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TITLE: COMPREHENSIDE PLANNING FOR PASSIVE SOLAR ARCHI-

TECTURAL RETRGFIT,
ABSTRACT:

This Thesis proposes a new method for developing Passive
Solar Architectural Retrofit Concepts to be used in Air Force
Project Bocklets. This method can be used for “in-house" de-
sign projects, A&E design projects, and major projects admin-

istered by Army or Navy Engineering.
This Thesis has three parts:

Q@+~ A series of 35 "Patterns" to be used by the Archi-
tectural Programmer and user, The recommendations contained
in each "pattern"™ are specific enough for the programmer and
user to identify, for them, the decisions they need to make
early in the programming process, and yet the recommendations

are not overly restrictive to the designer?

A sample Passive Solar Architectural Retrofit Pro-
gram using selected “"patterns" from part one of this Thesis)
A sample Conceptual Design using the Architectural

Program of part two of this Thesis.

The Thesis also contains expanded Appendicies. Copies

of the Appendicies are located at:

1, Air Force Engineering & Services Center-Energy Group

(AFESC/DEB), Tyndall AFB, F1,

2. Air Force Institute of Technology Library (AFIT/LD-

School of Civil Engineering) WPAFB, OHIO,
Ohio,

3. Miami University-Department of Architecture, Oxford,
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Atrnors  Stanley H. Scofield, Capt., USAF 9 May 1980

svesec:  Final submission of my thesis / DRAFT PROGRAMMING PAMPHLET
forPASSIVE SOLAR ARCHITECTURAL RETROFIT "

To:  AFESC/DEB (Mr. Bruce :Mc Donald)
Prof. Fuller Moore - Miami University
Prof.Daniel Miskie - Miami University
Prof, John Hoffman - Miami University

Part One of my Thesis is designed to be -used as an Air

Force Programming Paniphlet with "rules of thumb" for start-

- ing the Passive Solar Architectural Retrofit Process. This
process is Architectural in nature because passive heating
and cooling systems are integral to the architecture of a
building, or to put it another way, the building or some
element of it is the system, Passive design is an integrat-
ed design process requiring the integration of user needs
(functional, comfort, etc.g. technology, and the natural
environment (site, sun, wind, rain etc) into a synergistic
architecture,

The Passive Solar Architectural Retrofit process be-
gins with Architectural Programming, For that reason I
- have developed a programming tool to be used with the us-
‘ ing agency to develop program concepts for integrating.
user needs, technical information, and the naturai environ-
ment,

Since the Air Force Energy plan stresses Passive Solar
(Architecture) before using Active Solar (Equipment), it is
necessary for the programmer to integrate natural heating
and cooling systems into the conceptual organization of in-
- terior spaces, The integrating of the pasgsive systems and
interior spaces require the expertise of an Architect to de-
fine the architectural problem.

Unfortunately, not all bases have an architect., Thus
it seems logical to adopt a system of architectural program-
ming developed by Architects.

William Pena, FAIA, of Caudill, Rowlett Scott (CRS) is
probably the leading expert about Architectural Programming.
His book Problem Seeking - Architectural Programmin% Primer
presents the method of programming he and his firm have de-
veloped in over 30 years cof programming. [t is a five step
process: 1) Establish User Goals; 2) Collect and Analyze
Facts; 3) Uncover Concepts; 4) Establish Needs; 5) State the
Architectural Problem.
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His programming method is used in the Architectural
Programming section of National Council of Architectural
Registration Boards, Professional Registration Examin-
ation and this programmin? method is being presented to the

AFIT students in ENG 480 (Building Systems) by Major Marvin
Kissinger. '

I HAVE BEEN USING PENA'S METHOD OF PROGRAMMING TO
ESTABLISH THE USER GOALS, COLLECT AND ANALYZE THE FACTS,
DETERMINE NEEDS AND STATE THE ARCHITECTURAL PROBLEM 1IN
PROGRAMMING THE DESIGN PHASE OF MY THESIS,

This method serves the following functions:

1) It serves as a starting point for dialog and interviews
with the user, and the programming team;

2) It is a checklist of missing information;

3) It is a means of documenting the programming process.,

I HAVE NOT USED PENA'S METHOD OF UNCOVERING CON-
CEPTS BECAUSE IT DOES NOT LEND ITSELF DIRECTLY TO THE
PASSIVE SOLAR RETROFIT PROBLEM., THIS DOCUMENT IS MY
PROPOSAL FOR THE METHOD TO RE USED, IN AIR FORCE PRO-
GRAMMING, TO UNCOVER PROGRAMMING AND DESIGN CONCEPTS OR
RULES OF THUMB TQ BE USED FQOR PASSIVE SOLAR ARCHITEC-
TURAL RETROFIT. A1l buildings, no matter how large or
small, are based on rules of thumb, The rules of thumb
are called "patterns” and together they are called a
"Pattern Language",,

The following information - General Instruction for
using the Pattern Language~is an introduction  for the program-
mer, to work with the user to develop passive system con-
cepts, which integrate user needs, technical information,
and the natural environment,

GENERAL INSTRUCTIONS FOR USING JHE PATTERN | ANGUAGE

TO BE USEFUL IN THE PROGRAMMING PROCESS, YOU, THE
PROGRAMMER, MUST CAREFULLY STUDY THE ENTIRE LANGUAGE, AND
HAVE A THORQUGH UNDERSTANDING OF THE PATTERNS BEFORE .
ATTEMPTING TO USE THEM IN THE PROGRAMMING PROCESS WITH
THE USER., THE PATTERN RECOMMENDATIONS ARE SPECIFIC ENOUGH
TO WORK WITH THE USER, TO IDENTIFY FOR THEM, THE DECISIONS

1. Christopher Alexander. The Timeless Way to Build,
Oxford University Press, Now Vork, NV 167§.p253.

(2)
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THEY NEED TO MAKE EARLY IN THE PROGRAMMING PROCESS,

AND YET NOT BE OVERLY RESTRICTIVE TO THE DESIGNER.

For example, SOLAR WINDOWS(1l) recommends an approximate
south-facing glass area needed for each square foot of
building floor area. Then you can work with user to de-
cide how to divide the glass area: 1) all the area as
SOLAR WINDOWS (11); 2) a combination of SOLAR WINDOWS (11)
and CLERESTORIES AND SKYLIGHTS({12); 3) all CLERESTORIES
AND SKYLIGHTS(12). The de5igner will incorporate the
users system concept selection into the design and make
adjustments in size based on heat calculations.

THE PURPOSE OF THE THIRTY-FIVE PATTERNS,QUTLINED
IN THIS THESIS, IS TO PROVIDE YOU (THE PROGRAMMER) WITH
A PROGRAMMING TOOL TO WORK WITH THE USING AGENCY, TO
DEVELOP PROGRAM CONCEPTS FOR INTEGRATING USER. NEEDS,
TECHNICAL INFORMATION, AND THE NATURAL ENVIRONMENT,
This allows the user to choose a passive heating and
cooling system concept suited to their particular set
of functional requirements and climatic conditions.

The patterns are ordered in a rough sequence, from
large-scale concerns - Geographic Determinism (1),
Building Location (2), Building Shape and Orientation (3)-
to smaller ones - Movable Insulation (23), Reflectors(24);
from applications with the most influence on the build-
ing's retrofit design to ones which deal with-specific
details of the passive heating and cooling systems. When
used in this sequence, the patterns form a step-by-step
process for the programming of a passive solar heated and
cooled building, and in a sense, act as a check-1list.

Each pattern contains a rule of thumb, based on all the
available information at this time, for that particular
aspect of the building's design,

PASSIVE SOLAR ARCHITECTURAL SYSTEMS DEMAND A SKILL-
FUL AND TOTAL INTEGRATION OF ALL THE ARCHITECTURAL ELE-
MENTS WITHIN EACH SPACE- GLAZING, WALLS, FLOOR, ROOF AND
IN SOME CASES, EVEN INTERIOR AND EXTERIOR COLORS., Every
pattern is independent, but it needs other patterns to
make it more complete. Large-scale patterns set the con-
text for the ones that follow, and each succeeding pattern
helps refine the one that came before it, For e«<zmple,a’
window will be more effective as a solar energy coilector
if the pattera, MOVABLE INSULATIQN (23), which recommends
using insulating shutters over windows at night, is used
with the pattern, SOLAR WINDOWS (11). A’so, the patterns,
CHOOSING THE SYSTEM(9) and SUMMER COOLING (27) have a
close relationship and must be considered together be-
cause, with both, the Architecture and Landscape Architec~

(3)
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ture are the climatic-control mechanism,

EACH PATTERN HAS THE SAME FORMAT AND TOGETHER THE
PATTERNS FORM A COHERENT PICTURE OF A STEP-BY-STEP PRO-
CESS FOR PROGRAMMING OF A PASSIVE SOLAR ARCHITECTURAL
RETROFIT, . Each pattern is written so the headlines ;
(Bold-ALL CAPITALS summarize and describe THE PROBLEM '
and THE RECOMMENDATION. TO UNDERSTAND THE ENTIRE PRO- .
CESS FOR PROGRAMMING CONCEPTS, FIRST READ ONLY THE HEAD- '
LINES (PROBLEM STATEMENT AND RECOMMENDATION) ON THE
FIRST PAGE OF EACH PATTERN. Once the whole process is
understood, it easy to go back and read the related
LARGE SCALE PATTERNS, SMALL SCALE PATTERNS, and INFOR-
MATION in each pattern, when more detail is needed.
The format used is similar to the format used by Chris-
topher Alexander in A Pattern Language, and Edward ‘e
Mazria in The Passive Solar Energy Book - Expanded Pro- :
fessional Edition., tach pattern has the following se- '
quence of format 5=

HEADING -~ description of the content of the pattern,

-

. .

— ks o5

PHOTOGRAPH - visual representation of the pattern
(most patterns)

LARGE SCALE PATTERNS- patterns which help set the ,
context of the pattern, :

THE PROBLEM - description of the essence of the
problem,

THE RECOMMENDATION - the rule of thumb that gives
physical relationships necessary to solve
the problem.

SMALL SCALE PATTERNS - patterns which embellish this
pattern, and help implement it and fill in
the details,

ILLUSTRATIONS - a visual representation of the rule
of thumb,

INFORMATIG:# « provides all available information a-
bout the pattern, evidence for its valid-
ity and the range of ways the pattern can
be applied to a building,

REFERENCES - Bibliographic information for further
reference,

SOURCE OF ILLUSTRATIONS - information to be used for
copyright usage,

-

[

—e .

NOT ALL THE PATTERNS APPLY TO EACH PROJECT, For ex- i
ample, the patterns, CHOOSING THE SYSTEM(9) and SUMMER »
COOLING(27), give criteria to help the user, with your
(the programmers) assistance, to select the most appropri-
ate passive system for the project, After the user makes

\
~
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this choice, patterns defining other passive systems are
not relevent, Also, a pattern presented here may not ap-
ply to a special situation., If this happens; then it is
important for you and the user to understand the spirit
of the pattern - open-ended, adaptable, general, and
"each solution (The Recommendation) is stated in such a
way that it gives the essential relationship needed to solve
the architectural problem, but in a Very general abstract
way, so the designer can solve the problem in their own
(creative) way, by adapting 1t to local conditions and
user preferences"2 - and modify it, so 1t fits the user's
situation,

SELECT THE PATTERNS MOST USEFUL-TO YOUR PROJECT, MORE
OR LESS IN THE SEQUENCE PRESENTED HERE. You may want to
add some of your own patterns, or update a pattern,If so,
use the format described earlier. The following list of
patterns is divided into three major groups,

First are the patterns to be used for evaluating the
overall location, shape and position of the existing build-
ing on the site according to'the sun, wind and vegetation:

1.GEQGRAPHIC DETERMINISM

2,BUILDING LOCATION

3,BUILDING SHAPE AND ORIENTATION

4 HISTORICAL BUILDING TYPE SOLUTION
5 .NORTH SIDE

6.LOCATION OF INDOOR SPACES
7.PROTECTED ENTRANCE

8.WINDOW LOCATION

Second are patterns with criteria for passive system
selection and specific details for retrofit design:

9.CHOOSING THE SYSTEM
10,APPROPRIATE MATERIALS

. DIRECT GAIN SYSTEMS
12,CLERESTORIES AND SKYLIGHTS
13,MASONRY HEAT STORAGE

14, INTERIOR WATER WALL

THERMAL STORAGE WALL SYSTEMS
15, STZING THE WALT
16. WALL DETAILS
2. Christopher Alexander, The Timeless Way to Build, Oxford
University Press, New York, N,Y,, 1979, xi111,

(5)
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ATTACHED GREENHOUSE SYSTEMS
17.STZING. THE GREENHOUSE -
18.GREENHOUSE CONNECTION

ROOF. POND. SYSTEMS
I9.STZING THE ROOF POND
20,R0OGF POND- DETAILS

21, COMBINING SYSTEMS
22,CLOUDY DAY STORAGE

And third are patterns with specific instructions to
make the -building more efficient as a passive system,

23,MOVABLE INSULATION
24.REFLECTORS i
25.SHADING DEVIGES
26.INSULATION ON THE OUTSIDE
27.SUMMER COOLING

28.EARTH TUBES

29.KING VENTILATION SYSTEM
30.BREATHING WALL

31.SOLAR CHIMNEY

32.S0LAR DEHUMIDIFICATION
33.INDUCED EVAPORATION

34, 20NING

35.DIURNAL AIR FLUSHING

IT IS IMPORTANT TO REMEMBER, THESE PATTERNS ARE EVOLV-
ING AND WILL CHANGE QVER TIME, ELach pattern presents cur-
rent recommendation on how to solve a particular problem,
As new information becomes available, especially in the
area of SUMMER COOLING (27), new problems will be defined,
and new patterns will be generated and added to the process.
Since research into passive systems is relatively new, there
is a need to question and refine the patterns,

THE USE OF THE “"PATTERN LANGUAGE" IS MEANT TO BE FLEX-
IBLE AND ACCOMODATE CHANGE AND REFINEMENT, AND MORE IMPORT-
ANTLY, IT ALSO ALLOWS THE YOU YO WRITE AN EXPLICIT STATE-
MENT ABOUT ESSENTIAL RELATIONSHIPS NEEDED TO SOLVE THE ARCH-
ITECTURAL PROBLEM, BUT IN A GENERAL ABSTRACT WAY, SO THE DE-
SIGNER CAN SOLVE THE PROBLEM IN A CREATIVE MANNER, THUS, THE
PATTERNS SHOULD BECOME PART OF THE HAND-OFF PACRAGE (DD FORM S
1391) FROM THE PROGRAMMER TO THE DESIGNER {(In-House Design
or A&E Contract).
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CONCLUSIONS & RECOMMENDATIONS r

The following conclusions and recommendations are based
on my observations and experiences in the programming and de-
sign phases of my thesis work,

1. I feel the "pattern language" presented in this the-
sis is valid and usable as an Air Force Programming Pamphlet.
The use of the “"patterns" as part of an Air Force Regulation
or Manual would defeat their original intent of being of be-
ing open-ended, adaptable and general in nature as cited
earlier from Christopher Alexander's The TimelesS Way to Build.
The "Pattern" structure is adaptable to change, and develop-
ment of new products, etc. For example, in my design (Part 3
of the thesis) ! used two new products (eutectic salts - Ther-
mal 81 R and the Transparent Heat Mirrqr) that were not basic
patteras. These two new products could be designated patterns
9F (EUTECTIC SALTS) and 9G (HEAT MIRROR) and added to the Pro-
gramming Pamphlet. Other patterns can also be added as required,

2. Part 2 of the thesis (Program for WPAFB Central Tech-
nical Library) is a sample Programming Booklet, and. has copies
of selected "patterns" included in the Architectural Program
(see Attachments 3 & 4 of the Program). Their inclusion in the
Architectural Program will make them an effective communication
tosl for an A &'E Firm that is not famil{ar with Passive De-
sign, and: for the 35% design review.

3. Part 3 of the thesis (Conceptual Design for WPAFB
Central Technical Library) is an example of the application
of the "patterns", The drawings have numerous notes to demon-
strate the use of the “"patterns", '

RECOMMENDATION: Drawings for 35% design reviews

should be annotated similarly to the drawings in Part 3, This
requirement will serve as a spring board for designer/user dis-
cussions during the conceptual design review.

4. In the general information section of CHOOSING THE
PATTERN (9), I mentioned that tables 9B, 9C and 3D show the
retrofit potential for eight typical Air Force facilities, 1
have only completed two - 1) Family Housing, Airman's Dorm and
Officer Quarters; 2) Base Library, because of time limitations,
but they should illustrate how the forms can be used to compare
advantages and disadvantages of various basic passive systems.

I found these tables useful several times during design,
However, ! feel I need to use them more to completely evaluate
their usefulness.

RECOMMENDATION: AFESC/DEB and 1 should decide future
action/development after my arrival at HQ MAC/DEEAT,

JUE TENUIOUY. VOIS
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5. EDUCATION ABOUT PASSIVE SOLAR IS ESSENTIAL AND IS A
MUST KNOW ITEM FOR ALL AIR FORCE PERSONNEL AND CIVIL SERVANTS.
It is not just for TfVil Engineering. Passive Systems re-
quires occupant (housing, offices, etc) participation in one
form or another,

The U.S. Department of Energy has produced a new movie -
“Sunbuilders", and the New Mexico Solar Energy Association
has developed copyrighted material for educational purposes.

RECOMMENDATIONS:

1. One or both of the above movie/slide shows should
be manditory training films for anyone occupying government
housing quarters. This will allow existing windows to be
used as "Passive Solar Collectors", and reduce the need for
supplemental heat and cooling.

2. Technical Training at Sheppard AFB,Tx should include
curriculum about energy conscious construction techniques.
This is essential because good design is only as good as the
actual construction techniques. If the construction techniques
are poor, then a good design is doomed to failure. For AFESC/
DEB - I will send you a construction training curriculum used
by USDOE and USDOL in the Project SUEDE Program,

6. Historical research, about ventilation and cooling
systems has ‘been a major area of my independent research and
was presented in my paper at the 4th National Passive Solar
Conference, The two historical systems are in the KING VEN-
TILATION (29) and BREATHING WALL (30) "patterns" of this
thesis., The King Ventilation System is a major Architectural
feature of my design. The diagram on page 15 of the April
1943 (Appendix S) BRICK AND CLAY RECORD was the historical re-
source for the following recommendation.

RECOMMENDATION: A "Passive Solar-Building Concept Dijagram"
should be a required drawing for the 35% design review., In most
cases it should be an isometric or axonometric drawing. (see
Part 3 of the thesis for an example of this requirement}. This
diagram should be photo reducible so it can be inserted in the
"FACILITY JACKET" in Work Authorization. This will allow rapid
evaluation of the impact of a work request (AF FORM 332) upon
the passive operation of the building.

7. 1 personally feel this wmethodolegy is good and is work-
able. The next step for me is to start using this method in my
next assignment at HQ.MAC/DEEAT (Autovon 638-5107) on projects
that are closer to actual accomplishment than the WPAFB CENTRAL
TECHNICAL LIBRARY.

8., I have not considered economics and life cycle cost
issues as part of my thesis, because of my requirement to do
a building design as part of my Master of Architecture Thesis.
My economic design assumption is that passive solar is likely
to be cost effective since much of the construction is already

8
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required and is therefore not chargeable to the solar portion
of the design; then the critical issue for we, as an Air Force
Architect, is to provide Air Force Engineers with a method or
rules of thumb for starting the Passive Solar Arch1tectura1
Pr‘ogralnmlng Process.

STANLEY/H. SCOYIELD, CAPT, USAF
AFIT GRADUATE WRCHITECTURE STUDENT
MIAMI UNIVERSITY, DEPT. OF ARCHITECTURE
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Figure 1-1
LARGE SCALE PATTERNS

This pattern is the starting point for evaluating your build-
ing's cverall location, shape and orientation, and its relation-
ship to the sun, wind and vegetation,

THE PRCBLEM

DEPENDING ON THE GEOGRAPHIC LOCATION OF YOUR BUILDING, DIFFER-
ENT CLIMATIC CONDITIONS CAN BE A LIABILITY OR AN ASSET TO YOUR
BUILDING'S ENERGY CONSUMPTION., TO BE MORE SPECIFIC, TEMPERATURE,
HUMIDITY LEVELS, WIND VELOCITIES AND SUNSHINE DEFINE THE CLIMATIC
ENVIRONMENT YOUR BUILDING MUST OPERATE IN.1

THE RECOMMENDATION

USE THE REGIONAL GUIDELINES FOR BUILDING PASSIVE ENERGY CON-
SERVING HOMES, BY THE AIA RESEARCH CORPORATION (Appendix B), AS A
SOURCE QF REGIONAL (INDIGENQUS) ARCHITECTURAL RESPONSES TO CLIMAT-
IC CONDITIONS, THE BOOK DIVIDES THE UNITED STATES INTO 13 CLI-
MATIC REGIONS, AND CONTAINS RECOMMENDED REGIONAL ENERGY CONSERV-
ING DESIGN PRIQORITIES FOR EACH REGION. YOU SHOULD USE THE REGION-
AL DESIGN PRIORITIES LISTED FOR YOUR REGION AS A BUILDING AND SITE
EVALUATION T00L.2 3

]

SMALL SCALE PATTERNS

Use BUILDING LOCATION (2) and BUILDING SHAPE AND ORIENTATION
(3) in conjunction with this pattern to evaluate your building's
response to climatic conditions., You should also refer to the
morphologic solutions contained in REGIONAL GUIDELINES FOR BUILD-
ING PASSIVE ENERGY CONSERVING HOMES (Appendix B) to form your own
small scale patterns,

1-1
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3 } Regional Guidélines for Bujlding Passive Energy Conserving Homes is a new .
b Government Printing Office publication prepared by the esearch Corporation :. .
for U.S. Department of Housing and Urban Development. This book divides the S
country into 13 climatic regions, (Fig 1-2) and is a -source of regional '
(indigenous) architectural responses to climatic conditions.

The major feature {for universal use) of this book is the prioritizing of
the architectural responses to the regional climatic conditions. These
prioritized responses have application to all buildings, not just housing.

For example, Wright-Patterson AFB, Ohio and Grissom AFB, Indiana are in Region
#2. Their architectural design priorities should be the following:

1. Keep the heat in and the cold temperatures out during winter, and

minimi-> heat loss through material selection, reducing exterior surfaces
and through openings.

2. Protect from the wind when it's too cold for comfort - NORTH SIDES (5). ¢

3. Let the sunlight in when it's tco cold for comfort and consider passive
solar systems - CHOOSING THE SYSTEM (9) for maximum solar heating.

@
4, Keep hot temperatures out during the summer in the same way you keep
cold temperatures out during winter.

P 7/.

5. Protect from the sun when it's too hot for comfort - SHADING DEVICES (25).

§~ 6. Open up to cooling breezes when it is too hot for comfort - SUMMER
COOLING (27).3




You may find your regional description to be inaccurate
- for your micro-climate, If so, find the regional description
most resembling your site micro-climate, Use-its regional
design priorities for simple application to energy conserva-
tion for building retrofit.2"3
)
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2. BUILDING LOCATION

LARGE SCALE PATTERNS

Using the idea of Geographic Determinism (1), you should eval-
uate the location of the existing building and its relationship
to open space and the sun. This evaluation is probably the most
important evaluation of natural resources at the site yqu will
make for passive solar retrofit,

THE PROBLEM

A BUILDING BLOCKED FROM EXPOSJRE TO THE LOW WINTER SUN BE-
TWEEN THE HOURS OF 9:00 am AND 3:00 pm CANNOT MAKE DIRECT USE OF
THE SUN'S ENERGY FOR HEATING. DURING THE WINTER MONTHS, APPROX-
{MATELY 90% OF THE SUN'S ENERGY OUTPUT OCCURS BETWEEN THE HOURS
OF 9:00am AND 3:00pm SUN TIME (See Cnapter 6 of Ref 2 for an ex-
ylanation of sun time). FOR EXAMPLE, IN NEW YORK CITY (40 degrees
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
8TU'S (or 93% of the total) ARE INTERCEPTED BETWEEN THE HOURS OF
9:00am AND 3:00pm, BETWEEN THE HOURS OF 9:30am AND 2:30pm 1,272
BTU'S (or 74% of the total) ARE INTERCEPTED.1 '

THE RECOMMENDATION

TO TAKE ADVANTAGE OF THE SUN IN CLIMATES WHERE HEATING IS
NEEDED DURING THE WINTER, USE THE AREAS ON THE SITE THAT RECEIVE
THE MOST SUN DURING THE HOURS OF MAXIMUM SOLAR RADIATION - 9:00am
TC 3:00pm (SUN TIME). BUILDING IN THE NORTHERN PORTION OF A SUNNY
AREA WILL (1) INSURE THAT THE OUTDOOR AREAS PLACED TO THE SOUTH
WILL HAVE ADEQUATE WINTER SUN AND (2) HELP MINIMIZE THE POSSIBIL-

ITY OF SHADING THE BUILDING IN THE FUTURE BY OFF-SITE DEVELOPMENTS.

1




SMALL SCALE PATTERNS

Evaluatei your building's 1ocation within a sunny area and
its existing BUILDING SHAPE AND ORIENTATION (3). This evaluation
is essential for determining potential for passive solar retro-
fit. Rearrange the entrance of your building so it receives the
greatest: protection from the cold winter winds - PROTECTED EN-
TRANCE (Zg. “You..should.also-consider using the patterns in Ap-
pendix C;from'A'P&ttéﬁﬁ'tiﬁQUdgevby Christopher Alexander.

ILLUSTRATION
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Figure 2«2

INFORMATION

To use the sun for winter heating, you should evaluate how
your building relates to other buildings, conifer trees, hills or
anything else blocking the low winter sun. To do this, you can
use a Solar Pathfinder,,(See Appendix C) or the sun charts ("Plot-
ting the Skyline") in Ha
Expanded Professional Edition by Edward Mazria,

If you use the Solar Pathfinder you can photograph solar ob-
structions, and use the photograph as a design tool.

You will not have to use either method (Solar Pathfinder or
Plotting the Skyline) if the southern skyline is low and has no ob-
structions: abruptly rising hills, conifer trees, or deciduous
trees with large branches.

To bring life tc your site and building you should refer to
the patterns of Christopher Alexander's in Appendix C. After read-
ing them, you will see the south side of your building as a valuable
outdoor space an a sunny day, in addition to collecting solar
radiation. .

2-2
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REFERENCES

1. Edward Mazria. JThe Passive Solar Energy Book - Expanded -
Professional Editigon, Rodale Press, Emmaus, PA, 1979, pp73-75,

2. Christopher A]exander; A Pattern Language, Oxford University
Press, New York, N.Y., ISZZ‘§$qe Appendix C); and Christopher

Alexander.. The Oregon Experiment, Oxford University Press, New
York, N.Y., 1975. )

SOURCES OF ILLUSTRATIONS

Figure 2-1, 'Passive Solar Buildings. Sandia Laboratories,
Albuquerque, N.M., and Livermore, Ca. For the USDOE under
Contract DE-AC04-76DP00789. July 1979. p.91.

Figure 2-2, Reference 2. p. 74:
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3. BUILDING SHAPE AND ORIENTATION

LARGE SCALE PATTERNS

Jsing the ideas of GEOGRAPHIC DETERMINISM (1), BUILDING LO-
CATION (2? and the patterns in Appendix €, you should evaluate the
buildings shape and orientation for potential to admit natural

1ight and inducing natural ventilation before laying out inter-
ior swaces,

THE PROBLEM

BUILDINGS SHAPED WITHOUT REGARD FOR THE SUN'S IMPACT, AND

NATURAL LIGHT AND VENTILATION, REQUIRE LARGE AMOUNTS OF ENERGY TO
HEAT AND cooOL.

THE RECOMMENDATION

FOR PASSIVE SOLAR RETROFIT, YOU SHOULD EVALUATE THE SHAPE OF
YOUR BUILDING FOR ADMITTING SUNLIGHT AND INDUCING VENTILATION., AN
ELONGATED BUILDING ALONG THE EAST-WEST AXIS, IN ALL CLIMATES, MIN-
IMIZES HEATING AND COOLING REQUIREMENTS, A SLOPED ROOF WILL HELP

INDUCE"VENTILATION BY INCREASING WIND GENERATED SUCTIQN AND “"STACK
EFFECT",

SMALL SCALE PATTERNS

Evaluate your building shape and orientation with the follow-
ing small scale patterns: FKRISTORICAL BUILDING TYPE SOLUTIONS (4),
Christopher Alexander's patterns contained in Appendix D, LOCATION
OF INTERIOR SPACES (6), PROTECTED ENTRANCE (7) and, LOCATION OF WIN-
DOWS (8). Using the roof to admit sunlight allows flexibility to

distribute heat and 1ight to various parts of a space - CLERESTORIES
AND SKYLIGHTS (12). This allows flxibility to locate thermal mass

within a space - MASCGNRY HEAT STORAGE (13) and INTERIOR WATER WALLS
(14). Building shape and orientation also can induce ventilation -

SUMMER COOLING (27) and KING VENTILATION SYSTEM (29).
3-1
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ILLUSTRATION S ‘ E

Figure 3-2

INFORMATION

Victor Olgyay in his book Design with Climate, investigated -
the effect of thermal impacts (sun and temperature) on building i
shapes in the United States. He drew the following conclusions: ‘ ‘

1. The square is not the optimum shape in any location.

2. Buildings elongated on the north-south axis are less
efficiént (summer and winter) than a square.

3. The optimum shape in all climates is elongated along
the east-wast axis.1

You should refer to Appendix D for expanded information.

Elongating the east-west axis gives the southern wall good
sun exposure for maximum winter heat gain, and reduces the east
and west wall surface area, thereby minimizing summer heat gain
in the morning and afternoon. During the winter, in the northern o
hemisphere (32 degrees to 56 degrees?, the southern side of the
building receives nearly 3 times as much solar radiation as the
east and west sides of the building. The situation is reversed
in the summer, with the roof and the east and west walls receiv-
ing the majority of the solar radiation.

Studies by the Illuminating Engineering Society show the
space depth range should be 2 to 2% times the window height (from
the floor to the top fo the window) if the primary source of nat-
ural 1ight is from south-facing windows. This means a maximum o
;pace depth of 14 to 18 feet for an average window height of 7 (
eet.

3-2
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If the major spaces of your building are placed along
the south wall (for sunlight requirements) and the buffer
spaces placed along the north wall, then the maximum depth
of the building will be roughly 25 to 30 feet. .y

If your building is over 30 feet deep, or if you do not
want large south-facing windows with direct 1ight shining
through the space, then the use of opérable south-facing

. CLERESTORIES AND SKYLIGHTS (12) gives you flexibility to

‘dfstribute 1ight and heat to different parts of the interior.
‘Also, they help induce ventilation and NATURAL SUMMER COOL-

¥

NOTE: Many Air Force building projects (including

: additions) handled by the Corp of Engineers will probably

use Pre-Engineered Buildings (PEB). The use of the Pattern -
BUILDING SHAPE AND ORIENTATION - is essential for accomodat-
ing the natural radiation, convection, and conduction pro-

cesses, You should read Reference #7 (in Appendix D) to see

g?g? is currently being done in the area of Passive Solar
S.

