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PREFACE
. The United States is facing one of 1ts most challenging decades in recent
: history. Fuael supply and inflationary prices have forced us to consider
alternate energy sources as a means of preserving our standard of living,
id industrial society, and economic stability. One such alternative is solar.

Presently, foreign crude 0il provides ‘the raw material for about one-half
the liquid fuel production .in the UsS. Political instability in foreign
oil-producing countries under cores_the need to decrease our ever-growing
dependency on foreign energy source;\aqdzto'lessen our vulnerability

to such imports. Solar energy as an alternate can be used as a renewable
domestic energy source and to supplement our increasing appetite for oil.

To help bring about the potential for solar energy, there must be a cadre
‘of trained technicians to design, install, troubleshoot, and market

solar energy so that the consumer can feel comfortable«in the market's
ability to service and react to his/her solar energy needs.

With the support of the National Science Foundation, Nav%tro College,

in consortium with North Lake College, Brevard Community/College, Cerro

Coso Community College, and Malaspina College, has develpped and pilot

tested a two-year associate degree curriculum to train salar technicians.
~ It can be duplicated or replicated by other educational institutions for

their training needs.

The two-year technician program prepares a person to:
' " "1) apply knowledge to science and mathematics extensively and
. render direct technical assistance to scientists and engineers engaged
in solar energy research and experimentation; 9 :
2) design, plan, supervise, and assist in installation of both
simple and complex solar systems and solar control devices;
3) supervise, or ekecute, the operationm, maintenance and repair
of simple and complex solar systems and solar control systems;
4) design, plan, and estimate costs as a field representative
. “or salesperson for a manufacturer or distributor of solar equipment;
5) prepare or interpret drawings and sketches and write
specifications or’ procedures for work related to solar systems; and
’ 6) work with and communicate with both the public and other
employees regarding the entire field of solar energy. 5
This curriculum consists. of nine volumes:
1) an Instructor's Guide for the eleven solar courses, to
include references; educational objectives, transparency masters,
-pre-tests and post-tests, and representative student labs; .
2) an Implementation Guide addressing equipment, commi tment,
and elements to be considered before setting up a solar program; :
3) "Student Material for each of seven of the core solar.courses:
a) Materials, Materials Handling, and Fabrication Processes;
b) Sizing, Design, and Retrofit; :
c¢) Collectors and Energy Storage;
d) Non-Residential Applications;

e)— Energy €onservation—and PassivePesigaj———
‘ . f) Codes, Legalities, Consumerism, and Economics;
g) Operational Diagnosis, :

i Vv
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USE OF THE INSTRUCTOR GUIDES - . .

The iﬁstructqr guides contain outlines for ééch of the eleveﬂ
solar courses identified in a fwo—year ésSociate degree in solar
téchnology. Bach guide repfesents a one-semester length course andlb
is dividéd into various modules which correspond réughly to a one-
to two-week klock of instruction. The instructor guides a£e not
lesson ﬁians But are outlines from which:an instructoi can cohs}ruct
lesson plans, . L .0

-

The tabs at the end of this paékage‘correspond to the eleven
courses contained in this manual. Each of the tabs should be inte-
grated throughout the manual as a handy divider for the material.

Pre-tests, post-tests, and lab.exércises are contained in this

manual. Each course lists references to which the instructor can"éo

o —

for additional information and text for each of the concepts within

Y

the course.

1

Seven. of the-eleven courses are suppiementéd by student materials
contained underhseparate cover. [The four not included a?e: Intro—.
duction to Solar Energy, Energy. Science I, Energy Science II, and the
Solar bracticum. (Tﬁese'fdur student‘material manuals were left out
as a condition of our contract with the National Science Foundation.j

The paginatioﬁ code for the instructor guides is as follows:

I -- the Roman numeral refers to the specific course within this

manual, Each of the eléven courses haslits own Romén numeral.

3 -— the Arabic number reflects the specific page within the course,

numbered sequentially for each course.

The student maerial corresponds to this numbering scheme but has

an "S" between the Roman numeral and the Arabic number to signify that

vii [ ix Yy
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it is from the student material.
The recomhended sequence for presenting the two-year associate

degree program and the solar courses within it is as follows:

Freshman Year

Fall- o Bpring
" ichnical Math I S Technical Math II
Englneerlng Drawing I’ CQmp051t10n and Rhetoric

~ *Introduction to Solar Energy C o Air Conditioning Principles
*Materials, Materials Handling -, *Energy Science II
' and Fabrication Processes <' *Collectors and Energy Storage
*Bnergy Science I
_Educatimnal and Career Planning

o

. Sophomore Year . .
. . . :

‘

.

Fal . Spring
i3 =] *
Data Entry Technical Report Writing
Basic Electrical Circuits | . General Psychology
Introduction to Business . '*Operational Diagnosig .
° *System Sizing, Design, and *Codes, Legalities, Consumerism, o .
Retrofit - o and Economics -
*Energy Conservation and " *Non-Residential Applications -and
Passive Design Concepts Future Technology
*Practicum in Solar Energy
Technology

*Tndicates the Solar specific courses within the curriculum.

As a guide to each of the eleven solar courses, each of the

course descriptions is listed below:

Introduction to Solar Energy -- The Introduction to Solar Energy
presents an overall view of total range of topics to be covered in the
two-year curriculum. It covers the relatlonshlps between conservation
measures, passive solar design, and reduced sizes of active solar systems
needed as a result of conservation measures. In addition, it covers
the role solar energy can play in the future. It surveys wind energy,
photovoltaics, biomass conversion, and other non-solar energy resources.

Energy Science I -- Energy Science I is designed as an intreduction
t0 the basic scientific principles needed for solar technology.' The
course begins as a review of algebra, basic mathematics, and intro-
duction to laboratory operations. The course .includes an in-depth
study of heat transfer and thermodynamics. Gas laws and psychrometric

- —properties—of air are also covered-in -some depth. The -course is

X
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.‘ based on general physics principles; however, the emphasis is placed on
the areas of heat, thermodynamic processes, gases as affected by
pressure and temperature, and heat transfer fluids used by active

solar systems. : . ' ‘

Energy Science II -- Topics covered are: elements of astronomy
~and geography necessary to understand the variations in solar ‘insola-
tion; the basics of atomic ahd nuclear physics necessary to under-. .
stand the sun's processes; the nature of light, its propagation, and
devices to collect this solar radiation; and fundamentals of electricity
and magnetism and the relation of thesé principles toAC apd DC circuits
and - devices. S : ’

Materials, Materials Handling and Fabrication Processes -- This
course introduces the materials, handling procedures, and manufacturing
processes that are utilized in the Solar Industry. It includes the
_ basics of plumbing, sheet metal, carpentry, roofing, glazing, concrete
. pouring, soldering, welding, and other techniques as they are related

to the construction of a Solar System. Compatibility and problems
_encountered with ‘different materials are explgred. -

‘System Sizing, Design and Retrofit -- This course presents'syétem—
atic, detailed methods and procedures for sizing, selection, and in-
stallation of solar syStem components. It also develops skills re-
quired to analyze the complete, integrated system including controls
and interface with auxiliary conventional systems. Thermal analysis,

' . "calculatiens, human comfort and air properties are an integral part of

the course.

Collectors and Energy Storage -- This course introduces the student
to the basic information needed for solar system design. It is com-
prised of a mixture of basic heat transfer thezry with application,
basic solar hardware description and specification, basic solar system
schematics, and simplified solar sizing procedures for solar heated
doméestic hot water. Both active and passive solar systems atre treated.

Energy Conservation and Passive Design Concepts -~ The course
structure contains nine modules. The basic emphasis in the course is
on conservation in personal living, in the design'angyconstruction of
buildings, and in the equipment utilized in the functioning thereof.
The course also places emphasis on the wise use of the sun for space
heating and cooling by utilizing active, passive, or hybrid solar
systems.

Operational Diagnosis -~ This course seeks to bring together
the ideas and directions necessary to achieve an adequate level.of
skills and knowledge in the successful trouble-shooting and repair of
solar energy conversion systems.

Codes, legalities, Consumerism, and Economics -- This course intro-
duces the applicable codes, legal requirements and responsibilities,
consumer protection, and business regulations, and government tax

- exemptions and credits that affect the solar energy industry. The =

xi




quired by the act1v1ty. s ) ‘

course reviews those regulations imposed on the solar industry. Before
solar energy was introduced and the changes which have taker place to
address the solar industry specifically. The course then addresses the
government's activity in consumer protection through product testing and
standard requirements. Finally, the course evaluates the economics of
the sclar investment.

Non-Residential Appllcatlons and Future Technology -- This course
presents ngn-residential solar:energy applications and systems. Specific
uses include agricultural, commercial, and industrial sector applications.
The loads, temperature requlrements, and solar system design are re-
lated to various.applications in each of the sectOqu Laboratory
lessons are used to develop the stident's skill in de51gﬁ1ng systems
related to the different sector's solar applications. Additionally,
possibilities in existing equipment and the development of new systems.
are discussed.

A

-

Practicum in Solar Energy Technology -- This course offers the
student an 0pportun1ty for a guided work .experience. This may be
accomplished in either on-campus prOJects or off-campus activity.-

. Off-campus work experience must, have approval of both the college and’

the employer, and be of a 51gn¢flcant'level of a solar energy techni-
cian. Each student -develops a written agreement on the activity to
be done. Course credit depends on the level and amouht of time we-

v
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INTRODUCTION TO SOLAR ENERGY I-3

INTRODUCTION:

The Introduction to Solar Energy course presents a systematic
overview of energy consumption and the resources currently and
potentially useful for meeting the demand. This course is designed
to lead the student through a systematic development covering the
principles of solar energy conversion as an alternative energy
source. Although the primary emphasis is directed toward the
distributed or isolated application areas, the student will also be
provided an overview of the more significant centralized
application and research areas currently in progress. The course
content will provide the student with an overview of solar energy
technology in sufficient depth for his/her evaluation of future
interest areas.

COURSE DESCRIPTION:

The Introduction to Solar Energy presents an overall view of total
range of topics to be covered in the two-year curriculum. It
covers the relationships between conservation measures, passive
solar design, and reduced size of active solar systems needed as a
result of conservation measures. In addition, it covers the
relationships between energy supply and demand and the relative
role solar energy can play in the future. It surveys wind energy,
photovoltaics, blomass conversion, and other non-solar energy
resourcess

OBJECTIVES:

Upon completion of this course, the student should be able to:

(1) Discuss energy and its conversion.

(2) Discuss energy demand and conservation on a world-wide scale.
(3) Identify prime energy resources available‘at present.

(4) Discuss alternative non-solar energy resources.

(5) Survey solar as an energy source through thermal energy,
photovoltaics, passive solar design and active solar design.
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. INTRODUCTION TO SOLAR ENERGY

MODULE INDEX

e Energy and Its CONVErSionesessscssccsssssssscscsasessnssl=
Energy Demaﬁd and Conservation.esecsoescsscscssesssscsscecl=
Primary Energy Resources................................I—
Alternative Non-Solar Energy ResourceSesssecssssccsscccssl=
Solar Energy Technolbgy.....;..........................,I—
Solar-Chemical Energy Conversioneecsecccssscssssssssssccssl=
Biomass Energy Technology...............................I—
Solar-Mechanical Energy ConverslonNeesessesscsccscesscsssesl=
Wind Energy Technology..................................I—

‘ Solar-Electric Energy Conservationessecccessscscssccsceel=

Title ' Page

PhOtOVOltaiC Energy Technology.....oooooooooooooooooooooI‘lOB
Solar¥Thermal Energy Conversion.................5:......I—113

Passive Solar—Thermal Energy Technology.o...............I—123

Active SOlar—Thermal Energy'TechnOlogy..................I—lBl
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69

77

85
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. MODULE: ENERGY AND ITS CONVERSION I-7

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Comprehend the flow of energy ‘from source, through conversion,
to end use, and the mathematical tools used in discussing
energy technology.

(2) Discuss the growth of energy use as influgnced by technology
and population growth.:

(3) Describe and discuss the concept of energy and its relation to
work (mechanical energy) and power.

(4) 1Identify chemical energy conversion as the process
accompanying fuel combustion and discuss the efficiency and
products of combustion.

(5) Discuss thermal energy, heat transport, and elementary
principles of heat engine conversions.

(6) Discuss elementary principles of electrical energy, its
generation, and use to produce other forms of energy.

. RATIONALE:

Energy technology utilizes a large number of concepts and
scientific principles that must be understood for considering the
potential role of solar energy. These concepts and scientific
principles can be grouped into fundamental categories based on the -
type of enmergy input and presented using simple mathematical tools.
Comprehension of these basic principles should permit the student “
to recognize the potentials and limitations of solar energy
conversion options.




I-8

MODULE: ENERGY AND ITS CONVERSION

- REFERENCES: _

(1) Fowler, John M., Energy-Environment Source Book (updated
Edition), National Science Teachers Association, Washington,
D. C., 1981.

(2) Priest, Joseph, Energy for a Technological Society (Second
Edition) Addison-Wesley Publishing Co., Reading,
Massachusetts, 1979.

(3) Bueche, Frederick J., Schaum’s Outline of Theory and Problems
of College Physics (Seventh Edition), McGraw-Hill Book Co.,

.Y., 1979.

(4) Tippens, Paul E., Applied Physics (Second Edition),
McGraw-Hill Book Co., N.Y., 1978,

(5) Romer, Robert H., Energy: An Introduction to Physics, W. H.
Freeman and Co., San Francisco, California, "1976.

(6) - Stoker, H Stephen and others, Energy: From Source to Use,

+ Scott, Foresman and Co., Glenview, Illinois, 1975. T

(7) Butti, Ken and John Perlin, A Golden Thread, Cheshire Books,
Palo Alto, California, 1980.

UNIT TITLES: )

(1) Energy Measurement i

(2) Growth of Energy Use

(3) Energy, Work, and Power

(4) Chemical Energy Conversion

(5) Thermal Energy Conversion

(6) Electrical Energy Conversion

17




MODULE:

VOCABULARY :
Absolute Zero
Annual Rate of Growth
Calorie

Chemical Energy
Conduétion

" Conversion Process
Efficiency
Electrical Energy
Electrolysis
Energy
Exponential Growth
Force

Generator

Heat

Horsepower
Kilowatt

Kinetic Energy
Mechanical Energy
Molecule .
Potential Energy
Radiation

Thermal Energy

Watt

ENERGY AND ITS CONVERSION I-9

Ampere

British Thermal Unit
Celsius

Combustion

Convection

Doubling Time

Electric Current
Electrical Resistance
Electron

Energy Intensiveness
Fahrenheitx |
Fuel \

Gross National Product
Heat Engine

Joule

Kilowatt-hour

Mass

Megawatt

"Motor

Power

‘"Temperature

Voltage
Work




I-10 MODULE: ENERGY AND ITS CONVERSION
Reference 1, pp. 103-109 Unit 1. Energy Measurement - Define
' 131-149 ' ' and discuss briefly
233-236 : A. The Flow of Energy
283-304 l. The energy source
Reference 2, pp. 2-8 2. - Energy conversion
363-366 3. Energy consumption
Reference 3, pp. 312-325 B. Numbers and Energy
Reference 5, pp. 2-42 } Technology
- 554-614 ) 1. Whole numbers and
Reference 6, pp. 46-58 ’ fractions

a. Definitions
b. Positive and
negative numbers
‘c. Simple and compound
fractions
d. Decimals
. 2. Exponents
a. Definition
~ b. Positive exponents
c. Negative exponents
d. Zero as an exponent
e. Fractions as
' exponents
3. Large and small number
notation
a. Powers-of-10
notation
b. Rounding for
powers—of-10
c. Positive exponents
d. Negative exponents
e. Prefixes and’
powers—of-10
C. Dimensions, Units, and
Systems o
l. Engineering and inter-
national systems
a. Engineering
(English) system-
b. Metric system
c. International
(SI) system
2. Length and its units
a. Definition and
fundamental basis
b. Units in various
" systems :
c. Conversion between
systems

19




MODULE :

STUDENT ACTIVITY

Exercise

- Reference

Reference

Reference

Reference

Reference

Pg.

Pg.

286

317, 324

559
559

235

ENERGY AND ITS CONVERSION I-1

&
3. Mass and 1its units
a. Definition and
fundamental basis
b. Mass and weight
c. Units in various
systems
“'d.” Conversion between
systems
D. Equations »
1. Proportionality and
equations
2, Exponential functions
%. Doubling time
E. Graphs '
1. Linear scale
2. Semilogarithmic
3. Comparison graphs
a. Histograms

" b. Pie charts
c. TFlow diagrams

| Assignment:

Have students set up a special assignments
notebook for use.throughout the course.
Assignments are designed to provide pileces
of a puzzle with supporting appendices.
Students should prepare:

o

(1) A diagram for ehergy flow to and
from the earth.

(2) A tabulation of large and small
numbers using:
a. actual numbers
b. power of 10 notation
¢c. rounded number with SI prefix
designation.

(3) A tabulation of representative length
measures in both engineering and metric
units.

(4) A tabulation of tepresentative mass
measures in both engineering and metric
units., '

"(5) Representative plots of a simple

exponential»function using both linear
scales and semilogarithmic scales with
doubling time indicated on the plots.




I-12 MODULE: ENERGY AND ITS CONVERSION
Reference 1; pps =9 Ynit—2+  Growth of Energy Use -
47-49 discuss briefly
131-141 A. Historical Development
171-173 1. Solar (ancient world)
283-304 2. Fire and fuel
Reference 2, pp. 2-8 . 3. Muscle power
Reference 5, pp. 591-610 a. Humans
Reference 6, pp. 2-6 b. Animals
33-41 B. Development of Energy
- Reference 7, pp. 2-39 Converters '
1. Water power

a. Water wheel and
grinding

b. Windmill and
pumping

c¢c. Water turbine and

“hydroelectric
2. Steam power
a. Steam engine
o S (wood, coal)

b. Turbines (fossil
fuels, nuclear
fuels, electricity)

3. Internal.combustion
engines
C. Population Growth
. 1. Exponential growth
2. Doubling time
3. World population
D. Population Growth and

Energy Demand

1. Effects of technology
a. Increased demand
b. "Energy intensive”
production
c. Energy demand and
GNP
2. Per capita consumption

Exponential rise
b. Heating, cooling

~c. Electricity
_3,W_ﬂggld energy demand

ae

b
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MODULE: ENERGY AND ITS CONVERSION I-13
Ty

STUDENT ACTIVITY

Exercise

Reference 6, pg;

Reference 1, pg.

<

Reference 5, pp.

172

603-606

<

‘ E. End Use of Energy in
the U. S.
1. Residential and
commercial sectors
< a. Annual energy
consumption
b. Heating and cooling
c. Lighting and
appliances
2. Industrial sector
a. Annual energy

consumption
b. Direct heat
.\}. c. Process steam

3 d. Electrical power
3. Transportation sector
" a. Annual energy
consumption
¢ b. Urban passenger
. c. Inter city passenger
d. - Inter city freight

‘Assignment:

Have students prepare for their speclal
assignments notebook:

(1) A flow diagram illustrating the historical
changes in the power output of energy
conversion devices. :

(2) Plots on semilogarithmic scales of
population growth, energy consumption,
and energy consumption per capita.

(3). Histograms of pie charts for U.S. energy
consumption showing total energy consumed
and energy consumed by each economic
sector. .

IS

20
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Reference 6, pg. 27

MODULE: ENERGY AND ITS CONVERSION

103-106 i Unit 3. Energy, Work, and Power -

Reference 1, pp.
239-242 briefly discuss:
Reference 2, pp. 30-43 . A. Introduction to Energy
Reference 3, pp. 25-54 . . . ~ Scilence
Reference 4, pp. 62-116 : 1. Energy conversion
Reference 5, pp. 126-145 . 2. Conservation of energy
Reference 6, pp. 17-32 ‘ 3., Efficiency of é&onversion
" B. Energy Forms '
1. An overview
2. Kinetic energy
3. Potential energy
C. Mechanical Energy
7 1. Energy of motion
2. Force and acceleration
3. Action and reaction
Fnergy and Work
1. Energy - the capacity
to do work
2. Work - a change in-
energy.
3. Efficiency defined
E. Energy and Power '
. 1. Power defined
2. Mechanical power
.and units
3. Electrical power
and units
. STUDENT ACTIVITY .  Assignment: "
Exercise Have students prepare for their special

assignment notebook:

(1) A schematic diagram showing the

. conversion of potential energy to
kinetic energy to mechanical energy
as suggested by a hydroelectric plant.

(2) Example problems solved il1lustrating.
the definitions of work, power, and
efficiency and their appropriate units.

R\
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MODULE:

<™

ENERGY AND ITS CONVERSION

I-15

Reference 1, pp. 31-38

Unit 4. Chemical Energy Conversion

STUDENT ACTIVITY

Exercise

Reference 5, pg. 583

Assignment:

106-108 A. Chemical Reactions
Reference 2, pp. 52-91 1. Oxidation and
178-184 combustion
‘Reference 5, pp. 285-291 2. Products of combination
' 405-406 a., Heat
'583 b. Light
Reference 6, pp. 54-57 . c. Soot (or 1its
' equivalent)
, d. Gases
e. Ashes
3. Fuel for the fire
B. Solid Fuels L
1. Types of solid fuels
2. Heat value
3. -Reaction products
C.  Liquid Fuels . :
1. Types of liquid fuels
e 2. Heat value
3. Reaction products
D. Gas Fuels :
1. Types of gas fuels
2. Heat value
3. Reaction products
E.. Chemical Fuels
1. Types of chemical fuels
2. Heat value ’
3. Reaction products

Have the students prepare for their 'special

assignment notebook:

(1) Tables identifying-a representative
number of each type of fuel (solid,
- 1iquid, gas, and chemical), the heating
value, and reaction products.
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STUDENT ACT™' ITY

Exercise

Reference 3, pg.

Reference 2, pge.

Reference 2, pg.

118

134

136

2. Sensible heat
‘ 3. &atent heat
C. Heat Transport
1. Conduction
2. Convection
3. Radiation
D. The First Law of
Thermodynamics
1. The first law
2. Heat in - no work out

~~3,-- Heat in.=-work out—— -

E. The Second Law of
Thermodynamics
_ 1. The second law
" 2. Heat engines (cycles)
3.. Carnot efficiency

Assignment‘\

Have students prepare for their special
assignment notebook:

(1)

(2)

- (3)

A graphical representation of temperature
scales from absolute zero to well above
the boiling point of water with
identification of: the freezing and
boiling points of water; the Fahrenheit,
Celsius, Rankine; and Kelvin scales; and
absolute zero.

A schematic illustrating the first law
of thermodynamics.

A schematic illustrating the second law
of thermodynamics.

25

I-16 MODULE: ENERGY AND ITS CONVERSION
" Reference 1, pp. 142-149 Unit 5. Thermal Energy Conversion
245-249 A. Thermal Energy, Heat, and
_ Temperature
Reference 2, pp. 128-170 1. Thermal energy defined
185-193 ' - 2. Heat - thermal emergy -
Reference 3, pp. 118-122 in transit .

' ' 134-154 3. Temperature — a measure ‘
Reference 4, pp. 250-343 of stored energy ‘
Reference 5, pp. 202-270 B. Heat Capacity
Reference 6, pp. 17-32 1. Specific heat
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MODULE: ENERGY AND ITS' CONVERSION L

‘ sReference 1, pg. 253-259 Unit 6. Elect\rz;:;anl Energy Conversion:
. Reference 2, pp. 102-110 . . - A. TFundamentals of Electrical
: Reference 3, pp. 171-240, R Energy '
. 247 ' T N ' ‘\\r :
Reference 4, pp. 476-524 . o 1. Charge, current,
544-646, 713 o voltage, and resistance

Reference 5, pp. 272-337 , " 2. Electric power
. . . ) , 3. Electric circuits
B. Chemical to Electrical
, - + - Energy _
: , 1. The battery
: "2, Electrolysis
3. D. C. voltage output
C. Mechanical to Electrical
Energy ’
1. -Moving a wire in a
magnetic field
- 2. The generator
S - ) - 3. A. C. voltage output
S o D. Thermal to Electrical Energy
1. Thermoelectricity
S 2. Thermionics
~ : - 3. D. C. voltage output

- s . , ; E. The Reverse Processes
' 1. Electrical.to chemical
‘ . - L . - energy ‘
o ' . , 2. Electrical to mechanical
' energy " ,
L . . 3. Electrical to thermal
1 o energy o

| “"STUDENT ACTIVITY  Assignment: '

*  Exercise |, _ - Have students prepare for their special

assignment notebook:

Reference 4, pg. 579 (1) A schemaéic diagram of a battery
. circuit showing electrolyte; electrodes,
: 5 : and current flow in the circuit.
Reféxence 4, pg. 637 (2) A schematic diagram of a simple D.C.

electric generator, showing magnetic and
‘ electrical components and complete circuit.
Reference 4, pg. 588 '(3) A schematic diagram of a thermoelectric
circuit, showing hot and cold junctions
and complete circuit. - :

/y Reference 4, pg. 713 (4) A simple schematic diagram of a thermioniec
o ’ circuit showing the emitter, collector, and
‘ -~ _ complete circuit.
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MODULE: ENERGY DEMAND AND CONSERVATION I-19

OBJECTIVES:

Upon completion of this module, the student should be able to:

(1) Discuss present and future energy consumption and its relation

~ to people, the economy, and the environment.

(2) Discuss energy consumption, efficiency, and growth demands for
the U. S. transportation sector.

(3) Discuss energy consumption, efficiency,.and growth demands for
the U. S. residential/commercial sector.

(4) Discuss energy consumption, efficiency, and growth demands for
the U. S. industrial sector. ’ :

(5) Discuss energy consumption, efficiency, and growth demands for
U. S. power generation. .

- " (6) Discuss conservation options based on energy flow through the !
. various U. S. economic sectors. ~
RATIONALE: ’ '
‘ : ' I_{écognizing how our energy is being used and the ‘economic factors
: associated with this use is essential to any analysis of

conservation - and alternative energy sources. Although there are

several ways to.approach this subject, the solar technician should

be able to recognize economic sectors which have similar enetrgy . . .

e . demands and can be met with solar energy technology..
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MODULE: ENERGY DEMAND AND CONSERVATION

REFERENCES:

(1)

(2)

(3)

(5)

(6)

TITLES:

UNIT
(1)
(2)
(3)
(4)
' (5)
(6)

Fowler, John M., Energy-Environment Source Book, National
Science Teachers Association, Washington, D.C., 1975 (updated
1981).

Miller, G. Tyler, Jr., Energy and Enviromment: The Four
Energy Crises (Second Edition), Wadsworth Publishing Co.,

Belmont, Calif., 1980.

 Priest, Joseph, Energy for a Technological Society (Second
'Edition), Addison-Wesley Publishing Co., Reading, Mass., 1979.

Schurr, Sam H. and others, Energy in America’s Future, The
John Hopkins University Press, Baltimore, Maryland, 1979.

Stoker, H, Stephen and others, Energy From Source to Use,
Scott, Foresman and Company, Glenview, Illinois, 1975.

Singer, S. Fred (compiler), Energy: Readings From Scientific

American, W. H. Freeman and Company, San Francisco, Calif.,

1279.

SN

Energy Consumption

The Transportation Sector

The Residential/Commercial Sector

The Industrial Sector ' &)
Electric Power Generation P

Conservation as an Energy Alternative

¢




MODULE:

VOCABULARY :
Conservation

Economic Sector

Intermediate Load (electrical)

Peak Load (electrical)
Blackout
Catalytic Converter

Energy Intensiveness

Intermediate Energy Form

"of f-peak" Power
Photochemical Smog
Process Steam
Sulfur Smut
Transmission Line
Passenger Efficiency

Smog

ENERGY DEMAND AND CONSERVATION

Consgtraint -
Annual Rate of Growth

. Base Load (electrical)

Brownout

Comfort Energy

Efficiency

Indirect Energy
Load Factgr 
Particulétes ’
Productivié&
Direct Heat
Thermalupollution
Freight Efficiency

Pollutant

a
£




I-22 MODULE: ENERGY DEMAND AND CONSERVATION
Reference 1, pp. 31-61 Unit 1. Energy Consumption
283-304 A. Energy Flows in
Reference 2, pp. 1-9 Today’s Economy
35-56 1. Energy inputs
. 135~148 2. Distribution of
Reference 3, pp. 2-11 energy 1inputs
52-86 3. Measures of effective
, 178-194 energy use
370-383 B. Energy and the Economy
Reference 4, pp. 1-23 1. Consumption and
34-45 _ economic growth
69-124 . : 2. Conservation versus
177-217 - constraint
Reference 5, pp. 2-12 “ , 3. Energy and national
Reference 6, pp. 8-34 _ policy

C. Energy and People
1. Population growth
2. Employment
3. Personal income’
D. Energy and the Environment
1. Threats to the
- . . . environment
2. Land and water supply
3. Radioactive wastes
E. Future Energy Consumption
1. Future energy demands
2. Financing future

. \ ’ : energy supply
. o L . i 3. Paying for pollution
N\ )
3 STUDENT ACTIVITY ’ Assignment:

Exercise Have the sfudent prepare for their course
7~ assignment notebook:

Reference l,ipg. 285 (1) An energy flow diagram through the U.S.

Reference 6, pg. 24 ) economy identifying:

- * . a.  intermediate form of energy
- (chemical, mechanical, electrical,

’ , thermal) - .\
: b. end use consumption (total)
- c. - end use consumption subdivided into

useful; work and:'waste.

[ ] o

, Pg. 143 (2) A chart or histogram comparison of

Reference 1 ,
Reference 5, pg. 324 . conversion efficiencies for typical
Reference 6, pg. 25 energy converters according to

intermediate form'of energy (chemical
to thermal, thermal to mechanical, etc.).

36 v
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MODULE: ENERGY DEMAND AND CONSERVATION I-23

v Reference 1, pp. 131-149 Unit 2. The Transportation Sector

283-290 A. The U. S. Transportation
Reference 2, pp. 86-88 Sector .
Reference 3, pp. 82-86 l. Energy consumption
, 351-356 2. Efficiency _
Reference 4, pp. 143-159 3. Growth in demand
177-217 ‘ - B. Passenger Transportation
Reference 5, pp. 33-44 1. Energy consumption

Reference 6, pp. 8-34 2. Efficiency
: . 3. Growth in demand
C. Freight Transportation
l. Energy consumption
2. Efficiency ‘
3. Growth in demand
D. Pipeline Transport .
1. Energy consumption
2. Efficiency
3. Growth in demand
E. Problem Areas
1. Air pollution
2. Catalytic converter
and fuel economy
3. Ocean and oil spills

. T STUDENT ACTIVITY Assignment:

Exercise Have students prepare for their course
assignment notebook: ‘

Reference 2, pg. 59 (1) A pie chart (or histogram) showing the
energy consumed by the transportation
sector compared to the total emergy
consumed by the U. S.

Reference 2, pg. 59 ' (2) A pie chart (or histogram) showing the
¢ transportation energy breakdown according
to transportation mode.

Reference 1, bp. 69, 72 3 A histogram (or tabulation) comparing
Reference 6, pg. 213 efficiencies of various transportation
modes. - ‘




1-24 MODULE: ENERGY DEMAND AND CONSERVATION

Reference 1, pp. 131-173 ' Unit 3. The Residential/Commercial »
283-290 Sector '
Reference 4, pp. 69-83 ‘ A. The U.S. Residential/
125-143 ' Commercial Sector
. - A177-217 1. Energy consumption
Reference 5, pp. 33-41 2. Efficiency ‘
Reference 6, pp. 8-34 : 3. Growth in demand
” .B. Water Heating

1. Energy consumption
; 2. Efficiency
. _ . 3. Growth in demand
C. Space Conditioning
1. Energy consumption
2. Efficiency
3. Growth in demand
D. “Mllumination
l. Energy consumption
2. Efficiency
3. Growth in demand
E. Appliances

-

- : 1. Energy cbnsumption
. . 2. Efficiency
3. Growth in demand
STUDENT ACTIVITY . Assignment:
Exercise: T Have students prepare fo'r their course .
assignment notebook: : :
Reference 1, pg. 283 o (1)' A pie chart (or histogram) showing the
) Reference 2, pg. 59  ° energy consumed by thie residential/
’ © commercial sector compared to the total
b ’ , consumed by the U. S.
Reference 2, pg. 59 (2) Pie charts (or histograms) showing the

residential/commercial sector energy
breakdown according to principal uses.

Reference 1, pg. 135 ~ (3) A tabulation (or histogram) comparing
Referenece 6, pg. 212 the efficiencies of typical residential .
and commercial energy conversion devices.

A 2 ,
e : o S - - @

2 D °




ENERGY DEMAND AND CONSERVATION I-25

MODULE: :
Reference 1, pp. 131-138 Unit 4. The Industrial Sector '
157-171 ' A. The U. S. Industrial Sector
283-290 1. Energy consumption
Reference 4, pp. 69-83 2. Efficiency
159-217 3. Growth in demand

Reference 5, pp. 33-44
Reference 6, pp. 8-34

STUDENT ACTIVITY

Exercise
Reference 2, pg. 59
Reference 6, pg. 202

Reference 6, pg. 204

Reference 1, pg. 137

B. Direct Heat
- 1. Energy consumption
2., Efficiency
3. Growth in demand
C. Process Steam
1. Energy consumption
2, Efficiency
3. Growth in demand
D. Electrical Power
1. Energy consumption
2. Efficiency '
- 3. Growth in demand
E. Raw Materials
‘1. Energy consumption
2. Energy intensive
" materials
3. Growth in demand

Assignment:

Have students prepare for their course
assignment notebook:

(1) A pie chart (or histogram) showing
the energy consumed by the industrial
sector compared to the total consumed
by the U. S.

(2) A pie chgrt (or histogram) showing the
industrial sector energy breakdown
according to principal uses.

(3) A tabulation (or histogram) comparing
_the energy demands for various indus-
trial processes.

L
QO
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I-26 . MODULE: ENERGY DEMAND AND CONSERVATION

Reference 1, pp. 132-149 Unit 5. Electrical Power Generation '
156-173 A. Electric Utilities as a ‘
197-199 - ‘ Consuming Sector
: 253-259 ' © 1, Historical development
Reference 2, pp. 35-54 _ . 2. Present consumption
Reference 3, pp. 2-24 ' 3. Future demands
102-117 , B. Electrical Power Generation
’ 292-295 o 1. Energy consumption
Reference 4, pp. 269-305 - 2. Efficiency
343-397 i 3. Growth in demand

Reference 6, pp. 8-34 ‘ C. Electrical Energy Storage
: 1. Nonexistent for
generation needs
2. Batteries
3. Pumped storage’
D. Electrical Energy
transmission
1. Energy consumption
2. Efficiency ’
3. Growth in demand
E. Problem Areas
1. Peaking and load
management
2. Fuels and capital
for expansion
3. Waste heat

STUDENT ACTIVITY Assignment:
Exercise Have students prepare for their course

assignment notebook:

Reference 6, pg. 202 ‘ (1) A pie chart (or histogram) showing the
distribution of total energy consumed by
the U. S. subdivided by: '

a. economli¢ sector consumption
b. electrical demand by each economic
sector.

Reference 1, pp. 134-137 (2) A tabulation typiéal electrical energy
) uses by economic sectors.




/MODULE: ENERGY DEMAND AND CONSERVATION 1-27

" Reference 1, pp. 65-82
Reference 2, pp. 35-67
149-158
Reference 3, pp. 342-358
Reference 4, pp. 125-176
Reference 5, pp. 308-333

6 ‘ STUDENT ACTIVITY

Exercise

Reference42, pp. 57-66
Reference 5, pp. 309-333.

Unit 6. Conservation As An Energy
Alternative
A. Conservation Options
1. Reduced demand
2. Technology improvement
3.. Alternative energy

sources ‘
B. Chemical Energy Conversion
1. Heat
2. Light
3. Power
C. Mechanical Energy Conversion =
1. Heat
2. Light - -
‘3. Power
D. Electrical Energy Conversion
l. Heat '
2. Light
3. Power
E. Thermal Energy Conversion
. 1. Heat
] 2. Light
. 3. Power

Assignment:

Have students prepare for their course
assignment notebook: ’

(1) A tabulation of energy conservation
measures for each of the U.S. economic
sectors subdivided'according to:

a. short-term.
b. midterm or transition
c. long-term measures.
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MODULE: PRIMARY ENERGY RESOURCES 1-29

,

OBJECTIVES:

Upon complefion of this module, the student éﬁ@uld be ‘able to:

(1) 1Identify primary energy resources and their relation to energy
conversion processes. . s ' v
(2) Discuss the nature of hydro resources and the conversion of
hydro-energy to mechanical and electrical energy.
(3) Discuss the characteristics of our coal resources, Ehg current
"~ and potential use, and the environmental problems of coal use. -
(4) Discuss the characteristics of our oil resources and describe
the conversion from source through end use of oil products.
(5) Discuss the characteristics of our natural gas resources and
describe the conversion from source through end use. '
(6) Discuss the nuélghr fissionbprocesp, nuclear power -generation,
and the problems of radioactive waste. - ,
RATIONALE:

i

Qur current ehergy resources have established the technology for

today’s economic sectors. Since this is the base from which the
solar technician must work, an overview of the principal
characteristics of”current energy sources will provide the
structure for solar energy technology as an alternative.

o

.

