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A complete guide to passive solar home,
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_ Tl:ns boo ontalns all of theqnformatlon necessary to successfulfy desngn an effective
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A Primer'— a s in the fundamental concepts of solar energy, heat theory and ther
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A Source Boo% — with descnptrons pho.tographs rltustratrons andﬁaerf”ormance data of

\_,ﬁmany—faassryersﬂ"heated lqurldmgs

‘ heatrng systems; methods for calculating burldmg heat loss, heat gam
system performance and cost effectiveness; and sun -charts and

\graphrc tools for designing shading devices, determining the extent of
olar.obstructions and calculatmg solar radratlon values. Y

‘Edward Mazﬁav\s ah archite¢t, a member of the American Instifute of Architects. and

president of Edward\ ‘Maztia and Associates, Jnc., in Albuquerque New Mexico. The

, author of many solarpublications, he has. taught courses in architectaral design in solar =~

i % energy and has conducted many passive solar workshops throughout the coqntry for

N \r \ architects, burlders an owner-burlders ' _ . , )

. Passrve solar energy systems collect and transport heat by natural means, In essence, the

L ( bu\rldrng structure or some element Qf it'is.the system..There are no separate:collectors,

...« | storage units or meohahlcal equipment. Passive systems are simple in concept and use,

N 'oh ve\‘{;vmovmg parts and are built using common construction materials. The most strik-
T mg diffarence between passive ‘and active systems is that one operates on the energy avail-

—ablein |ts; mmedrate eﬁ\monment and the other imports energy to make the system work.

l Now we're gettqng serious. Passive techniques are beyond the experum%ental e,

stage We know. they work, and 'in different climates. But’we have not T

. —knOWN with-con idence how to calibrade them for individual applications, o ' o
A““’“ T “sm.rby site; hodse by houseBut the rigors- of modern- computer analysis are~ et

; \ 5
s ‘ now giving us real answers; and Ed Mazria’s book gives a wonderfully clear ~ “@
g — preséntation of hath the soul of passue_archltectuze—md‘thehnumberuhat_._r S

canmake itwork for you,

!

‘ B o : Fred Nelson, Sunset

“The best book we fiave seen on passive solar buildings because it makes the "

i~ Y fundamental reasons why such buildings are highly desirable so crystal o,
: . clear. And, once you really understand the fundamentals of any su“bject the )
. rest i easy. o - , g

william B. Edmondson Ed?tor Solar Energy Drgesi/ s

Y 2
Bt

Reverses the recent, unfortunate trend toward hrgh -priced passive solar_.—

.books full of prettified, egotistical architectural eyewash, yet deveid© f the

; needed revelation of technical secrets that keepwdefug/ner employed. Ed
S Ctells’ a|l and does it wrthout oppressivejargon n establishing a new and higher - :
' standard of eic rﬁtﬁ%efvs?lters in this-overcrowded field. oo .

e q C . 'Lee Johnson, Edltor RAIN: Journaloprpropnate Technology

~cover. deSIgn and |Ilustrat|ons by Russel Ball
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A complete guide to péssive éblar‘h“‘(‘)me,
‘greenhpuse and building design.
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What the B*ook Is A*bout D

Mg AR s o
-hl 00 supports a néw attitude’ towards arcf\ltecture t”d@‘sycr‘?bes a way of

building that is strongly related to-site, climate, local building materials and

the,sun. It implies a special. relationship to natural pgocesses that offers the .-

potentlal for an inexhaustible supply of vital energy. This attitude is 6bviqusly -

not ertirely new, since much vernacular architecture has always reflected a -

- strong relationship to daily and seasonal climatic and solar variations.‘In recent :

years, however, relying on the misconception of an infinite and - inexpensive_ ’

energy supply, people have chosen tP apandon these long- standlng caQn-
sideratio_ns. 7 - | ' ‘ “ 4!,;1\ .
' ~ B
Archltecture in the twentleth century hds been characterized by an emphasns
Wi . on technology to the exclusion of atherivalues. In the built environment this
concern manifests itself in ‘the matenals\we build with, such as plastlcs and
synthetics. There is an existing dependénce on mechamcal control of the
- indoor enviroriment rather than explonta\tlon of climatic and other -natural
~processes to satisfy our comfort requirements. In a sense, we have: .become
e -prisoners of complicated mechanical systenys, since windows.must be inoper-
o : able and sealed in order for these systems t§ work. A minor power qor equip-
' ment failure can make these buildings uninhabitable. Today, little’ attentlon
" is paid to the unique character and variation of local climate and building
materials. One canm now see essennally the same type building from coast to

coast. : . :

-Today, there is a strong, new mterest in passnve solar heatlng and cooling
" systems because they s:mphfy rather than complicate life. Passive systems are
simple in concept an¥, use,-have few moving parts and require little or no
maintenance. Also, these systems do not generate thermal pollution, since they e

\ : ‘ ' -, CR

1_ - - T B




»The Passive Solar Energy Book -

- e |
reqmre ho external energy lnput and produce no physncal by-products or waste
Since solar,energy is conyeniently -distributed o all pasts of the globe, expeﬁ— ‘
‘sive transportatlon and. distribution networks of energy are also eliminated.

4 PRERAN ’ # ‘ -t
R

Stce a bmldmg or some element of it fs the passive system the appl cation
of passive solar energy must be included in every step of a building's design.
;Whereas conventional or active solar-heating systems can’be somewhat inde-
pendent of the conceptual organization aof sa buildipg, it-is extremely dlﬁ‘lcu|t“

to add a passxve system to a building once it has _been- d«esngned

To date ar;:'hltects builders and ownér-builders have made hume use of the
information avanlab]e concerping passive systems because t4s too technical,
cumbersome and time- consuﬁpmg in appllcatlon To be useful, inférmation
must lead to the nedessary deg;@e of accurgcy at e,vach stage of a building’s
design. The degree of accuracy incredses”as the--design moves from the -
,Schematic'stage through detaileg drawings and models and firtally to construc-
»tion documents. Tn the early stages, it nrakes no sense to perform extensive
heat loss and gain calculations, since the building will change many tlmes
before a design is complete ) .. e "

‘
s

The ba51c purpose of this book is to make technical information acchssibife to
all people. The text is written in such a way as to facilitate this. The Varous
elements that make up a passively heated bmldmg are explained separately

1 and, ordiered in a sequence’ that makes them easy to apply to a building’s

* design. The illustrations that accompany the text are intended to convey veryﬁ
tjechmcal information in a snmple and: clear format.

o
This book dellberate|y does not use profess1ona| architectural and ehgineering ¢

“ graphic symbols to represent various matefials and concepts, but instead,
illustrates them with a degree of realism. The photogr@phs Shpw existing

- applications of both entlre systems as well as specific detalls
. N

r TQ aIIow for change resulting fro‘m new experlments and observatlon the: book

_is structured-in a way that permits the. [e;rder to improve and add mformatlon
35 mo&é is learned about’ passive systems ‘Since each element “of- a passive
system is treated separately "in the text, the aetrleval of specnflc pieces -of.
information is made easy. B !

F j'

u

r

&ww-ﬂﬁ

"The mformatlon in thls book cap:bé usedfat all |ocations betwe}en 28° and 56°
northlatitude. Also,.this infosmalion.can! be adapted to_the same latitudes in -
the. Sg)uthern Hemlsphere by simply reversmg the seasons anﬁ:l reversmg true




4" sequence from g\energl solar-theory and applications to system design and -

P =

4 “

. “ux o Using.the Book -

5, ‘ « . . - . . o s ) o
" south with trye-north. Thus, for example; June 21 becomes the shortest day .
of the year and December 21 the longest. Winter is in June, July and August,
and the sun is low ﬁ? the northern sky rather than.in the southern sky.

A .

Contents . - ST
o : The Passi\\/\%ﬁo/arfner'gy Book _céntains most of the information you will'need
al

- . to successfully. design a passive selar .building. Its corntents. are ofdered in

perfecmance calculations. Chapter 2 contains the fundamental concepts of .. P
solar energy, heat theqry?ﬁand-,;germal comfort. It provides the foundation for . Lot

<
h ‘ ° 3 -* R S‘E;. - g!,;\ ’ - i
[P S ey .
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o The Passive Solar Energy Book . I
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: ] v ~ & - - - .
-~;;-;?L@Er‘sfaﬁﬂﬁ'rg‘"the—mfozm@g\gwen in the following chapters. Chapter 3 -
* . presents the various types of passive systems: Existing architectural examplés of '
- . each.system are included, along with performance data,, to give you an-———— _
indication of their applicability to'a wide range of climates, and ‘locations. In
~ the chapter on design patterns; chaptér 4, a method for designing a passivej
R solar heated building is provided: The intent here is to lead you through a
o process that allows you fo choose-and size a.system suited tq your. particular .
’ —— = -needs. Once a building and system has been designed, its performance can be
_ calculated and then adjusted, if necessary. The graphic tools that follow in®
- chapter 5 concern the sun’s position and movement across the skydome,
e - solar intensity ‘for different orientations, obstructions to solar collection
’ ** and the design of fixed .or movable shading devices. And finally, in sthe
. ; Appendices, data_necessary to accurately design and. calculate a* passive
'~ system is presented. Before you bégin reading this book, however, keep in -
* mind ‘that good design is the integration of-many concerns of which sofar

I i

energy is but one. oo - <« - .
. The Passive Solar Energy Book covers a wide range of passive solar concepts  *

_and information. In_ order to understand the details of a particular passive Sys-
tem, it is impostant to first ynderstand the fundamental principles behind all
the systems. To help you g ese fundamentals, chapters 2 through 4 are =

. writtenin such a way that the\sentences irl’bold‘tyqusummar}ze, the text that
+ ° follows. By themselves, these s ntences;when read in sequence, form a con-

. tinuous text. To read the book, first read anly the bold type, consulting the text v
7 1o clarify and embellish particular points of information. This will take youonly
=+ san hour or so. Orice you have_read the book in this way, you can ,80 back

' and read the entire text to.acquire a full understanding of the details.»
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:«\\';\The Sun and Earth
The Oflg!1 of the Sun

At preseht the| most W|dely accepted theory for the origin “of the sun is that it
was formed- fmm a cloud of: “gas composed chleﬂy of hydrogen :

’ The firs{ stage fin the sun’s development was the gravitational contraction of
- hydrog - particles. At some point, when the gravitational contraction of the
’;- cloud caused violent collisions betweén hydrogen particles, enough heat was

generat id to fuse the hydrogen nuclei‘and release energy. The fusion or union
of hydrogen nuclei"produced helium; The mass of this new?helmm atom was - |
Iess than, that af the original hydrogen atoms, since mass was canverted into

- " energy lﬁ the fusion -process. The resulting release of energy opposed any

- further gl*awtat ohal contraction’ of hydrogen. The iyt fusion reaction in the,
- cloud was the blrth of thesun. : :

The energy ‘output of the sun requ:res the burmng or conversion of miass /
" into energy at|the rate of 4.2 million tons per second. Assuming that the =
“sun has been.ih-the hydrogen-burning stage for 6 biltion~ years, th seems at

is 2,200,000,000,000,000;000,000,000,000 tons, so that the sun loses only -
OOOOOOOOOOOO 00000002% of its mass each second At this rate, _the sun can |

_ & ' T
. N A . . .
. i Y . E R
. PR . E N
T e—— i e . - - e AU S

Solar Radiation . .. . AR

The thermonuclear fusions at the core of the sun release energy in the form of |
high-frequency eleCtromagnetic radiation. The theory which currently is most

firs glance like|a great loss. A closer look shows that the total mass of the sun / oo




t

Photo II-1: The sun.