REFERENCES

1. Victor Olgyay. Design with Climate, Princeton Univer-"
sity Press, Princeton, WJ, 1963. pp86-90 (See Appendix D).

. ;‘2. Edward Mazria. The Passive Solar Energy Book -~ Expanded

Professiocnal Edition, Rodale Press, tmmaus, PA, 1979
pp/Y9-84.

3. Christopher Alexander., A Pattern Language, Oxford Univer-
sity Press, New York, NY, 1977 (See Appendix D); and
Christopher Alexander.

The Oregon Experiment, Oxford
University Press, New York, NY, 19/8

4, Professor F.H. King. Ventilation for Dwellings, Rural
Schools and Stables. Published by Author, 1908, p.50.

5, "Passive Design Handbook". New Mexico Solar Energy
Association.

6. Doug Balcomb aud Bruce Anderson, "Passive Heating and

Cooling Handbook". February 1980 (being developed on
USDOE cortract).

7. Bruce Baccei. "Mass Produced Lowcost Passive Buildings,"
Solay Age, December 1979, pp 25-27.

NO' ruce Baccei is a former Army Corp of Engineers
MaJor, and is the author of Energy Conscious Design,
U:S. Army Corp of Engineers, Nor%olE District, Norfolk, Va.
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You ‘can contact him at:
Bruce Baccei
‘Seniof Architect, Program Manager
Passive Technology Branch
€C/0 SERI .
1536 Cole Blvd,
Goldén Colorado 80401

(303)231-1453
FTS 327-1453

SOURCE OF ILLUSTRATIONS

USDOE under Contract DEACO4-76DP00789., July
1979, p.79.

Figure 3-2 Reference #2. p 80.
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Figure 3~1, Passive Solar Buildings. Sandia Laboratories,
ATbuquerque, WM, and E?vermore, CA. For the
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4. HISTORICAL BUILDING TYPE SOLUTIORNS
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Figure 4-1
LARGE SCALE PATTERNS

Using the idea "There's nothing new under the sun", Archi-
tectural History has many answers to our present day .enhsigy
problems, if you will only apply them, One of our foundin
fathers- Thomas Jefferson- was an avid student of Architectural
History, and applied that knowledge in Monticello. It serves
as an example of the application of historical envirnamental
controls, which we can all learn from. This pattern describes
how you can do historical research about your building type's
use of natural heating, ventilation and lighting.

THE PROBLEM

1
-
AN IR T G B AT WL

PRIOR TO THE EMERGENCE OF THE "MODERN ARCHITECTURE" MOVE-
MENT, AROUND 1920, BUILDINGS WERE SHAPED AND ORIENTED SC THEY
RESPONDED TO THEIR NATURAL ENVIRONMENT., BUILDINGS WERE PATTERNS
BASED ON INTUITIVE OBSERVATIONS OF HOW TO CONTROL THE ENVIRON-
MENT, AND WERE AN APPLICATION OF THE CONCEPT OF GEOGRAPHIC DE-
TERMINISM (1) AND APPROPRIATE MATERIALS (10). THE OLD BUILDING
TYPE PATTERNS WERE DISCARDED BY "MODERN ARCHITECTURE", AND HAVE
BEEN LOST TO SEVERAL GENERATIONS OF ARCHITECTS AND ENGINEERS.
YOUR TASK IS TO KNOW HOW THE ENVIRONMENT WAS CONTROLLED NATURAL-
LY 8Y YOUR BUILDING TYPE, SO YOU CAN APPLY IT TO YOUR BUILDING
IF AT ALL POSSIBLE°2 3

. | THE RECOMMENDATION

AS PART CF YOUR BACKGROUND INFORMATION FOR PROGRAMMING YOUR
BUILDING TYPE, YOU SHOULD DO A QUICK REVIEW OF THE HISTORICAL
BUILDING TYPE SOLUTIONS FOR YOUR BUILDING TYPE. THE RESEARCH

CAN BE USEFUL IF APPLIED PROPERLY TO YQUR RETROFIT PROGRAMMING
AND DESIGN.2 3

§-1
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SMALL ‘SCALE PATTERNS
The application of this pattern could be useful to you

wi.th .LOCATION OF INDOOR SPACES (6), WINDOW LOCATION (8), SOLAR
WINDOWS (11), ‘CLERESTORIES -AND SKYLIGHTS (12), MOVABLE INSUL-
ATION (23) and SHADING -DEVICES (25).

* " ¥
INFORMATION ’

Prior to 1920, every building type got its structure from
its patterns.
“A barn gets its structure from its patterns....And an ex- b
pensive restaurant gets its structure and character from
its particular patterns, too.l“ '

Some architectural history knowledge of your building
type 1s necessary if you are going to effectively deal with
energy conservation, in the programming of vour -retrofit
project. A quick historical review of your building type
should be part of your programming process. Hopefully, the

historical research can be useful, if applied properly to
the retrofit, '

ldeally, you have an architect in your programming of-

. fice. If you.do, he or she will be familiar with procedures ~

to do historical research, (architects are required to take
one year of architectural history).

If you do not have an architect, then the following list

of bibliographic resources might be useful to guide your re-
search,

1. General card catalog.

2. Art index.

3. Applied Science and Technology Index.

4. Avery Architectural Index. S e
5. Harvard Graduate School of Design Index. noa

t ' SRS
Je
v

Another excellent resource is the United States Military . . Jf.f
Academy Archives at West Point, New York. The Archives has . - s b5

g

£l
extansive documentation of their buildings, and should not be TRA R

[
<R

overlooked in your retrofit programming of your building. -
Two patterns dealing with passive cooling and ventilation

systems-KING VENTILATION SYSTEM (29) and BREATHING WALL (30) -

were re-discovered by a non-standard process described in Ref-

erence 2 (See Appendix E).

Once you have your material, write your own Historical
Building Type Solution(s) pattern using the format described
in the introduction., Refer to Appendix E for an example -
Historical Library Solution.

pr.

e
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REFERENCES

1, Christopher Alaxander, A Pattern lLanguaqe, Oxford Uni-
versity Press, New York, NY, 1977.p.96. ° ‘

2. Stanley H. Scofield, Captain, USAF. “A Historical Re-
view of Natural Ventilation in a Humid Ciimate," 4th.Nation-

al Passive Solar Conference Proceedings, Kansas“City, Mo,
October 3-5, 1979, pp. 504-506 (See Appendix E.)
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SOURCE OF ILLUSTRATIONS

Figure 4-1 Sunset Homcowner's.Guide to Solar Heating, Lane
Publishing Company, Menio Park, Ca, 19/8 p.4,




5. NORTH SIDE

Figure 5-1

LARGE SCALE PATTERNS

Even though your building might already be located in the
northern portion of a sunny site - BUILDING LOCATION (2) the north-
ern outdoor space needs sunlight to make it alive. _When evaluating
the BUILDING SHAPE AND ORIENTATION (3) you should consider the
building's impact on outdoor spaces to the north,

THE PROBLEM

THE NORTH SIDE OF A BUILDING IS THE COLDEST, DARKEST AND USUAL-
LY THE LEAST USED SIDE BECAUSE IT RECEIVES NO DIRECT SUNLIGHT ALL
WINTER.

THE RECOMMENDATION

IF POSSIBLE, RE-SHAPE THE NORTH SIDE OF YOUR BUILDING BY EARTH
BERMING AGAINST THE NORTH FACE OF YOUR BUILDING OR BY SLOPING THE
ROOF TOWARD THE NORTH. THE GOAL IS TO REDUCE THE AMOUNT OF EXPOSED
NORTHERN WALL, BERMING WILL REDUCE THE NORTHERN WALL HEIGHT. USE
A LIGHT-CCLORED WALL (OR NEARBY STRUCTURE) TO THE NORTH TO REFLECT
LIGHT INTO NORTH-FACING ROOMS AND OUTDOOR SPACES.

SMALL SCALE PATTERNS

Locate spaces with small lighting and heating requirements on

3 the north, These spaces act as a buffer between the cccupied spaces
. and the cold north wall of the building - LOCATION OF INDOOR SPACES
(6). You should provide INSULATION ON THE OUTSIDE (26) of the struc-
ture so the thermal mass will retain heat, and not loose it to the

: berming, However berming (soil) can be used for reducing heat loss
to wind - APPROPRIATE MATERIAL (10).

- 5-1
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Figure 5-2
INFORMATION

People do not use spaces in continual shade for most of the
winter,

-+ ‘THere-are ways- for-you-to retrofit -and make these places:
alive and useful. For example, you can use earth berming against
the north wall to reduce or eliminate the shadow cast by your
building. Berming on the north will do the following: provide
sunlight on the north side of the building, reduces heat loss
through the wall in the winter, and prevents heat gain in the sum-
mer. Berming of the north wall also protects your building from
prevailing winds frum the north and/or west in the Continental
United States.-’

When you provide earth berming, you must also provide INSUL-
ATION ON THE OUTSIDE (26). "This is done to enable the struc-
tural mass to store some of the building's heat, thus lowering
the building's peak heating (and cooling} loads.",

REFERENCES

1. Malcolm Wells, Malcolm HWells Undergfound Desians, printed by
Malcolm Wells, Box 1149, Brewster, 1, .

4 2. Edward Mazria. Thefﬁ;ssiVeuééléf‘Eﬁeég}ﬂéodk‘~‘Expanded Pro-
X fessional Edition Rodale Press, Emmaus, PR, 19/9.p8b-89.

z« 3. Christopher Alexander, A Pattern Language, Oxford University
v Press, New York, NY, 1977, pp76I-763.
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6. LOCATION OF INDOOR SPACES

Figure 6-1"

LARGE SCALE PATTERNS

Using the ideas of BUILDIHG LOCATION (2), BUILDING SHAPE AND
ORIENTATION (3), and HISTORICAL BUILDING TYPE SOLUTIONS (4) you
need to place interior spaces within the shape according to their
requirements for heat and suniight. This placement of interior
spaces might indicate some possible changes of BUILDING SHAPE AND
ORIENTATION (3).

THE PROBLEM

CONVENTIONAL ENERGY CONSUMPTION IS PROPGRTIONALLY HIGHER IN
SPACES NOT USING SUNLIGHT DIRECTLY OR PASSIVELY FOR HEATING DUR-
ING THE WINTER MONTHS. THE MORE DIRECT SUNLIGHT USED TO HEAT A
SPACE, THE LESS CONVENTIONAL ENERGY IS REQUIRED FOR SPACE HEATING.
THIS ALSO APPLIES TO ACTIVE SOLAR-HEATING SYSTEMS. 1IF THE DESIGN
OF A SPACE DOES NOT DIRECTLY OR PASSIVELY TAKE ADVANTAGE OF THE
WINTER SUN TO SUPPLY SOME OF ITS HEATING REQUIREMENTS, A ACTIVE
SRLAE-HEATING SYSTEM WILL BE PROPORTIONALLY MORE EXPENSIVE, AND
LARGER,

THE RECOMMENDATION

INTERIOR SPACES CAN BE SUPPLIED WITH MUCH OF THEIR HEATING
AND LIGHTING REQUIREMENTS BY PLACING THEM ALONG THE SOUTH FACE
OF THE BUILDING, THUS CAPTURING THE SUN'S ENERGY DURING DIFFERENT
TIMES OF THE DAY. PLACE ROOMS TO THE SOUTHEAST, SOUTH AND SOUTH-
WEST, ACCORDING TO THEIR REQUIREMENTS FOR SUNLIGHT. THOSE SPACES
HAVING MINIMAL HEATING AND LIGHTING REQUIREMENTS SUCH AS CORRIDORS
AND CLOSETS, WHEN PLACED ALONG THE NORTH FACE OF THE BUILDING, WILL
SERVE AS A BUFFER BETWEEN THE HEATED SPACES AND THE COLDER NORTH
FACE

"1
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SMALL SCALE PATTERNS.

Evaluate: your building’s openings (inm walls and roof).to ad-
mit sunlight and provide ventilation - :WINDOW LOCATION (8), PRO~
TECTED .ENTRANCE (7). and CLERESTORIES AND- SKYLIGHTS (12), and at
the same time choose the most appropriate passive solar heating
system for each -space - CHOOSING THE SYSTEM. (¢). If an attached
greenhouse is_to.-be integrated into your building - SIZING THE
GREENHOUSE (17), place 1t along the south face of the building
for maximum exposure to the winter sun...You.should also..consider
using the patterns in Appendix F (from A ‘Pattern Landuage by
Christopher Alexander). EXISTING SHADING DEVICES (285 should
also be evaluated.

1

ILLYUSTRATION
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Figure 6-2
INFORMATION

During the winter, the microclimatic conditions along the sides
of a building (outside walls) are the key to the location of indoor
spaces. The north side of a building remains the coolest during the
winter because it receives no direct suniight. The east and west
sides of a building receive equal amounts of direct sunlight for
half-a-day since the sun's path across the sky is symmetrical along
the southern axis. But over the period of a day, the west side will
be slightly warmer than the east side because of the combination of
solar radiation and higher afternoon air temperatures. The south
side of a building will be the warmest and sunniest during the winter
hecause it receives sunlight throughout the day. Common sense tells
us to place spaces with specific heating and lighting requirements
along the side of the building which has microclimatic conditions
that can easily satistfy those requirements.

The south side of a bu{lding is a good location for spaces that
are continually occupied during the day. These spaces usually have
large heating and lighting requirements. Since the south face of

6-2
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a o0ilding receives nearly 3 times as much sunlight in the winter
as the e&st and west sides, spaces placed along the south face can
make direct use of the sun's energy to fill these requirements.
Also, the extent to which as continually used space is felt as
bright, sunny and cheerful will depend upon the amount of direct
sunlight it receives. .

Arrange these spaces to the south, southeast and southwest
according to your own special requirements for sunlight. For ex-
ample, in a residence, orient a breakfast area to the southeast
for good morning sunlight, a common area (1iving room) which is
used throughout the day to the south, and a workshop that is used
only late in the day to the southwest. Placing the frequently
inhabited spaces to the south means the building will be elongat-
ed along the east-west axis. Spaces needing sunlight that are
not located along the south face of a building can receive direct
sunlight through south-facing CLERESTORIES AND SKYLIGHTS (12).

To bring 1ife to the interior of your building, you should
also consider using the patterns in Appendix F from A Pattern
Language by Christopher Alexander,

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded Pro-
fessional Edition, Rodale Press, Emmaus, PA, 1979. p.30-92.

2. Christopher Alexander, A Pattern Language, Oxford University
Press, New York, NY, 1977, (See Appendix F).

SOURCES OF ILLUSTRATICNS

Figure 6-1, Passive Solar Buildings. Sandia Laboratories,
Albuquerque, NM, and Livermore, CA, for the USDOE under Contract
DE-AC04-76DP00789. July 1979, p.20.

Figure 6-2., Reference #1. p 91,
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7. PROTECTED ENTRANCC

Figure 7-1-

LARGE SCALE PATTERNS

Using the ideas of BUILDING LOCATION (2), BUILDING SHAPE
AND ORIENTATION (3) and LOCATION OF INDOOR SPACES (8) you can
evaluate your building's entry. This pattern describes the
thermal criteria for locating the entrance and provides in-
formation for its design. .

THE PROBLEM

IN WINTER, A GREAT QUANTITY GF COLD OUTDOOR AIR ENTERS A
BUILDING THROUGH CRACKS AROUND THE ENTRANCE DOOR AND FRAME AS
WELL AS EACH TIME THE DOOR IS OPENED, ALL EDGES AROUND ENTRAN-
CES LEAK AIR. THROUGH THESE CRACKS WARM INDOOR AIR IS EXCHANGED
WITH COLD OUTDOOR AIR. WHEN AN ENTRANCE DOOR IS OPENED, A LARGE
QUANTITY OF OUTDOOR AIR ENTERS THE ADJOINING SPACE.- FOR SMALL
COMMERCIAL BUILDINGS, SUCH AS SHOPS AND OFFICES, THE HEAT LOSS
THROUGH ENTRANCE DOORS WILL BE GREATER THAN 10% BECAUSE OF IN-
CREASED TRAFFIC INTO AND OUT OF THE BI.LE)ING.1

THE RECOMMENDATION

MAKE THE MAIN ENTRANCE TO THE BUILDINE A SMALL ENCLOSED
SPACE (VESTIBULE OR FOYER) THAT PROVIDES A UQUBLE ENTRY OR AIR
LOCK BETHEEN THE BUILDING AND EXTERIOR. THIS WILL PREVENT A
LARGE QUANTITY OF WARMED (OR COOLED) AIR FROM LEAVING THE BUILD-
ING EACH TIME A DOOR IS OPENED, THE INFILTRATION GF COLD AIR
THAT OCCURS AROUND EXTERIOR DOCRS WILL BE VIRTYALLY ELIMINATED
BECAUSE THE “NTRY CREATES A STILL-AIR SPACE BETWEEN THE INTER-
IOR AND EXTERIOR DOORS. ORIENT THE ENTRANCE AWAY FROM THE PRE-
VAILING WINTER WINDS OR PROVIDE A WINDBREAK TO REDUCE THE WIND'S
VELOCITY AGAINST THE ENTRANCE., MAKE USE OF THE ENTRY SPACE FOR
THE STORAGE OF UNHEATED ITEMS, AS A PLACE TO REMOVE WINTER CLOTH-
ING OR FOR ACTIVITIES THAT REQUIRE LITTLE SPACE HEATING.1

7-1




T AT LT
e e _ T TR

‘.tl’
s

s ‘;:&ﬁ; X

R e
SMA[L’SCAhE”PﬂITERNS tﬁﬁ"
If the entry is large and supports. other activities, provide *° i

a way to passively heat the space in. winter -.GHOOSING THE SYSTEM
(9) and: to passively ccol the space' in the summer - SUMMER COOL-
ING. (27). *" You should,also use ANSI Standard A-117.1 - Specifica-
tions for Making Buildings and :Facilities Accessible to and Us-
able by the. Physically Handicapped - and consider usding the pat-

terns in Appendix G from A Pattern Lanquage by Christopher S
Alexander. A

ILLUSTRATION
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N
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Figure 7-2
INFORMATION

Providing an air lock or double entry will decrease the heat
loss due to both infiltration and conduction. A double entry has
two doors, one that opens to the exterior and one to the interior
of the building, trapping a still-air space between them. Since
the interior entrance to the building faces a still-air space, in-
filtration is minimized. Alse, when the exterior door is opened,
only the small quantity of unheated air in the entry is exchanged
with cold outddor air, thus the spaces near entrance doors are
protected from becoming cold and drafty each time a person enters
the building. During the summer, the double entry works in re-
verse, keeping cooTed ‘indoor air from being replaced by hot out-
door air., A double entry or entry space, when properly designed,
can serve other functions besides the reduction of heat loss. It
can also be a place to leave frequently used 1tems, and a protect-
ed place to wait for transportation. When arriving and leaving a
building, people need a transition space to accommodate a number
of activities, such as removing and sturing outer garmets.

Protecting the building's entrance from winter winds and seal-
ing edges around the door frame as tightly as possible will minimize
heat transfer, The rate of infiltration of cold air through an
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- . -entrance increases as the velocity of the wind against the en-
. trance increases. In the Northern Hemisphere the prevajling

winter winds are usually from the north and/or west (check with
your base.Weather Detachment for the direction of the prevail-
ing winter winds). Entrances placed on the east and south sides
of a buildina will be protected from the wind's impact. If an
entrance is placed on the north or west side of the building,
careful siting of a windbreak (dense evergreen planting or solid
fence), recessing the entrance into the building or the addition
of wing walls wil] reduce the wind's velocity and impact.

Weather stripping, when properly applied, prevents air leak-
age by making a weathertight seal between the exterior door and
door frame. Caulking should be applizd around the door frame and
the wall to prevent air leakage thrsugh these joints, By pro-
viding an effective seal around the zdges of the door and frame,
infiltration at the entry can be reduced by as much as.50%.1

Place the main entrance of the building at a point where it
can be seen immediately from the main avenues of approach and
give it a bold, visible shape which stands out in front of the
’ouilding.2

You should evaluate your building's entry for meeting the
requiremgnts of ANSL STANDARD A-117.1.3 :

REFERENCES

1. Edward Mazria. The Passjve Solar Energy Book - Expanded Pro-
fessional Edition, Rodale Press, Emmaus, PA, 1979, pp 94 & 97

2, Christopher Alexander, _A Pattern Lanquage, Oxford University
Press, New York, NY, 1977 (See Appendix G). p 544,

3. AFM_§8:15(C§{, paragraph 1-31,
4. Ashrae Fundamentals, 1977, Chapter 21, (Infiltration)

SOURLES OF ILLUSTRATIONS

Figure 7-1. AFIT Engineering Building WPAFB, OH. Photo by
Stanley H. Scofield, Capt., USAF,

Figure 7-2, Reference 1.p.95,
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8. WINDOW LOCATION

Figure 8-1

LARGE SCALE PATTERNS

Using the ideas of BUILDING SHAPE AND ORIENfATION (3),
HISTORICAL BUILDING TYPE SOLUTIONS (4) and LOCATION OF INDOOR
SPACES(6) you can evaluate the existing window openings.

THE PROBLEM

ONE OF THE LARGEST SINGLE FACTORS AFFECTING BUILDING ENERGY
CONSUMPTION IS THE LOCATION AND SIZE OF WINDOWS., WINDOWS PLACED
WITHOUT CONSIDERING THE AMOUNT OF SUNLIGHT THEY ADMIT WILL USUAL-
LY BE AN ENERGY DRAIN ON THE BUILDING. IN WINTER THE HEAT LOSS
THROUGH A WINDOW IS LARGE COMPARED TO THE HEAT LOSS THROUGH A
WELL-INSULATED WALL., THE HEAT LOSS THROUGH A WINDOW IS BASIC-
ALLY TAE SAME REGARDLESS OF THE DIRECTION IT FACES. THEREFORE,
WINDOW PLACEMENT IS IMPORTANT SO THE HEAT GAIN (FROM SUNLIGHT)

IS GREATER THAN THE HEAT LOSS. DURING THE SUMMER, WINDOWS NEED
EXTERIOR SHADING FROM THE SUN TO REDUCE HEAT GAINS BY THE "“GREEN-
HOUSE EFFECT" OF GLASS,

THE RECOMMENDATION

LOCATE MAJOR WINDOW GPENINGS TO THE SOUTHEAST, SOUTH AND
SOUTHWEST ACCORDING TO THE INTERNAL REQUIREMENTS OF EACH SPACE.
ON THE EAST, WEST AND ESPECIALLY THE NORTH SIDE OF THE BUILDING,
KEEP WINDOW AREAS SMALL AND USE DOUBLE GLASS. WHEN PQSSIBLE, RE-
CESS WINDOWS TO REDUCE HEAT LOSS.,

SMALL SCALE PATTERNS

You can also admit light through south-facing CLERESTORIES
AND SKYLIGHTS(12) and store the heat in MASONRY HEAT STORAGE(13)
of INTERIORK WATER WALLS(14). Use MOVABLE INSULATION(23) over
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large glas§ areas at night to prevent the heat gained during the
day from‘escabping at night." Locate trees; vegyetation and SHAD-
ING: DEVICES. (25) to  keep .out. direct summer sun Tight. You might
consider using the patterns in Appendix H. ‘Also.you should iden-
tify the position for operable windows, clerestories ahd sky-
Tights to provide adequate ventilation for SUMMER COOLING(27).
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INFORMATION

The best orientation for major glass areas of a building
provides the maximum amount of solar radiation (heat gain) in
the winter and the minimum amount in the summer, According to
BUILDING SHAPE-AND ORIENTATION(2), the south side of a building
receives nearly 3 times more solar radiation in winter than any
other side, During the summer the situation is reversed and
the south side receives much less radiation in comparison to
the roof and east and west sides of the building. There are
two reasons for this. First, there are more hours of incident
sunlight striking the south face of a building in winter than
in summer, even though summer days are longer and have more hours
of daylight (refer to fig. 8-3). And second, since the sun is
Tower in the sky-during the winter, the sun's rays striking the
south face of the building are closer to perpendicular than in
the summer when the sun is higher in the sky. Because of this,
a square foot of vertical south-facing surface will receive a
greater amount of solar radiation during the same hour in winter
than in summer. Since the sun's rays striking the surface of a
window are closer to perpendicular in winter, the percentage of
solar radiation transmitted through the window is greater than
in summer. These seasonal characteristics of south glazing in-
sure a degree of automatic control for solar collection.

The optimum window orientation for solar gain is due south,
However, variations to the east or wast of scuth, up to 30 degrees,
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will reduce performance only slightly. (Fig.8-2). Larger
variations, though, will reduce window performance substantial-
ly. The heat gained from sunlight during the winter through
south-facing glass will exceed the heat loss, in most climates.

Openings should be carefully placed according to the light
and heating requirements of each space. For example, a sleeping
area may require some southeast or east openings to admit early
morning sunlight and heat into the space. "It is important to
note that east- and west-facing singie or double pane windows
either come out even or lose heat during the winter in most
climates. Since there is no direct sunlight in winter on the
north side of a building, north-facing windows are a.continuous
heat drain.1

You should simultaneously evaluate the natural lighting,
heat/ventilation requirement for each space, while evaluating
the potential of existing windows to provide natural heating
and ventilation,

The patterns in Appendix H can be used as additﬁona] pat-
terns to give you a variety of window types and give life to
your building, while solving functional requirements,

The solar radiation calculator in the separate pocket (of
the Passive Sotar Enerqy Book - Expanded Professional Edition)
is a quick graphic method for determining the amount of hourly
or daily- radiation intercepted by a surface facing in different
directions. Of course the Tocation and size of windows will be
influenced by other considerations as well, such as views, pri-
vacy and natural lighting. The Libbey Owens Ford "Sun Angle Cal-
culator® can also be used as a design tool,

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book, - Expanded
Professional Edition, Rodale Press, Ammaus, PA, 19/9,

2. Christopher Alexander. A Pattern Language, Oxford Univer-
sity Press, New York, NY, 1977 {See 5ppen§ix ﬁs. '

SOURCES OF ILLUSTRATIONS

Figure 8-1. Dr. Wm. T. Bolton House, 1906, by Greene and Greene.

Photograph courtesy of Document Collection, College of Environ-
mental Design, U, of California-Berkeley.

Figure 8-2, Reference 1, p.102
“Figure 8-3., Reference 1. p.103
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9. CHOOSING THE SYSTEM
LARGE SCALE PATTERNS

This pattern starts a series of patterns to provide criteria for passive
system selection and detailing of retrofit design. After you have roughly
arranged the indoor spaces - LOCATION OF INDOOR SPACES (6), you should select
a passive heating system for each space before proceeding with -your building
retrofit. Since a passive system is architectural in nature, you must include
it at the beginning of the design process. This pattern describes each of the
five basic passive systems in general terms.

THE PROBLEM

WHICH IS THE BEST PASSIVE SYSTEM TO USE? THIS QUESTION IS ONE OF THE MOST
LOADED QUESTICNS YOU CAN ASK ABOUT PASSIVE SOLAR HEATING. IT WILL GENERATE
HEATED DISCUSSIONS AND MUCH DISAGREEMENT. TO PROVE A POINT, PEOPLE WILL DEFEND
THEIR SYSTEM TO THE LAST BTU. WHICH IS THE BEST SYSTEM? NHEN PROPERLY ANALYZED,
EACH SPACE OR BUILDING WILL REQUIRE A PARTICULAR SYSTEM BEST SUITED TO ITS
ARCHITECTURAL AND THERMAL NEEDS.

THE RECOMMENDATION

EACH SYSTEM HAS SPECIFIC DESIGN OPPORTUNITIES AND DESIGN LIMITATIONS, CHOOSE
A PARTICULAR SYSTEM THAT SATISFIES MOST OF THE DESIGN REQUIREMENTS YOU GENERATE
FOR EACH SPACE. REMEMBER THAT DIFFERENT SYSTEMS CAN BE USED FOR DIFFERENT SPACES
AND/OR SYSTEMS CAN BE COMBINED TO HEAT ONE SPACE. THE INFORMATION SECTION
OF THIS PATTERN GIVES AN ASSESSMENT OF EACH SYSTEM'S RETROFIT POTENTIAL FOR USE
IN TYPICAL U.S. AIR FORCE FACILITIES.

SMALL SCALE PATTERNS

Recommended sizing procedures for each system are given in SOLAR WINDOWS
(11), CLERESTORIES AND SKYLIGHTS (12), SIZING THE WALL (15), SIZING THE
GREENHOUSE (17), and SIZING THE ROOF POND (19). When desirable, a combination
of systems can be used to heat a space - COMBINING SYSTEMS (21) To prevent
overheating, use SHADING DEVICES (25) - reduce solar heat gain.- If your
building has a year around ventilation requirement, you should consider the
following: EARTH TUBES (28), KING VENTILATION SYSTEM (29), SOLAR CHIMNEY (31)
and SOLAR DEHUMIDIFIER (32) as passive methods of inducing ventilation. You
should also assess the climatic effects of mold growth, anima1 entry, etc.,
when considering ventilation systems.

GENERAL INFORMATION

The THERMAL STORAGE WALL (98) and ATTACHED GREENHOUSE (9C) have universal
retrofit application for the Air Force. The ROOF POND SYSTEM (9D) has good
retrofit potential, but does not have universal application because of varying
roof configurations, structural limitations for support1ng water, and climatic
variations.
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Tables 98,.9C, -and 9D show the retrofit application potential of the
THERMAL STORAGE WALL SYSTEM, ATTACHED GREENHOUSE, and ROOF POND SYSTEM to
the following typical Air Force facilities: 1) Family Housing/Airman's
Dorms/Officer's Quarters; 2) Base Library; 3) Offices/Administration;
4) Air Force Educational Classrooms; 5) Food Services/NCO & Officers Clubs;
6) Police/Fire Stations; 7) Air Passenger Terminals; 8) Shops and Warehouses.

The other two passive solar systems - DIRECT GAIN (9A} and CONVECTIVE
LOOP (9E) - have limited retrofit potential in the Air Force and will be
explained in their respective sections of this pattern.

Since the Arab oil embargo of 1973-74, passive solar system development,
and retrofit have been centered in housing, because of its small size and
immediate application potential.

Public Law 95-619 requires all federal buildings over 1000 square feet to
be retrofitted by-1990, and the Air Force Energy Plan stresses Passive Solar
Applications.. Bécause of this requirement, you must consider the following
;etr?fit issues that apply to the Air Force but usually do not apply to

ousing: '

1. Type of occupancy use, and special heating and cooling requirements.

2. Time of day occupancy, and the duration of heating/cooling requirements,
and the number of .electrical lights required. ©

3. For industrial and commercial facilities it is difficult to position
activities relative to passive conditions and elements. Size of floor
space (required) forces the floor area to southern wall exposure to
be large. However, passive (architectural) considerations during
floor planning with the user may overcome many problems. For example,
use of NORTH SIDE (5) and ZONING (34) could eliminate all north windows
by placing utilities, storage, toilets, and a "back door" - PROTECTED
ENTRANCE (7) on the north wall. This could provide tha opporiunity
to develop the south side of the building as a "people space". You
could use the patterns in Appendix C and Appendix H from A Pattern
Language by Christopher Alexander. The use of LIGHT ON T#0 SIDES OF

EVERY ROCM 1in Appendix H will help to reduce electric lignting
requirements during the day.

4, Time of ‘day usage in many cases should be considered relative'to passive
heat gain. Possibly work hours could be changed for winter, (start
at 0900 hours), and summer (start at 0700 hours) to reduce heatiag
and cooling requirements. This should be considered as a design oppor-
tunity.

