 44 Lﬂ: 13 r1| 10f 9
) 1 6|6]184] 99.4] 179 81 17 16] 13] 12
‘{1 7] 5(250] 86.0] 210 | 118 | 86| 72| s6| 381 28.
L 844 |34 118 231 | 152 | 146} 131 13| 91| 77
91313231 5631 245 | 182 | 20%| 186| 166 141 124
1012 14221 3921 253 | 204 | 245| 230] 208 181 162
111 |454] 202 257 | 218 | 273| 258 236 207] 187
© 12 j4s6] 00] 259 | 223 | 282] 267| 245| 216] 195
Surface daily towals 3372 [ 2248 [22802090| 1864 | 1588 | 1400
Aug2t] S| 7| 46|1088] 29 6| 31t 3| 21 2 2
66110} 9ss| 123 39| 16l 1. 10| s 1
715 t176] ar9] 181 77-1 69| 61 s2| 42| 35
8.1 41239 67.8| 214 | 113 | 132] 123] 112] 97 87
93 1296] 526 | 234 | 144% 190] 182] 169 150| 138
10 |2 13421-362| 246 | 168 | 237] 229| 215| 194[ 179
111 1:437.2] 185] 252 | 183 | 268| 260} 244 222 205
Surface daily totas 2808 | 1646 [2108 |1008 1860 | 1662 | 1522
sep21| 7|5 | 6s] 65| 17 16 | 25| 25| 24| 23] 21
. 84127} 726] 163 | .51, | 92! 92| 90f 8s| 81
913 [181] 48.1| 206 83 | 159) 159| 156 147] 141
1012 1223} 32.7| 229 | 108 | 212} 213| 209 198! 189
+ T}, fasa

~

{_0.0] 244 | 129 | 258| 260| 254| 241] 230

Oct2t} 81 4| 30f 585 17 21 9f 8| 10l 10| 10
. 131381 4sf 122 26] 86| 9] 93] 92| .90
1012 11211 302 176 | 50 | 152| 159] 161 159 155

111 [146] 152 201 65 | 193 =201 203| 200 195
12 1155 00 208 | “71 | 207] 218] 217 213 .208 1

1 Surface daily totals - 1238 | 358 {1088 [1136]1152]1134 [ 1106
Nev21.]10| 2 | ‘3.0 ‘281 23 3 18] 200 2] 21| »
. 1)1 | 54 12| 79 121 70( 76| 78| 80| 79
=l 12 162 oo| 97| 17| sof 96| 100] 101 100
Surfacedally totals 302 | 46 | 266 | 286] ‘298] 302] 300

Oec20 |11 [0 [ 18] 137] 4| 0| 3|- & 4] s 4]
12 [ 26 00 16| "2 14| 15| 16| 17} %7

o | ‘Surfage daily totals 24 2| 20 22{ "24| 24| 24

1 BTUH/SQ. FT. = 3192 W/m?

NOTE: 1] Based on data in Tible }
clearness factor.

zz

3).

Ground

» P 337 in ref. (31; 0% ground reflectance; 1.0

See Fig. 4, p. 394 in [3] for typical reglonal clearness factors.
refiection not included Lpn normal or horizontal surfaces.
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Append-i x N

2 -

! ]
C-1
. | - @ "‘Tagle 1
- 1 o-dp . o . .
oL THE%AL PR?ERTY.DATA \ f e
- T . -
. Material, Thermpal Conductivity, k.
| -(Btu-Ft/hi £t OF) _
. '
. Air . Yoo .. : .015 .
= ) x 5
Water o - .35
hd ‘ s « .
‘Brick - YT 22 - .30 -
Concrete X "t 50, - .75 0
' . .
. Glass ‘ ‘ 42 -..50
' bt . - -
Granite : 1.08 - 2.33° 3
Limestone. X ] 33 - .75
Sandstone 87 -1.33.° »
Wood ' .14 |
‘Gypsumh Wallboard \ ..0925
Corkboard | , 022 - 025 - -
Fiberglass ‘batt .025 - .030 |
verglass | o 345 g .
Glas_s wool blanket - o . ‘022 - .‘023_ Y
Insulating boards 1 .027. - .031 e
Polystyrene . - ";\ 022 o)
' Polyurethane ‘ i 0N
-~ : . ! % o/
Rock wool, loose .024 - .030 g.
Aluminum 55 - 110 |
" Copper 15 - 65 |
Nickel &< 12 -
‘Silver, cast ) 242
2 £ - & ,
Steel ( ~1% carbon} 21 - 25
P Zinc, cast | RN | Qs> 60 - 65 f