§ . ’

ccepted states that electromagnetic radiation can be represented as either

a combina‘t'io.p of rapiagﬁaltemating electric and magnetic fields (or waves) or

. energy particles called photons. This definition of radiation is difficult to
understand and visualize, But-the theory behind it allows usto describe and =~
predict how radiation- will act. Radiant energy is produced at the solar core at A
temperatures estimated between 18,000,000° to 25,000,000° Fahrenheit : L

(10,000,000° to 14,000,000° Celsius). The average temperature at the surface - o

of the sun is only TO,OOOC"F"(S,S\GQ"C). ’ . ‘ )
6 ‘ s ~— |
. % % ., . .




N ' 7 Natural Processes
, IR Y

The energy traveling through space is made up of radlatlon in drfferent waves

" lengths. Electromagnetic radiation is classified according to its wavelerfgth—-

the more energetic the radiation, the shorter its wavelength. Radiation is - )

emitteh“ from the surface of the sun in all wavelengths, from_long wavelength . 5 ——|

radio Waves to very short X rays,and gamma rays. .

»

i

: Although the sun radlates energy in many wavelengths, it radlates proportlon-
aIIy more energy in certain wavelengths. . , o 5
: At an average temperature of 10,000° F the sun radiates most of its energy at
“'very high fréguencies {short: wavelengths). Visible light makes up 46% of the .
- total energy emitted from the sun. Visible: light, or the wavelength to which
the human eye is sensitive, extends from 0.35 to 0.75 microns (the unit used
to measure wavelength is the rﬁl@n or micrometer which is equal to a -
millionth of a meter or 00004 of an inch). It is made up of all'the familiar
colors from the shorter wavelength violet (0.35- microns) to blue, green yellow,
‘orange. and the Ionger wavelength réd (0.75 microns). Forty-nine percent of the
radiation emitted from the:sun is in the infrared (below red) band.,Infrared '
j .. radiation, which we experience as heat, is radiation at wavelengths longer than -
~“* the red end of thé visible spectrum, (greaterthan 0.75 microns). The remaining
]' portion of the sun’s radiation is em\ed in.the ultra-violet hand at wavelengths
; i . - shorter{than the violet end of the v151'\.te spectrum_(smaller than 0.35 microns).
S ‘\ " All electromagnetic radiation leaving the sun travels through space at a
| """ uniform rate, in the form of diverging rays, traveling at the speed of light which
is 186,280 miles a second’ (300,000 kilometers'a second).” The earth a small
body compared to the, sun, intercepts such a-small part of the syn’s radiant -
output that the siin’s rays are assumed to be a parallel beam. At a distance of- .
. ! . 93 million miles from the.sun, the earth intercepts approximately 2 billionths
7+ .+ s of the suns-radiant output or-the equWalent of about 35,000 times the total
B energy used by all people in one year . e '

o

L .+ The Solar Constant, wlnch defines the amount of radiation or heat energy
L reachmg the outside of the earth’s atmosphere, js 429.2 Btu’s. per square foot .
per hour (1.94 calories per square centimeter per hour) In other'words, if we : B
= ‘located a square foot of material just Outside the karth’s atmosphere and . v
it G perpendlcular to. the 'sun’s fays; it would intercept 429.2.Btu’s of energy.each -
S —-—haour. There are slight variations in the'numerical value of the Solar Constant - '
fﬁecausﬁﬁﬁﬂefthe earth’s orbit around the sun-is almost perfectly circular,
within this orbit the sun is slightly off center. This difference is important to
scientists doing, detailed calculations out in ispace, but on the earth’s surface
(S . _thevariation is’ 50 slight it has little effect on the solar heating of buildings.

Few
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Radlatmn and the Earth’s Atmosphere ’
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w0 Of all thq solar radiation mtercepted by the eargh (mcludmg the athSphere), _
as much_as 35% of it is reﬂected.lb#ck into space. The r,éflect/on, of ‘energy-
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~‘from an object s/ called the albedo of the object. The a’lbedo of the earth taken |

as a whole is 35 fn 40%. Most of this energy is'reflected back into space from
clouds and atmospherlc dust but some reflection occurs at the surface of the

earth from surfaces such as water, snow and sand.

‘

Part of the remammg portion of solar radtatlon while passmg through the

earth’s atmosphere, is scattered in all dlrectlons as it interacts-with air mole-
-culés and dust particles. As a result, somé of this scattered or ““diffused”

radiation comes to earth from all parts of the skvdome Scattered radiation -

raldial

\prlmanly in the blue porfion of the visible spectrum, is responsible for the blue:

color of the clear sky

«

. Fig. -2+ What happens to solar radiation mtercepted by the
T earth’s.atmosphere. *
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Wh|le clouds and dust scatter and reflect apprommately a thll’d of the incoming ( . Y
. energy, the water vapor, carbon dIQXIde and ozone in the atmosphere absorb .' ‘ Yy
another 10-to 15%. In the upper atmosphere, ozone removes.yirtually all the ° ’ ’
: high- frequency ultra-violet radiation reaching the earth’s surface. This is
se¢  essential since ultra- violet radiation. can cause skin burn and eye damage and - -
S itcan be lethal even in moderate doses. Water vapor and carbon dioxide in
o "~ the lower atmosphere absorb portions of the radiation, primarily in thé&
mfrared band. - , s

» i ’ . ! . -

"

s

} : " Besides the composntlon of the atmosphere, the most |mp0rtant factor in
- - 'determining the amount, of solar radfation reaching the earth’s surface-is the
B g ‘length of atmosphere the radiation must pass through. During the day when .

the sun is directly overhead radiation travels through the least amount of 8

- — ~ Q o B
; s o A .
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SUNSET




© 23.47°) from a vertical to the plan‘e of the earth’
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- K Natural Processes

\;tmosphere en route to the earth’s surface. As the sun moves closer to the
orizon (sunset), the path of the radiation through the atmosphere Iengthens
he more atmosphere or air mass that radiation must pass through“/the less its ~
1energy content will be due'to the mc‘reased absorption_and scattérlng of theé
iradiation. At sunset the radiation content of the solar beam is sufhaently low
/to enable us to glance directly at the sun. As the’ helght above sea level
'increases, the amount of atmosphere that solar radlanon must pass thtough
/ decreases Therefdre, the energy content of solar radlatlon at high altitude
Iocatlons will be somewhat higher. :

!

Because of the earth’s tilt and rotatlon, the length: of atmosphere that solar -

radiation passes through will vary with the time of day and month of the year.

' The path of the earth around the sun is a slight ellipse, barely distinguishable

from a circle. As the earth orbits the sun, it rotates once a day on an axis that
extends from the North Pole to the South Pole: This axis is tilted 23'2° (exactly
orblt around the sun.

)

o

. i :
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The earth’s tilt is respo sible for the s?ésonal variations in weather. The tilt is
constant as we 'orbit the sun, so that in the summer monthis the Northern
. ‘Hemispbere i§ slanted toward the syn. During this fime tHe Northern Hemi-
_sphére receives more/hours of suhshine and the incoming radiation is closer
~ to'perpendicular to the earth’s surface. During the winter months the situation
is reversed, and the Northern Hemisphere receivegj fewer hours of. sunshine,
at a lower angle; whjile summer prevails in tP?e Southern Hemisphére.

‘ H
AN . . = S8

\ v Fig. N-5: ‘The'tilt treates the seasons.
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Radlatlon ‘and Matter Sl | )
Solar Intensity on'a Surface | -

The angle the &un_‘s rays make with a surface will determine how much energy
that surface receives. Since solar radiation comes to earth in essentially parallel
“rays, a surface that is perpendlcular to those rays will intercept the greatest
amount of energy. As the sun’s rays move, away from being perpendlcular

) the energy mtercepted by a surface wiH decrease '

Perhaps the best way to imagine this is to think of. the parallel rays

of the sun as a handful of pencils held with their points touchmg a
— tabletop The dots made by the points represent units. of energy. |
“'When the pencils are held perpendicular to-the tabletop, thé dots.are ~ . ) p

* o as compactly arranged. as possible: energy density:per-square inch is ) /
% at a maximum. As the’ pencils are inclined towara the "parallel, the » - = /.
- dots begln ‘to cover larger and larggr areas: energy den5|ty per@square o |

: |nch is. dgcreasmg - ) W T

Barbara Francis*

Fig. II-6: Energy density is éetermined by the angle of ,inci‘den'c_egf :

s

_ o — - - = -
*Master’s}’hesis of Barbara Francis; Univetsity of New Mexico, 1976. «

@ - [ - -
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However, a surface can be facing as much as 25° away-from perpendicular to
the sun and still intercept over 90% of the direct radiation. The angle
that the rays of the sun make with a line perpendicular to a surface (also
L called the dngle of iricidence) will determine the percentage of direct sunshine
* . 4 . intercepted by that surface. Table II-1 lists the percentage of sunshine inter-
o " cepted by a surface for different incident dngles. :
; - ’ . Table II-1 Percentage of Radiation Striking a
i . ] Surface at Given Incident Angles
r- . : - Incident‘Angle *  Solar Intercepted
i ) {degrees) (percent)
: - - // T —= ~
oo 0 " 1000 , .
Nt 5996 . _— :
Y 10 985 ﬂ ‘ <N .
o 5 - 95 | S
20 94.0 _ : .
) 25 . 90.6 _ L s
‘30- . . 866 : s T : '
R 35 81.9° ; , Lo
o Te. 40 766 | D S
.45 T 707 |
AT 50 643
; .55 . . . 574 ) .
Lo 60 T 500
' . 65 - 423 -
T 70 34.2 )
Lo 780 SR v g
v 85 T 8.7
] 90 < .00
. } P. “ /
: o - - /
. L -» ¢ / : ) °
: I 7 ;
| ] . s L |
| ' i o e
| 8 N / ? ~y a
14, ' / ‘ 5 / “ , —
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/
The total amount of energy rntercepted by a surface cdnsrsts of not only direct
radiation, but also diffuse and reﬂected radjation. The total amount of radiant
energy intercepted by a surface is greater than that from the direct rays alone.
Diffuse radiation, or the energy scattered by the atmosphere and redirected to

the earth’s surface can be as much as 50% of the total when the sun is at a -

low altitude, and 100% on a completely cloudy day. However, on ‘clear days

- <diffuse radiation comprises only a small fraction of the total. The intensity of '

radiation reaching a surface from a reflective material depends upon the

quality of that material’s surfacg finish and the angle of mcndence between the -

solar beam and the reflector. The larger the angle of intidence, the more
the radlatlon will be reflected - A -

N

Tt is |mportant to realize that the collection 6f solar radratron is dependent on
the area of the collecting surfaces. The energy content of solar radiation is -

- fixed by the output of the sun. To collecta certain amount of energy from the
sun; an ared large/enough to collect it is necessary This applies to all solar-
heating systems from south- facing glass in a'residehce to collectors ‘that focus

the sun’s energy The area intercepting the sun’s rays' will determine the

maximum amount of radianpt energy that can be collected.