5. Most facilities other than family housing will require ventilation.
You should use EARTH TUBES (28), KING VENTILATION SYSTEM (29), SOLAR
CHIMNEY (31) and SOLAR DEHUMIDIFICATION (32) as metheds or providing
passive tempered ventiiation.

.
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6. Activities nead to be evaluated in terms of the following requirements:

a. natural light

b. sensitivity to thermal function
¢. latent heat requirements

d. moisture requirements

After considering these issues you might need to collect heat from both
active and passive collection systems, and store the heat at a central location
with mecﬁangcai systems to re-distribute the heat. ,

GENERAL REFERENCES FOR (9A), (9B), (9C), (9D), (9E)

1. Edward Mazria. The Passive Solar Energy Book - Expanded Professional Edition,
Rodale Press, Emmaus, PA, 19/9.

2. Edward Mazria. "A Design and Sizing Procedure for Passive Solar Heated
Buildings", 3rd National Passive Solar Conference Proceedings, San Jose,
CA, January T1-13, 1979, pp 249 - 253.

3. Captain Bruce C. Baccei, Corp of Engineers, Energy Conscioué Design, U.S.
Army Corp of Engineers, Norfolk District, Norfolk, VA.

4, Fred Dubin. "Air Conditioning For Books-and People", Architectural Record
v. 121, June 1957, p 231 - 234,
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9A. DIRECT GAIN

Figure 9a
T
g
NIGH.T
INTERIOR WATER WALL )
INFORMATION

The direct Gain System is the simplest passive solar system,
and is represented by figure 9a. It uses an expanse of south-
facing glass - SOLAR WINDOWS (11) - and enough thermal mass, stra-
tegically located in the space for heat absorption and storage,
This system usually creates glare problems, and.causes fading of
material - see APPROPRIATE MATERIALS (10) for references.

The two most common materials used for heat storage are mas-
onry and water - MASONRY HEAT STORAGE (13), and INTERIOR WATER WALL
(14{. Heat gain is reduced by using SHADING DEVICES (25). Note:
Wall to wall carpet cannot be used if you intend to use the floor
mass as heat storage.

Another application of the Direct Gain System is the use of
a south-facing clerestory - CLERESTORIES AND SKYLIGHTS (12).
Clerestories and skylights give good light, privacy and do not
put direct sunlight on people and furniture.

Clerestories provide good lighting to large areas, however
they are difficult and expensive to retrofit. Skylights will
overheat a space if a shading device (25) is not provided for
summer use,

Summer cooling is accomplished by keeping the sun out dur-
ing the day and ventilating the space at night.1

9A-1
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RETROFIT OPPORTUNITIES:

If you already have a direct gain system, or because of
the Architectural Program you need it, then you should maximize
the system operation by using WINDOW LOCATION (8), SOLAR WIN-
DOWS(11), CLERESTORIES AND SKYLIGHTS (12), MASONRY HEAT STORAGE
(13), INTERIOR WATER WALL (14), and MOVABLE INSULATION (23).

RETROFITTING LIMITATIONS OF THE DIRECT GAIN SYSTEM:

LW
LA S KA

R S

Retrofitting an existing building with a Direct Gain
System can be relatively easy or very difficult depending on
your building's construction materials. A prefabricated metal
structure, such as a flight 1ine maintenance building, would
be relatively easy and cost effective. However, an existing
masonry structure is very difficult to retrofit for Direct
Gain since THE BUILDING IS THE SYSTEM, Only when a space is
constructed with masonry walls and floors exposed on the in-
terior, and has clear southern expnsure, is it possible to add
SOLAR WINDOWS (11) or CLERESTORIES AND SKYLIGHTS (12) and mod-
ify interior surface finishes to solar heat the space.,

REFERENCES

PR

PP

1. General References 1 and 2.
2. General References 1. p.109,
SOURCES OF ILLUSTRATIONS

1, General Reference 1. p.30.
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9B. THERMAL STORAGE WALL

Figure 3b - ¥ N\

oAy

INTERIOR WATER WALL
INFORMATION

The Thermal Storage Hall is characterized by the storage
media being directly behind the south-facing glazing. There
are a wide range of appropriate thermal storage wall materials;
however, most ¥all into two catagories: either masonry - MAS-
SONRY HEAT STORAGE (13) - or water - INTERIOR WATER WALL (14).
Both types of 'storage walls dre limited to 20 feet for effec-
tive radiant heating. The requirement for southern exposure
dictates a Tinear arrangement unless modified by stacking and
or staggering spaces,

MASONRY WALL

The masonry wall transfers heat from the surface to the
interior at a slow rate by conduction. If direct sunlight hits
the surface of a dark colored masonry material it will become
uncomfortably hot, giving much of its heat to the air instead
of storing it by conduction. To reduce heat fluctuation, dir-
ect sunlight must be spread over a large surface area of mason-
ry so roughly 60% of the solar energy admitted into the space
is stored as heat in the walls and/or floor and/or ceiling at
sunset., The masonry wall can be used as a SOLAR CHIMNEY (31)
for sum&er ventilation, but needs MOVABLE INSULATION (23) on
the inside to prevent radiation to the interior space.

See tables 9B-1 through 98-8 for retrofit application po-
tential to various Air Force building types, and see MASONRY
HEAT STORAGE (13) for sizing details.

WATER WALL

Water is more efficient as a heat storage medium than mas-
onry. It has the potential to store more than twice as many

. 98-1
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BTU"s for each 1 degree F temperature rise for the same volume
of :material., The volume of.water in direct sunlight and the

surface color of the container (thin metal or plastic) will de-
termine the temperature fluctuation in the space over the day.z

See tables 9B-1 through 98-8 for retrofit application po-
tential to various Air Force building types, and see INTERIOR
WATER WALL (14) for sizing details., ‘
.+ _ In most cases the thermal storage wall is able to achieve
a higher solar fraction than a direct gain system, if the ther-
- mal *storage mass does not exceed about 175 1bs/square foot of
. gﬂazfng.3( ' )

Retrofitting this system is easily done to the south wall
of a space with a clear exposure.,

REFERENCES
1. General Reference 2., p 251,
2, IBID

3. J. Douglas Balcomb. "Trombe Wall vs. Direct Gain: A Com-
parative Analysis of Passive Solar Heating Systems", Third.

National Passive Sgolar Conference Proceedings, San Jose, CA,
an 11-13, 1979, p 45..
4. General Reference 1. p 110. |
SOURCES OF ILLUSTRATIONS
1. General Reference 1. pp 44 and 51.
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% } SUILDING TYPE(S): FAMILY HOUSING, ALRMAN'S DORM |TABLE 98-1
{ » @ EXCELLENT QOFFICER'S QUARTERS )
4 ittt : .
: @ Goop TIME QF USE AND OCCUPANCY: 24 hour occupancy is expected with
i standard 65 F (winter) and 78 F (summer) heating and cooling
: S FAIR saxtsuns,
o
E Qroor
A
4 Q UNKNOMN .
{
; @ vaRIABLE '
i
i
N 1’
i
¢
H L
i 0E% 16N ;
i CONSTOERATIONS]  Masonry Thermal Storage Wall Water Thermal Storage Wall
)
5 600D EXCELLENT
: HEAT .
\ STORAGE
! POTENTIAL
f Not required. Infflitration Not required, lafiltration
would supply sufffcient ventilati should supply sufficient
) ventilation.
~[NTER
VENTILATION
Oark masonry creates a thermal An Intertor Water Wall will ab-
aney for induced ventilation, sorb heat and will not allow it
i . se in conjunction with EARTH TUBES to function as a2 Solar Chimney
Y 3gn¢§a ' ZBR.KX:G :ENV!&ATION SYSTEM(29) & | (31), .
NTILATION 2%;51%!!%»."3' to secure night
Excellent control of light to Varies with container,
NATURAL uce glare and fading of furni- Opague-axcellent
LIGHT ure. Translucent-good
POTENTIAL/
CONTROL
Good Excellent
4 SENSITIVITY
£ TO THERMAL
FUNCTION
1tchens, dathrooms and‘1cund?i’__1 Kitchens, Bathrooms and Laune
. (== roOms are sources of latent heat dry rooms are sources of
- Winter asset ~Summer llability, tatent haat, MWinter asset -
LATENT Summar l{ability,
HEAT
Masonrey will not collect condea- High humidity causes dondensa-
tion. Use EARTH TUBES(28) & tion on .containers,
s SOLAR OERUMIDBIFIER (32) with this .
wall as & SOLAR CHIMNEY (31) to
; MOISTURE dehumidify the air,
i : g’m ratio varies with lccal The ratfo varies with loca!
Timate, Tatitude and space heat-P* climate, latitude and space
d 1n? requirements., Range0.22 to Jheating requirements. Range 0.16
4A RAT10 0.72-1,0, See table 15<1 for to 0,55-1.0, See table 15-1 for
st ¢ N detatls, detajls,
. gyl Limitad to 20 feet for effec~- [@ Limited to 20 feet for efiece-
t - : tive radtant heating, The re- [ive radiant heating, The require(
{ . “5PTH OF quirement for soythern exposurs ment for souythern exposure dic-
3?ACE dictates linear arrangemant unlessf tates linear arrangement unless
. v = . IMITATIONS modified by stacking or staggeringjmodified by stacking or staggering
; N . .
A S 4
L

e
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i ! ,
: BULLDING TYPE(S): BASE LIBRARY venre ga.
: @ExCELLENT ) - T 35-2
H ' 1 @6000 TIME OF 'USE AND OCCUPANCY: This building type has a 24 hoyr heat
; ! control requirement to preserve books, The hutin? and cooling
: OrAlR requiremants are similar to Hving/uorkin? spaces (72 degrees F -
! 78 dagrees F with optimum of 76 degreas F)., The books alsg con-
; Qroor tribute to the therma) mass of the building with a specific hest
i . : of .32 BTU/LB/degree F for paper. Books should not be exposed
2 + § Q@ UNKNORN to direct suniight. ’
; @ variasLe
;
3
f DESIGN
y CONSIDERATIONS Masonry Thermal Storage Wall Water Thermal Storage Wall
' nEAT 6000 EXCELLENT
STORAGE
: POTENTIAL
e ,J _ A library requires winter _J A library requires winter
. venttlation, Use EARTH TUBES(28)f ventilation, Use EARTH TUBES(28)
) INTER :nd KING YENTILATION SYSTEM(29) and KING VENTILATION SVﬂEHi(H)
¢ " ] t tem f
, YENTILATION ‘1:'01,'\ sepered v_ontﬂning &c‘::'urt? tempared ventilating
Thr'i-msonry creates a tncr-g
Mal chimney for induced ventilae An interior water wall will
tion, Usie 1n confunction with absordb heat and not allow it to
SUNMER EARTH TUBES(28), KING VENTILATION] function as a Solar Chimney (31)
VENTILATION SYSTEM(29) and SOLAR CHIMNEY (31)]to drive EARTH TUBES (28).
for secure nignt ventilatian.
v
ﬁ?;t‘:?“ Excellant way to control Vartes with container
POTENTIAL/ direct sunlignt on books and pro- Opaque - good
CONTROL vide natursl heat. Translucant - paor
el
SENSITIVITY 600D EXCELLENT
TO THERMAL
} FUNCTION .
Litraries do not have ia- Librerias do not have la=
T tent heat problems unless there | tent heat probless unless sherg
LATEK are many people. are many psople.
HEAT d
1 A Tibriry needs humidisy
gontrol. Masonry will not collu:nﬂ
condensation, Use EARTH TUSES(23) High humidity causes con-
. and SOLAR OEHUMIDIFIER(32), with | densation on contziners,
HOISTURE this wall g5 a SOLAR CHIMNEY (31)
to dehumidtfy the ate. N
,!!] The ratio varies with local | The ratio vartes with local
climate, latitude and Space heac~fclimate, latitude and Space heate.
At ing requirements, Range 0,22 to ing requirements. Range 0,16 to
..-:-a-r (RATIO) 0.72 - 1.0, See table 15.} for 10.55 - 1,0, See table 15.] for
-V details, detailg,
ﬂ Limyted to 20 feet for efe M Limited to 20 feet for ef-
ective radiant heating, The re- ctive cadiant heating., The re-
S.°TH OF quirement for southern e¢xposure |quirement for southern exposure
S2ACE dictates linear arrangezant un- dictates linear arrangement un-
IMITATIONS less modified by stacking or less modified by stacking aor
- staggering, — shdgoerioa -l
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9C. ATTACHED GREENHOUSE -

Figure 9C

INFORMATION

An Attached Greenhouse essentially is a combination of the
DIRECT GAIN SYSTEM (9A) and the THERMAL STORAGE WALL (98). The
back wall of the greenhouse converts sunlight into heat, and a
portion is then transferred intc the building. To be effective
as a heating source for the building, the common wall usually is
constructed of either masonry or water for heat storage,

There are many possible variations that aliow for design
flexibility in attached greenhouse applications. For example,
active systems such as fans can be used to get a better percen-
tage of heat extracted from the greenhouse to heat adjoining
spaces.,

Retrofitcting this system is easily done to the south wall
of a space with a clear exposure.,

MOVABLE INSULATION (23) should be considered when necessary
to avoid night heat loss from the main building space.

See tables 9C-1 through 9C-8 for retrofit application po-

tential to varjous Air Force building types, and see SIZING THE
GREENHOUSE (17) and GREENHOUSE CONNECTION (18).

9C-1




REFERENCES =
© 1. General Referénces 1.pp52-54.
'SOURCES OF ILLUSTRATIONS.

1. General Reference 1. p 54.
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‘Lm»<i, vus ' SUILOING TYPE(S): FAMILY HOUSING, AIAMAN'S ooénsf
@ercelon QFEILERIS ANAOTERS . TABLE 9C-1
@ G200 TIME OF USE AND OCCUPANGY: 24 hour occugancy 1s expected with
O fAlR standard 65°F (winter) and 78°F (summer) heating and cooling
acximums .,
Q POOR i
© unkKoun
@ vArIABLE
®
i::z-
o >
i y t s
LR o |
| =)
! DESIGN . o
§ COMSTDERATIONS] Attached Greenhouss - Masonry Wall Attached dreenhouse - Water Wall
T ————— " : 1
; ; Good, FAN should be 1ncorporn-|! !xcc”qnt. Faq ShOUTd De 10~
o ed to extract a better percen- incorporatad to extract a bet.
. § HEAT tage of heat than by natural con-fter percentage of heat than by
) ¥ STORAGE vection, natural convection, )
o POTENTIAL
_JNot Required, Infiltration _J Mot requived, Infiltration
should be sufficient, should be sufffcient,
aINTER
VENTILATION
4 Dark Masonry in the fittached "An interior water wall will ab
i reenhcuse will create a SOLAR CHIMEUTD heat and not aliow {t to func
\ EY(31) Yo fnduce ventilation, Use Jtien as a SOLKX CHIMNEY(31),
— SUMMER ARTH TUBLS(28), KING VENTILATION )
VENTILATION YSTEN(29) for earth tampered ven- i [

Excellent-same as standard cone Varies with contaiper. Opaque-]

p
NATURAL uction 17 & window or slfding Exceallent, Translucent-Good.
LIGHT oor 13 {n the common wall,
POTENTIAL/
CONTROL

- XGRII@NT TR WIALRY &C A Proe 1
£33 cted SQUTH FACING INDOOR SPACE

xceilent in winter as a pro
tad SOQUTH FACING 1NDOOR SPAC

SENSTTIVITY SUNNY PLACE to study, Poor in 4 and a SUNNY PLACE to study,Poon
70 THERMAL umiar unless praotected by SHADING | in summer unless protected by
FUNCTION EVICES(25),Tree Places and Climb- § SHADING DEVICES(25), Tree Places
ing olgnts -Appendix P Climbing plants-Apoendix P,
% [
Hrl%ﬁ's"!."& !332:22‘:1"?2:2“"%3“ rooms nr: sources of latent
tntar asset-Summar llabiitty, . heat, Minter asset - Summer
LATENT iability,
HEAT ) N
., r!Nquy will not collect conden. gh humidity causes con
* . sation, Use EARTH TURES(28) & sation on contatners,
SOLAR DCHUMSDIFIER(32) with this
. wall as a SOLAR CHINNEY(31) to
MOISTURE dehuntdify the air,

'thc ratio vartes with local lat4¥
1tude, climite and space heat-
*ing reguirements. Range 0,23-

The ratio varies with local
mate, latitude and space heat-

ALL 1.5, 3ce tabie 17-1 for d i DR A S P L e
. RAT 3. 360 table 17-1 for de- &7, See table =1l for detsils,
00K ( IO)i tafls,
Not applicadle because the heat Not appticable because the
.. should be removed by mechanical eat should -be removed by mechan-
<i0TH OF a3ns whea {t primarily for hsit- fcal means when it primarily for
2 L2ACE ing. eating, -
¢ \ IHITATIONS

W RS




{r0

N
BUILOING TYPE(S): § - ' .
@cxceLLent : (S): BASE LIBRARY ) TABLE 9C-2
@ 600D TIME OF "USE AND OCCUPANCY: thig buflding type has a 28 hour heat
.coatrol riquirement to preserve books. The heating and cooling
O FAIR - requirements are similar to 1iving/working spaces ?72‘F-7B°F with
optimum.,of 76°F),, The booKs also contribute to the tharmal mass
OPOOR of the butlding with a specific heat of .32 BTU/LL/*F for pacer.
Books should not be exposed to direct sunlight, o
€ UNKNOWN ’
Quvariase | .- )
4
0ESIGA. of SIRE
CONSIDERATIONS]. Attachad Greenhou:e - Masonry Wall Attached Gresnhouse - Water Wall
‘ R Good heat.storage. Fan should J§ Excellent heat storage.
‘HEAT - ba' {ncorporatad to axtract a Fan should be incorporated to
STORAGE ?0!:': pk{cuntaget?f heat than Jextract a better percantage of
POTENTIAL by ,f ural convection heat than by natural convection. ’
.JA \fﬁrlry requires wintar ventil A library requires winter ven-
ption, Use EARTH TUBES (28) and tilatiaon, Use EARTH TUBES (28)
<INTER KING VENTILATION SYSTEM(29) for and KING VENTILATION SYSI]’EM‘(Z9) ,
YENTILATION llrth{tempornd vsntllating air, :2:‘car§h to,pored ventilating ; 3
Dark masonry fa the Attached 1:2 An' {nterior water wall will ab : B
ireenhouse will create a SOLAR CHIM sorb heat and not allow {t to '
SUMMER EY(31) to {nduce ventilation. Useffunction as a Solar Chimney (31) v
. {th EARTH, TUBES(28) and KING VENTI}to drive EARTH TUBES (23), H
VENTILATION  LATION SYSTEK(29)for earth tempered . |
e Exccll;nt way to control dirnctEE! Varies by container: Opague- 3
NATURAL uniight on books, provice natural Fxcellent; transiucent-poor, Ate '
LIGHT sat, and can provide a protected tached Greenholuse provides a pro- '
POTENTIAL/ QUTK FACING OUTDOOR SPA-E and a tected SOUTH FACING OUTDQOR SPACE $
CONTROL UNHY- PLACE to study.(Apy C) to studyéSee Appeandix C,) .1 .
Excellent in winter as 4 pro- §a Excellent in winter as a pro- :
c ected .SOUTH FACING INDOOR SPACE & Facted SOUTH FACING INDOOR SPACE & §
SENSITIVITY SUNKY PLACE to study. Poor in SUNNY PLACE to study. Poor in ‘ .
;gugﬁggﬂ- uﬂ-g; uglu; promto:cb:‘r 3'1“\01"6 ummer unlass protected by SHADING
e BYAES (eihpnatgipcoriciinbing  Bovices(zy)fogg places & climbing)
Libr.ries do not have latent Librarfes do not have Tatent i
h@at prioblems unless there are heat problems unless there are :
many people in the space. atny people in the space. ,
LATENT . . ! -
HEAT ;
) !A Vibrary neads humidity control High humidity causes condensa- X
Masonry will not collect conden- § tion on containers, Low thermal
k A SEURTOIFIER (12 1 h this] Chjaney action to drive a SOLAR ‘
* B w GEHUMIDLFI 2). .
| MOISTURE J wall as SOLAR CHIMNEY(31) tw de- ]
tf vRuRiGTYy The 3Tr, ) . 'th local
The ratio varties with joca
, ha ratio varies with local lat- limate, latitude and space heat-
. itude, climate and space heating i ng requirements. Range 0.24=1.27
~ALL (RATL0)] requi-ements, Range 0.33-1.5. See 9 T q] 17-1 faor d 9 s e '
FTO0R ﬂmu 17-1 for details. ee Table 17-1 for detalls.
Not applicable because the heat Not applicable because the :
.. ould be removed be mechanicel eat should ba raomoved be mechan| .
JIPTH OF means when f{t primarily for heat- ical means when it primarily
L3ACE ing, for heating.
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9D. ROOF POND SYSTEM

Figure 9d

INFORMATION

The Roof Pond System generally acts as a comb{ned solar
collector, heat dissipator (for summer cooling), storage

medium, and radiator. It operates independantly of building
axis orientation, ’

The sizing and configuration depend on the emphasis:
heating, cooling, or a balance of both.

This system does not have universal (Air Force) appli-
cation because of varying roof configurations and possible
structural limitations. In every part of the nation, natural
processes can supply sufficient sensible coeling to produce
comfortable temperatures in well designed residentia] and
commercial buildings. 1

However, if you have a large flat (metal deck) roof on
your building, and if structural calculations indicates the
roof will supoort water bags, and MOVABLE INSULATION (23),
then you should consider the use of roof ponds., And if your
building's axis is north-south, this system would aliow your

9D-1 { )




roof to work for you to heat and cool your buiiding, where
DIRECT GAIN (9A), THERMAL STORAGE WALL (9B) and ATTACHED GREEN-
HOQUSE (9C) would have Timited potential application.

If you should decide to use this system for retrofit, you
should know the Department of Defense roof slope criteria; i.e.
“avoidance of roof ponding problems, can be met by sloping the
roof deck and orienting water bags 3 or 4 feet wide, perpen-
dicular to the slope.”,

See tahles 9D-1 through 9D-8 for retrofit application
potential of various Air Force -building types, and see SIZING
THE ROOF POND (19) and ROOF POND DETAILS (20).

REFERENCES

1. F.M, Loxsom et.al. "A National Assessment of Passive Noc-
turnad Cooling from Horizontal Surfaces," 4th National Pas-
sive Solar Conference Proceedings, Kansas City, MO, October
3-5, 1979. pp 466-470. (See Appendix M).

2. General Reference 3. p A-33
SOURCES OF ILLUSTRATIONS

1. General Reference 1. p 190.
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BUILOING TYPE(S): Fastly Housing, Afrmans Oorms, and |, TABLE g. 1.
@ExcELLENT Ofﬁc{rs (m.rg‘rs P L -

© 6000 TIME ‘OF USE ANG OCCUPANCY: 24 hiF occuparicy fs expected with standard
o 45 F-(winter) and 78 £ (susmer) hesting and cootfng meximums. )
‘@ FAIR )

POGR NOTE: This system 1s not applicable for Air-force Housing Unft; decause
o * they do not have flat roofs. ’ o
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on-Metal
Deck

QE5LGh
CONSTOERATIONS

— —

L e St g IR
- A . ' -

4EAT .
STORAGE R
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@ EXCELLENT

BUILDING TYPE(S): gase LIBRARY

TABLE 90.2

© 600D TIME OF USE ANC OCCUPANCY:This building type has a 24 hour heat
contrcl requirement to preserve books. The heating and cooling
Q FAIR requirements are similar to living/working spaces ?72°F.73°F with
optimum-af 76°F).., The books also contribute to the thermal mass
Q Po0R of the building with a specific heat of .32 8TU/LL/'F for paper,
: Books should not be exposed to direct sunlight,
Q UNKNOWN
@ variasLe '
Roof Pond
on Metal
Deck
DESIGN
CONS IQERATIONS)
'!Excoll,nc radiant heating and’ K yariable by latitude and cli-
HEAT cooling potentfal., Structural mate, and depth of concrete deck.
STORAGE system may not support, Building JConcrete reduces the efficiency
20TENTIA orientation does not affect its of the systam as a radiant heat-
L operation ing and cooling system. Thers arg
However, & 1ibrary requires 4
'v‘.lnmaztoﬁ. Use EARTH TUBES (28) Jo¥sss
and KING YENTILATION SYSTEM (29) However, a 1ibrary reauiras
= INTER for sarth temperaed ventilating ventilazfon, Use EARTH TUBES(28)
YENTILATION ate, :nd KING VENTILATION SYSTEM(29)
However, a library requires ven- Howovor. a Vibrary requiras ve
Tation all day and night for ation all day and night for
cooling and fresh atr. Use EARTH lcooling and fresh air.Use EARTH
SUMMER TUBES tza).xxnc VENTILATION SYSTEM|TUBES (28) ,KING VENTILATION SYSTE!
VENTILATION {29) for secure night ventilation,](29) for secure nfght ventilatton
This system would require usa of This system would require
SATURAL ndows for natural 1ight because of wiadows for natural light
LIGHT clerestories would not be possiblejbecause clerestories would not
POTENTIAL/ be possidle
CONTROL .
‘ xcellent as a radiant heat and ¥ variable by dopth of concrete.
cool surface for thermal comfort
SENSITIVITY .
TO THERMAL
FUNCTION ;
__] Libraries do not have latent Libraries do not have latent
heat problems unless there heat problems unless there
arg many paople in the space. are many peeple in the space.
LATENT
HEAT
High' huaidit{ causes condsnsae iEﬂ Uaknown at present time,
tion on metal deck, Use the
south wal) as a SOLAR CHIMNEY (31)
along with EARTH TUBES (28) and
MOISTURE

So&l DEHUHIDIFIEI(JZ) ta reduce

Varies by local climate, lati.
tude and space hcutinq/cofllng
requirements, Heating 0,25-1.0

“’Téf‘ (RAT10)JCooling 0.33-1,0, Ses Table 19.1

Unknown at present tise,

2.9TH OF
2ACE
*MITATIONS

Linitad to 20 feet for effectiv
radiant heating or cooling.
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9E. CONVECTIVE LooOP

Figure 9E-1{

INFORMATION

The Convective Loop System uses natural convection as the
motive force for this passive solar system, The major compon-
ent of this system is a flat plate collector located below the
heat storage unit and occupied space. The geometry of the sys-
tem makes it difficult or improbable that you will use it.

However, if your building is on the edge of a south-facing
hill then you could use this system.

Water, and air with rock storage are the usual heat trans-
fer media.

REPTROFIT OPPORTUNITIES

Buildings on bases with rolling terrain, such as Andrews
AFB, Wright-Patterson AFB and Little Rock AFB have possible
potential use of this system.

The spandrels of a multistory building can also be used
as a passive heating and/or ventilation system.

The tollowing rules of thumb for design are tﬁken from
Sunspots by Steve Baer: for sizing an air with rock storage
convective Toop system,

9t-1
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DESIGN TIPS (See Figure 9£-2)
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Make d = at least 1/15 L. '

Make rocks (h) 2 feet deep if small gravel (1") and
up to 4 feet deep if large rock (6").

Make collector slant at Teast 45 degrees.

Insulate storage box with at least 6 inch batt.
Make collector at least 6 feet long.

Keep all flow channels at least 1/15 of collector
area.

Avoid corners in flow channels,

Make storage cross section at least 1/3 of collector
area,

Insulate divide between down flow and up flow with
at least 1 inch duct board.

Double glaze collectors if 7000 degvee day climate

‘or more.

Hang place rock if possible to avoid layers of dirt
in bin.

Place all of storage rocks above collector, or use
damper.

Build house above storage bin,

Build vent flap at top of collector to open during
summer to prevent overheating.

Heat house with trap door to rock bin and duct to
cold under for return air,

RETUML NE gt CWmt How iR

Figure 9E-2
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The method of analysis of this system is the same as an
active-solar system flat plate co11ector.2

RETROFITTING LIMITATIONS OF THE CONVECTIVE LOOP SYSTEM.

This system generaliy hés limited potential for retro-
fit because it relies on geometry with the collector being
lower than storage, and storage below the occupied space,
as shown in Figure 9E-1.

The Convective Loop System will not be discussed further
because of its limited retrofit potential.

REFERENCES
1. General Reference 1. pp 59-62.

2. Steve Baer. Sunspots, Zomeworks Corporation, Albuquerque
N.M. 1977. pp 63, 71-72. - ’

SOURCES OF ILLUSTRATIONS
1. General Reference 1. p 60.

2. Reference 2 (above). p 72.
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10. APPROPRIATE MATERIALS

LARGE SCALE PATTERNS

The construction materials in your building and its struc-
tural system will infiuence the choice of a passive solar sys-
tem - CHOOSING THE SYSTEM (9) - used for retrofitting your build-
ing. Also using the idea of earth berming - NORTH SIDE (5) -
will affect your selection of materials.

THE PROBLEM

MORE ENERGY WAS CONSUMED IN CONSTRUCTING YCUR BUILDING THAN
WAS USED IN MANY YEARS OF OPERATIOM. THUS THE ARCHITECTURAL PROB-
LEM IS TO EFFECTIVELY RE-USE YOUR STRUCTURE AND THERMAL MASS
(which should be considered as site provided natural resource) AS
A RESOURCE FOR COLLECTING, STORING AND DISTRIBUTING HEAT THROUGH-
OUT THE STRUCTURE IN A NATURAL MANNER.

THE RECOMMENDATION

. DESIGN YOUR RETROFIT SO THE BUILDING'S THERMAL MASS FUNCTIONS
AS A NATURAL HEAT COLLECTOR, HEAT STORAGE MATERIAL AND HEAT DIS-
TRIBUTING SYSTEM THROUGHOUT THE BUILDING. YOU SHOULD USE LOCALLY
PRODUCED BIODEGRADABLE AND LOW ENERGY-CONSUMING MATERIAL WHENEVER
POSSIBLE. [IF ADDITIONAL THERMAL MASS IS REQUIRED, USE ADOBE, SOIL-
CEMENT, BRICK, STONE, CONCRETE AND WATER IN CONTAINERS. FOR FINISH
MATERIALS USE WOOD, PLYWOOD, PARTICLE BOARD AND GYPSUM BOARD. USE
THE FOLLOWING MATERIALS ONLY IN SMALL QUANTITIES OR WHEN THEY HAVE
BEEN RE-CYCLED: STEEL PANELS AND CONTAINERS, ROLLED STEEL SECTIONS,
ALUMINUM AND PLASTICS.

SMALL SCALE PATTERNS

Distribute and size bulk materials so they work effectively for
heat storage. For Direct Gain Systems see MASONRY HEAT STORAGE(13)
and INTERIOR WATER WALL (14); for Thermal Storage Wall Sys.. is see
WALL DETAILS (16); for Attached Greenhouse Systems see GREENHOUSE
CONNECTION (18); for Roof Pond Systems see ROOF POND DETAILS (20);
for reducing heat loss or heat gain see MOVABLE INSULATION (23),
SHADING DEVICES (25) and INSULATION ON THE OUTSIDE (26).

INFORMATION

This pattern should help you select materials which use a min-
imum amount of energy to manufacture and have good potential for
heat storage (thermal mass-specific heat) or resistance to feat
flow (insulation).

Energy conscious design requires selection of appropriate

materials. Table 10-1 shows that thermal mass materials require
relativeiy little energy to manufacture when compared tc energy-

10-1
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intensive materials such as aluminum and high grade steel alloys.