2
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MODULE: PRIMARY ENERGY RESOURCES

REFERENCES:

8
(2)

(3

Fowler, John M., Energy-Environment Source Book, National
Science Teachers Assoeiation, Washington, D. C., 1975 (updated
1981). :

7

Skinner, Brian J. (Editor), Earth’s Energy and Mineral

. Resources, Wiliiam Kaufmann, Inc., Los Altos, California,

1980.

Singer, S. Fred (Compiler), Energy: Readings From Scientific
American, W. H. Freeman.and Company, San Francisco,

. California, 1979

(4)

(5)

Priest, Joseph Energy For A Technological Society (Second
Edition), Addison, Wesley Publishing Company, Reading, Mass.,

1979.

Schurr, Sam H. and others, Energy in America’s Future, The

" John Hopkins University Press, Baltimore, Maryland, 1979.

(6)

(7

UNIT

TITLES:

(1)
(2)
(3)

%)

(5

(6)

Romer, Robert H., Energy: An Introduction to Physics, W. H.
Freeman and Company, San Francisco, California, 1976.

Stoker, H. Stephen and others, Energy From Source to Use,
Scott, Foresman and Company,- Glenview, Illinois, 1975.

A Overview
Hydro-Energy

Coal Resources

011 Resources

Natural Gas Resources

Nuclear Fission Energy

o




MODULE: PRIMARY ENERGY RESOURCES

VOCABULARY :

Fossil Fuel

Crpde 011

Coél |

Bituminous Coal

Char

Coal Tar

Cracking ,
High-level Radioactive Waste
Gasoline

Higﬁ Temperatufe Gas Reactor
Pressurized Water Reactor
Hydrocarbons .

Hydropower

Isotope

Mine Acids

Neutron ‘

Overburden

Pumped Storage

Reserve"

Resource

Strip Mining

Petroleum

Natural Gas
Anthracite Coal.
Lignite Coal

Coke

Distillate Oils
Fission
Radioactivity
Half-1life

Light Waﬁer Reactor
Boiling Wateé Reactor
Hydroelectric
Hydro—-energy

~Kerosene

Moderator

Nuclear Reactor
Petrochemicals
Recoverable Resource

Residual Fuel 01l

‘Secondary Recovery

Submargi?al Resource

i
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T-32 MODULE:

Reference 1, pp. 103-127
185-188

2, pp. 6-14

3, pp. 22-34

4, pp. 14-27

5, pp. 221-250

. 269~-305

Reference 6, pp. 135-145

Reference 7, pp. 46-58

242-251

Reference
Reference
Reference
Reference

STUDENT ACTIVITY

Exercise -~

Reference 1; pg. 131
Reference 6, pg. 24

Reference 1, pp. 17-18
122-126
156-160
285-287
Reference—4 pp. 37-38
. 292-295
Reference 5, pn. 315-316
4 . 374-375
Reference 6, pp. 135-145
Reference 7, pp. 242-251

' . e

PRIMARY ENERGY RESOURCES

Unit 1.
- A.

C.

Assignment:

Overview

Primary Energy ReSources
1. . Hydro—energy

2.  Fossil fuels

3. Nuclear fuels -3
Chemical Energy Resources

1. Coal-

2. 011

3. Natural gas

Thermal Energy Resources

1. Chemical energy

2. Nuclear fuels

3. Electrical energy
Mechanical Energy Resources

1. Stream hydro-energy

2. Thermal energy

3. Electrical energy
Electrical Energy Resources
1. Mechanical energy

2. Chemical emergy

3. Thermal energy

Have students prepare for their special

assignment notebook:

(1) A flow diagram of the paths of energy
conversion showing:
a. primary energy resources o

b. intermediate energy forms .

c. .end use energy forms.

Unit 2. Hydro-Energy L
A. Technology ‘ ' '
) 1. Historical development "
) 2. Current uses :
. 3. Future potential
B. Resources .
1. The water cycle
2. Waterfalls .
3. Rivers
C. Conversion
1. Water—diverting S e
structure
: 2. Turbine
: 3. . Mechanical energy
: D. Distribution
. o 1. Electrical power
2. -Mechanical power
3. Pumped storage >
E. Economics .

1. Advantages of stream
hydro—-energy '




MODULE::

Exercise

Reference 4, pg. 35
Reference 7, pg. 27

v Reference 1, pp./{g-IS
1134115
177-188
: Reference 2, pp. v-16
' ‘ Reference 3, pp. 455-61
Reference 4, pp. 14-17
52-74
Reference 5, pp. 221-250
269-305 -
343-397
'480-512
Reference 6, pp. 357-359
. Reference 7, pp. 150-178

STUDENT ACTIVITY

. ' Exercise
N - _

\\\\\

'STUDENT ACTIVITY S

PRIMARY ENERGY RESOURCES - 1-33

2. Disadvantages of stream .

hydro—-energy _
3. Environmental implica-
tions

Have.students prepare for their special
assignments notebook

(1) A schematic and flow diagram of hydro-
energy conversion showing:
a. the water head (include both reservoir
and pumped storage)
b. the hydro—mechanical conversion
c. the mechanical-electrical conversion.

(2) A tabulation of advantages and disad—
vantages of hydro-energy conversiom.

ﬁnit 3.. Coal Resources °*
A. Types of Coal
}. Anthracite

<

a2

- (characteristics)
2. Bituminous ‘
(characteristics)
3. Lignite
(characteristics)

B. Coal Heserves
1. Distribution of U. S.
coal deposits
2. Proven and-“projected

L '
N - U.S. reserves A
3. Proven and projected
world reserves .

C. Coal Production
1. Annual U. S. production
- 2. Underground mining
o 3. Strip mining

D. Coal Use ,
. 1. Fuel
2. Feedstock
3. Export

E. .Problems Related to Coal Use
l. Air pollution :
2. Mining metbhods -
3. Solid form

Assignment: - S a

Have stn&ents prepare for their special
assignments notebook:

40
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1536 MODULE: PRIMARY ENERGY RESOURCES

Reference 1, pg. 256 (1) Block diagrams for the production of
Reference 4, pg. 224 electricity from coal showing the primary
: : steps from” source to end use.
Reference 7, pg. 161 (2) A tabulation of the advantages and
disadvantages of coal as an energy source.
- Reference 1, pp. 113-127 Unit 4. O0il Resources _'
177-188 . A. General Characteristics of
Reference 2, pp. 6-14 ‘ the 0il Resource
26-36 ‘ 1. The chemical nature
Reference 3, pp. 35-44 of oil
' 197-209 2. U. S. oil reserves
Reference 5, pp. 221-250 ‘ 3. World oll reserves
Reference 7, pp. 59-111 : B. Exploration and Recovery
. Techniques

1. 'Exploratién techniques
2. Primary recovery
techniques

3. Secondary techniques

C. 0il Refining
1. Fractional distillation
2. Thermal cracking
3. Polymerization

D. Uses of 0il and 0il Products
1. Fuels ’
2. Lubricants -
3. Feedstocks

E. Problems Associated With
0il Use
1. Exploration and recovery
2. Transpe:rtation
3. Pollutants

STUDENT ACTIVITY . Assignmenti

Exercise . Have students prepare for t#;ir special
assignments notebook: /

Reference 7, pp. 72, 93 (1) Block diagrams for tﬁe production of fuels,

. lubricants and petrdchemical feed stock
' from oil showing th@ primary steps from
. source to use. h

(2) A tabulation of the advantages and
disadvantages of oil as an energy source. .-

Reference 1, pp. 113-127 Unit 5. Natural Gas' Resources
: 177-188 A. General Characteristics
Reference 2, pp. 6-14 " of the Natural Gas Resource
26-36, _ /1. Chemical composition
Reference 3, pp. 35-44 © 2. Domestic resources

197r209 . and reserves
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MODULE: "PRIMARY ENERGY RESOURCES I-35
' : Reference 5, pp. 221-250 ' 3. Unique advantages of
Reference 7, pp. 112-149 ' ' natural gas as a fuel

'B. Production of Natural Gas
1. 0il and natural gas
2. Dehydration ‘
3. Fractionators :
C. Distribution of Natural Gas
1. Natural gas pipelines
2. Storage
3. Storage to user
D. End,Uses of Natural Gas
" 1. Direct heat
2. Power generation
3. Feedstock .
'E. Problems Related to Natural
Gas Use
1. Growth rate of demand
2. Price controls
3. Safety of pipeline
system

STUDENT ACTIVITY : Assignment:

Exercise Have students prepare for their special
assignment notebook:

(1) Block diagrams for the production of
natural gas and its end use as both heat
and electricity (include the primary
steps). .

(2) A tabulation of the advantages and
disadvantages of natural gas as an
energy source.

Reference 1, pp. 113-127 Unit 6. Nuclear Fission Energy
' 177-188 ‘ A. General Characteristics of

263-270 , Nuclear Fission Energy

Reference 2, pp. 6-14 . 1. Equivalence of energy

50-82 and matter ‘

Reference 3, pp. 67-123 ' 2. Nuclear fission

Reference 5, pp. 221-250 : * 3. Chain reactions
269-305 B. Fuels for Nuclear Fission
353-397 . ‘ 1. Uranium '
-480-512 2. Mining

Reference 6, pp. 458-476 3. Enrichment

Reference 7, pp. 186-228 ‘ C. Nuclear Fission Reactors

1, Components of a nuclear
electric power plant s
) : : _ 2. lighct water reactors :
‘ ‘ " " 3, High-temparature
gas—cooled reactors
'D. Use of Nuclear Fission

4 2 . Energy
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STUDENT ACTIVITY
Exercise
Reference 4,bpg.

Reference 6, pp.

Reference 7, pp.

’

MODULE:

224
468-470

1197-200

PRIMARY ENERGY RESOURCES

1. Historical development
2. Current nuclear power
generating facilities
3. Future potential for
nuclear power
E. Problems of Nuclear Fission
Energy Use
1. Reactor safety
2. Radioactive pollutants
3. High level wastes

Assignment:

Have students prepare for their special
assignments notebook: '

(1) Block diagrams for the production of
electricity from nuclear fuels showing
the primary steps from source to electrical ’
output. '

(2) A tabulation of the advantages and
disadvantages of nuclear fuels.

43




’ . MODULE: ALTERNATIVE NON-SOLAR ENERGY RESOURCES 1-37

OBJECTIVES: _
Upon completion of this module, the student should‘be‘able to:

(1) Describe the nuclear breeding phenomena and discuss the
potential advantages and disadvantages of nuclear breeders as
alternative . energy resources.

(2) Describe the nuclear fusion phenomena and discuss the
potentials as an alternative energy resource. -

(3) Describe the'magnetohydrodynamic conversion process and
discuss the potential as an alternative energy converter.

(4) Describe the fuel cell and its potential for alternative.
energy - applications. ,

(5) Discuss geothermal energy, the resources, and methods for
converting for commercial applications.

(6) Discuss typical synthetic fuels obtainable from coal, tar
sands, and oll shale.

' RATIONALE :

There are a number of alternative non-solar resources under
investigation which can influence the long range outlook for solar
. energy applications. The solar technician should be aware of these
processes, their possible influence, ‘and the time when significant
influence may occur.
\

\
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(1)
(2)»
(3)
(4)

(5)

(6)

(7

(8)

UNIT

Edition), Addison-Wesley Publishing Company,  Reading,

MODULE: ALTERNATIVE NON-SOLAR ENERGY RESOURCES

REFERENCES : ' - : . ' ‘

Fowler, John M., Energy, Environment Source Book, National .
Science Teachers Association, Washington, D. C., 1975 (updated
1981).

Skinner, Brian J. (Editor), Earth’s Energy and Mineral

Resources, William Kaufmann, Inc., Los Altos, California,

1980.

Singer, S. Fred (Compiler), Energy: Readings From Scientific
American, W. H. Freeman and Company, San Francisco,
Caiifornia, 1979.

Priest, Joseph, Energz_For a Technological Society (Second

Massachusetts, 1979. . | : “

Schurr, Sam H. and others, Energy in America’s Future, The
John Hopkins University Press, Baltimore, Maryland, 1979.

o

Romer, Robert H., Energ An Introduction to Physics, W. H.
Freeman and Company, San Francisco, California, 1976.

Stoker, H. Stephen and others, Energy From Source to Use,
Scott, Foresman and Company, Glenview, Illinois, 1975.

Ruedisili, Lon C. and Morris W. Firebaugh (Editors), , | ‘
Perspectives on Energy: Issues, Ideas, and Environmental i

Dilemmas, 0xford University Press, New York, 1975.

TITLES:

(D)
(2)
(3)
(%)
(5)
(6)

Nuclear Breeder Reactors
Nuclear Fusion
Magnetohydrodynamics_
Fuel Cells

Geothermal Energy
Synthetic Fuels

N
<
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VOCABULARY :
- Magma
Superheated
Flashi;g
' Breeding Reaction
Lithium Breeding -
Lawson-Criterion
Toroidal
Ohmic
7" Swelling
s Ignition Temperature
Bremsstrahlumg
Tokamak
Lager
Fertile Material
Plutonium
Thermal Breeder
Water  Gas '
Gasifier-
Pyrolysis
Hydrogenation
Liquefaction
Solvent-refined coal
Feedstock -
Bitumen
In-situ
Fuel Cell
Electrolyte
Magnetohydrodynamic (MHD)

Liquid Metal Fast Breeder
Reactor (LMFBR)

' “Crystal Prate , -

*"Coalplex ‘

-
I3

-

Hydrofraétu{ing_
Fusion ’ )
Deuterium

First Wall : ' -t
Plasma ' “ -
Poloidal .
Blistéering

I
-

-

Coulomb Arrier
Confinement Time
Neutral Beam
Magnefié Mirror AT
Vi§cosi£§

Breeding Ratio i
E?ét‘Breeder o
Gasificapion
Producer Gas
Catalyst »
Solvation o

Methanation

_Char . ' e

Kerbgenf
Retort'
Fracturing
Electrode
Topping Cycle
Seeding
Electrolysis

A
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Reference
Reference
Reference

-Reference

Reference

MODULE:

. v w

1
2
3
4

5,

PP.
PP.
PP.
PP.

PP.

ALTERNATIVE NON-SOLAR ENERGY RESOURCES ..

268-270
50-76

124-133
318-325

295-305

. 359-360
_ 504-512
Reference 6, pp. 476-482
Reference 7, pp. 200-228

Unit 1.

Nuclear Breeder Reactors
A. Breeding Nuclear Fuels
. 1, - Breeding reactions
a. Fast '
b. Thermal .
2. TFertile materials
a, Uranium, thorium
b. Breeding ratio
3. Doubling time
B. Fast Breeder Reactors
1. Liquid metal fast
breeder reactor
a. Physical design
(blanket, coolant,
b:2at exchangers)
b. Efficiency (fuel,
thermal) T
c. Fngineering problems
(materials, liquid
metals) .
‘2. Gas-cooled fast breeders
a. Physical design
(similar to HTGR,
‘helium coolant, heat
exchangers)
b. Breeding ratio,
doubling time
c. Engineering problems
(materials, helium
containment) .
3. Status of fast breeder .
. reactor development
C. Thermal Breeder Reactors
1. Light water breeder
reactor .
a. Physical design
(similar to PWR,
BWR thorium blanket)
b. Breeding ratio,
" doubling time
c. Engineering problems.
2. Molten salt breeder
reactors :
a. Molten salt fuel
b. Physical design
c. Breeding ratio,
doubling time
d. Engineering problems ‘
3. Status of thermal. ‘
\
|
\
|

breeder reactor
development




Exercise

Reference
Reference
. Reference

' Reference
: Reference

-

~ O -
-

whN
-

MODULE :

STUDENT ACTIVITY

Pg.

" P8

PE-

Pg.

PE..

ALTERNATIVE NON-SOLAR ENERGY RESOURCES

269
480
204

52
133

I-41

-

D. Advantages of Breeders

1.

2.

3.

Extengsion of available
uranium resources
Abundance of thorium
resources :
Projected growth of
nuclear generating
capacity ‘

E. Disadvantages of Breeders

1.

« 2.
3.

"Assignment:-

The plutonium hazard
a. Cancer potential
b. Clandestine weapon
Transportation of fuel
Thermal pollution

Have students prepare for their course

assignment notebook:

»

(1) A schematic andﬂfiow diagram of a fast

components.

'breeder'reactor showing principal

(2) A tabulation (or histogram) of breeder
reactor development projects., '
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Reference
Reference

Reference
Reference
Reference
Reference

Reference
b

n

Exercise

Reference
Reference

Reference
Reference

MODULE: ALTERNATIVE NON-SOLAR ENEKGY RESOURCES

1, pp.
2, pp.

214-217
18-19

50-61

PP.
PP.
PP.

3
4
6
7, PP,

. v v e

134-148
325-336
486-513

186-191

., 228-239

8, ppe.

STUDENT ACTIVITY

2,'pg.
3, pp.

2, pg.
3, pp.

299-335

51
144-145

53
146-147

' Unit 2. Nuclear Fusion - Discuss . .
Briefly: '

A. Nuclear Fusion Technology

1. Define nuclear fusion

2. Fusion reactions

3. Reaction rates and

critical temperatures

B. Nuclear Fusion Energy

Resources
1. Deuterium
f 2. Tritium
y 3. Lithium

C. Energy Conversion Problems
1. The Coulomb barrier
2. Plasma and density
3. Confinement time

D. Fusion Reactors

: 1. Tokamak )
h 2. Other magnetic
: confinement

.- . 3. Pellet fusion
E. ‘Economics . .
1. Advantages of nuclear

fusion
2. Disadvantages of nuclear
4 fusion . . :
o 3. Feasibility to useful '

. power production

Assignment:

Have students prepare for their course
assignment notebook:

(1) A schematic and flow diagram of a magnetic
confined fusion reactor system, showing the -
principal components.

(2) A flow diagram showing the principal tasks '

. to be accomplished versus time for com—
mercial development of fusion power.

45




MODULE: ALTERNATIVE NON-SOLAR ENERGY RESOURCES

' . Reference 2, pp.
.» Reference -4, pp.

Reference 7, pp.

Reference 8, pp.

STUDENT ACTIVITY

Exercise

Reference 7, pp. 298-301

22-23
301-303
298-303

433-443 .

1

I-43

Unit 3. Magnetohydrodynamics {(MHD)
A. Technology of MHD Power

Generation

1. Define MHD power
generation

2. Historical development

3. Current applications

and research

a. Substitution of
ionized gas for
rotating conductor

b. Use as a topping

cycle
B. Basic Components of MHD
' Generators
\ 1. Superconducting magnets
2. Electrodes
3. Ionized hot combustion
gases
C. Basic Approaches to MHD
- Design :
1. Open cycle
.2, Closed cycle
3.  Liquid-metal systems
D. Engineering Problems
1., Size of magnets
2. Cost of magnets
-3, Erosion/corrosion
E. Economic Factors
1. Improved efficiency
for electric power
‘ generation
2. Reduced thermal
_ pollution -
3. Reduced air pollution

Assignment:

Have students prepare
assignment notebooks:

(1) A schematic of a
power generation

principal components of the conversion
cycle and the flow paths.

ingert a schematic of the basic MHD
generator.

for their 'course

combined MHD-steam turbine
system identifying the

Include as an
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Reference 1, pp. 199-201
Reference 7, pp. 292-298
Reference 8, pp. 421-432

-

STUDENT ACTIVITY

Exercise

Reference 1, pg. 20:i
Reference 7, pg. 295

Unit 4. TFuel Cells - Discuss Briefly:

Aséignment:

A.

Fuel Cell Technology
l. Define fuel cell
2. Historical development
3. Current applications
and research
a. Space program
b. Large capacity,
central power
- stations
c. Single family
© dwellings
Basic'Components
1. Electrodes
2. Electrolyte
3. Reactants (fuel)
The Hydrogen-Oxygen
Fuel Cell

1. Basic chemical reaction

2. Physical structure
3. Output power

characteristics
a, ' Current density
b. Power

c. Efficiency of
conversion

‘Fuel-cell Systefs Under .

Study ’ :

1. Reformer-supplied
‘hydrogen and air cells

2. Hydrocarbon—air cells

3. Natural gas—air cells

Problem Areas

1. Catalyst

2. . Capital cost

3. Heat transfer

Have students prepare for their course.

assignment notebook:

(1) A schematic diagram of a fuel cell
identifying the principal components
of the conversion system.




‘MODULE:

Reference 2, pp. 144-155

Reference 4, pp. 295-297
Reference 5, pp. 319-321
' 335-337, 352
Reference 7, pp. 251 262

Reference 8, pp. 352-358

gt

~Unit 5.

ALTERNATIVE NON-SOLAR ENERGY RESOURCES  I-45

Geothermal Energy

A.

Geothermal Energy Technology

l. Define geothermal energy _

2.

3.

Historical development
Current applications
a. Direct heating

b.  Power generation

Energy Resources

l.

2.

3.

Sources of geothermal

. heat

a, Magma: eore;
' radioactivity |

b. ‘Geologic "hot spots"

Geographical distribu-.

- tion of geothermal o

resources
U. S. geothermal

' resources

Hot-water (wet-steam)
Systems
1. 'Superheated water as

heat exchange medium-
temperature—depth=.

" pressure relations

2., Elements of a typical
© system
a. Well
* b, Flashing
- ¢+ Chamber
T d. Steam turbine
o e.  Generator
3 Problems of. hot-water

systems -

‘~a., Corrosion due to

impurities

" b. Subsidence

-

D, - Vapor-Dominated (Wet~steam)
Systems

l.

Superheated steam as’
heat exchange medium-
temperature—-depth-
pressure profile -
Elements of a typical
system :

The Geysers (PG & E)

7 as‘example

a.’ Number of
. generators
b. Power output cost
per KW compared to
coal-fired plants
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MODULE:

STUDENT ACTIVITY

Exercise

Refé:ence 7, pg.
Reference 8, pg.

Reference 7, pp.

ALTERNATIVE NON-SOLAR ENERGY RESOURCES . B

253
353

256-257

~

Dty Rock Systems
- ,1. No natural heat-exch

medium-temperature-d:§3h
relation

2. Elements of a typical

e sYstem _*‘p‘ »
“a. Cold water ‘
"~ injection/recovery’

b. Hydrofracturing '

" 3. Problems .r

*'Technology -
b. ‘Development

Assignment:

2

Have students prepare for their course
assignment notebook: :

()

@

Schematic diagrams illustrating the
formation of geothermal resources with
identification of the principal types of
geothermal systems. .

o

.Schematic flow diagram of geothermal energy
conversion identifying the principal compo- -

nents of the conversion process.

-1




oy,

'Reference 1, pp.

MODULE:

117-118
191<194
ReferEhce 2, pp. 37-47, 73
Reference 3, pp. 48-53
Reference 4, pp. 299-301
Reference 5, pp. 251-268.
. 347-351
516=528 .
7, pp. 94-104
140-144
T 178-184
Reference 8, pp. 377-396

Reference

STUDENT ACTIVITY ¢

w . l“
: Exergise

Refeience 3, pp. 49-50

Reference 7, pg. 103

ALTERNATIVE- NON-SOLAR ENERGY RESQURCES

.
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Unit 6. Synthetic Fuels
_ Asx, Synthetie Fuels Technology
. 1. Define synthetic fuels
e .a, Coal.
.» b. Tar sands’
;2 c. . 01l shale
2. Historical development
' a. Water gas
b. Producer gas
3. Current applications
) and potential ‘
B. Tar Sands "
1. Definition and
'geographic distribution
“2. Resource exploitation
3. Refining and product

LY

- output
C. 0il Shale . .
: 1. Définition and
.. geographic distribution

.2.  Resource exploitation
3. Refining and product
o outputu.” :
D. Coal Gasification ~ °
1. Definition’and feedstock
2. Gasification p:ocesses-
Lurgl process <’
3. « Product outputfzﬁa\
. potential . s .
. E. Coal Liquefaction - s
‘ 1. Definition and feedstock
2. Liquefaction processes-—
‘COED process '
3. Product output and
potential o

Assignment: : e

Have students prepare fo
assignment notebook:

r their course

»

(1)

(2) °

Schematic flow diagrams for the conversion |
of coal to synthetic fuels showing the
principal conversion steps and end
products.

Flow dlagrams:

a. carbonization process

b. direct. hydrogenation process

c. extraction process

d. Fischer-Tropsch process.

-

Flow diagram for the extraction of
hydrocarbons from tar sands, identifying
the principal conversion steps.
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Reference 7, pp. 100-101 - (3) Flow diagra@ for the processing of oil
shale showing the conversion processes
from source to end products.
\
= S
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~ OBJECTIVES:
Upon completioﬁ of this module, the student should be able to:

(D) -Identify solar energy by primary and secondary modes and
principal modes of conversion for end uses.

(2) Discuss the current model of the sun, its thermonuclear

reactions, and the energy output as a typical blackbody
radiator.

(3) Describe the earth-sun motions and discuss the solar
insolation from sun to earth and its relation to wind, water,
and sunshine at the earth’s surface.

(4) Trace the historical development of the directvuses of solar
energy, which laid the foundation for today’s passive systems,
flat plate collectors, and concentrating collectors.

(5) Trace the historical development of solar water heating and
comprehend why these devices failed to gain more widespread
use.

(%) Trace the historical development of solar engines and

. comprehend why these devices failed to gain more widespread
- use.

v

RATIONALE:

The flow of energy from the sun to the earth and the sun-earth
relations form the basis for using solar energy. Comprehension of
those factors which influence the collection, conversion, and end
use of solar energy are essential for the solar technician. It is
equally important that the solar technician recognize that solar
energy ‘use is not a new technology and understand why historical
devices failed to galn more widespread use.

REFERENCES : N

AN

(1) McDaniels, David XK., The Sun: Our Future Enexgy Source, John
Wiley and Sons, New York, 1979. o

(2)  Fowler, John M., Energy-Environment Source Book, National
, Science Teachers Association, Washington, D.C., 1975 (Updated .

1981). _ .
\ ' (3 Skinner, Brian J. (Editor), Earth’s Energy and Mineral Af\
Resources, William Kaufmann, Inc., Los Altos, California, hN

1980. >
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MODULE: SOLAR ENERGY TECHNOLOGY °

(4)  Howell, Yvonne and Justin A. Bereny, Engineer’s Guidettg
Solar Energy, Solar Energy Information Services, San Mateo,
California, 1979. . -

(5) Dixon, A. E, and J. D. Leslie, Solar Energy Conversion,
Pergamon Press, New York, 1979.

(6) Krauskopf, Konrad B. and Arthur Beiser, ThevPhysical Universe
(Fourth Edition), McGraw-Hill Book Co., New York, 1979.

(7)  Abell, George, Exploration of the Universe (Updated Brief
Edition), Holt, Rinehart and Winston, New York, 1973,

(8) Lunde, Peter J., Solar Thermal Engineering, John Wiley and
Sons, New York, 1980.

(9) Mazria, Edward, The Passive Solar Energy Book, Rodale Press,
Emmaus, Pennsylvania, 1979.

(10) Van Dorn, William G., Oceanography and Seamanship, Dodd, Mead
and Company, New York, 1974.

(11) Kreider, Jan F. and Frank Kreith (Editors), Solar Energy

" Handbook, McGraw-Hill Book Co., New York, 1981.

,(12) Butti Ken and John Perlin, A Golden Thread, Cheshire Books, -
Palo Alto\ California, 1980.

(13) Meinel, Aden B. and Marjorie P. Meinel, Applied Solar Energy,
Addison-Wesley Publishing Company, Reading, Massachusetts,
1976. . o

W"‘\‘

(14) Merrill Richard and Thoﬁas Gage (Editors) Energy Primer
Solar, Water, Wind and ?iofuels (Updated and Revised
Edition), Dell Publishing Co., New. York, -1978.

AN |

UNIT TITLES: : L ,“\,,\ T

Solar Energy Technology N

(2) The Solar Furnace N

“(3) ° Sun-Earth Relations _ .

(4) Early Utilization of Solar Energy ’ \\\1

(5) Development of Solar Water Heating

(6) Sclar Power Development

T

~r
et
-7




MODULE: SOLAR ENERGY TECHNOLOGY

~ VOCABULARY :

Hertzsprung-Russell (HR) Diagram
Star

Nova

Neutron Star
Galaxies '
Astronomical Unit
Thermonuclear
Triple Alpha Cycle
Photosphere
Corona

Solar Prominence
Blackbody
Electron Volf
Spectrum

Wave Frequency
Wave Length
Egliptic
Perihelon

Winter Solstice
Autumnal Equinox -
Sun Time

Infrared

Ultraviolet

Mesosphere
Stratosphere
Biosphere
Lithosphere

Cloud

Density

Convection Currents
Greenhouse Effect
Climate

Horizon

~Azimuth

Longitude

I

I-51-

Big—bang Theory
Red Giant
Supernova
Black Hole
Milky Way
Light—yeaf .
Proton-proton Cycle
Carbon Cycle

| Chromosphere
Sunspot
Solar Flare
Photons - \
Electromagnetic Waves
Velocity of Light
Wave Motion
Wave Period
Aphelion
Summer Solstice
Vernal Equinox
Hour Angle‘
Solar Constant

Light Spectra

,_,?Earthi3~Atmospherew4~.—f~'47~‘f

Tonosphere
Trbposphere
Hydrosphere
Ozone ‘ N
Wind
Tressure
Coriolis Effect
Weather

Zenith

Altitude
Latitude

Insolation
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Beam Radiation Diffusé Radiation

Scattering - Pyranometer -
h Pyrheliometer : " Passive

Commercialization




MODULE: SOLAR ENERGY TECHNOLOGY I-53 &

Reference 1, pp. 16-17 Unit 1. Solar Energy Technology
. 78-83 A. Define Solar Energy :
Reference 2, pp. 18, 105-108 Technology '
113, 205-214 ' 1. Solar energy for heating
Reference 3, pp. 114-133 2. Solar energy for power
Reference 4, pp. 1-20 ' generation : '
Reference 5, pp. 555-628 3. Solar energy for fuel
715-771 _ : production
1279-1297 B. Solar Energy Resources.
Reference 14, pp. 8-13 (General Overview)
. 1. Radiation - a primary
resource

2. Wind and water -
secondary resources '
3. Photochemical - a
secondary resource.

C. Solar Energy Conversion
(General Overview)
1. On-site methods
2. Distributed methods
3. Centralized methods

D. Distribution of -Converted
Solar Energy

. 1. Direct use
2. Power generation
‘ " 3. Storage C

E. Economics of Solar =
Energy Conversion
(General Overview)
1. Advantages
2. Disadvantages
3. Possible impact as an

e e e s ST A ‘alternative energy

IE—————

source
STUDENT ACTIVITY . Assignment:
Exercise Have students prepare for their course
' assignment notebook:
Reference 1, pg. 286. (1) An energy flow diagram from the sun
Reference 5, pg. 740 through the atmosphere and conversion
Reference 14, pg. 9 . processes to end use categories. The
' ‘ principal conversion steps are to be

identified.
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Reference 1, pp. 87-114
Reference 6, pp. 637-688
Reference 7, pp. 303-319

338-356
360-383

STUDENT ACTIVITY

MODULE:

SOLAR ENERGY TECHNOLOGY

Unit 2. The Solar Furnace
A. Stars and The Sun
1. The universe
2. 'The Milky Way
3. The sun
B. The Solar Furnace
1. Life cycle of a star
2. The proton-proton
thermonuclear reaction
3. The triple-zlpha and
carbon-nitrogen
thermonuclear reactions
¢, Inside The Solar Sphere
1. The core region
2. Radioactive transport
region
3. The photosphere
D. - The Sun’s Atmosphere
1. The chromosphere
2. 'The corona
_ e 3. Sunﬁpgts*_prominence31ﬂ~ff-;4—
S flares
‘E. The Sun’s Energy Output
1. Blackbody radiation
2. Waves and the eleetro-
’ magnetic spectrum
3. Photons and the

<
»

Assignmenf'

electron volt

Exercise- Have ‘students prepare for their course ‘
assignment notebook: ’ '
Reference 1, pg. 96 (1) A schematic illustration ‘of the various
regions of the sun, idéntifying each
principal region as to relative size.
) < Include inserts:
Reference 1, pg. 94 1. A schematic illustration* (of equation)
Reference 6, pg. 64 @ ' representing the thermonuclear protoh-
proton cycle with its temperature.
Reference 1, pg. 113 b. A schematic #llustration;of the
' blackbody radiatiod from the photo=
‘ sphere with its temperature. '
Reference 1, pg. 100 s c. A schematic illustration .of the

electromagnetic spectrum.

-, . :
! " ‘“d
. . LY
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. . - Reference I,Dpp. 97, 117-127 Unit 3. Sun-Earth Relations
- Reference 7, pp. 84-106 S A. The garth's Revolution
Reference 8, pp. 62-114 * About the Sun. .
Reference 9, pp. 267-300 1. The earth’s orbital
Reference 10, pp. 49-94 motion .
= 103-136 . a. Elliptical orbit’
Reference 14, pp. 30-52 ' 2 and period
b. Aphelion and
perihelion

2. Seasons and sunshine
a. Latitude and the
earth’s equator
b. The solstices
3. The solar constant
a. Average and
annual variation
b. Spectral (wave and
. . ” - : photon) distribution -
B. The Earth’s” Rotation o
1. The skydome :
‘ a. Zenith and horizon
b. Sun’s altitude and
azimuth
e ’ ' 2. The passage of time -
' hour angle
. , a. Degrees
) : b. Minutes
’ 3. Splar time and earth
time
a. Longitude
oo b.' Equation of time
C. The Earth - Nature’s
Natural Passive System
1. The atmosphere
a. : Temperature,
a o b. .Moisture
: c. Wind
2. The hydrosphere
a. temperature
. b. Current
: c. Waves
. : . . - 34 The lithosphere
. : ’ g ) and biosphere
' ' : ‘ -~ a. Climate
T ' . ‘ _ b. Weather
. : c. Pollutants
] D. The Earth’s Surface
. Sunshine
1. Components' of. earth’s’
. o ' '~ golar radiation
. . ' a. Define insolation
. : - b. Short waves -
beam and diffuse

)

!
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c. Long waves
2. Atmospheric attenuation ‘
of solar constant
a. Scattering and
spectral
distribution
b. The sunshide index
> ‘ -(air mass ratio)
’ 3. Collector orientation
a. Latitude '
b. Tilt angles
E. Measuring the Insolation
l. Pyranometer
2. Pyrheliometer
3. Sources for measured
insolation data

STUDENT ACTIVITY Assignment:

Exercise Have students prepare for their course
agssignment notebook:

Reference 7, pp. 98-99 (1) A schematic illustration of the earth’s
: revolution about the sun identifying the
earth-sun relation at each solstice and
equinox. Include inserts showing the -
earth-latitude interception of the sun’s ‘
radiation at each solstice and equinox.

Reference 7, pp. 86-88 T (2) Schematic illustrations of the earth’s
Reference 9, pp. 269-27 ~ skydome defining latitude, longitude,
C ’ zenith, horizon, altitude, and azimuth.

Reference 9, pp. 279-290 (3) A sun chart for the local latitude showing
' the monthly sun path by time of day.
Include as an insert: a plot of the
equation of time and the defining equation
- : for local time to sun time correction.
Reference 1, pg. 123 ' (4) A schematic i{llustration of a flat and

Reference 7, pg. 101 tilted surface with respect to the sun’s

Reference 14, pg. 46 : rays.

63




MODULE: SOLAR ENERGY TECHNOLOGY - I-57

R . Reference 1, pp. 67-78 Unit 4. Early Utilization of Solar

| Reference 11, pp. 1-1 = 1=8 Energy .
Reference 12, pp. 2-59 A, Mncient Greece
Reference 13, pp. 1-25 1. The sundial and solar
: : ' architecture
2. Passive heating and
cooling ' .

3. Solar architecture and
urban planning
B. Ancient Rome
1. Glass as'a solar heat
trap
2. Solar heat storage
3. Sun-rights laws
C. Solar Heat Traps
1. The fruit wall
2. Greenhouses
3. Solar hot boxes
-D. Solar Energy Concentrators
1. Plane mirrors
2. Concave mirrors
3. Focusing lenses
E. Application of Concentrators
1, Fire ignition

' ' ‘ 2. Solar ovens
‘ , 3. Solar furnaces
-STUDENT ACTIVITY Assignment:
- Exercise -  Have students prepare for their course

assignment notebook:

Reference 11, 12, and 13 (1) A chronological tabulation of the use of
: ' passive solar energy methods identifying

the principal technology contributions

for each period. ‘ '

.