: Réﬂectfbn, Iranshissibn and-Absorption

[N

As solar radratlon strikes the surface of a matenal three things can happen
“The radratron can. be reflected, transmitted and/or absorbed.

i .
Dependmg on the surface texture of the materlal reflected radiation wrll either .

be scattered (diffused) or reflected in a predlctable ‘manner., r, Rough- textured
surfaces will scatter radiation, while surfaces such as a mirror or highly pollshed

alumrnum will reflect’ Ilght in predictdble parallel rays. For example, a masonry» _
~wall, because of the wregulantres of its surface, will not reflect radtation ina -

predictable manner. It will seatter.or diffuse the radiation.in all directions. in
__contrast, a very smooth and highly-pgolished surface will produge a predictable
reflection. (In this manner, llgbt&@nd other radrant energy sourcey can bg

-controlled.) The anﬁle #which the rays strike a. reﬂectrng surface will-be equal -

to the angle of the reflected rays. Qr, to put it anothet way, the angle of ' - k'

mcrdence will. equal the angle of: reflectmn o
.(, : . J““’\l‘ 0. , _

What we percelve as color is the resul:t of vrsrble radlatmn in certarn wave-

bt .)!

lengths. bemg reﬂected fmm a surface, while: all the other wavelengths are S

' 3 .
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Fag n=7: - Surface fmlsh determmes the qual'lty of reflectlon
o = o . o .
tranSmltted or absorbed Slnce rnost of -the ‘radlatlon'arrlvmg from the sun
;consists: of visible radjation, or, radiation concentrated “ near the- visible' " . '
spectrum the criterion for reﬂec«:tlwty is closely related to color values. 't an
: ect absorbs nearly all the wsnble radiation that’strikes it, it appears black; )
- “ﬂects most of the radra.tlon ltappe r§ white, since white is the com- : e
j bmatlorL of atkthe colors in thewisible: spect m. A’réd brick wall will reflect '
\/istble radlatlon m fﬁe\rWum whlle atgsorbmg all dther colors
\ The soiar radlatmrr that penetrates Wnateﬂ—al@wﬂl etther be transmttted or B
‘Hab orbed. Vo , - ‘ e P
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A material that transiits most of the visible radiation that strikes it is TRANS-

s

] . very little distortion. During a clear winter day, for exan;sp'le; a ve‘rtical‘single
, " plate glass window transmits about 85% of the solar energy striking its surface,
o ) double glass about 75%. Other materials can be equatly transmissive but will
deflect or scatter the radiation that passes .through it. We refer to these
materials a5 being TRANSLUCENT..! .

© o,

-

PARENT. The direct passage of sunlight through. a material is best ilfustrated .
" . > byordinary window glass. Most of the solar radiation passes through glass with

17
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o

Ay
A}
Y
o".(!“
. " TRANSLUCENT L
Fig. I1-9: Transmission characteristics of glazing materials. ' .
, e ! , ' : : : e

‘Some radiation is reflected and some is absorbed by: the glass. Reflection losses
are greatly dependent on-the angle-of incidence of the radiation striking the
~—glass. The greater the angle of incidence, the greater the reflection. Absorption
depends mamly on the lron content of the glass.. Glass of. hlgh iren content

. < g‘-\ i ,g i 0;
R ' .' : - '
18 ’\\‘ ) . . e - . ‘




- & o A
N ) .
‘ . - b . = ' “‘
) N : ' - Natural Processes
- N B L} A .
‘ has a lower transmissivity. This can be seen by observing the edge of a glass
e, . . . I3 . . ’
< sheet; edges which appear green.have a high iron content. |
\ ) R : \
ey _
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Photo 11-2: - Diffusing difect sunlight.
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Solar radiation absorbed by a substance is converted into ‘thermal gnergy’ or
heat Solar radiation absorbed by the molecules at the surface: of a material

~ will accelerate their movement. As the vibrational movement of molecules

Characterrstrcs of Heat R
ﬂHeat Transfer : oo T

in a material mcreases the heat content of the n¥4terial. mcré‘ases S

A
»
v
. . «v‘nl EY v o
\-.' M

As heat is? added: to a sohd materral, its temperature- will riSe. Therefore, “tem: -

perawre is the measure Of the intensity of heat, which is defiped in terms of«the

movenTent of mo|ecu|es the more rapld this ‘-movement, . the” hlgher the,
| temperature: ., - . ST e o
N U., R . ‘. . . . ‘ ‘.' . .. ) W

s

. | '{‘.
1.‘ © N ~ 4
‘.v . ? K
S B a

) A it is heated hy- solar radiation, a material seeks to achleve eﬁurlrbnum with

|ts surroundmgs through three basic heat transfer processes: conductron, con--
vectu')n and radiatlon. — e =

~
LY -

- . 3
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Frrst as solar radlatlon is absorbed by a‘material, the absorbed energy

redistribute’ rtself wrtlﬁm the material as it is passed or CONDUCTED between
- mdlecules, Conductrpn is*the process - in which heat energy is transferred
. between moleéules within a substance, or b\dween two substances in physical
: - -contact, by dlrect molecular rnteractlon The wagmer molecules bump into and
.. . pass some of therrwrbrattonal energy to adjacent ‘molecules. The direction of
C heat flow is always from"warm.to cool. As the” molecules at the surface of a
. - - material are heated by solar radiation, they pass this energy to cooler adjacent”

A . \

[

R sjimﬁmniempﬂamre,_fh&_almf_h\eat flow or the thermal cor?ductrwty (k).ofa’

SR heat. Forexamplg metal will feel colder to the touch than wood of. the same

o Ibw temperature. This is due to the fact thdt metal’has a higher conductrvrty

~and it will absorb heat.and pass it from its surface to its interior much faster .,

than wood. The more heat conducted from 'the hand, the 73/oler a material

feels. In general, because gases are poor conductors,” materials that trap tiny

: o -air gockets are usually poor conductors. A good example of thls is burldmg
O ' msulatlon whlch contains thousands of tmy air pockets

&

" Secend, a. ?naterral wrll 1ransfer heat energy from its surface to the molecules '

a " of arﬁd)aeentilmd* by CONVECTION. Convectron is defined:as (1) the
. “transfer of heat between a surface: and a moving fluid, ‘or (2) the transfer of
~ heat by the movement of the miclecules fror one poiat in a fluid to ‘another.

\cool‘mm‘ecules af a“fliiid such as wateror air come into physrcal contact with a
‘I'me surface,.some of the' vibrational energy at the surfale of the material is-
lence between two substan es;the-mare héat will be transferred. Conduction
o ~ fiom thesurface” ef the material to the fluid is the initial heat transfer. }irocess,
PP STant ‘fbut asithe fluid is,warmed, |it expands, becomes less“dense ‘and rises. As the
s warmer fluid molecules rise, they are replaced by cooler molecules. Thrs 'results -
™4 vinta continual movement &f(the fluid. When-heat alone is responmb} for thrs
wo movement the process is ca ]ed NA URAI. i\ONVECTION R

A -
g = K .

. % molecules dispersing the heat through the matenal so that.it takes on a more

substhnce is dependent on the capability of its maleculesto serid and receive *

@

I convéction processes heat dgain always moves from warm to-cool. As the -

i

sferred to the adjacent flt{rd*motecules The greater*the temperature differ--- .

¢

“\

“ 1w . ¢ .
eﬁ%

| "u

N

®

The c0nvectron process\aISO\works in reverse. As a watm qurd comes in con-

e “the cool surface, become hea\)rer and sink. For example warm air in contact

f..tW;!Ih a&dﬁ.ﬂm.&mrrldu\
i ethe wmﬂow : . 5

i _ “tact with a cool surface, the|warmer molecules- transfer, some of theis heat to - )
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K If ttce fluid is pumped or blown across-a surface, the rate of convectlye heat .
transfer will increase. As a cool fluid comes in contact with a warm surface,
. the fliuid is warmed Since the rate of heat flow from the surface to the fluid
. increases as the temperature. difference between to substances increases, the "
fastet the warmed fluid molecules are removed frdm thé surface and replaced
v ey cooler molecules the faster: w|II be the rate of heat transfer.- For example,
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'at very high temperatures, thermal radiation experienced as-heat consu;ts of

i+ Natural Processes

o e

\

when aif. is blown ageinst the surface of a'hot spoonful of liquid, it cools faster.
The air molecules that have been warmed at the surface of the liquid are blown
away-‘and replaced by cooler af ‘molecules which are capable of absorbmg
more heat This process is called FORCED CONVECTION.

~

t o S ‘ A
And third, all materials RADIATE energy all the time. All materials -are con-
stantly radiating thermal energy in. §|| -direétions- because of the continual
vibrational mavement of-molecul®s (measured as temperature) at their surface.
In contrast to solar radiation, which consists of shortwave radiation emitted

longwave infrared radiation emitted at a much lower temperature.. !
N

«

As the fire dies down and the flame and coals become more red and

give off less light and slightly-less heat . . . after awhile .the flame

disappears, the coals ecome dull red in appearance, then a darker

red, and finally they glow no more: Light is no longer emitted from

the warm coals, but heat contiriues to be, given off. The warmth

- of the coals is felt for- hours as fadiated heat or mfrared radlatlon

butitis not s seen as light. - T .
R Vo R T John Mather* :
/ q‘vA % : v ~ \

The amount of tlg‘ermal energy a material radlates depends on the temperature

of the radlati‘ngs rface :

X h ‘ e ° . A
‘The output of thermal radiation from a surface not only varies with surface

K

temperature, but also WIth the quality or EMISSIVITY of the surface. In general,

& . “

*John R. Mathet, Climatology: Fundan7enta/s andvApp/lcat/ons.
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most materials are good emitters of thermal radiation, that is, they radlate
thermal energy easily. The emittance . (E) of a material is af’indicator of that

. material’s ability,ta give off thermal radiation. Most building materials,. fqr .
- .example, have emissivities of 0.9 which means that they radiate: 90% of the
thermal. energy theoretically possible at a glvén temperature, Normally, highly .
o pollshed surfaces, such as shiny metals, are! poor emitters of thegmal radiation.