In some cases, thermal mass materials will be as much as 80
to 90% of the total volume of materials used in your building.
With some consideration given to energy consciousness in select-
ing and detailing of secondary/finishing materials - MOVABLE IN-
SULATION (23), REFLECTORS (24), SHADING DEVICES (25) and INSULA-
TION ON THE OUTSIDE (26) - you can modify your building so your
thermal mass is ‘insulated from the elements, and becomes a heat
sink or "thermal flywheel." VYour selection of good secondary/
finishing materials will, by its nature, be energy conservative.

Wood is an excellent secondary material. Other finish and
secondary materials include plywood, particle board, gypsum board,
plaster and vinyl. VYour use of energy-intensive materials is ap-

~ propriate when applied in moderation or when the materials are re-
cycled.-

Soil is not insulation but can be used as a buffer for strong
north winds - NORTH SIDE (5) and on roofs,

The selection of materials and furnishings for interior de-
sign is developing as an Interior Architectural Design specialty,
and is beyend the scope of this set of patterns. However, if you
apply the recommendation of this pattern to your interior design,
the thermal performance of your building will improve in your ret-
rofitting process. A good resource for Interior Solar Design is
Solar Interiors: Energy, A New Element in Design by Denise Guer1n6.

REFERENCES

1. A.B. Makhijani and A.J. Lichtemberg, "Energy and Well-Being,"
p 14,

2. Robert A. Kegel, "The Energy Intensity of Building Materials,"
p 39.

3. Andrew MacKilleys, "Low Energy Housing," p 8.
4, ASHRAE Handbook of Fundamentals, 1977.

5. Edward Mazria. The Passive Solar Energy Book - Expanded Pro-
fessional Edition., Rodale Press, tmmaus, PA 1979, ppli5-117.

6. Denise Guerin, i : in D

‘ ign (Miami
University Home Economics Department - unpublished).

7. Denise Guerin. "Energy and Interior Design, " Master's Thesis,
Michigan State University, May 1977,

8. Denise Guerin., "Textiles in an Ecological Framework," unpub-
lished graduate paper, Michigan State University, June 1976.

9. "Window Treatments for Thermal Comfort, "Energy Facts, Cooper-
ative Extension Service, Michigan State University, October 1977.
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11, SOLAR WINDOUS

Figure 11-1

LARGE SCALE PATTERNS

Using the ideas of existing or proposed windows from WIN-
DOW LOCATION (8) and CHOOSING THE SYSTEM/DIRECT GAIN (9A), this
pattern defines the area of south-facing glazing needed for solar
heating each space.

THE PROBLEM

DIRECT GAIN SYSTEMS ARE CURRENTLY CHARACTERIZED BY LARGE AMOUNTS
OF SOUTH FACING GLASS. MOST OF OUR PRESENT INFCRMATION ABOUT
DIRECT GAIN SYSTEMS HAS BEEN LEARNED THROUGH THE PERFORMANCE OF
VARIOUS EXISTING PROJECTS WHICH UTILIZE LARGE SOUTH-FACING GLASS
AREAS FOR WINTER SOLAR GAIN. THESE BUILDINGS ARE OFTEN THOUGHT
OF AS OVERHEATING ON SUNNY WINTER DAYS, THIS HAPPENS BECAUSE
SOLAR WINDOWS ARE FREQUENTLY OVERSIZED DUE TO LACK OF ANY ACCUR-
ATE METHODS FOR PREDICTING A SYSTEM'S PERFORMANCE. THESE DRAW-
BACKS HAVE LED TO A VERY LIMITED APPLICATION OF DIRECT GAIN SYS-
TEMS IN BUILDING DESIGN AND CONSTRUCTION,

THE RECOMMENDATION

IN COLD CLIMATES ( average winter temperatures 20° to 30°F), PRO-
VIDE BETWEEN 0.19 AND 0.31 SQUARE FEET OF SOUTH-FACING GLASS FOR
EACH ONE SQUARE FOOT OF SPACE FLOOR ARFA, THIS AMOUNT OF GLAZING
WILL ADMIT ENOUGH SUNLIGHT TO KEEP THE SPACE AT AN AVERAGE TEM-
PERATURE OF 65° to 70° DURING MUCH OF THE HINTER.1 9

1]

SMALL SCALE PATTERNS

The glazing area recommendations in this pattern can be di-
vided between south-facing window space and/cr south-facing

11-1
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CLERESTORIES AND SKYLIGHTS (12) as shown in figure 11-1. To -

prevent: daytime overheating and. 1arge space temperature fluc-
tuations, store a portion, of the heat gained during the daytime
for useé at night 'by 1ocat‘ng\a thermal mass within each space -
MASONRY HEAT STORAGE (13)-and"INTERIOR WATER WALL (14). Use
MOVABLE INSULATION (23) over the solar windows at night to reduce
heat loss ‘and _protect the windows from the hot summer sun by apply-
ing SHADING DEVICES(25). The area of window needed to heat a
space can be substantially reduced by using exterior RELECTORS(24).
A Direct Gain System with undersized solar windows can be comblned
with other passive systems to achieve the same recommended
performance - COMBINING SYSTEMS (21).

Finally, your windows shou1d function as breeze catchers
for SUMMER COOLING (27).

ILLUSTRATION

Figure'11-2

INFORMATION

A window, skylight or clerestory that faces south and opens
directly into a space is a very efficient solar collector - WIN-
DOW LOCATION (8). Light entering the space is unlikely to be
reflected back out regardless of the color or shape of the space.
This means that virtually all the sunlight is absorbed by the walls,
floor, ceiling and other objects in the space and is converted
into heat. Openings that are designed primarily to admit solar
energy into a space are referred to as "solar windows." VYou can
orient a solar window as much as 25% to the east or west of true
south and still intercept over 90% of the solar radiation incident
on a south-facing surface.

The size of a solar window determines the average temperature
in a space over the day. During a typical sunay winter day, if
a space becomes uncomfortably hot fwom too much sunlight, then

112
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the solar windows aEe either oversized or there is not enough
thermal mass distributed within the space to properly absorb: .
the incaming radiation. As a space becomes too warm, heated
air is vented by opening windows or activating an exhaust fan
to maintain comfort. This reduces the system's efficiency
since valuable heat is allowed to escape. For this redason, our
criterion for a well-designed space is that it gain enough sol-
ar energy, on an average sunny day in December or January; to
maintain an averagé space témperature of 70°F for that. 24-hour
period., Mazria used this criteria to develop size ratios for
prelimiﬁary sizing of solar windows; skylights and clerestories
(table 11-1.) : .o .

Sizing Solar Windows for Dilferent Climatic Conditions*
+

Average Winter . Squave Fout of Window *
Quidosr Temposature (*P " Neodud for
idegres-doypaime® Each One Squire Foot of Plesr Arves
Cold Climates
15° (1,500) 0.27-0.42 (wivight insulation over glass
20° (1350 0.24-0.38(winight insulahon ever glaw}
25° (1,200) . 021-033
30° (10500 0.19-0.29
Tempernate Climates
3s* (900 0.16-0.25
0° 730 0.13-0.21
48 (600 110,17

HOTES: 1. Thase raties apply to 4 residence with & space heat loss of
8 te 10 Stu/day-sq ft,. «*F, [f space heat 1oss fs less, lower
values can be used, These ratios can also be used far other
dutlding types having siaflar heating requirements, Adjustments
sheuld be sade for scditfensl heat gaint frow 1ights, pesple ang
pliances.

2. Temperature: and degrse-days are 1isted for Oacember snd Jane
uaPry, ususlly the coldest menths, Consult the Gase Yesther
Oetachment far Oaily Temparsture for yeur dase.

3. Within each range, choose & ratfo sccerding to your latitude.
For southern Tatitudes, 1.4,y IB'NL, use the lower windowete-
fleereares raties; for northern Vatitudes, t.e., 48°RL, Ut the
higher ratios,

Table 11-1

The exact size for retrofitting of your windows will depend
on Architectural considerations as well as thermal performance
requirements,

If you need additional internal mass to prevent overheating
and large temperature swings, then you should consider the con-
cepts presented in INTERIOR WATER WALL(14) as an application of
APPROPRIATE MATERIALS(10). '

You should also replace metal sash windows with wooden sash
windows to reduce heat loss.

You can also use this pattern to add Solar Windows, which
meet the criteria outlined in CHOOSING THE SYSTEM/DIRECT GAIN (9A).
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REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded Pro-
fessional Edition; Rodale Press, Emmaus, Pa 19/9. 119-121.
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2. Edward Mazria. "A'Design and Sizing Prpceedure for Passive
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Prpcegdingg, San .Jose, Ca, January 11-13 1 . p.250,
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12. CLERESTORIES AMD SKYLIGHTS

Figure 12-1

LARGE SCALE PATTERNS

Using the ideas of existing or proposed clerestories and
skylights from WINDOW LOCATION (8) and CHOOSING THE SYSTEM/DIR-
ECT GAIN (9A), plus the recommended areas of south-facing glass
needed to admit direct sunlight to solar heat a space-SOLAR WIN-
DOWS (11), then this pattern describes architectural methods
other than windows for collecting the sun's energy.

THE PROBLEM

THERE ARE MANY SITUATIONS WHEN ADMITTING DIRECT SUNLIGHT
THROUGH SOUTH-FACING WINDOWS IS WNOT FEASIBLE OR DESIRABLE., SO-
LAR BLOCKAGE OF THE SOUTH WALL BY NEARBY OBSTRUCTIOMNS, OR SPACES
WITHOUT A CLEAR SOUTHERN EXPOSURE, MAKE IT IMPOSSIBLE TO USE
WINODWS FOR SOLAR GAIH. ALSO, THE DISTANCC FROM A SOLAR WINDOW
TO A THERMAL STORAGE MASS IS LIMITED BY THE HEIGHT OF THE WIN-
DOW. A HASS LOCATED TOO FAR FROM THE WINDOW WILL NOT RECEIVE
AD ABSORB DIRECT SUNLIGHT. LARGE SOLAR WINDOWS, WHICH ARE THE
PRIMARY SOURCE OF DIRECT SUKLIGHT IN A SPACE, MAY RESULT IN
TROUBLESOME GLARE, CREATE UNCOMFORTABLY WARM AND BRIGHT CONDI-
TIONS FOR PEOPLE QCCUPYIMG THE SPACE AND DISCOGLOR CERTAIN FAB-
RICS. FOR THESE AKD OTHER REASONS (privacy and aesthetics) IT
IS NECESSARY TO EXPLORE ALTERNATIVE METHODS FOR COLLECTING THE
SUN'S ENERGY IN A DIRECT GAIN BUILDING.1

THE RECOMMENDATION

ANOTHER METHOD FOR ADMITTING SUNLIGHT INTO A SPACE IS
THROUGH THE ROOF. USE EITHER SOUTH-FACING CLERESTORIES OR SKY-
LIGHTS TO DISTRIBUTE SUKLIGHT OVER A SPACE OR TO DIRECT IT TO A
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PARTICULAR INTEREOR SURFACE. MAKE. THE CEILING OF THE CLERESTORY R W
A LIGHT COLOR AND: APPLY. SHADING DEVICES TO BOTH CLERESTORIES AND
SKYLIGHTS FOR SUMMER SUN CONTROL

SMALL SCALE PATTERNS

Apply MOVABLE INSULATION (23) and REFLECTORS (24) to make
clerestories and skylights more efficient as solar collecters.

Shade al1 glass areas, especially horizontal and south-facing >
glass, to-protect them from the hot summer sun - SHADING DE-
VICES (25). .

"Another important consideration in the selection and lo-
cation of a particular configuration is whéther sunlight is to
¥ . be diffused throughout .a space - MASONRY HEAT STORAGE {1i3), or
v directed to a particular surface .~ INTERIOR WATER WALL (14),

e, and that. your clerestories and’%uylxghts be operable for "stack
o effect" SUMMER COOLING (27).
o ILLUSTRATION

Figure 12-2

INFORMATION

CHOOSING THE SYSTEM /DIRECT GAIN (9A) described the advan-
tage of Clerestories and Skylights, plus their retrofit opportun-
ities and limitations.

I[f you are going to use south-facing Clerestories and Sky-
1ights in your architectural plan, then you should use the follow-
ing guidelines:
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Clerestory - Tlocate the clerestory at a distance in front of
an interior thermal storage wall of roughly 1-
- i to 1.5 times the height of the thermal wall.
Make the ceiling -of the cleréstory a“light col-
or to reflect and diffuse sunlight down into the
space. :

Ls1SH
Figure 12-3

Sawtooth
Clerestories - make the angle of each clerestory roof (as mea-
sured from horizontal) equal to, or less than
— the altitude of the sun at noon, on December 21,
the winter solstice. Make the underside of the
clerestories a light color.

ANGLE & = ALTITUDS OF THE SUN AT NOON ON DECEMEER 21
EXAMPLE: AT J0°NL ANGLE & = 3

Figure 12-4
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Skylight - use a reflector with horizontal skylights to
» increase solar gain in winter and shade both
horizontal and south-facing skylights in sum-
‘mer to prevent excessive solar gain.2

Figure 12-5

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition, Rodale Press, Emmaus, Pa, 1979. pl25.

2. Edward Mazria, "A Design and Sizing Proceedure for Passive
Solar Heated Buildings", 3rd National Passive Solar Confer-
ence Proceedings, San Jose, Ca, January 11-13 1979, pp250-
251,

SOURCES OF ILLUSTRATIONS

Figure 12-1 Patoka Nature Center by Fuller Moore

Figure 12-2 Reference 1 p 126
Figure 12-3 Reference 1 p 128
Figure 12-4 Reference 1 p 130
Figure 12-5 Reference 1 p 242
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13. MASONRY HEAT STORAGE
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Figure 13-1

LARGE SCALE PATTERNS

After sizing your SOLAR WINDOWS (11) and/or CLERESTORIES =~ '
AND SKYLIGHTS (12) a portion of the sunlight (heat) admitted

into each space must be stored to prevent daytime overheating
i and for use during evening hours, .

s THE PROBLEM

I e Rl Bl

THE STORAGE AND CONTROL OF HEAT IN A MASONRY BUILDING IS
THE MAJOR PROBLEM CONFRONTING THE DESIGNER OF A DIRECT GAIN
SYSTEM. In a Direct Gain System, the amount of solar energy
admitted into a space through windows, skylights or clerestories
determines the average temperature in the space over the day. A
large portion of this energy must be stored in the masonry walls
and/or floor of the space for use during the evening. In the
process of storing and releasing heat, the masonry fluctuates in
temperature, yet the object of the heating system is to main-
tain a relatively constant interior temperature. The location,
quantity, distribution and surface color of the masonry in a

space will determine the indoor temperature fluctuation over
the day.1

THE RECOMMENDATION

“

———
e

pragee

1 TO MINIMIZE INDOOR TEMPERATURE FLUCTUATIONS, CONSTRUCT IN-

- TERIOR WALLS AND FLOORS OF MASONRY WITH A MINIMUM OF 4 INCHES

; IN THICKNESS., DIFFUSE DIRECT SUNLIGHT OVER THE SURFACE AREA OF
THE MASONRY BY USING A TRANSLUCENT GLAZING MATERIAL, BY PLACING
A NUMBER OF SMALL WINDOWS SO THAT THEY ADMIT SUNLIGHT IN PATCH-
ES, OR BY REFLECTING DIRECT SUNLIGHT OFF A LIGHT-COLORED INTER-

i IOR SURFACE FIRST, THUS DIFFUSING IT THROUGHOUT THE SPACE. USE

% ¥ 13-1
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THE FOLLOWING GUIDELINES FOR SELECTING INTERIOR SURFACE COLORS D
AND FINISHES.

1. Choose a dark color for masonry floors.
2. Masonry walls can be any color.

3. Paint all lightweight construction (1ittle thermal mass)
a light color. *

4. Avoid direct sunlight on dark-colored masonry surfaces
for long perinds of time.

5. Do not use wall-to-wall carpeting over masonry ﬂoors.1

SMALL SCALE PATTERNS

If your building is masonry then you should consider it as a
site provided natural resource, and it is essential to insulate its
exterior face to facilitate heat storage in the space - INSULATION
ON THE OUTSIDE (26)., VYou should also oversize solar windows and
thermal mass to collect and store heat for cloudy days - CLOUDY
DAY STORAGE (22). 1If you design your retrofit to allow ventila-
tion of your masonry building during summer evenings, then the
masonry will absorb heat and provide cool interior surfaces on
hot days - SUMMER COOLING (273, EARTH TUBES (28), KING VENTILA- . )
TION SYSTEM (29), and SOLAR CHIMNEY (31)., If your building's ~
DIRECT GAIN SYSTEM (9A) overheats on sunny winter days, then you
should use INTERIOR WATER WALL (12) as an efficient and compact
retrofit method. '

ILLUSTRATION

LIGHT-COLORED WALL SURPACE

CLEAR GLAZING

:iv

DIFFUSING GLAZING
MATERIAL

INSULATION -

MASONAY:

Figure 13-2
13-2
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INFORMATION

Reference 1 presents information about three case studies
performed by M.S. Baker, E. Mazria and F.S. Wessling at the
University of Oregon. The following were their findings.

1. Use masonry products with a higher conductivity to re-
duce air temperature fluctuations within the space.
This allows rapid ‘heat transfer from the surface to
the interior of tne material.

Thermal Storage Material Properties

Materlsl Conductinty () Specific Hest (Cp) Density {3}

0 hrlPoFife [ m

Concrete (dense) 1.00 0.20 1400

Brick (common) 0.42 020 1200
Brick (magnesium

“additive) 2.20 0.20 1200

Adobe 0.30 0.24 106.0

Table 13-1

2, Interior !lasonry walls must be at least 4 inches thick.

3. To maintain comfort during the days, each square foot
of direct sunlight should be spread over at least 9
square feet of masonry surface.

4, The following general rules can be applied to help you
select interior surface colors and finishes for spaces
of predominantly masonry construction:

a. Select masonry floors of medium- dark colors. This
assures that a portion of the heat will be absorbed
and stored in the floor, lTow in the room, where it
can provide for greater human comfort,

b. Masonry walls can be any color. Sunlight reflected
from light-colored masonry walls (20 to 30% solar
absorption) will eventually be absorbed by other
masonry surfaces in the space.

c. Make all lightweight construction, such as wood
frame partitions (little thermal mass), a light col-
or so it reflects sunlight to the masonry walls or
floor., Sunlight striking a dark-colored material
of little thermal mass quickly heats that material.
Since it has little capacity to store heat, it gives
this heat to the space during the daytime when it
is not needed, causing the space to overheat,

13-3 T




d. Avoid direct sunlight on dark-colored masonry
surfaces for long periods of time since these
surfaces will also become uncomfortably warm.

e, Do not cover a masonry floor with wall-to-wall
carpet, Carpet insulates the heat storage mass
from the room. Scatter or area rugs, covering
a small area of the floor, make little differ-
ence,

Ref 1,2 &3. .

REFERENCES

1, Edward Mazria.' The Passive Solar Eneryy Book -~ Expanded
Professional Edition, Rodale Press, tmmaus, Pa, 1979
pp 134-143,

2, E. Mazria, M.S. Baker, F.C. Wessling, "Predicting the per-

formance of Passive Solar Heated Buildings," Proceedings of
the 1977 Meeting of the AS/ISES., Vol 1, sec 2, 197/7.

3. Edward Mazria. "A Design and Sizing Proceedure for Passive
Solar Heated Buildings." 3rd National Passive Solar Confer-

ence Proceedings, San Jose, Ca, January 11-13 1979. p 251.

SOURCES OF ILLUSTRATIONS

Figure 13-1 Passive Solar Buildings. Sandia Laboratories,
Albuquerque, NM, and Livermore, Ca. for USDOE under contract
DE-AC04-76DP00789. July 1979. p.22.

Figure 13-2 Reference 1 p.135

Table 13-1 Reference 1 p.l141
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Figure 14-1

LARGE SCALE PATTERNS

After sizing your SOLAR WINDOWS (11) and/or CLERESTORIES
AND SKYLIGHTS (12) a portion of the sunlight (heat) admitted
into each space must be stored to prevent daytime overheating
. and for use during evening hours. This pattern also gives in-
i formation for applying the ideas from APPROPRIATE MATERIALS (10).

THE PROBLEM

THE SIZE OF A WATER WALL (Volume) AHMD ITS SURFACE COLOR DE-
TERMINE THE TEMPERATURE FLUCTUATION IN A SPACE OVER THE DAY.
Solar windows are sized to admit enough sunlight to keep a space
at an average temperature of 65° to 70°F during most of the win-
ter. The volume of water in the space and surface color of the
container will influence the indoor temperature fluctuation a-
bove and below this average. The size of the water wall needed

. to maintain a comfortable environment is directly related to the
area of the solar windows.1

THE RECOMMENDATION

WHEN USING AN INTERIOR WATER WALL (Volume) FCR HEAT STORAGE,
LOCATE IT IMN THE SPACE SO THAT IT RECEIVES DIRECT SUNLIGHT BE-
TWEEN THE HOURS OF 10:00a.m. and 2:00p.m., Wake the surface of
the container exposed to direct sunlight a dark color, of at
least 60% solar absorption, and use about one cubic foot (7% gal-
lons) of water for each one square foot of solar window.1

4 14-1
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SMALL SCALE PATTERNS

Slightly oversize- thessolar windows and water wall to col-
lect and store heat for-cloudy days - CLOUDY JAY STORAGE (22).
Insulate the exterior face of thie wall when exposed to the out-
side - INSULATION ON THE QUTSIDE (26). Indry climates a water
wall cooled during the summer with cool night air will provide
for SUMMER COOLING (27).

ILLUSTRATION

Figure 14-2

INFORMATION

The name Interior Water Wall should probably be called In-
terior Water Volume. The phrase "water wall" was coined to de-
scribe Steve Baer's Thermal Storage Wall systam. The name is
kept for ease of cross reference with Edward Mazria's book -

The Passive Solar Enerqy Book - The Expanded Professional Edj-

tion,
The concept of this pattern is to locate a volume(s) of

water in space so it is exposed to direct sunlight (from 10:00
AM to 2:00PM) to reduce heat fluctuations in the space. The
amount of surface area exposed to sunlight and its surface col-
or are critical. The more surface exposed to sunlight, the
greater amount of heat absorbed. Black, Blue and Red are all
good heat absorbing colors

The use of this pattern will alsc be an application of AP-
PROPRIATE MATERIALS (10) and probably is one of the best retro-
fit options available.

It is a good retrofit heat storage material for the follow-
ing reasons:

1. Water is the most effective heat storage medium,

2. Water heats up uniformly by convection currents,

3. The surface temperature of the water container does

14-2
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not get hot and overheat the space like dark MASON-
RY HEAT STORAGE (13) media.

4, If the containers are small, they can be put in
place easily by hand and filled with water.

You can apply this pattern in three ways:

1. Water in containers against the back wall of a space.
(See figure 14-1) using SOLAR WINDOWS (11) and/or
CLERESTORIES & SKYLIGHTS (12) as a sunlight source.

2. Water in small containers dispersed throughout the
space such as the following using Solar Windows (11)
and/or CLERESTORIES AND SKYLIGHTS (13) as a sunlight
source.

a. Water beds could be an optional issue bed for
Airmen's Dorms, in place of standard metal frames
and mattresses.

b. Solar furniture (sofas, chairs, etc. made of metal
casing with a soft cushion) filled with water.,

Figure 14-3

Metal or glass sculptures filled with water.
Metal paint cans (filled with water) to make
book shelves.
e. Limitless other possibilities if imagination is
applied to the concept of volumes of water in
sunlight (See Appendix J).
Note: The use of water beds and solar furniture locates heat
or coolth next to the body for radiant heating or cooling of
the body.
3. Water in containers directly behind the south-facing
glass - THERMAL STORAGE WALL SYSTEM (9B) (See fig-
ure 14-1 and Appendix J.).
Table 14-1 shows room temperature fluctuations for Water Wall
(Volume) Systems.

a o
. .
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TABLE 14-1

DAILY SPACE AIR TEMPERATURE (°F) Fluctuations FOR
WATER STORAGE WALL SYSTEMS

Solar Absorption? Volume of Water Wall for Each
(surface color) One Square Foot of South-Facing Glass

lcu ft 1.5 cu ft 2 cu ft 3 cu ft

75% (dark color) 17° - 180 13° 12°
90% (black) 159 12° 100 99

NOTES: 1. Temperature fluctuations are for a winter-clear day
with approximately 3 square feet of exposed wall area
for each one square foot of glass. If less wall area
is exposed to the space, temperature fluctuations will
be slightly higher., If additional mass is located in
the space such as masonry walls and/or floor, then
fluctuations will be less than those listed.

e pe o Scn W e b e VR e s

2. Assumes 75% of the sunlight entering the space
strikes the mass wall.

3. One cubic foot of water = 62.4 pounds or 7.48
gallons.

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition, Rodale Press, Emmaus, Pa, 1979
pp 145-151,

2. David Brainbrtdge. "Water Wall Passive Systems - For New

and Retrcfit Construction," Third Nation Passive Solar
Conference Proceedings, San Jose, Ca., January 11-13 1979,

pp 473-478.

3. J.F. McClelland and R. Fuchs. "A Preliminary Study of A
‘ Passive Heating Performance and Visual Clarity for a Trans-
: wall Structure", Third National Passive Solar Conference

\ Proceedings, San Jose, Ca, January 11-13, 1979. pp 107-112,

4, Fred Hopman. "The Self-Insulating Water Wall - A Passive
Solar Mcdule for Heating and Cooling", Third National
Passive Solar Conference Proceedings, San Jose, Ca, Jan-
uary 11-13 1979. pp. 481-486.
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SOURCES OF ILLUSTRATIONS

Figure 14-1 Reference 1, ;p 150,
Figure 14-2 Reference 1, p 146.
Figure 14-3 Reference 2, p 474.
Table 14-1 Reference 1, p 149.
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15. SIZING THE WALL
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Figure 15-1
LARGE SCALE PATTERNS

‘ After locating the major south-facing spaces - LOCATION OF

- IHDOOR SPACES (6) ~ and choosing your heating system for each
space - CHOOSING THE SYSTEM (9) - this pattern describes the siz-
ing procedure for a THERMAL STORAGE WALL SYSTEM (98B),

THE PROBLEM

WHEN A THERMAL STORAGE WALL IS PROPERLY SIZED, THE TEMPERA-
2 TURE IN A SPACE WILL REMAIN COMFORTABLE THROUGHOUT MUCH OF THE
*= WINTER WITHOUT ANY ADDITIONAL HEATING SOURCE. However, if a ther-
~mal wall is oversized, then more heat is transmitted through the
wa]] than is needed, resulting in a space that is uncomfortably
..Warm 0f course, neat will be vented from a warm space to reduce
interior temperatures, This also reduces the system's efficiency
4 } by disposing of valuable heat in winter. If a wall is undersized,
¢ . wethenthere is not enough heat transmitted through the wall, and
" sapplementary heating will be needed in the space. The correct
size of a Thermal Storage Wall will change as climate, latitude
‘and space heating requirements change.1

THE RECOMMENDATION

It COLD CLIMATES (average winter temperatures 20%to 30°F) use
between 0.43 and 1.0 square feet of south-facing, double-glazed,
masonry thermal storage wall (0.31 and 0.85 square feet for a water
. wall) for each one square foot of space f]oor area. In temperate
. climates (average winter temperatures 35%°to 45°F) use between 0.22
} and 0.6 square feet of thermal wall (0.16 and 0.43 square feet for

a vater wall) for each one square foot of space floor area.,

3
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SMALL SCALE PATTERNS : -

Detail thé wall so it performs efficiently - WALL DETAILS(16).
The area of thermal wall needed to heat .a space can be substantially
reduced by using.exterior REFLECTORS (24) and/or MOVABLE INSULATION
(23). In fact, their use is strongly recommended in cold northern
climates. Remeiiber- that an under-sized thermal wall can be combin-
ed with other passive systems to provide adequate space heating -
COMBINING SYSTEMS (21), VYou should plan the wall for cloudy days-
CLOUDY DAY STORAGE (22). By ‘the use of proper WALL DETAILS (16),
you can convert a masonry wall into a SOLAR CHIMNEY (31) to drive

EARTH‘TU&ES\(ZB) and’ KING VENTILATION SYSTEM (29) for earth temper-
ed ventﬂation.2

ILLUSTRATION.

Figure 15-2

INFORMATION

The si2e of your thermal wall depends on three factors: local

climate, latitude, space heat loss. Each factor influences the
size of the wall.

Climate: 1In cold climates, more heat or larger thermal stor-
age is needéd to keep the space at *70°F, ‘

Latitude: The wall will increase in size the further north
your building is located.

Space Heating Loss: A well-insulated and tightly sealed
space requires less heat to keep it at a specified temperature and,
therefore, requires less wall.

SIZING THE SYSTEM

Ed Mazria's criteria for a well-designed thermal storage wall

15-2

ey o

Sz

T R SRS e TN
g T, SRR . .

: TR i

B2l T - T



TR R R TR
N 2 o Co S
h \ * v ta

rachs’y

A
HR S 30 e

~IETY,

7

T
o
kaefl,‘v’ 2

« ‘);
%
rervesed

t
%

{{” ‘CTE;Z\
. -

is that it transmit enough thermal energy (heat), on an average
sunny day in January, to supply a space with its heating needs
for that day.

That means that the energy transmitted through the walil
should be sufficient to maintain an average space temperature
of 65%°t0 75°F over a 24-hour period.

Using this criteria, Ed Mazria developed the sizing ratios
shown in table 15-1.1

$Sizing a Thermal Siorage Walt
for Different Climatic Conditions

Average Winder
Owutdoor Temperature (*H) Square Feet of Wall® Needed for Each
(degren-dayvme) One $quare Foot of floor Area
Maronry W'all Water wall
Cold Climates
15° (1,500 0.72->10 0.55-1.0
20° (1,350 0.60-1.0 0.45-0 85
25° (1,200 0.51-0.93 038-0.70
30° (1,050 0.43-0.78 0.31-0.55
- Temperate Climates
TABLE ] 5 ] ’ 35 (900 0.35-0 60 0.25-0.43
40° (750 0.28-0.46 0.20-034
45° (6000 0.22-0.35 0.16-0.25

NOTES: 1. Temperstures and degree~dany are listed for December and January, ysvally the
coldest months.

2. Within each range choote a ratio according to yout hattude. For southern fatitudes,
le, 3S°NL, use the lower wall-10-10¢ ~area natras; for aocthern lautudes, 1a., 48°NL
e the higher rakos. For 3 poory insulated bullding aiways use & higher value, For
thermal walls with & hontontal specular reflecior equal 10 the height of the wall in
fength, vie 67%% of recommended ration. For thermal wails with might snsulation (R-8),
vie 83% of recommended ratios, for themmsl walis wih both reflectors and night
wsJlation, Lse $7% of recommended ratios.

The exact size of tha wall depends on many considerations
such as views, natural lighting, sclar blockage and cost, and
will be decided by  the retrofit designer.