N Reference 11, pp. 1-16 - 1-24 Unit 5. Development of Solar Water
Reference 12, pp. 115-155 Heating v ‘

A. Bare Tanks and Water Heating

1. Type, size and
positioning

2. Heat gain problems
3. Heat loss problems

B. Enclosed Tanks and the

Collector
- 1. Type, size and
positioning

. 2. Hot water and supply
‘ ' . : _ 3. Heat loss problems
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C. Improvements in the
" Collection
1. Improvements in
collector and
insulation
2. Reflector enhancement
_ of solar emergy
3. Thermal stratification
in tank ‘ '
D. The Early Hot Water Systems
1. Solar collector and
storage tanks
2. Thermosiphon system
3. Closed-loop systems
E. Economic Ups and Downs'
1. The first boom, 1923
2. 1932 to World War II
3. Postwar decline

"STUDENT ACTIVITY _ Assignment:

Exercise ‘ Have students prepare for their course-- v Thectr
assignment notebook: '

Reference 11, 12 (1) - A chronological tabulation of the
: development of solar water heating
identifying the .principal contributions
for each period.

‘Reference 1, pp. 67-78 Unit 6. - Solar Power Development

Reference 11, pp. 1-8 - 1-16 A. Mouchot’s Solar Engines,

Reference 12, pp. 63-111 : 1860-1880 '

Reference 13, pp. 1-25 1. Description of solar
: systems

2. Performance of engines
3. Failure of
commercialization
B. Ericsson’s Solar Engines,
1870-1889
1. . Description of solar
systems
2. Performance of engines
3. Failure of
commercialization
C. Eneas’ Solar Engines,
1899-1904

1

1. Description of solar
“'gystems
2. Performance of engines
3. Failure of
commercialization
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- ' _ N , , o D. Willslie and Boyle, 1902-1911
1 ‘ : ’ 1. Description of solar
| - ' systems

2. Performance of engines
3. Failare of
commercialization
- E. Shuman s Near Commercial -
. : Success, 1906-1917
- 1. Description:of solar
systems
2. Performance of systems
3. Failure of

commercialization
STUDENT ACTIVITY : Assignment:
Exercise Have students prepare for their course .
assignment notebook:
 Reference 11, 12, and 13 (1) A chronological tabulation of the

development of solar engines and
power systems identifying the
, principal contributions for each
- . period. :

-{
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¢ ~
e

OBJECTIVES:
Upon completion of this_médule, the student should be able to:

(1) Compreheind the fundamental principles of solar-chemical energy
conversion and discuss the advantages, disadvantages, and
potentials for this area of technology. -t

(2) Discuss the photosynthesis phenomenon as a natural process”and
the problems assoclated with laboratory conversion progésses.

(3) Discuss the photochemical phenomenon and its potential as a
solar-chemical energy conversion process. '

(4) Discuss the significant uses of alcohol, elementary
fundamentals -of production, and the potential for a
solar-chemical energy conversion process.

(5) Discuss the significance of methane, elementary fundamentals,

~  of production, and the potential for a solar-chemical energy

conversion process. .

(6) Discuss the significance of hydrogen as-an alternative fuel,

_ elementary fundamentals of its production, and the potential
for a solar-chemical energy conversion process.

: RATIONALE:

Chemical energy is the basis for the greater percentage of end.use
energy generation by direct combustion to provide heat or indirect
combustion to provide input for mechanical and electrical power.
The potential energy sources include refined products from fossil
fuel sources. Solar energy can interact directly with various
forms of matter and through chemical reactions produce.end products
that are comparable to fossil fuel products. Tte solar technician
should be knowledgeable of tlie methods currentl under
investigation and the potential for solar—chemical energy
conversion as an alternative energy resource.

!
{
i

REFERENCES:

(D Kreider, Jan F. and Frank Kreith (Editors), Solar Energy
Handbook, McGraw—-Hill Book Company, Ne# York, 1981.

. : < |

(2) Skinner, Brian J. (Editor), Earth’s Enérngand Mineral
Resources, William Kaufmann, Inc., Los Altos, California,
1980. ﬂ

{3 Merrill, Richard and Thomas Gage (Editors) Energy Primer:-
‘ Solar, Water Wind and Biofuels, Dell Publishing. Company’, New

York, 1978. .
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(4)

(6)

(7)

(8)

(9

(10)

(11)

(15
(2)
(3)
(4)
(5)
(6)

LA S
A3

MODULE: SOLAR-CHEMICAL ENERGY CONVERSION
!

Stoker, H. Step and others, Energy From Sourée to Use,

+ Scott, Foresman d Company, Glenview, Illinois, 1975.

(3)

Fowler, John M., EﬁerngEnvfronment Source Book, National
Science Teachers Association, Washington, D. .C., 1975
(updatad 1981). ‘ . ‘ v

Miller, G{HTyler, Jr., Energy ‘and ﬁnvirohment: The Four
Energy Crises -(Second Edition), Wadsworth Publishing Co.,
_Belmont, Calif., 1980. .

Dixon, A. E. and J. D. Leslie (Editors), Solar Energy -
Conversion, Pergamon Press, New York, 1979.

Daniels, Farrington, Direct Use ég’the Sun’s Energy,
Ballantine Books, New York, 1974. :

Halacy, D. S., The Coming Age 3£_Sn1a}AEnergy, Avon Books,
New York, 1973. ~ .
Parker, Sybil P. (Editor-In-Chief), McGraw-Hill Encyclopedia
of Energy (Second Edition), McGraw-Hill Book Company, New
York, 1981. , R

Cheremisinoff, PauliN. and Thomas C. Regino, Principles and
Applications of Solar Energy, Ann.Arbor Science Publishers,
Inc., Ann Arbor, Michigan, 1978.

TITLES:

Solar-Chemical Energy Conversion Technology
Photosynthesis Tecﬁnology

Photochemical Technology

Alcohol Technolbgy '

Methaneé Technolog?

Hydrogén Technology
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VOCABULARY :

Alcohol

Wood Alcohol
Ethyl Alcohol
Gaéohol
Fermentation
Aerobic

Algae
Bacteria
Composting
Fungus

" Biochemical Process

Electrochemical Process

Primary Productivity
Nitrogen Fixation
Electron Donor

Photochemical

‘Aquadic

Municipal Waste
Forest Waste

Solid Waste
Solar;chemical Energy

Photosensitive

Methanol

Grain Alcohol
Ethanol
Distillation
Anaerobic
Agricultural Waste
Animél Feed Lot
Biodegradable
Decomposer
Microorganism
Thermochemical Process
Photosynthesis
Carbon Fixation
Quanta

Electron Acceptor

"Photochemical Cell

Biomass

Organic Compounds
Sludge »

Urban Waste

Secondary Cheuwical Fuel
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Reference
" Reference

Reference
Reference
Reference

Reference

Exercise.

Reference
Reference
Reference
Reference
Reference

Reference
Reference
Reference
Reference

MODULE: SOLAR-CHEMICAL ENERGY CONVERSION

STUDENT ACTIVITY

2, pp. 120-133 Unit 1. Solar-Chemical Energy
3, pp. 154-161 Conversion Technology -
196-226 Discuss Briefly:
4, pp. 54-57 A. Overview of Solar-
6, pp. 126-132 Chemical Conversion
7, pp. 715-771 1. Definition (solar to
905-937, secondary chemical fuel)
1005-1057 2. Natural process
1137-1144 “(photosynthesis)
11, pp. 141-170 3. Synthetic process
(photochemical)
B. Energy Resources
1. Solar insolation
2, Primary chemical
resources (biomass)
3. Secondary chemical
resources -
(photosensitive)
. C. Energy Conversion
1. Biochemical processes
2. Thermochemical processes
3. Electrochemical
processes
D. Energy Distribution ~
R 1. Gaseous fuels
2. Liquid fuels
‘ 3. Solid fuels
i E. Economics
: 1. Advantages
‘ 2. Disadvantages
3. Future potential
"~ Assignment:
Have students prepare for their course
assignment notebook:
1. A glossary of terms/terminology set forth
in’ module vocabulary.
1, Chapter 25 Ynit 2. Photosynthesis Technology -.
2, pp. 125-133 ‘ Discuss Briefly o
3, pp. 154-161 : ) A. Overview of Photosynthesis
4, pp. 50-53 ‘ Conversion '
5, pp. 106-108 . 1. Definition (a natural
206-208 3} . process)
7, pp. 1005-1057 ) 2. Historical development
8, pp. 222-228 ‘ 3. Current applications
9, pp. 130-145 ’ i B. Energy Resources
11, pp. 157-164 ' 1. Solar imsolation
: o . 2. Plant species
3. Soil, water, and
fertilizers
| prrL
! P4 U

/
Aol
N




MODULE:

STUDENT ACTIVITY

Exercise

Reference
Reference
Reference

Reference’

Reference
Reference
Reference

2, pg.
3; pg'
7, pp.

1050,

2, pp.

129-

PP.
PP-.

O 00~
v w w

pp.

126

157

1049,
1054

93-94

132
1029-1033
216-238 .
142-145

SOLAR-CHEMICAL ENERGY CONVERSION

c.

Assignment:

I-65

Energy Conversion

1. Photosynthetic
conversion of sunlight:

2. Carbon and nitrogen
fixation

3. Primary productivity

Energy Distribution

1. TFood and fiber crops

2. Aquatic plant species

3. New plant species for
biomass conversion
feedstock

Economics

L, Advantages

2. Disadvantages

3. Future potential

Have students prepare for their course

assignment notebook:

(1) A flow diagram from energy source to
energy distribution for photosynthetic
conversion, including:

the basic photosynthetic cycle
" (carbon fixation).

Unit 3.

Photochemical Technology -

Discuss Briefly:

A.

Overview of Photochemical

Conversion

1. Definition (a synthetic
photosynthetic process)

2. Historical development

3. Current applications

Energy Resources

l. Solar insolation

2. Electron donors

3. Electron acceptors

Energy Conversion.

1. Requirements for useful
photochemical reaction

2. The photochemical cell

3. Efficiency of the
conversion process

Energy Distribution

l. Direct fuel. production
(hydrogen) '

.2, Electrical energy

3. Thermal energy
Economics ’
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1. Advantages

2. Disadvantages ‘
. . ) 3. Future potential ‘
STUDENT ACTIVITY Asgignment:
Exercise Have students prepare for their course
assignment notebook:
Reference 2, pps 128-132 (1) A schematic flow diagram from source
Reference 7, pp. 1056, 1057 . through conversion to energy distribution
of the photochemical conversion process.
Reference 3, pp. 208-213 . Unit 4. Alcohol Technology -
Reference 2, pp. 122-124 Discuss Briefly:
127 - A. Overview of
Reference 6, pp. 128-129 Alcohol Technology
Reference 7, pp. 728-731 : 1. Definition of alcohol
750-755 . 2. Ethanol (grain alcohol)
1015-1020 3. Methanol (wood alcohol)
1052 - : B. Resources for Alcohol.
Reference 10, pp. 290 1. Fossil fuels
‘ 2. Cultivated crops
3. Organic wastes
C. Resource Conversion
1. Distillation
2. Fermentation : v ‘
, 3. Anaerobic digestion
D. Distribution of Alcochol
1. Chemicals
2. Motor fuel
3. Lighting and heating
) E. Economics of
Alcohol Technology
1. Advantages
2. Disadvantages
3. Future potential
STUDENT ACTIVITY Assignment:
Exercise : Have students prepare for their course
assignment notebook:
Reference 3, pp. 208, 210 . (1) A schematic flow diagram for alcohol
Reference 2, pg. 127 technology covering source to end use.
Reference 1, Chapter 6 Unit 5. Methane Technology -
Reference 2, pp. 123-124 , Discuss Briefly:
Reference 3, pp. 154-161 A. Overview of Methane
196-203 - Technology -
Reference 6, pp. 128-129 ‘ . 1. Definition of methane

Reference 7, pp. 1059-1089 2. Historical development .
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Reference 11, pp. 141-170

STUDENT ACTIVITY
Exercise
Reference 1, pp. 25~12

Reference 3, pp. 159-196
Reference 11, pg. 168

“Reference 1, pp. 6-30 - 6-34
Reference 2, pp. 130-132

Reference 4, pp. 282-292

Reference 7, pp. 905-921

1137-1144
Reference 8, pp. 247-250
Reference 10, pp. 326-330

Reference 11, pp. 141-155

\

Assignment:

3.

I-67

Current applications

Energy Resources

1.

2.

‘30

Naturally occurring
(brief review)
Synthetic fuels

(brief review)

Biomass (brief review)

Energy Conversion

1.

2.
3.

Biochemical
Thermochemical
Electrochémical

Energy Distribution

1. Gaseous fuel

2. Chemicals -

3. Petrochemical feedstock
Economics

1. Advantages

2. Disadvantages

3. TFuture potential

Have students prepare for their course

assignment notebook:

(1) A flow diagram from source, through
- conversion, to end product for methane

technology.

Unit 6. Hydrogen Tecﬁnology
Discuss briefly:
Overview of Hydrogen

A.

1.

~ Technology

Hydrogen as an
alternative fuel

2. Historical development

3. Current applications

Hydrogen Resources

1. Water B

2. Hydrocarbons,

3. Biomass

Resource Conversion.

1. Electrolysis

2. Thermochemical processes

3. Photochemical processes
* Hydrogen Distribution

1. Gaseous fuel

2. Solar energy storage

3. Industrial processes

Economics of Hydrogen

Technology

1. Advantages

2. Disadvantages
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STUDENT ACTIVITY

Exercise

Reference 1, pp. 6-32

Reference 4, bg. 285

“ 3. Future potential

Assignment:

Have students prepare for their course
assignment notebook:

(1) A schematic flow diagram for the
electrolytic production of hydrogen
from the electrical course, through
the electrolysis module, to the hydrogen
gas output.

(2) A schematic flow diagram comparison of
hydrogen as a fuel and conventional fuel
illustrating the source renewal cycle.
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OBJECTIVES: y
Upon completion of this module, the student should be able to:

(1) Define blomass and biofuels and discuss the historical.‘ L0
. development leading to today’s biomass energy technology.

(2) Discuss the nature of the biomass energy resources, including
cultivated sources, organic wastes, and animal residues.

(3) Discuss the principal.elements of the conversion processes for
obtaining biofuels (principally alcohol, methane, and
hydrogen) from biomass sources.

- (4) Discuss the nature of the converted -fuels as compared to

fossil and synthetic fuel sources and their transport from
generator to end use location. - ¢

(5) Discuss the advantages and disadvantages of the biomass
‘conversion process in today 8 economy. o ‘

(6) Discuss the potentilals for biomass energy conversion as an ;
alternative energy source.

' ! RATIONALE:

Biomass energy conversion represents one of the most advanced of
the solar-chemical technologies. ' It has potential for distributed
applications as well as “n~r large central generating stationms. The
solar technician should bz able to recognize and’ evaluate the
potentials of this technology field. '

REFERENCES

(1) Kreider, Jan F. and Frank Kreith (Editors), Solar Energy
Handbook, McGraw-Hill Book Co., New York, 1981r

(2) Cheremisinoff, Nicholas P, "Overview: Biomass as a Source of
Energy", Alternative Sources of Energy, No. 48, March/April
1981, pp. 16-20.

(3) Parker, Sybil P. (Editor in Chief), McGraw-Hill Enoyclobediac.
of Energy (Second Edition), McGraw-Hill Book Co., New York,
1981. . _ - -

-

4

€)) Dixon, A. E. and J. D. Leslie, (Editors), Solar Energy
Conversion, Pergamon Press, New York 1979.

(5) Skinner, Brian J., (Editor), Earth’s Energy and Mineral
Resources, William Kaufmann, Inc., Los Altos, California, >

o 1980. -
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- (6)l Merrill, Richard and Thomas»Gage-(Editors), Energy Primer: _
Solar, Water, Wind and Biofuels, (Updated and Revised ’
‘ Edition), Dell Publishing Co., New York, 1978.

(7) Cuff, David J. and William J. Young, The United States Energy

Atlas, The Free Press, A Division of MacMillan Publishing Co.,
~ New York, 1980,

) UNIT TITLES:
(1) Biomass Energy Technology
. (2) Future Potentials
(3), Energy Resources
-(4) FEnergy Conversion
(5) Energy Distribution

(6) Economics
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VOCABULARY*
Acid Hydrolysis
Biogas ‘
Batch Digester
Cellulose

Continuous Digester

- Digester

Enzyme

Fodder

Garbage

Humus
Incineration
Mash

Manure

Net Productivity
pH

Sewage
Solubilization
Volatile Solids

MODULE: BIOMASS ENERGY TECHNOLOGY I-71

Acidogeneis
Biofuel
Carbohydrates

" Crop Residue

Destructive Distillation
Energy Plantation

Feed Lot

Fixed Solids
Hydrogasification

£
@

Hydrolysis ..
Lignin

-Methaﬁe

Methanogeneis

Organic Waste’

‘S8ilviculture
Still

Total Solids
Wood Lot
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Reference 1, Chapter 26 Unit 1. Biomass Energy Technology
) Reference 2, pp. 16-20 A. Overview of Biomass
Reference 3, pp. 255-260 Technology
277-279 - 1. Definition of biomass
290-291 : 2. Historical development
Reference 4, pp. 587-628 ' . 3. Current applications
715-771 ' B. Energy Resources
1005-1103 _ 1. Energy crops
Reference 5, pp. 120-124 2.  Organic wastes
Reference 6, pp. 154-161 - “ 3. New plant species
196-219 - C. Energy Conversion
Reference 7, pp. 346-361 1. Direct combustion
\ ‘ : : 2. Thermochemical processes
3.  Biochemical processes
! D. Energy Distribution
1. Synthetic fuels
2. Substitute fuels
3. Chemical feedstock
E. Economics - o
1. Advantages
2. Disadvantages
3. Future potential
STUDENT ACTIVITY : Assignment: !
Exercise . ‘Have students preﬁare for their course
e : _assignment notebooks:
(1) ‘A glossary of the terms set forth
in the module vocabulary.
Reference 1, Chapter 25 - Unit 2. Energy Resources
Reference 4, pp. 1005-1057 A. Terrestrial Plant Spefcies
Reference 6, pp. 154-161 ' 1. TFood crops
196-199 2. Non-food crop
208-212 ' 3. Crop residue
214-218 B. Forest Species - :
Reference 7, pp. 346-348 1. Non-commercial timber
' 2. TForest residue
3. New plant species
C. Aquatic Plant Species
1. Algae :
2. Fresh-water plants
3. Marine-water plants _ .
D. Animal Waste _
1. Manure (feed lot) o
. ' 2. - Urban sewage ' '
3. Animal carcasses
. E. Organic Waste
- ’ o 1. - Garbage

2. Paper -
3. Garden debris
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STUDENT ACTIVITY ‘ Assignment :

~

Exercise Have students prepare for their course
assignment notebook: ‘

Reference 1, Chapter 25 (1) A tabulation of representative biomass
' ‘ resources showing generic class, specific
{ biomass species, and energy equivalent.

Reference 1, pp. 25-11 - 25-16 Unit 3.  Energy Conversion

Reference 2, pp. 16-20 A." Thermochemical Process -
. Reference 4, pp. 715-756 : Pyrolysis
1005-1103 : ' 1. Resource and preparation
Reference 5, pp. 120-124 2. Conversion process
Reference 6, pp. 154-161 3. Products of conversion
196-213 B. Thermochemical
\ Reference 7, pp..347-350 Process-Liquefaction

1. Resource and preparation -
2. Conversion process
‘3. Products of conversion
C. Thermochemical Process -
Gasification
1. Resource and preparation
. : 2. Conversion p ess -
. ' ) 3. Products of conversion
‘ D. Biochemical Process -
Anaerobic Digestion
1. Resource and preparation
2. Conversion process
3. Products of conversion
E. Biochemical Process -
Fermentation
1. Resource and preparation
2. Conversion process
3. Products of conversion

" STUDENT ACTIVITY Assignment:

Exercise : - Have students prepare for their course
assignment notebook:

Reference 6, pp. 159, 196 (1) A simple flow diagram for .each of the
Reference 7, pp. 349-350 five conversion. processes discussed
’ showing the nature of the resources, .
: . the important conversion parameters
o ' (temperature, pressure, etc.), and the

products of conversion.

75
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g ' ., Unit 4. Energy Distribution
. A. Synthetic Crude 0il
1. Crude oil product
- from biomass :
2. Comparison (natural,
- synthetic, biomass
crudes)
3. Biomass crude - from
source to market
B. Substitute Liquids
ﬁ : From Biomass
\\ ’ . 1. Alcohols from bilomass
| . 2.  Comparison (fossil and
. ' ' : . biomass resources)
| o 3. Biomass alcohol - from
‘ source to market
C. Synthetic Natural Gas
1. Methane from biomass
2. Comparison (natural,
synthetic, biomass
, gases)
. 3.% Biomass methane - from
' source to market
D. Substitute Gases
From: Biomass
1. Hydrogen
i . . b 2. Ammonia
i : 3. Other gases (oxygen,
- carbon dioxide, carbon
; o ' moposide)
' : ' E. Bioconversion Residuals
| 1. Char (combustible fuel)
' 2.. Digested sludge
(fertilizer)
3. Inorganic solids

: ! '
.
. . 2
. . .
. B

STUDENT ACTIVITY Assignment:
"Exercise ‘ Have sthdenfs prepare for their course

! assignmEnt notebook: ,
Reference 2, pg. 18 - (1) A histogram comparison of the enefgy
‘ equivalent of natural, synthetic, and
v substitute products for end use appli-

LT

é- cations. ,
{V,’ : i ) !
gﬂ Reference 1, Chapter 25 ! Unit 5. Economics
ﬁ Reference 4, pp. 587-592 } A. Biomass Pyrolysis Processe$
f 614-627 S | 1. Advantages P
£ 715-771 ‘ 2. Disadvantages
i 1005-1057 ‘ : 3. Production costs
;- Reference 5, pp. 120-124 - ' - B. Biomass Liquefaction
Reference 6, pp. 160, 201-202 1. Advantages
212-214 , ‘ : 2. Disadvantages
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' . ' R Produc;ion costs
C. Biomass Gasification

-/ Processes ,
/// 1. Advantages /
: 2. Disadvantages

3. Production costs
D. Biomass Anaerobic
Digestion Processes
i. Advantages - /
2. Disadvantages/
3. Production cdsts
‘ E. Biomass Fermentation
- Processes
1. Advantages:
2. Disadvantages
3. Production costs

STUDENT ACTIVITY Assignment:
Exercise : Have students prepare for their course

assignment notebook:

¥

Reference 3, pp. 259-260

Reference 1, pp. 25-18, (1) A tabulation of representative biomass .
. 25-20 o : ‘ v
‘ ; Reference 4, pp. 757-771 conversion processes showing advantages, -
disadvantages, and production costs.
Reference 1, pp. 25-16, Unit 6., Future Potentials
25-21 ' '
Reference 2, pp. 16-20 | . 7 A. Crude 0il From Biomass

1. Production factors

- "~ 290-291 2. Cost factors
Reference 4, pp. 715-771 3. Geographical factors
' 1005-1057 B. Alcohols From Biomass

Reference 5, pg. 124 CoL 1. ‘Production factors
‘Reference 6, pp. 160, 202 R 2. Cost factors
212-213 " 3. Geographical factors
Reference 7, pp. 347-361 C. Methane From Biomass
: 1. Production factors
2. ‘Cost factors
3. Geographical factors
D. Substitute Gases
From Biomass
3 1. Production factors
2. Cost factors
3. Geographical factors -
E. New Plant Species

1. Production. factors
2. Cost factors
3. . Geographical factors
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STUDENT ACTIVITY

Exercilse

Reference, 2, pg» 20
/

, e

®

Assignment:

Have stud.unts prepare for their course
assignment notebook:

" (1) A summatry flow chart of potential biomass
: resources, conversion technologies,
products, and economic sector markets
benefited. :
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OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Recognize that solar energy is the primary source responsible
for the natural phenomenon of wind and ocean energy and
discuss the general characteristics of direct mechanical
energy conversion from such sources.

(2) Discuss the elementary principles of mechanical energy storage
and its relation to solar energy conversion processes.

(3) Discuss the elementary principles of tidal energy conversion
as an alternative energy source.

(4) Discuss the prospects for ocean waves and currents as a
possible energy source and the investigations-curregtly in
process. :

'(3) Discuss the elementary principles of non-convective solar
ponds and salinity gradients as energy sources,

(6) Discuss the elementéry principles of Ocean Thermal Energy
Conversion (OTEC) and the future potential for this energy
conversion system. h

‘RATIONALE:

Mechanical energy for pumps and rotating shafts can be obtained
from the natural forces of wind and water. These natural forces
are secondary sources resulting from the interaction of- solar
energy with the earth’s atmosphere, hydrosphere, and dithosphere.
They are usually identified -as part of the technology of solar
energy and hence the solar technician should be knowledgeable of
_the elementary principles agsociated with conversion from these
sources. '

REFERENCES: °

(1) Stoker, H. Stephen andothers, Energy From Source to Use,
-- Scott, Foresman and Company, Glenview, Illinois, 1975.

(2) Gibney, Frank (Editor), Energy: The Fuel of Life,
: Bantam/Britannica Books, New York, 1979.

(3) Dixon, A. E. and J. D. Leslie (Editors), Solar Energy
Conversion, Pergamon Press, New York, 1979.

(4) Kreider, Jan F. and Frank Kreith (Editors), Solar Energy
Handbook, McGraw-Hill Book Company, New York, 1981. e

83
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(5)

(6)

MODULE: SOLAR-MECHANICAL ENERGY CONVERSION

Application of Solar Technology Eg_Today’s Energy Needs,
Volume I, Office of Technology Assessment, Congress of the
United States, Washington, D.C., June 1978. —

Krauskopf, Konrad B. and Arthur Beiser, The Physical

‘Universe, (Fourth Edition), McGraw-Hill Book Co., New York,

(7)

1979.

Ruedisili, Lon C. and Morris W. Firebaugh (Editors),
Perspectives on Energy: Issues, Ideas, 'and Environmental .

_ Dilemmas, Oxford University Press, New York, 1975.

(8)

(9)

(10)
(n

(12)

(13)

(14)

uNIT
(1
(2)
(3)
(4)
(5)
(6

Priest, Joseph, Energy for a Technological Society:
Principles, Problems, Alternatives (Second Edition),
Addison-Wesley Publishing Company, Reading, Massachusetts,
197'9- . \ »

McDaniels, David K., The Sun: Our Future Fnergy Source, John
Wiley and Sons, New York, 1979.

Ocean Energy, Reﬁbrt DOE/CS-0203, U. S. Department of Energy,
Technical Information Center, Oak Ridge, Tennessee, November
1980. ‘

Cuff, David J. and William J. Young, The United States Energy
Atlas, The Free Press, A Division of MacMillan Publishing
Co., New York, 1980. '

Shepard, M. L. and Others, Introduction to Energy Technology,
Ann Arbor Science Publishers, Ann Arbor, Michigan, 1976.

International Conference on Future Energy Concepts, 30
January - 1 February 1979, Conference Publication No. 171,
The Institute of Electrical Engineers, New York, 1979.

Van Dorn, William G., Oceanography and Seamanship, Dodd, Mead
and Company, New York, 1974. :

TITLES: | \
Solar-Mechanical Energy Conversion Technology

Mechanical Energy Storage

Tidal Energy Technology

Ocean Wave/Current Energy Technolcgy

Non-Convective Solar Pond Technology

Ocean Thermal Energy Technology
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VOCABULARY :
Absorption Cycle
Concentrated Wave Turbine

Energy Storage '

Generator (Thermodynamic Cycle)

Hinged Barges

Head

Non~-convective

Osmosis -

Ocean Thermal Gradient
Ocean Current
Progressive Wave

Solar Pond

Solinity Gradient
Solar-Mechanical Energy
Tidal Power ‘
Tidal Basin

Low Boiling-
High Vapor Pressure Fluid

L T
]

A

Compressed Gas
Condenser
~Elevated Liquid

Flywheel
Hydrostatic
Hydrostatic Head
Oscillation Wave
Osmotic Pressure
OTEC
Ocean Waves
Periodic Wave Motion
Salinity
VStanding Wave
Tide
Tidal Range
Vertical Column Turbine
%?nd Waves

,
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Reference 1, ﬁp. 46-55
262-267
Reference 2, pp. 207-223
4

Reference 4, pp. 6-1 - 6-4
6-24 - 6-28
Reference 5, pp. 386-387
445-446
466-467

Reference 6, pp. 57-59
430-451
Reference 8; op. 304-308
Reference 10, pp. 1-4
Reference 12, pp. 118-128

STUDENT ACTIVITY

Exercise

Reference 4, pp. 6-1 - 6-4
6-24 - 6-28-
Reference 2, pp. 215, 218
Reference 5, pp. 466-467
Reference 12, pp. 118-128

Unit 1. Solar-Mechanical Energy
Conversion Technology

AI

Assignment:

Overview of Solar-

Mechanical -Conversion

1. Definition

1. Kinetic energy to
mechanical energy

3. Potential energy to
mechanical energy

Energy Resources

1. Direct (wind, water)

2. Indirect (without
heat engine)

3. Indirect (with
heat engine)

Energy Conversion

1. The energy absorber

2. Mechanical shaft power

3. Efficiency .

Energy Distribution

1. Mechanical power

2. . Electrical power

3. Mechanical energy

storage
Economics
1. Advantages
2. . Disadvantages
3. Future potential

Have students prepare for their course
assignment notebook: .

(1) A glossary of the terms set forth in
the module vocabulary. ’

Unit 2.
AI

N

Mechanical Energy Storage
General Characterization

1. Storage needs and roles
2. Storage modes and

applications

3. Characterization
parameters

Fly Wheels

1. Definition

2. Characteristics

3. Mechanical elements
Compressed Gases

1. Definition

" 2. Characteristics

3. Mechanical elements




MODULE:

STUDENT ACTIVITY

Exercise

Reference 4, pg. 6-25
Reference 4, pp. 627 — 6-28
Reference 4, pg. 6-28 o
Reference 1, pp. 262-267
Reference 2, pp. 220-221
Reference 6, pp. 57-59, 134
Reference 7, pp. 359-363
Reference 8, pp. 304-308

Reference 10, pg. 1
Reference 11, pp. 336-337

STUDENT ACTIVITY

Exercise

Reference 1, pg. 264
Reference 8, pg. 305

5

”Assignment:'

D.

SOLAR-MECHANICAL ENERGY CONVERSION ~ I-8l

Elevated Liquids

1. Definition

2. Characteristics

3. Mechanical elements
Economics

1. Advantages

2. Disadvantages

3. Future potential

Have students prepare for their course

assignment notebook:

(1) Simple flow schematics for conversion

systems:

a. A flywheel storage component '
b. A compressed gas storage component
c. An elevated liquid storage component.

Unit 3.

Assignment:

Tidal Energy Technology

A.

Overview of Tidal Energ

Conversion - »

1. Definition

2. Historical development

3., Current applications

Energy. Resources

1. Moon,:sun, and tides °

2. Tidal range (high tide
low tide)

3. Geographical locations
for tidal conversion

Energy Conversion

1. Tidal basin

2. Water turbines

3. Basin filling and
emptying

Energy Distribution

1. Power generation

2. Pumped storage

3., Standby (intermittent
operation)

Economics

1. Advantages

.2, 'Disadvantages

3. Future potential

Have students prepare for their course
assignment notebook:

(1) A simple sketch showing the sun, moon,

earth relations during maximum tidal

8 f;4

+
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- effects. .
Reference 1, pp. 265, 266 (2) A simple sketch showing the operational l
'~ ‘phases of a tidal power plant as a function

o7 time versus hydrostatic head.

Reference -2, pp. 221-223 Unit 4. Ocean Wave/Curreﬁt Energy

Reference 6, pp. 446-451 v Technology ,
Reference 10, pp. 1-4 A. Overview of Wave/Current
Reference 13, pp. 81-87 ‘ e Conversion
100~108 1. Definition
160-163 : T 2. Historical development
167-176 . 3. Current applications ‘
390-393 B. Energy Resources !

Reference 14, pp. 149-239 1. Sun, ocean, and wind
N ‘ 2. Oscillation waves
3. Surface and vertical
ocean currents
C. Energy Conversion
1. Hinged barges
2. Vertical column turbine
3. Concentrated wave
turbine
D. Energy Distribution
' 1. On board manufacturing
processes “
2. Power transmission ‘
to shore ’
3. Energy storage
E. Economics
1. Advantages
=2, Disadvantages
3., TFuture potential

STUDENT ACTIVITY : - Assignment:
‘ |
Exercise Havé students prepare for their course

assignment notebook:

(1) Simple schematic diagrams illustrating
the concepts of:

Reference 14, pg. 162 : a. Progressive waves

Reference 14, pg. 163 . b. Standing waves

Reference 14, pg. 164 ‘ ¢, Periodic wave motion.

Reference 3, pp. 167-183 - Unit 5. Non-Convective Solar

Reference 4, Chapter 10 Pond Technology

Reference 5, pp. 386-387 . A. Overview of Non-Convective

. LL5-446 Solar Pond Conversion
Reference 9, pp. 261-265 ’ ‘ 1. Definition ’
Reference 10, pp. 1-3 2. Historical development

3. Current applications ‘




STUDENT ACTIVITY

Exercise

.

Reference 9, pg,&263
/i

»

Reference 1, pp. 279-282
Reference 2, pp. 223-224
Reference 4, Chapter 19
Reference -9, pp. 231-233
Reference 10, pp. l-4

’

[N

>

Assignment:

7.

MODULE: SOLAR-MECHANICAL ENERGY CONVERSION ,

- 1-83

Energy Resources

1. Natural solar ponds

2. Artificial solar ponds
3. Ocean 8alinity gradients
Energy Conversion

1. Solar energy collection
2. Heat extraction

3. Osmotic-pressure

Energy Distribution

1. Direct mechanical power
2. Heat engine input

3. Direct heating
Economics

l.. Advantages

2. Disadvantages

3, Future potential:g.mks‘ .

Have students prepare for;their course
assignment notebook: ‘

k4

. .
- (1) A schematic comparisgon of the convecting

* and non-convecting solar pond principles
showing the salt/temperature gradient

effects.

Unit 6.

Ocean Thermal Ene;gy

A.

B.

-

Overview of Ocean Thermal

Energy Conversion

1. Definition

2. Historical development

3. Current applications-

Energy Resources .

1. Sun, ocean, and
thermal gradients

2. Geographic locations

3. Low boiling-high vapor
. pressure fluid

C.- Energy Conversion

RN
‘

D.

[N

-

1. The ‘gqcean thermal cycle

2. The.turbine :
thermodynamic cycle

3. Overall thermal
efficiency

Energy Distribution

1. EYectrical power

2. ~Electrolysis (hydrogen

-

S and nitrogen)
\,_:‘3.

Aluminum production

P
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STUDENT ACTIVITY

Exercise
¥

Refefence 1, pg. 280

a

Assignment: - . l

E. Economics "
1. Advantages
2. Disadvantages
3. Future potential

/
fane . 7

Have students prepare for their course
assignment notebook:

(1) A simple flow ‘diagram of an OTEC power
"plant operation with indicated temperatures
and pressures for the various parts of the
thermodynamic cycle.

O
C\
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. o ' MODULE: WIND ENERGY TECHNOLOGY »I-85

OBJECTIVES: .
Upon completion of this module, the student should be able to:

(1) Define wind energy conversion and discuss the historical
development leading to today’s wind energy technology.

(2) Discuss the nature of the wind energy resource from the solar
: S~

. ; source, through the atmosphere, to the domestfc and local

' ‘ site.

poer——_ (3)- Discuss the principal components of the wind energy converter,
\ including the rotor, shaft,. generator, controls, and tower
support. B . g
/ (4) Discuss the distribution of converted wind energy as either
/ ' mechanical or electrical energy, including storage and power
e conditioning.
(5) Discuss the advaﬁtages and disadvantages of wind energy
conversion systems in today’s economy.
(6) Discuss the potential for wind energy tonversion as an
alternative energy soutge. . &
: -

RATIONALE: . B ‘

Wind energy conversion is one of the most advanced of the
solar-mechanical technologies. It has potential for distributed
applications as well as for central stations. The solar technician,
should be able to recognize and evaluate the potential of this
technology field. o

REFERENCES:
- - %
(1) ‘Park, Jack, The Wind Power Book, Cheshire Booﬁf, Palo Alto, ~

Calif., 1981,

(2) Kreider, Jan F. and Frank Kreith (Editors), Solar Energy
Handbook, McGraw-Hill Book Co., New York, 1981. .

(3) Kuechin, John ‘A., How To Make Home Electricity From Wind,
Water, and Sunshinc, Tab Books, Blue Ridge Summit,
Pennsylvania, 1979. ’

, (4) Merrill, Richard and.Thomas Gage (Editbrs), Energy Primer:
Solar, Water, Wind, and Biofuels, (Updated and Revised
Edition), Dell Publishing Co., New York, 1978.