ThIS means they radrate very IlttLe heat ata given te/mperature* BN
\T

e v . i ) &

Noi all materials, however, ‘EBSBEVtherrhalﬁ radia’libn "some’ will ireflect it
.and/or transmit it. ‘The capacity of a surface to reflect thermal radiation will
depqnd upon the density and composition ,of the surface rather than on jts

colpr ‘Although color is a good indication of the ability to reflect solar

radiation,+t-i oor lndscator of the ablllty to reflect thermal ‘radiatfon. Most
construction mate lals,,regardless of color, act as a “black quy,”_* ?bsorbmg

fost of the thermal radnatlon they intercept. | -.g | .
- »: 4\‘; 4 ',_, . R " ‘“

,,,,,,,,,,,,,

In general only hlghly pollshed or shmy ‘surfaces, such as, alummum foil, .

reflect Iarg}e amounts of -the thermal radiation they intercept. The'designers
of airplhnes také advantage of this principle by providing the undersndes of

f, alrplanes with a polished metal finish 50 that thermal .energy or heat radiated
- from a hot asphalt runway will be reﬂected thus keeplng the mteriors of the

’planes cooler when parked ata termmal -
I w‘s‘ ' ‘ '!

The amount of thermal radiation/a s\urf.ace intercepts depends on the angle the

‘radiation makes with that surface. This is.the same principle that applies to
solar radiation. Two surfaces that aresparatlel to and facing each other will

- exchange a maximum amount of thermal radiation, while surfaces facing each

}Eher at an angle will exchange less:If both bodies have the same absorptivity,
the

result of this energy exchange is a net radnant heat nahsfer from the warm ‘
body to the cool body.’ RS :

~ . . :
e ’E

1 . P — S— = ——

i ~
. .
. N

,Materlals that transmlt vmble solhgK radjatlen'do ‘ﬁ’(’)t necessarlly transmit

thermal radlatlon e T . o
. . N o . \ ‘ :o V . B “ fo- -
'Glass; which allows virtually all the visible solar radiation striking its surface to

]

pass through will absorb most of the thermal (mfrared or Iong wavelength) '

: collectmg solar .ene(gv){»_w;o_nce suntight T tran5m|tted through glass and

~ *In physics, a'B[Eck‘bb‘ay is an ideal material that is’ ab!e to" absorb. and emit ;admnon perfectly.

a

‘s,
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absorbed by materials in a space, thermal energy reradlated by these matenala
wrll not pass back out through the glass.*

. This process of trapping heat is commonly known as the ”greenhouse effect.”
A good example of the result of this effect is the heat that builds ap in an
automobile that has been sitting in the sun for a few hours. Other materials,
~such as some plastic glazing materials that admit a high percentage of solar
radiation, will allow as much as 40%-of the thermal radiation they intercept
to pass through. In this’ aspect these majterials are 9Inghtly fess desirable for
use in solar heatmg

' Fig. II-13: Greenhouse effect.”

g R 5 ‘

Heat Storage S oo | L

All solar-heating systems are based on storing solar energy within_ a material

@

for a period of time. This is accomplished by heating a material which will-

-store the heat until it is needed. Cooling systems, on the other hand, do

exactly the opposite. A substance is cooled or heat IS taken out, and kept

2

*This does nOt imply that radiation losses. from a ‘space dre ellmmated Although glass does not
transmit thermal radiation, it absorbs this energy and then reradiates and conducts it to the
outsude, but at the IOWer temperature of the glass surfacﬁe . ' .

0 | » ] el S B - ) . ) 25
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" that way so it can"éabsorb heat at a-later time, Heating and cooling a space is
essentially.based on the same cancept. Very simply, the idea is to keep a .
" tePhperature difference between the substance and the surroundlng tempera-

&

ture. o . v

For this reason, when solar heatmg a burldmg, itis lmport to construct the
bulldmg of a substance that can store enough solar energy ( ’heat) in the day-
. time to-keep the building warm during a cold winter night. The capacity of a
. material to store thérmal energy is called-its specific heat, which is defined as
the amount, of heat (measured in Btu’s) one pound of a substance can hold
when its temperature is raised one degree Fahrenheit. In the construction
-trades, however, the quantity of a substance is frequently given in cubic feet .
rather than pouﬁds Therefore, the volumetric heat, rcapacity of one cubic foot
of a substance js simply its specnf:c heat muituphed by its density (number of

. pounds per cubic foot).

Table Il~2 Ilsts both the specific heat and heat capacities of various substances

" Notice th\'\italthough brick and concrete have toughly half the $pecific heat of

“expanded polyurethane, their depsity is much greater so per umt volume
esg\

~ they can store substantually more h#at.
A\

. - \ . ~. ’-i\ { \ ) | l‘l‘ . , N

P \Table ‘Il-2\ Specific Heat ‘a§1d HéatAC‘a;')écity of Various Substan,c'e's-"

-

ir..

. A 15 | ‘
S 7\ S *. specific Heat Densnty ‘ I;I,,nt Capacity -
ASubstance \ L - (Btu<|b- (Ibs/cu ft) {Btu/cu ft-°F)
4; Water ‘ i \ 1.0 624, 624
: Wood,\ oak 3 ' \ a 0.57 47 ha 268
: \‘4; 0 | / L e ’ o
Expa'ided polyurethané * 0.38 /«6/ , © - 0.57
/Wool fabrlc Cog S\ 032 4 69 % 2.2
. : N . ,
A|r . ]5 L 024 0075 0018
;: dj ’ . 3 - . . R
Brick : I -

123 25 e

ConCrete . 144 22

-

489 59

-

N’a‘
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However, aparLfrom havmg a high heat cgpacuty, to be effectlve as a he t

‘storage medium a substance must also have a relatively high conJuctw;ty A

o much heatfr m its surface to its'interior for storage.. © . . / T "

" Wood and brick have’ about the same heat storage capacity; however, wood’ isT -

usually not used far heat storage. The reasomis simply that wood does not
conduct heat as well as brick and s, therefore, not capable of transferring
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- | Approaches to Solar Heating .

Pl /
: \

y /o ‘
« There are basically two distinct approaches to the solar heating of bulldmgs
active and passive. i ‘ .

. T
/ : Nt : )
/

s
. *In ggneral .active systems employ hardware and mechamcal equipment to
""""" - ‘collect and transport heat. Flat plate or focusing collectors (usually mounted:on
the roof of a building) and a separate heat storage unit (rock bin, water tank or |
combination of the two) are often the major-€lements offthe system. Water or
air, pumped fhrough the collector, absorbs heat and transports it to the storage
unit. This heat is then supplied from the storage unit to the spaces in a buqldmg
" by a completely mechanical distribution system. !

Passive systems, on the other hand, collect and transport heat by nonmechan-
" -ical means. The most common defmmon of a passive solar- heatmg and cooling

system is that it is a system in which the thermal energy flows in the system are e
U by natural means such as radiation, conduction and natural canvection. In

: essence, the building structure or’ séme element of it is the system. There are
AR - no separate collectors, storage units or meghanical elements The most striking
o ‘differeice between the systems is that the passive System operates on the .
. ] energy avallable in its immediate environment and the active system imports -——— - - -
energy, such as electricity, to power tl% fans and pumps which make the . IS
system work: \

@

Thére are twb basjc elements in every passive solar-heating system: south-
facing glass (or transparent plastic) for solar collection, and thermal mass for

N
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Passive Solar Systems

heat absorptron storage and“distribution. Popular belief ‘has it that a_EJassrve
building. must iricorporate Targé quanf‘hes of these two eléments. Our studies
show, however, that while there must be some thermal mass and glazing in
each space, when propetly desrgned they are not necessarily excessive. This

will become evident when you read the sizing procedures given in chapter. 4,

V ”Desrgn Patterns.”

To establish a framework for understanding passive system's, three concepts

will be defined: DIRECT GAPIN, INDIRECT GAIN and ISOLATED GAIN. Each

' explains the relationship between the sun, heat storage and living space.

Within each of these categories we are able to identify various systems,

7

"The first and srmplest approach to passwe solar heatmg is the concept of

Direct Gain. Simply defrned the actual living space is.directly Heated by sun-
light. When the space is used as a solar collector, it must also contain a
method for absorbing and storing enough daytime_heatfor celd winter nights.

In other words, with the direct gain approach the space becomes a live-in
solar collector, heat storage and distribution system all in one. One important -

note, Direct Gain Systems are always working. This means they collect and
use every bit of energy that passes through the glazing—direct or diffuse.
Because of this, thdy not only work well in sunny climates, but also in cloudy

climates with great amounts of ditfuse solar énergy, where active systems can

hardly perform as effectrvely

In this approacﬁ there is an expanse of south-facing glass and enough. thermal
mass, strategically located in a space, for heat absorptron and storage. South-
facing glass (the collegtor) is exposed to the maximurm amount of sofar energy
in winter, and minimum amount in summer. For this reason; it is the deal

location for admitting direct sunlight into a space: Since a portion of this
“solar heat gain (sunlight) must be stored in the space for use at night -(and
possibly during periods of cloudy weather), the floor and/or walls must be

constructed of materials capahle of storrng heat ‘ . ’ !

\\.
Today, the two most.common materials used for heat storage are masonry and
water. Masonry thermal storage materials include concrete, concrete block,
brick, stone.and adobe, either mdrvrdually or in various combinations.
Typicallyjat least one-half to two-thirds of-the total surface area in a space is

constructed of thrck masonry This rmplres that the interior be largely con-

@ -

Tt
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structed of masonry to insure thdt. there is enough sur‘f

eLce ‘area of exposed massi
Lfor, adequate heat abporptlon and storage. Water" $to ge, on the other hand,

is” usuaﬂy—eeﬂfznﬁeﬁhﬁﬁﬁh/ one wall of a space. The! water wall-is located in

the space in such a way that direct sunlight strikes it for most of the- day.
‘ Meﬂerlﬂs commonly used to construct, th'e wall are plastlc or metal containers.