Refer to Reference 1 for design details.
REFERENCES
1. Edward Mazria. The Passive Solar Energy Book - Expanded

Professijonal Edition, Rodale Press, Emmaus, Pa, 19/9.
pp 153-157/,

2. Dr, Donald B. Elmer, Mo Hourmanesh, and'Ray Hourmanesch.
"Earth Air Heat Exchangers", 2nd National Passive Solar

Conference Proceedings, Philadelphia Pa, Warch 16-18,
1978. Vol I, p113-1§§.
SOURCES OF ILLUSTRATIONS
Figure 15-1 Reference 1 p 151
Figure 15-2 Reference 1 p 154
Table-15-1 Reference 1 p 156
15-3

T.”’M‘l

HH )

i

%, -
R

.



i
mamons
ool e i

PR AT
Coitaie e R o)
T ekt SR

i e Iy Rt R R AR BT
gt ST TR W R T et
3 R -

B L2

O

PETRANY

o

Pt

\‘ﬁ%
-~ 7

e
T

N

16. WALL DETAILS

Figure 16-1

LARGE SCALE PATTERNS

Once a rough size for a thermal storage wall is determined -
SIZING THE WALL?IB) - this pattern helps to detail the wall so
the system performs efficiently.

THE PROBLEM

THE EFFICIENCY OF A THERMAL STORAGE WALL SYSTEM [S LARGELY
DETERMINED BY THE WALL'S THICKNESS, MATERIAL AND SURFACE COLOR.
A space will overheat if more energy is transmitted through a
thermal wall than is neaded., Thus happens when a wall is either
too large in surface area, or too thin. If a wall is too thick
or painted the wrong color, it becomes inefficient as a heating
source since little energy is transmitted through it. For each
type of wall material there is an optimum thickness.1

THE RECOMMENDATION

USE THE FOLLOWING VABLE AS A GUIDE FOR SELECTING A VWALL
THICKNESS:

Material Recommended Thickness (in}
Adobe 8-12
Brick (common) 10-14
Concrete (dense) 12-18
Water 6 or more

MAKE THE OUTSIDE FACE OF THC WALL A DARK COLOR. IN COLD CLIMATES

16-1




ADD THERMO-CIRCULATION VENTS, OF ROUGHLY EQUAL SIZE, AT THE TOP

AND BOTTOM OF A MASONRY WALL TO INCREASE THE SYSTEM'S PERFORM- 4
ANCE. MAKE THE TOTAL AREA OF EACH ROW OF VENTS EQUAL TO APPROX- S #
IMATELY ONE .SQUARE FOOT FOR EACH 100 SQUARE FEET OF WALL AREA.

PREVENT REVERSE AIR FLOW AT NIGHT BY PLACING AN OPERABLE PANEL

(damper), HINGED AT THE TOP, OVER THE INSIDE FACE OF THE UPPER

VENTS, OR USE AN AUTOMATIC DAMPER LIKE SHOWN IN FIGURE 16-3. 1.2

;
i

SMALL SCALE PATTERNS

Placing MOVABLE INSULATION (23) over the glazing at night -
increases the system's performance. If possible, design the o
movable insulation to be used as REFLECTORS (24) and/or SHADING "
DEVICES(25). Shading the wall in summer and early fall will
prevent the space from overheating.

Or you can locate-Movablé Insulation on the interior surface'
of a dark; masonry wall to convert the wall into a Solar Chimney

(31) to drive EARTH TUBES (28) and KING VENTILATION SYSTEM (29) F
for earth tampered ventilation, S
ILLUSTRATIONS s
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Figure 16-4

INFORMATION

The details of the wall, its thickness, surface color, and
addition of thermo-circulation vents, and temperature control
devices determine the efficiency of the system and its ability
to provide thermal comfort in the winter.

Wall Thickness

From Figure 16-2, the following conclusions have been drawn
by Ed Mazria: .
. The optimum thickness of a masonry wall increases as
the thermal conductivity of the wall increases.
The efficiency of the wall increases a3 the conductiv-
ity of the wall increases.
. For masonry materials there is a range of optimum
thicknesses.
The efficiency of a water wall increases as the thick-
ness of the wall increases, although after 6 inches
the increase in performance is not very pronounced.

(3] N —
-

S

Table 16-1 lists the thermal conductivity and recommended
thickness for five commonly used wall materials, Your choice
of wall thic aess, within the range given for each material will
determine the temperature fluctuation in the space over the day.

TABLE 16- I Efiéct of Wall Thickness on Space Alr Temperature Fluctuations

L
y cThermal - Revorumended  Appraximate indosr Temperature (1)
H ion a3 3 Function of wall
Thichness *

AL TS -

——

Materlal Muhel1-*D) %

4 [ 7 W 2
L L T Y

e

Adobe 030 512 e 18 7° 7 8 L.
Brick (common) 0.42 10-14 FETIEE LA kA A
Concrete (dense) 1.00 1218 e 28° 16" 10° 6 S
Brick (magnesium

additive) 220 16-24 e 350 24° 10 120 9
Water? . 6ormere 31° 18° 13° 3 w0* 9°

TR A s rwes

NOTLS: 1. Aswam & double-glazed thermal wall. (f addivonal masy 15 located 1n the space,
Swih a3 masanty walls andfoe fioors, then tempersture fluctustions will bo less than
thove luted, Values given are for winter-dlear dayr,

2. Magnet:vm 1 commonly used as an aoditwe to brick to darken 3 color. 1t 2t
greathy increases the tharmal conductivity of the matenal. e

3 Wheo uung water i tubes, cylindens of other types of Qreulae containers, vie
16 - 3 o loast 3 9% nch-dumeter container or %2 cubic foot (312 Ib of 374 24 of \'nm
for cach ona square foot of glazing,
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AS A GENERAL RULE THE GREATER THE WALL THICKNESS THE LESS
THE INDQOR TEMPERATURE FLUCTUATIONS.

Wall Surface Color

The greater the absorption of solar energy at the outside
surface of a thermal wall, the greater will be the transmission
of heat through the wall to the interior space. A black-color-
ed surface, with a solar absorption of 95%, is one of the most
efficient absorbers. Performance, though, is only one criter-
jon for the selection of wall color. Other colors such as dark
biue (solar absorption 85%) also work well. Reducing the solar
absorption for both water and masonry walls from 95% to 85% re-
duces the system's efficiency proportionally. The inside sur-
face of the wall can be made any co’lor.1

You can use Figure V-10 in chapter 5 of Ed Mazria's book
(Reference 1) to predict the time of day a space will reach its
maximum and minimum temperatures,

Thermocirculation Vents

Locating openings (vents) at the top and bottom of the wall

induces a natural (passive) circulation of warmed air into the —

building., The natural convection of heated air continues for
2 to 3 hours after sunset, when the wall becomes too cool to in-
duce a warm airﬂow.1

At night the air between the glazing and wall cools, and
the air movement will reverse. To prevent reverse air flow at
night attach an operable panel or automatic damper over the

inside face of the upper vents as mentioned in THE RECOMMENDA-
TION '
* 1,2

Space Temperature Control

If a space.becomes too warm, movable insulation (such as
curtains, sliding panels) placed over the inside face of a ther-
mal wall turns ¢ff the heating system. This is a very simple
and effective way to control indoor temperatures. The system
can be adjusted by covering all, part or none of the wa11.1

A dark masonry wall can be converted into a SOLAR CHIMNEY
(31) in the summer by placing MOVABLE INSULATION (23) on the
inside surface of the wall, closing the upper interior vent,
and venting the wall to the outside with an exhaust fan. This
SOLAR CHIMNEY (31) will continue to ventilate the space until
late at night, EARTH TUBES (28) and KING VENTILATION SYSTEM
(29) can be used as a cool air source for ventilation of the
space. This process is illustrated by Figure 16-4.3 4.5
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17. SIZING THE GREENHOUSE

Figure 17-1

LARGE SCALE PATTERNS

A building located in the northern portion of a sunny area
- BUILDING LOCATION (2) - insures that any additions or projec-
tions along its south wall - BUILDING SHAPE AND ORIENTATION (3)-
will receive direct sunlight. The solar greenhouse will supply
heat to a building when attached to its south side - CHOOSING
THE SYSTEM (9C). This pattern helps size the area of greenhouse
glazing necessary for collecting enough solar energy to supply
heat for both the greenhouse and the building.

THE PROBLEM

THE COMPLICATED NATURE OF THERMAL ENERGY FLOWS BETWEEN AN
ATTACHED GREENHOUSE AND A BUILDING MAKES IT DIFFICULT TO ACCUR-
ATELY SIZE A GREENHOUSE AND TO PREDICT ITS PERFCRMANCE AS A
HEATING SYSTEM. When properly sized, the attached greenhouse
not only heats jtself but heats the spaces adjacent to it. How-
ever, the quantity of heating provided depends upon many vari-
ables such as latitude, climate, thermal storage mass, and the
size and insulating properties of the greenhouse and spaces
being heated.1

THE RECOMMENDATION

EXTEND THE GREENHOUSE ALONG THE SOUTH WALL OF THE BUILDING
ADJOINING TRHE SPACES YOU WANT TO HEAT, 1IN COLD CLIMATES, USE
BETWEEN 0,65 and 1,5 SQUARE FEET OF SQUTH-FACING DOUBLE GLASS
(greenhouse) FOR EACH ONE SQUARE FOOT OF (adjacent) BUILDING
FLOOR AREA, IN TEMPERATE CLIMATES, USE 0.33 70 0.9 SQUARE FEET
OF GLASS FOR EACH ONE SQUARE FOOT OF BUILDING FLOOR AREA. THIS

17-1




AREA OF GLAZING WILL COLLECT ENOUGH HEAT DURING A CLEAR WINTER
DAY TC KEEP BOTH THE GREENHQUSE AND ADJOINING SPACE AT AN AVER-
AGE TEMRERATURE 0F'60910x58°F.1

SMALL SCALE PATTERNS

Locate enough thermal mass in the greenhouse so that it
absorbs direct sunlight and dampens interior temperature fluc-
tuations. Construct the mass wall between the greenhouse and
building so that it allows for the efficient transfer of heat
between the two spaces - GREENHOUSE CONNECTION (18). MOVABLE
INSULATION (23) should be provided to reduce night heat losses,
and summer heat build-up.

ILLUSTRATION

Figure 17-2

INFORMATION

In most climates a well-constructed attached solar green-
house coliects more energy on a clear winter than it needs for
heating., A portion of this extra energy can be conducted
through the common wall between the greenhouse and the building.
In this way the attached greenhouse has the potential to supply
a substantial amount of heat to the space(s) adjoining it.

Approximate glass area (double-glazed) for cold and temper-
ate climates are given, in Table 17-1, for incorporating either
with common masonry, or water storage wall between the spaces.

When using a thermal wall for heat storage and transfer,
attach the greenhouse so it extends along the south wall of a
building exposing a large surface area of thermal wall to direct
sunlight. A greenhouse elongated along the east-west axis is
the most efficient shape for solar collection - BUILDING SHAPE

17-2
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TABLE 17-1

Sizing the Attached Greenhouse for Different Climatic Conditions
Average Winler

Outdoor Temperature (‘) Square Feet of Creenhouse Glass * Noeded

(degren-days/me)’ for Sach One Square Foot of Floor Ares
Maoney Wal Water Wall

Cold Climates
20° 1350 09 -15 0.68-1.27
25° (1,200 0.78-13 057-1.05
30* (1,050) 0.465-1.17 0.47-0.82
Temperate Climates

35°  (500) 0.53-0.90 0.38-0.65
40° 750 0.42-0.69 0.30-0.5%
45°  (600) 0.33-0.53 0.24-038

NOTES: 1. Temperatures and degree-dn3 ace Inted ‘or December and fanuary, wiually the
coldest moshs.

2, Within each tange chooss 8 rauo w.:vnim; 1o your latitude. for southem latitudes,
i.8, 3S°NL use the lower glass-1o-floararea nnos; for nonthem latitudes. | e, 48°NL,
use Ov higher ratios. For & poordy insulated greenhouse or building always use slightly
more gl

AND ORIENTATION (3).

Whenever possible recess the greenhouse into the building
so that the east and west walls are also common partitions., This
not only reduces greenhouse heat loss but increases the amount
of heat transferred to the adjacent spaces.

An attached greenhouse with less than the recommended glass
area works with the same efficiency. The amount of heat collect-
ed through each square foot of glass remains thé same, only with
less glass, less heat is collected., The area of greenhouse glaz-
ing will determine the potential contribution of solar heat sup-
plied to the building over the year.

When the primary function of the greenhouse is to heat the
building, taking heat from the greenhouse by mechanical means
and storing it for use in the building will increase the effic-
iency of the system, This approach works best when the green-
h?use is allowed to drop in temperature to about 40°to 45°F at
night,

To improve the performance of the greenhouse for night
operation you should provide MOVABLE IMSULATION (23).

17-3




REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - ‘Expanded
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18, GREENHOUSE CONNECTION

Figure 18-1

LARGE SCALE PATTERHS

This pattern completes SIZING THE GREENHOUSE (17) by speci-

fying the details necessary for a proper connection between the
greenhouse and the building.

THE PROBLEM

THE DETAILING OF THE THERMAL CONNECTION BETWEEN THE ATTACHED
GREENHOUSE AND THE BUILDING WILL DETERMINE THE EFFECTIVENESS
OF THE GREENHOUSE AS A HEATING SOURCE. For systems that rely
on heat transfer through the common wall between the green-
house and adJjacent space(s), the efficiency of the system is
Targely determined by the surface area of the wall, its thick-
ness, material and surface co]or.1

THE RECOMMENDATION

WHEN THE PRINCIPAL METHOD OF HEAT TRANSFER BETWEEN THE
GREENHOUSE AND BUILDING IS A THERMAL WALL, USE THE FOLLOWING
TABLE AS A GUIDE FOR SELECTING A WALL THICKNESS:

MATERIAL RECOMMENDED THICKNESS (in)
Adobe 8-12 0
Brick {common) 10-14
Concrete (dense) 12-18
Water

8 or more (or 0,67
cu ft for each one
sq ft of south-fac-
ing glass).

18-1
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MAKE THE SURFACE OF THE WALL A MEDIUM OR DARK COLOR AND BE CARE- én“/
FUL NOT TO BLOCK DIRECT SUNLIGHT FROM REACHING IT. 1IN COOL AND )
COLD CLIMATES, LOCATE SMAEIl. VENTS OR OPERABLE WINDOWS IN THE WALL

TO ALLOW HEAT FROM THE" GREENHOUSE DIRECTLY INTO THE BUILDING

DURING THE DAY'l'IM_[;'.,1

SMALL SCALE PATTERNS

Provide exterior operable vents and shading devicas to.
prevent a heat buildup in the Greenhouse during the summer -
MOVABLE INSULATION (23) and REFLECTORS (24). You can use the
"stack effect" within the greenhouse to provide the motive
force for EARTH TUBES (28) to give SUMMER COOLING (27).2 3.4.5 .

ILLUSTRATIONS

Figure 18-2

INFORMATION

There are three methods of heat transfer from the green-
house to the buildings1l) cowmon masonry wall; 2) water wall;
3) active rock storage - passive distribution.

Common Masonry Thermal Wall

If your building has a masonry wall and you retrofit a
greenhouse on to it, then you should add some water containers
to reduce or dampen heat fluctuations within the Greenhouse. -
This is necessary because masonry alone cannct store enough heat. !

18-2
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The masonry wall functions very much like a Masonry Thermal
o Storage Wall System. They are so similar that the optimum wall
A thickness and surface color are the same as WALL DETAILS (16).1

£
e

Common Water Thermal Wall

S Appendix J gives information about two waterwall systems
., « , that could be retrofit to an existing light frame building to
e .+ provide thermal mass for heat storage. With 0.67 cubic feet
... of water (or more) for each square foot of south-facing glaz-
. ing,no additional. mass is needed in th2 greenhouse., The water
*.wall should expose as much surface area as possible in both
_ the greenhouse and adjacent space for adequate heat absorption
Jooaad transfer.1

- gpee
s

ActiQe Rock Storage - Passive Heat Disfribution

v
A L L e

If you desire to use the greenhouse primarily as a heating
source, it may be advantageous to actively take heat from the
greenhouse and store it in the space for night use.

For a large building with a large floor area to south wall
ratio, this method is probably the best, because the night ra-
diant heat is limited to a range of about 20 feet.

Additional Items

f*‘uaa\ -
\
{

Provisions for operable vents and SHADING DEVICES (25) are
essential to prevent a heat buildup. VYou should refer to Ed
Mazria's book, Greenhouse Details - pp 209-218 for details.

During the summer, the "stack effect" in the greenhouse
can be used as a driving force for EARTH TUBES (28? and SUMMER
COOLING (27)2 3.4.5

t B ]

MOVABLE INSULATION (23) should be considered for northern cold
climates to reduce winter night time hea® losses,
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4. Fuller Moore. A Passive Solar Dwelling for A1l Seasons -
Award Winning Design in recent U.S. Dept of H.U.D. Passive
Sgh&h Residential Design Competition,

5. David Wright, AIA, Natural Solar Architecture - A Passiy
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19. SIZING THE ROOF POND

Figure 19-1

LARGE SCALE PATTERNS

After choosing the roof pond as a possible retrofit heating
and ceoling system - CHOOSING THE SYSTEM/ROOF POND (9A) - this

pattern gives you a procedure for sizing the variations of this
system.

THE PROBLEM

SINCE ROOF PONDS GENERALLY ACT AS COMBINED SOLAR COLLECTOR,
HEAT DISSIPATOR (for summer cooling), STORAGE MEDIUM AND RADIA-
TOR, THE AREA REQUIRED VARIES ACCORDING TO WHETHER THE PONDS ARE
USED FOR HEATING OR COOLING, THE TYPE OF MOVABLE INSULATION USED
AND THE TYPE OF GLAZING AS WELL AS CLIMATE, LATITUDE AND BUILDING
LOAD.

1

THE RECOMMENDATION

FOR HEATING, THE RECOMMENDED RATIOS OF ROOF POND COLLECTOR
AREA FOR EACH ONE SQUARE FOOT OF SPACE FLOOR AREA ARE GIVEN IN
THE FOLLOWING TABLE:

Average winter )
outdoor temperature (°F) 15225° 25°-35° 35%-45°

Double-glazed ponds
w/night insulation e e 0.85-1.0 0.60-0,90

Single-glazed ponds
w/night insulation
and reflector e e s 0.33-0.60

5

SRR
Gubeson st

IR

WG

[e

koA

e R

[

P e T A

Y RS A P ke Ao Boes AR i s




1o’

Average winter .
outdoor temperature (°F) 15°-25° 25°9-35° 35%.45°

Double-glazed pond
w/night insulation

and reflector . . 0.50-1.0 0.25-0.45
South-slaping cellector '
cover w/night insulation 0.60-1.0 0.40-0.60 0,20-0.40

WITHIN EACH RANGE, CHOOSE A RATIO ACCORDING TO YOUR LATITUDE.
AT LOWER LATITUDES USE THE LOWER RATIO AND AT HIGHER LATITUDES

THE HIGHER VALUE. ROOF PONDS REQUIRE AUGMENIATION BY REFLECTORS
AT LATITUDES GREATER THAN 36°NL.

RECOMMENDED 'RATIOS OF ROOF POND AREA TO SPACE FLOOR AREA FOR -
COOLING ARE GIVEN IN THE FOLLOWING TABLE. THESE AREAS ARE BASED
ON THE ASSUMPTION THAT THE PONDS ARE NOT BLOCKED FROM SEEING AT
LEAST THREE-FOURTHS OF THE WHOLE SKYDOME.

Hot-Humid Hot-Dry
Type of Pond Climate Climate
Single-glazed pond 1.0 0.75-1.0
Singie-glazed pond )
augmented by
evaporative cooling 0.75-1.0 0.33-0,50
Ref 1

SMALL SCALE PATTERNS

Have your roof pond retrofit project designed by an exper-
jenced (roof pond) Architect on an A and E contract - ROOF POND

DETAILS (20) so the system is simple to build and functions
efficiently. :

ILLUSTRATIONS

Lo
£

| et

e

Sttt

AR A e




ij Y

INFORMATION

At the present time all the ruies of thumb are for metal

'~ deck roofs. None have been developed for concrete decks, but

in general metal decks will perform better as a radiative sur-
face for heating and cooling.

tati
tem.

Trinity University is presently doing the most authori-
ve research concerning roof pond systems as a cooling sys-
They are constructing a large experimental station at

this time, and should have better sizing rules of thumb avail-

regi

_able by Spring of 1981,

Another new roof pond system for use in a hot-arrid
on is being developed by Karen Crowther. It is an evapor-

" oative/thermosiphoning roof pond (See Appendix M),

You should refer to Appendix M for the most recent tech-

nical papers on roof pond systems, and to Reference 1 for de-

tail

ed discussion of function, movable insulation and glazing.

Note: The ROOF POND SYSTEM (9b) is patented under the

name "Skytherm" (See Table 23-1) by Harold Hay: ‘You should in-
form the construction agency of this trademark to avoid sole
source procurement,

REFERENCES

1.

4'

Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition, Rowdale Press, kmmaus, Pa. 19/9,

PP.lo/=1Jc.

"New Research", Research and Design - The.guarter]y of the
AIA Research Corp. Vol. II, no. 3, Fa 1 . p. 18 (See

Appendix M),

F.M, Loxson, et.al. "A National Assessment of Passive Noc-
turnal Cooling From Horizontal Surfaces," 4th National Pas-

sive Solar Conference Proceedings, Kaasas (ity, Mo., Octo-
ber 3-5, 1979. pp 4066-470 (See &ppendix M).

Karen Crowther., "Cooling from An Evaporating, Thermosiphon-
ing Roof Pond," 4th National Passive Solar Conference Pro-
ceedings, Kansas City, Mo., October 3-5, 1973.pp 499-503,

SOURCES OF ILLUSTRATIONS

Figure 19-1 Reference 1. p 186

Figure 19-2 Reference 1, p 188
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20. ROOF POND DETAILS

Figure 20-1

LARGE SCALE PATTERNS

Once a clear idea for the size and shape of the roof pond
-SIZING THE ROOF POND (19) - is established, it is necessary to
detail the system so that it functions efficiently.

THE PROBLEM

DUE TO THE INTEGRAL NATURE OF ROOF PONDS AND ARCHITECTURE,
ESPECIALLY WITH REGARD TO STRUCTURE, ROOF AND CEILING, THERE
ARE MANY DFTAILS THAT NEED CAREFUL CONSIDERATION, ALTHOUGH
ROOF PONDS ARE SIMPLE IN CONCEPT AND POTENTIALLY INEXPENSIVE,
MAJOR PRGBLEMS HAVE BEEN CAUSED BY FAILURE TO ADEQUATELY WORK

OUT THE NUMEROUS SMALL DETAILS THAT MAKE UF THE SYSTEM.i 9
]

THE RECOMMENDATION

HAVE THE PLANS, SPECIFICATIONS AND DETAILS PREPARED BY AN EX-
PERIENCED (roof pond) ARCHITECT ON AN A and E CONTRACT SO THE
SYSTEM IS SIMPLE TO BUILD AND FUNCTIONS EFFICIENTLY,

SMALL SCALE PATTERNS

When the movable insulation panels also double as reflec-
tors, optimize the angle of the reflector according to the in-
formation given in Ed Mazria's book (Reference 1)pp241 248, Ad-
£USt(th§ depth of the pond to provide heat for CLOUDY DAY STOR-

GE (22),.

20-1
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INFORMATION

Daniel Aiello in his paper "Architectural Implications of
Roof Pond Heating and Cooling Systems," presented at the 4th
National Passive Solar Conference discusses the detailing prob-
Tems that must be solved for roof pond systems. You probably
don't have the expertise therefore you should seek design assis-
tance from an experienced Architect, on an A and E contract.
Ideally the Architect should have had supervision and past con-
struction evaluation experience with roof ponds in addition to
design experiefce. Then the design and details will be based
on experience and feedback.

REFERENCES

1. Daniel P, Aiello. "Architectural Implications of Roof Pond
Heating and Cooling Systems," 4th National Passive Solar

Lonference Proceedings, Kansas City, Mo., October 3-5, 1979,
pp329-332 (See A

ppendix M),
2. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition; Rodale Préss, Emmaus, Pa., 1879.
pp. 194-199, .
SOURCES OF ILLUéTRATIONS
Figure 20-1 Reference 2,p.193,
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Figure 21-1
LARGE SCALE PATTERNS

If more than one system is chosen to heat a space - CHOOS-
ING THE SYSTEM (9) - this pattern will help determine the re-
iationship between the sizes of the various systems,

THE PROBLEM

IT IS VERY LIKELY THAT A COMBINATION OF PASSIVE SYSTEMS WILL
BE USED TO HEAT A SPACE. HOWEVER, SIZING PROCEDURES ARE USUALLY
ONLY GIVEN FOR INDIVIDUAL SYSTEMS. For example, many passive
solar hnated spaces employing a Thermal Storage Wall or Attach-
ed Gresnhouse Systam will also include south-facing windows in
the vna.e. In soms cases, direct gain windows will be part of
the th->rmal wail. In this and other similar situations, the siz-
ing precedures given in previous patterns must be adjusted.

THE RZCOMMINDATION

WHEN SIZING A COMBINATION OF SYSTEMS, ADJUST THE PROCEDURES
GIVEN IN PREVIUYUS PATTERNS ACCORDING TO THE FOLLOWING RATIOS: FOR
THZ SAME AMOUNT OF HEATING, EACH 1 SQUARE FOOT OF DIRECT GAIN
GLAZING EQUALS 2 SQUARE FEET OF THERMAL STORAGE WALL OR EQUALS
3 SQUARE FEET OF GREENHOUSE COMMON WALL AREA.

SHALL SCALE PATTERNS

You should treat the details of each system as if it were
the only system, and slightly over-size zollector areas and ther-
mal mass when heat storage for cloudy days is needed - CLOUDY DAY
STORAGE (22), - and you should not forget to use MOVABLE INSULATION
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(23), REFLECTORS (24), SHADING DEVICES (25) INSULATION ON THE
OUTSIDE (26) and SUMMER COOLING (27). y

Figure 21-2

INFORMATION

When most of the glazing normally used in a space also
doubles as the collector area (south-facing glazing), then a
DIRECT GAIN SYSTEM (9A) will utilize approximately 60 to 75%
of the energy incident on the collector (south-facing glazing)
for space heating. These percentages are largely determined by
reflective and absorptive radiation losses through the glazing.

A THERMAL STORAGE WALL SYSTEM (9B) will transfer about
30 to 45% of tne energy incident on the collector into a space.
This system's efficiency is determined not only by raflective
and absorptive losses through glazing, but also by heat lost
from the wall's exterior surface because of the high temperatures
generated - WALL DETAILS (14).

The ATTACHED GREENHOUSE (9C) is essentially a Thermal
Storage Wall System. However, the percentage of incident energy
(on the collector) transferred through the common wall between
the greenhouse and building is less than a Thermal Storage Wail,
or only 15 to 30%. The reason is simply that a greenhouse has
more surface area and consequently more heat ioss than glass
placed only a few inches in front ¢f a wall. This does not im-
ply that this system is inefficient. On the contrary, the energy
colTected by the greenhouse that is not transferred into the
buildine is used to heat the greenhouse itself.

A1l of this suggests that a ratio of 1 (Direct Gain) to 2

(Thermal Storage Wall) to 3 (Attached Greenhouse) exists between
the systems. ?If the collector glazing in a Direct Gain System
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is additional to the amount that would normally be used in a
space, then doubie the amount of collector area needed.) This
means that each 1 square foot of collector area {glazing) in a
Direct Gain System supplies roughly the same quantity of heat
to’a space as 2 square feet of thermal storage wall, or 3 square
feet of attached greenhouse wall area. According to these ratios
then, 50 square feet of direct gain glazing will produce rough-
ly the same amount of solar heating as the combination of 25

square feet of direct gain glazing and 75 square feet of attached
. greenhouse common wall area.,

If you actively take heat out of an attached greenhouse and
store it in the Bui‘ding - GREENHOUSE CONNECTION (18) - the per-

. centage of incident energy supplied to the space increases. In

this case, the ratio of direct gain to attached greenhouse col-
lTector area is roughly, 1 to 2.

>

o

o

Because of the many roof pond configurations, it is diffi-
cult to give one rule of thumb for combining the pond with other
systems. However, for the same amount of heating, the ratio of
roof pond collector area to the collector area of other systems
can be determined from the sizing procedures ?iven in the pat-

terns SOLAR WINDOWS (11), SIZING THE WALL (15}, SIZING THE GREEN-
HOUSE (17) and SIZING THE ROOF POND (19).1

REFERENCES

Rl T T I ek

L _ 1, Edward Mazria. The Passive Solar Ener

) Book ~ Expanded
Professional Edition, Rodale Press, Emmaus, Pa., 1979.
pp. 220-224,

SOURCES OF ILLUSTRATIOQNS

rigure 21-1 Reference 1 p 219

Figure 21-2 Reference 2 p 221
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22, CLOUDY DAY STORAGE

Figure 22-1 .

LARGE SCALE PATTERNS

This pattern completes all the sizing patterns - SOLAR
WINDOUS (99, MASONRY HEAT STORAGE (13) and INTERIGR WATER WALL
(14); SIZING THE WALL (15) and WALL DETAILS {(16); SIZING THE
GREENHOUSE (17) and GREENHOUSE CONNEZTION (18); SIZING THE

ROOF POND (19) and ROOF POND DETAILS (20). 1In all of them, the
svize -0f the collector area and thermal mass can be adjusted to
prov1d@ heating during pericds of cloudy weather.

THE PRGBLEM

IN A PASSIVELY HEATED BUILDING WHERE THERMAL-MASS IS PART
OF THE HABITABLE SPACES, ANY ADDITIONAL HEAT COLLECTED WILL
AFFECT THE AVERAGE TEMPERATURE IN THE SPACE. The patterns give
rules of thumb for sizing a system to maintain an average space
temperature of 70° during clear winter days. To store heat
for cloudy days, the collector area and storage mass must be in-
creased. However, as the system becomes larger and the average
temperature in the space increases, overheating on sunny days
may occur.,

THE RECOMMENDATION
DIRECT GAIN SYSTEMS (9A)

AS A GENERAL RULE, TO PROVIDE HEAT STGRAGE FOR ONE OR TWO
CLOUDY DAYS, INCREASE THE SOUTH GLAZING (COLLECTOR AREA) BY 10-
20% and:

-Construct interior walls and floc. of solid masonry 8
inches or more in thickness, or

22-1
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-Use 2 to 3 cuﬁic feet of interior water wali for each -~
one square foot of south glazing.

THERMAL STORAGE WALL (9B)
ATTACHED GREENHOUSE 9c3
ROOF POND- SYSTEM 9D

TO PROVIDE HEAT STORAGE FOR ONE OR TWO CLOUDY DAYS, INCREASE
THE COLLECTOR AREA BY 10 TO 20% AND USE:

- A THICK MASONRY THERMAL STORAGE WALL OF GREATER CONDUCTIVITY,

- ONE CUBIC FOOT OR MORE CF WATER WALL FOR EACH ONE SQUARE
FOOT OF COLLECTOR AREA GR .

- 6 TO 8 INCHES OF ROOF POND DEPTH; 8 TO 12 INCHES FOR TWO
OR THREE DAYS HEAT STORAGE.1

NOTE: IF YOUR BUILDING IS WHERE THERE IS EXTENSIVE WINTER CLOUD
COVER, YOU SHOULD NOT OVERSIZE YOQUR SYSTEM.