' 189
. ¥y !
. w M )
@ e T . : B . : ,
- - e Table 2 ; .- $
. ; " ‘ COEFFICIENTS OF TRANSMISSION OF WINDOWS ,
-‘;. R — * ' . L : —
& ,, ‘ |
o Window (u-values)
‘ ‘ ) o . . . - 1
| F - Single glass .25" 1.10 o
= R ] . . .‘ ‘ . A ) . “
%{M- Thermopane .5" airspace 1B . .49 \
‘ ’ ¢ i
i Storm windows 1 to 4" gap B e
) @ | Table 3 ;)
‘ R-VAWES -
{ S/ L ' ‘
. Material R-Value
o | Plasterboard, 1" thick 4 0.45
Plywood, 1/4" thick - /1 0.31_ ‘
o Paneling, softweod 4]"4 thick " + 1.25
 Paneling, hardwéod 1" thick | - 0.95 \
' Cork wall covering 1/8" thick Lo 0.44
Acoustfc tile - . 275 |
/ .. . ‘ ' ¢
Terrazzo, 17 thick 0.08
“ . | ! A Y >
1 Concrete, 1" thick . ) 0.08 -
LinoJeum flooring 0.05 ‘
"~ | Vinyl flooring 0.05 ,
Rubber floor tiles 0.05
) ) ‘ E
Carpet with fibrous pad 2.00
P IR “ ’ '
- Air, 3/4" to 4" - . 0.96~ -
Insulating board, 15/32" . . 1.11L
Styrene foam, 1" ..\ . " S 4.5,
. . ‘
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? ¢ .- ‘ © 190
-1 - ‘ ~. _ :
‘ . Table 3 (continued) | e
Material ‘ - )R-Va]ue- . '
. . . PO - .
Mineral wool, 1" o | 3.3 o .
Glass, single pane S I © 0.88
: Glass, two pane b ) 1} - 1.54 | ‘
Glass, thermopane - ) ‘ 2.04
Glass, three pane ’ 212
. Gléss, storms witﬁ 1" to 4" gap | g 2.00 ’
" | For cgng’a;ison 1" fiber glass’ R 3.30 '! .
' / USfDepartmeﬁt of Energy 1977
- o _her® ,5 _
) Table 4 . ;
INSULATION (R-values) L | o -
Material | ' Batts or Blankets Loose Fi11 (Poured in)
Thickness . Glass ~ Rotk Glass - Rock ellylose
}Inch s) Fiber ~  Wool Fiber Wool ~ Fiber
A 1 3.3 3.66 - | 220 | .2.75 | 3.68 . -
2 6.76 732 | 4.40 5.50° |g7.32
t 3 10.14 | 10.98 6.60 8.25 | 10.98
g " 13.52 14.64 | 8.80 | 11:.00 | 14.64
. h 5 ‘ 16.90 | 18.30 1.00 | 13.%5 | 18.30°
6 20.28 21.96 13.20 | 16.50 | 21.96
7 ' 23.66/ 25.62 L1580 | 19.25 '25.52' :
v‘ B A 27.08 L‘zg.zé | 17.60 | "22.00 | 29.28
- 9 30.42 $32.94 - |- 19.80:- | 24.75 | 32.94 .
0 33.80 | 36.60 |° 82.00 | 27.50 | 36.60" -
o, | ards | aois 24.20 | 30.25 | 40.26
| 12 | a5 | 43.92 [pry26.a0 | 3300 | 4392
;US_Departmen; of £nergy 1977 - .
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C-1 J
Table 5
 RECOMMENDED R-Values |
FHA Minimum | National TVA - T Stidies Owen
for Gas Heat | Mineral Wool | Electric | based on- | Corning'
‘| Assoc. for Heating m1inimum
011 Heating. life cost -
Cedlings 19 R-19 or 22 R-19. ‘R-30 ' | §-38
CWalls, | RN R-1T R-11 |° R20 '] R-19
Floors over | ‘ - .) |
~ unheated - ’
space . R-11 R-11 * R-20 R-22
. US Department of Energy 1977
' ) 5 - . - \.': - .
| . .
Table 6
RETROFFTTING |
' » - ) ! — o ‘
Typical 01d House . R-value ' _ Retrofitted -
Roof i , 3 ] 12" fiberglass R=43
Wall S T 5 biown R=18
) . \\»\ '
\ ' Basement - 10 : 3 fiberglass or
| - g \ 2" styrofoam  R=20
= “.
Ground{F Toor. 5 6" fiberglass  R=25
f Add storm insu- R-3 .
) lated door R-10
. 1 Add storm window
' shutters "R-10

Maine Audhbon Society -

-~
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Appendi.x :
c-2. . 3 AR
‘ " Heat Loss for Typical Walls
. .
2.
*’ *
) Y B ) Figuré 1
CONSTRUCTION 7 RESISTANCE
1. Outside surface (15 m.p.h. wim) 0.17
2. Concrete block, sand and‘gravelq aggregate, 8 in. - 1.04
"% 3. Inside surface (still air) 0.68
e e e 1.89
{ .o . 2 . ' .
™ g = 37.04 Btu/hr ft , . .
[ ,
. Y ‘ [
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Figure 2 )
\ - ;

. .~ ‘ s ’ . - b

CONSTRUCTION RESISTANCE

1. Outside 'surface (15 m.p.h. wind) - 0.17

2. Concrete block, lfghtweight aggregate, 8 in. - / 2.17

3. Ipside surface (still air) o 0.68 -

: - -3.02
. . . I
BRI . q-= 23.18 Btu/hr ft°
4

i
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CONSTRUCTION I . Y

1. .Outside ‘surface (15 m.p.h. wind)