During the daytlme the mass is charged with heat so that at night when out-
door-and sp%ce_tempeglgtgres begin to drop, this- heat is returned to the space.
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. »»,’x*""ln ho summer climates’ Wlth cool mghtt|me temperatures, the mass can also
+ . act to.keép a building ool \during the ~day. Firdt, because of its time-lag
- properties, massive walls keep heat from reachmg the interior of the building
" until the evening when outdoor-temperatures are cooler. Second, outdoor air
c1rculated through tHe building®at night cools the interior mass so it absorbs
heat and provides cool interior surfaces duﬁmg the day.

One of the earhEst and Iargest contemporary examples of a Direct Gain System

o| 7 is the St. George’s-County Secondary School in Wallasey, England, near Liver-

. - pool. The building, designed by architect Emslie A~ Morgan, was completed in

. .. [ 1962. Public reaction to the building at that time was that the architect Rad

: . somehow harnessed a new physrcal principle. 1t was not until the late 19605
\ o , that extensrve research and testmg of lhe bunldmg was begun o o,

"~ The burldmg, constructed of masonry, has=a t:ansparent south wall for

_ ’ mgximum solar gain in winter. Concrete, 7 to 10 inches in thlckness forms the

.- rpof and flooss, with the'.north wall and'interior partitions ma\de of 9-inch

_ brick. This masonry.ig the principal means of heat storage in the building.. It is

’ . exposed\ to the interior and" insulated from the~eo<tenor with 5 inches of

;e expanded polystyrene By contrast, the entire south wall of the building is

v - essentially transparent. Two sheets of glass, the outside layer ¢lear and the

'ln5|de translucent, make. up the roughly 230-by-27-foot wall. The translucent

layer refracts dlrect sunlight dfffusmg it over the surface area of interior mass,

somewhat unlformly :

"4' . .-
LI .

P T =
1

. P
i - . " - *. ) . R . I
EA . . . - °,

The masonry interior stored heat and acts to preVent large fluctuations, of
indoor temperatures over the day. Recorded classroom fluctuattons are on
the average only 7°F throughout the year (clear-day fluctuations are soméwhat
higher). Thissclearly illdstrates the effect masonry has in keeping mdoor tem-
peratures rela«ftnvely stable. : 0 o :
: 5 %5
" The south ‘wall’ admlts enough sol ~energy to. supply: roughly 50%; of the
building’s heating . needs during the! ygar, and all this in a less-than- ideal

temperatures are moderated by the warm ylf Stream, but the current also

, *brings with it much fog and cloudy weather. In’ climate, at best thought to be

margmally suited: for solar energy appllcatlon thy vbuilding is heated 50% by
b3

ey - | ~ tional heating system, ongmaHy installed, was never ysed and subsequentjy
' ‘ removed '

"« climate. Wallasey is located on the west cdgst pf England at 53°NL. Its outdoor '

o
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o ) Table "IH-1 Principal Heat Sources o §
Percentage of Heatiﬁg Sijpplied i
" e I —(rough estimate)y —————————— 7T T
. : Source T (1960-69)
. - a® )
D - . Solar energy - - V . 50 ° ,
.~ - Incandescent lights . ' 34
. » 1,300 in classroom 4
E ' 2,400 in art room . .
Students: 15 to 35'students 16 -
o per class ‘ L
¢ SOURCE: José’bh E Perr}«, Jr., “The Wallasey School,” Passive Solar Heating é_nd Caoling Con-
ference and Workshop Procgedings (Springfield, Va.: National Technical Infgrmalion .
- . . A . ) ot
R Servnce,1976)k. ® - - ) - ““, . h
\ @‘ ) N
@ N
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Photo IlI-1: South and north face of St. George's County Secondary School.
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Another, very different application of a direct gain concept .is Maxamillian’s

restaurant, located in. Albuquerque, New Mexico. The restaurant employs a,

Direct Gain.System tosupplyvaﬂmaj@ﬁpertlon of- |tsvwmter-heatmg needs: e
Jo natural coollng system to meet its summer coohng loads.

S - lts heating and coollng system consists of four south-facing, sawtooth clere-
o stories and a masonty interior. The restaurant, originally ‘an existing two-story,

- - adobe and brick exterior courtyard of. approximately 1,600 square feet was

RS . enclosed with four translucenit glazed cierestorles In winter, direet sunlights -~

+ . . [

R
_n':; 't'a ° . 2-3 8 s; 'a 3 s s a,‘:’L;’ ;ni ‘2“‘;‘,;,—””~i‘?;-)},; ; M _.;_/
.Naeermn&euraeon TEMPEﬁkTURES— LR B
- NOVEMBER 25, 26, 27,1977 o R

" e Flg.'lll—3i Maxamqlhan s restatirant (here and facing gage)'. Cd
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\ ~ WINTER| ‘
¢ \ som" e

SKYLIGHTS ‘
RANSLUCENT GLAZING)

. o ; .

in the coriifort' range without any auxiliary heating
desugned to operate between 65° and 75°F durmg

L . . space temperatures wi
I{f,; . ‘ system The restaurantn

. .- fora typlcal three- day period in wmter It can be seen that the space maintains
- temperaturéﬂ)etween 61° and.71°F, however, during busirtess hours the tem- °
L ' perature in the restaurant only ﬂuctuated between 65° and 71°F. This means
that the restaurant is shghtly\cool (65°F) until about 11:00 a.m. when people ‘
arrive for lunch and help bodst the temperature well into the eomfort range. o
—Remember-that 65°F air temperature ina radiant -heated space. is “felt” as! i
being warmer than a conventi nally heated space at that same temperature. To
- avoid the possnblhty of overheating in wintef, the .clerestories were slightly
undersized to allow for the heat gams from hghts people and appliances.
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_Photo 111-2:

ks
Interior.of Maxamillian’s restaurant (here andfacing page). -




in summer, coolmg is accomplished by keepmg the sun out and by ventllatlng
" the space at mght Most often, nighttime temperatures in Albuquerque drop
into the low 60s." By opening both windows on the main level and the vents
positioned hlgh in the clerestories, a convection current is mduced cool air is
drawn in'through the low openings and warmed air rises out through the high
vents. The masgnry in the space, cooled throughout the evenmg by ThlS
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“sun (and people) as its only heatlng source,

And yet another example the Schiff residence in western. Wyoming, demon-

" natural flow of a|r absorbs heat and prowdes cool mtenor surfaces throughout

o ¢ )

‘ shadlng devnces permit’ on1y indirect tight to filter into the restaurant.

g the winter of 1976—77 the restaurant, LQperated comfortably wnth the o

strates :that passive solar- heating can work effectively in very cold northern -

cllmates”T'he re§|dence desngned by Marc Schlff and Robert Jamk was com-

sawtooth C[erestory that admlts dlrect sunllght inta. the. bunldlng However
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mass for heat storage is contained in concrete block walls, nilled wath concrete
and finished with plaster, and a slate floor that is sel in a mortar bed over 4
6-inch concrete slab. Essentially, this Direct Gain Svstem tunctions in the

wéy as the Wallasey School and Maxamillidn’s restaurant e

same

Figure I111-4 illustrates that even during periods of 0 F weather the building
maintained temperatures which were 56 F above outdoor tempetatures. [t 1.

o Intesesting to note that there is no heating system in this residence (>lhc than
two wood-burning stoves, one in the living space and one in the master bed-

. room. The owner states that “the house ieels very comfortable down to about

~ B2°F dir temperature and tolerable to about 55 F due ta the fact that the walls

and floor are from 3° to 10 F warmer in the evening thanthe air temperature

3




| T Photo 111-3: The Schiff residence—-south-facing clerestories admit :
¢ ‘~ S . direct sunlight; exterior (facing page) and interior (here).
: : . 41
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Many applications of interior water walls employ a combination of materials.
For example, the Karen Terry house in Santa Fe, New Mexico, is a Direct Gain
System with both interior masonry and water walls. The house, elgngated
along the north-south axis, follows the contour of the south-sloping terrain.
THe interior, separated into three levels by retaining walls containing water, is
constructed mainly of brick, adobe and concrete block. The retaining walls
consist of twenty-eight 55-gallon drums filled with water and «in anticorrosive
additive, and covered with mud plaster. Sunlight enters the space through

I south-facing clerestories tilted at a 45° angle from horizontal. These clere- .
stories are plated in such a way that sunlight, at midday in winter, strikes the °
water walls for maximum heat absorption.

‘ o

v ] ’ =
Photo 111—4% The Karen Terry house—terraced to the south for °
maximum winter solar gain.
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Fig. -II"\\\—S: Section, Karen Terry house, Santa Fe, New Mexico

| -

’

In the winter of 1‘975—76; the auxiliary heating supply for this hause consisted.
of one-half ¢ord ofiwood, burned in a small adobe fireplace. Wixl‘uout applying
‘insvulayting"shmters \pver thé glazing at night, the house maintaiped tempera-
tures in-the Z0s ,ang high 60s for most-of %hé“wmter-ﬁh&eelﬂest recarded

temperature in the hpuse that winter. was 53°F early ong morning. ~
A N . | :

A Y ;
» t ,‘

Indirect Gain\, I
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Another approach to .paﬁsive solar heating is the concept of Indirect Gain, ~—
.where sunlight first strikes a thermal mass which is located between the sun ’
_and the space. The sunliz\\t absorbed by the mass is converted to thermal =~~~ "y
energy-(heat—}and%hewﬁran%ferred%nﬁtotthtrfﬁvfng%picéf*’-‘hw e :
t ! \ . L. P .

There ar¢ basically two.;types\péf Indirect Gain Systems: Thermal,Storage Walls

and Reof Ponds. The difference between the two systems s the location of -
the mass; one is contained in\@ wall and the other on the roof of the spade /
being heated. 1 ; ) T
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A masonyy.wall wo‘rks\'b'y ;b\s;;bmg sunlight on its outer face and jhen traqs&
S

ferrmg this* heat thtough the wall conduction. The outslde surface of the

wall is usually painted black-(or a darkgolof) for the besg posmble abxorptym

. of sunhght Heat. cbnducled through the all is- lhen dlstnhuled to- the space

\ -

reat by natu:al convectr@n
(thermoelrculatlon) from the exhenor\face ‘of lhe wall s

A ° S q " g l
e O - °
v ‘; . . g . ] ’T . . E x& g @ (
. - The Passfﬁge Solar Energy Book k
v \'J‘ . Ll . B '," ) . - * . t ‘e 23 . ) "
i The reqmrements for % Thermal Storage Wall Sy\stem are south farcmg glass
e \ctreas, (or’ transparent plastic)- for—maximum winter solar gain and a thermal -
e, ' mass, located 4 inches or fnore dlrectly behmd {the glass, which serves for
PR - heat storage’and dlstnbutlon - o '
- . Dy t = .' R e ' o
There i5a ‘wide rarige of appropnate thermal stordge wall materials; however,
SRR most faII ‘into *two categories: elther masonry or water. Masonry materials
ot i e nclude conerete, concreté bjock (solid orZhlled) brlck stone and ‘adobe.’
' Containersyfor water mclude |metal plastic and concrete wnh a waterproof
) I|n|ng S . - .
T o i '« ETEN v“ . r?é. l v ot
L6 "Maso‘n,ry Therllna,lﬂ Storage Wall
" 4

o Fig. 111-6:

NIGHT

lndlrec’t gam——masonry the;mal storage wall.