SMALL SCALE PATTERNS

Slow the rate of space heat loss on cloudy days by applying
MOVABLE INSULATION (23) over the south glazing at night, In

climates with hot-dry summers, cool the thermal mass at night to _

provicde for SUMMER COOLING {27) in the daytime.
INFORMATION

The patterns give rules of thumb for programming and design-
ing a space that will maintain an average temperature of approx-
imately 70°F during periods of sunny winter weather conditions.
With the arrival of cloudy weather, it can be expected that the
average temperature in a space will drop Tower than 70°F with
each consecutive cloudy day. This, of course, assumes that no
auxiliary heat is supplied to the space. The rate at which the
average temperature drops is largely dependent upon the quantity
of heat stored in the thermal mass at the beginning of the cloudy
period, Since this quantity is dependent upon many variables
such as climate, latitude, collector area, rate of space neat
loss, mass thickness and mass surface color, the following sug-
gestions are general and will change slightly as the situation
changes,

By using this pattern to sture extra heat you wili be able

to reduce the amount of supplemental space heating for your fi;-

building. Ca
Direct Gain (9A)

If your building is in a climate where zonsecutive sunny

22-2
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days are common in winter, the storage of heat for cloudy days

is accomplished by slightly over-sizing solar windows and thermal
mass. With larger south glazing, it can be expected that the
average temperature in a space will be warmer than 70°F on sunny
winter days.

However, if your building is in a climate where cloudy or
foggy winter weather conditions prevail, designing for cloudy
day storage is not recommended, since it takes a period of con-
secutive sunny days to build up temperatures in u large (thick)
thermal mass. In cloudy climates use the glaziny areas and min-
imum mass thickness recommendad in SOLAR WINDOWS (11), MASONRY
HEAT STORAGE (13) -and INTERIOR WATER WALL (14),

THERMAL STORAGE WALL (98B)
ATTACHED SREENHOUSE (9C)
ROOF POND SYSTEM (9D)

Depending upon its thermal properties - WALL DETAILS (16),
GREENHOUSE CONMECTION (16) - a masonry thermal storage wall or
common masonry wall betweern a greenhouse and building has an
optimum range of thicknesses. If the wall is made too thick,
then little heat is transferred through the wall and the system
is inefficient., Therefore, to store heat for cloudy days, the
surface area of the wall (of a given material), and not its
thickness, should be increased.

From the recommendations for wall thickness it can be seen
that the nigher the conductivity of a material the greater its
optimum thickness., In general, after a period of sunny days,
thicker walls of higher conductivity will be charged with more
heat than thinner walls with lower conductivity and therefore,
will cocl at a slower rate.

Since a water wall is an excellent conductor of heat (be-
cause of water thermocirculation) it can be made any thickness
(volume). Using a large volume of water per square foot of
south glazing causes a space to cool at a very slow rate during
cloudy weather, However, increasing the column of water wall
also inplies that it will take a period of two or more con-
secutive sunny days to fully charge it with heat. Therefore,
in cloudy climates with few sunny winter days, increasing the
volume of water above that needed to dampen interior temper-
ature fluctuations is not recomme.nded.1

By oversizing the system for cloudy day storage, space
overheating will occur during sunny winter weather, possibly
causing discomfort, In a direct gain system the temperature
can be controlled by opening a window to lower the temperature,
With a thermal storage wail, attached greenhouse and roof pond
system you can ventiiate them aiso. But the use of MOVABLE
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INSULATION (23) over the inside face of the wa1] w111 effec-
tively control overheating. ) -

REFERENCES = o T ‘ ,
! .The Passive Solar Eneray Book - Exganded
vy 4 ’

1., Edward Mazria..
Profess1ona1 Edition, Rodale Press, tEmmaus,

PP 226+22
SGURCES OF ILLUSTRATIONS
Figure 22-1 Reference 1 p 225
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23, MOVABLE INSULATION

Figure 23-1

LARGE SCALE PATTERNS

This pattern is the starting point for a series of pat-
terns with specific instructions to make your building (the
passive system) more efficient as a passive system,.

Once the solar system for your retrofit has been deter-
mined - CHOOSING THE SYSTEM(9) - and the glass areas for each
space located - WINDOW LOCATION (8) - the building can be made
more efficient as a solar collector by the use of movable in-
sulation. This pattern must be an integral part of your ret-
rofit of windows and the southern wall - WALL DETAILS (16).
The application of this pattern will give good return on the
investment, if applied properly,

THE PROBLEM

ALTHOUGH GLASS AND CLEAR OR TRANSLUCENT PLASTICS HAVE THE PO~
TENTIAL TO ADMIT LARGE AMOUNTS OF SOLAR RADIATION AND NATURAL
LIGHT INTO A SPACE DURING THE DAYTIME, THEIR POOR INSULATING
PROPERTIES ALLOW A LARGE PERCENTAGE OF THIS ENERGY TO BE LOST
BACK OUT THROUGH THE GLAZING, MOSTLY AT NIGHT. In-a well in-
sulated building, glazed openings (windows, skylights and
clerestories) can be one of the largest sources of building

> heat loss. Approximately two-thirds of this heat loss which
" occurs at night can be greatly reduced by the use of movabie
insu]ation.1

— - "y o T Pr=IEy -
T B 1 AR TR e B I o B S A A S Sy B
SR i AT WSR-S

THE RECOMMENDATION
USE MOVABLE INSULATION OVER ALL GLAZED OPENINGS TO PRE-

L VENT THE HEAT GAINED DURING THE DAYTIME FROM ESCAPING RAPIDLY
AT NIGHT. EASE OF OPERATION, DURABILITY AND VISUAL APPEARANCE
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ARE AS IMPORTANT AS THE INSULATION VALUE. DEVICES THAT ARE T0O
LARGE, CUMBERSOME OR DIFFICULT TO OPERATE WILL INHIBIT PROPER
USAGE., IF A CHILD CAN OPEN AND CLOSE THE INSULATION, CHANCES
ARE THAT THE ROUTINE WILL BECOME HABITUAL AND FUN., »

SMALL SCALE PATTERNS

Control the amount of sunliight entering a space at differ-
ent times of the year by detailing movable insulation so it
doubles as SHADING DEVICES (25). When using exterior insulat-
ing shutters or panels, design them so that they also serve as
REFLECTORS (24) to increase the solar gain through each square
foot of glazing. -For- SUMMER COOLING (27) use Movable Insulation
on the interior surface of MASONRY HEAT STORAGE(13) so the wall
will function as a SOLAR CHIMNEY (31).

ILLUSTRATION

_WARM AR

Figure 23-2

INFORMATION

This pattern presents information about using insulation
in an Architectural manner. 1Its use is essential for reducing
energy consumption in your building, and improving thermal per-
formance/comfort to the occupants.

Historically this pattern was used in the form of sShutters
until the emergence of "Modern Architecture", 1t is now re-
appearing and being used as a means of protecting glazing and
reflecting more ‘1ight onto a storage media.

Your mevable insulation can be located on the outside of
the glazing or on the inside. Each has advantages and disadvan-
tages., You and the using organization should select the loca-
tion of the insulation early in the programming process.

It should be done at the same time you select your solar
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system - CHOOSING THE SYSTEM. (9), because it will affect the
performance of the system.

The location of the insulation also affects the ﬁethod
of moving the insulation: (1) manual, (2) thermally sensitive

and (3) motor driven.

Table 23-1 compares the advantages  and disadvantages of
MOVABLE INSULATION Jocations and the methods of moving it.

OpTSIDE INSIDE
Weather Must withstand : N/A
exposure the elements.
Condensation N/A Will be a
on Glazing probiem.
Location of .
Critical Seals Bottom
(Ccnvective Loss) Top. See Figure 23-2

Solar Reflective Surface

Enhancement will enhance N/A
solar collection,

Manual Must be done by

Operation winch and pulleys. By hand.

Thermal Operation

N/A

SKYLIDS*, heat motor
Bimetalic stirip -
usad in difficult
areas to reach,

Mechanical
Operation

Bead Wall**
SKYTHERM***

used in inaccessible
location.

N/A

* SKYLIDS are a patented device by Steve Baer, Zomeworks Corp,

Albuquerque, N.M,

** Beadwall is a patented device by David Harrison, Zomeworks
Corp., Albuquerque, N.M.
**% SKYTHERM is a patented device by Harold Hay.

TABLE 23-1

NOTE: If your building is in an area of extensive winter cloud

Fover, and you cannot oversize your system -
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CLOUDY DAY STORAGE (22) - then you probably should use ‘exterior.

MOVABLE INSULATION with a reflective surface -REFLECTOR (24).

This strategy will allow your building's temperature to respond
quickly to- solar radiation when the sun does shine.
also use INSULATICN ON THE OUTSIDE (26) to minimize heat losses.

You can use Appendix N and reference 1 as mappholgu1c sol-

ution resources:.

REFERENCES

ll

2.

2o

Edward Mazrié. THE PASSIVE SOLAR ENERGY BOCK - Expanded

You should

Profgssional Edition, Roaale Press, cmmaus, Pa., 1979,
pp - ,

David Wright, AIA, 7

Natural Solavr Archifecture - A Pas-
sive Primer, Van Nostrand Reinhold Company, 1978. pp 95-

102, 176, 178, 183, 189, 210, 212,

SOURCES "OF ILLUSTRATIONS -

Figure 23-1 Fuller Moore's roll down reflective tinsulation

shade (See Appendix N).

Figure 23-2 Reference 1. p 233.
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24, REFLECTORS

Figure 24-1

LARGE SCALE PATTERNS

After CHOOSING THE SYSTEM (9) and using the ideas about
extensive winter cloud cover - CLOUDY DAY STORAGE (22) - and
MOVABLE INSULATION (23) the amount of solar energy incident on
a collector can be increased with the addition of a reflector.
The reflectors must be integrated into the programming of your
buiiding's retrofit, because it will affect the sizing and the
detailing of the solar system.

THE PROBLEM

A LARGE AMOUNT OF COLLECTOR AREA (south facing glass) MAY
NOT RE FEASIBLE OR DESIRABLE IN MANY BUILDING SITUATIONS. 1In
a number of situations, such as partial shading by nearby build-
ings or vegetation, aesthetic considerations or the limited
availability of south wall for solar coliection, large south-
facing glass areas may not be possible. In addition, since
glass is a poor insulator, it makes sense to minimize the area
of glazing needed to heat a space. By using exterior reflectors
the amount of solar radiaticn transmitted tiirough each square
foot of glass can be dramatically increased.1

THE RECOMMENDATION

FOR VERTICAL GLAZING USE A HORIZONTAL REFLECTOR ROUGHLY
EQUAL IN WIDTH AND 1 to 2 TIMES THE HEIGHT OF THE GLAZED OPEN-
ING IN LENGTH, FOR SOUTH-SLOPING SKYLIGHTS LOCATE THE REFLEC-
TOR ABOVE THE SKYLIGHT AT A TILT ANGLE OF APPROXIMATELY 100°.
MAKE THE REFLECTOR RQUGHLY EQUAL TO THE LENGTH AND WIDTH OF THE
SKYLIGHT.1

24-1
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SMALL SCALE PATTERNS

~ When possible, design reflectors to function as SHADING
DEVICES (25) and/or insulating shutters - MOVABLE INSULATION (23),

ILLUSTRATION

onrorki 5% S
2y, V)
) 1Y

Figure 24-2

INFORMATION

There are two basic types of exterior reflectors/collector
configurations: (1) reflectors coupled with vertical or near
vertical glazing; (2) reflectors coupled with south-sloping and
horizontal skylights (See figure 24-2),

b r,‘ 3
- kil

Vertical Glazing:

A horizontal reflector directly in front of the glazing
works best. Experiments conducted at the University of Oregon
concluded the optimum length of the reflector is 1 to 2 times
the height of the glazed opening.

If you use a reflector, the average winter solar radiation
incident on the vertical glazing can be increased by roughly
30 to 40% during winter months.1 2.3
? ]

An intriguing reflector method used by John Reynolds {Eugene,
Oregon) is to apply aluminum foil on hot-mopped bituemen in front
of clerestory wi-ndows.2 3

9
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South-Sloping Skylights:

Similar results cén be achieved by using a reflector in con-
junction with south-sloping skylights (30%°to 50°tilt from hor-
izontal) or horizontal skylights,

NOTE: You should not use a skylight reflector if your build-
ing is in an area of extensive winter clouding, hecause the re-
flector will shade part of the skydome thus reducing the amount
of diffuse sky radiation collected by the skylight.

Skylight reflectors can be adjusted for the summer months
to serve as SHADING DEVICES (25). In winter the reflector would
be raised to increase solar collection. Remember that reflectors
which protrude out from the face of a building are usually sub-
ject to increased wind loads and must be of sturdy contruction.

Inside the building reflectors can be used to direct sun-
light to a particular part of the space. For example, to re-
flect sunlight onto an INTERIOR WATER WALL (14).

Appropriate materials suitable for reflectors include
shiney metals such as polished aluminum, thin metal foils,
glass or plastic mirrors and mylar wall coverings. White-
colored materials can be used but will not perform as well as
polished surfaces. You should be careful using reflectors with
windows because of g]are.1

You should refer to Edward Mazria's book (Reference 1)
Appendix J for percent enhancement of vertical south-facing
glazing using specular reflectors.

Figure 24-3
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Figure 24-4

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition. Rodale Press, Emmaus, Pa., 1979,
pp 248.

2. John Reynvlds. Solai Design Symposium at Miami University
Oxford,0hio. 25 April 1978,

3. John Reynolds. "Emerging Architecture" 4th National Passive

Solar Conference Proceedings, Kawnusas City, Mo. October 3-5
1979, p.756,

SOURCES OF ILLUSTRATIONS

Figure 24-1 Reference 1 p.246
Figure 24-2 Heference 1 p.242
Figure 24-3 Reference 1 p.246
Figure 24-4 Reference lp. 247

ETY




T e - T i i e N

25. SHADING DEVICES

Figure 25-1

LAKGE SCALE PATTERNS

WINDOW LOCATION (8) calls for the major glass areas in the building to
be oriented south. This pattern describes specific methods for shading these
glass areas in summer,

)

THE PROBLEM

LARGE SOUTH-FACING GLASS AREAS, SIZED TO ADMIT MAXIMUM SOLAR GAIN IN
WINTER, WILL ALSO ADMIT SOLAR GAIN IN SUMMER WHEN IT IS NOT NEEDED. Although
there is less sunlight striking south-facing vertical glass in summer, it is
usually enough to cause severe overheating problems. Fortunately, by using
an overhang with south glazing, summer sunlight can be effectively controlied.
The effectiveness of any shading device, however, depends upor aow well it
shades the glass in suamer without shading it in winter.;

THE RECOMMENDATION

SHADE SOUTH GLAZING WITH A HORIZONTAL OVERHANG LOCATED ABOVE THE GLAZING
AND EQUAL IN LENGTH TO ROUGHLY ONE-FOURTH THE HEIGHT OF THE OPENING IN SOUTHERN
l(_ATITUl))ES (36°NL) AND ONE-HALF THE HEIGHT OF THE OPENING IN NORTHERN LATITUDES
48°HL) . 4
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SMALL SCALE PATTERNS

When po§s1b1e, des1gn chading devices to act as both
REFLECTORS. (24) to increase solar gain in winter, and as insul-
ating shutters - MOVABLE INSULATION (23) - to reduce building
heat loss.

You can also use the BREATHING WALL (30) as a method of
shading a 1arge edast or west facing wall wheft 0ggetat10n can
not ‘be used because of .flight and life safety considerations.

ILLUSTRATION

Figure 25-2

INFORMATION

The most effective method for shading south-facing glass

in summér is with an overhang. This shading device is simply

a2 solid horizontal projection located at the top exterior of a
window., The optimum projection of the overhang from the face

of the building is dependent upon window height, latitude and
climate. For example, the larger the opening (height) the long-
er the overhang. At southern latitudes (36°NL) the projection
should be slightly smaller than at more northerly latitudes
(48°NL), because the sun follows a hijher path across the summer
skydome. An overhang when tilted up will not only function as

a shading device in summer, but also as a reflector in winter,

25-2




The following equation provides a quick method for determining
the projection of a fixed overhang,

‘ . ‘ . Hei
Projection = N1ndow‘0pe21ng ( glght)
where

F = Factor from following table

North Latiude " #Eacter®

28° So=11.1

32* 40- 63

36° 3.0~ 45

40° 25~ 34

44° 20- 27

48° 17- 2.2

52¢ 1.5+ 18

56° 13- 15

NOTE: *Select a factor according (o your latiude. The higher values will provide 100% shading
a noon on June 21, the lowar values until August 1.

A f-xed overhang is not necessarily the best solution be-
cause the sun's movement does not correspond to climatic sea-
sons. As 2 general rule the heat cycle is one month behind
the solar cycle. A fixed extericr shade will provide the same
shading on 21 September when it is hot, and on 21 March-when it
isico1d. An adjustable overhang is a potentially better sol-
ution,

There are two options for adjustable overhangs: (1) manual
adjust (more expensive to build due to additional hardware);
(2) automatic adjust (vine-covered, trellised overhang). This
second option follows climatic variations and not solar vari-
ations, because a vine will be covered with leaves .in summer
and eariy fall, and bare in winter and early spring. Periodic
thinning of vines is required so they do not grow too thick and
shade the glazing in the winter,

Overhangs do not provide adequate prctection for east and
west facing glass. Trees, climbing vines and hedges should be
used to block the low morning and afternoon sun., Adjustable
vertical louvers and awnings or retractable exterior curtains
are also effective methecds of shading east and west g]azing.1

Figure 25-1 (United States Military Academy Cadet Library)
is a good historical example of the use of this pattern. Note
the use of trees, vines and adjustable vertical shading devices
above the windows.

4 If winter gains are of the utmost importance, no tree should
intercept the winter sun at all. If trees at the site do inter-
cept the sun, their bare branch effect should be accounted for
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in the design.4

Interior shading devicés such as roiler shades, venetian
blinds, drapes and panels, are a secondary line of defense a-
gainst heat gain. However, they do offer ease of maintenance
and operation. You should also note that interior shading de-
vices often eliminate or severely limit a view of the outside.1

You as the programmer should consult with the using agency
concerning their preference of shading device. This is necessary
because they will ultimately be responsible for the operation
of the system on a daily basis, as seen in Figure 25-1 with the
adjustable Shading Devices on the USMA Library,

REFERENCES
1. Edward Mazria. The Passive Solar Energy Book - Expanded

Professional Edition, Rodale Press, Emmaus, Pa.,, 1979,
pp250-257. ‘

2. "Breathing Wall of Brick and Tile - New Masonry Conception,"
Brick _and Clay Record, 1943, pp 14-16 (about building #3001
at Tinker AFB, Oklahoma).

3. Stanley H. Scofield, Capt USAE. "A Historical Review of
Natural Ventilation in a Humid Climate", 4th National Pac-

sive Solar Conference Proceedings, Kansas City, Mo, October
3-5, 197/9.pp 504-506 (See Kppengix E).

4. Thomas M Holzberlein. "Don't Let the Trees Make a Monkey
of You," 4th National Passive Solar Conference Proceedings
ﬁansag City, Mo., October 3-5, 1379.pp 416-419 (See Rppen-
dix D).

SOURCES OF ILLUSTRATIONS

Figure 25-1 East Facade of U.S. Military Academy (USMA) Library
girca 1910, compliments of USMA Archives, West
oint, N.Y,.

Figure 25-2 Reference 1 p.251.
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26. INSULATION OM THE OUTSIDE.

Figure 26-1

LARGE SCALE PATTERNS

This pattern complctes MASONRY HEAT STORAGE (13) and IN-
TERTOR WATER WALL (14). It describes methods for keeping heat
stored in an interior thermal mass from escaping rapidly to the
outside.

3

ey

I
o N

THE PROBLEM

THE AIR FORCE HAS NUMEROUS MASONRY BUILDINGS WITH INSULATION
ON THE INSIDE FACE OF THE WALL. THIS CONDITION DOES NOT ALLOW
THE STRUCTURE TO ACT AS A SITE PROVIDED NATURAL RESOURCE FOR
STORING HEAT AND COOLTH.

THE RECOMMENDATION

© WHEN YOU RETROFIT A MASONRY BUILDING, RELOCATE THE INSULA-
TION ON THE EXTERIOR SURFACE OF THE MASONRY AND PROVIDE A NEW
WEATHER - PROOF EXTERIOR SURFACE TO PROTECT THE INSULATION.
ALSO AT THE PERIMETER OF THE FOUNDATION WALLS, APPLY APPROXI-
MATELY 1! TO 2 FEET OF 2 INCH RIGID WATERPROOF INSULATION BE-

- LOW GRADE. THIS WILL PREVENT ANY HEAT STORED IN THE WALLS AND
FLOOR FROM BEING CONDUCTED RAPIDLY TO THE QUTSIDE.
SMALL SCALE PATTERNS
If possible, use locally available insulation made of re-
cycled materials, which consumes small amounts of energy to
manufacture - APPROPRIATE MATERIALS (10).
.~ If you have a large east or west facing wall, and you can
g
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not grow vines on it or trees near it as a SHADING DEVICE (25) T N
for flight and life safety reasons, then you should consider - .
using the BREATHING WALL'(30).,,It will reduce heat transfer
to the interior Surface -0f a-masonry building. R
You must also use SUMMER COOLING (27) to convert your
masonry into a summer coolth storage media,
ILLUSTRATION :
DARD GESTED S
BRACTICE PRACTICE o

Figure 26-3

INFORMATION

If your building is a mascnry building, then the applica-
tion of this pattern is essential. It probably will be one of
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the most cost-effective actions you can take.

THE MASONRY SHOULD BE CONSIDERED AS A SITE PROVIDED NAT-
URAL RESOURCE (energy has been expended to manufacture, trans-
port and construct). YOUR TASK IS TO MAKE IT WORK FOR YOU BY.
CONVERTING IT INTO A HEAT AND COOLTH STORAGE MEDIA.

The concept is to encapsulate all thermal mass inside of
insulation so it can store heat in the day and release it to
the space at night. In the winter, the use of MOVABLE INSUL-
ATION (23) allows the heat to be retained at night, thus stab-
ilizing heat fluctuations. And.during the summer you must use
SUMMER COOLING (27) to dissipate the stored heat to the cool-
night air, and thus store "coolth" in the masonry.

Besides reducing winter night heat losses and summer day
heat gains it will reduce the collector area required to heat
the space.

After relocating the insulation to the exterior surface
of the masonry, you can add water volumes in the interior spaces
to in%regse the thermal mass, as recommended in INTERIOR WATER
WALL (14).

NOTE : There is one exception to this rule. In sunny
temperate winter climates, south-facing masonry walls with a
dark to medium-dark exterior surface color can be left uninsul-~
ated, since the south wall absorbs enough sunlight (heat) dur-
ing the daytime to offset any heat flow out through the wall at
night., If your building meets the criteria for this exception
to the pattern, then if it is used, it should be identified on
the Passive Solar-Building Concept Diagram in the building facil-
ities jacket., This will, hopefully, preclude changing the therm-
al performance of a building by changing the exterior color of
the building to a lighter from a darker color.

REFERENCES

o P 559

1. Edward Mazria. The Passive Solar Energy Book - Expanded Pro-
tessional Edition, Rodale Press, tmmaus, Pa., 1975.pp259-
) 261,
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2. "Breathing Wall of Brick and Tile - A New Masonry Conception,"
. Brick and Clay Record, 1943, pp.14-16 (About. building #3001
. at Tinker AFB, Oklahoma) See Appendix S.

3. Stanley H. Scofield, Capt. USAF, "A Historical Review of
( Natural Ventilation in a Humid Climate,” 4th National Pas-
- sive Solar Conference Proceedings, Kansas City, HMo., October

PN 3-5, 1979. pp 504-506 (see Appendix E),
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27. SUMMEP COOLING
LARGE SCALE PATTERNS

This pattern is the starting point for a series of con-
ceptual patterns that nave very few quantifiable rules of thumb.
As more experiments are conducted, quantifiable rules of thumb
will be developed.

While evaluating your windows for winter solar gain - WIN-
DOW LOCATIONS (8), SOLAR WINDOWS (11) and CLERESTORIES AND SKY-
LLIGHTS (12) and considering possible changes, you must think
of windows as summer brkeze catchers for cooling.

. THE PROBLEM

ELE IF A PASSIVE SOLAR SYSTEM IS DESIGNED PROPERLY, IT WILL
‘ GIVE YOU THE POTENTIAL TO PROVIDE BOTH NATURAL HEATING AND NAT-

URAL COOLING, IN CLIMATES WITH COOL OR COLD WINTERS AND WARM
SUMMERS. YOU SHOULD NOT OVERLOOK YOUR OPPORTUNITY TO UTILIZE
YOUR PASSIVE SOLAR RETROFIT FOR SUMMER CUOLING, EVERY PASSIVE
SOLAR RETROFIT MUST HAVE TWO ESSENTIAL BUILDING ELEMENTS:
1) S50UTH-FACING GLAZING FOR HEAT GAIN; 2) THERMAL MASS FOR HEAT
STORAGE. FOR SUMMER COOLING, THE MASS IS EXPOSED TO THE NIGHT
SKY AND NATURAL BREEZE TO LOOSE HEAT - "COOLTH STORAGE"I- AND

‘ THE MASS ABSORBS AND STORES HEAT AS THE DAY PROGRESSES.® WHEN

N PROPERLY DESIGNED, THE GLAZING AND THERMAL MASS WILL PROVIDE THE

S POTENTIAL FOR BOTH HEATING AND COOLING. IF SUMMER COOLING CON-

i SIDERATIONS ARE NEGLECTED, THE GLAZING AND THERMAL MASS CAN
WORK TO INCREASE HEAT GAIN AND STORAGE AT A TIME WHEN IT IS NOT
WANTED, THUS CAUSING UNCOMFORTABLE INTERIOR CONDITIONS.

THE RECOMMENDATION
MAKE THE ROOF A LIGHT COLOR OR REFLECTIVE MATERIAL.
HOT DRY SUMMERS:

1. OPEN THE BUILDING UP AT NIGHT (CPERABLE WINDOWS OR VENTS)
TO VENTILATE AND COOL INTERIOR THERMAL MASS.3

s 2. ARRANGE LARGE OPENINGS OF ROUGHLY EQUAL SIZE SO THAT IN-
O LETS FACE THE PREVAILING NIGHTTIME SUMMER BREEZES AMND
o QUTLETS ARE LOCATED ON THE SIDE OF THE BUILDING DIRECT-
LY OPPOSITE THE INLETS OR IN THE LOW PRESSURE AREAS ON
THE ROOF AND SIDES QF THE BUILDING.3

3. CLOSE THE BUILDING UP DURING THE DAYTIME TO KEEP THE HEAT
ouT
'3

4, USE WIND SCOOPS AND INDOCR WATER FOUNTAINS TO INDUCE
EVAPORATIVE COOLING.4&6
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5. Use EARTH TUBES (28) for INDUCED EVAPORATION (33).1 2.4 6 e
. y=9 TH\.

6. Building shape and confiquration should make the build-
ing act as a flue ("stack effect")a.

7. USE A BREATHING WALL (30)5 AS A SHADING DEVICE (25).
HOT HUMID SUMMERS:

1. OPEN THE BUILDING UP TO THE PREVAILING SUMMER BREEZES
DURING THE DAY. AND EVENING. .

2. ARRANGE INLETS AND OUTLETS AS QUTLINED ABOVE, ONLY MAKE
- THE AREA OF THE OUTLETS SLIGHTLY LARGER THAN THE INLETS.

3. USE EARTH TUBES (28) TO REMOVE MOISTURE.
1,2,6,8

4, USE A SOLAR CHIMNEY (31) TO INDUCE VENTILATION THROUGH
THE SPACE AND THE EARTH TUBES (28).1 2.6.8
L Btk It J

5. USE A SOLAR DEHUMIDIFIER (32) TO REMCVE MOISTURE.7

6. BUILDING SHAPE AND CONFIGURATION SHOULD MAKE THE BUILD-
ING ACTAS A FLUE ("stack efr’ect").1

7. USE A BREATHING WALL (30).5 -
SMALL SCALE PATTERNS

o g

A11 glazed openings must be shaded in the summer - SHADING
DEVICES (25) and selectively use vegetation for both wind pro-
tection in the winter and summer shading,

You should also consider the use of EARTH TUBES (28), KING
VENTILATION SYSTEM (29), BREATHING WALL (30) SOLAR CHIMNEY (31),
SOLAR DEHUMIDIFIER (32) INDUCED CIVAPORATION (33), ZONING (34} and
DIURNAL FLUSHING (35).

You can use Table 27-1 as a rule of thumb for selecting
cooling options, and it can be used to conjunction with Tables
98, 9C, and 90 to choose a system that will be suitable for heat
and cooling.

27-2
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Figure 27-1
INFORMATION

There are nine natural cooling options available for intro-
ducing coolness into your building with 1ittle or no mechanical
assistance: Heat Gain Control, Microclimate, Ni&tural Ventila-
tion, Induced Ventilation, Evaporative Cooling, vesiccant Cooi-
ing, Night Sky Radiation, Time Lag Cooling and Earth Cooling.

YOUR TASK IS TO WORK WITH THE USING ORGANiZATION TO SEL-
ECT THE APPROPRIATE MIX OF COOLING OPTIONS TO KEEP THE USER
COOL, NATURALLY. : '

This pattern presents information about the basic passive
cooling options, and proposes design strategies with a listing
of appropriate patterns to accomplish the cooling option (sce
Table 27-1), while satisfying the four comfort varjables (air
tempe;atures, air movement, humidity, and mean radiant temper-
ature).

Heat Gain Control

Controiling the heat your building gains frem its envivcun-
ment is what Summer Cooling is all about., Fortunately, passive
heating has the same requirement, and allows the user to heat
and cool using the sun. The relation between passive heat and
cooling is crucial, KEEPING UNWANTED HEAT OUT IN THE SUMMER
AND DRAWING IT IN DURING THE WINTER ARE ISSUES THAT SHOULD -

IN FACT, MUST- BE ADDRESSED HAND IN HAND, FOR THE SIMPLE REASON
THAT IN EITHER CASE THE ARCHITECTURE ITSELF IS THE CLIMATIC-
CONTROL MECHANISM.1 9.8
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The Microclimate

A good passive cooling strategy pays as much attention to
the microclimate surrounding the building as the building it-
self. Landscaping and vegetation can have a tremendous impact
on natural comfort inside the building, affecting both summer
cooling and winter heating loads., The general effect in ap
area of massed vegetation is, to keep temperatures in the shade
a good 10°-15°F Tower than ambient temperature. This is par-
ticularly valuable phenomenon, if the cooler air can be drawn
into the building by the thermal chimney action of a vented
MASONRY HEAT STORAGE WALL (13) or a vented greenhouse -
GREENHOUSE CONNECTION (18).

Massed earth on the North Side (5) makes a good wind
break.1 2.8 .
15

Natural Ventilation

The cooling value of air movement lies in the capacity to
evaporate perspiration from the body which allows you to feel
cool. The Antebelum architecture of the Southeastern United
States was designed to catch the breezes from the ocean.

Those breezes are so powerful they have generated an indigenous
architectural style - Geographic Determinism(1).

In a dry climate - lower than 20% relative humidity- the
same process can dehydrate the body. Evaporative cooling - In-
duced Evaporation (33) - should be used in & dry climate to
prevent deuydration.