(5) Krauskopf, Konrad B. and Arthur -Beiser, The Physical Universe
' (Fourth Edition), McGraw-Hill Book Co., New York, 1979.
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T-86 - MODULE: WIND ENERGY TECHNOLOGY '

(6) Van Dorn, William G., Oceanography and Seamanship, Dodd, Mead
and Company, New York, 1974..

{7) Cuff, David C. and William J. Young, The United States Energy
.Atlas, The Free Press, A Division of MacMillan Publishing Co., .
New York, 1980. . ‘ o

+  UNIT TITLES:
(1) Wind Energy Technology

(2) Energy Resources

\

(3) Energy Conversion

(4) Energy Distribution

(5) Economics ' ' | C

(6) . Future Potentials

[y

Qo




A,

‘MODULE

VOCABULARY :

Airfoil
Asyﬁchronous Generator
Axial Flow
Bowsprit

Blade Twist (Helix)
Cut-out Speed

Drag

Yaw Axis

Furling Speed
Fantail

Gin Pole

Lolly Axis
Panenone

Pitch

Rated Power

.Return Time

Rotor Efficiency

. Runaway

Solidity

Synchronous Inverter
Starting Torque
Turbulence |

Tangeﬁtial Flow

Wind Generator
Windmill

Wind Power
Windspeed Profile
Windseeking
Windshaft

WIND ENERGY TECHNOLOGY

/

Anemomefef /
Airscrew
Angle of Attack:

¢ Blade Tip Spééﬁl"'
Cut—-in Speedl '
Darrieus Rotor
Diametral Flow
Fetch Area
Fans
Gear Ratio
Inverter x\;
Lift
Power Coefficient
Propeliers
Rated Speed
Rotor
Reciprocating Pump
Savonius Rotor
Syﬂchronous Generator
Sail

) Torqué
Torque-speed
Wind Furnace
Wind Machine
Wind Energy
Wind Nose
WindSpéed Distribution
Windwheel

I1-87
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_ Reference 1, pp. 13-49 : : Unit 1. Wind Energy Technology
Reference 2, pg. 23-19 ’ ' . A. Definition of Wind Energy - .
3 ‘Reference 7, pp. 283-309 o ' ‘ Conversion
B 1. The sun and earth s
4 v - atmosphere (brief)

2. The wind and wind
absorber (brief)
‘ 3. Mechanical shaft power
| - B. Ancient Technology
* . Development
o ' “ 1. .The Egyptians and sails
- L : ‘ " 2, The Persians and
‘yertical-shaft windmills
3., The Dutch and (
horizontal-shaft
propeller—-type wipdmills
C. Colonial Times to the
© Twentieth Century

aiming windmills
2. The American farm

3. Windchargers
B D. Wind Generated Electrlc%ﬁy
J 1. Early French and
Russian generators
2. Grandpa’s Knob
3. Gedser, Denmark
E. Current Development
Activities 3
é‘. Small wind machines .
. Medium wind machines
3. Large wind maghiheg’
/

,o
: . ¢
/

STUDENT ACTIVITY Assignment:
Egercise -/ Have.students prepare for their course

~ assignment notebook

(1) A glossary of the terms set forth in the
module vocabulary. ‘

Kl

Reference 1, pp. 45-65_ Unit 2. Energy Resources

Reference 2, pp. 23-3 - - 23-5 : A. Wind Is Kinetic Energy
Referen¢e 3, pp. 105- -107 : ' "1, Wind results from
Reference 4, pp. 122-124 : sun’s heat

Reference 5, pp. 430-439 - 2. Power equals kinetic
Reference 6, pp. 65-77 : energy per unit time
Reference 7, pp. 283-291 3. Power proportional to

cube of wind velocity
B. Atmospheric Wind Energy

- : 1. The atmosphere as a
heat engine

1. Development of automatic.

windmill ‘ i




E MODULE: WIND ENERGY TECHNOLOGY . I-89 ’
. ‘ ' : ' EE . . 2. The major wind systems
‘ , ‘ ¥ ' ‘ 3. Pertubation of the
' ' zonal winds « . 5
. B " C. Domestic Wind Energy .
I U. S. wind patterns —,
o ) surface level '
. ' ' 2. U. S. wind patterns -
k ‘ 150 foot tower height
3. Seasonal variations
D. Site Wind Energy \
’ &,1. Average wind speed
| 2. Variation and frequency
. " of wind speeds : .
; 3. Topography
, " E. Measuring Wind-Energy
o : ) 1. Anemometer
- R . ' 2. MWindspeed
: : b : ' distribution curve
T S 3. U. S. Weather
/ ' k Bureau ‘data
STUDENT ‘ACTIVITY Assignment: . o
5 Exercise ‘ Have students prepare for thelr course ‘ i
. i asﬁignment notebook: f
s Reference 7,£pg. 285 (1) A schematic diagram illustrating wind }
; energy conversion. . /
' {
Reference 1,,pp.'64—65 (2) Schematic diagrams illustrating the ,
_E : ' effect of topography and turbulence.“
Refegence,7,fpg.,292 (3) A tabulation (or histogram) of annual P

; . average wird power at 150 feet height
P for various U. S. regions.
;

\
i

Reference 1, pp. 67-147 Unit 3. Energy Conversion
Reference 2, ! 'pp- 23-6 - 23-19 | "A. Wind Machine Rotor
Reference 3, ipp. 23-37 ' g 1/ Blades (tip speed)
' 51-62 ' 2. Hub (horizontal or
- , 104-126 - vertical axis)
Reference 4, ipp. 120-131 : * 3. Balancing | ,
: ' B. Mechanical Powe%. e
1. Shaft ;
‘2. Torque / ,
3. Transmission
C. Electrical Power

1. Generators v
2. Alternators

3. Inverters .
;o T
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STUDENT ACTIVITY

PP

Exercise | {
g
N
Reference 2; pp-.
i oy .
Y
Reference 1, pp.
Reference 2, pp.
Reference 3, pps
B Reference/4, pp.
«’i, Referencé 7,

MODULE: WIND ENERGY TECHNOLOGY o ‘ /
’ = ' D. Wind Machine Controls /
- 1. Tail vanes (yaw control)
- _ 2. Governors
o . o (overspeedﬁgontrol)
. ) 3. Shut-off controls
! : E. Wind Machine Support
- 1. Tower (type and bracing)
A 2. Tower foundation
» . and axis—~——
o . 3. Wind-machine support
[ e e - frame and/tihdlng
\j’ ‘ . .
Assignment: N )
P Have students prepare for their course
w7 sg-assi nment notebook:
T g .
23-12 o (1) A simple block diagram of a wind energy
' conversion system indicating major
components and flow paths.
119-147 Unit 4. Energy Dist;ibution
23-12 - 23-20 A. . Wind Pottes Water Pumping
38-90 1. Reciprocating motion
120-131 L 2, Centrifugal’
282-309 "wdter slingers"
) ~ 3. Compressed. air

Water Storage p

- ' I. Ponds and surface tanks
2. Large volume elevated
‘tanks
. . 3. Small volume demand
e .accumulators _
C. Wind-Electric.Systems
1. DC generator to DC loads
2. 'DC generator to AC loads
3. AQgenerator to AC loads :
D. : Electrical Energy Storage
1. Batteries .
* 2. Fiywheels
/3. Thermal storage . {
E. Wind Furnddes ) 7
1. Wind driven eleptric % e
) resistance heaters e
‘ 2. ~Wind driven heat pumps” e\\ﬁ
/7 3.\ Water storage tank and o

' PR wind driven paddiles




STUDENT ACTIVITY

Exercise

Reference 1, pg.

Reference 1, pp.

. Reference 2, pp.

References 3, pp.
Reference &4, pp.
References 7, pp.

MODULE:

134

149-155

23-17 - 23-23
127-134
120-131
283-309

WIND ENERGY TECHNOLOGY I-91

Assignment:

Have students prepare for their course
assignment notebook: :

(1) Simple schematic diagrams for basic
wind-electric systems showing major
components of the conversion process.
Basic systems should include:

a. DC generator to DC loads

b. DC generator, inverter, AC loads

¢. DC generator with AC backup,
inverter, AC loads

d. AC generator with AC backup, AC loads.
Unit 5. Economics :

A. Small Wind Machines,
1-50 kw (Farm, Rural Use)
1. Advantage
2. Disadvantages
3. Cost factors

B. Medium Wind Machines
100-200 kw (Irrigation,
Small Scale Industry,
and Utility)

1. Advantages
2. Disadvantages
3. Cost factors

C. Large Wind Machines,
1-3 MW (Large Private
and Public Utilitdies)
1. Advantages
2. Disadvantages
3. Cost factors

D. Large Multi-Unit Wind
Systems
1. Advantages
2. Disadvantages
3. Cost factors

E. Legal and Social Aspects
1. Property ownership

and wind rights
2. Wind machine
owners obligations
3. Sociml issues
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STUDENT ACTIVITY Assignment:
Exercise Have studentsiprepare for their course

assignment notebook:

(1) A tabulation of advantages and
disadvantages of wind machines
according to the size or rated
output of the machine.

Reference 7, pp. 287-309 Unit 6. Future Potentials
. A. Define Wind Energy
Regimes and Wind
Machine Characteristics
3 1. High wind energy regime
RN 2. Moderate wind
energy regime -
3. Low wind energy regime
B. Land Use
1. High wind energy regime
2. Moderate wind energy
regime
3. Low wind energy regime
C. Wind Energy and-U. S.
Electrical Generating
Requirements
1. Rapid implementation of
wind energy systems
2. Medium implementation of
wind energy systems
3. Slow implementation of
wind energy systems
D. Economic Factors
1. Economic feasibility
and number of machines
e . 2. Fuel prices and break
‘even point
3. Regional wind-electric
» output
E. Potential of Wind Machines
for Various Applications
1. Electric utility
2. Residential
3. Other (agriculture,
remote communities,
small industry)
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STUDENT ACTIVITY . Assignment:
Exercise . Have students prepare for their course

assignment notebook:

Reference 7, pp. 302-303 © (1) A tabulation (or histogram) of the number
of utility wind generators to reach break
even costs in each wind regime (high,
moderate, and low).




MODULE: SOLAR-ELECTRIC ENERGY CONVERSION I-95

OBJECTIVES:

Upon completion of this module; the student should be ablé to:

(1) Define and discuss the elementary principles for the direct
conversion of solar energy to electrical energy.

(2) Discuss photoelectrolysis conversion, efficiencies, and
potential applicationms. : -
(3) Discuss the characteristics of fuel cells and their potential
" solar—electric conversion applicationms.

(4) Discuss the elementary.principles of thermoelectric conversion
and the potential as a solar-electric conversion process.

-

(5) Discuss-tﬁe elementary principles of thermionic conversion aﬁd

the potential as a solar—electric conversion process.

(6) Discuss the proposed concept of using‘satellites in
geosynchronous orbit as a source of electrical power.

RATIONALE:

The direct conversion of solar energy to electrical energy is very
important for potential applications throughout our economy. This
area of technology has received and is currently receiving
considerable attention in both research and applied activities.
The solar technician should be knowledgeable of the various
potentials available from the direct conversion of solar energy to
electrical energy.

.-

REFERENCES:

(1) Cheremisinoff, Paul N. and Thomas C. Regino, Principles and
Applications of Solar Energy, Ann Arbor Science Publishers,
Inc., Ann Arbor, Michigan, 1978.

(2) Shepard, Marion L. and others, Introduction to Energy
Technology, Ann Arbor Science Publishers, Inc., Ann Arbor,
Michigan, 1976. ' ,

(3) Pulfrey, David L., Photov01ta1c Power Conversion, Van Nostrand
Reinhold Company, New York, 1978.

(4) Dixon, A. E. and J. D. Leslie (Editors), Solar Energy
Conversion,Pergamon Press, New York, 1979. '

(5) Applications ‘of Solar Technology to Today’s Energy Needs,
Volume I, Office of Technology Assessment, Congress of the
United States, Washington, D.C., June 1978.

100
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(6) Skinner, Brian J. (Editor), Earth’s Energy and Mineral
Resources, William Kaufmann, Inc., Los Altos, California,
1980' ! N —

(7) Meinel, Aden B. and Marjorie P. Meinel, Applied Solar Energy,
Addison-Wesley Publishing Co., Reading, Massachusetts, 1976.

(8) Daniels, Farrington, Direct Use of the Sun’s Energy,
Ballantine Books, New York, 1977.

(9) Stoker, H. Stephen and others, Energy From Source to Use,
Scott, Foresman and Cc., Glenview, Illineis, 1975.

UNIT TITLES:

(1) Solar-Electric Energy Conversion Teéhnology

(2) Photoelectrolysis

(3) Fuel Cell Technology

(4) Thermoelectric Technology

k]

(5) Thermionic Technology

(6) satellite Solar Power

103
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VOCABULARY :

Solar-Electric Energy
Cathode

Collector
Thermoelectric
Photoelectrolysis
Electrolyte
Thermocouple
Microwave

Electron Emission

Interelectrode Seeding

.Cesium

Peltier Effect
Hot Junction

1og

Anodé

Emitter
Photoelectric Effect
Thermionic L
Electrode
Thermoglement
Thermopile
Geosychronous Orbit
Interélectrode Space
Work Function
Seebeck Coefficient
Thomson Effect

Cold Junction
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T-98 MODULE: SOLAR-ELECTRIC ENERGY CONVERSION
‘Reference 1, pp. 81-83 ) " Unit 1. Solar-Electric Energy
] 141-155 ' Conversion Technology : ‘

Reference 2, pp. 251-269 A. Overview of Solar-Electric
Reference 3, pp. 9-65 - ' Conversion .
Reference 5, pp. 393-426 ) 1. Define solar—electric

= - 464-483 i " conversion (direct)
Reference 6, pp. 20-22 2. Brief review of

92-113 S . . electrical fundamentals

Reference 7, pp. 526-550 - : 3. €urrent solar-electric
Reference 8, pp. 197-252 o conversion interest

‘ B. Energy Resources
.o . 1. Solar energy (photons
and heat) '
+2. Photosensitive materials
3. Thermo-sensitive
materials
C. - Energy Conversion
1. Direct solar to electric
(photoelectric effect)
2. Solar cells (brief)
3. Thefmo-processes (brief)
D. FEnergy Storage ~
i 1. Requirements for storage
; 2. Batterles (brief)
‘ 3. Other options (brief)

E. Energy Distribution °
a 1. Stand-alone "
~applications ‘
2. Local applications
(residential)

3. Central power stations

STUDENT ACTIVITY Assignment:
Eiercise v Have students prepare_for their course

assignment notebook:

(1) A glossary of the terms set forth in
the module vocabulary.

Unit 2. Photoelectrolysis
A. Overview of Technology
1. Definition of
photoelectrolysis -
2. Historical development
3. Current applications
B. Energy- Resources
1. Sunlight
2. Electrodes
3. Electrolyte

103
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MODULE: SOLAR-ELECTRIC ENERGY CONVERSION

. . ' C-

1-99

Energy Conversion
1. Photoelectrolysis cells

2. Electrochemical photo-
voltaic cells

‘ ' _ ’ 3. Efficiency of
f conversion
D. Energy Distribution -

1. Fuel (hydrogen)
2. Electricity
3. Storage

E. Economics of
Photoelectrolysis
Conversion
1. Advantages
2. Disadvantages

* 3. Future potential

STUDENT ACTIVITY Assignment:

Have students prepare for their course
assignment notebook:

Exercise

" (1) A schematic diagram of the photo-
electrolysis conversion process showing .
principal: components, flow directions,
hydrogen fuel extraction, and electrical
energy extractlon.

Reference 1, pp. .143, 145
. Reference 5, pg. 426

Reference 1, pp. 93-94 Unit 3. .Fuel Cell Technology
153-155 A. Overview of Technology

Reference 2, pp. 264-268 ' ' 1. Definition of solar-

Reference 6, pp. 21-22, 117 electric fuel cell

Reference 8, pp. 242-248 L conversion
Reference 9, pp. 292-298 2. Compare with non-solar’
) devices

3. Current applications
B.. Energy Resources

1.

2..‘
3.

Light (fuel préduction)
Anode cell fuel -
Cathode cell fuel

C. Energy Conversion

1. Brief review of fuel
cell conversion
process

2. Photocell - fuel cell
process

3. Biomass - fuel cell
process

" D. Energy Distribution

» 1 .

Small capacity
electrical power

El{fC‘ | | 104




I-100 MODULE: SOLAR-ELECTRIC ENERGY CONVERSION )
¢ _ . ‘ #w; g
_2. large capacity, central
power stations
3. Storage
.E. Economics of Conversion
: Process
~ 7 1. Advantages -
g ‘ : i 2. Disadvantages
' ; i 3. Futﬁre'potential

STUDENT ACTIVITY ) Assignment:
o . . . !
Exercise Have students prepare for thelr course

assignment notebook:

(1) A schematic diagram illustrating the

solar-electric energy conversdon process
using fuel cells. Principal components
and slow directions are to be identified.
Reference 2, pp. 257-264 . Unit 4. Thermoelectric Technology
Reference 4, pp. 953, 1193, 1205 A. Overview of Technology
Reference 5, pg. 385 ‘ ' 1. Definition of thermo-
Reference 6, pp. 20, 91-92 ’ : . electric conversion
Reference 7, pp. 9, 31, 545-550 i o 2. Historical development
‘Reference 8, pp. 197-205 ‘ 3. Current applications
- ' B.' ~Energy Resources o
l. Solar energy : ° ‘
" characteristics
2, Metallic thermoelements
3. ° Semiconductor thermo-
eléments
C. Energy Conversion
. . 1. Concentrating collectors
A 2. Simple thermoelectric e
' loop . '
’ 3. The thermopile ;
D. Energy Distribution
1. Electrical energy
., 2. Refrigeration
3. Storage
E. Economics of Thermoelectric
" Conversion _ '
1. Advantages
2. Disadvantages
3. TFuture potential
STUDENT ACTIVITY ' - Assignment:
’ . . -
Exercise " Have students prepare for their course
. ) _ assignment notebook:
Reference 2, pg. 260 ' _ (1) A schematic diagram showing the operation ‘
Reference 7, pg. 545 of a simple.thermoelectric loop with - )
3 : et r-
- y lﬂh)
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‘ < : - external load and all principal comBonents
: : ' identified. : :
Reference 2, pp. 251-257 Unit 5. Thermionic Technology
Reference, 4, pp. 1193, 1205 : _A. Overview of Technology ,
Reference 5, pp. 383-385 - : ‘ 1. Definition of
Reference 6, pp. 20-21, 93 - thermionic conversion
Reference 7, pp. 31-31 = ) 3 2. Histprical development
v 548-549 ' ’ P 1 3. Current applications
. Reference 8, pp.".205-206 'B. Energy Resources
: ' 1. Heat source
: 2. Electrodes

3. Interelectrode seeding
‘C. Energy Conversion
- ' » 1. Concentrating collector

2, Electrical energy

3. Effjciency of process
D. Energy Distribution

d. Electrical energy

2. Thermal energy

3. Storage

s ' - E. Economics of Thermionic
. Conversion
o ) 1. Advantages
‘ ' 2. Disadvantages
3. Future potentilal
STUDENT ACTIVITY | Assignment:
. Exercise ' Have students prepare for their course

assignment notebook:

.Reference 5, pg. 384 (1) A schematic illustrating the principles
Reference 7, pg. 548 . of solar thermionic conversion with all
. principal components and flow directions
identified. g
Reference 1, pp. 95-100 7 Unit 6. Satellite Solar Power
Reference 3, pp. 56-62 ) _ A. Overview of Satellite:
- Reference 9, pp. 275-276 ‘ Solar Power
- l. Definition of satellite
solar power
2. Historical development’
of concept
3. Current interest
- B. Energy Resources
1. Extraterrestrial
insolation
. : ' 2. Satellite power station
‘ : 3. Photovoltaic solar cell
' ' C ' arrays

l@ ‘ _ . o \ -1‘)(;
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y ' : C. Energy Conversion
: 1. Energy absorption .

. -~ ; 2. DC-microwave conversion :

\ : . 3. Efficiency of conversion

. process

> D. Energy Distribution : )
1. “Satellite- geosynchronous
" v orbit ‘

'e 2. Microwave transmission ‘
to earth’ v ' .

3. Earth-based recelving
and conversion ‘
/" E. Econgmics of Satellite
Solai\Power'
1. Advantages
2. Disadvantages -
3. Future potential

STUDENT ACTIVITY Assignment: © o

Exercise : Have students prepare for their course

ass ignment notebook:

Referencev_9, pg. 276 : (1) A schematic illustration of the satellite
' : ' solar power concept with principal .
components and flow direction identified. .

—L

Ly
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- . N

//OBJECTIVES° :

Upon completion of this module, the student ‘should be able to:

(1) ' Define photovoltaic energy process and discuss the historical
v _ . development leading to today/s technology. 3
-~ (2) _Describe the photoelectric effect and elementary nature of
materials and thelr properties necessary for photovoltaic

) ) applications. : i :
e SR 'én . . . .

, (3) : Discuss the photovoltaic conversion process based on .the solar

s . cell, modules, and arrays necessary to provide useful power
R outputy. and the efficiency .of such processés.
<

- (4) Discuss the‘distribution of electrical energy from ‘the

b converter including storage, D.C. to A.C. inversion, and power .
conﬂitioning. . . o o \ c :
/ . . a
(5) Discuss the advanta es dnd disadvantages of photovoltaic
systems in today’ s economy. : ¥ o s
) - . . <
* o (6) Discuss the potentialg” of photovoltaic conversion® as.an *° T

alternative energy source.

. -

P N v

e RATIONALE: .
e : Photovoltaic energy conversion is one of the more. advanced

solar-electric technologies. It has potential use as a distributed
gystem and therefore a broad range of technician demands are
probable. The solar technician should be able to recognize the
complexities of the manufacturing process along with opportunities
and limitations available in- the field. ; , .

B L ) = - ) F
REFERENCES : -
. (1 Maycock Paul D. and Edward N. Stirewalt Photovoltaics.

Sunlight to Electricity in One Step, Brick House Publishing = . .
Company, Andover,“Massachusetts, 1981.° .

(2 Pulf?ey, David L., Photovoltaic Power‘ponversion Van Nostrand

. Reinhold Co., New York, 1978. ¥ :

(3) Dixon, A. E. and J. D. Leslie, Solar Energg}Conversion, !
Pergamon Press, New York 1979.

N o <

(4 AppliCation of Solar Techndlog_ to Today 8 Energy‘Needs,
: ‘Volume I, Office of Technology Assessment, Congress of the
5 i United States, Washington, D. C., June 1978.; .

. 7 -~ " (5) Kreider, Jan F. and Frank Kreith (Editors) Solar Energy
e ' ' : Handbook , McGraw—Hill ﬁbok Co. New York, 1981. .

T s - 106 ..
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(6) McDaniels, David K., The Sun: Our Future Energy Source, John
Wiley and Sons, New York, 1979. ‘

ki

(7) Krauskopf, Konrad B. and Arthur Beiser, The Physical Universe,
(Fourth Edition), McGraw-Hill Book Co., New York, 1979.

UNIT TITLES:
(1) Photovoltaic Energy Technology
(2) Energy Resources 7
(3)AAEnergy Conversion
.?(A)A Energy Distribution l - AN
J\ e _',  (S)M'Ecoqomics of Photovoltaic Conversion

N © (6) Future Potentials

[

1ny
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Acceptor

Band Gap Energy
Barrier Energy
Depletion Zone
Peak Watt
Photovoltaic Array
Photovoltaic Collector
Photovoltaic System
Thin Film

Boron

Dendrite

‘Dopant

Hole

P-Silicon

PV

~ - Ribbon

Siemens Process

Photovoitaic—thé%mal System

Conduction Band

Deep Discha;ge
Heterojunction .
I-V Curve .
Minority Carrier
Open Circuit Voltage
‘?olycrystalline Silicon
Séhottky Barrier

3,

Amorphoﬁs

Cell Barrier

Cell Junction
Diffusion Length
Photovoltaic |
Photovoltaic Cell
Photovoltaic Module
Solar Cell ‘
Valence State
Cadmium

Donor

Gallium

N-Silicon
Phosphorus
: Recombination

/4\\*“Semiconductor

Silicon

Wafer

C?ocﬁraléki Process
Fill Factor

Homo junction
Majority Carrier
Multiple junction Cell
Short Circuit Current
Power Conditior
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\
\ .
| Reference 1, pp. 1-25 Unit 1. Photovoltaic Energy Technology
169-171 A. Historical Development
Reference 2, pp. I-8 o 1. Discovery and selenium r
Reference 3, pp. 773-778 ) photoconductors '
Reference 5, pp. 24-1 - 24-6 2. Photovoltaic effect
Reference 6, pp. 239-245 . connected with a barrier
Reference 7, pp. 274-287 layer
304-315 _ 3. Grown pn junctions and
the space program
¢ B. Current Applications

1. Isolated and remote
- , area applications
2. Communication systems
3. Industrial applications
and products
C. The Photovoltaic Phenomena
1. The photoelectric effect
2. Light generated electric
current in wires
3. Internal charge
- separation (the barrier)
D. Atoms, Electrons, and Energy

Levels _
1. Elementary atomic
structure :

2. Energy levels and.
valence electrons

3. Covalent bonding
between atoms ' '

E. Crystals and Energy Bands

1. The crystalline state
(a periodic space
lattice) =

2. Metals and insulators
(conduction band,
valence band, and
band gap)

3. Intrinsic semiconductor

STUDENT ACTIVITY Asgignment:

Exercise Have students prepare for their course

assignment notebook:

(1) A glossary of the terms set forth in the
module vocabulary.

i o
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__lnit 2. Fnergy Resources.

STUDENT ACTIVITY

Exercise

13

A. Light,.Photons, and ~

Electron Volts

1. Define photon and light

, "relationship

2. Define electron volt and

" - the electromagnetic
spectrum in terms of
electron volts :

.3. Briefly describe the
energy exchange between
photons and electrons

B. Electrons, Holes and

Junctions

1. Describe characteristics
of p-type and n-type
materials .

2. Define the pn junction
effect
‘a. Homojunction

b. Héterojunction
3. Describe photon
' generation of electrons
and holes
C. Single Crystal Materials
l. Define single crystal
(silicon) :
2. Briefly describe growing
single crystals .
3. Briefly describe doping
single crystals
D. Polycrystalline Materials ~ -
1. Define polycrystalline
materials
2. Compare single and
polycrystalline silicon
3. Identify other potential
polycrystals
E. Thin Film Materials
i1. Define thin film
'~ materials
2. Briefly describe
Schottky barriers
3. Briefly describe MIS
‘ and SIS barriers

Asgignment:

Have students prepare for thelr course
assignment notebook:

(1) Schematfc diagrams 1llustrating the
. photovédltaic principles. Diagrams
should include:




R
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, Pg. 244 A a. The ideal single crystal lattice

Reference 6
Reference 6, pg. 247 b. The n-type lattice
: - ' “¢. The p-type lattice
Reference 6, pg. 248 . d. The pn junction. = '
Reference 1, pp. 32-68 Unit 3. Energy Conversion , :
Reference 2, pp. 21-37 _ A. Overview of Photovoltaic
Reference 3, pp. 785-841 Conversion Process
Reference. 4, pp. 395-407 : l. Direct conversion to
Reference 5, Chapter 24 ' ' " electricity
Reference 6, pp. 245-252 : 2. Heat generation
' 3. Sunlight concentration
B. Photovoltaic Cells
"1.. Materials and junctions
2. Current and voltage
output
3. Efficiency of cells
C. : Photovoltaic Modules
1. Define modules - an
assembly of cells
- ) 2. Current and voltage
factors
3. Size and assembly
" factors
D. Photovoltaic Arrays
. : - - . . 1. Define array - an
assembly of modules
2.’ Current and voltage
" factors
© 3. Size and assembly
* factors
E. Concentrators and
Photovoltaic Collectors
1. Purpose of
concentrators
2. Photovoltaic -
concentrator schemes
3. Tracking and
heat generation
STUDENT ACTIVITY 'Assignment:
Exercise Have students prepare for their course
: : ‘ ©  assignment notebook:
Reference 1, pg. 66 (1) A schematic illustration of the
. ' photovoltaic power array showing the = .
assembly by cells into modules, into
arrays. -
-, . . e T
113
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' . Reference 1, pp. 1=17 Unit 4. Energy Distribution
‘ 63-85 A. Overviey of Photovoltaic
155-161 ' Energy Distribution
193-199 ‘ . 1. Generation to storage
’ Reference 2, pp. 9-12 » 2. Generation and DC
37-51 ) distribution
Reference 4, pp. 406-407 ' 3. Generation and AC
464-483 : distribution
Reference 5, Chapter 24 . B. Energy Storage .
1. Purpose of energy
storage

2. Batteries
: 3. Flywheel
C. Power Conditioning
1. Storage charging -
discharging
2. . Auxiliary power input
3. Photovoltaic power and -
~ AC systems
D. Photovoltaic — Thermal
Systems . _
1. Purpose of photovoltaic-
thermal systems .
2., Photovoltaic efficiency
and temperature
' ' ‘ 3. Cogeneration—electrical
‘ ‘ : and thermal uses
' E. Small Scale Photovoltaic
Devices ' o
1. Define small scale =
single cells, modules
2. Examples of small scale
photovoltaic devices
3. Brief description of the
electric automobile

STUDENT ACTIVITY Assignment:

Exercise. Have students prepare for their course
assignment notebook:

Reference 1, pg. 67 (1) A block diagram illugtrating the'ﬁhoto-
Reference 2, pp. 11, 39-40_° : voltaic conversion process from sunlight
" Reference 4, pg. 479 through conversion, power conditioning,

storage to load (end use).
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Unit 5. Economics of Photovoltaic

Conversion
A. Photovoltaic Economics and
the User

‘ : : l. 1Initial system costs
and monthly payments
2. Alternate fuel cost and
‘photovoltaics
3. Photovoltaics and taxes
B. Photovoltaic Economics' and

the Supply

1. Market and product
demand

2. Manufacturing and
economics

3. Distribution and
economics

C. Photovoltaic Economics
and Utilities
1. .Utilities’ physical

position
2. Utilities’. economic
position :
3. Power generation and
distribution

D. Photovoltaic Economics
and Government '
1. Market growth and
government policy .
2. Government purchases
3. International markets
E. Societal Issues
1. Photovoltaics and- the

environment
2. Photovoltaics and
employment
: 3. Photovoltaics and
~ municipalities

*s
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STUDENT ACTIVITY

Exercise

Reference

" Reference

Reference
Reference
Reference

2, pg. 174

1, pp. 1-17
135-162
179, 184-187
193-199

2, pp. 197-200

4, pp. 393-422

S, pp. 24-24,
24=34

L—

I-111

<

Assignment:

Have students prepare for their course
assignment notebook: o

(1) A schematic representation of the
factors which affect the development
of photovoltaic power systems.

Unit 6. Future Potentials
A. The Residential/Commercial
Sector
1. Residential/Commercial
applications
2. Limitations and
constraints
3. Integrated energy
sources for meeting
demand.
B. The Industrial Sector
1. Capital cost factors
2. Photovoltaic manufac-—
. turing growth
. 3. Industrial use and
utilities:
C. The Utilities _
1. Capital cost factors
2. Fuel costs
3. Societal issues.and
government. policy
D. Transportation
1. Brief review of v
historical applications
2. Photovoltaics and the
electric car
3. Photovoltaics and ..
afrcraft E .
. 'E. Factors Influencing .

Future Potentials

l. - Cost reduction goals

2. Technology advancements

3. Credibility of cost and
technology goals
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STUDENT ACTIVITY Assignment:

Exercise- Have students prepare for their course

assignment notebook:

Reference 5, pg. 24-8 T (1) A schematic block diagram of a potential
system for a building using solar energy
both by thermal collection and photovoltaic
electricity along with alternative and
- conventional energy sources.
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OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Identify and discuss the signif1cénce of solar-thermal energy
conversion based on output temperature and the elementary
principles involved in the conversion processes.

(2) Identify concentrating solar collector types and discuss
elementary principles of their use and appropriate
applications. ’ \

. "'.

(3) Discuss the elementary princip&es and obtical systems of solar
- furnaces and the present application.of these converters.
r
(4) Discuss the elementary principles of heat engines, how the
solar energy can be introduced into the thermodynamic cycle,
and the current applicatizﬁs of solar heat engine technology.

(5) Discuss the applications requiring process heat, how these can
a be met with solar-thermal energy conversion, and the current
applications in process. :

. “(6) Discuss the elementary principles of thermal energy use from
. shallow solar ponds (convecting) and their current and
potential applications. :

« .

RATIONALE :

gt The .conversion of solar energy to thermal energy represents the
largest potential of the solar energy technology categories.
Conversion processes utilize low to high temperatures either -
directly or indirectly through heat engine conversion to mechanical °
and electrical energy output. The solar technician should be
knowledgeable of the elementary principles involved in the
conversion processes and their potentials for future
commercialization as alternative energy resources.

REFERENCES:

(1) McDaniels, David K., Thg/Sun: Our Future Energy Source, John
Wiley and Sons, New York, 1979. ' '

(2) Howell, Yvonne and Justin A. Bereny, Engineer’s Guide to Solar
Energy, Solar Energy Information Services, San Mateo, Calif.,
° 1979- :

(3) Kreider, Jan F. and Frank Kreith (Editors), Solar Energy
- Handbook, McGraw-Hill Book Company, New York, 1981.
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(4)

Dixon, A. E. and J. D. Leslie (Editors), Solar Energy
Conversion, Pergamon Press, New York, 1979.

Application of Solar Technology to deay's Enefgy Needs,

(5)

- Volume I, Office of Technology Assessment, Congress of the
United States, Washington, D.C., June 1978.
& ,

(6) Daniels: Farrington, Direct Use of the Sun’s Energy,
Ballantine Books, New York, 1974.

(7) Casamajor, A. B. and R. E. Parsons, Design Guide for Shallow
Solar Ponds, Report UCRL-52385, University of California,
Lawrence Livermore Laboratory, Livermore, California, January
6, 1978, '

UNIT TITLES

(1) Solar-Thermal Energy Conversion Technology

(2) Concentrating Collectors v

(3)  Solar Furnaces

(4) Heat Engines

(5) Process Heat

(6) Shallow Solar Ponds'(Convecting)
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VOCABULARY :

_Concentrating Solar Collector

Conceptrator
Parabolic Reflector
Heliostat

Distributed System
Concentration Ratio
Point-focused Receiver
Trough Type Collector
One-axis Tracking
‘V-trough Reflector
Fresnel Lens

Slat Type Reflector
Boosted Flat Plates
Heat Engine

Brayton Cycle
Working Fluid

‘ Shallow‘Solar_Pond

Aperture

Receiver

Dish Reflector
lgentral Receiver
Geometric Optics
Solar-thermal Energy
Line-focused Receiver
Tracking
Two—axiélTracking
Side Reflector

Fresnel Reflector

'Nontracking

Solar Furnace
Rankine Cycle
Stirling Cycle

Process Heat
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R?(ence 1, pp. 181-183

209-231
“Reference 2, pp. 91-116
Reference 3,

Chapters 7, 8,

/

i

SOLAR-THERMAL ENERGY CONVERSION

Unit 1. Solar-Thermal Energy . -
Conversion Technology
A, Overview

and 9 1. Define solar-thermal

20, 21, 22 energy conversion
Reference. 4, pp. 149-166 ' (insolation on
185-252 . absorber)
1105-1135 2. Define geometric
1191~1243 concentration ratio

Reference 5, pp. 245-389

Reference 6, pp. 37-62
140-147 .
177-196

STUDENT ACTIVITY

Exercise

3. Briefly describe
aperture area ‘and
receiver area

/ B. Nonconcentrating Process -
‘ "l., Define nonconcentrating
- process (CR equal to 1)
2. Heat balance (gain
* less losses)
3. Nominal temperature of
o thermal output
- c. Intermediate boncentrating

Process

1. Define intermediate
process (CR less
than 20)

2. Characteristics of

**  concentrating process
(brief) -

3. Nomminal temperature of
thermal output’

D. High Concentrating Process

1. Define high concen—
trating process (CR
greater than 20).

2. Characteristics of
concentrating process
(brief)

3.  Nominal temperature of
thermal output '

E. Distribution of Thermal

Energy

1. Direct heating (furnace)

2. Heat exchange (process
heat)

3. Heat engines (power
generation)

Assignment:

Have students prepare for their course
assignment notebook:

(1) A glossary of the terms set forth in
the module vocabulary.

12;

o

foe

»S
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- Reférence 1, pp. 219-231
' Réference 2, pp. 109-116

Rﬁference 3, Chapters 3, 8, and* 9.