2. Goncrete block, sand and gravel.aggregate, insulated
with mineral woo]; 8 in.

3. InsiQe suiﬁﬂce (still-air)

©.q = 25.27 Btu/hr ft°

194

”

'RESISTANCE -

0.17
1.92

277
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Lo T Figure 4 g
s COI.VSTRUCTION | " | s v RESI-ST&‘NCE p
. - 1. Outside surface (15 m.p.h. wind) 0.172
_ 2. Concrete block, 1ightweight aggregate;'inéuiatéd
with mineral wool, 8 im. . o 5.00
3.- Inside surface (stifl air) | 0.68
' _ : 5.85
BN , . °
. Y ] 2 E ’
= 11.97 Btu/hr ft . 9

|
t -
k A




Figure 5 . : B

" CONSTRUCTION . - o esrance.
1. bace bﬁwcki.s.sgs in, “ IV 50 -
2. Rigid polystrene e.:xtru‘d{ed\ 1 n. & ) - 36 ' _ .
3. -Coficrete bl‘_ock. iight\;ight aggreggfe', 4 in. | | 7.4?; |
.4,' Plaster; .375 in. . | | B ) .- ey ’
5. Qutside su.r’fac.e, (Isim,p.h.:wind) Co ' . 0.17 \
6. Insfde surf‘ace (st311 air) | . ' * g_gg.

Q= 21.68 Btushr 2 - a " —

¥
[
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N GONSTRUCTION® . ... o  RESISTANCE .
1. -Outside surface (15 m. .p’ h. wind) | - 0.17
2. Face bmck 3.625 Lp. o | o 0.501
3. Non-reflective air space, 1.00 in. 1.12.
.. .
4. . Concrete Jock, lightweight aggregate, 4.00 in 1.’49
5. Plaster, sand aggregate, .375 in. A ‘P.Oé
6. Inside surface (still air) ’ 0.68 i
. . 4.04
A 2 oo e
= 17.35 Btu/hr ft .. '
. y- \

2




. ~
.Outside surface (15 m,p.h. wind)

. - Inside surface (still air).

 CONSTRUCTION
1.
2.

Face brick, 3.625 in. S

Air space, 1 in.

o~

Concrete black, lightweight aggregate, insulated
with mineral woQi, 4 in.

. - Plaster, .375 in. = - s

’

q= 13:99 Btu/hr ft

N

.-\‘

RESISTANCE -

0.50
0.17
1.2

,2.§§:>

0.03

0.68
5.00
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Figure 8

CONSTRUCTION

1.

\\

Qutside surface (15 m.p.h. wind)
Concrete b?oc§ Ti?htwexght aggregate, 4 in.

Polyurethane foanh 2\1n

Concrete block, 1ightwe1ght aggregaie 4 in.

Inside surface (still air) .

= 3.69 Btu/hr ft2

RESISTANCE

0.17

1.49 °
- 15, 15

.49

a~
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CONSTRUCTION o RESISTANCE |
" 1. outside surface (A5 m.p.h. wind) ' . 0.17 . Y

‘ 2. Face brick, 3.625 in. % .. o800

’ -( 3. 2 X studs 16" o.c. ‘_ - 4.Bé ' ‘ ‘ o
4. Mir sz:ce, 3.50 in. - 1.4 L
‘5. Impregnated sheathing, 75‘ in. | . 2.04 / .
6. Plywood, . - .93 T
7. 'Gypsum boar}d. 50 in. .‘ .45 ' - /‘/

t 8. Inside surface (still air) . y 0.68 R

. ' | 10.29 "

| b p

i | . 9= 6.80 Btu/hr ft 56 S

B
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T4,
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1.

+-*. - CONSTRUCTION -

Marble, 3.00 in.

Face brick, 3.625 in.'
" Pine, 1.00 in. |
N\,

!
Plaster, .75 in.

-Figufe.lo

Qutside surface, (15 m.p.h. wind)

Inside surface (still air)-

q-= 15.10 Btu/hr ft

2N9

202

b .

RESISTANCE

.33
.50
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. » Figure 1}»
- | v .’ .t
CONSTRUCTION . >y
1. Outs‘idé surface (15 m.p.h. wind)
2. Face brick, 3.625 in. - @
3. 2" % 4" $tuds @ 16" o.c.
4. 3.5 in. boTytjretharie insulét’icn'
5. ‘Impregnated sheathing, .75 in.
TS g
6. Plywood, .75 in. . ;. .
‘ ' -
7. Gypsum board, .50 in.
8. Inside surface (still air)
q = 1.962 Btu/hr ft2 |

A

RESISTANCE

0.17
o.ﬁp_
4 4.38
26.52
2.08
.93
.45

0.68
35.67
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Figure 12 - Ce el
CONSTRUCTION - S RESTSTANCE
’ . . ? $ 4 . "
." Concrete block, lightweight aggregate, 4.00 in. 5.47
LN

Outside syrface, 15 m.p.h. wind o . 0.17 ' f

T ad

2" x 4" studs @ 16 in. o.c. ' .7 488

1
2
¢
" 4. Impregnated wood sheathing, .75 in. - . 2.08
5. Pliywood, .75 in. .. - o3
] ,
7

G}Bsuﬁ board, .50 in: . 1~\\ . .45 ) 4” .
. 'Inside surface (still air) | | ,  0.68
S N 7002
. - ‘ 2 - ‘
R, q = 6.92 Btu/hr ft .
) ".\"\ | , ) -
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CONSTRUCTION

1. Outside swrface, 15 m.p.h. wind '
Face brick, 3.625 in.
. . Cement mortar, 0.5 fn.

Concrete block, cinder aggregate; 4.00 in.