If your building is in an area where ventilation is a
wise cooling option, you should capitalize on your buildings ex-
posure to the wind. VYou should also use louvered openings, vents,
transomed windows, windowed walls, and pianned for through-
ventﬂation.1 2.8
} Bl ]

Inducedgyenti1ation

You can modify your building so ventilation is induced if
there is not enoush wind for natural ventilation, By using the
sunlight to heat an isolated packet of interior air to greater
than ambient temperatures and controlling its escape, a build-
ing can generate air circulation and maximize the influx of
cooler air.

The most effective application of this natural law is a
SOLAR CHIMNEY (31), a soiar-exposed enclosure tall enough to
generate maximum air flow and massive enough to retain heat
and power the system into the evening hours. The optimum sys-
tem draws its replacement air from the coolest possible loca-
tion, a pianted, shaded¢ area to the north or an underground
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EARTH TUBE (28).

Other solar design elements usually associated with passive
heating - THERMAL STORAGE WALL (98), ATTACHED GREENHOUSE (9C)
and CONVECTIVE LOOP (9E) can also be used for the same cooling

effect:.l’z’&-”s’8

s Evaporative Cooling

i RS iz A AR
B ad e A
P X A 3 Yol el ~ XN
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Swamp coolers, fountain courts and atrium pools are appli-
cations of evaporative cooling. This cecoling option is very
effective in a hot and relatively dry space, because water evap-
orates into the air and increases humidity. Sensible heat turns
into latent heat, and lowers the air temperature.

At e RN TR

The evapnrative cooling option - Induced Evaporation (33) -
should be joirned with ventilation for the most efficient dis-
tribution of cool, humidified air - EARTH TUBES (28) and KING
VENTILATION SYSTEM (29).1 2,6,8

? 9

Desiccant Cooling

In regions of high humidity, where moisture in the air act-
ually prevents the body from cooling itself evaporatively, des-
sicant cooling is a valued traditional strategy. Before energy
was harnessed and plentiful, dessicant salts were effective

.coolers, but needed to be thrown out when they were saturated.

, Passive cooling in regions of high humidity remains a prob-
~ ¢ lem today, and desiccant solutions remain the focus of research
- and design experimentation,

More information is presented in SOLAR DEHUMIDIFICATION .(32)
1,2,7,8,9,10

" Night Sky Radiation

Radiative cooling involves exposing interior spaces tn the
neat sink of a thermal mass, and exposing the mass to the plan-
gtary heat sink of cool, clear night sky. The mass absorbs
‘heat from the interior during the day and releases it to the
sky dome. This cooling option is most effective where the di-
urnal (day-night) temperature swing is in excess of 20°F and
where the night sky is relatively clear,

Historically the puebloes and Spanish Missions of the
Southwest are an example of this <ooling option. However, since
the development of Skytherm M (roof pond water bags) by Harold
Hay, research and performanZe experiments have focused on water
as the radiative mass.,
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The efficacy of this cooling option is increased by sprink-
1ing wats+ on the roof top water containers to add evaporative
cooling to the radiative effect.8

Time Lag Cooling

Like radiative cooling, time lag cooling take. advantage of
the thermal absorption, reductiona and lag characteristics of
mass, and requires tne same 20-35"F diurnal temperature swing to
be effective. Where the conditions zre right, time lag cooling
has been around for centuries.

The principle is that the transmission of heat through mass -
stone, concrete, adobe - is both delayed and attenuated over time.
Depending on the material and the thickness of a massive wall,
the delay car stretch from two to 12 hours, and the gra2ater the
lag the greater the attenuation of heat transmitted. Thus less
heat reaches the interior spaces, and it doesn't arrive until
late evening or night, when ambient temperatures have dropped
and the exterior wall is radiatively cooling. By night's end
the wall is again, a cold barrier to the daytime onslaught of
insolation. Exterior sheathing, insulation, or shady vegeta-
tion will add to that barrier, further flattening the diurnal.
curve that ironically is both the nemesis of comfort where time
lag strategies are appropriate, and the key to the time lag
cooling effect.8

Earth Cooling

The earth is wnere man first sought shelter for a good
reason; ground temperatures remained stable at around the
average annual air temperature, usually in the range of 50-60°F,
The earth attenuates extreme air temperatures, and acts as a
maximal time lag device, carrying winter coolness weli into
late spring, and summer warmth into late fall,

Earth Cooling can be accomplished be earth-integrated con-
struction and/or earth tubes, and/or rock-filled air passages.

The field is undergoing considerable research and experi-
mentation aimed at defining and overcoming difficulties, and
quantifying the feasibility of numerous earth-cooling design

strategies.1’2’5,8,11 and 12,

Summary

Your task as a programmer is to educate and work with the
using organization to select the appropriate mix of cooling
options to keep the user cool, naturally. This can be done by
making the architecture introduce coolness into the building
with Tittle or no mechanical assistance.
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You can use Table 27-1 in conjunction with Tables 9B, 9C

and 9D {Summer Ventilation) to select a system and group of
patterns that will meet both heating and cooling requirements
for your building type. : '
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Figure 28-1
LARGE SCALE PATTERNS

Using the ideas of SUMMER COQLING-EARTH COOLING (27) and -
the requirement for building ventilation - Tables 9B, 9C, and
PR 9D - this pattern is the starting point for providing earth
2 : tempered ventilation for your building.

THE PROBLEM

THE EARTH AROUND YOUR BUILDING IS A PASSIVE SOLAR SYSTEM

YOU CAN USE AS A HEAT SOURCE/SINK FOR YOUR BUILDING'S RETROFIT.1 9
1]

THE RECOMMENDATION

USE EARTH TUBES AS METHOD OF PROVIDING EARTH TEMPERER
(WARMED IN WINTER; COOLED AND DEHUMIDIFLELC IN SUMMER ) VENTIL-
* ATING AIR FOR YOUR BUTILDING, THE DAILY TEMPERATURE FLUCTUATIONS
OF EARTH IS MUCH SMALL.ER THAN AIR, AND AT A DEPTH OF 8 TG 10
FEET BELOW THE SURFACE, THE AVERAGE EARTH TEMPERATURE AFPROXIMATES
THE YEARLY AVERAGE AMBIENT AIR TEMPERATURE OF A GIVEN LOCATION
e WITH A SMALL DEVIATION.1 2
$

SMALL SCALE PATTERNS

You can combine this pattern with KING VENTILATION SYSTEM(29),
SOLAR CHIMNEY (31) and SOLAR DEHUMIDIFIER (32) to complete the
ventilation of your building. This combination of patterns wilil
ailow the ventilation of iarge buildings at night without secur-
ity problems.
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Figure 28-2
INFORMATION

SUMMER CGOLING/EARTH COOLING (27) mentioned three methods
of Earth Cooling: earth-integrated construction, earth tubes
and rock filled air passages.

This pattern will look at the last two methods (earth N
tubes and rock filled air pasvages) under the title of EARTH
' TUBES. This pattern will not look at Earth-integrated archi-
tecture because of its Timited retrofit potential and probable
structural limitations.

The earth tube and rock filled air passages methods are
combined in this pattern because their earth-air heat exchange
concepts are similar,

An Earth Tube (an Earth-Air Heat Exchange System ~ names
are often used interchangably) is simply a buried pipe through
which air is forced., The use of earth as a heat source/sink,
with a buried pipe(s) or underground tunnel as a direct heat
exchanger, can be traced as far back as 1875 in the United
States, and centuries for Persian Architecture - INDUCED -
EVAPORATION (33).

*

It is a legitimate solar system, because geothermal temper-
ature gradients do not effect soil above approximently 30 feet.
It is chiefly dependent on air temperature, surface soil temper-
ature, thermo-physical properties of soil, ground-water cycles,
and depth. The first iwo variables are solar driven; while the
third and fourth variables are mainly dependent on local geology.
The fifth variable will be determined by the designer.2
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This method of cooling, using the stable temperature of the
earth's mass to absorb- heat from the air passing through the
tubes, also has the potential for adding or removing humidity.
Gently downward - sloping tubes of proper diameter and lTength
allow cooling air to fall slowly. As the air temperature reaches
the dew point of its moisture content, water will condense out.
This condensate should be allowed to drain out of ‘the airstieam
at the point near the bottom end of the tube.. A water wick or |
pan at the same location could add moisture, if humidification
is desined INDUCED EVAPORATION (33).

fiﬂll iubes shouid be constructed of clay tile or noncor-
rosive .metal. 1Inlet vents should be screened and placed on the

north side or in a well shaded area.g .

The first documented earth tube research was started in
1963 at Cornell University. Figure 28-3 shows its performance
in September 1965. One of the major discoveries was that addi-
tion of water to dry soil produces a significant increase in
thermal conductivity and may cause the thermal diffusivity to
be 2 to 3 times the dry soil.l.2
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At this time there is only one company - LPC (The Lords
Power Company, Inc.) that installs earth tubes commercially.
Their systems have been designed for agricultural buildings and
their system sizing is proprietary.

Other researchers are working on rules of thumb for sizing
eartk tubes for cooling and ventilating people spaces. When
they are available, this pattern must be updated.
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The other method - rock filled air passages - was devel-
oped independently by George Cristy., and Fuller Moore (see
Appendix R). This method uses a roék bed around the foundation
of the building.. -

Fuller Moore'§ house was completed in September 1979 and
has not been put into oparation, (see Appendix L),

Georgé Christy's paper (reference 3) presents the follow-
ing conclusions about the heat transfer process of his system.

_ The optimum performance of the rock bed and adjacent
soil will bé obtained by: ' . ’

a. Designing and operating the earth fill outside the
rock bed at the highest practical value of thermal
diffusivity and heat capacity;

b. Maintaining the flow rate at the minimum value
necessary to provide adequate ventilation; and

c. Increasing the flow rate during summer backflusha
ing periods.

Under conditions of average values of the heat transfer
properties, the rock bed can supply 55% of the heating

10ad required to heat the ventilation air in winter. The
resultant cooling of the rock and soil plus utilization

of the diurnal cycle will furnish 66% of the cooling need-
ed to dehumidify the ventilatior air in summer. The remain-
der of the heat needed in winter can easily be made up by
the passive solar heat received during the day.

Summary
The use of Earth Tubes as a retrofit system has good poten-
tial for the following reasons:
1). Earth Tubes use the earth as a heat source/sink for
year round use.
2). The earth tempers the ventilating air for the building.

3). Earth Tubes can be used for dehumification or evapor-
ation of the incoming ventilating air.

4). The system is exterior to the building.

5). It has little or no effect on the visual environment.

6). The sun can be used as the motive force for the earth
tubes io increase the efficiency of the system (See
Table 27-1/1nduced Ventilation for design strategies
and suggested patterns).
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Lt 29. KING VENTILATION SYSTEM

R e

Figure 29-1

LARGE SCALE PATTERNS

oY R G W e ] TN BN e M

, With ventilation being a yeer around building requirement, and especially
s for SUMMER COOLING (27), the King Ventilation System is a method of providing
» . . .natural ventilation. This system was developed by Professor F.H. King (Professor
. of Agricultural Physics - University of Wisconsin). It was first.used in a cow
sty %0 barn built in 1889, in Whitewater, Wisconsin. The system allows fresh air to
e ﬂ&pg\ggken into a building without chilling the interior or creating a draft.

2" THE PROBLEM

I OTHE VENTILATION PROBLEM THAT MUST BE SOLVED IS HOW Tb MAINTAIN THE AIR
., OF THE BUILDING AT THE NORMAL QUT-OF-DOOR FRESH AIR PURITY WITH PRACTICAL
ECONOMY AND WITHOUT DRAFTS AT THE FLOOR.,

THE RECOMMENDATION

IF ADDITIONAL VENTILATION IS REQUIRED, NATURAL VENTILATION CAN BE INDUCED
BY TAKING AIR OUT AT THE FLOOR LEVEL AND LETTING IT IN AT THE CEILING. THIS
MANAGEMENT OF AIR CURRENTS CREATES CIRCULATION NECESSARY FOR VENTILATION BY
REMOVING ONLY THE COLD AND CARBON DIOXIDE LADEN AIR, AND FORCES THE WARM AIR
TO REMAIN IN THE BUILDING, WHILE AVOIDING DRAFTS AND DANGER OF DISCOMFORT.
FOR SUMMER OPERATION, AN ADDITTONAL OPENING HIGH IN THE ROOM SHOULD BE PROVIDED
TO REMOVE HOT AIR AND REINFORCE THE DRAFT.»

SMALL SCALE PATTERNS

You should combine the King Ventilation System with EARTH TUBES (28),
SOLAR CHIMNEY {31}, INDUCED EVAPORATION (33) and DIURNAL FLUSHING (35).

29-1




ILLUSTRATION
See Figure 29-1.
INFORMATION

As mentioned in SUMMER COOLING (27), there are two natural forces for
moving air.through a building: 1) wind pressure; 2) temperature difference
between indoor and outdoor - "Stack Effect”. The King Ventilation System
uses both as motive forces.

Ventilating air enters thirough openings at A & B and leaves at D. This
is caused by direct wind oressure exerted at A & B and section effect developed
at C.

Drafis ~re avoided by placing the fresh air intake (outside) at some
distance below the fresh air outlet (inside) - see figure 29-1. This arrange-
ment is fundamental because it is the only way to prevent the escape of the
warmest air through such an opening on the leeward side of the building. With-
out this provision it would be iike opening a window at the top on the other
side of the room. -

The flow of air through the building resulttng from wind pressure and
suction will be most rapid when the wind is permitted to reach the building
at A and pass over the roof at C with the least obstruction.3

The flat roof (built up), which has been popular in "Modern Architacture",
does not provide the physical form to accomodate two building functions:
1) physical form to generate wind suction for ventilation; Zg physical form
to create positive water drainage from roof. Therefore, for retrofit of buildings
with flat roofs, consideration should be given to providing a new sleped roof,
which will generate suction for ventilation, and reduce roof maintenance problems
(created by clogged roof drains and pooling of water and ice). This is an
important consideration because it is generally true that the suction effect
of the wind is stronger than direct wind praessure. The ventilating flue should
be above the ridge of tha roof, where the wind will sweep. The flue should
not be at the eaves.

This system could also be considered for retrofit of above ground fallout
shelters, and combined with EARTH TUBES (28), MASONRY HEAT STORAGE /13) and
SOLAR CHIMNEY (31) to provide a solar induced ventilation system to remove
carbon dioxide and draw in earth tempered oxygen. SOLAR DEHUMIDIFICATION (32)
can be added in humid climates.

The King Ventilation System design should be based on "Stack Effect" -
temperature differential - because ventilation due to direct wind pressure is
not always available. The approximate rate of air exchange when the inlet
area is equal tu the outlet area can be exprassed as:g

29-2
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e Q- scoA«urE;ZE;T
where
Q « rate of afr flow, cu ft/hr
A = ares of inlets, sq ft .
H = height betwean inlets and outlets, ft
4 ty® average terperaturs of findoor air at hefght K,°7
: ; j 4 . to® temperature of outdeor air, °F
§ ' This expression requires adjustment in cases when the area of
4 -ouytlats is apprecfably different frcm-the drea of fnlets -ac-
3 cording to the following ratios:
‘i . Area of outlets Value to be substitutad for
¢ > res of inlets S40 fn above expression
- 746
4 740
3 720
2 680
1 sS40
/4 . 455
1/2 250
1/4 185
1x~,/! e TABLE 29-1

REFERENCES

1. Professor F.H. King. Ventilation For Dwellings, Rural Schools and Stables.
Published by Author, 1908. p. 4l.

2. Ibid. p. 73 & 113
3. Ibid. p. 50

o 4, 1Ibid. p. 51
5

. Victor Olgyay. Design with Climate-Bioclimatic Approach to Architectural
Regionalism. Princeton University Press 1962. pp 110-112 (Appendix ).
ang British Building Research Station Data.
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30. BREATHING WALL

=.0pen Joints For Air Exhaust

Brick (Inner Wall Element)
Vapor Seal

/////
/////insulation

Flue Tile {Outer Wall Element)
8rick (Outer Wall Element)

|

AR Trussed Wall Ties

1 _ﬁerticai Cells of file
" Ventilate Insulation
d Thru Perforations

Ludd .. Open Joints For
Air Intake

Figure 30-1
LARGE SCALE PATTERNS

This pattern presents information about a passive summer cooling system -
SUMMER COOLING (27) - that was deveioped for a World War II aircraft manufacturing
plant at Tinker AFB, Oklahoma City. The "Breathing Wall" - "A Modern Masonry
Concept" - was developed in response to an Army Corp of Engineers request to
Timit the use of vital war materials (steel and fiberglass insulation). The
“Breathing Wall" was designed to have a summer insulation value equal to 80
inches of brick.;

THE PROBLEM

LARGE VERTICAL WALLS, ESPECIALLY WESTERN AND EASTERN WALLS OF INDUSTRIAL
PLANTS, SUCH AS THE ONE AT TINKER AFB, ARE PRONE TO OVERHEATING BECAUSE OF THE
DIFFICULTY IN SHADING THE WALLS. THE COOLING PROBLEM IS TO REDUCE TRANSMISSIOM

THE RECOMMENDATION

USE A "BREATHING WALL" OF BRICK AND HOLLOW VENTILATING TILES ON LARGE
WESTERN AND EASTERN WALLS. THE "BREATHING WALL" WILL ACT AS A SOLAR SHADING
DEVICE, WHICH WILL REDUCE HEAT TRANSMISSION FROM THE OUTER WALL ELEMENT 10 THE
INTERIOR WALL ELEMENT. THE HOLLOW VENTILATING TILES SERVE AS A FLUE THROUGH
WHICH AIR CIKCULATES VERTICALLY BETWEEN OPEN JOINTS. THE TILE HAS A PERFERATED
BACK WHICH ALLOWS A 4 INCH BLANKET OF ROCKWOOL INSULATION TO "BREATH", THEREBY
PREVENTING CONDENSATION, AND KEEP IT PERMANENTLY DRY.
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SMALL SCALE PATTERNS

This pattern-could be used on western and eastern walls in conjunction
with the KING VENTILATION SYSTEM (29) and EARTH TUBES (28) to cool the interior
spaces. :

ILLUSTRATION
See Figure 30-1.
INFORMATION

This system was developed when steel and fiberglass insulation were critical
war materials. It functioned as & passive solar shading device to reduce the
heat transmission from the outer wall elemeit to the inner wall element. This
is accomplished by a convective air flow through the flue tiles of the outer
wall element. The "Breathing Wall" is analogous to the Bedowin Black Tents;
"which upon heating (outer wall element) in the sun, convection is induced
between the fibers and across the inner surface (flue tiles), causing air motion.
The low conductivity of the fabric adds 1ittle radiative heat to the shadec
interior {interior wall element)."y

This system was probably develored because of inappropriateness of climbing
plants on a building near a flight line. Climbing plants create a sanctuary
for nesting kirds., and thereby create a flight and life safety hazard, which
must be avoided.

This system was re-discovered by the research process described in Appendix

3

Base Civil Engineering personz! at Tinker AFB (Oklahoma City) do not have
any information about its performance, because they did not know of its existance
until July 1979.

E.

The following -are theoretical questions that need to be answered about
the "Breathing Wail" by instrumentation by the Air Force and/or the Department
of Energy: :

1) Is the present outside to outside ventilation through the flues the correct
scheme? At present, internal heat gain can not exit with the ventilating
air in the flues; it can only be absorbed by the inne: wall element.

2) What. is the optimum mass for the exterior wall element so that it circulates
air at the correct time?

3) Is there anything gained with a mass outer wall element, which drives
circulation most strongly at night?

4) Does wall height effect efficiency? Does an increase of wall height increase
the "Stack Effect" within the wall?

30-2
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The "Breathing Wall" could be used for retrofit of large western and
eastern walls to reduce the heat transmission to the interior wall element.
Also, the top air outlet could be ciosed, by a damper, during the winter to
reduce convective heat loss, and trap warm air in the outer wall element.
The damper would increase the winter insulation value of the wall.

REFERENCES

T. "Breathing Walls of Brick and Tile -~ A New Masonry Concept,” Brick and
Clay -Record. April 1943,

2. ‘David Wright, AIA. Natural Solar Architecture - A Passive Primer. VanNostrand
.Reinhold Company. 1978 p. 209. \

o 3. Stanley H. Scofield, Captain, USAF. "A Historical Review of Natural Venti-
lation in a Humid Climate," 4th National Passive Solar Conference Proceedings,
Kansas City, Mo. 3-5 October 19/9. (Appendix E) pp 504-506.

4. 24 July 1979 letter from Dr. Don Elmer (USDOE) to Stanley H. Scofield,
Captain, USAF.
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31. SOLAR CHIMNEY

Figure 31-1
LARGE SCALE PATTERNS

This pattern is a HISTORICAL BUILDING TYPE SOLUTION (4)
for SUMMER CCOLING INDUCED VENTILATION (27).1 9

THE PROBLEM

VENTILATION MUST BE INDUCED BY THE BUILDING WHEN IT IS
HOT AND THERE IS NOT ENOUGH WIND FCR NATURAL VENTILATION.

THE RECOMMENDATION

USE A SOLAR CHIMNEY (plenums, flues or black boxes) PAINT-
ED A "DARK COLOR AND EXPOSE IT TO THE FREE ACTION OF THE SUMN'S
RAYS" 9 THE CHIMNEY IS SELF-BALANCING; THE HOTTER THE CHIMNEY
AND THE®FASTER THE AIR MOVEMENT.,
SMALL SCALE PATTERNS

Combine with EARTH TUBES (28) and KING VENTILATION SYSTEM

(29) to provide earth tempered ventilating air. It can also be
combined with a SOLAR DEHUMIDIFICATION (32).5
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31. SOLAR CHIMNEY

LARGE SCALE PATTERNS

This pattern is a HISTC
for SUMMER COOLING INDUCED VENTILATJON (27)

THE PROBLEM \

VENTILATION MUST BE INDUCEX BY THE BUILDING WHEN IT IS
HOT AND THERE IS NOT ENOUGH WJADNFOR NATURAL VENTILATION,

THE RECOMMENDATION

USE A SOLAR CHIMNEY ALplenums, flues ov black boxes) PAINT-
ED A "DARK COLOKR AND EXPAOSE 'IT TO THE\FREE ACTION OF THE SUN'S
RAYS" 2 THE CHIMNEY SELF-BALANCINY;. THE HOTTER THE CHIMNEY'
AND TAE FASTER THE Al MOVEMENT.3 \ _

SMALL SCALE PATTER

Combine wit) EARTH TUBES (28) and KINGNENTILATION SYSTEM
(29) to provideS/earth tempered ventilating aN. It can also be
combined with A SOLAR DEHUMIDIFICATION (32).5
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ILLUSTRATION
- . . The tops ‘may be of thin metal painted a dark
\ o colour, and. exposed. to the free action of the sun’s
' 'mys. The upper cap prevents down blasts of air, -
. but in a'steady horizontal wind the lower cone aloue
“would bo sufficient.
Figure 3142
INFORMATION

The solar chimney shown in figure 31-2 is an example of a -

Simple Solar Chimney (dark metal flue) used prior to 1850 to
induce ventilation in hospitals. As the dark metal chimney
gets hot during the day, the air insice heats, expands and
rises. In this process. it pulls interior air up and out. The
advantage of the solar chimney is its ability to self balance;
the hotter the day the hotter the chimney and the raster the
air movement.2 3

You can use table 31-1 to approximate the rate of air
exchange when the inlet area is equal to the outlet area.,

Variations of the Simple Solar Chimney are the Glazed
Chimney, Glazed Chimney with Storage, Summer Solar Vent and
the Supmer Mass Wall Vent-MASONRY HEAT STORAGE (13). This
last variation on the solar chimney has several advaﬁtages:

1. The MASQNRY HEAT STORAGE WALL (13) functions as a
winter heating system.

2. The thermal storage mass behind the glazing will
actually sto-e daytime heat, and continue to ex-
haust air after the sun has set, thus inducing
night ventilation, 3

NOTE: If you elect to retrofit a south-facing masonry wall

as a combined MASONRY HEAT STORAGE WALL (13) and SOLAR CHIMNEY,
tnen you must provide MOVABLE INSULATION (23) on the interior
side of the wall, This will prevent daytime conductive heat
gain and radiation to the interior space, and assures good

31-2
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night ventilation.

If you have a large weést-facing wall surface, and have a
large afterroon heating load, then you should consider retro-
fitting. the wall with glazing for increased ventilation during
the hot afternoon.3

Q = S40ANTETT
where
Q = rate of air flow, cu ft/rr
A s ares of inlets, sq ft
H o hetight between inlets &nd outlets, €t
ty® averuge temparature of tndoor afr at hetght H,°F
t,* temnerature of outdoor air, °F
This expretsion requiras adjustment in ceses whean the area of

outlets s appractiably different 7rom the area of inlats ace
. sording to_ the following ratios:

e e 340 Tn ebove expression

5 748

' 740

' .:‘ Lo o .o P 720-' . e

2 0.

1 540 -

w4 ass

12 40

RYD 188

TABLE 31-1
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Primar, Van Nostrand Reinhold Company, 19/8.pp 194-195.

4, Victor Oigyay. Design with Ciimate-Bioclimatic Approach to

Architectural Regionalism. Princeton University Press, 2.
ppli0-112.
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5. Fuller Moore, et al.

Desmccant .Bed Dehumidifier with
Proceedings of Internatiowal Solar Ener ‘
tlanta, ' ‘
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32. SOLAR DEHUMIDIFICATION
LARGE SCALE PATTERNS

Using the ideas of SUMMER COOLING - DESICCANT COOLING AND
EARTH COOLING - (27) and EARTH TUBES (28) you can reduce humid-
ity by using a solar regenerated desiccant cooling system.

THE PROBLEM

IF THERE IS TOO MUCH HUMIDITY IN THE AIR, THE BODY CANNOT
BE COOLED, NATURALLY, BY EVAPORATION. DESICCANT SALTS HAVE
BEEN USED IN THE PAST, BUT NEED TO BE THROWN OUT.WHEN SATURATED,
THUS, THE PROBLEM IS TO DEVELOP A METHOD OF REMOVING HUMIDITY
FROM THE AIR SO EVAPORATIVE COOLING OF THE BODY CAN TAKE PLACE.

THE RECOMMENDATION

TWO POSSIBLE METHODS OF SOLAR DEHUMIDIFICATION WERE PRE-
SENTED IN A PASSIVE COOLING WORKSHOP AT THE 4th NATIONAL PASSIVE
SOLAR CONFERENCE (October 3-5, 13792): PASSIVE SOLAR HEAT PUMP
BY H,I, ROBISON AND S.H. HOUSTON OF THE U. OF SOUTH CAROLIMA;
AND DUAL DESICCANT-BED DEKUMIDIFIER WITH SOLAR-HEATED REGENERA-
TION BY FULLER MOORE, JOSEPH CANTRELL AND GENE WILLEKE OF MIAMI

UNIVERSITY, OXFORD OHIC,

BOTH SYSTEMS ARé bNDER DEVELOPMENT AND ARE #OT READY FOR
GENERAL APPLICATION.

SMALL SCALE PATTERNS

This pattern completes SUMMER COOLING-DESICCANT COOLING
AND EARTH COOLING - (27)

ILLUSTRATION

hot maist air

desiccant screens /m
qglazing 4
roﬂma;:\\\

DESICCANT REGENERATION
Figure 32-1
32-1.
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§ INFORMATION
i .
i Research in Solar Dehumidification is only beginning. The
{ references about this subject are contained Appendix U. They
} also contain a more extensive Libliography of references. —
REFERENCES -

1. Kevin W, Green. "Passive Cooling,” Research and Desi
The Quarterly of the AIA Research Corporation, Voiume
No. 3, Fall, I§7§ p5-9 (See Appendix Q).

2. David Wright, AIA, "Natural Solar (ooling," 3rd National
Passive Solar Conference Proceedinas, San Jose, Ca., Jan-
uary 11-13,1979.pp512-517.

3. Fuller Moore, et al. "Dual Desiccant - Bed Dehumidifier
with Solar-Heated Regeneration," Proceedings of the Inter-

national Solar Ener Society Congress, Atlanta, Ga., May
28-June 1, 1979. (See Appenﬁix U;. _
4, H.I. Robison and S.H. Houstén. "Thermo-Chemical Energy

Storage for Heating and Cocling," Solar Energy Storage
Options Workshop, San Antonioc,Tx., March 19-35,1979.
igee Kppendi X U.s -

; 5. H.I. Robison, et.al. "Open-Cycle Solar Air Ccnditioner,"
- Proceedings of the International Solar Energy Society Con-
L grass, Atlanta, Ga. May <8-dune 1, 1979, T{see Appendix U).
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6; H.I. Robison, et.al. "Passive So]ar:HeatnRJmp“;’iih

National Passive Solar Conference Proceedings,..Kansas
City, Mo., October 3-5, 137/9. (See Appendix U).

7. H.I. Robison, et.al. "Absorption/Desorption Solar. Cooling
System Perfoimance". Proceedings of American 'Institiute of
Chemical Engineers 72nd Annual ﬁeet“n& Sen Francisco, Ca.,
November 25-29, 13:9. (5ee Appendix S.
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33. INDUCED EVAPORATION
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LARGE SCALE PATTERNS

Using the ideas of SUMMER COOLING-EVAPORATIVE COOLING (27),
EARTH TUBES (28), KING VENTILATION SYSTEM (29) and SOLAR CHIMNEY
(31), you can reduce the..sensible heat (air.temperature) of dry
and moderately humid air by inducing evaporation.

THE PROBLEM

THE HEAT-CARRYING CAPACITY OF THE AIR IS INCREASERD BY ITS
WATER CONTENT. IN A DRY OR MODERATELY HUMID CLIMATE, SENSIBLE
HEAT (air temperature) IS REDUCED BY THE EVAPORATION PROCESS.
THE RATE OF EVAPORATION IS INCREASED BY INCREASED.AIR MOTION.1

THE RECOMMENDATION

IF YOU ARE IN AN AREA OF LOW TO MODERATE HUMIDITY, AND HAVE
AN ADEQUATE WATER SUPPLY, THEN YOU SHOULD INDUCE EVAPORATION BY
INCREASING THE AIR VELOCITY NEAR THE WATER SOURCE. THE WATER
SIMIRCE SHOULD BE PLACED ON THE NORTH SIDE OF THE. SPACE SO THE
MULST AIR ENTERING THE SPACE WILL HAVE MAXIMUM OPPORTUNITY TO
ABSORB HEAT BEFORE BEING SUCKED OUT BY SOLAR CHIMNEY (31) ACTION

SMALL SCALE PATTERNS

'1

This pattern concludes a series of patterns to provide
SUMMER COOLING-EVAPORATIVE COOLINEG (27).

f’ * 8 » 33-1
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Figure 33-2
INFORMATION

The principle presented in this pattern is the same as
used in "swamp" coolers: <cooling can be regulated by varying

-the fan speed and water flow. - - .-

This idea can be used for passive cooling of structures,
e.g. the Iranian's used it in conjunction with Air Scoops

(Figure 33-1) and-Earth Tubes (28) to induce evaporation (Fié-
ure 33-2).

You can use the SOLAR CHIMNEY (31) as a natural motive
force to suck air up and out of the space, and then hot and
dry air can be drawn over a water source to replace the removed
air. In the process the sensible heat is reduced and latent
heat and moisture are increased. As the moist air circulates
through the building, it will attract heat from objects before
being sucked up and out by the solar-heated convection current
of the SOLAR CHIMNEY (31). And the higher the solar intensity,
the greater the potential for pulling cool air through the
building. You can even use REFLECTORS (24) to increase the
solar chimney action.