-

 pp..  7-23 - 7-33
Reference 4, pp. 149-166
185-252 .
« Reference 5, pp. 245-326
.Reference 6, pp. 42-57

- —

* STUDENT ACTIVITY
'Exercise -

Reference 3, pg. 9-5

*

Referencell; pp. 68, 220-221
Reference 6, pp. 42-57
140-147

Q‘ ,
: Unit 20’
) Ao_

,—-———/"‘;’N"

~

~. . ) )
Concentrating Collectors

Overview of Concentrating

Col}egtors -
;'l.xagzzzlar ¢ollectors

2,

4 epts of geometric
optics

* 3. Necessity for. tracking

Concentrator Geometry
I',- V-trough and side

. Feflectors
2. Parabolic and dish
. reflectors L
3.. Fresnel lenses and
, reflectors - .

iReceiver‘Chara&tgristicé
‘1. Point-focused receiver :
2. Line-focused receiver — ——

3. Central receiver

Assignment:

" Heat Transfer and Heat

Tracking Systems

1., Nontracking-boosted
flat plates

2. One-axis trackidg

3. Two—axis tracking

Balance

1. Convective transfer.

Central receiver (dis-
tributed concentrators)
3. Optical and thermal
losses

-

Have students prepare for theilr course

assignment notebook:

(1) A schematic illustration of a Fresnel-
type concentrator and receiver indicating
the sun’s position, concentrator aperture,
and receiver area for two different time

periods.

Unit'3. Solar Furnaces

A.

Overview of Solar Furnace

Technology )

1. Definition of solar
furnace .

2. Historical review

3. Current applications

The Solar Concentrator

1. Lenses

2. Reflectors

(distributed collectors)
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‘3. Heliostats and
reflectors
C. The Receiver
1. Size
2, Temperature
) characteristics
<, 3. Containers and
positioning
4 D. Energy Distribition

1. High temperature
materials research
2. Metallurgical operations
3. Photochemical reactions
E. Economics ) :

STUDENT ACTIVITY

Exercise

Reference 6, pg. 45

" Reference 6, pp; 140-147

1'
2.
3'

Advantiges
Disadvantages
Future potential

Assignment:

Have  students prepare for their course
assignment notebook: o

(1) A simple schematic of the concentration
. of sunlight onto a receiver as required for
solar _furnace operation. o
(2) A compilation of typical solar furnaces
currently in operation including the .
principal elements of their design and
operation. . :




'

Reference
Reference
Reference

Reference

Reference

~Reference

hD)
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7

1, pp. 209-231
2, pp. 150-153

3,

Chapters 15,
20, 22

4, pp. 404-411

5, pp. 327-389

1105-1136
1191-1243

'4

6, pp. 161-197

STUDENT ACTIVITY

Exercise

Reference
Reference

. Reference

Reference
Reference
Referernce

pg. 344
pg. 357
pg. 370

pp. 76-77
Chapters 18, 21
pp. 64-74

89-97
119-140

Unit 4. Heat Engines
A. Brief Review of
~ Thermodynamics
1. Carnot efficiency
2. The Rankine cycle
(1iquid) : .
- 3. The Brayton cycle (gas)
B. ,Solar-Organic Rankine Cycle

¢ 1. Brief description of
, cycle
2. Working fluid and
temperature

< 3, Current applications
C. Solar-Steam Rankine Cycle
1. Brief description of
cycle ‘
2. Working fluid and
temperature
3. Current applications
D. Solar-Braytom Cycle

- 1. Brief description
of cycle
2. Working fluid and
temperature

3. Current applications
E. Solar-Stirling Cycle
1. Brief description
of cycle
2. Working flapid and
temperature
3. Current applications

1

Assignment:

- Have students prepare for their course

assignment notebook:

(1) Simple schematic diagrams showing principle
components and flow direction for:
a. A solar-Rankine conversion system
b. A solar-Brayton conversion system
c. A solar-Stirling conversion system. -

Unit S. Process Heat
: A. Overview of Solar Process

Heat
1. Definition of process
heat
2. Low temperature
, applications
3. Intermediate temperature
applications

ey
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B. Solar Distillation
1. Brief description of -
‘the process
2. Solar heat input
3. Historical (brief) and
current applications
c. Solar Food Cooking
« 1. Brief description of
.processes .
2. Solar heat input
3. Historical (brief) and
. current applications
D. Solar Crop Drying .
1. Brief description of

processes
: 2. Solar heat input
L 3. Historical (brief) and

current applications
E. Solar Industrial Process
Heat
1. Brief description of
‘processes
2. Solar heat input
3. Current applications

. STUDENT ACTIVITY Assignment:
Exercise . Have students prepare for their course

assignment notebook:

Reference 3, pp. 21-27 (1) A schematic flow diagram illustrating
. 21-28 solar process heat for industrial
applications with principal components
and flow directions identified.

Reference 3, pp. 21-14 Unit 6. Shallow Solar Ponds

21-33 , (Convecting)

21-40 A. Overview of Shallow
Reference 4, pp. 1195-1212 _ Solar Ponds
Reference 5, pp. 257-259 1. Definition of shallow
Reference 7, complete text - solar pond

2. Compare with noncon-
vecting solar pond

3. Current applications

B. Solar Energy Collection

1. Pond location and
features

2. Solar energy absorption

3. Covers,




MODULE:

STUDENT ACTIVITY

Exercise

Reference 5, pg. 258

C.

E.

Assignment:

' SOLAR-THERMAL ENERGY CONVERSION I-121

Thermal Storage

"l.. Heat gain

2. Heat loss

3. Nominal temperatures
available

Energy Distribution

l. Heat éxtraction
(batch process)

2. Heat extraction

- (flow through)

3. Storage

Economics -

1. Advantages

2. Disadvantages

3. Future potential

Have students prepare for their course
assignment notebook:

(1) A schematic diagram of a solar pond
collector with principal components
identified.
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OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) - Define passive solar energy technology and perform simple heat
" load calculations using degree days. .

(2) Discuss the principal design and thermal operation of direct
‘ P
- gain passive solar systems. ‘

(3) Discuss the principal design and thermal operation of indirect.
gain passive solar systems. :

(4) Discuss the principal design and thermal operation of isolated
: g
gain passive solar systems.

(5) Diséuss fﬁe vérious approaches to combining the basic passive
systems into a single system including considerationms of
active systems and non—-solar systems.

(6) Discuss the elementary concepts of earth shelters and their -
relation to and differences with the basic passive solar
— approaches.

RATIONALE:

Passive techniques have considerable potential for application in
the residential and commercial sectors of our economy. These are
predominately architectural approaches, and the solar technician
must be able to recognize the potentials and the problems for
passive approaches. Earth shelters are related to passive
approaches, but do exhibit significant differences of which the
solar technician must be aware.

. REFERENCES:

(1) Mazria, Edward, The Passive Solar'Energy Bobk, Rodale Press,.
Emmaus, Pennsylvania, 1979.

£

(2) Howell, Yvonne and Justin A. Bereny, Engineer’s Guide to Solar

Energy, Solar Energy Information Services, San Mateo,
California, 1979.

(3) Colorado State University, Solar Energy Applicationms
Laboratory, Solar Heating and Cooling of Residential
Buildings: Sizing, Installation and Operation of Systems (1980
Edition), U. S. Department of Commerce, Washington, D.C.,
September, 1980.

(4) Kreider, Jan F. and Frank Kreith (Editors):, Solar Energy
Handbook, McGraw-Hill Book Company, New York, 1981.

127
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(5) McPhillips, Martin (Editor), The Solar Age Resource Book,
Everest House, Publishers, New York, 1979.

(6) University of Minnesota, The Underground Space Center, Earth
Sheltered Housing Design, Van Nostrand Reinhold Company, New
York, 19790 ’ ) ’

(7) Application of Solar Technology to Today’s Energy Needs,
Volume 1, Office of Technology Assessment, Congress of the
United States, Washington, D. C., June 1978.

UNIT TITLES:

(1) Passive Solar Energy Technology

(2) Direct Gain Methods
(3) Indirect Gain Methods
(4) Isolated Gain Methods
(5) Combined Methods

(6) Earth Shelters

VOCABULARY:

Atrium

Clerestory

Common Wall

Earth Shelter .
Flat Plate Solar Collector
Flat Plate Liquid Collector
Flat Plate Air Collector
Masonry Wall

‘Passive Solar System

Rock Bin Storage

Storage Charging

Trombe Wall

Ventilation

Water Tank Storage

Adobe
Concrete
Direct Gain
Earth Berm
Greenhouse
Indirect Gain
Isolated Gain
Microclimate
Roof;Pdnd
Skylight '
Thermosiphoning.
Topography
Vegetation
Water Wall
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Reference
Reference

Reference
Reference

1, pp. 13-29
2, pp. 69-75
155-184

3, Module 13 -

5&’ ppo 1—5

Yy -
. I
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PASSIVE SOLAR-THERMAL ENERGY TECHNOLOGY — I-125

Unit 1. Passive Solar Energy';

Technology
A. Definition of Passive
Technology
1. Thermal flow by natural

2.

3.

means
The building as a

.collector

The building as a
storage system

Conduction Heat Loss/Gain -

1.

2.

3.

Conduction and "R"
values .

"U", the heat transfer
coefficient

The heat transfer rate

Infiltration Heat Loss/Gain

1.

- 2.

3.

Convection, and air
change rates ,

The heat transfer
coefficient

The heat transfer rate

Floor Heat Loss/Gain

1.

2.

3.

Type of building
foundation ;
Heat transfer rate for
concrete slab on grade
Heat transfer rate for
other foundations

Design Heat Loss/Gain

1.

2.

Define "degree day" and
tables by state and
station

Define heating load per
degree day

a. Monthly heating load
b. Annual heating load
Define envelope thermal
effectiveness
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STUDENT ACTIVITY | Assignment: e

Exercise ' Have students prepare for their course
assignment notebook:

Reference 3, pg. 13-9 (1) A schematic drawing of an insulated wall
frame with sample calculation of "R" and
- . "g" values.

Reference 3, pp. 13-12, (2) A samble building heat load calculation
13-14 » '
(Worksheets HL-1 and HL-2) for a simple building envelope.

(Instructor to provide sketch of sample
building and worksheets for problem).

Reference 1, pp. 29-43 Unit 2. Direct Gain Methods
: ' 107-109 ' , ‘ A. Overview of Direct Gain

119-151 " 1. Description of direct
226-266 : o gain system

Reference 2, pp. 75-76 . 2. Brief description of

: ' 85-88 ' ‘ distribution and control

Reference 3, pp. 3-2 - 3-10 © 3, Brief description of

Reference 4, Chapter 16 auxiliary support

Reference 5, pp. 63-69 a. Microclimate

Reference 7, pp. 250-251 b. Building layout and

position '
B. Solar Energy Collection ‘

1. Large areas of glass,
south facing
a. Windows
b. Clerestories
"c. Skylights
2. Glass and its solar-
optical properties
3. Solar incidence -
summer and winter
C. Energy Storage
1. Masonry walls
2. Water walls
3. The absorber
D, Heat Distribution and

Control
1. Daytime charging of
storage
2. Night heating by
convection
3. Cooling in hot summer «
* climates

E. Auxiliary Heat
' l. Electric lights and
appliances

g - ‘ 2. Fireplaces | ‘
15 3. Body heat
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. ' STUDENT ACTIVITY Assignment:
Exercise ' ' Have students prepare for their course

assignment notebook:

Reference 1, pg. 30 - (1) Schematic drawings showing the principal
Reference 3, pp. 3-3, 3-7, characteristics of the direct gain
and 3-9 , including daytime heat gain and night

time convective heating.

Reference 1, pg. 26 (2) A tabulation of heat capacity, gspecific
’ . heat, and density for various materials
suitable for thermal storage.

Reference 3, pp. 13-15 (3) A tabulation of the solar optical

properties of various glasses according
to type and thickness.

Reference 1, pp. 43~-58 . ' Unit 3. Indirect Gain Methods

153-218 o A. Oferview of Indirect Gain
Reference 2, pp. 77-84 . 1. Description of indirect
Reference 3, pp. 3-10 - 3-24 : ’ ' gain system
Reference 4, pp. 16-4 - 16-5 ' . 2. Brief description of - |,
16=15 - 16-21 _ ‘ . distribution and control
. Reference 4, pp. 7-12 : 3. Brief description of
: : 21-24 auxiliary support
B. Solar Energy Collection
. ' Large glass areas,
south facing
2. Attached greenhouses
3. Roof ponds and exterior-
water walls
C. Energy Storage
1. Masonry thermal walls
2. Interior water walls
3. Exterior water walls
and roof pond
D. Heat Distribution and
Control
1. Daytime heat gain and
. - distribution '
2. Nighttime heat
distribution
3, Cooling in hot summer
‘ climates
"E. Auxiliary Support
- 1. Circulatihg fans
2. Fireplaces, electric
- : ) lights
‘ 3. Collector covers
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STUDENT ACTIVITY . Assignment: ‘

Exercise Have students prepare for their course
: assignment notebook:.

Reéference 1, pp. 44-51 (1) Schematic diagrams showing the major
components of a Trombe wall indirect gain
passive system for the day time heat gain,
nighttime heating, and hot-climate cooling
modes of operation.

Reference 1, pg. 57 : (2) Schematic diagrams showing the major, .
- components of a roof pond passive system
. for the daytime heat gain and nighttime
heating modes of operation.

Reference 1, pg. 54 (3) Schematic diagrams showing the major

components of an attached greenhouse

passive system for common wall storage

and convective space heating. . .

pp. 59-65 Unit 4. Isolated Gain Methods e

Reference 1, .
Reference 2, pp. 84-88 » A. * Overview of Isolated Gain J
Reference 3, pp. 3-24 - 3-26 ' © 1. Description of isolated
Reference 4, pg. 11-3 : gain system ' ,
16-5 ' ‘ 2. Brief description of
16-6 : ‘ distribution and control ‘
16-21 - 3. Brief description of
16-23 auxiliary support
Reference 5, pp. 17-20 L B. Solar Energy Collection
’ oo 1. Flat plate liquid
a ’ collector.
2. Flat plate air
collector

3. Reflector and’ cover
C. Energy Storage ‘
l. Water storage tank
2. Rock storage bin
v 3. Comparative advantages
N and disadvantages
D, Heat Distribution and

Control ‘
1. Thermosiphoning hot
water
2. Thermosiphoning space
~ heating
3. Cooling in hot summer
climates ’

E. Adxiliary Support ,
1. Internal heat generation
2. Ventilation supply

3. Hot air venting - ‘




:;‘}

STUDENT ACTIVITY

Exercise

Reference 2, pg. 85
Reference 3, pg. 3-26

Reference 1, Various chapters
throughout text
Reference 2, pp. 85-88
Reference 3, Module 3
Reference 4, Chapter 16
Reference 5, pp. 1-16
Reference 7, pp. 250-255

STUDENT ACTIVITY

Exercise

Reference 1, pg. 81

Reference 7, pg. 252
Reference 1, pg.-91

MODULE: - - PASSIVE SOLAR-THERMAL ENERGY TECHNOLOGY I-129

Assignment:

Have students prepare for their course
assignment. ndtebook'

(1) A Simple schematic diagram i}lustrating
isolated gain passive solar systems showing
the collection, storage, and distribut\nn
modes of operatiomn.

" Unit 5. Combined Methods
A. Building Siting.
1. Position of building on
property '
2. Building orientation
3. Relation to wind and
: bodies of water
B. Architecture
1. Building units and’
topography
2. Buffer units
3. Clustering for solar
heat gain
C. Passive Systems
l. Windows and thermal
storage
2. Greenhouse additions
3. 1Isolated gain systems
added _
"D. Auxiliary Components and .
Methods
1. Movable shutters
2, Reflectors
3. Shading devices:
E. Passive System Performance’
1. Direct gain -
typical heating
2. Indirect gain -
typical heating
3. Thermal storage walls

> Assgignment:

Have students prepare for their course
assignment notebook:

(1) A schematic layoub/;f a passive solar
building showing}ﬁypical
a. Topography patterns
b. Building orfentation characteristics
Ce Building.bgffer spaces. /
/ .

A P
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%éference 6, complete text Unit 6. Earth Shelters
' : A. Site Planning ,
1l. Shelter orientation
2. Site topography and
vegetation |

3. Soil and groundwater

B. Architecture .
‘1. Space utilization

2. General design concerns

3. Detailed design concerns
C. Energy Use .

1. Thermal characteristics

of earth shelter o
2. Energy-efficient design
) concerns B
3. Energy analysis p

D. Structural Design
1. Soil classifications
2. Soil type and structural
components
3. Basic strucgural loads
E. Waterproofing and Insulation -
1. Sources of moisture

~ _problems
i - 2. Drainage and damp-
proofing
3.  Waterproofing and

insulation
STUDENT ACTIVITY ~ Assignment:
Exercise Have students prepare for their course
' assignment notebook: 7

(1) Typical sketch concepts for earth
: sheltering, showing the-relation of:
Reference 6, pg. 23 ' a. Shelter and topography

- Reference 6, pg. 21 - b. Shelter and wind
Reference 6, pp. 44, 45 . c. Shelter and sunlight.
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OBJECTIVES: .
Upon completion of this module, the student should be able to:

(1) Define active solar-thermal energy technology and discuss the
historical development and current applications for flat plate
solar collection systems.

(2) Discuss the basic fundamentals of solar energy collection
. using flat plate collectors including the functions of the
various collector components. ’

(3) Discuss the significance of energy storage and the various
methods available for thermal energy storage.

(4) Discuss the elementary principlea;involved in using solar *
energy for heating water and methods for distributing heat
from collectors and storage to provide hot water for end uses.

(5) Discuss the elementary principles of space heating using solar
systems including direct from collectors, from storage, and
with auxiliary heat input. ‘ ¢

ad
~

(6) Discuss the current approaches for solar cooling with active
solar energy systems including the elementary principles of
the absorption refrigeration'cycle. -

RATIONALE:

Y

Active solar-thermal energy conversion represents one of the more
commercialized areas of solar energy technology. -Within this area,
there are a number of options for end use, and- it is essential that
the solar technician be able to recognize the common areas -as well
as the differences- in supplying end use thermal energy.

- a4

4

REFERENCES:

(1) McDaniels, David K., The Sun: Our Future Energy Source, John
Wiley and Son, New York, 1979..

(2) Lunde, Peter J., .Solar Thermal Engineering, John Wiley and’
Sons, New York, 1980. '

(3) Howell, Yvonne and Justin A. Bereny, Engineef's Guide to Solaf'l
Energy, Solar Energy Information Services, San Mateo,
California, 1979. )

(4) Kreider, Jan F. and Frank Kreith, (Editors), Solar Energy
Handbook , McGraw-Hill Book Company, New‘X;rk, 1981. '

1
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(5): Dbixon, A. E. and J. D. Leslie (Editors), Solar Fneggy
Conversion, Pergamon Press, New York, 1979.

(6), Duffie, John A. and William A. Beckman, Solar Engineering of

Thermal Processes, John Wiley and Sons, New York, 1980.

-

UNIT TITLES:

-

(1) Active Solar Energy System Technology

(2) Solar Energy Collection
(3) Energy Storage

(4) Hot Water

(5) Space Heating,

(6) Soace Cooling

VOCABULARY :

Air Handler

Air.Ddcts - -
Absorption Cooling//

Active Solar-thermal System
Antifroeze

Differential Thermostat
Drain Down System
Desiccant

Forced Circulation
ﬁydronics

Hot Water Heater
Heat'Loss

Heat Pump ] o
- Heat Capacity

Liquid to Air Heat Exchange
Liquid to Liquid Heat Exchange
Pebble Bed

Phase-change Material
Reversible Chemical Reactioch
Str;éified

Sensible Heat

Thermal Insulation

Emissivity

<

Absorptivityg
Absorber Plate
Adsofption;Cooling
Auxiliary ﬁeat
Circulating Pump
Damper ‘

Drain Back System

£

Glazing

. Heat Exchanger

Heat Gain

Heat Transport

Heat Balance
Insulation

Latent Heat

Natural Circulation '
Psychrometriés
Reflect{v ty.

Space Hgater.
Selecti;e Surface

Transmissivity
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Reference 1, pp. 163-206 Unit 1. Active Solar Energy System
- Reference 2, pp. 1-6 Technoloegy
387-418 A. Define Active Solar-Thermal
Reference 3, pp. 1-16 - Systems
91-117 ‘ 1. The solar collector -
133-153 . ‘ : a flat plate .-
Reference 4, pp. 1-30 - 1-38 2. A fluid heat transport
Chapters 11, 12 ' loop '
13, 15 o .3. Mechanical means for
Reference 5, pp. 331-433 ‘ fluid movement

B. Deveiopment of Active
Solar-Thermal Systems
1. Overview of activity
" since World War II
2., M.L.T. space heating
experiments. -
3. Alr heating systems
C. Hot Water Systems _
1. Brief description of
‘purpose
2. Current activities
3. Future potential’
D. Space Heating Systems
1. Brief*descrfption of

‘ . ’ purpose
' 2. Current activities

3. Future potential
E. Space Cooling Systems
1. Brief description of
.. . ' ‘ purpose
' 2. furrent activities
3. Future potential

STUDENT ACTIVITY Assignment /

/
Exercise Have students prepapé for their course

assignment'notebookf

! ~
. (1) A glossary of’ the terms set forth in
‘the module vocabulary.

’,

Reference 1, pp. 133-152 Unit 2.- Solar Energy Collection
' 257-259 ‘ "A. The Flat Plate Solar .
Reference 2, pp. 120-212 : Collector
Reference 3, pp. 91-117 : 1. Collecting heat
Reference &4, Chapter 7 : ) ; 2. Removing heat with a
Reference 5, pp. 101-124 N liquid
149-166 ’ " 3. Removing heat with air
‘ . ~ 253-286 J B. The Absorber Plate.
" Reference 6, pp. 144-281 ; 1. Absorptivity and
. emissivity

2. Painted surface
3. Selective surface

Qo 137§
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MODULE:

STUDENT ACTIVITY

Exercise

Reference
Reference

Reference
Reference
Reference
Reference

Reference

SO -
v v v

pg. 134
pp. 142, 143

pp. 168-174
pp. 280-310
pp. 119-131
pp. 6-1 - 6-24
12-12 - 12-14
13-10 - 13-11
13-22

15-16 - 15-19
15-26

pp. 326-349

Assignment:

ACTIVE SOLAR-THERMAL ENERGY TECHNOLOGY

»

C. Glazing
1. Reflectivity,
absorptivity, and "
.transmissivity
2. Glasses
3. Plastic materials.
D. Insulation ;
1. Thermal conductivity
2. Thermal insulation
3. Gaskets and seals
E. Heat Balance
1. Heat absorbed
2. Heat loss.
3. Collector efficiency

Have students prepare for their course
assignment notebook:

(1) A simple schematic illustration of a
flat plate solar collector showing:
a. Primary components
b. Heat balance.

Unit 3.

:Energy Storage
A. Thermal Energy Storage
1. Storage purpose and
criteria
2. Storage in the

collector-distribution

loop
3. Heat balance
B. Sensible Heat Storage
Using Water

1. Heat capacity of water
2. Heat input and thermal

stratification
3. Heat extraction
C. Sensible Heat Storage
Using Rocks

1. Heat capacity of rocks.
2. Heat input and thermal

stratification
3. Heat extraction
D. Storing Heat with
Phase-Change Materials
1. Phase-change and
latent heat

2. Heat input
3. Heat extraction

E. Storing Thermal Fnergy
in Chemical Form
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/

STUDENT ACTIVITY

Exercise

Reference 1, pp. 170-171
Reference 6, pg. 330

Reference 1, pp. 152-155
Reference 2, pp. 421-440
Reference 3, pp. 133-141
Reference 4,

_ 11-.1 - 11-30
Reference 5, pp. 386-388
Reference 6, pp. 408-430

pp. 1-24 - 1-25

1.

2.

Asgsignment:

Reversible chemical
reactions and thermal
energy

_Heat input
3.

Heat extraction

Have students prepare for theilr course

assignment notebook:

(1) A'simple flow diagram of a collector to
storage loop showing the primary components
"of the system and the flow directions.

Unit 4. Hot Water
A. Solar Hot :Water Heater
Systems :

1.

2.

3.

Identification of solar

hot water heaters
Historical development
(since WW II) - '
Current applications

B. Natural.Circulation Systems

1.
2.
3.

Solar heat input
Auxiliary heat
Hot water supply

C. Forced Circulation Drain
Down System

1.
2.
3'.

Solar heat ‘input
Auxiliary heat
Hot water supply

D. Forced Circulation -
Anti-Freeze System

1.
2.
3.
E. Hot
1.
2.
3.

139

Solar heat input
Auxiliary heat

Hot water supply
Air Water Heaters
Solar heat input
Auxiliary heat

Hot water .supply
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STUDENT ACTIVITY Assignment:
Exercise ' Have students prepare for thelr course
assignment notebook:

Reference 6, pg. 409 , . (1) Simple schematic diagrams showing the
' ' collection and distribution, including
storage, of solar hot water systems with
" principal components identified. Schematic
diagrams should include: :
a. A natural circulation system
b. A forced circulation, drain down
system :
c. A forced circulation, antifreeze
‘ (one—-tank) system
d. A forced circulation, antifreeze
(two—-tank) system.

Reference 1, pp. 163-176 , Unit 5. Space Heating '
Reference 2, pp. 433-466 A. Solar Space Heating Systems
Reference 3, pp. 141-144 : 1. Identification of solar
Reference 4, pp. 1-24 - 1-38 ’ ' space heaters .
" Chapters 12, 13 . . 2. Historical development
Reference 5, pp. 331-375 (since WW II)
Reference 6, pp. 431-511 3. Current applications
' Liquid Heating Systems
1. Direct heating from
collector
2. The function and use
of storage
3. The auxiliary heat’ input
Liquid to Air Heating
Systems
- 1. Space heating from the
~ cqllector :
2. Th‘ function and use ‘of
Btsrage
3. The kuxiliary heat input
Air Heatfng Systems
1. - Space heating from the
collector
2. The function and use of
storage
3. The auxiliary heat input
Combined Space Heat and ‘
Hot Water Systems
1. Drain down. collection
system
2. MAntifreeze collection
system
- 3. Air heating system
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" STUDENT ACTIVITY Assignment: | S
Exercise , Have students prepare for their course

assignment notebook:

- (1) Cimple flow diagrams of combined solar
,//(/// ‘ : heating and hot water systems showing the
major components and flow directions.
Diagrams should inelude: ‘

Reference 2, pg. 434 a. A drain-down liquid system
Reference 2, pg. 436 b. An antifreeze liquid system
Reference 2, pg. 438 c. An air system.
Reference 1, pp. 176-183 . Unit 6. Space Cooling
" Reference 3, pp. 144-153 A. Conditioning Space for
Reference 4, pp. 6-21 - 6-24 Comfort -
© 13-19 - 13-20 1. Comfort criteria
. 15-1 - 15-44 , 2. Psychrometrics

Reference 5, pp. 383-433 ’ 3. The air conditioning
Reference 6, pp. 457-463 - process

556-587 _ B. Absorption Cooling :

) ‘ 1. The absorption cooling

cycle-

2. Solar heat input
3. Performance and
potential T
C. Adsorption (Desiccant). ‘
Cooling : ' : |
1. The adsorption cooling
cycle
2. Solar heat input
3. Performance and
' potential
D. Mechanical Cooling
1. Rankine cycle cooling
2. Solar heat input
3. Potential
E. The Heat Pump
1. The heat pump cycles
2. Solar heat input
3. Performance and
potential .
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STUDENT ACTIVITY ' Assignment: ‘ ‘ IR .
Exercise ' : Have students prepare for their course

’ assignment notebook: , ¢
Reference 3, pg. 149 (1) A simple flow diagram of solar absorption

cooling showing the principle system com-
ponents and flow direction.

Reference 6, pg. 566 ' (2) A simple flow diagram of a combined solar
g heating, air conditioning, and hot water

system showing the principal system compo-
nents and flow directioms. ’

14%
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ENERGY SCIENCE I - II-3

INTRODUCTION:

The following outline is an instructor’s guide for Energy Science
I, a physics based course for solar technology students. The
outline has been written to .assist the instructor in preparing a
class syllabus and lecture notes for this course. The class time
agsigned to each module is an estimate and adjustments can be made
by the instructor depending on the level and qualifications of the
class students. Refererces are given as a support to the lecture
outline. The curriculum is based on general physics principles -
geared toward a_solar technician’s applications. If references -
listed in this outline are not readily available, most of the
information included in this text can be located in a good
mathematics and physics textbook. Student activities and
laboratories are also included as a guide and must be altered to
accommodate  the equipment available.

»

COURSE DESCRIPTION: '

Energy Science I is designed as an introduction’ to the basic
scientific principles needed for solar technology. The course
begins as a review of algebra, basic mathematics, and an
introduction to laboratory operations. The course includes an in
depth study of heat transfer and thermodynamics. Gas laws and
psychrometric properties of air are also covered in some depth.
The course is based on general physics primciples, however, the
emphasis is placed in the areas of heat, thermodynamic processes,
gases as effected by pressure and temperature, and heat transfer
fluids used by active solar syst?ms.

to

OBJECTIVES: ) .
Upon completion of this course the student should:

(1) Be proficient in calculations igvolving basic algebraic and
mathematical principles. This ability should include
_understanding detailed word problems, the use of technical

formulas and logical patterns, and thought processes needed to
solve problems. ¥ '

(2) Understand basic laws of eneggy and power and use the formulas
assoclated with each.

1‘4(1'
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(3

(4)
(5)
(6)

é7)

ENERGY SCIENCE T

Have a working knowledge of the fluids used in solar systems
including basic fluid mechanics, heat transfer fluids, and

-refrigerants.

- -~

Have a detailed workable knowledge of heat transfer, heat
capacity, and thermal energy storage.

Be able to use the gas laws and psychrometric charts to assist
in the technology of designing a solar system.

Understand the first and second law of thermodynamics and the
principles of heat engines.

Be able to complete the course with the basic physics
principles needed to continue further into Energy Science II
successfully.

AY
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ENERGY SCIENCE 1 IL-5

MODULE INDEX

Tiele o , - : Page
Overview of Energy Scienceeecsceeveccscssccsssccccsscccessll- 7
Measurement, Pressure aﬁd.Density..}..;..;..............11-11
Energy, Work and Power.,...t.......;.;......f;..........II—15
Fiuid Mechanics........;...;.......................;....11—19
Heat and Thermal Energy............}.....,..........;..,11-23
Heat Capacity..;............;.........,............,....11—27
Heat Transfer - Conductionsesecsscecssssssssscssscsesses I-31

' Heat Transfer f.Convection.....................{........11—37
Heat Transfer —,Radiation...............................11—41
Gas Laws.,.................;.2....;........;............II—AS

.Psychrometric Properties of AlToeeocsocvsssesasssscoesces II=49
Thermodynamics ; First Léw...........fl...........a.....II—SS
Thermodynamics —‘Second LAWe e s ooseessssssscseesssssssseees [ I=50

Heat Transfer Fluids’ Refrigerants........oooooooooooooo‘IvI-GB

7
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MODULE: OVERVIEW OF ENERGY SCIENCE : 11-7

OBJECTIVES:

Upon completion of this module, the sfpdent should be able to:

(1) Understand and rewriée both lérge and small numbers in
scientific notations

(2) Solve simple pfobléms involving numbers with exponents.

(3) Understand significant figures as applied to measured
quantities. - ‘ -

(4) - Solve basic algebraic equations and. graphically portray these
solutions., ' ) .

RATIONALE:

This course includes the basic elements of mathematics and physics.
A firm understanding of certain basic mathematic principles is a
necessity in order to successfully master these principles. This
module should be a review of basic skills learned in a previous
mathematics course and should reintroduce the student to the
techniques of problem solving.

o
REFERENCES::
(1) General Mathematics Text as used in a prerequisite math /
course.. . , . - /

Ra

(2)} Romer, Robert H., Energy, An Introduction to Physies, W.H. /
' Freeman and Co., San Francisco, 1976. ‘ /

/
/

(3) McDaniels, David K., The Sun: Our Future Energy Source, Jéhn
Wiley and Soms, N.Y. 1979. /

/
UNLT TITLES:
(L Introductionl
(2) Scientific Notation
(3) Significant Figures _ \}
(4) Exponential Ngtation
{5) +Algebra
(6) Graphing

/
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I1-8 . MODULE: OVERVIEW OF ENERGY SCIENCE
| VOCABULARY :
| . .o © .
-/ - Physics ‘ Centi - ,
\ Energy - S : g Milli )
Mega . - _ T , Ordinate R : 4 4\
Kilo ‘ Abscissa ‘ / '
~ Deci ‘
‘ n
/ ' V‘.
oy -
4 I
/ °
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Reference 1,

.

Referemnce 2,

Referénée 1,

Math Book

Math Book

v
& 4

MODULE:
Chapter 1
Chéptgr 1

’

S

Chapter 2

@&

.

-

Unit 1.

A.

- C.

D.

Unit 2.

-A.
B.

Unit 3.
Unit 4.

Unit 5.

143

Unit 6.

s

<%

2.

3.

OVERVIEW OF ENERGY SCIENCE

-t

.Hv‘9 .

v
4

Introduction to Energy\es a

Science :
Growth of energy usage
l. B.S. -
2., World. °~ -
Types of energy sources
1. Coal

011 ! ) /
3. Natural gas ° e
4, DNuclear /
‘5. Hydro-electric . o
6. Solar ‘

.Definition of energy

Definition of physics
Scientific Notation

Powers-of-10 motation /
Prefixes and powers-of 19
notation » X
l. Mega /
2., Kilo

Deci . ./ ‘
4. Centi .
5. Milli '
“6.* Micro

Significant Figures

ExponentiaijNotation -
1. 1st law of exponents

2. 2nd law of exponents

Algebra

1. Solving basié algebraic
equations

2. Substitution of numerical

values intq algebraic
equations ' ‘

3. Finding an unknown value -
using two algebraic | |
equations

Graphing

Explanation of ordinate
and- abstissa

.1..

2. Graphing of basic algebrdic
equations on an X and Y
axis
f
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MODULE: MEASUREMENT, PRESSURE AND DENSITY II1-11
. - : \-..(.% : ¢
Upon completion of this module, the student should: 4

(1) Understand the Metric and English systems of units and convert
from one system to the other system.

(2) Solve simpie problems involving the compugétion of area and
volume of various containers.

' - ) ) ‘ Qll
(3) Understand the difference between weight and mass.

(4) Xnow the definitions and formulas for basic physical
properties and be able to use ‘the formulas“properly;

‘RATIONALE:

[

Since measurements, specifications, and designs are often displayed
in either English or Metric units, the student needs working
knowledge of both systems of units and the ability to convert
betwaen these two systems. The student should also be experienced
at measuring and calculating specific quantities such as length,
area and volumes, the instruments used to measure these” quantities,

and the units associated with these quantities.

REFERENCES:: |
(1) Tippens, Paul E., Applied Physics, McGraw-Hill, N.Y., 1978

(2) -Dossat, Roy J., Principles of Refrigeration, John Wiley and
: Sons, N.Y., 1978 \

(3) Cioffari, Bernard, Experiments ig_Collegg_Physics, D.C.-ﬁeath
. and Co., Lexington, Mass., 1973 _ . "

UNIT TITLES: -

(1) Unitg and Systemé

(2) Conversion of Units . .

(3) Méasurement and q§1culétion of Length, Aiea, and Volume
(4) Mass/Weight Z .

(5) Density : . o fﬂﬁ

_(6) Pressure




I1-12 MODULE: MEASUREMENT, PRESSURE AND DENSITY

VOCABULARY :

Mass

Weight

Density

Specific Gravity

Specific Volume
Mass Flow Rate
Volume Flow Rate

Pressure




Reference 1, Chapter 1 Unit 1.
’ ! A .
B.

Math Book ’ ’ Unit 2.
’ : A 3

B.

Unit 3.

A.
B.
C.
D.
E.

Reference 2, Chapter 1 Unit 4.
- Ao

R

B.

. | ' Unit z:

B.

Unit 6.
A
B.

MODULE: MEASUREMENT, PRESSURE AND DENSITY II-13

Units and Systems
English system
Metric system

Conversion of Units
Conversion of units from
metric to English
Conversion of units from
English to metric

Measurerzent and Calculation
of Length, Area, and Volume
Square

Rectangle

Circle

Sphere.

Cylinder

Mass/Weight ,
Definition of mass and
weight ‘
Difference between mass
and weight on:

1. Earth
. 2. Moon
Density

Definition of density

Definition of specific

volume

Units for density and

specific volume :

Definition of specific .
gravity and mass and . :
volume flow rates and the

~use of these equations

Pressure
Definition of pressure
Units used for expressing
pressure N
Various methods for
determining pressure

N
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STUDENT ACTIVITY . Assignment:
Laboratory Exercise LAB I:

Part l: Measure length, width, diameter
and height of various small
metal cylinders using:

1. Meter Stick

2. Rule

3. Micrometer

4, Vernier Calipers.