Nominal 1" x 3" vertical furring

2
3
4
5.. Reflective air space, 0.75 in.
6
7. Gypsum wallbdarqi .5 %n.

8

.. inside surface (still air)

| ' . q = 9.88 Btu/hr ft

) o.M

-

|

RESISTANCE

£

0. 50
0.10
1.47
‘ 2.77




Figure 14

CONSTRUCTION

1. Outsideﬁ§§rfaqe, 15 m.p.h. wind
Face brick, 3.625 in.

2" X 6" studs

—~—

Air space, 5.50 in.

e W™

wn
»

Gypsum board, 0.5 in. '

6. Inside surface [(still air)

i

q = 7.11 Btu/hr ft?

.4

e

RESISTANCE

6217
. 0.50
.6.88
11.15
0.45

0.68
" 9.84
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©o T« o Figure 15
"CONSTRUCTION ,
T:. Outside surface, 15 m;p.h.lﬁind
- 2 ﬁace brick, 3.625-in.
3. 2" x é"‘studs ) <
. 4. Polyurethane insulatioh, 5.50 in.
5. Gypsum board, 0.5 in.
6 Inside.surfacg‘(still air)
‘ . At framing: R = 8.683
‘ AveragéﬁR factor at the studs is = 37.67
2 q = 1¢77 Btu/hr ft?

AW
[ Y
~a

?

RESISTANCE

0.17

0.50
6.88
41.67

0.45

0,68

Between fraping: R =., 43.47

'

]
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Figure 16 N B |
/ - .
' 4 . ¢
. ) . [ l' - . . ™
CONSTRUCTION y ( ‘ RESISTANCE s
. “1. Outside surface, 15 m.p.h, wind | . '0.17 ‘
) 2. Concrete block, 1ightﬁeight aggregate, insulated '
‘ with mineral wool, 4 in. 2.50
3. Air space, 2 in. S (,s:_ " 112
4. Polyurethane, lin. ) .+ 1.58
- - . . , } -~ ‘
5. Wood siding, -1 in. ’ ¢ 0.67 '
* . s
6. Gypsum board, .50 in. ) N ‘0.45
7. Inside surface (still air) . 0.68
, . 12.87

,I

: q = 5.439 Btu/hr £t ‘
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| . ' - Figure 17 | :
. LONSTRUCTION ~ = - . RESISTANCE .
[ 2 wythes of. brickss 4.50 ‘in. -’ | 0.62
2. Air space, 2" in. . - . %1.15 .
# " 3. 2 wythes of bricks, 4.50 in. | z D62 e ‘
. o | .
4. . Qutside surface, 15 m.p.h. wind ' ‘ ‘0.].7
* " 5. Inside surface (still air) 0.€8
. . 3.2
: ¢ 2 ' : ,
, q = 21.54 Btu/hr ft :
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. Figure 18
l - B
. - "= ‘- &
a o P v ) .
CONSTRUCTION - - A RESISTANCE
. l. Outside surface, 15 m.p.h. wind ) . 0.17
_ , _ -
2. Face brick, 3.625 in. . g 0.50 °
3. Wood studs, 2" x 4" ’ 4.38
-4, Air, 3.50 in. - 1.6 -+
5. Plywood, .75 in. - .. 0.93
6. Reflective air space, :75 in. ‘ L .M.
7. Gypsum board, 45 in. . ’ 0.45
8. Inside surface (stilltair) | 0.68
Vi . - n.21 "
o v ! P
%

6.24 Btu/hr ft2

¥4
"
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Figure 19
. .
CONSTRUCTION - S © RESISTANCE
1. Outside surface, 15 m.p.h. wind . 0.7
2. Concrete bh,;ck, ]ightw'eight aggregate, insulated o
with mineral wool, 4 in. ’ 2.50
- 3. Plywood, .75 in. ' - ~0.93
4. Wood studs, 2" x 4" -, a4
5. Potyurethane, 3.50 in. - . - 26.52
6. Plywdod, .75 in. : e - 0.93
. - . . »
7. Inside surface (stiil air) - : - 0.68
| 36.11°
. .
. ;s . i : 2 R )
; q = 71,98 Btu/hr ft

2 1‘:65) - .