<

SIS .
AR

)

ﬂ‘;i’ :

7

L]




Passive Solar\Systems

T

is.absarbed. by-the-watt-tedting 1ts Surface to temperatures as high as 150°F
‘This “heat is lransferred to the air in the space between the waII and glass

Through openings or verits located: at the fop of the wall, warm air rising in thed
air. spacesenters the room while s:muh‘aneously drawmg cool room air through

- the low vents in the*wall. In this'way Additional heat ¢an be supplled to a ap‘lce

e

durmg periods of sunny weather

. N 6

- A well-known example of this system is the Trbmbe house in Odeillo, France.
- The houseg, built in 1967, was desngned by Félix Trombe and- arehitect, Jacques

Michel. The double-glazed thermal wall is.constructed of concrete, approxi-
mately 2 feet thick, and painfed black to absorb the sunlight that pasges

‘through the glass. The house is heated primatily by radiation and canvectioh

fromvthe inside face of the wall. .
R . “5‘ ¥

.Results from studies show that appr’oxumatc[y 70% of thls building’s yearly

heatmg needs are supplied by solar energy. Research undestaken since 1974
indicates that abaut 36% of 'the energy mmdent on the glass is effective in
heating the building in. winter. In this sense, the system’s efficiency is com-

parable to a good active solar heating system.

DOUBLE GLAZINGi} , R
. WELL-INSULATED ROOF
—— WALL AND FLOOR

A

2-IN-THICK
CONCRETE WALL

COLD AIR°

AIR SPACE

@ .
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Photo 111-5: The fi,rs,t_qTrombe house (above); attached housing units wa)h
- thermal storage walls, Odeillo, France (below).
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The Kelbaugh house,
~ Princeton, New Jersey.
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/ Photo -6z 1 ke

An examplé of a Masonry Thermal Wall System in the

Kelbaugh h(\)uw in Princeton, Newsfersey. oo
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- location clears the shadows from trees in winter and also prowdes for a large

smgle south- facmg outdoor space;

1 T

: o " The solar collection system consists of a 15-inch concrete wall, painted black,
“#w ;7 With two shéets of double-strength window glass placed in front of the wall.
| - Heating is mainly accomplished by radiation and convection from the jnside

" on each floor permit daytime’ heating by the natural ‘convection of warmed
air from the front face. - , :

S Accordmg to data gathered in' the"winter of 1975—76 this passive system
4 ~ ‘reducedspace heatlng costs by 76%. Most often,’ tecnperature fluctuations in
‘= the house during_this period were small, on the order of 3° to'6°F. Down- -

‘average about'63°F, and upstairs 72° and 62°F, with an estimated average of |
_67H The upstairs experienced slightly higher temperatures due to the

R reve§se thel“mocuculatlon at night and a door at the top of the open stairwell

- 19#7. This improved the system’s performance so that the soIar contribution
~~  was greater that year, reducmg heatmg costs by 84%.

'
R R —

.?/

| f'Water Thermal Storage Wall R *

~-to a space in the'same way, only a water wall transfers this heat through the’

‘ wall by convection rather than by conductlon The exterior face of.a’water
+~wall is -usually painted black-or a dagk color_for_maximum selar absotption.
BN / As the wall absarbs sunllght its surface temperature rlses however, ednvec-

,tion-—-ceurrents-within¢ vely=toot, whife "dis-

trlbutlng the collected heat throughout the entire volume of water (see pdttern
12 in the next chapter for a complete description of this process). This heat -

'"themterlorfaceoftheWaII [ . S o

b e S -t

‘The classic’ example of the Water Wall System is the Steve Baer resndence in
Cofrales, New Mexico. The house s a series of ten connected- domes which

N -

face of the wall. However, vents Iocatea at the top ‘and bottom of the wall -

L . stairg the seasonal high and low temperatutes were 68° and 58° F, with the

.mgqatlon of warmed air through the open stairwell connecting the levels. -
:Several modlflcataons such as the addition of operable danipers to prevent

* to reduce heat migration to the second floor, wefe made between 1976 and -

' Essentlally masonry and water thermal storage walls collect and distribute heat o

is thent supplied to the space malnly by radlatlon (and some convectxon) from

enclose 2000 square feet o’f floor area. The domes actually employ acom- ' -

o
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Fig: 11-9: -"lndir(ect ga'in—qwater therinal storage wall.
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, bugatuon of passwe heatmg systems—dlr@ct gain and fthermal storrage Walls. s v

[ 8 - - Some of the south- facing walls are vertical and contain water-ﬁ"ed 55- gallon .
.. - metal drums, stacked horizontally in a metal support frame. The. walls,
‘ ' _approximately 440 square feet in area, are single-glazed and fitted with exterloJr
insulating panels. These pa'nels are hinged to the wall at the bottom 30 that :
ing.the day, in- their open Qosmon they furniction. as reflectors, increasing 1 /
v the daily solar gain through the south wall. Atinight, hoisted into a vertlcal B
Jf;_ <7 position against the wall, they insulate fhe wall to keep the heat collectéd by e
L '~ thedrums inside the space. Control over the heat output of the system has been .
‘keptrel atively simple. qutams are drawn over the inside face of ’the wall when |

= ———

4heat|sn\otwanted . . - ‘ i
\ 1:’ - -

This system keeps temperatures msnde the bunldmg between 63 and 70°F

o : throughoqt most of the winter. The water wall, together Mth mtérlor adobe v
“walls and \a concrete floor, moderates the dally fl tuat4ons of temperature e
inside thé building” Fluctuatlons are small, on the drder of 5°F. As a result of ‘ A
its Iarge thermal capaCIty, the bunldmg respongd slowly to: outdoor. weather =
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tem‘perature.wilLdrop only ?f"to 3°F each day. Auxiliary heating, provided by
) . three wood-burning stoves, consumes-a total -of approximately one cord of .~
' ‘ wood each year. . ' o o ' ‘

N

B

. , C ' B ) ‘v .
' Attached Greenhouse ' ' - - Sl |
o FEE ot o X L, & .
An attached greenhouse is essentially a combination ¢f Direct and Indirect
. ' Gain Systems. In this casg.a greenhouse (or sun-room) is constructed. onto the -
, ' south side of a building with a mass wall separating the greenhouse from the '
v building. Since it is directly heated by sunlight, the greenhouse functions as a- yo
: Direct Gain' System. However, the space -adjacent to the greenhouse receives R
< its heatfrom the mass wall. . ro ' o ‘

.. +Basically, sunlight is absorbed by the back wall in the greenhouse, converted CLo
R ) heat, and a portion of this heat is then _tﬂl"ainsfened»in‘fo the building. in this o

" sense, the att_acﬁgd greenhouse is simply an expanded Thermal Storage Wall S
~« System, only instead of the glass face being a few inches in front of the wall, .~
ST itis a few feet, or wide enough to grow plants. By constructing.vents or small

o " windows in the wall, warm_daytime greenhoude aif canalso be_circulated to B

.

T adjacent ‘spaéeé; ) T

L - B . . ¢

iy

?.
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Photo I1l-7: Steve Baer house .
exterior (facing page)
‘and interior (here)

L L? . ‘.’ i . .

° R - . ‘. S . I:f Y - i . i
: To be effective as'a heatmg source for the bu;ldmg, sthe common wall is .
- - usually constructed of either masonty or water. A wall constructed of light- '
D weight materials has very Ilttle mass, and heat storage capacity. Therefore, at
" night,-as outdoor temperatutes erp, the waH is not a heat source for the -

bunldmg or theagreenhouse 5 N

There are many possible, varlatlons that allow for design flexibility in attached
o . greenhouse application. For example, active systems such as fans can be used
. - to insure that a greater percentage of heat is extracted from the greenhouse to
- hreat ad]ommg spaces (see fig. IV- 16b)\ In this case, warm air ducted from the-
greenhouse is stored in a rock bed usually located under the floor of the spaces
being heated. Heat is then deliveréd to the space passively by radiation and 7

cohvectlon from the floor s surface.
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Fig. H1=10: Indirect gain—attdched greenhouse.




Passive Solar Systems
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Rot‘;f Ponds L e ' .

In a Roof Pond System, the thermal mass is locafed on the roof of the build- .

ing. In this case water ponds, enclosed in thin plastic bags, are supported by a
roof (usually a metal deck) that also serves as the ceiling of the room below.
The system is equally suited to both heating in winter and cooling in summer.

i
3
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* with insulating panels at night. Heat collected by the ponds is mostly radiated

i from the cerllng dlrectly to the space below. The convectlon of heat from thé

celhng to a|r n'?the space plays a relattvely mlnor role

e ‘ «. to protect them from the sun and heat and removing them at night to allow
' . fthe ponds to be cooled by natural convection and by radiation to the cgol

from the space below the followmg day. , .