Part 2: Calculate area and volume of the
metal cylinders in:
1. Metric Units
2. English Units.

LAB II:

Part 1: Using a triple beam balance, weigh
the metal samples and determine '
their mass.

Part 2: For each metal cylinder calculate:
1. Density ‘
2. Specific Volume
3. Specific Gravity.




MODULE: ENERGY, WORK AND POWER II-15

Upon completion of this module, the student should be able to:

(1) Comprehend the basic definition and usage of force, velocity,
and acceleration. ‘

(2) Understand the relationship between work, power and energy.

(3) 1Identify the two types of energy, energy efficiency, and
energy conversion.

RATIONALE:

Solar energy systems involve the conversion of one form of energy
to another form of energy, the ability to do work with this energy,
and to utilize power from this system. A full understanding of the
concepts of work, power, and energy, is needed to attain the skil‘s
of a technician. These skills will enable. the technician to not
only install and repair solar systems, but also give him/her
knowledge of the principles of operation. '

REFERENCES: |

(0 Harris/Hemmerling,FIntroductopy Applied Physics, McGraw-Hill

' Co., N.Y., 1980 ‘ '

(2) Tippens, Paul;'Applied Physics,.McGraw—Hill Co.s N.Y., 1978

(3) Croffari, Bernard, Experiments in Collqgg‘Physics, D.C. Heath
and Co., Mass., 1973

(4) HMWarris, Norman C., Experiments in Applied Physics, McGraw-Hill.

Co., N.Y., 1980

UNIT TITLES:

(1).
(2)
(3)

(4)
(5)

‘Force

Motion - Velocity and Acceleration
Work
Power

Energy
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VOCABULARY :
Force
Grévi;y
Weight/Mass
Friction
Equilibrium
Speed
Vélocity
Acceleration

Work

MODULE: ENERGY, WORK AND POWER

ft - 1b .

N e*m

Power

Watt '
Horsepower
Energy
Potential Energy
Kinetic Energy




MODULE: ENERGY, WORK AND POWER | 1I-17

Reference 1, Chapter 4

Instructor demonstration -
equilibrium of forces using a’
meter stick, stand, clamps,

a set of welights and

balance scale.

Reference 2, Chapter 5

Reference 2, Chapters 7, 8

Reference 1, Chapter 5

iNSTRUCTOR DEMONSTRATION:

"Reference 3, Experiment 5

STUDENT LABORATORY:
Reference 4, ,
Experiments 5, 9, 10

Unit 1. Force
A. Force of gravitation
B. Force as a measure of
weight, weight-gravity

relationship '

C. Newton’s Third Law - Bodies
at Rest -

D. Resultant forces in
equilibrium

Unit 2. Motion: Velocity and

Acceleration .

A. Newton’s Second Law. of
Motion

B. Summary of velocity and
acceleration

Unit 3. Work
A. Definition of work as a
scalar quantity
B. Formula for work
C. Units for expressing work

Unit 4. Power
A. Definition of power
B. Formula for power
C. Units for expressing power

‘Unit 5. Energy

A. General definition of energy

B. Kinetic energy

C. Potential energy _

D. Law of conservation of
energy

LABORATORY ACTIVITIES:
Equilibrium of Forces

Using a meter stick, stand, clamps,
a set of weights and balance scale.

Simple Machine

Coefficient of Friction

Acceleratioﬁigg Gravity Falling



MODULE: FLUID MECHANICS I1-19

OBJECTIVES:

Upon completion of this module, the student should be able to:

(1) Know the ‘typical fluids used in solar energy systems and the-
basic properties of these fluids.

(2) Understand the basic principles of static fluids including
. pressure, head, and head/energy rélationships. '

(3) Define and compute che buoyant forces of an object in a fluid
as defined by Archimedes’ Prineiple.

(4) Understand flow rates, friction coefficients of pipe and
‘ "fittings, and calculate pressure drops through a system.

(5) Use Bernoulli’s Equation and thofbughly understand the
pressure/head relationship. - _

i " RATIONALE:

A good understanding of fluids and fluid flow is of vital
importance in a solar energy system. Pressure drops and pressure
heads are critical to the success of a well designed system and, as

‘ a technician or troubleshooter, a firm understanding of the basics
of fluid dynamics 1s a necessity. ' , .

REFERENCES: : : :
(1) Howell/Bereny, Engineers gg}dé'to Sciar Energy, Solar Energy

Information Services, San Mateo, Calif., 1979.

s

(2) Dossat, Roy J., gzjncipleq_gf_Refrigeration, John Wiley &
Sons, N.Y., 1978. .

(3) Tippens, Paul, Applied Physics, McGraw-Hill Co., N.Y., 1978.

(4) Harris/Hemmerling, Introductory Applied Physics, McGraw-Hill
Co., N.Y., 1980. ' '

(5) Harris, Norman C., EXBeriméégg_ig Applied Physics, McGraw-Hill
Co., N.Y., 1980.

UNLT TITLES:
(1) 1Introduction to Fluids ' o ' ) '
(2), Fluid Pressure : \ ‘ ‘ ‘
(3) Archimedes' Principlg

‘ \ (4) TFluid Flow | 1 b oy
. 3%
(5) Bernoulli’s Equation
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VOCABULARY:

Total Pressure (Pt)

Velocity Pressure (Pv)

Static Head (hs)
Pascal’s Law
Gauge Préssure
Buoyancy Force
Resistance Flow

Torricelli’s Theorem

MODULE: FLUID MECHANICS

Stétic Pressure (Ps)
Total Head (ht)
Velocity Head (hv)
Absolute Pressure
Atmospheric Pressure
Flow Rate

Bernoulli’s Equation
Archimedes’ Principle

—
i
P ]
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MODULE: FLUID MECHANICS I1-21

Reference 1, Chapter 4 Unit 1. Introduction to Fluids
' A. Types of fluids used in
typical solar energy
systems
1. Liquid systems
2. Alr systems
B. Density, specific gravity
viscosity of typical fluids
used in solar energy systems

Reference 2, Chapter 15 Unit 2. Fluid Pressure _
. » A. Total fluid pressure
1. Static pressure -
defined
2. Velocity pressure -
defined
B. Head — pressure relationship
1. Static head - defined
2. Velocity head - defined
C. Head - energy relationship
D. Measuring fluid pressure

Reference 3, Chapters 15, 16 : 1. Pascal’s Law
2. Absolute pressure -
) defined
3. Gauge pressure - defined
‘ N 4, Atmospheric pressure -
defined

5. Open tube manometer
6. Barometer

Reference 4, Chapter 11 ' Unit 3. Archimedes’ Principle
A. Pressure at any depth
B. Downward pressure — weight
of object
C. Buoyant force — weight of
fluid displaced

Unit 4. Fluid Flow

A. Rate of flow or flow rate -
defined

B. Comparison of flow rate to
diameter of pipe

Reference 2, Chapterl5, pg. 355 C. Resistance of flow or friction

of fluid through various types
of pipes and fittings

Reference 4, pp. 218-222 Unit 5. Bernoulli’s Equation
A. Total head = pressure head
+ velocity head + friction

Reference 3, pp. 241-245 | head
‘ _— ’ B. Pressure/head relationship
' ' C. Torricelli’s Theorem
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STUDENT ACTIVITY

Reference 5, Experiment 17

FLUID MECHANICS

Laboratory Activity I:

Part 1:

Part 2:

Students should survey various
collector and storage -companies
to verify the types of fluids
used and include:

1. Density of fluids

2. Viscosity of fluid
3. Specific gravity of fluid

Students should inspect both
liquid and air collectors and
compare the friction coefficientq
of these collectors.

Laboratory Activity II:

Archimedes’ Principle - Buoyancy and Flotation

"Part 1:

Part 2:

Overview and definition of Archimedes’
Principle.

Using the following apparatus:

a. Overflow can "

b. Catch bucket.

c. Heavy liquid, light liquid water
d. Heavy and light objects .
e. Scales or balance beam

f. Graduated cylinder

To determine density of the fluid, weight of
the object in air, weiglit of the object in
1iquid and verify Archimedes’ Principle for

gsubmerged bodies.




MODULE: HEAT AND THERMAL ENERGY I11-23

 OBJECTIVES:

Upon completion of this module, the student should be able to:

(1) Read various types of thermometers and convert from one scale
to another.

(2) TUnderstand the three types of thermal expansion and celculate
the coefficient of. linear expansion for metals.

\

(3) Understand the irregular expansion of water.

RATIONALE:

The basic concern of a solar energy technician 1s heat and

temperature within a system. This technician must be able to
correctly read and/or convert the temperature to a needed scale.
The expansion of various metals and/or joints in a system can be
critical. If the technician is familiar.with and understands the

coefficients of expansion, he/she will more readily be able to e AT
identify a problem or leak. '

REFERENCES
(1) Harris/Hemmerling, Introductory Applied Physics, McGraw-Hill
CO. 1Y N.Y. 1Y 1980 .

(2) Tippens, Paul, Applied Physics, McGraw-Hil1l, N.Y., 1978.

(3) Harris, Norman C., Experiments in Applied Physics, McGraw-H1ill
Co., 1980. ‘

UNIT TITLES:
(1) Thermal Fnergy

(2) Temperature and Temperdture Scales ,
(3) Temperature Measurement and Conversion
(4)v Thermal Expansion

(5) TIrregular Expansion of Water

VOCABULARY :

Thermal Energy Thermal Equilibrium
Internal Potential Energy Internal Kinetic Energy "
Celsius ' ' Fahrenheit .
Kelvin . Rankine
ThermalrExpehsibn | L ’ Linear Expansion

Area Fxpansion

Volume Expansion
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; .
i . - v

! .
} . " Reference 2, Chapter 17 Unit 1. Thermal Energy
/ . ' . A. Thermal energy - defined
' ' B Thermal equilibrium =
' defined '
C. Internal potential energy
of a body
D. Internal kinetic energy
. . of a body -
Unit 2. Temperature and , Y
~ | Temperature Scales
« ; A. Celsius scale
B. Fahrenheit scale
. ~ C. Absolute temperature <
Unit 3. Teémperature Measurement
, and.Conversion
A. Thermometry - comparison of
thermometer scales . e
B. Formulas to convert:
1. Celsius to fahreunheit
, \ ' ‘ 2. Fahrenheit to celsius
' 3. Celsius to Kelvin
4. Fahrenheit to Rankine
el )
Reference 1, Chapter 13 Unit 4. Thermal Expansion
A. Linear expansion.
1. Linear expansion -
defined
2. Formula for linear
expansion ‘ ,
v 3. Coefficient of linear /
\ o expansion : /
\\ ' ! 4. Example coefficients
of linear expansion

\x . b 5. Thermdirl stresses
N A T 6. Differential expansion -
’ bimetallic\expansion_
' B. Area expansion
1. Coefficient of area
. expansion
\ 2. Comparison of the
\ : coefficient of linear
expansion and the’
coefficient of area
expansion )
C. Volume expansion
1. Coefficient of wvolume
expansion
2. Examples of coefficient.
of volume expansion for
various fluids

!

o | 162




ﬁODULE:

STUDENT ACTIVITY

&

fa

Reference 5, Experiment 21

n

~

HEAT AND THERMAL ENERGY : 11-25

Unit 5. Irreéulér Expansion of Water
A. Density of water at:

/ 1. 0¢C
2. 4 g .
3. 10°C

B. Density/temperature curve
for water” . ,

o !

/

t

~ Laboratory Activity I

Part- 1: Students should measure the
" _temperature of varicus fluids
using different types of thermoie-
ters,

&

Students should théen convert
these'temperatures from Celsius
to Fahrenheit or vice versa, and
then o abseolute temperature.

B

Part 2:

Laboratory Activity IT:

Linear Expansion of Metals

Part 1: "Overview and introduction to linear
_expansion of metals and explanation
of 'the formula to calculate the
coéfficient of linear expansion.

Using a 1inear expansion apparatus,
an electric buzzer or light, test
rods of :various metal and a steam
generdtor. Students can calculate
ther coefficient of linear expansion
for each metal during heating.

Part 2:

: I

Wb
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MODULE:  HEAT CAPACITY ' 1I-27

OBJECTIVES:

i - » )

Upon combletion of this module, the student should be able to:

(1) Define the states of matter, heat, specific heat, and the
change of phase relationships. ’

(2) Understand the units of heat; the‘differeﬁce between heat and
temperature, and convert between the units of heat.
"(3) - Define and calculd%q specific Heaq both mathematically and
experimentally.

(4) Define and' calculate the latent heat of fusion and the latent
heat of vaporization both mathematically and experimentally.
RATIONALE: . |
Since heat| is the ‘primary function of most solar energy systems, an
in-depth study of heat and‘thermoaynamics should be included in
this curricylum. The student ‘should understand the principles of
specific heat of various liquids &nd metals, preferably . those
liquids and \metals most used in solar systems. Latent heat of
vaporizationNs of primary importance since steam and/or pressure
can be detrimen to the success of certain systems and of primary
importance to the succe3s of other’ types.

REFERENCES: . - .o

(1). Tippeps, Paul, Applied éﬁysics, McG;aw—Hill Co:, N.Y., 1978. .

(2) Dossat, Roy J.,«Principleé‘pf_Reftigeratibn,,John'Wiley and

Sons, N.Y., 1978. N . -

Y 3 . C o K
(3) Cioffari, Bernard, Experiments in College Physics, D.C. Heath
and Co., Lexington, Mass., 1973. o

(4) Harris, Norman C., Fxperiments in Applied Physics, McGraw-
Hill Co., N.Y., 1980.

UNIT TITLES:

3

(1) States of Matter' s
(2) The Quantity of Heat . ©
(3) Specific Heat Capacity , '

(4) Change of Phase
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VOCABULARY : . ' ‘ ’
Heat Calorie )
Kilocalorie Btu '

Specific Heat Capacity ~ Joule

Lateat Heat of Fusioﬁ Fusion

Melting Point Latent Heat of Vaporization
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MODULE: HEAT CAPACITY 11-29°

: Reference 2, Chapter 2 Unit 1. States of Matter
A. Solid
B. Liquid
C. Gas ' -

o : D. Internal potential energy
' defined for each state

Unit 2. The Quantity of Heat
- : A. Heat - defined
' B. Units of heAt measurement
1. Calorie (cal)
2. Kilocalorie (kcal)
3., British thermal unit o
(Btu)
4. Joule (J)
C. Conversion of heat units
i.e., calories to Btu;
Btu to joules
D. Distinction between heat
and temperature
E. Examples of the rise in
temperature of different
masses. when equal amounts
N ' of heat are applied

‘ Reference 1, Chapter 18 ' Unit 3. Specific Heat Capacity

. - ‘ ! A. WHeat capacity — definition
and - formula

B. Specific heat ‘capacity
1. Definition
2. Formula

3. Units
b Examples for various

substances

Unit 4. ‘GChange of Phase -
A. Example (drawings) of the
molecular separations and
movement in the solid,
‘1iquid, and gas phases.
B. - Latent heat of fusion
-1. Definition
2. Formula
C. Letent heat of vapori-
. zation
1. Definition
2. Formula
D. Examples of latent heat
of fusion and vaporization
for various substances
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STUDENT ACTIV;}g

Reference 3, pg.
Experiment 22

Reference 4, pg.
Experiment 24

Reference 3, pg.
Experiment 23

. Reference 4, pg.
Experiment 25

101,

119,

105,

123,

MODULE:

HEAT CAPACITY

Laboratory Activity I: , '

Using one large flask of water and one smaller
flask of water (i.e., two different masses)
and two identical hot plates or burners,
measure the rise in temperature of each when
identical amounts of heat are applied.

Laboratory Activity II:
Specific Heat

Part 1: Using a calorimeter, burner
thermometers and test liquids,
determine the specific heat of
the liquid.

Part 2: Using the equipment listed above,
determine the specific heat of
metallic solid specimen, such as
lead, aluminum, copper, steel, etc.

Laboratory Activity III:

Change of State — Heat of Fusion - Heat of
Vaporization

Part 1: Using a calorimeter, triple beam '
balance, thermometers, and ice,
determine the latent heat of fusion
for water.

Part 2: Using a calorimeter, steam genera-
tor, triple beam balance, thermome-
ters and water, determine the latent
heat of vaporization for water.

187y | S




MODULE: HEAT 'fRANSFER - CONDUCTION : | II-31

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) nDefine the three modes of heat transfer and understand the
concept of thermal equilibrium.

(2) Understand the formulas for and the relationship between
conductivity, resistance (R-factor) and overall heat trang ¢
coefficient (J-factor).

(3) Understand and calculate degree days.

(4) Calculate the design loss, spale heating load, and domestic
heat load for a very simple room structure.

RATIONALE:

Heat transfer by conduction is of primary importance, especially in
a flat plate solar system. Conductivity, R-factor and U-factor are
necessities in understanding the heating loads needed in a home or
business. It 1s necessary to calculate these loads first in order
to properly size a solar system.

REFERENCES:
(N Harris/Hemmérling, Introductory Applied Physics, McGraw-Hill
Co., 1980. ' ‘

(2) Tippens, Paul, Applied Physics, McGraw-Hill, 1978.

(3) Cromer, Alan, Physics in Science and Industry, McGraw-Hill
Co., N.Y., 1980.

(4) U.S. Department of Energy, Solar Heating and Cooling of
Residential Buildings: Sizing, Installation and Operationm of
Systems, Colorado State University, 1980.

(5) Howell/Bereny, Engineers Guide to Solar Energy, Solar Energy
Information Services, San Mateo, Calif., 1979.

(6) Mazria, Edward, The Passive Solar Energy Book, Rodale Press,
Emmaus, Pa., 1979.

(7) Harris, Norman C., Experiments in Applied Physics, McGraw-Hill
Co., N.Y., 1980.

165
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MODULE: HEAT TRANSFER - CONDUCTION

UNIT TITLES:

(1) Heat Transfer - An Introduction

(2) Thermal Energy and Thermal Equilibrium

(3) Thermal Conductivity ‘

(4) The R~Factor (Resistance Factor)

(5) The U-Factor (Overall Heat Transfer Coefficient)
(6) Degree Days .

(7) Total Heating Loads

VOCABULARY :

Heat Transfer | Conduct{on
Convection - Radiation

Thermal Equilibrium Thermal Conductivity
R-Factor U-Factor o

Degree Days .- Design Heating Load
Heating Loadg. ) Design Temperature Difference
Design Heating l.oads Sbace Heating Loads

Domestic Hot Water Heating lLoads




MODULE: HEAT TRANSFER - CONDUCTION : IT-33

Reference 1, Chapter 13 Unit 1. Heat Transfer - An
Introduction .
A. Heat transfer - definition
—_ ' B. Three methods of heat
transfer
Reference 2, Chapters 17, 19 Unit 2. Thermal Energy and Thermal
: Equilibrium

A. Total internal energy of
an object
B. Transfer of energy from
~ one object to another
C. Thermal equilibrium -
definition -

Unit 3. Thermal Conductivity
A. Conduction - definition
B. Thermal conductivity (k)
: 1. Definition
2. Examples of thermal
conductivity (k) for
various types of
materials :
C. Heat transfer equation using
thermal conductivity

' Reference 3, Chapter 9 . Unit 4. The R-Factor (Resistance
: Factor)
A. Definition of resistance of
a material to heat conduct-
ance (R-Factor)
B. Formula used to relate
R-Factor and thermal
conductivity
Reference 4, Module 13 - C. Examples of R-Factor for
’ various common materials
D. Calculating the total re-
sistance (R,) for a wall
with more than one layer
of materials

Unit 5. The U-Factor (Overall Heat
Transfer Coefficient)
A. Definition of U-Factor
B. Formula used to determine
U-Factor
C. Examples.of U-Factor for.
various common wall struc-

tures
Reference 5, Chapter 8 Unit 6. Degree Days
E . ) : A. Definition
‘ . - B. Formula, for determining

number of degree days.
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MODULE: HFAT TRANSFER - CONDUCTION

C.

Unit 7.
" A

Tabulated values of degree ‘
days in most U.S. cities

(government print or

Climatic Atlas of the U.S.)

Total Heating Loads
Design heating loss
1. Definition
2. Sample heat loss
calculations
3. Infiltration loss -
definition
NDesign temperature
difference
1. Definition |
2. Examples for outdoor
design temperatures for
various locations
Average space heating load
1. Defined
2. Formula to determine
average monthly/yearly
heating load
Domestic hot water heating
load - -
1. Averages as given by
. )government based on ‘
" four member family .
including:
a. average number of
gallons used
b. average temperature
of water

c. average temperature
difference




MODULE: HEAT TRANSFER - CONDUCTION ' I1-35

STUDENT ACTIVITY ' . Laboratory Activity I:

Reference 6, Chapter III Part l: Students are shown several wall
: _ configurations. - Using these walls,

the student 1s to: v
1. Show a tabulated value of the

> ' thermal conductivity for each

SR material
2. Calculate
3. Calculate U,

Part 2: Students are given either a hypo-
thetical or actual room with windows,
doors and specified wall structure.
Students then calculate:

1. Design heating loss
2. Design heating load for various
) ‘ given conditions.

Laboratory Activity IIL:

Reference 7, Experiment 26 Heat Transfer — Conductivity of Copper
' Using a Searles heat conductivity apparatus;
a steam generator, thermometers, and a
o ' copper rod, determine the conductivity of
‘ the copper rod. -

o | o 172
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MODULE: HEAT TRANSFER - CONVECTION 11-37

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Define and illustrate natural and forced convection.

(2) Understand the concept of solar use in the masonry thermal
storage well, Trombe wall, and greenhouse.

(3)' Understand the passive use of solar energy in the convection
loop system and the thermosiphoning system.

RATIONALE:

As passive solar energy becomes more and more popular, the concepts
of convective heat transfer becomes increasingly important. The
student should be well versed in many areas and include systems
other than active solar systems to his knowledge. The systems and
building options using convective air or water flow should be a
part of this knowledge as well as the design and use of
greenhouses. .

REFERENCES :

(1) Tippens, Paul, Applied Physics, McGraw-Hill, 1978.

(2) Dossat, Roy J., Principles of Refrigeration, John Wiley and
Sons, N.Y., 1978. ' '

(3) Mazria, Edward, The Passive Solar Energy Bobk, Rodale Press,
Emmaus, Pa., 1979. '

(4) Howell/Bereny, Engineers Guide to Solar Energy, Solar Energy
Information Services, San Mateo, Calif., 1979.

UNIT TITLES:
(1) Convection

(2) Passive'Splar Enefgy
(3) Natural Convection

(4) Forced Convection

(5). Convective Loop Storage

(6) Thermosiphoning

(7) Convective Heat Losses
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VOCABULARY : | ‘
Convection : ' Passive Solar Energy ‘ '
Natural Convection _' Forced Convection

Masonry Thermal Wall Storage Trombe Wall

Convective Loop Storage Thermosiphoning




‘ MODULE: HEAT TRANSFER - CONVECTION I1-39
°
‘ Reference 1, Chapter 19 © Unit 1. . Convection
A. Definition

B. Graphic illustration.of
: convective current

‘ Unit 2. Passive Solar Energy

| A. Definition

“ . B. Short history

‘ C. Most common uses of

) passive solar energy

D. Design concepts of passive

., solar energy

E. Examples of the use of .
passive solar energy, i.e.,
specific houses using
passive solar energy -

\

Reference 2, Chapter 2 Unit 3. Natural Convection
' A, Definition - ‘
4 . : _ B. Path of natural convection -

warm alr/water replacing
; cooler air/water
Reference 3, Chapter- III C. Examples of the use of
natural convection including
: _ graphic {1lustrations .
. ‘ ' 1. Masonry thermal storage
wall
2. Trombe wall
3. Greenhouse
4, Water thermal storage wall

‘Unit 4. Forced Convection

A. Definition

B. Examples of the use of forced
convection including graphic
illustrations
1. Trombe wall with forced
_air circulation
2. Greenhouse with forced

o i : air circulation
Reference 4, Chapter 3™ Unit 5. Convective Loop Storage
I : System
- N A. Definition

B. Drawings, graphic or
englneering specs to
- 1l1lustrate this system
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Unit 6. Thermosiphoning
A. Definition
, B. Thermosiphgning water heater
n . h ~ €. Thermosiphoning space heater

Unit 7. Convective Heat losses
A. Illustration of convective
heat losses from cover plate
of a collector
B. Percentage of heat losses
due to convection on a -,
collector i

—- . STUDENT ACTIVITY Laboratory Activity I:

Given a specific design of a house and location
the student should plan the best use of the
house and lot to minimize energy costs using
passive solar energy. Students can include:

1. A masonry thermal storage wall '

2. Large thermal windows

' o 3. Greenhouse v
\ ' 4, Trombe wall
5. Trees

Laboratory Activity II:

Given an active and working flat plate or
i v concentrating collector and thermometers,
, : : ’ have the students measure the temperature
" L ) on the cover plate:
\ 1. With no air movement across the plate
2. With various wind speeds (forced) across
the cover plate. ’ .




MODULE: ~HEAT TRANSFER - RADIATION I1-41

/.

0BJECTIVES: . - o

e

| . s ) ,// ) ;
Upon completion of this module, the“student should be able to: . //

(1) Understand the concept of electromagnetic and .thermal
radiation. ' ‘

(2) B8e familiar with the term blackbody as an "ideal" radiator and
emissivity as a measure of .the '"real" radiation. /

(3) Calculate the net rate aof radiation from various pdints on a
solar collector.

RATIONALE: , , .

Radiation is a substantial factor in the heat losses and,
consequently, the efficiency of a collector. In order to evaluate
a collector, some knowledge of radiation losses, and good' emissivity
of the product must be used. The ability to understand and
calculate the net rate of radiatioﬁ from a collector could prove
invaluable in correcting or troubleshooting a system in trouble. A
workable knowledge of ‘emissiyity is especially valuable when
comparing selective surface bsorber versus a nonselective surface.

REFERENCES :

(1) Tippens, Paul, Applied Physics, McGraw-Hi11l, N.Y., 1978.

(2) McDaniels, David K., e Sun, John Wiley and ‘Sons,. N.Y., 1979.

P
UNIT TITORS:

(1) Thermal Radiation' '
(2) Blackbody Radiation -

(3) FEmissiviey
(4) Stephan—-Boltzman Law

(5) Net Rate of Radiation ' L
VOCABULARY : ‘ .
Electromagnetic Waves o . . Thermal Radiation
Absolute Temperature, " . Blackbody Radiation
Emissivity , ~ Stephan - Boltzman Law

Stepﬁan - Boltzman Constant Net Rate.of Radiation

o~
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II—&% “MODULE: HEAT TRANSFER ~ RADIATION .
Reference 1, Chapter 19 Unit 1. Thermal Radiation
' . A. FElectromagnetic waves -

definition
/ ‘ - B. Thermal radiation -

, g v definition-

Reference 2, Chapters 6, 7 C. Rate of thermal energy ,

radiation -varies with |
fourth power of the
absolute temperature

Unit 2. Blackbody Radiation
" A. Dpefinition or concept
B. Examples of good radiation -
" versus poor .radiators
C. Concept of blackbody as!'"ideal"

Unit 3. fEmissivity te) -

!

A, Definition =
B. Unitless quantity hetween
1 and O

1. For a blackbody, e =1
2. For a highly polished
silver surface, e = 0
C. Examples of specific materials
and their emissivity at
specific temperatures

Unit 4. Stephan - Boltzman Law
A. Rate of radiation (R)
/ ‘ - 1. Definition
2. Formula fgr calcu]atlng
R=e 6T -
3. Definition of 8 as a
proportionalitg coBsuktant
5.67 x 10 “w/m xK
B. Example problems involving
1. Radiation from cover
" plate of collector
2. Radiation from absorber
plate of a flat plate
A _ collector
‘ : 3. Radiation from thd
absorber tube of a
concentrating collector

Unit 5. Net Rate of Radiation
A. Definition
B. Formula, R =e 6 (T
C. Graphic {11ustrator of ne%
rate of radiation
‘ D. Actual calculations using a
. : ~ collector

2

| | 175 :




.. ' , ~ MODULE:

STUDENT ACTIVITY

HEAT TRANSFER - RADTATION I1-43

Laboratory Activity I:
Using an actual flat plate or céoncentrating

collector, engineering specifications and
thermometers, have the students:

1. Read the engineering épecs to determine
emissivity '

2. Calculate R under working conditions on:
a) The cover plate
b) Absorber plate
¢) Back of the collector
d)  Sides of the collector.




® R MODULE: ~ GAS LAWS 1I-45

OBJECTIVES:

Upoh completion of this module, the student should bhe able to:

/1) Understand the characteristics of gases and the basic
relationships between pressure, volume, and temperature.

(2) Utilize the general or ideal gas law in bdth formula and
: diagrammatic methods.

(3) Thoroughly understand the concept and graphics of a P-V
diagram and triple point phase diagram.

RATTONALE:

Since various types of solar systems utilize pressurized gases, a
good working knowledge of gases and gas laws is necessary to the
student’s background.

REFERENCES :

(1) Dossat, Roy J., Principles of Refrigeration, John Wiley and
.Sons, N.Y., 1978. '

' (2) Tippens, Paul, Applied ﬂ}fsics, McGraw-Hill Co.b, N.Y., 1978.

‘ (3) Croffari, Bernard, Experiments in College Physics, D.C. Heath
and Co., 1973.

UNTT THILES:
(1) Characteristics of Gases

(2) Ideal Gases

(3) Pressure - Volume Relationshi?
(%) Volume - Temperature Relatidnship
(5) Pressure - Temperatﬁre Relationship
[ (6) General/Ideal Gas Law
’ (7) Liquifaction of a Gas

(8) Vaporization -
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Absolute Temperature
Isochronic Process
Boyle’s law

Critical Temperature
Liquifaction
Evaporation
Sublimation

Condensation

MODULE: GAS LAWS

Isothermal Process

Ideal Gases

Charles’ Law

Universal Gas Constant
Vaporization

Boiling

Saturated Vapor Pressure

Triple Point

L




Reference 1, Chapter 3

Reference 2, Chapter 20

MODULE :

GAS LAWS

Unit 1.
A.

Unit 2.
A'

Unit 3.

A.

B.

Unit 4.

A.
B.

unit 5.

A.
B.
C.

152
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Characteristics of Gases
Velocity and movement of
molecules .
Molecular separations in
a gas

Expansion of solids and
liquids

Review of absolute
temperature o o
1. Conversion F to R
2. Conversion C to K

TIdeal Gases

Molecular collision
relationship

Idea of "perfect" gas
behavior

Pressure Volume Relationship
Robert Boyle — short history
Isothermal process —
definition

. Boyle’s Law
"1. Explanation of written

law -
2, Formula for Boyles Law
Pressure-Volume graph
i.e., P=V diagram
Graphic or drawn illustration
of a gas compressed or expanded
under a constant temperature

Volume -~ Temperature
Relationship
Jacque Charles — short history

Charles’ Law :

1. Explanation of written
law ' .

2. TFormula for Charles’ Law

Graphic or drawn illustration

of a constant temperature

process during compression

or expansion

Pressure ~ Temperature
Relationship

Isochronic process — definition
Explanation of written law
Formula for pressure —
temperature relationship
Graphic or drawn illustration
during a constant volume

. process
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STUDENT ACTIVITY

Reference 3, pg. 109,
Experiment 24

MODULE:

GAS LAWS _
. il
Unit 6. General/Ideal Gas Law
A. Combination of Boyle’s and
. Charles’ Law '
B. Universal gas constant (R)
C. General or Ideal Gas Law
1. Formula
2. Detailed explanation
of each term in formula

Unit 7. Liquifaction of a Gas
A. Behavior of intermolecular
forces
B. Critical temperature -
definition
C. P - V diagram showing
liquifaction of a gas

Unit 8. Vaporization
A. Liquid to vapor phase
occurs by:
1. Evaporation
* 2. Boiling
3. Sublimation
B. Saturated vapor pressure -
definition
C. Triple point phase diagram

Laboratory Activity I

General Gas Law

Part 1: Using a calibrated thermistor and
ordinary household pressure cooker
heat the air inside the cooker.

Part 2: Find the relationship between pressure’
and temperature when the volume and
% mass remain constant.

Laboratory Activity II:
Charles’ Law of Gases

Part 1: Using a Charles’ Law apparatus,
(capillary tube with mercury thread)
boiling water, ice, and thermometers
find the relationship between volume
and temperature.

pPart 2: Record the volume of air in the
' capillary tube .under various

temperature conditions. Plot a

graph of volume vs temperature.
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‘ MODULE: PSYCHROMETRIC PROPERTIES OF AIR II-49

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Understand the composition of air and water Vapor, and the
partial pressures exerted by these.

(2) Calculate and use the basic terms of psychrometrics.

(3) Utilize a psychrometric-chart and readily determine each of
the psychrometric terms.

(4) Understand the heating and cooling processes and define and
illustrate solar applications. '

RATTONALE:

In .the design and apptiication of solar systems to heat or cool, the
conditions of the air being heated or cooled is of primary
importance. The psychrometric properties of air and water vapor can
have a very definite effect on the design, size, or application of
a solar system. ) '

REFERENCES -
‘ (1) Dossat, Roy J., Principles of Refrigeration, John Wiley and
Sdns, N.Y., 1978.

(2) System Design Manual, Part 2, Air Conditioning, Carrier Air
Conditioning Co., N.Y., 1974,

|
(3) GTA - 3A Advanced General Training, Air Properties and

Measurements, Carrier Air Conditioning Co., N.Y., 1978.

UNTT TITLES:
(1) Composition of Air

(2) Dalton’s Law of Partial Pressure

(3) Psychrometric Terms

€3] vPsychrometric Charts ‘

(5) Psychrometric Processes = Alr Mixtures

(h) Psychrometric Processes =~ Seqsible Heating

(7) Psychrometric Processes - Sensible Cooling

‘ o 18




I1-50 MODULE :

VOCABULARY :
Dry Air-
Water Vapor
| Barometflc Presggre
Dew Point Temperature
- Absolute Humidity
Humidity Ratio
Wet Bulb Temperature
Enthalpy
Sensible Heating
Sensible Cooling

FEvaporative Coolers

PSYCHROMETRIC. PROPERTIES OF AIR

Air on Moist

Partial Presgure
Psychfometrics'
Humidity

Relative Humidity
Saturation Ratio

Dry Bulb Temperature
Air Mixture

Coil Bypass Factor
Dehumidification




o - MODULE: PSYCHROMETRIC PROPERTIES.OF AIR II-51 "
: Reference 1, Cﬁaptér 5 Unit 1. Composition of Air

A. Composition of dry air
B. Amount of water vapor in air

.

Reference 2, Part 2 , Unit 2. Dalton’s Law of Partial
. * Pressures
A. Partial pressure exerted
by each gas

B. Total pressure: sum of
_ the partial pressures
Reference 3 v C. Total Barometric pressure:
' - sum of:

1. Partial pressure exerted
by dry gases

2. Partial .pressure exerted.
by water vapor

Unit 3. Psychrometric Terms
A. Dew Point Temperature -—
‘the temperature at which the
water vapor in the alr 1is

saturated
B. Humidity - water vapor in the
air .
C. Absolute Humidity - mass
‘ L ' : , of water vapor per unit volume -
of air

D. Relative Humidity - ratio of
actual partial pressure
exerted by water vapor to
partial pressure of water
vapor if air was saturated

° , E. Humidity Ratio - mass of
water vapor per unit mass
of dry air

F. Saturation Ratio - ratio of
the actual humidity ratio
to the humidity ratio of
. saturation for the same
' temperature i
G. Wet Bulb Temperature =
temperature as measured by
: .a wet bulb thermometer.
\ A relationship between dry
K . bulb temperature and dew point

H. Dry Bulb Temperature -

temperature as measured by
an ordinary thermometer

I. Enthalpy - "total heat" (h)
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MODULE: PSYCHROMETRIC PROPERTIES OF AIR

Unit

Unit

Unit

4,
A.

A.
B.

1%

Psychrometric Charts
Steam tables

1. Copies to each student

2. Instruction in locating
a. Temperature
b. Pressure
. c. Specific volume
'D. dew point temperature
e. Saturation pressure
f. Partial pressure
exerted by water vapor
g. Enthalpy
Psychrometric Chart ‘
1. Copies to each student
2. Instruction in locating
a. Humidity ratio
b. Dew point temperature
c. Specific volume
d. Relative humidity
e, Dry bulb temperature
f. Enthalpy .
Interpolation of steam table
and psychrometric charts

Psychrometric Processes -

Air Mixtures

Mixing adiabatically,
enthalpy of the mixture is
the sum of the two individual
enthalpies

Dew point temperature of the
mixture ' '

_ (Ma)(Ta) + (Mb)(Tb)
C_.
Mc

T

where (Ma) & (Ta) are mass
and temperature of air-
stream (a), (Mb) & (Tb) are
mass and temperature of
airstream (b), (Mc) & (Tc)
are mass and temperature of
the mixture of (a) & (b)

Psychrometric Processes -
Sensible Heating
NDefinition

Sensible heating process
example - shown on a
psychrometric chart

Coil bypass factor

1. Definition

2. Formula

»

rep

{




MODULE: PSYCHROMETRIC PROPERTIES OF AIR I11-53

Unit 7. Psychrometric Processes -

Sensible Cooling

A. Definition

B. Dehumidification

C. Evaporative coolers
1. Definition
-2. Engineering specs as an

example '

3. Solar application

STUDENT ACTIVITY Laboratory Activity:

Part 1: Give students a sample house in
a dry climate, such as Arizona.
Include square footage and
specific temperature and air
mixture conditions.