Figure 20

CONSTRUCTION

1. Outside surface, 15 m.p.h::wina
Face brick, 3.625 in.
Reflective air spaée, .75 in.

Po]ydréthane, 4.50 in.
'Plywood, .75 in:'

(= 2 BN § L I~ 7Y I

Plywood, .75 in.
7. Gypsum wallboard, .375 in.
8.-<§pside surface (still air)

€

q=1.73 Btu/hr ft

R 514

212

p

4

RESISTANCE

0.17.
0.50
2.77
. 34.09
0.93
0.93
0.32

0.568
40. 39
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, * Figure 21
: -
- - CONSTRUCTION Lo RESISTANCE
. “1. Outside surface, 15 m.p.h. wind 0.17
2. Face brick, 3.625 in. o 0.50
Xy . ‘ . |
3. Reflective air space, .75 in. - )
4. Polystyrene, 4.50 in. - S " 17.04
5. Plywood, .75 in: . | 0.93
6. .Plywood, .75 in. - 0.93
7. Gypsum board, .375 in. ‘ 0332
8. Inside surface (stilT air) . | 0.68
- : . 23.34 , ’
f 2 I A -
- q = 2.99 Btu/hr ft \

——

{

o~
‘:‘??
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Figure 22

e -
CONSTRUCTION . T RESISTANCE
1. Outside surface, 15 m.p;ﬁ. wind. 0.17 |
2. Face brick, 3.625 in. o | | 0.50
3. Wood sheathing, .75 in. = ' ' 2.04
4. 'Polystyrene, 4.50 in. - 1708
5. Gypsum wdllboard, .50 in. 0.5
6.

Inside surface (still air) . ©0.68
' 20.88

&~

q = 3.35 Btu/hr ft°

oo
()
o




APPENDIX D




) Y
216
. tiﬁv‘ ! R 1
. ’ , ESTIMATED ANNUAL,ENERGY CONSUMPTION
' . OF APPLIANCES (KILOWATT-HOURS)

Major |
Air Conditioner (room) - 860 E .
Air Conditioner (central) - 1240 . .
Clothes Dryer - 993 ‘ -
Dishwasher - 363 ¢
Freezer (16 cu ft.) - 1190
Freezer (frostless, 16.5 cu ft.) - 1820
Range - 700

~Range (self-cleaning) - 730 ;

Refrigerator (12 cu. ft.) - 728 -
Refrigerator (frostless, 12 cu. ft.) - 1217 _
Refrigerator/Freezer (12.5 cu. ft.) - 1500 = .
Refrigérator/Freezer (frostless, 17.5 cu. ft.) - 2250
Washing Machine (automatic) - 103
Washing Machine (wringer type) - 76 ( Y
Water Heater - 4811 . ‘ - J‘i

Kitchen ' Kitchen (continued) ]

‘ Blender - 15 e sh Compacter - 50 °

Broiler - 100 ! . Waffle Iron - 22 |
Carving Knife - 8 . Waste Disposer - 30 :
Coffee Maker - 140 - : | o LT
Deep Fryer - 83 Heating & Cooling: |
Egg Cooker --14 . Air Cleaner - 216

N Frying Pan - 186 Electric Blanket - 147

‘ Hot Plate - 90 Dehumidifier - 377
Mixer - 13 ; Fan (attic) - 291
Microwave Oven - 190 : Fan (fbrnéce) - 43
Roaster - 205 * Fan (rollaway) - 138
Sandwich Grill - 33 Fan (window) - 170"

Toaster - 39 | Heater (portable) - 176




f

.é'Health & Beauty .

PR

Heating‘& CooTigg:(continuedj
" Heating Pad - 10
Humidifier- - 163
"~ Iron (hand) - 144

Germicidal Lamp - 141 .
Hair Dryer - 14 .
'Heap Lamp (infrared).- 13

f Shaver - 1.8

Sun Lamp - 16
Toothbrush ;,0.5
Vibrator - 2

‘P Entertainment
Radio - 86 ¢
Radio/Record Player - 109
T, - TV: '
o Black & White:

Tube type - 350 !
Solid state - 120

‘ Color: : o .

Tube type - 660
Solid state - 440

Housewares , /

Clock - 17 -
Floor Polisher - 15- g

\‘Serving Machine - 11
Vacuum Cleaner -.46

Reference: "Tips for Energy Savers", Federal Energy Admiﬁistrétion, -

August 1977

N
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GLOSSARY

-

ABSORPTIVITY The ratio of the 1nc1dent radiant energy absorbed by a surface
to the total radfant energy fa1]1ng on the surface.’

ACCELERATION. The t1me rate of change of velocity in either speed or directign.

ALBEDO. The ratio of the light reflected by a surface to the light falling on

Lit. '

ALTﬁRNATING CURRENT. An electr1c current whose direction of flow is changed*
at periodic intervals (many times per second). .

AMPERE. A unit of measure for an e]ectric current rate of flow of e]ectrtc
current.

ATOMIC ENERGY Energy der1ved from the mass converted into energy in nuclear
. transformations.

BARREL. -Although seldom put in actual "barrels,” crude oil is measured in
a unit called the barrel, equal to 42 U.S. gallons. One barrel of
crude 0il has the same energy as 350 pounds of coal.

BASE LOAD. The minimum amount of power demanded of a ut111ty (e]ectr1c or
gas) over a given period of time.

BLACKOUT. A situation in which all power is cut off from electrical -
generating facilities; or can be caused by storm damage, equ1pment
failure, or overloaded utility equipment.

4

BREEDER REACTOR. A nuclear chain reactor in which- a greater number of
fissionable atoms are produced than the number-of parent -atoms consumed.