* men
T * based on Hay's. destgn was built. The residence, {desngned by architects John

L k coollng requwements y
. R T /

The rdof of this building is constructed ‘of rrbbed stéel which spans between

: “~ {nterior of .the house. The con/rete block walls and masonyy floor pr&&tde
_additional thermal mass which increases the 'building’s - ‘heat: storage caapacuty

.2 »\d helps reduce datiy fluctuatrons of indoor temperature &

- A 0 o /f/ ‘

- steel. deck to form the roof ponds. The pdnhds act. as sdjar collector, storage
mtps and heat dnssupat s for coolzlng Since they. gover the eptire roof, the
coH ctor area is the sari!e size asst

. B LA IVEN

=7 el

. The house “has been 100% solar*heated and naturally cooled since |t was
. vOCCllpled in 1973. The Roof Pond System was able to keep indoor temperatures
bétween 66° and 74° F all year. In winter, when . outdoor remperatures

o The indoor temperature 5 feet fror;? the floor’ vaned less than 4°F dally

\""’

’ [
~Also, because the heat exchange area‘in the building is so. Iarge, and, because
both ‘heating and coollng dre p,redommantly radiant, comfort conditions were
found to be more ‘superior during both seasons than the COnventlonaI fqrced-
' air syﬁem found Jn many homes Ty ,

,"f“‘xh -

56: )

In wrhter the ponds are exposed to sunlight during the day and then covered

CIn summer the panel positions are reversed covenng the ponds durmg the day

SR night sky. After being cooled at night, the ponds are then ready to absorb heat

The farllest example of a residence with a Robf Pond System is the exgen- )
AR, al building in Atascadero, California. Thei Roof Pond System was per-
R -\ fected by Harold ‘Hay in 1967. It was @6t until 1973 that-the first residence,

~ > = -\ . Edmisten and Kenneth'Haggard, is located in ah area that has both heatmg and

.\ concrete block walls spaced at 12-fopt intervals. The stegl deck functions as’
Athe structure, "heat exchanger (radiant panel) and finished ceiling for the’

T r‘_‘nsparent plastrc bags, filled w:th water, are then placed dtrectly on the :

e’interior floor area, or 1 100 square feet'

' fluctuated Between 32° and 68°F, the house remained between 68° and”72°F;" '
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Passive Solar Systems

u Photo Ill—-9 Atascadero residence—first residential prototype
b incorporating a roof pond system. .

. 4

ith

. ~
Isolated Gain
. s N ) A .

A third approach to passive solar heating is the concept of lsolated Gain. -

. In principle, solar callection and thermal storage are isolated from the living
spaces. This relationship allows the system to function independently of the .

building, with heat drawn from the system_only when needed.

The most common appllcatlon of thls coﬁcept is the natural convective loop. .

The major components of this system include a flat plate collector and- ﬁ‘eat

i * og

¥
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. ’ - LI ®
o storage tank. Two types of héat transfer and storage mediums are used: waté’r,,f
.. and air with rock storage.,As the water or air in a collector is heated by sun- )
S ~ light, it rises and enters the top of the storage tank, while simultanequsly:
¢« * pulling coolet water or air fram~the bottom-of the tank into the collettor.

This natural convection current'continues as long as the sun is shining. ™. | S
* ' \ ~ - N y M k ) ) * . - - ’

‘ , , i .
Perhaps the simplest,use of the convective loop is the thermosiphoning hét
\ water heater. Althdugh there are many varfations of this system,’ most~ are -
-+ characterized by a flat plate collector connected to a well- ingulated water tank

by insulation- -wrapped piping. The tank is aJways located above the' colleptor )

to mduce a convective flow of fluid, _ i

we
7
£

4 ] ‘ ST

¢ ; .
. e, ¢

- The earllest example usmg an Air Loop Rock Storage System is ; the P ul Davis -
Mkhouse in Corrales, New Mexico. Air heated in-a 320-square-foot'collector rises -
.~ tothe top of a rock bin located directly beneath the front porch of the house.
// V As warm air comes m contact with the'rocks, it cools and fatls to the l]{)ottom of :

[ N
Y : O -
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. ~ Photo HI-10: Paul Davis house—to accommaodate the natural heat
e et — A — diSﬁ"’ibéﬁ'Oﬁ"S‘YStcm, the-house-siHs-above-theselar
N , o cottectors and rock storage bin. .
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Many claims have' beén marde for the advantages of passive solar heatmg
-systems. These claims' can be separated into three categories: ‘economic,

’whlch any of these clalms is teatized depends on the. extent'to which the actual S
: desrgn is successful. m achlevmg r,ts_g_oals : -

‘“: - / \
- J’!

- RS .
 The Pas;rue Solar Energy Book - . - SN N ’ |
— - s LR

the bin where it is returned to the collector by a duct At night, warm air is
supplied convectlvely to the house from the top of the bin while cooler air
is’ belng drawn, from the house to the bottom of the bln S
" The. conve’ctlve Ioop is essentlally a Flat PIAte Collector System. The methods
used to desrgn and ‘size these systems are similar to those .used for_active
svstems._lhe convective-loop will not be drscussed further since’ it is outside
the scOpe of this book ' . A X
Tk
ﬁdvantages and, Dlsadvantages -
of Passuve Solar Systems N | L g

e . Fo . o @
e g ] k ’ P

architectural' and comfort/health. It is important to realize that the extent to
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system not only affords Iarge savmgs of energy far heatmg, bUt that it also canl'
be included at little or no additional cost in-the original design and construc-~
tion_of ‘a building. Since.the price of materials.varies greatly from place to

‘the. extra cost may be considerable. The srgnrfrrcant econonic advantages of‘ar IR
’ system’can only be.evaluated in. terrns ofa partrcu|ar mstallatron \ - ' R

) Perhaps the_ greatést adva’rﬁigé of: éﬁ‘s*sifva

place, it is not possible to generafize a abouf this claim. In some situations, such
as a masonry burldrng, it is possible 16 mclude a Dlrect Gain System at no -
extra cost. In other'casds, wheremasonty :

is the Slmpﬁtﬂy‘%’f“ﬂfﬂﬁlgn

f——

and rnalntamed by people with a limited tec rucai background These systems
oAt . are built with comman construction materials and usually have a |ong life, low Lo
et °~~;~¥~"—-f '''''' operatmg*temperatdre %nvfans,“pumpSTompmsscm—prpesw ducts and few: "z - W
) _mmrmg_paﬂskSmcesihere is no mechahical- equrpment thege -is little or no - \

Opera{ed“l et B '_v"‘_‘ |

noise assocrated with passive systems In‘addition, most systems are completely

imvisible from ‘the rntenor of the building; there—afe—no—radmtors, convectors

or grnﬂs todeal with. . ‘
* . ’ A
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Y ~ The questilm of comfort’ depends"pnmarﬂy en—tim—m:nﬁte_mrm afhermal
. =7 “environment in‘which the body .gan lose heat at a rate equal to its productlon
WIthout the need to-sweat on the’one hand or g;hlver on the other. The avérage
. adult at rest must continually work to mamtam CII’CUlaUOn_TESpII’a’[IOD and -
i ﬁhe;n.hdd‘ty functlons ‘The energy needed to' carry out—these functions is °
appﬂoxnmately 80 Btu’s per hour: Sincethe human bbdy is essentlally a heat
‘engife with a thermal efficiency of about 20%, it must dissipate 400 Btu's per
hou’r of waste heat tofts su rroundlngs '

_ The body-r"dissipa-tes this heat by three mechanisms: evaporation, convection
-~ 7, and radiation. For standard conditions, an adult at rest with light clothing in
74°F Air temperature and 50% relative humidity ‘has aneevaporation of
‘perspiration froin the skin of approximately 25% of the total body heat loss or,
o ~ 100 Btu/hr. The loss of heat by convection to the surrounding air constitutes
SRR another 25% or 1100 Btu/hT, The remaining 50% or 200 Btu/hr is by radiatlon .
B to surrounding objects (waIIs floor and furnlture) v 7 ‘

’ : o

L From these flgures it is possuble to\ stabllsh a relationshnp between the average
temperature of all the surroundingysurfaces or mean radiant temperature (mrt)

bt and-space—air w...pemtu%e—NJ*F%hangﬁm—mpt-Ls_a-ssumed +to have-a A%
' " greater effect on body heat loss than a one degree change in air temperature.
- Of, for the sarme feeling of corpfort (70°F), for each 1°F increase in’ mrt the

space air temperature can be re§iuced 1.4°F. Table 111-2 gives tte values of mrt

=t and the corresponding air.temperature needed to produce a feeling of 70°F. -,
£ ' Notice that a-mrt of 75°F and air temperature of 63°F will produce the same ” .
feelmg of comfort asa 70 °F mrt and 70° F alr temperature '

Lot 5 . i, ’

R - -, . N s : - o !
Gty T ‘, . g V4 ;“ -~ o ) . Q' 5 .
e L . S i N S .

L C . S

Table -2 Equwalent Mean Radiant and Air Temperatures ' @

by

AL A fbr a Feelmg of 70 F
»
- . 2 . . D :
) '» . .- i T _; .1 ) o . - . .
Mean radiant " . | R e lea loo 470 | 71 |79 |73.+|74 %5 76 |77 |78. |79
temperat_ure_ . g, 7 S : . B

vAir:" S
temperatire =

70| 68.6|67.2165.8|64.4]63 | 615 slé02 58.857.4
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This makes it difficult to state conclusively, in terms of hard facts, that certain
interjor conditions are more comfortable than others.

~ Within theirfﬁomfort range, most people will dccept the statement that the

lower the ai
al

lower the temnerature |n a space, the oreater 1hp concihnn nf r‘nmfnrf :anrl

L L A rature ir Jpa LA L A STIidaauy Besanrax faaa

health. Many people feel cooler air is more invigorating, fresher and less, qtuny
and that their ability to work and think increases in a space where they are
“warm but, the air temperature is lower than 70°F}

As has been previously noted, the inside air temperature for comfort in a
passively heated space is usually somewhat lower, and frequently substantially
lower, than in a space heated ‘byx conventional (convective) means.

Another relatively intangible advantage of passive solar heating is the main-
taining of a warmer floor. In cold climates, convection-type heating systems
can lead to unusually large floor-to-ceiling temperature gradients, with low
floor temperatures causifig thermal discomfort. in a passively heated s$pace,
however, the,surface temperature of the floor is usually found to be higher

cthan.a similar floor in a space with a convective heating system, regardloss

of whether the system is a direct gain, thermal storage wall or roof pond.
. ) { . . :
By contrast, the, major problem associated with passive systems is one of
control. Since each system has a large heat storage capacity which is an integral
part of the building's structure, its ability to respond quickly to changes is
“greatly impeded. Also, storing heat requires a change in the temperature of a
matérial, and sinke storage niaterials are an integral part of the living: space,
the space will also fluctuate in temperature. Excessive $pace lemperature

fluctuations can lead to unsatlﬁtaclory comfort ((mdmgns i the system is not

properly deSIgned

Fortunately, however, there-are relatlvely simple solutions to these problems
For residential applications, temperature contrgl mcludes operable windows,
_shading devices and a back-up heating system. In large- -scale applications, the
“solution to control lies in choosing a back- -up system that can respond effec-

tively to the users’ comfort requirements. Theretwill always be fluctuations of
indoor temperature but these can be minimized by properly 5|zmg ‘and

‘locating thermal mass in a aspace.

- L
i . . S
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DeS|gn Patterns L

Using the Patterns .