¢ Part 2: Students should design a very
' simple evaporative cooling system
with a solar dehydrator. Students

- will be required to include:
1. Specific system |
‘ 2. Engineering- specs -
. ‘ 3. Basic drawings.

Laboratory Activity IT1:
Sling Psychrometer

Part 1: Using a common sling thermometer
and ordinary thermometer, have the
students determine the dry bulb and
wet bulb temperature inside the lab
and outside the building.

Part 2: Using this information, students
should be able to find the dew
point temperature (1f barometric
pressure is known) and the
relative humidity.




MODULE: THERMODYNAMICS - FIRST LAW / II-55

. /
OBJECTIVES:

Upon compleﬁiqn of this module, the .student should be able to:

(1) Understand the concept of thermodynamic equilibrium and
thermodynamic nrocesses. .

(2) Calculate the mechanical equivalent of heat and convert from
metric units to engineering units and vice versa.

(3) Understand and define the first law of thermodynamics and
- represent the first law on a P-V diagram. i

(4) Define and illustrate adiabatic, isochoric,'énd isothermal
processes. ’

RATIONALE! p

The first law of thermodynamics is the foundation for uitimately

understanding and utilizing heat, work, and energy. To eventually

work with air conditioning ot heating processes’, as applied by
solar or otherwise, the basics of thermodynamics must be covered.

REFERENCES:

(1) Harris/Hemmerling, Introductory Applied Physics, McGraw-Hill
) CO., N.Y.,.1980. N

(2) Tippens, Paul, Applied Ehyéicg,'McGraw;Hill Co., 1978.

UNIT TITLES: o

(1) . Thermodynamics R

(2) MechanlcalvKuivalent of Heat
(3) law of Conservation of Enérgy
(4) First Law of Therquynamicsl
(5) Adfabatic Processes

(6) Isochoric Proceéses

(7 Isothermal Processes

¢

VOCABULARY : |

Therquynamics o Heat

Energy j. Thermodynamic Equilibrium
Joule’s Constant : Mechanical Equivalent of Heat

Law of Conservation of Energy First Law of Thermodygdﬁics

'P-V Diagram Adlabatic Processes

[2

Isophoric Processes e Isothermal Processes

1&9
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I1-56 MODULE: THERMODYNAMICS - FIRST, LAW

-Reference 1, Chapter 16 ; Unit 1. Thermodynamics
: ‘A. Thermodynamics = definition
B. Equivalence of heat and
. ) .work as two forms of energy
g _ 1. Work - definition
' : 2. Energy - definition -
C. Thermodynamics equilibrium
"1. Definition
. " 2, Thermodynamic state or

" processes ‘
Reference 2, Chapter 21 C ‘ Unit 2. Mechanicél,Equivalent of /
: ‘ A. James Préscott Joule - short
history.

|
|
|
. B.  Mechanical equivalent of o
- - ' ‘ heat - definition : : .
’ C. Joules constant — definition -
1. J = 4.186 joules/cal’
‘ (metric units)
2. J =778 ft - 16/Btu
(engineering units)

Unit 3. Law of Conservation of Energy /] :
A. Definition C o/

- =B Mechanical energy input’ . -~ /
‘C. Heat energy input

Unit 4. First Law of Thermodynamics
A. Internal energy function
B. Definition - lst law
C. _Mathematical statement - 1qt
law
D. P-V diagram representing gas/

expanding at constant /

pressure /
ro : Unit 5. Adiabatic Processes <
A. -‘Definition
/ . B. Adiabatic processes as

applied to'the first law
'~ C. Graphic illustration of an
adiabatic process
D. Throttling process ) v

Unit 6. TIsochoric Process /
A. Definition ' '
. B.. Isochoric process as applied
;. ' : to the firs law
' C. Graphic- illustration of an
isochoric process

Unit 7. 1Isothermal Processes
A. Definition
B. TIsothermal process as
applied to the first. law




MODULE:

STUDENT ACTIVITY

e .

s g e araa = v e oo m e

£ IR

THERMODYNAMICS — FIRST LAW II-57

Laboratory Activity I:

Using a cardboard tube and 1ead shot,

. determine the amount of work done in’
"joules, or the mechanical equivalent
of heat when raising a known mass of
lead shot the distance of the cardboard

. tube.

191 )

m




: ‘ o . MODULE: _THERMODYNAMICS - SECOND LAW II-59 ;oo

OBJFCTIVES:

Upon completion;of this module, the studeﬁt should be able to:

(1) Understand the second law of thermodynamics.

T (2) Calculate efficienéy anﬂ draw the P-V diagram of the fbllowing
' engines: ‘ ! ' »

a) Carnot engine‘ N v
o b) Internal cdmbustion engine " ’
' c) Steam engine ' ‘ . ,

d) Refuigerator. )

1

RATIONALE:

Podsifuigit aiof St

Heatqengtnes generate energy in many different forms. The
: gengfatton of energy in any form is of great importance to the
sola® student since solar energy is only one of the many forms of
energy. The study of heat engines will broaden the horizon and
possibly asgist the solar student in future new designs of solar . ' {
equipment. : /
/

i
)

REFERENCES: | | S
' . (1) Tippedis, Paul, Applied Physies, McGraw-Hill Co{, N.Y., 1978. _

(2) Harris/Hemmerling, Introductory Applied Physics, McGraw-Hill -
. CO., N'Y" 19800 ‘

(3 Dossé;, Roy J., Principleé of Refrigeration, John Wiley and
-Sons,VN.Y., 1978.

e

UNLT TITLES: |
(1) Second'ﬁéﬁ%bf Thermodyr amics ' - . o ~
(2) Heat Engiﬁes - Carnot Cycle L .

(M Heéﬁiﬁﬂg}nes :‘Interna1 Combustion Cycle

i Y ﬂeat Engines - Steam Fngines i
T
(5) /Refrigeration -'COP




1161 MODIULE: THERMODYNAMICS - SECOND LAW

VOCABULARY: - )
Second Law of Thermodynamics Heat Engine

Carnot Cycle Internal Combustion Cycle

Four-Stroke Engine Intake Stroke \

Compression Stroke \ Combustion/Power Stroke

Exhaust Stroke Compression Ratio

Reciprocating Steam Englnes Rankine Cycle

Steam Turbine Refrigeration

cop

_Z(Jf) : ‘l'

v)




MODULE: THERMODYNAMICS — SECOND LAW I11-61
' Reference 1, Chapter 21 Unit 1. Second Law of Thermodynamics:
A. Second law - definition ‘
- B. Heat engine
1. Definition
2. Efficlency

Unit 2. Heat Engines - Carnot Cycle
A. Sadi Carnot - short history
B. Carnot engine
1. Definition
2. P-V diagram of the ideal ,
Carnot cycle
C. Effictency of a Carnot engine

Unit 3. Heat Engines - Internal = °

' Combustion Cycle :

A. Internal combustion engine -
four stroke engine (Otto cycle)’
1. Intake stroke
2. Compression stroke
3.. Combustion/power stroke
4, Exhaust stroke

B. Internal combustion cycle
as indicated on a P-V

) . diagram
- C. Compression ratio - definition
‘ D. Efficiency

. Unit 4. Heat Engines — Steam Engines
Reference 2, Chapter 16 A. Reciprocating steam engines
1. Basic principles
‘2, Rankine cycle — idealized
steam cycle : .
3. Rankine cycle as indicated
> by a P~V diagram )
) B. Steam turbine
, . 1. Basic principles
2. Horsepower developed by
a steam turbine
3. Steam turbines as a
" source for electrical
energy

Reference 3, Chapter 7 , Unit 5. Refrigeration -' COP
. A. Refrigeration - heat engine

operated in reverse

B. Coefficient of performancé -
corp .
1. Definition.
2. Mathematical formula

C. Schematic diagram of I
refrigeration cycle
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. MODULE: HEAT TRANSFER FLUIDS, REFRIGERANTS 1I-63

OBJECTIVES:

Upon completion of this module, the student should be able to:

 VOCABULARY : A
EthylenemGlygpl Propylene Glycol
Phase Change Materials =~ - . _._Rock Bed Storage .

(1) Recognize the most commonly used solar system fluids and be
familiar with their properties.

(2) Understand and calculate the design parameters for a water,
phase change, or rock bed storage.

(3) Recognize the most commonly used refrigerants and be familiar
with their propegties.
(4) >Be knowledgeable and familiar with the safety and economic
. considerations of refrigerants. ’

RATTONALE:

Heat transfer fluids are used in any active solar heating system.
The thermodynamic'properties of these fluids are extremely
important in the ‘design and sizing of a solar system and a storage
system. Since air conditioning is becoming more important +to the
solar industry’s future, a working knowledge and understanding of
refrigerants can be of great value to the student. )

REFERENCES:

(1) Howell/Bereny, Engineers Guide to Solar Energy, Solar Energy
Information Service, California, 1979. ‘

(2) Colorado State University, Solar Heating and Cooliqg_ggl
Residential Buildings, Sizing, Installation and Operation of

Systems, U.Ss Department of Commerce, 1980.

(3) Dossat, Roy J., EEEESERLQ% of Refrigeration, John Wiley and
Sons, N.Y.,-1978.. .. ' . f '

UNIT TITLES:

(1) Heat Transfer Fluids
(2) Thermal Storage Systems
(3) Refrigerants

(4) Safety

(5) Economic Considerations

Refrigerant T e




11-64 MODULE: HEAT TRANSFER FLUIDS, REFRIGERANTS

Reference 1, Chapter 5

.

Reference 2, Module 8

Unit 1.
A.

Unit 2.

C.

2.

3. Viscosity T
4. Boiling/freezing point
5. Specific heat
Examples of systems using
each fluid - '
Thermal Storage Systems
Water tanks and locations
1. Heat storage capacity
2. Recgmmended water volume .
/ft° for gpecific condi- ‘
tions a
Phase — change storage X ‘
1. Definition - phase change
material '
2. Types of phase change

3.

Heat Transfer Fluids ‘
Fluids commonly used in
solar systems
1. Water
2. FEthylene glycol
3. Propylene glycol
4, 50/50 mixtures of water
and glycol
5. 0il
6. Air
- Basic properties of each ™,
fluids™ .
1. Density =~ -

Specific gravity T

"materials

Properties of phase
change materials

Rock bed storage - air as a
fluid . -

lo

2..

3.
4.

Operating range
Stratification
Design parameters
Pressure losses

Unit

3.
A.
B.

Refrigerants

Refrigerant — definition
Thermodynamic properties
of specific refrigerants
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MODULE: HEAT TRANSFER FLUIDS, REFRLGERANTS II-65 .
Unit 4. Safety .
A. Toxicity of refrigerants
B. Flammability and explosiveness
of refrigerants »
C. American standard safety code
for mechanical refrigeration
Unit 5. Economic Considerations
A. Properties of refrigerants
which effect capacity and
efficiency
B.

e

-,-f"

1ay

Effects of moisture
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ENERGY SCIENCE IL . I1I-3

INTRODUCTION:

Energy Science II is the second semester in the two semester
sequence of Energy Science I-II. It is intended to give the
student the necessary understanding of basic scientific principles
necessary to understand the fundamentals. of passive and active
solar systems and other energy conservation considerations.

COURSE DESCRIPTION:

Topics covered are: elements of astronomy and geography necessary
to understand the variations in solar insolation; the basics of
atomic and nuclear physics necessary to understand the sun’s
processes; the nature of light, its propagation, and devices to
collect this solar radiation; and fundamentals of electricity and
magnetism and the relation of these principles to AC and DC

circuits and devices. .

COURSE PREREQUISITES:

Algebra (2 years High School or 1 year College level)
Energy Sclence I (May be waived with permission of the. instructor)

COURSE OBJECTIVES:

Upon completion of this course the student should be able to:

(1) Apply the physical laws covered in the course to describe
important features of a solar energy system. '

(2) Exhibit a working knowledge of energy conservation principles.

(35 :ﬁbﬁfeciatewxhg\importance of obtaining‘an ability to explain
phenomenon in addition.to using them so that the knowledge is
transferable to new technology. '

COURSE DESIGN:

The course is designed so that material introduced early in the

semester that might seem difficult will be covered again later in
the semester in a different setting. This "spiral approach" allow
for repeated reinforcement of certain difficult topics. -

-

193
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ENERGY SCIENCE II

A . WEEK NO.
:  ASSIGNMENT

) 1

11

12

13
14
‘15

16

10°

COURSE CALENDAR:

SUBJECT

Intgoductioﬁ &

Réview

Celestial Mechanics
& Geography

Atomic & Nuclear
Physics

Periodic'Motion

Physical Optics
Geometrical Optics
Geometrical Optics

Electrostatics

"DC Circuits

DC Circuits/
Magnetism

Magnetism
Electromagnetism
Elec;/AC Circuits

AC Circuits

AC Circuits

- Control Theory

.f?(ﬁa}

LAB

" Measure Skills

Solar Angle

Spectra

. .SHM, Wave Motiop

Interference,
Diffraction

Reflection,
Mirrors =~ -

'Refraction;

Lenses
Electric Fields
Ohm’s Law

Magnetic Fields

Force on a con=
ductor,DC motor,
meters

Induced Effects

Transformers/
Generatogs

AC Resonance
Photovoltaics

Control Devices



ENERGY. SCIENCE 11 - s I1I-5

A

MODULE INDEX

Title ' : » . Page

]

Introduction and RevieW..ceseoeecsscees™ansssssae III= 7

Celestial Mechanics, Geography,

x>

Atomic and Nuclear PhySiCSessssessecsasascscseass [IT-15

Periodic Motionitoo;oooo0.000.00.00......:}.00'011£-19

Light - Physical Opticgkoooooooo.o;.;00000000000111-23
Light - Geometrical Optics,.........000000000000111-27

Electrostatics.}0'000.000.;.000..00..ocf.o.o.oo.III-BB

" DC Circuits and DeViceSeseseeseessssssssnsnsesss [II=37

&

Magnetismoo;oooo\oo.ooooooooooooooooolpo:oooooooIII-él~

r

Electromgnetism.‘....‘...i................‘.......III—A‘S
AC CLTCULLS/DEVLICESsenencseesosssnsannscsesnssssII=49
Control Theory/ControlSeeeessssssssssssscsscessellII=55

APPENDICES - .
, - A. Math Proficiency TeSteesecseeecceses [II=59
‘ﬁ.f Graphing;Techniqués.......;.........III—73
C. Laborgto:y:‘Measureméht of

! L Solar Anglq.oocooooo.io.III-sg

]

TR0

and Solar Energy.......}............J.,......IIlel“

PP

=¥
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- UNIT TITLES:

. . ¥ & : -

> . MODULE: INTRODUCTION AND REVIEW II1I-7
. . ) *J . " o By ‘

OBJECTIVES u .
Upon completion of this moduIe, the student should be able to:
(1) Exhibit the® necessary>mathemat1ca1 skills required -to ]

successfully complete the course._ i

“(2) Demonstrate .the measurement skills and data analysis '
techniques needed to- perform typieal 1aboratory experiments. s ‘ .

(3) Use important definitions from Energy Science I that Twill be :
used in Fnergy Science II. N - *

Ed

RATIONALE:

Successf® completion of Energy Science II requires certain

mathematical and laboratory techniques. In addition to these y
skills the student needs a minimal working vocabulary from Energy _ \
Science I. It is normally assumed all of this information’w?i

obtained in ES I. Thus, the purpose of this unit is to .review this

information, identify those students who need addifional help, and

provide review materials for those students who require it.
. \

Pd
$ ¢

REFERENCES :
(1) Harris, Experiments in Applied Physics, 3rd Ed., McGraw-Hill,
1980. A iy

\

(2) Cioffari and-Edmonds, Experiments in College Physics, 6th Ed., :
Heath, 1978. . , . .

(3) Dossat, Prirciples of Refrigeration, 2nd Ed., John Wiley &
_Sons, 1978.

(1) Algebré
(2) Graphing : - co . T
(3) Measurement- Instruments

(4) Energy Science I Terminology : ‘ -

2iip




I1I-8 | 'MODULE: INTRODUCTION AND REVEIW g woe

VOCABULARY:

N ' Algebra L
- Term

Coefficlent

Inverse

Product - e
N . Quotient

Factor 2

'Eneggy'Science I

Displacement
Vei@city
Acéeleration
Kingtic Energy

e Potential Energy

4

Graphing X@EEHEEEEEQ

Axls '_ Micrometer

Abééissa" ) » .Calipers b -
Ordinate ‘ Triple Beam

‘ ) Balance

Coordingﬁe '.u ‘ < Percent Error

Linear L { , Units -
‘.Ekponent%dI‘

‘ . . o . R E -

Power . _ .

- Pressure |

Lo
©

Thermal Energy

Density

Newton’s Laws 6f Motion\
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T n. . _ MODULE: INTRODUCTION AND REVIEW I1I-9

R o~
‘ s Appendix A - ' E % Unit 1. Algebra Lo
: o Math Proficiency Test A. Give algebra proficiency
o _ ‘ - test ‘
y . i B. Direct students to appro—
-priate supplementary material

Appendix B - . " Unit 2. Graphing

Graphing Techniques Module , A. Discugs elements of making

¢ R ' : : graphs

. : : ¢ . ’ B. Give homework Assignment at
' ' end of:graphing materials

" . o Unit 3. Measurement Instruments (LAB)
et S - . A. Set up lab test to test
) students on-use of:

o . - - - « ' 1. Micrometer calipers
' ) 2. Vernier calipers .
3. Triple beam balance
A , 4, Steel rule-
-Reference 1, Exp. 1, p.l ' : B. Require students to calculate
Reference 2, Exp. 1, p.l- area, volume, and density
‘ for standard shapes 2
1. Rectangular block
2. Right circular cylinder
3. Sphere

|
I
~t

‘1

'

2

b ’ ’ >

Unit 4. Energy Science I - Tefminology -~
. Reference 3, Chapter 1 o A. Review material in any standard
. . physics text sufficient to |,
S cover vocabulary listed
“B. Dossat has a good review of
these items in Chapters 1 & 2 -
e most physics texts-cover these
. in more detail than a quick
.~ review would warrant
C. The- purpose of this section
LR : is a quick, review of a’large
number of terms recessary to
- " proceed successfully in Energy
P . Science II
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‘ MODULE: CELESTIAL MECHANICS, GEOGRAPHY, AND I1I-11
SOLAR ENERGY

OBJECTIVES:

Upon completion of this module, the student should be able to:

(1) Describe the attraction between planetary bodies through the
# ’ gravitational ianteraction and the central force required for
circular motion, then use these forces to explain how planets
move and in particular how the earth, moon, and sun move with
o respect to one another.

(2) TDescribe how ‘solar radiation‘varies with the seasons according
to location on the earth. )

(3) FKnow the definitdions of 1ongitudé and latitude on thékearth,.:
‘and solar altitude and azimuth. T

(4) Define. earth and solar time. - ’

RATIONALE; , 4 .

If a student is to understand the variation of seasonal solar
ingolation he/she must be able to visualize the earth’s orbit about
the sun and the inclination of the earth’s axis to that orbit..
‘ . Furthermore, he/she must be able to describe how these changes vary
: with location on the earth.

REFERENCES:

(1) Busche, Principles of Physics, 4th Ed., McGraw-Hill, 1982,
(2) Abell, Realm gﬁ_UniQQrse, 2nd Ed., Saunders, 1980.

(3) Berman, Explorfhg»the Cosmos, Little, Brown & Co., 1973.

EEEE_TITLES:
~ (1) Newton’s Law of Gravitation
(2) Circular Motion _
- (3 Planetafy Motion (Zodiac)
(4) Earth’s Rotation on its Axis . -t s - ;

. . N ' (5) Geographical Terminology : ' , v
vj ‘ g ~ (6) Earth and Solar Time : '




IIT-12 MODULE: CELESTILAL MECHANICS, GEOGRAPHY, AND L
SOLAR ENERGY

VOCABULARY

Newton’s Law of Gravitation Solar Insolation
Inverse Square Law Latitude
Central Force Longitude
Celest{al Plane Solar Altitude
Inclination Solar Azimuth
Revolution ; Earth Time
Rotation Solar Time
Zodiac Equinox
Horoscope . Solstice
Precession ' Sideral Day

M L2
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MODULE: CELESTIAL MECHANICS, GEOGRAPHY, AND III-13
SOLAR ENERGY

1 - Chapter Unit 1. Newton’s Law of Gravitation
2, Chapter 1, pp. 7-8 A. Describe Newton’s Law of
Gravitation
B. Define inverse square law
and give other examples
1. Electrostatic force
law (Coulomb’s)
2. Force between magnetic
poles .
C. Relations between the
magnitudes of the basic
A forces'of nature
’ 1. Gravitational =
2. Electromagnetic
3. Weak nuclear
> 4, Strong nuclear.

"~

Unit 2. Circular Motion
A. Centrifugal and central
' ‘ force
1, Chapter 6 B. Distinguish between a body

in circular motion being
pulled in and the. common
misconception of being
"thrown out'"

) Unit 3. Planetary Motion
2, pp. 27-30 ' A. Relate gravitation force
2, pg. 29 ' ) as the central force
causing planetary
"eircular" motion
B. Briefly describe Kepler’s
Laws of Planetary Motion

Reference 3, pp. 23-24 ‘ C. Define the celestial

Reference

Reference

. sphere, plane, and equator
2, pp. 18-19 D. Relate briefly the zodiac
and astrology to celestial
position of sun in the skies

2, pp. 45-48 Unit 4. Earth’s Rotation on Its Axis
' A. Describe the inclination of
the earth’s axis with re-
spect to the revolutionary
plane ,

B, . Describe the procession of
this axis - relate to the
motion of a top or gunscope

C. Describe effects on solar

. insolation of the tilting
of the earth’s axis

-

: | Ry




III-14 MODULE: CELESTIAL MECHANICS, GEOGRAPHY, AND

SOLAR ENERGY

Reference 2, pg. 51

Appendix C - Lab on measurement
of solar angle — NOTE: This
lab begins this week and con-
tinues through the semester.

Reference 2, pp. 59-64

-

Unit 8. Geographical Terminology

Unit 6.

Define longitude and lati-
tude §
Define the Tropics of Cancer
and Capricorn and relation
to solar insolation

Define the equinox and
solstices and relate to
solar insolation

Define solar altitude

and azimuth to location

of sun in the sky

Lab '~ measurement of solar
insolation vs. time of day
and time of year

Earth and Solar Time

A,
B.

.C.

Define earth time

Define apparent and mean
solar time _
Define time standards

<2




MODULE: -ATOMIC AND NUCLEAR PHYSICS . III-15

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Describe the general features of the atomic model.o
(2) Describe the general features of atomic bonds..

(3) Distinguish between conductors, insulators, and
semiconductors. '

(4) Describe the general features of the nucleus.
(5) Explain briefly fission and fusion.

(6) Describe the solar furnace.

RATIONALF :

As with all sections to this point, the purpose of this module is
to introduce the student to the general features of the atom and
the nucleus. It is not expected to cover this material in detail -

at this point. Certain features of these models will be discussed
" later in the course. At this point if a reasonable picture of the
sun’s processes are obtained it will suffice. :Specifically, this
material will be studied in more detail when phétovoltaics is
discussed.

REFERENCES :

(1) Jones, Chemistry, Man and Society, 2nd Ed., Saunders, 1976.
(2) Daniels, The Sun, Wiley, 1979.

(3) Romer, Energy An Introduction To Physics, Freeman, 1976.

(4) Busche, Principles of Physics, 4th Ed., McGraw-Hill, 1982.

(5) Abell, Realm of Universe, 2nd Ed., Sauﬁ&érs, 1980:

UNIT TITLES:

(1) Atomic Model
(2) Atomic Bonding
(3) Nuclear Model

(4) Nuclear Fusion and Fission

(5) Solar Processes




I1I-16 - MODULE: ATOMIC AND NUCLEAR PHYSICS

VOCABULARY | . )
Electron o " . Metals - ’

Energy Levels Conductors ) i -
Proton Energy Bands

Charge ' Semiconductors

Neutron Insulators

Nucleus Fusion

Spectra Fission

Periodic Table Radioactivity

TIonic Bonding ' Nuclear Power

Solar Model




Reference 4 - Chapter 27
Reference 5, p. 78-82
- --Reference 3, Chapter 12

Reference - Any Intro Chemistry Text
Reference 1, Chapter 9

Reference 4, Chapter 28
Reference 3, Chapter 13

Reference 4, Chapter 28 -
Reference 3, Chapters 14, 15

213

MODULE: ATOMIC AND NUCLEAR PHYSICS II11-17

Unit 1. Atomic Model

Unit

Unit

A.

Describe the general
features of the atomic
model - electron, neutron,
proton T
Describe the energy level
concept — relate to atomic
spectra ’

Lab - do a demonstration

lab to show the spectra of
various elements and discuss
the relationship to energy
levels »

Lab - demonstration of charge
to mass ratio experiment
Lab - Millikan oil drop
experiment - to measure
quantization of charge
Discuss jperiodic chart -

Atomic Bonding

Describe ionic bonding
Describe covalent bonding.
Hydrogen bonding

Metallic bonding

Relate metallic bonding -to
the properties of metals

1. Electrical conductivity

9. Thermal conductivity
Define conductor, semicon-

‘ductor, and insulator -=

briefly discuss the

. characteristics of each

Nuclear Model .
Discuss the general model of
the nucleus and the nuclear
force -

Define isotope - relation, to
nuclear components (protons
and neutrous)

- Define binding energy and

relate to mass defect
Describe nuclear decay and
radioactivity

Nuclear Fission and Fusion'
Discuss nuclear fission
processes and products -
relate the energy released
Briefly discuss nuclear
fission energy generation -
pros and cons

1. Availability of fuel

2. Amount of energy/fuel used




I11-18 "MODULE: ~ATOMIC AND NUCLEAR PHYSICS R

e T . ‘ é

3. Costs - . ‘l’
4. Waste fna\“"w»,mx_’ '

C. Discuss nuclear fusion Do
process 4 B

D. Discuss feasibilities of
- nuclear fusion energy methods
- near term - problems initial
- and comtrol of process

Reference 2, Chapter 5 © Unit 5. Solar Processes _
- A. 4Discuss the formation of
stars )
. B. Describe solar fusion
. reactions

C. Physical description of the sun
D. Unexplained solar phenomena

1. Solar prominences

2. Solar shape ,

3. TInterior processes

©

Q
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MODULE: PERIODIC MOTION - III-19

OBJECTIVES:

Upon completion of this module, the student should be able to:

”“(1}~»Describe the characteristics of simple harmonic motion.

(2) vDefine the variables~used to describe ‘wave motion.

(3) List the types and characteristics of the waves in the
electromagnetic spectrum.

RATIONALE:

This module introduces the student to the characteristics of
periodic motion and wave motion. The module is preparatory for the
study of light, its'transmission, and its interaction with material
. objects. - :

'REFERENCES :

(1) Cioffari and Edmonds Experiments in College Physics, 6th ed.,.
Heath, 1978.) - -

.
¢

(2) Bueche, Principles of Physics, 4th ed., McGraw-Hi11; 1982.

’

(3) Cromer, Physics in Science and Industry, McGraw-Hill, 1980.

(4)'.Harris and Hemmerling, Introductory Applied Physics, 4th ed.,
McGraw Hill, 1980. '

UNIT TITLES: )
(1) Hooke’s Law

(2) . Simple Harmonic Motion
(3) Wave Motion

(4) Electromagnetic Spectrum
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11-20 MODULE :

VOCABULARY :
Amplitude
Displacement

Period

Hooke’s Law
Elastic Potential Eneréy
Simple Harmonic Motion
Resonance _
Longitudinal Waves
Transverse Waves

. Wavelength/Troughs/Crests
~Wave Velocity " .
Phase - .

o _Frequency. . .. - - ooemoomon m

PERIODIC MOTION

Superposition
Interference/Constructive-Destructive
Standing Waves
Nodes/Antinodes  ~
Electromagnetic Waves
Radio Waves

Infrared Waves
Microwave

Visible Light
Ultraviolet

X-~rays

Cosmic Rays

21




MODULE: . PERIODIC MOTION

Reference 2, Chapter 13
Reference 1, Lab No. 12

Reference 2, Chapter 13
Reference 4, Chapter 18

Reference 2, Chapter’l4
Reference 3, Chapter 1l

215

Unit

1.
A.

" B.

Unit

Unit

Unit

I1I-21

Hooke’s Law
Degcription of law -
linear relationship
Lab - Proof of Hooke’s
Law

Simple Harmonic Motion .
Definition and requirements
for simple harmonic motion
Examples of simple harmonic
motien

1. Mass on a spring"

2. Simple pendulum

3. Torsional pendulum

Lab - measurement of

period and frequency of

objects in simple harmonic
motion . - '

1. Mass on a spring . . -
2.. Simple pendulum

Wave Motion -

Define the variables used to
describe waves L '
1. Wavelength (crests and

troughs)
2. Wave velocity
3. Period

4. Frequency

Discuss the use of the

equation V=#\

Discuss the principle of

superposition

DEMO: Demonstrate velocity

of waves in different media,

inversion of reflected pulses

Define principle of super-—

position ‘

Define resonance and give

examples )

1. Child in swing

2. Musical instruments

3. Standing waves.on a
string

Define phase relation

between interfering waves

Electromagnetic Spectrum’
Discuss Telation between all
electromagnetic waves
Emphasize nature of electro-
magnetic wave - not mechanical
in nature .

1ist types of electromagnets
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" ) . MODULE: LIGHT - PHYSICAL OPTICS III-23

OBJECTIVES:
~ ‘ Upon completion of this module, the student should be able to:

(1) Name and explain the classic experiments that prove the wave
‘nature of light.

&

(2) ﬁescribé interference devices used for measuring wavelength,
small distances, and resolution. ~

RATTONALE : :

bos The material discussed in this module covers the wave nature of
light including interference, diffraction, reqolution}“énﬂ‘the\mn”
devices used to observe and apply these effects. This material @ T — |
will be of particular use to gtudents who seek employment in a ' o
research-related occupation.

REFERENCES : ' : L : .

(1) Bueche, Principles of Physics, 4th Ed., McGraw-Hill, 1982,

(2) Cromer, Physics in Science and Industry, McGraw-Hill, 1980.

~ (3) Harris and Hemmerling, Introductory Applied Physics, 4th Ed.,
‘ McGraw Hill, 1980. ‘ :

(4) Filmstrip: Interference: Principle of Superposition.

UNIT TITLES:
(1) Interference and Diffraction

(2) Interference Patterns
(3) Iﬁterference Devices

(4) Resolution

VOCABULARY
Diffraction Optical Path Length
Coherent/Incoherent “Thin Films '
Constructive Interference, ’ Newton’s Rings
Destructive Interference Order
Phase - : Collimator )
, Slit . . Spectrometer
‘ Monochrométic- o Spectra -
‘ Interferometer Spectra Lines
Grating . Resolution ’ -

ERIC | - 216




IIT-24 MODULE:

Reference 1, Chapter 25
Reference 2, Chapter 13
Reference. 3, Chapter 23

Filmstrip: Interference '
Principle of -Superposition

Use Cornell Interference
and Diffraction S1lit Film
Demonstration — mfd. by
National Press, Palo Alto,
California (available from
Cenco or Sargent Welch)

I

Unit 1.
A.

“
LIGHT - PHYSICAL OPTICS

Interference and Diffraction
Define diffraction - give
examples to show relationship
between size of wave and
obstacle

Review principle of super-
position (see Module IV,

Unit TII C)

Define constructive/

"destructive interfgrence -

relate to phase and difference

‘of path length from. single-

‘gource
DEMO: dual trace scope -

« input two identical sources

and ‘vary phase to set up - -

' 'interfergnce patterns

2.
A.
B.

Unit

Unit

1. Set up: beat pattern to
show interference between
close but not identical
sources ;

2. Use identical tuning forks
at various changing '
locations to cause con—
structive and destructive
interference '

Describe Young’s double - = =,

slit experiment

DEMG: show Young’s double

slit

and grating demo

Interference Patterns
Discuss maxima and minipa
Describe order of maxinma
and minima

Introduce equation to
calculate location of
maxima and minima

Describe factors that
influence the separation of
the ordered fringes

Interference Devices
Michelson interferometer

1. Describe operation and
. theory .

2. Discuss application to
measuring small thick-
negses

Thin films

1. Define equivalent optical

path length
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MODULE: LIGHT - PHYSICAL OPTICS

ITI-25.

2.. Describe and -explain

_ phase change of a wave
undergoing réflection
from a more dense medium ¢
Discuss optical applica-
tions of thin films

IS - I

b..

¥

Coatings on- lens
Measurement of small

. thicknesses

"Diffracqion grating

1.

n
..

Describe operation
Applications - grating
spectrometer

a. *Reflection “and
transmission
Describe specfra -

s

-

b....

iy

.Resolution

i sl

relate to energy
levels discussed in
Module III

~

Describe effeéts on diffrac-"
tion.of the relation between
wavelength of lncoming wavé
and size of obstdcle

Relate above to limits of
visible detail - limit of
light microscope magnification:
Shadowing effects caused by
diffraetion

7
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3 . .o MODULE: LIGHT — GEOMETRICAL OPTICS 11I-27

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Describe the reflection and refraction of light geometrically
and_mathematically. - : ‘

(2) Locate the nature, locationm, and size of images formed by~
reflective and refractive devices.

(3) Apply these principles to describe the optical properties of
common obt;cal devices, especially as relates to the .
collection of solar energy.

RATIONALE:

Since-solérAehergy is concerned with collecting radiant energy this
‘module will play an important part in understanding the operations
. _of many, devices with which the solar student will be working. -

REFERENCES : .
(1) Bueche, Principles of Physics, 4th Ed., McGraw-Hill, 1982.

‘ o (2) Cromer, Physics in Science and Industry, McGraw-Hill, 19‘_80'.

(3) Harris and Hemmerling, Introductory Applied Physics, 4th Ed.,
McGraw Hill, 1980.

+ (4) Cioffari and Edmondé;.gzgpriments iﬂ_College'Physics, 6th Ed.,
~ Heath, 1978. -
UNIT TITLES: -

(1) Physical Characteristics of Light

(2) Reflection of Light ‘ | " .‘ | .
(3) Refraction of Light
(45 Image Location With Mirrors/Reflective'Devicés

(5 image Location With Lens/Refractive Dﬁvices -

VOCABULARY :

Angétrom - Nanometer
Microns - . : Wavefront

Lo o C:eéts, Troughs | ‘ Ray .

‘ ‘ Réflectton L . Law~'oi':' Reflection

Refractive Index o Reflection Coefficient Transmissjion
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MODULE: LIGHT - GEOMETRICAL OPTICS

Refraction Snell’s Law
Total Internal Reflection Object
Image Vertex

Object Distance
Focal Length

Image Distance
Principal Axis

_Radius of Curvature '  Plane Mirror

Convex Mirror
Converging/Diver
Magnification
Thin iens Formul
Convex“Lens
Chromatic Aberra
Simple Magnifier

Fresnel Lens

‘ ® Concave Mirror ¢
ging _ Mirror Equation

. Ray Diagrams

a ' Concave Lens
Spherical Aberration
tion Diopters ]

Focussing Collector

Beam

2<y

il




MODULE:

Reference 3

Reference 4, pg. 265,
Experiment 38,

Black Board,

Optics Kit from Pasco
‘Scientific, 1933 Republic
- Avenue, San Leandro, Ca.,
94577, (415) 351-1501

LIGHT - GEOMETRICAL OPTICS IT1-29

Unit

Unit

1.

A.