BRITISH TERMAL UNIT.(BTU). The quantity of heat required to raise the tempera-
-ture of one pound of water one degree Fahrenhe1t at or near its point
. of maximum density (39.1°F).

BROWNOUT. The deliberate lowering of voltage (and thus thé power supplied to .
all users) by electric utility companies; employed when demand for power
exceeds generating capacity.

CALORIE. The amount of heat necessary to raise one kg of water by one degree
Celsius. Uncapitalized, the calorie is the amount of heat ‘required to
raise one gram of H,0 one oc. .

CKPACITY The maximum load for which a generator, transmission circuit, power
plant, or System is rated.

/ : o

CELSIUS -SCALE: The temperature scale using the ice point as 0 and the steam .
point as 100, with 100 equal divisions or degrees between.

‘ S 225 . 2
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B CHEMICAL ENERGY. The kind of emergy that may be re1eased when a chemical
| reaction takes place. ;

" CIRCUIT. The complete path traversed by an electric current.

COAL. Solid,.combustible, organic hydrocarbon formed by the decomposition
of vegetab]e materia} under pressure and heat below the earth's surface.

COAL GASIFICATION: " The conversion of coal to a gas suitable for use as a fuel.

COLLECTOR EFFICIENCY. The ratio of the energy collected by a solar collector
to the radiant energy incident on the Gollector.

L

COMBUSTION. Burning; technical]y, a rapid oxidation accompanied by the

release of energy in the form of heat and light.
]

* CONQUCTION (ELECTRICAL) The process of carrying an e]ectrifal current.
CONSERVATION OF MATTER AND ENERGY (LAW OF). Matter and’energy are inter-

changeable; the total amount of energy and matter in the universe
remains constant. !

CONSERVATION OF MECHANICAL ENERGY (LAH OF). Thessum of the potential and
k1net1c energy of an ideal. energy system remains constant.

_CONVECTION The transfer of energy by moving masses of matfer

-

CONVENTIONAL HYDROELECTRIC PLANT. A hydroelectric power p]ant that utilizes
" $treamflow only once as the water passes downstream, a$ ojjposed to a
pumped-storage plant which recirculates all or a portion of the
streamflow. : \, .

COULOMB.” The amount of charge delivered by an e!ectricaT current\of one .
ampere flowing for one second. .

& f
CRUDE OfL. Liquid® fuel fermgd from the fossils of animals and plants at
the bottom of ancient seas; petroleum as it comes from the ground.

CURRENT (ELECTRIC). Tﬁe rate of movement of electricity.

CURTAILMENT, Cutt1ng back the use of energy resources in an emergencygfs
opposed to conserving or wisely using energy resources.

DENSITY. The Jnass per unit volume.

DIRECT CURRENT. An electric current that flows in only one direction through
a circuit. ‘ ‘

DIRECT ENERGY CONVERSION. The process of changxng any ofher form of energy A‘

into electricity without machinery; for example, a battery which changes
chemical energy into electricity.

. 5 . |
oL
“1 - . B ‘ L




“FISSION. A nuclear reaction in which the atom is sp11t into two apprOX1—
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EER. Energy efficiency ratio; Btu's divided by‘wattage.

ELECTRICAL ENERGY. The energy associated with electric charges and their
. movement; measured ‘in kilowatt-hours. ,

ENERGY. The éapab111ty of doing work. Potential energy is energy due to
position of one body with respect to another or relative parts of the’
same body. Kinetic energy is due to motion.

ENTROPY. A measure of the unava11ab111ty of energy to do useful work; every
spontaneous process in nature is characterized by an increase in the
total -entropy of the onies concerned in the process.

ENVIRONMENT The sum-of all external conditions and influences affecting
the life, deve]opment, and ultimately ‘the.survival of an organism. .

EUTECTIC SALT. A material used to store heat byfméhting, Heat is later
released for use as the material solidifies.

EVAPORATION The ‘change from liquid to gas in wh1ch molecules escape fr
"the surface of the liquid. |
] I

FEEDSTOCK Energy resources used as raw materials in the product1on of /
products rather than as fuels for burning. -

FIRST LAN OF THERMODYNAMICS (also called the LAW OF CONSERVATION OF ENEJGY)

Energy can neither be created nor destroyed. |

i

mately equal magses. There is also the emission of extremely great
quantities of energy since the sum of the masses of the two new atoms
is less than the mass of the parent atom.
A 3 S
FLYWHEEL. Energy storage based on the principle that a spinning wheel stores
mechanical energy.

FORCE. Thgt property which thanges the state of rest or motion in matter p
measured by the rate of change in momentum; the force (F) required to ‘
produce an acceleration (a) 1n a mass (m)-is given by F = ma. \

FOSSIL FUELS., Coal, oil, natural gas, shale, peat; originating from
geologic deposits of ancient plant and animal life under millions of
years of heat and pressure. ‘

FRICTIONAL FORCE.* Force required to move one surface across another.

FUEL. A .substance used to produce heat energy.