-

X v

All acts of building, no matter how large or small, are based on rutes of thimb.
Architects, contractors, mechanical engineers and owner-builders design and
build buildings based on the rules of thugnb they have devéloped through
years of their own or.other people’s experiences. For example, a rule’of thumb -
to determine the depth of 2-inch roof joists-is given as half the span of the
joists (feet) in inches; in other WOrQS to span a 20-foot space one would need
roughly 2 by- 10<inch joists. Calculations are used to verify and modlfy these
rules of thumb after the buuldmg has been designed.

We call these rules of thumb “patterns.” Each pattern tells us how to perform
and combine specific acts of building. We perceive these patterns in our mind.’
They are the accumulation of our experiehces about the design and construc-
tion of buildings. The quality of a building, whether it works well or not, will -
depend largely upon thexpatterns we use to create it,

.
[}

To be useful in a desxgn pmcess, rules of thumb must be specific, yet not
overly, restrictive. For example)\if you are required to know the heat loss of a
space hefore applymg a rule of thumb:to size south-facing glass areas, then the -
rule of thumb is teo specifictnd of little use since a building has not yet been
defined. If, on bhe ‘other hand, the rule of thumb recommends an approximate
size of glass needed for each square foot of building floor a area, then the glass
————car-be" 1ncorporated into the-building’s design. After complating a p;ellrmnaxy _
- design, space heat losses can be calculated and the glazing areas adjusted
accordlngly :
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Thls cha Jlter con\alns twenty-seven patterns for the appllcatron of passive solar
" energy systems to building design. The patterns are ordered in.a rough,
, sequence, ffom Iarge-scale concerns-—BUILDING LOCATION(1), BUILDING
“i = SHAPE AND DRIENTATIONQ)———to smaller ones—MOVABLE INSULATION
’ (23), REFLECTORS (24) ; from applications with the most influence on a build- +-

el "” ~‘ing’s design to ‘ones Wthh deal ‘with specific details of the heating system.
I~ When used in thrs sequence the patterns forr form a step- by -step process for the ~
’ “thumB, based ‘on'all the available mformatlon at this time-for that partlcular

‘—-aspett of the burldcmg S desrgn

— L Each’ pattern is connected to other patterns which relate to it. Every pattern
i lsflndependent et it needs other patterns to help make it more complete. -
“Largé-scale p'é.tterns set the context for the ones that follow, and each succeed-
ing pattern helps refine the one that came before it. For example, a window
will be more effective asa solar. erergy collector if the pattern, MOVABLE -
* INSULATION(23), which rECOmmends using insulating shutters over wrndow5'

I atnlght is used with the pattern SOLA& WINDOWS(9) e
g L u‘.{'/. N \ x . /"/~
e Each pattern has the same format Flrst most patterns begm yxth a phptograph ‘ .

oo .:' or.a"visual . representatlon of the pattern.,Second, there~is an introductory’ e
' paragraph which relates the pattern to the larger pagefﬁfthat set the context  «
© . - forit. Then there is astatement of the problem. After the problem statement
'is the recommendation—the solutron to the problem—which gives a specific
4, rule of thumb which can be applied to the building’s design. Also included in
d most recommendations is a diagram describing the rule of thimb. Then, the
S M pattern i§ .cross- referenced to. the smaller- patterns that relate to it and help .
- o ~ make it more completé. And'finally; there is the: informatian, which contairts
: aII the avallable data about the pattern and evndence for its valudlty
i Together the pitterns form a coherent pleture of a step-byastep process far . .
t{te design of a passive solar heated building. Each pattern is written in such
. a§ that the headlines Uatfd\'t?pe) summarize. and ‘describe the essence of °
the pattern. To understand the whole design process, first- read only the head-

" lines{ (problem statement and r ecommendation) of all the patterns in the
-+ sequehce’ pres?znted in-this chapter Once the whole process is-understood, it =
easg to gog back:and read the mformatron in each pattern when 3 more
,eta led. explanatlon s needed _ ‘ -

. ‘z\' . ) . - B .
- The patterns can also be used to analyze or crlthue existing burldlngs or pro-
posed desrgns It |s possrb]e,go look at a burldrng pattern by pattern and see
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» Headmg—-—descnptlon of - the
< - content of the pattern -

I3

. ‘ it . o 1L
R Photograph—actual implemen-
" ' tation of the pattern; o .

. ) . L °

e

_ Related Larger Scale Patterns—
- patterns which help set the
context for this pattern

;

Problem Statement—describes -
'"the essence of the problem

A '

The Recommendation—a rule
of thumb that gives the phys-
ical relationships mecessary™ {0’
solve the problem o

]

“

" .
.

IIIustratlon—a visual represen—
tatlon of the ruIe of thumb -
Related Smaller Scale Patterns———
‘ —patterns  which embellish ‘
. this pattern, help implement it =~ - !
™ rand fill-in the detalls e
" The lnforma\lon——prowdes aH
the available information about
the pattern, evidence for its
validity and the range of differ-
" ent. ways the . pattern can be

applied to a building - o I

o Fig. IV-1: Structure of a pattern.
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whlch patterns are present apd Wthh are missing. In this way changes ot

el repalrs necessary to improve the building can be readily seen.
o 'However not aII of the patte\(ns apply to gach pro;ect For example, the
S pattérn, CHOOSING THE SYSTEM(7), gives criteria to help you select the most
.. appropriate passive system for y%r project. After makmg this choice, patterns
S which deflne other passivé systems are not relevant. Also, a pattern may not™
- ... apply to your specific situation. I this case, it is.important to understand the
S - spirit of. the _pattern and modufy |t\ so that it-makes sense for you. -
e S . \ .
A o SeIect the patterns most useful to ‘your project, more or less’in the sequence .
ISR presented here. The following list of patterns is divided into three major
L, .- . - groups. First are the design patterns which give the buuldmg its overall shape
: ' ¢ and fIX |ts posmon on the site accor mg to the sun, wmd afd trees:
, 1. BLJILDING LOCATION I : :
o . w - 2. BUILDING: SHAPE AND ORIENTATION ' :
" 3, NORTH SIDE 4 , .
4. LOCATION OF INDOOR.SPACES ., . .
5 PROTECTED ENTRANCE . L :
6 'WlND@\N“LOCATION AN .k

|

-

~ Second dre patterns which psovide criterig for the sélection of a passive system
: and'give sp'ecific detailgft?'r'its de"sig,n: " - '

4

7. CHO@SlNG THE SYSTEM
8. APPRbPRIATE ATERIALS

\\Dlrect Gam Sys.tems ' ) I

9 spLAR WINDOWS :
~10. CLERESTORIES .AND "SKYLIGHTS |
S 11 'MASONRY HEAT STORAGE T |
- 712 INTERIOR WATER WALL - s

T S
.Thermal Storage Wall Systems. -

13. _S.IZLING;‘ THEWALL T ; | S U .. R
T4. WALL DETAILS :, " . '~ | B




| T The Passive Solar Energy Book
l | e | e . . o

- . ) v e \ "o N
T Attached Greenhouse Systems -

| 15. SIZING THE GREENHOUSE
/7 16 GREENHOUSE CONNECTION

I / ' ' .‘ Roof Pond Systems

17. SIZlNG THE ROOF POND . . '
18 ROOF POND DETAILS X _ o x

. . . i
e i . .

Greenhouse

19. SOUTH- FACING GREENHOUSE
20. GREENHOUSE DETAILS

COMBINING@YS’TEMS | : oy
CLOUDY DAY'STORAGE . - S

RN
J \

And thwﬂ are the patterns with spec.lfrc mstruct:ons to makethe building more-
7 effument as a passnve system : .

3 | oo,

f

8

23.
24,
25,
26,

MOVABLE lN§_ULATION , , .
REFLECTORS = |
SHADING, DEVICES s ' oo
INSULATION ON THE OUTSIDE

SUMMER’ COOJilNG ~

3

T

‘ 'I.lem'eniber that these pattems are e\;olving and will change over time. Each

pattern represents a current recommendation of how to solve a particular
problem As new information becomes available, the solutions to these prob-

Iems may change shghtly °As new problems are defined, new patterns w1l| be

h; Z
. ]
P - {

o This means 'that the patterns .éhould not be talten too literally. Since 3resezn‘tf1
- into passive systems is relatively new,-there-is-a need.tor question and refine
~ the patterns ‘over a pernod of time. There may be some instances where 'you

“have mformatlon whlch is more accurate or. relevant to yqur partccular situ~
.- KRR TR
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ation. You can see then that the
presented in,such 3
or change a patter

patterns are meant to Elj:e flexibje. They are
way that if you want to add new information to a pattern,
» You can do so without losing the essence of it. T

i

s v C L - :

: must realize that the éxtent to which any or all of the

tpvatterns are realized in practice depends in large measure on the extent to -
hich the designer succeeds in understanding and; applying the patterns. ,
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about the building. .

.source.

1. Building Locatlon

1J\ 8

! - . -ﬂ:s ' . .. .° . . .,
The amount of care taken.in placing a burlding on a site with respect to open

space and sun is perhaps the single most important decision you will make

@

2

T..é0

"

Buildings blocked from exposure to the low winter sun between the hours of

'9:00 a.m. and 3:00 p.m. cannot make direct use of the sun’s energy for heating.

During the winter months, approximately 90°% of the sun’s energy output
occurs between the hours of 9:00 a.m. and 3:00 p.m. sun time (see chap.
5 for-an explanation of sun time). For example, in New York City (40°NL) on
a‘square foot of south- facing surface on a clear day in the month of December,
1,610 Btu's out of a daily total of 1,724 Btu's (or 93% of the total) are inter-:

" cepted betlveen the hours of 9:00 a.m. and 3:00 p.m, Between the hours of

9:30 a.m. and 2:30 p.m. 1,272 Btu's (or 74% ol the total) are ntercepted:
Any surrounding elements, such as butldings or tall trees, that block the sun
during these times will severely limit theg use of solar energy as a heatlng

-

The Recommendation

5

4%

To- take advantage of the sun in chmates where heating is needed durmg the

“winter, find the areas on the site that receive the most sun during the hours-

of makimum solar radiation—9:00 a.m. to 3:00 p.m. (sun time). Placing the
building in the northern portion of this sunny area will (1) insure that-the out-

door areas and gardens placed to the south will have adequate wintei sun and

(2) help minimize the’ possibility of shading the building in the future by
off-site developments. _ .

f o

73
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When-deciding on the exact location for the i)uilding within a sunny area,

give the building a rough shape—BUILDING SHAPE AND ORIENTATION(2)— -
and place the entrance of the building so that it receives the greatest protec-

o

o

- ' wlion from the cold winter winds—PROTECTED ENTRANCE(5) T ‘
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To take advantage of the wintey sun, first the sunny places on t\beﬁsite need to

be located. To do this, explore the site and determine which' places have an

open view to the south with minimum blockage of the low 