2.
A.

Physical Characteristics

of Light

Range of wavelengths for

visible light

1. Define units commonly
used to measure light

2. Give range of visible

. IR, UV

3. Relate visible spectrum
colors to wavelength

Speed of light

1. Describe types of
experiments used to
measure speed of light

2. State speed of light

3. Review use of V=FA for
light and relate
frequency and wavelength
for visible light

Refractive index

1. Define index of
refraction n with
respect to speed of
light in various media

2. Give sample values of n

Definitions

1. Wavefronts

2. Rays

3. Beams

4, Phase

5. Plane wave

6. Crests

7. Troughs

Reflection of Light
Description of the reflec-—.
tion of a wave

Discuss the law of reflec—-
tion

Des.ribe making of ray
diagrams and ray tracing

. LAB: Proof of law of

refleption from flat and
curved surfaces

Define specular and
diffuse reflection
Discuss effects on solar
collectors of reflection;
define reflection -
coefficient/transmission
coefficient




I1I-30 - MODULE: LIGHT - GEOMETRICAL OPTICS

A. Describe the refraction of
light as it passes from
one medium to another

B. Derive Snell’s Law and
give examples

Unit 3. Refraction of light .

o Reference -4, pg. 265, : LAB: Proof of Snell’s Law
Experiment 38 . C. Define absolute and -
relative indices of
refraction -

D. Discuss cenditions for
total internal
reflection and glve
examples of applications
(e.g. 'light pipes, prisms)

Unit 4. Image Location With Mirrors/
Reflection Devices

A. Use ray dlagram to trace
1location of image formed
by a plane mirror )

B. Define object distance,
image distance, virtual
image, real image

C. Use ray diagram to trace

" location of image formed
' by concave mirror ‘

D. DNcfine principal axis,

vertex, and magnification

- .

LAB: (1) Measurement of focal E. Develop mirror equation
length of spherical mirrors, ‘and calculate location of

(2) Measurement of : focusing ' . image for objects located
collectors heating power : at various object distances =

confirm with ray diagrams
F. Repeat C,D,E for convex
mirrors
G. Describe cylindrical mirrors
H. Describe devices that use

mirrors
T 1. Concentrating reflective
' ‘ : collectors

2. Power towers

3. Other light gathering

' . application

| a. Telescopes

b. ‘Solar coolers

.I. Describe effects of spherical '
aberration and correction
with parabolic surfaces




. - Unit 5.

A.

MODULE: LIGHT ~ GEOMETRICAL OPTICS I1I-31

Image Location With Lenses/
Refractive Devices
Define converging and
diverging lenses - glve
examples of characteristics
that determine nature for
various lenses
Use ray diagrams to trace
locations of images of
objects located in front
of converging lenses
Develop lens equation and
calculate location of
images for objects located at
various object distances;
confirm with ray diagrams
Repeat B and C for diverging-
lenses ‘
Describe cylindrical lenses
Describe uses of refractive
devices
1. Concentrating refractive
collectors

"2. Fresnel lenses

3. Microscopes

4, Magnifiers

5. Telescopes

Discuss effects of chromatic
aberration on refractive
devices and possible
gsolutions -




‘ MODULE: ELECTROSTATICS 111-33

OBJECTIVES:

Upon completion of this module, the student should be able to:

(1) Describe and calculate the electrical force on charged
particles. ’

(2) Describe and calculate the electricallfield around specific
arrangements of charged particles.

(3) Describe and calculate the electric potential aroundlspecffic
arrangements of charged particles.

RATIONALE !

The purpose of this module is to introduce the student to the

general characteristics of the electrostatic force. This will
serve as a basis for understanding electrical circuits and DC

devices in the next two modules. ‘

REFERENCES: S .
—_— & .
(1) Bueche, Principles of Physics, 4th Ed., McGraw-Hill, 1982.

‘ - (2) Cromer, Physics in Science and Industry, McGraw-Hill, 1980.

(3) Harris and Hemmerling, Introductory Applied Physics, 4th Ed.,
' McGraw Hill, 1980.

(4) Bell, Fundamentals of Electric Circuits, Reston, 1978.

(5) Sargent-Welch Scientific Co. = Institutions on use of Electric
field mapping set. Catalog No. 1960.

UNIT TITLES:

(1) Description of fhe Atom: Review
(2) Charging Methods

(3) Coulomb’s Law

(4) The Electric Fiéld

-(5) Electric Potential (Potential Difference)

VOCABULARY :
_ Atom A .. Coulomb’s Law
‘ /. Electron Coulomb
S Neutron ! ' Field

Proton e : Lines of Force




III-3% MODULE: ELECTROSTATECS
Insulator Test Charge :
Conductor ~ Electric Potential (difference) o .
Valence ' Volt '
Electroscope Capacitor
Induction Conderrlser‘
Conduction Equipotential
Ground Electric Potential Energy
Battery EMF
@
R 0




Reference 1

Reference 9

Reference 4

MODULE: - ELECTROSTATICS

Unitvl.

A.

IIT1-35

Description of the Atom:
Review
Discuss the general .
feature of the nucleus
1. Nucleus

a. Proton - size,

charge
b. Neutron - 'size,
charge
2. FElectrons - size,
charge

Describe the electrostatic

force that holds the atom
together - relate to

planetary model

Describe features of the

atom that make elements,

insulators, or conductors

Charging Methods

Describe the electroscope -
indicator of presence of
charge .

Describe how to charge by
conduction

Describe how to charge by
induction

Discuss Faraday’s "Ice Pail"
experiment - emphasize
location of excess charge
on a conductor

Coulomb’s Law

Discuss the dependence of
the electrostatic force on
charged partigles vs.
distance - inverse square
law »

State Coulomb’s Law, relate
to Newton’s Law of Gravita-
tion, and work examples
Distinguish between excess
charge on an object and
amount of positive and
negative charge on that
object

- Emphasize vector nature

of the force and the
principle of supposition

The Electric
Describe the
field of the

Field
gravitational
earth to

introduce the concept of
a field '




TII-36 MODULE: ELECTROSTATICS

B. Relate this gravitational
© " field to the electric
field about a point
charge - introduce
concept of test charge
to indicate presence of
the field.

Reference 5, Electric Field
STUDENT ACTIVITY ' ~ Laboratory:

Draw the electric field about two
oppositely charged points, charged .
plates, and observe effects of
conductors and insulators In an
electric field. .

C. Describe and calculate
the -electric field about
- a point charge and between
charged plates _
D. Indicate vector nature of
field and relate to prin-
ciple of superposition

., Unit 5. Electrostatic Potential-

A. Describe a capacitor.

B. Define potential in terms
of work required to
move the charge batween
two points - define the
volt ' L

C. Define equipotential lines
and planes — relate to lab

- . experiment of electric
\ field description
\ ' ' D. Define electric potential

energy function
E. Describe batteries as a
source of EMF’s

R




MODULE: DC CIRCUITS AND DEVICES 111-37

OBJECTIVES:

e e

Upon completion of this module, the student should be able to:

(1) Discuss the characteristics of the basic elements of DC
circuits.

(2) Use Ohm’s Law.

3 Describe a capacitor and calculate the charge stored in a
capacitor.

(4) Use Kirchoff’s Rules to determine the voltage across and
current through resistors in series and/or parallel.
(5) Calculate the charge og and voltage across capacitoqs in
g series and/or parallel..

1

RATIONALE

e

This material is basic to understanding circuits that -students will
be working with in the control and use of active solar energy
systems. '

REFERENCES'
(1) Bueche, Principles of Physics, 4th Ed., McGraw—Hill 1982.

(2) Cromer, Physics ln_Sciengg and Industry, McGraw-Hill, 1980.

(3) Harris. and Hemmerling, Introductory Applied Physics, 4th Ed.,.
McGraw Hill, 1980.

(4 Diefenderfer, Principles of Electronic Instrumentation,
Saunders, 1972.

(5) Bell, andamentals of Electric Circuits, Reston, 1978.

(69 Slemon and Traughen, Electric Machines, Addison Wesley, 1980.

(7) Ciofarri and Edmonds, Experiments in_Colleg} Physics, 6th Ed.,
Heath, 1978. ' ‘ ,

oy
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MODULE: DC CIRCUITS AND DEVICES

L2

UNIT TITLES:.

Watts

- (1) Current

(2) Electrical Circuits’
(3) Ohm’s Law
(4) Kirchoff’s Law - Series/Parallel Circuits
(5) Capacitors
(6) Capacitors in Serles and Parallel
VOCABULARY :
Current’ Ampere ) R
Resistance Ohm
Voltme&er Ammeter

. ;Sefies' Parallel

- Dielectric Circuit :

Capacitor Farad
Voltage Drop Power

243 '




MODULE: DC CIRCUITS AND DEVICES ‘111-39
' / Reference 5 Unit 1. Current ,
o A. TDescribe the motion of
charges in electric filelds -
" relate motion of charges
from regions of high
potential to low potential
B. Define current/amperes

Unit 2. Electrical Circuits

A. Describe elements mnecessary
to make simple electrical
circuits/givevexémples -

B. Define resistance

C. Relate flow of current
through resistors to flow
.of water through pipes

Unit 3. Ohm’s Law ,
A. Describe Ohm’s Law (I x V)
B. Define unit of tresistance -
* Ohm
C. Emphasize empirical nature
of Ohm‘s Law &nd indicate
examples where Ohm’s Law
» is not wvalid ,
: ‘ ‘ : - D. Describe ammeter/voltmeter
’ . ' - construction and function
E. Discuss placement of these
meters in eircuits

Unit 4. Rirchoff’s Law — Series
: Parallel Circuits
A. Discuss Kirchoff’s point
rule for currents
B. Discuss Kirchoff’s loop
, rule for voltages
- C. Calculate the net resis-
o ’ : . tors _ - : e
- D. Calculate the voltage
. across and current
» | through resistors in

e <. : series or parallel i
Reference 7, Experiment 24 : E. Laboratory: Ohm’s Law
- ' . serles/parallel circuits
’ . F. Calculate the power
. T "consumed" in resistors

Unit 5. Capacitors '
: A. Describe charging of a
. capacitor by a DC source
B. Define the unit of -
, T ’ capacitance: farad

‘ ‘ ) . ‘ » N Calculacte' the capacitance
: e : v : ’ of a flat plate capacitor
V 2,‘ with and without a di-
gjL]- electric ‘
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"MODULE: DC CIRCUITS AND DEVICES

. D.

E.

Unit 6.
A.

Indicate typical values of
capacitance '
Describe and calculate
storage of energy in a
capacitor - indicate use
in AC circuits for later
reference. B

Capacitors in Series/Parallel -
Calculate the equivalent
capacitance of capacitors in
series or parallel

Calculate the voltage across
and charge on capacitors in
series or parallel
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MODULE: MAGNETISM  III-41

OBJECTIVES:

Upon completion of this module, ‘the student should be able to:

(1) Describe magnetic fields around various magnetic shapes and
current configurations.
(2) Describe the right hand rules for:
a) Magnetic field®configuratlions,
b) Forces on moving charger in magnetic fields, and
c) Forces on currents in magnetic fields.

(3) Describe the construction of various electromechanical
devices: ‘ ¢
a) Meters ; o
b) Motors. 4

RATIONALE:

"The solar student will be working with many types of mete#s and . -
motors, and this unit serves as an introduction to those devices.
Additionally, the material in this unit is preparatory to the study
of AC circuits ahd electromagnetic interactions.

REFERENCES: ' -
(1) Bueche, Principles of Refrigeration, 4th Ed., McGraw-Hill,
1982.

(2) Cromer, Physics in Science and Industry, McGraw-Hill, 1980.

(3) Harris and»Hemmefling, Introductory Applied Physics) 4th Ed.,
McGraw-Hill, 1980. '

(4) Miller, Physics Fun and Demonstration, Cenco Press, 1969.

(5) Bell, Fundamentals of Electric Circuits, Reston, 1978.

(6) Sargent-Welch Scientific Co. - Instructions for use of .

magnetic field balance. Catalog No. 2339. .

(7) Cioffari and Fdmonds, Experiments in College Physics, 6th Ed.,

Heath, 1978. T T B o S ’
UNIT TITLES: . : ;}
(1) Plotting Magnetic Fields -/ .

(Q;\ Magnetic Fields of Current Configuratiohs ] . W'
(3) Force on a Current in a Magnetic Field ‘

(4) Electromechanical Devices

R32
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VOCABULARY:
‘North/South Pole
‘Cémpass

Field Lines

Magnetic Field Strength

. ‘ Flux Density

Magnetic Induction
- Teslé

Weber

Gauss

MODULE: MAGNETISM

Toroid
Ele;tromagneg
Galvanometer-
Amreters

Voltmeters

. Motor

Flux
Solenoid

oo
W
]

-




MODULE: MAGNETISM

Reference 7, Lab 22

Reference 6

Laboratory: Measurement
of force on a current
Demo. Reference 4

234

7

Unit 1.

Unit 2.

Unit 3.

Unit 4.

I1T-43 .

Plotting Magnetic Fields

A. Lab Plotting magnetic
fields

B. Describe use of a compass
as a device to measure
presence, direction, and
relative magnitude of a
magnetic fileld

Magnetic Iields of Current
Configurations
A. Describe: the magnetic
field around current
configurations
1. Straight Line.
2.« Solenoid
3.. Toroid
B. DNescribe use of right
hand rule for determining
field direction
C. Calculate the magnitude
of the B field for the
straight line current,
solenoid and toroid

[

Force on a Current in a

Magnetic Field

A. Calculate the magnitude

~ of the force on a/éurrent
in a B field ..*

B. . Use the right hand rule
to determine direction
of force on the B field

C. Demonstrate force on a
moving charge in an
evacuated tube - have
a magnet bend the beam -
discuss RH Rule :

D. Calculate torque on a-
current loop

Electromechanical Devices

A. Relate all meters to
galvanometers and
discuss construction of
galvanometer :

B. Discuss electrical modi-
fications to adjust range
of DC ammeters

I3




I1I-44 MODULE: MAGNETISM '

C. Discuss electrical modi-

. fications to convert . ‘
galvanometer to voltmeter
and adjust ranges of DC
voltmeter

D. Discuss basic operation of
"———f\\ o a DC motor -
e 1. Compare and contrast
with the' galvanometer
2. ‘Describe the slip ring -
: current reversing device

é?:{:_

<)
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‘ MODULE: ELECTROMAGNETTISM TII-45
OBJECTIVES: . . ‘
Upon completion of this module, the student should be able to:
(1) Apply Faraday’s Law to calculate the magnitudes of induced
EMF’s in a variety of situations used to-.change the flux.

(2) Apply Terry’s Law (in conjunction with the appropriate right
hand rules) to determine the direction of the induced EMF’s
and currents.

(3) Define inductance and describe the relation between induced

‘ EMF’s and changing current.

(4) Describe the effects of induced emf’s in generators, motors,
and transformers.

RATIONALE:

This material introduces the interactive effects between varying

electric and magnetic fields. This material 1s necessary for an
undersLanding of AC circuits and components.

EFERENCES
‘ ‘ ) (1) Cioffari "and Edmonds, Eeriments in College Physics, 6th Ed.,,

Heath, 1978.

Bueche, Principles of Physics, 4th Ed., McGraw-Hill, 1982.

Cromer; Physics in Science and Industgy;.McGranHill, 1980.

Romer, Introductory App1ied Physics, Freéhan, 1976. -
X
Bell, Fundamentals of Electric Circuits, Re&ton, 1978,
. A \‘\

\

TITLES

Induced EMF’s - Faraday’s Law
Lenz’ Law
Inductance

Electromagnetic Devices

R36
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i

Flux Density
Weber
Primary
Secondary
 Turns
Induced EMF

Frequency

MODULE: ELECTROMAGNETISM

: Mutual Induction
Self Induction
Henry
Motional EMF
AC Generator
Back EMF
Counter EMF

Angular Frequency




MODULF: ELECTROMAGNETISM ) 111-47

o

Reference 4 , : ' Unit 1. Flux :
. : A, Define flux and webers
B. Calculate flux for a
variety of examples
involving a fixed or
variable field, loop area,
loop orientation

Referend¢e 1, Lab 33 . Unit 2. Induced EMF's® - Faraday’s Law
' ' A. Laboratory - Observation
of induced EMF’s in a
variety of situations
B. Discuss experiment per-
formed to relate magni-
tude of EMF induced to
1. Size of B field change
2. Number of coils in
secondary loop
3. Rapidity of change
4. Area of loop
C. Introduce Faraday’s Law
and make quantitative
calculations on the value
of the induced EMF as a
. function of: the parameters
‘ : : , discussed above

Reference 4 Unit 3. Lenz’ Law
' A. State Lenz’ Law

B. Discuss examples related
to experiment performed in
Unit 2 to explain
direction of induced ~
current :

C. Relate Lenz’ Law to
conservation of energy

Reference 2 ° ) Unit 4. Inductance
E A. Rewrite Faraday’s Law in
terms of Ai/At instead
of Ad/At
B. Define mutual inductance -
emphasize it depends on the
physical construction (size,
number’ of turns) of the
coils, but in general only
the result is of interest
C. Define self inductance -
" same emphasis
D. Calculate induced EdAF’s
. for several situations ' .
‘ " ; involving variable' currents




Reference 1, Lab 33

MODULE: ELECTROMAGNETISM

Unit 5. Electromagnetié Devices

A.

B.

Lab - generatown, trans-—
former , o
AC gemerator: describe’
the construction and
operation of an AC
generator '

Discuss nature of induced °

EMF from an AC generator -
sinusoidal

DC motors — discuss back
or counter EMF in DC _
motors - describe pro-
tective effect and cal-
culate difference in.
current in rotating and
non-rotating cases
Describe how a motor
"burns ocut"
Transformers - introduce
transformers - use example
of ignition coll for
pulsing DC ‘

0




MODULE: AC CIRCUITS/DEVICES . III-49

OBJECTIVES:
Upon completion of this module, the student should be able to:

(1) Describe the effect of resistors, inductors, and capacitors in
AC circuits singularly and in combination. .

(2) Distinguish between maximum and RMS or effective voltage and
current. ’

-t

(3) Discuss resonance condition and calculate resonant frequency.

.(4) Briefly describe generation and reception of radio waves.
(5) Describe operation of transformer and its application to AC
power distribution.

(6) Discuss.the diode, semiconductor devices, and applications of

-electronic devices (meters, motors).
»

(7) Discuss integrated“circuits - construction and function.

(8) Discuss solar/electrical conversion - photovoltaics.

RATTIONALE:

The material in this module covers a broad range of topics that can
not possibly be covered 1in depth in this short time period. It 1is
intended as an introduction to the material, with the idea that
other courses will extend the student’s knowledge in these areas.

REFERENCES : , ‘ e

(1) Bueche, Principles of Physics, 4th Ed., McGraw-Hill, 1982.
(2) Cromer, Physics in in Science and , McGraw-Hill, 1980..

(3) Harris and Hemmerling, Introductory Applied hysics, 4th Ed.,
McGraw-Hil1l, 1980.

(4) Bell, Fundamentals of Electric Circuits, Reston, 1978.

(5) Slemon and Straughen, Electric Machines, Addison Wesley, 1980.

(6) Winsco Product Instruction - ES1 ~ Wabash Instrument
Corporation, P.0. Box 707, Wabash, Indiana.

24y
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III-50 ) MODULE: AC CIRCUITS/DEVICES
(1) Resistance in an AC Circuit

(2) Capacitaﬁce in an AC Circuit

(3) Inductance in an AC circuit

(4) R-L-C Circuits - Resonance

(5) .-Generation and Reception of Radio Waves
(6) Tﬁe Transformer - Power Distribution

(7) Electronic Devices ,,.

(8) Photovoltaics

VOCABULARY : A
Resistance \ ' Cathode

RMS (or effec;ive) Current ' Photovoltaics
RMS (or effective) Voltage Anode
Capacitive Reactance ) Sinusoidal
Inductive Reactance ‘ Rectify>
Impedance : Semiconductor
Resonant Frequency 1C '

Radio Wéves Chip
Transformer ) ‘ Thermionic
Step Up . Filament
‘Step Down ‘ ‘ - Hole

Diode o N-Type
~Triode P-Type

Grid - Filter

Plate




MODULE: AC CIRCUITS/DEVICES ‘ I1I-51
. Reference 1 : Unit 1. Resistance in an AC Circuit .

Reference 4 A. Calculate the effect of
' : a resistor in an AC circuit
B. Define RMS values of current
and voltage ;
C. Calculate power in pure
' resistive AC circuit

Unit 2. Capacitance in an AC Circuit
A. Discuss phase relationship
between the current - and
charge or voltage on a
capacitor in akcapacitive

) AC -circuit 4
B. Calculate Xd, the capacitive
reactance
C. Discuss dependence of X on
f "and C ¢

D. Calculate the power in
pure capacitive circuits

Reference 4 Unit 3. Inductance in AC Circuits
: A. Discuss phase relationships
between the current and
voltage .in inductive AC

, . . circuits
. ‘ ~ B. Introduce "ELI the ICE"
' T man as a monic device to

remember phase relationships

C. Calculate - the induc-’
tive reactance .

D. Discuss dependence of XL on
f and L

E. Calculate the power in a
pure inductive AC circuit

Unit 4. RLC Circuits - Resonance
A. nDniscuss phasor diagrams to
) show phase relationship
. ' ' © between current I and
voltage E-across resistors,
inductors, and capacitors
in RLC clrcuits '
B. Define and calculate im—
pendence Z, discuss de-
pendence of Z upon
' frequency
C. Deséribe counter effects of
X. and X, on phase. angle
between E and T
, ) ] D. Define resonant frequency
‘ , and calculate f_for
‘ ‘ " o +  sgeveral exampleg
242 |
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I11-52 MODULE: AC CIRCUITS/DEVICES

ngference 6 “ . E. Laboratory - AC circuits -

Jab to observe effects of .

N . _ , v R,-L, and C in DC and-AC
= * circuits and to calculate
and observe resonant
~ frequency in an AC circuit
F. Calculate the power, and
power factor, and phase
angle for an RLC circuit

Reference 2 ‘ Unit 5. Generation ad Reception of
Radio Waves
. A. Briefly discuss the tank
circuit and relate to
_ pendulum for energy con-—
- siderations ,
’ ~ B. Discuss simple radio
transmitter and how the
- : : ' RF wave is generated
: ' C. Describe simple radio
receiver and how the
RF 1is received

. "Unit 6. The Transformer — Power
: Digtribution
A. Discuss use of transformer
" to step up or step down
AC voltages v
B. Describe the effect on ®
power losses in AC power
transmission due to high
values of current
C. Describe application of
. transformer to minimize
power losses

‘{9

Reference S Unit 7. Electronic Devices
: A. Describe the thermionic
emlssion process and the
simple design of vacuum
tube diode/rectification
’ . ' B. Define semiconductors
and describe how these
devices can be used to be
a diode and cause recti-
fication
C. Introduce integrated
circuits = their con-
struction and applications

245




‘ ‘ Reference 5

MODULE: AC CIRCUITS/DEVICES

Unit 8.

 '111—53

Phot0voltaics

‘A. Lab — Demonstration of

photovoltaic devices . . a
B. Describe the” process of
conversion. of solar .
energy to electrical energy
C. Give update on current
status of production - ,
" watervats and cast, avail- @
- ability, and applications
D. _Future prospects of
‘widespread use




MODULE: CONTROL THEORY/CONTROLS | IT1-55

. ™,
Upon completion of this module, the student should be able to:

OBJECTIVES

(1) Have a limited working knowledge of information theory.w

(2) Have a working knowledge of control theory and devices used
in implementing\this theory. ot

- (3) Describe various transducers’ construction and application.

*RATIONALE

This section is intemwded as a ‘review and "Tie Together module.

All of the material in this module has been described in part in
‘previous modules: The purpose of discussing the material is to tie
loose ends together and review practical applications.

REFERENCES :

(1) Cromer, Physics in Science and Industry, McGraw-Hill, 1980.

(1) Information Theory ' R

(2) Control Theo%y

(3) Transducers

VOCABULARY : - ’
Transducer . . Bit

" Channel Capacity ‘ ‘ Control
Feedback (Positive and Negative) ~Input
Output' ' o Phototransducer
Thermal Transducer ) .Acoustic Transducer
Mechanical : . Video ‘ Py

n
[




|
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o

Reference 1

X

MODULE:

CONTROL THEORY/CONTROLS

Unit 1. Information Theory .
- " A. Define bit R
.~ B. Define and calculate
v It informatiop, content :
o égf;g C. Define capacity of a ¢
S channel
Unit 2. Control Theory

A, Define control
B. Define feedback. ’
C. Give examples of
positiverand negative
. feedback and how this
feedback 1s used to
\ control a system
Unit 3. Transducers
A. Define Transducers
B. Describe various trans-

ducers, construction and
operation

1. Photo transducer

2. Thermal transducer

3. Acoustic transducer
4. Mechanical transducer

5. Video ‘transducer

«
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APPENDICES !

2 :
A. Math Proficiency TESE. v v veeeenosesennassssnassesasasssssnsaasesss s III=59

B. Graphing Techniques................r..:...........................III—73

C. Laboratdry ~ Measurement of Solar ANEle. e eennoasanosannsansocesss III-89




MODULE: MATH PROFICIENCY TEST ITI-59

APPENDIX A

N.B.: It 1s intended that this serve as a guide to making a relevant test for
your particular class. This is a copy of a placement test. used
by a Math department.

NOTE: THE RESULTS OF THIS TEST WILL BE USED FOR ADVISuMENT ONLY. YOU WILL
BE ADVISED AS TO WHICH COURSE IS SUGGESTED TO BEST MEET YOUR PARTICULAR
PROGRAM. DO NOT FEEL THREATENED BY THE TEST; WE ARE USING IT TO HELP
YOU AND NOT TO COERCE YOU TINTO ANY COURSE.

DIRECTIONS: This test consists of four sections.

(a) Less than 1 year of high need take only Section I;
school algebra,

.(b) 1 year or more of high ' need take enly Section I & II;
school algebra but less -
than 2 years,

(¢) 2 years of high school need take only Sections I, II,

algebra and are majoring & III;

in anything except math
or sciencey

(d) 2 years of high school need to take all four Sections.
algebra and trigonometry :
and are majoring in math
or science,

You will not be penalized in any way for taking more of the test than you need,
so 1f you are in doubt as to whether an additional section applies to you, go
ahead and take it.

Do not write on the test copy. Consider each problem carefully, find the
correct answer among the five cholces following, and shade the appropri@te
space on the answer sheet. If a problem seems too difficult, make a careful
guess and continue to the next problem. Your score is the number of correct
answers marked; there is no penalty for guessing. \

Use a number 2 pencil in marking your answers and do all your work on scratch
paper. You have a maximum time of 60 minutes to complete the sections of the
test which apply to you.

Write your full name and your student number in the gpace provided on your
answer sheet.
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I11-60 MODULE: MATH PROFICLENCY TEST

Section I

1. Which of the following is equal to 23.015 + .25 + 1757

O

. (a) 198.04
(b) 198.40
S (c)  23.440

(d) 198.265
(e) 23.430
1

2. Place é%, {%, and Z-in order with the smallest number first, then the

next smallest, and finally the largest.

@ L 51
) 35 %0 15
© 5ok
@ =, 57

(e) none of these
3. Which of the foliowing is equal to 5%-+-% ?
(a)
- (b)
()

(d)

3
4
4
9
3
A
3
7

(e) none of these : 24J




P

4. Which of
(a)
(b)

()

(d)
(e)
5. Which of
(a)
(b)-
(c)
(d)
(e)
6. Which of
(a)
(b)
(e)
(d)

(e)

MODULE: MATH PROFICLENCY TEST

the following is equal to g---% ?

4

g
|p-‘N45

)

[—
w

fo—

Nl N
r—lll-\ r—l!O

the following 1s equal to —7(12;9)—3?

63

none of these

the following is‘équal to 81.472 % 1.522
.536

601.7

5.36

60.17

53.6

23y
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MODULE: MATH PROFICIENCY TEST

7. What number is 70 pércent of 657

(a)

(b)

(c)

(d)

(e)

46

approximatély 93
45.5
approximately .0l

none of these

8. Which of the following 1s equal to 23' 32' 5?

(a)

(b)

(c)

(d)

(e)

360

180 .

3125

15625

none of these




MODULE: MATH PROFICIENCY TEST I11-63

Section II .

9. The value of x which satisfies the equation 6x-55=3)‘<‘ ‘is :
(a) 5
(b) 7 : ,
(c) 15
@ -7
(e) none of these

10. Simplify 2x + 3y - [(syfzng?)m:,§xl;ﬁmﬁw*_

(a) 12 3,3

(v 6x3i-6y2
(c) 4x>+2+3y
,(d) 2x-—4x2

(e) none of these

11. Simplify (2abd) (3a’b)

(a) 6a'b’

(b) 6ab>

() (6am)]

@ 5att

(e) 5adb 7

252
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4a-2b

12 . Simplify mb— v /

(a) O
() =
() 3
@ 5

(e) -1

" 13. The value of x which satisfies the equation-% + 3 =-%¥ is:

(a) :%
M {

’(c) 18
(&) 9
(e) 3.
14. Which one of the following is a factor of #2-5kf-6?
(a) x-3
<b) x+3 '
&c) x—é
(d) x—i'
(e) none of these

TN
!),)




~17. Which of the following 1s equal to —ﬁ—-4-—————

‘MODULE: MATH PROFICIENCY TEST ITII-65

3
15. Simplify =02 D
15ab
2
(a) ——29—3—
5b
4
(b =22
' 5b
3.4
(c) :2%;11_‘

@ -% a-2b-3
(e) none of these

16. Simplify /8 -2750

< (a) -2/42 -

by -8 VT
(c) =-46V2
(a) -8

(e) none of these

3
x-2 2x+3

(2 3—7— ” . :
1x+6
™) == @)

7
(e) x=2) (2x+3)

(@ =

(e) none of -these




I1I-66 "' MODﬁLE: MATH PROFtC'[ENCY TEST
18. Which of the following will be true fc;r any integer x? .
(a) (e), (d), and (e)

(b) (c) and (d) only
(¢) 3+ (x+53)= (34;x) +5

(d) 3(x5)=(3x)*5
(e) 3+ 5(x+5) =(3*x) +(3+5)
19. " The product of (x+4) and (x-3) is:

(a) x2 -12

(b) X2 412

(c) x2—x+12

(@ ext12

(e) x +x;12 T

20. If x represents my age now, which phrase represents a number that is 7 A
less than my age 2 years from now?

c

a

(a) 2x-7
(by 7-2x
() 7~ (x+2)
(dt) (x=2) =7
(e) x-5

275




MODUTL MATH PROFICIENCY TEST .

Section IIT —

——

21. The value(s) of x which satisfy 5-4x> 7 is (are):

(a)

(b)

(c)

(d)

(e)

x>--;—
x £ -3
x> -3
x_<_—-;—

22, Simplify (2x3-3#2.+x-1) + (x+1)

(a)
(b)
(e)
(d)

\\
- (e)

2x2—5x+6

2
x+1

2x2 -5x+6%+

2x2-5x+6— !

2_ x+—:—1—

2x =1

2% +5x-_l-4+——5——

-7
x+1

x+1

23. If £(x) =2x3—x2+1,. then f(2) 1is which of the following?

(a)
(b)
(c)
(d)

(e)

2

13

61

none of these

&3]
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I1I-68 . MODULE: MATH 'PROFICIENCY TEST

24, Whieh of the following is the. sum of tue values of x and y which satisfy
the equations 2x -4y =-6 (HINT: soive for x and y and then ‘
3x+y=5 add these values)?
(a) 1
(b) -3 _ | E
(e} -2
(&) 2
(e) 3

25. The value(s) of x which sat‘isfy the equation -}2-{- +_-X—E-3—- =1 is (are):

{a) -3, 2 : , - \

(b) 6, 1 Pl e et
(c) 6, -1 » | o - o

@ 1 | | | ‘
(e) 3,2

a’+6a+9 _ 3a+3
a"+3a+2 a2—9 -

3(a+3) '
(@) Gy (a3 '

(b) Eé};

26. Simplify

() - =5

3 2
(@) 2t 2]

3 ladB XX
() 7 ' RHY
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27. If ¥ =5a” + h, then c is which of the following?

(a) Z_(.R.;D_

) smny

& .

() =5z~
(@) LR
- . (e) none of these

28. If |a] = a when a > 0 and |a| = -a when a < 0, then for what values of x
1s it true that |x-5|=x-57 -

(8) x<0 '
(b) x>0

. TS

(d) x<5

»
v
w

(e) x<5 . ' S
1 . . . /

29. Simplify (16 al‘xm)2 ’ . : ) /

(a) 4 a’x" | e *

(b). 4a’x® I
(c) 8a2-x8‘

(d) 256 aSx>2

B (e) 16 a’*x
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(a)
(v)
(e)
(d)
] " C (@

31.
satisfy

(a)

(b) ./

(c)

| (d)

(e)

32.

(a)
(b)

Using the formula x=

Simplify

MODULE: MATH PROFICIENCY TEST

30. If log 28==x, then x is:

3

o o

10

'8

4 ‘ , ) Vo
~b v be-bac
2a

the equation -23{2 -3x + 3=0

, which of the following value(s) of x

-3%/33

none of these

/5 - V10
-1+7/2" o,

5v2-1 ’ , * C
-1 ' ]

1+57V2 ’ . ' i

" none of these - /
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! . .
‘ 33. Which of the following is an accurate description of the equation x(x-5)=0?

(a) a linear equation with root 5

-

(b) a linear equation with root :-_5

(¢) a quadratic equation with roots /5
(dK a qua‘draticb equation with roots 0 and -5
(e) 'a quadratic equation with roots O and 5
34. The equation of line M is2l,

(a) 3x+2y=6 o .

(b) 3x-26=6 N

’ . o Y
(c) 3x2+2y‘= 12 \\

® - (d) 2x+3y=9
(e) Zx—,3j=-9.

T
~+
+

-+
B 4
5
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section IV

35. Factor 1-x és the difference of two squares.
(a) (1+7/x) (1-7Vx)
() (1-2) (1+x)
() (Yx=1) (Yx+1)

2

(&) (1-Y%

(e) none of these

6. The product .of (5-21) and (4 +31) 1is:

(a) 3
(b) 26-7i
(e) 19
(d) 14-7i

(e) mnone of these

37. The value of © which satisfies the equation 3Sin® = 1+2Sin @ where
0 <8 <2w is: ’

(ay -%
43
(b) - 5
? (¢)
() 0
(e) ¥
& 2 . Z?sﬁi s
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APPENDIX B

/

In technical fields, graphing 1is often used as a method of
expressing experimental data relating two or more physical
quantities. Graphing provides a method for concise presentation
that otherwise might take several pages to present in words. Thus,
the technical student must be able to construct and interpret
graphs. '

Upon completion of this exercise you should be able to:

‘(1) Plot graphs représenting the relationship between two
quantities; and . -

(2) Interpret data given in graphical form.
To accomplish the two objectives expressed above, you must:

(1) Define the terms abscissa, ordinate, and independent and
dependent variables; and

(2) Define qhe slope of a straight line.

GRAPHING

| .
The first step in the preparation of a graph 1is to construct a set
of axes on a sheet of graph paper. The axes consist of a pair of
perpendicular lines - one horizontal and the other vertical. The
axes should be constructed well inside the margins of the graph
paper to leave room for labeling, tilting, and appropriate'
comments. See Figure l. - Lo
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The second step 1s to establish a scale along each of the axes.

The scale will be determined, of course, by the values of the
quantities being plotted. There are several factors to consider in
choosing the scales. Consider Figure 2 1llustrating the graph of
the power output versus the speed of an engine.

(a) The scale for the independent variable (the quantity that the
investigator controls) 1s placed along the horizontal axis.
The axis is then labeled with the quantity being scaled and
the units in which that quantity is being measured. 1In Figure
2, the horizontal axis 1s labeled "SPEED OF ENGINE (RPM)." The
speed of the engine 1is the quantity; 1t is measured in rpm’s
or revolutions per minute.

(b) The scale for the dependent variable (the quantity that
changes as the independent variable is varied is placed along
the vertical axie. In Figure 2, the vertical axis is labeled
"MAXIMUM POWER OUTPUT (HP)." The quantity being scaled is the
maximum power output; it 1s measured in hp, or horsepower.

(¢) The magnitude of the scale is chosen so that the graph will
essentially fill the graph paper. The same scale need not be
used for both axes, and indeed it cannot in most cases.

Now, to check Yyour understanding of the graﬁhing concepts just
presented, answer the foltowing questions.

(1) In Figure 2, why is the engine speed scaled on the horizontal
axis? .

(2) 1In Figure 2, why is the maximum power output scaled on the
vertical axls? ' :

(3) In Figure 2, why 1is the horizontal axis scaled such that one
ma jor division equals 1,000 rpm?

(4) TIn Figure 2, why is the vertical axis scaled such that one
“major division equals 25 hp? :

The answer to question one should reflect the concept that the
engine speed was controlled by a test engineer and was therefore
the independent variable. Thus, it was plotted on the horizontal
axis. The answer to question two should reflect the concept that
the power output varied as a result of the change in engine speed.
Power output, therefore, wa§ the dependent variable and was plotted
on the vertical axis.

Answers to questions three and four should reveal the magnitudes of
the scales are chosen so that the. graph will f111 allotted space.
In the Figure 2 example, data indicated that the maximum value of
engine speed was 5000 rpm and the maximum power output approached
175 hp. Thus, the scales were chosen to spread the data over the
entire sheet of graph paper.

2+

-
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Consider the following description of a study of driving distances.

The distance a car travels is being determined at certain
intervals of time. The experimenter is driving along a
straight road which has d