FUEL/eELL. A device in which fuel and oxygen are combined to ﬁroduce electricity.
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FUSION. A nuclear reaction involving the combination of smalier atomic
nuclei or particles into larger ones with the release of energy
from mass transformation; also called a thermonuclear reaction
because of the extremely high temperature required to sustain it.

GAS. A state of matter in which the molecyles are practically unrestricted
by cohesive forces;-a gas has neither definite shape nor volume.

GAOLINE. ‘A mixture of hydrocarbons obtained from petroleum.

GENERATOR. A device that converts heat or mechanical energy into electrical
‘ energy. o .

GEOTHERMAL ENERGY. TRe heat energy available in the earth's sub;urface.
believed to have been produced by natural radiopctivity; the tempera-
ture increases by about 10F for each 100 feet of depth. . ‘

GRAM.: A unit of mass in the cgs system. '

GROSS NATIONAL PRODUCT (GNP): A measure of economic activity; the total
market value of all goqeds and services produced in a country (depre-
ciation and other allowances for capital consumption are not deducted).

' . . “ - ‘ e . ‘ .

HEAT.-. Energy possessed by a substance in the form of internal kinetic

energy; transferred by conduction, convection, or radiation.

HEAT CAPACITY. That quantity of heat Féquired to increase the temperature.
of a system or substancé one degree Celsius.

HEAT ENERGY. Eﬁergy that causes an increase in the temperature of an object;
' it may change the object from solid to.liquid.or from 1iquid Eg gas.

HEAT OF FUSION. .The heat absorbed by a body when undergoing a phase thange
from a solid to a T1iquid with no change in temperature. ’ :

HEAT OF SOLIDIFICATION. Heat releaséd by a substance when undergoing a phase
change from a liquid to a solid with no change in temperature (numerically
equal to the heat of fusion).

W
HIGH-SULPHUR CONTENT. Generally, coal or oil that contains more than one
percent of sulphur by weight.

‘ .

HORSEPOWER. Unit of power in the English System.

" HYDROELECTRIC PLANT. An electric power plant in which the turbine-generators
are drive§ by falling water.

INCIDENT ANGLE. The angle between the direction of the sun and the perpendicu]ar
(rormal) to the surface on which sunlight is falling.

INSOLATION. Sunlight or solar radiation, including wavelengths of ultraviolet
( <0.4 microns), visible (0.4 microns to 0.7 microns), and infrared
radiatiorf (> 0.7 microns). Total insolation includes both diréCt and
diffuse insolation. -

27
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) | . :
INSULATION: A substance that can slow down the flow of heat or soupg from
one material to another. : . S

JOULE. ‘A metric unit measure of work; the energy produced by a force of
one newton ‘operating through a distance of one meter (joule = newton-
~ meter). ‘
‘ ! »
KILOCALORIE. 1000 calories. .
‘ A
KILOWATT {kw). 1000 watts

KILOWATT-HOUR (kwh). The amount of.work or energy delivered during the
steady consumption of one kilowatt of power for a period of one hour.

LATENT HEAY. A physical property of material indicating the amount of heat
in calories or BTU's absorbed when a material changes from a solid to -
a liquid (fusion) or from a liquid to a gas (vaporization). Energy
is given up when a gas condenses or when a 1liguid solidifies.

LIGHT. Visible radiant energy. |

LIQUEFIED NATURAL GAS (LNG). Natura] gas that has been changed into a
liquid by cooling to about -160%C at which point it occupies about
1/600 of its gaseous volume at normal atmospheric pressure, thus

" reducing the cost of shipping and storage., '

LIQUID. A state of matteé in which the molecules are relatively free to

change their ‘positions with respect to each other but restricted by
cohesive forces so as to maintain a relatively fixed volume.

LOW-SULPHUR CONTENT. Generally,-used to describe coal or 0il which is one
percent or less sulphur by weight. . :

MASS: A measure of the weight of matter in an object. The weight of an
object depends on its mass. The United States standard measure is
the avoirdupois pound as defined by 1/2.20452 kKilograms.

MEGAWATT ‘(.MN). A unit of power equa.l te 1,000 kilowatts or one million
watts; usually used to describe the capacity of power plants.

METHANE. Colorless, nonpoisonous, and flammable gaseous hydrocarbon (CH4);
emitted by marshes’.and by dumps undergbing decomposition; the
principal constituent of natural gas. :

MOLECULE." The smallest unit or quantity of matter which can exist by itself,
yet retain all the properties of the origigsl\::istance.

MOMENTUM. Quantity of motion @easured by the- produ®t of ma;s and velocity.

MOTION. Continuous change of location or position of a body.

) A < b
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NATURAL GAS. Mixtures of hydrocarbon gases and vapors occurring naturally
in certain geologic formations, usually associated with oil.
o

NEUTRON. A constituent particle of all nuclei of mass number greater than 1.
NEWTON. A unit of force'necéssary to accelerate one kilogram one m/secz:

NONRENEWABLE RESOURCES. Near-term depletable emergy resources, such as the
fossil fuels (coal, gas, and 0113. g e

NUCLEAR POWER PLANT. One in which heat for creating steam is provided by
fission rather than combustion of fossil. fuel. ' e

NUCLEAR POWER. Electric power préduced from a power plant by converting the
energy obtained from nuclear reaction. "

. NUCLEAR REACTION. A change in an atomic nucleus, such as fission, fusion,
) neutron capture, or radioactive decay, as distinct from a chemical
reaction, which is limited to changes in electron structure ‘surrounding
~ the nucleus. '

OFF-PEAK POWER. Energy'supp1ied during periods of relatively low system demands.
OMM. The basic unit df electrical resistanse of a conductor. o

OIL SHALE. A sedimentary rock containihg solid organic matter jkerogen) that
yields amounts of oil. g ' ‘ .

OPEC. The Organization of Petroleum Exporting Countries. /

PEAKING DEMAND. The maximum peak load that can be supplied by a generating
unit, station, or system in a stated period of time. :
PHASE CHANGE. The process involved when a material changes from a sqlid to a
liquid.or a liquid to a gas, each requiring an absorption of energy with
no ‘temperature change; or when the material changes from a gas to a
liquid to a solid, each requiring a loss of energy with no temperafure
change. ‘ . ‘
’ . ., 6 : )
PHOTOVOLTAIC CELLS. (Solar cells): Semiconducting devices that convert
" sunlight directly into electric power.
+ } ‘
PLUTONIUM. A fissionable element, artifically produced by neutron bombard-
ment of U238, . |

POWER. The time-rate at which wofk is done.
PRESSURE. Force per unit area.
PUMPED STORAGE PLANT. A hydroelectric power plaht which generates electric

energy for peak load use by utilizing water pumped into an elevated
storage reservoir during of f-peak periods. ‘ ' -

K
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'PYRANOMETER. .An instrument for measuring §unlight,intensityg
insolation over a broad wave-

measures total (direct plus diffuse
" length'range. o

PYRHELIOMETER. An instrument that measures the intensity of thé‘diréct beam
~ radiation (direct insolation) from the sun. The diffuse component is. r
not measured. ) | ’
- A I :
TION. The‘eqjssion and propagation of energy through space or.through
terial medium in the form of waves. | : |

RENEWABLE RESOURCES: Nondepletable resources.

RESERVES. The -amount of a natural resource which can be recovered’ by

!

present-day techniques and under present economic condi;jons,

RESERVOIR. A pond, lake, tank or basin, natural ‘or man-made, used for the
storage, regulation, and control of water. N

RESOURCES.. The estimated total quantity of-natural resources, including
pruspectiygsyndiscoyeﬁed mineral reserves.., ' '

| 4 '

SECOND LAW OF THERMODYNAMICS. One of the two laws which govern the con-
version energy; sometimes called the "heat.tax," it can be stated .
in several equivalent forms, all of which describe the inevitable
passage bf energy from a useful to a 1ess‘usefu1 form in any’ energy
conversion. , SR - .

SOLAR CELL.” An electric cell_which converts radiant energy from the sun
into electrical .energy.

SOLAR ENERGY. Radiant‘ehergy from the sun. ) © e g . ' |
. A | , _

-~ SOLID. A state of matter in which the relative motion of the molecules is

restricted and they tend to retain a definite fixed position relative

to each other with a definite shape and volume.

. N . - &“
_ SOLID WASTE. Unwanted or discarded material with insdfficiirt liquid
‘c_sntent to be’ free flowing. . - b '

£

>

. SOUND ENERGY. K:kfnd of eneréy carried by molecules that vibrate so that

Tongitudinal waves are formed. _ * . :
SPECIFIC HEAT. A physical property of .materials that indicates the amount
of heat required to raise the temperature of one pound of material one

degree Fahrenheit, measured in BTU/1b OF; or one gram of material one
degree Celsius measured in calorie/goC. '

“STATIC ELECTRICITY. .Electricity at rest.




STEAM-ELECTRIC PLANT. A plant in which the turbines connected to the
generators are driven by steam.

STOCKPILE. A storage pile or reserve supply of an essential raw material.

STORAGE CELL. An electrochemical cell in which the reacting materials are 'y
renewed- by the use of a reverse current from an external source.

. STRIP- MINTNG. A process in Qh1ch rock and topsoil strata covering ore or
: fuel deposits are scraped away by mechanical shovels

TEMPERATURE Average translational kinetic energy of the molecules of a
substance due to heat agitation.

THERMAL POLLUTION Degradat1on of water quality by the incroductlon of a
heated effluent; primarily a result of the discharge of cooling waters
. from industrial precesses, particular]y from electrical power generation.

THERMODYNAMICS. The science and study of the relationship between heat and
- other forms of energy.

‘ TRANSFORMER A machine wh1ch can increase or decrease the voTtage cf an
~ alternating current of.electricity

TRANSMLSSION LINES. Wires or cables by which high voltage electric power is
moved from po1nt to po1nt

VOLT. Unit of potentia] difference required to make a current. of one amp
flow through a resistance of ohm; V = jou]es/coulombs
£ & b '
WATT. A unit of power equal to the transfer of one joule oT energy. per second;
/watt = /[volt x /ampere.

" WEIGHT. The measure of gravitatidhaf force acting on a mass; W = Fgrav =.§g.

WORK. A force acting .through a distance.

1)
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