You should provide dampers to allow the user to control
the volume and velocity of the air flow., They should be easy
to operate to allow flexibility of operation during Spring and
Fall when fluctuating between heating and cooling.

A rule of thumb for evaporative cooling is in the process
of evaporation, sensible heat turns into latent heat, and 1it-
erally lowers the temperature of the air at a rate of 1,000BTU's

33-2
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lost for every pound of water added to the air.

REFERENCES

1. David Wright, AIA, Natural Solar .Architecture - A Passive
Primer, Van Nostrand Reinhold Company, 19/8. pp 207-211.

2. Kevin W. Green. "Passive Cooling", Research and Design -
The Quarterly of the AIA Research Corporation, Vol I{ no.3
a opp "'go

3. Mehdi N. Baha&ori. "Passive Cooling Systems in Iranian
Architecture," Scientific American, February 1978,

4, Dr. Don Eimer, Mo Hourmanesh and Ray Hourmanesh, "Earth

Air Heat Exchangers," 2nd National Passive Solar Conference

Proceedings, Philadelphia, Pa. March 16-18, 1978, Vol I
PP 145-118. ’
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34, ZONING
LARGE SCALE PATTERNS

Using the ideas of BUILDING LOCATION (2), BUILDING SHAPE
AND ORIENTATION (3), HISTORICAL BUILDING TYPE SOLUTIONS (4),
and SUMMER COOLING (27) you need to place interior spaces with-
in the shape according to their requirement for SUMMER COOLING
(27). This placement of interior spaces might indicate some
possible changes of BUILLDING, SHAPE AND ORIENTATION (3). This
pattern is similar to LOCATION OF INDOOR SPACES (6).

THE PROBLEM

CONVENTIONAL ENERGY CONSUMPTION IS PROPORTIONALLY HIGHER IN
SPACES NOT USING THE PASSIVE COOLING OPTIONS OUTLINED IN SUM-
MER COOLING (27). The wove you use and control the sun to

cool a space, the less convéntional energy i1s required for

space cooling. This also applies to active solar - .cooling
systems, If the design of the interior space and the build-
ing's exterior does not passively control heat gain, and use the
sun to induce ventilation or evaporation, an active solar-
cooling system will be proportionally more expensive and larger.

THE RECOMMENDATION

THIS PATTERN SHOULD BE ACCOMPLISHED IN CONJUNCTION WITH
LOCATION OF INDDOR SPACES (6). YOUR INTERIOR SPACES CAN BE
SUPPLIED WITH MUCH OF THEIR COOLING REQUIREMENTS BY CCNTROL-
LING HEAT GAIN AND USING THE SUN TO INDUCE VENTILATION OR EVAP-
ORATION. PLACE ROOMS TO THE SOUTHEAST, SOUTH AND SOUTHWEST
ACCORDING TO THEIR REQUIREMENTS FOR FILTERED AND SHADED NAT-
URAL SUNLIGHT - SHADING DEVICES (25), THOSE SPACES HAVING
MINIMAL COOLING REQUIREMENTS OR SUNLIGHT SUCH AS CORRIDORS AND
CLOSETS SHOULD BE ON THE NORTH FACE OF THE BUILDING TO ACT AS
A BUFFER AND ALLOW THE GREATEST AIR MOVEMENT AND VENTILATION TO
TAKE PLACE NEAR THE INHABITED SPACES.

SMALL SCALE PATTERNS

Evaluate your building's openings (in walk and roof) to
admit sunlight and provide ventilation - WINDOW LOCATION (8),
PROTECTED ENTRANCE (7) and CLERESTORIES AND SKYLIGHTS (12),
and at the same time choose the most appropriate options for
providing SUMMER COOLING {27).

34-1
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R INFORMATION

. zoning or thermal layering of 1ndoor Sparns for winter and sum-
mer,

The summer microclimatic conditions along the sides of your
building (outside walls) are the key to locating indoo: spaces.
The north side remains the coolest besause it usually is in
shade. The east and west walls receive equal a?ounts of direct
sunlight, but the afternoon temperature is usually warmer a:d
likewise west-facing wall gets hotter than a east-facing wall,
The South wall receives very little radiation 1n the summer if
SHADING DEVICES (25) are used, because the sun's altitude 1

hi?? and exposes the roof to more radiation than the east or west
walls,

Your task isto locate spaces with specific cooling require-
ments based orn the microclimatic condition and functional require-
ments of the using organization (user). And this must be done
in conjunction with LOCATION OF INDOOR SPACES ().

%? ‘ You should also consider using the paitterns in Appendix F
K | from A Pattern Language by Christopher Aiexander,

—~~

34-2

Figure 3@ 1 (Fuller Moore's Solargreen)is a good example of \




¥

PR APAANRORN

RV

AN

2
“

REFERENCES

(a0

.

Fuller Moore. Solargreen - A Passive Solar Dweiling for
A11 Seasons - Award Winning Design in recent U.S. Dept.
H.U.D. Passive Solar Residential Design COmpetition.

Edward Mazria. The Passive Solar Enerqy - Expanded Pro-
fessional Edition, Rodale Press, Emmaus, Pa., 1070.

pp 30-92.

SOURCES OF ILLUSTRATIONS

TR

Figure 34-1 Fuller Moore. Solargreen.

FEPIIPE, o R T S
? "

\r AN

3

TG S
- oL

T

g

(-

L

34-3




(7

35. DIURNAL AIR FLUSHING
LARGE SCALE PATTERNS

Using the ideas of SUMMER COOLING-HEAT GAIN CONTROL, NAT-
URAL VENTILATION and INDUCED VENTILATION (27) - this pattern
gives guidance for night cooling of your building, while main-
taining security.

THE PROBLEM

DIURNAL AIR FLUSHING SIMPLY ALLOWS COOLER NIGHT AIR TO CIR-
CULATE THROUGH YOUR BUILDING, AND STORE COOLTH IN THE STRUCTURE
AS A RADIANT COOL SOURCE (with potential to absorb heat the
next day). THE PROBLEM IS HOW TO GET STORED HEAT OUT OF THE
STRUCTURE DURING THE COOL OF THE NIGHT AND MAINTAIN SECURITY.

THE RECOMMENDATION

IF YOUR BUILDING HAS 24 HOUR OCCUPANCY SUCH AS FAMILY HOUS-
ING AND DORMITORIES, THEN YOU SHOULD USE STRATEGICALLY LOCATED
OPERABLE SOLAR WINDOWS (11) AND CLERESTORIES AND SKYLIGHTS (12)
TO CIRCULATE COOL AIR AND STORE COOLTH IN THE STRUCTURE.

FOR A STRUCTURE WITHOUT NIGHT OCCUPANTS, YOU SHOULD COM-
BINE THE FOLLOWING -PATTERNS TO PROVIDE A (closed) SOLAR DRIVEW
VENTILATION SYSTEM: EARTH TUBES(28), KING VENTILATION SYSTEM
{29), SOLAR CHIMNEY (31) - MASONRY HEAT STORAGE WALL (13).
THIS COMBINATION WILL PROVIDE SECURE NIGHT TIME VENTILATION OF
THE STRUCTURE - DIURNAL AIR FLUSHING. THIS COMBINATION ALSO
WILL PROVIDE A PASSIVE WINTER TIME EARTH TEMPERED VENTILATION
SYSTEM.FOR WINTER OPERATION THE SOLAR CHIMNEY (31) NEEDS TO BE
CONVERTED INTO A HEATING SOURCE MASONRY HEAT STORAGE NALL(IS).1 2

SMALL SCALE PATTERNS
This pattern concludes the SUMMER COOLING - HEAT GAIN CON-

TROL, NATURAL VENTILATION and INDUCED VENTILATION (27) cooling
options. )

35~1
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ILLUSTRATION

Figure 35-1
INFORMATION

This pattern does not need additional information, be-
cause its sole purpose is to synthesize other patterns, into
a large pattern, to provide s?cyre night ventilation - Diurnal
Flushing - without open windows. :

REFERENCES

'
P

1. Fuller ﬁoore, Dr. Don Elmer and Mo Hourmanesh. “Comfort
Variable/Cooling Option/Désign Strategy" (Table) Research

and Design-The Quarterly of the AIA :Research Corogoration
ol :ll, no.3, Fa .pb.

2. Discussion with Fuller Moore and Stanley H. Scofield, Capt.
y.S.A.F., 31 October 1979 about the relationship of induced
ventilation and Diurnal Air Flushing - action: add a line
connecting induced ventilation and diurnal air flushing.
(See table 27-1).

SOURCES QF ILLUSTRATIONS

Figure 35-1
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REPLY TO
ATTN OF:

SUBJECT:

TQ:

DEPARYMENT OF THE AIR FORCE
AIR FORCE INSTITUTE OF TECHNOLOGY XXNX (ATC)
WRIGHT-PATTERSON AIR FORCE BASE. OHIO 45433

Stanley H. Scofield, Captain, USAF 7 December 1979

Master of Architecture Thesis Architectural Programming Development
Design Problem Statement

Professor Daniel Miskie
Professor Fuller Moore

Frofessor John Hoffman

The following Programming Development Design Problem Statement has been
prepared by myself and the AFIT Librarian ?AFIT/LD) - Virginia Eckel,
and is the basis for beginning my schematic design. Space requirements
are in Attachments .1 and 2.

This problem statement, the recommended "Passive Solar Architectural
Retrofit Patterns," and attachments constitute the Architectural Design
Problem Statement. It is purposefully abstract so the desigrer(s) will
know the major design determinants -- those factors which shape the
broad composition of the building -- and provide important overall
information useful to schematic design.

FUNCTION

Since 40% of the Air Force's Research and Development, and 100% of
the Air Force Institute of Technology in-residence graduate
research is conducted in Area "B" of Wright-Patterson Air Force
Base, THERE IS A NEED FOR A CENTRAL TECHNICAL LIBRARY, which has
potential for future expansion, THAT WILL PROVIDE ("The University
Library") RESEARCH SERVICE TO THE ENTIRE WRIGHT-PATTERSON AIR

FGRCE BASE COMMUNITY. This wili allow the AFIT (Air Force
Institute of Technology) branch libraries to be used primarily for
studying, by separating research and classrooms. THE PRIMARY MEANS
OF RESEARCH WILL BE WITH 0.C.L.C. AND D.D.C. (DEFENSE DOCUMENTATION
CENTER) SYSTEM COMPUTER TERMINALS.

Since a major portion of Wright-Patterson AFB's Research and
Development deals with classified national security material, THERE
IS A NEED FOR CLASSIFIED BIBLIOGRAPHIC RESEARCH CAPABILITY -- USE
THE D.D.C. (DEFENSE DOCUMENTATION CENTER) SYSTEM -- AND FOR STORAGE
OF CLASSIFIED DOCUMENTS, AND CLASSIFIED WASTE (trash) ™'AT IS AWAIT-
ING DISPOSAL., THIS REQUIREMENT NECESSITATES A CLASSIFIED “VAULT"
IN AN AREA OF ACOUSTICAL AND VISUAL PRIVACY, WITd SECURE COMMUNICA-
TIONS LINES. ACCESS TO THIS AREA WILL BE LIMITED BY APPROPRIATE
CLEARANCE AND NEED TO USE THE D.D.C. SYSTEM. NOTE: A classified
"vault" is in the basement of the building (Bldg #167 - Area B,
WPAFB) and should be used for this project requirement.

Strength Through Knowledge




Since much information is now recorded on microfilm and other
similar media, THERE IS A NEED FOR AN AUDIO/VISUAL CAPABILITY
IN THE CENTRAL TECHNICAL LIBRARY, 1IT SHOULD BE VISIBLE WHEN
ENTERING THE LIBRARY.

Since the space presently used by the AFIT bookstore is needed
for the School of Engineering, and a central technical library
is a logical location for it, THERE IS A NEED TO PROVIDE 1100
SQUARE FEET, IN THE CENTRAL TECHNICAL LIBRARY, FOR THE ARMY AND
AIR FORCE EXCHANGE SYSTEM (AAFES). IT SHOULD BE NEAR AN ENTRY
SO IT CAN BE USED WITHOUT ENTERING THE LIBRARY AREA, AND NEAR A
LOADING DOCK FOR DELIVERY OF BOOKS AND SCHOOL SUPPLIES. NOTE:
This area is not to be designed in this projett, because AAFES
will design the interior of the bookstore.

FORM

Since all library users are commuters, THERE 1S A NEED FOR A
SMOOTH TRAFFIC FLOW, WHICH SEPARATES PEDESTRIANS AND VEHICLES,
AND PROVISIONS FOR HANDICAPPED PARKING AND BUILDING /.CCESS.
ALSO THE LIBRARY ENTRANCE NEEDS TO BE SEEN OR HINTED AT AS SOON
AS THE BUILDING IS SEEN. IT SHOULD BE AN AIR LOCK ENTRY TO
REDUCE INFILTRATION HEAT LOSSES, AND IT SHOULD BE LARGE ENOUGH
TO ACCOMMODATE SOCIALIZING NEAR DOORS. .

Since promotion of user confidence ("I will find what I want") is
essential to the use and operation of the central technical

library, THERE IS A NEED FOR THE FOLLOWING: SMOOTH FLOWING INTER:iOR
WHERE FUNCTIONALITY SHOULD NOT GREATE OBSTACLES; SELF SERVICE
CAPABILITY WHICH IS PROMOTED AND FOSTERED BY A USER INFORMATION
SYSTEM BY EACH COMPUTER TERMINAL; PERSONALIZED RESEARCH SERVICE FOR
USERS REQUIRING HELP.

The atmosphere created inside and outside of the central technical
library are essential to its use and operation, THERE IS A NEED FOR
THE DESIGN TO CREATE A PLEASANT, TRANQUIL, AND NATURAL ENVIPONMENT.
THIS CAN BE ACCOMPLISHED BY THE FOLLOWING: USING THE VIEW TO THE
SOUTH AND WEST; USING TREES AND LANDSCAPE; USE OF NATURAL LIGHT IN
THE BUILDING FOR A SENSE OF DIRECTION AND TIME PASSAGE; USE OF
zgngEfxxEXPOSURE OF SITE FOR OUTDOOR SEATING WHERE USERS CAN STUDY
ELAX.

Since the image of a strong library conmitted to technology is
essential to the Air Force Institute of Technology's upcoming
reaccréditation process, THERE IS A NEED FOR THE CENTRAL TECHNICAL
LIBRARY TO EMPLOY AN ARCHITECTURAL LANGUAGE WHICH EXPRESSES THIS
IMAGE, AND AT THE SAME TIME ALLOWS TdE STRUCTURE TO ACCOMMODATE
AND ACCENTUATE THE NATURAL HEAT TRANSFER PROCESSES (RADIATION,
CONVECTION, AND CONDUCTION). THE USE OF NATURAL (PASSIVE) SOLAR




ARCHITECTURAL LANGUAGE WILL PROVIDE THIS IMAGE, WHILE INCREASING
THERMAL PERFORMANCE, AND REDUCE OPERATION AND MAINTENANCE COSTS.
NOTE: Attachment 3 - Historical Building Type Solution {Library)
provides a historical perspective of how libraries were heated
and cooled using passive design "patterns."

 ECONCMY

Since the National Energy Policy Act (Public Law 95-619) requires
retrofit of all existing federal buildings over 1000 square feet
by 1990, and since the Air Force energy plan stresses passive
solar applications and encourages organizations to actively seek
Department of Energy (DOE) grants, and since there have not been
any passive solar retrofits of federal buildings in the tederal
buildings demonstration programs, and since DOE officials are
extremely interested in accorplishing a passive solar retrofit in
the prcgram, THERE IS AN OPPORTUNITY TO DEVELOP A CONCEPTUAL
(PASSIVE SOLAR RETROFIT) DESIGN TO CONVERT BUILDING 167 (OF ARFA
"A" - WPAFB) INTO A CENTRAL TECHNICAL LIBRARY. ECONOMIC {DOLLAR)
CONSTRAINTS ARE NOT TO BE APPLIED FCR PURPOSES OF THIS THESIS
DESIGN. THE ECONOMY DESIGN ISSUE IS THAT SINCE THE AIR .FORCE
ACCEPTS PASSIVE SOLAR AS BEING COST EFFECTIVE, THEN WHAT IS THE
METHOD OR WHAT ARE THE "RULES OF THUMB FOR STARTING A PASSIVE
SOLAR RETROFIT. NOTE: The "rules of thumb" - Passive Solar
Architectural Retrofit Patterns - selected for this project ave
listed on Attachment 4.

Since technology and library book collections are constantly growing
and changing, THERE IS A NEED FOR VERSATILITY AND EXPANSIBILITY TO
ACCOMMODATE GROWING BOOK HOLDINGS AND MEDIA CHANGES. NOTE:
Attachment 5 [Xerox copies of site analysis (index) cards] shows the
recommended area of expansion based on BUILDING SHAPE AND ORIENTA-
TION (3) and location of utilities.

OTHER

A list of miscellaneous equipment items not listed on the Area Program
Requirements forms are listed on Attachment 6. Attachment 7 shows

STANLEY RS SCOFIELD, /Gapt, USAF 7 Atchs
AFIT Grafuate Archi?écture Student 1. Space Requirements
2. Area Program Requirements
3. Historical Bldg Type - Library
4, Passive Solar Arch. Retrofit Patteras
5. Site Analysis (Index) Cards
6. General Equipment Requirements
7. Adjacency Diagram

Cy to: AFIT/CV (Col Adams)
AFIT/DE 2C01 Strom)
3 AFIT/LD (Virginia Eckel)

emen%s of) spaces within the library.




Stack Area (Books & Periodicals

Reading Room

Staff Offices (etc)

Audiovisual

Seminar Room

Classified Room

Terminal Room

Bockstore

Other (Staff Lounge, Rest Rooms, etc)

Mechanical

SPACE REQUIREMENTS

29,000
7,000
3,100
1,000
1,000
1,000
1,000
1,100
1,500

1,000
46,700

NOTE: The above space allocations are only recommended. They are
fiexible and can be modified based on the schematic design.
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HISTORICAL LIBRARY BUILDING TYPE SOLHTION

LARGE SCALE PATTERNS

Using the idea of HISTCRICAL BUILDINE TYPE SOLUTION (4) it is necessary
to know the historical building type pattern for libraries. Hopeftlly this
pattern will give ideas for reducing enzrgy consumpticn and maintaining thermal
conditions conducive to human comfori and book preservation.

THE PROBLEM

NO TWO HISTORICAL LIBRARIES HAD EXACTLY THE SAME BUILDING PROGRAM. HOWEVER,
THERE WAS A GENERAL PATTERN TO THEIR CONSTRUCTION:

1. EXTERIOR AND INTERIOR WALLS WERE THICK TO DAMPEN TEMPERATURE FLUCTUATIONS,

AND THE BOOKS AND WORKS OF ART ENDURED WITH COMPARATIVELY SMALL DETER:ORATION.y »

HOWEVER, THIS DESIGN WAS NOT FLEXIBLE TO CHANGE AS LIBRARIES GREW LARGER.]

2. THEY HAD HIGH CEILINGS WITH WINDOWS THAT WENT 7O THE CEI}ING, AND THE
GLASS WAS USUALLY TO THE SOUTH, TRIS PROVIDED GOOD NATURAL LIGHTING AND
VENTILATION, AND ALLOWED BOOKS AND PEOPLE TO REMAIN AT A COMFORTABLE
TEMPERATURE BECAUSE HEAT ROSE TO THE CEILING, AND OUT THE OPENED WINDOWS
(SEE FIGURE E-1).q

3. READING ROOMS WERE USUALLY ON AN UPPER LEVEL WITH A SKYLIGHT IN THE
CEILING {SEE FIGURE E-2 AND E-3).4

4, LIBRARIES HAVE CONSTANTLY GROWN SO THE PROBLEM IS TO PROVIDE MASS
FOP TEMPERATURE STABLIZATION, BUT HAVE A FLEXIBLE BUILDING STRUCTURE THAY
ACCOMODATES EXPANSION.

THE RECCMMENCATION
1. CONSIDER THE LIBRARY BUOKS AS THERMAL MASS WITH A SPECIFIC MEAT VALUE
OF .32 BTU/LB/ F (BETTER THAN MASONRY OR STEEL) AND USE INSULAYION ON THE
OUTSIDE (26) TO DAMPEN TEMPL. ‘TURE FLMCTUATIONS.
2. IF POSSIBLE, RETROFIT YOUn BUILDING WITH AN OPERABLE SOUTH-FACING
CLERESTORY - CLERESTORIES AND SKYLIGHTS (12) TO PROVIBE INDIRECT NATURAL
SUNLIGHT FAR WINTFR HEATING, SUMMER COOLING (27) and DIURNAL AIR FLUSHING. (35)

3. ACCOMODATE GROWTH BY USING MODERN BUILDING AND INSULATION MATERIALS
SO INTERIOR SPACES CAN BE FLEXIBLE - APPROPRIATE MATERIALS (10).
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You should consider the following patterns for your retrofit to control
summer heat and humidity and provide year around ventilation: EARTH TUBES (28),
g KING VENTILATION SYSTEM (29), SOLAR CHIMNEY (31), SOLAR DEHUMIDIFICATION (32),
g ZONING (34) and DIURNAL AIR FLUSHING (35).
‘ ILLUSTRATIONS
See the attached photographs of the old West Point Library. &
INFORMATION

The oldest and best documented American Library is the 01d West Point
Library (1840 - 1961). The Superintendants Log show that Isaiah Rogers proposed
the library concept and the Elizabethan Gothic Sytle, which started the Collegiate
Gothic at West Poiat and other East Coast Universities (old Yale library ).3

The actual plans for the building were drawn by Cadet Tilden (figure E-5§
under the supervision of izjor Delafield (the superintendant), and Professor
Dennis Hart Mahan as part of the required drawing studio at the academy.

The 01d West Point Library fit the Historical Library Building Type Solution
as described in THE PROBLEM statement. The southern elevation appeared to be
the most impertant side of the building, prior to 1936, because it was shown in
a majority of the archives photographs (see figure E-6). The BUILDING LOCATION (2)
was violated in 1936 by the construction of « four story building to the south
(figure E-7), which only allowed late afternoon solar gain (figure E-8).

This old library is a good exampie of the importance of an Architectural
Language expressing the importance of a Library at an educational institution, -
and the projecting of a visual image - it started the Collegiate Gothic style
used at several East Coast Universities, as well as the U.S. Military Academy.

REFERENCES

1. Key:s D. Metcalf (Librarian f Harvard College, Emeritus). Planning Academic
anu_Research Library Buildings, McGraw Hill Book Company, 1965.

2. Samuel R. Lewis. "Museum and lLibrary Practice in Heating and Ventilation®
Architectural Forum, June 1932, Vol 58, p 635 - 639,

3. Staniey H. Scofield, Captain, USAF, TDY to United States Military Academy
Archives - June 5-15, 1979 - To research the old academy library, 1840 -
1961.

4, "The New West Point," Architectural Record Vol 29, pp 86 - 112, January 11,
1911,

SOURCE OF ILLUSTRATIONS - USMA ARCHIVES

Figure E-1 South Elevation - circa 1880
Figure E-2 Interior - Reading Room (Upstairs with Skylight) - circa 1910

Figure E-3 Interior - Main Reading Room - circa 1910 ”

&
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Figure £E-4
Figure E=5
Figure E-6

Figure E-7

Figure E-8

‘North/West Elevation - ¢irca 1868 .

-

Original .USMA Library . ,an {December 1839)

Library and surrouqding Southern exposura - Eirca»1960
Library Demolition-Looking South From the Airﬁ
Library Demolition Looking North From Bartlett Hall
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SELECTION OF PASSIVE SOLAR ARCHITECTURAL
RETROFIT "PATTERNS"

The following Passive Solar Architectural Retrofit patterns have been
selected by the AFIT Librarian for use in this project:

Geographic Determinism

Building Location

Building Shape and Orientation
Historical Library Building Type Solution
(See Attachment 3

North Side

Location of Indoor Spaces

Protected Entrance

Window Location

Choosing the System

9.A. Direct Gain

9,8, Thermal Storage Wall-~Table 9B-2
Appropriate Materials

DIRECT GAIN SYSTEMS

OO~ W, 2N~

.

s

1. Solar Windows

Ye. Clerestories and Skylights
13. Masonry Heat Storage

14. Interior Water Wall

THERMAL STCRAGE WALL SYSTEMS

¥5. Sizing the Wall
1. MWall Details

21. Combining Systems

23. Movable Insulation

24. Reflecters

2%, Shading Devices

26, Insulation on the Qutside
27. Summer Cooling--Table 27-1
28. Earth Tubes

29, King Ventilation System
31. Solar Chimney

32, Solar Dehumidification
34, Zoning

35. Diurnal Air Flushing

Atch 4




REGIONAL GUIDELINES FOR BUILDING
PASSIVE ENERGY CONSERViNG HOMES

1. GEOGRAPHIC DETERMINISM )3 BRRRERE ~ A f\,
- 1"1 R N
. ’ G@ﬁﬁ'
'A'ﬁ% V""""agﬁf“"g
‘ ' N ' 1 "”’
lﬂll?

U'S. Donarsnent of Housg ndlﬁbmbcwiwmn Olmdfoicyowou-nﬂ axd Pesonch
wmuus Dcpnmm

Figure 1-1
LARGE SCALE PATTERNS

This pattern is the starting point for evaluating your build-
ing's overall locatiorn, shapge and orientation, and its relation-
ship to the sun, wind and vegetation.

THE PROBLEM

DEPENDING ON THE GEOGRAPHIC LOCATION OF YOUR BUILDING, DIFFER-
ENT CLIMATIC CONDITIONS CAH BE A LIABILITY OR AN ASSET TO YOUR
BUILDING'S ERERGY CONSUMPTION, TO BE MORE SPECIFIC, TEMPERATURE,
HUMIDITY LEVELS, WIND VELOCITIES AND SUNSHINE DEFINE THE CLIMATIC
ENVIRONMENT YQUR BUILDING MUST OPERATE lN.i

THE RECOMMENDATION

USE THE REGIOMNAL GUIDELINES FOR BUILDING PASSIVE ENERGY CON-
SERVING HOMES, BY THE AIA RESEARCH CORPORATION (Appendix B), AS A
SOURCE OF REGIONAL ( INDIGENOUS) ARCHITECTURAL RESPONSES TO CLIMAT-
IC CONDITIONS. THE BOOK DIVIDES THE UMITED STATES INTO 13 CLI-
MATIC REGIONS, AND CONTAINS RECOMMENDED REGIONAL ENERGY CONSERV-
ING DESIGN PRIQRITIES FOR EACH REGION, YOU SHOULD USE THE REGION-
AL DESIGN PRIORITIES LISTED FOR YOUR REGION AS A BUILDING AND SITE
~ EVALUATION TOOL.Z 3

’

SMALL SCALE PATTERNS

_ Use BUILDING LOCATION (2) and BYILDING SHAPE AND ORIENTATION
g (3) in conjunction with this pattarn to evaluate your building's
: response to climatic conditions. You should also refer to the
morphologic solutions ontained in REGIONAL GUIDELINES FOR BUILD-
ING PASSIVE ENERGY CONSERVING HOMES (Appendix B) to form your own
small scale patterns.
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ILLUSTRATION

Figure 1-2

INFORMATION

Regiona] Guidelines for Building Passive Cnergy Conserving Homes is a new
Government Princing Office publication prepared by the AIA Research Corporation
for U.S. Department of Housing and Urban Development. This book divides the
country into 13 climatic regions, {Fig 1-2) and is a source of regional
(indigenous) architectural responses to climatic conditions.

The major feature (for universal use) of this book is the prioritizing of
the architectural respoases to the regional climatic conditions. These
prioritized responses have application to all buildings, not just housing.

For example, Wright-Patterson AFB, Ohio and Grissom AFB, Indiana are in Region
#2. Their architectural design priorities should be the following:

1. Keep the heat in and the cold temperaturss out during winter, and
minimize heat loss through material selection, reducing exterior surfaces
and through openings.

2. Protect from the wind when it's too cold for comfort - NORTH SIDES (5).

3. Let the sunlight in when it's too cold for comfort and consider passive
solar systems - CHOOSING THE SYSTEM (9) fur maximum solar heatina.

4. Keep hot temperatures out during the summer in the same way you keep
cold temgeratures out during winter,

5. Protect from the sun when it's too hot for comfort - SHADING DEVICES (25).

6. Open up to cooling breezes when it is too hot for comfort - SUMMER
COOLING (27). 4

1-2
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You may find your regional description to be inaccurate
for your micro-climate. If so, find the regional description
most resembling your site micro-climate. Use 'its regional
design priorities for simple application to energy conserva-
tion for building retrofit.2'3

. ]

REFERENCES

AIA Research Corporation,.Regional Guidelines for Build-
Passive Erner - Conserving Homes, -

2. 1BID. p.2
3. IBID. p.56-60 (See Appendix B)

4. Victor Olgyay. Design with Climate-Bioclimatic Approach
to Architectural Regionalism, Princeton University Press, 1963,

SOURCES OF ILLUSTRATIONS

Figure 1-1, Reference 1.Cover
Figure 1-2, Referernce 1.,pl2
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Figure 2-1
LARGE SCALE PATTERNS

Using the idea of Geographic Detérminism (1), you should eval-

: uate the location of the existing building and its relationship

i to open space and the sun. This evaluation is probably the most
important evaluation of natural resources at the site you will

make for passive solar retrofit,

- THE PROBLEM

A BUILDING BLOCKED FROM EXPOSURE TO THE LOW WINTER SUN BE-
TWEEN THE HOURS OF 9:00 am AND 3:00 pm CAMNOT MAKE DIRECT USE OF
THE SUN'S ENERGY FOR HEATING, DURING THE WINTER MONTHS, APPROX-
IMATELY 90% OF THE SUN'S ENERGY QUTPUT OCCURS BETNEEN THE ADURS
OF 9:00am AND 3:0Gpm SUN TIME (See Chapter 6 ¢7 Ref 2 ¥:~+ au 2x-
ﬁlanatxon of sun time). FOR EXAMPLE, IN NEN YORK CITY {-* degrees

L) ON A SQUARE FOOT OF SOUTH-FACING SURFACE ON A CLEAR &.' IN
THE MONTH OF DECEMBER, 1,610 BTU'S OUT OF A DAILY TOTAL OF 1 » 724

¢ BTU'S (or 93% of the totai) ARE INTERCEPTED BETWEEN THE HOURS OF
9:00am AND 3:00pm. BETWEEN THE HOURS OF 9:30am AND 2:30pm 1,272
BTU'S (cr 74% of the total) ARE INTERCEPTED. 1

THE RECOMMENDATION

TO TAKE ADVANTAGE OF THE SUN IN CLIMATES WHERE HEATING IS
NEEDED DURING THE WINTER, USE THE AREAS OM THE SITE THAT RECEIVE
i THE MOST SUN DURING THE HGURS OF MAXIMUM SOLAR RADIATION - 9:00am
i TG 5:00pm (SUN TIME), BUILDING IN THE NORTHERN PORTION OF A SUNNY
i AREA WILL (1) INSURE THAT THE OUTDOOR AREAS PLACED TO THE SOUTH
' WILL HAVE ADEQUATE WINTZR SUN AND (2) HELP MINIMIZE THE POSSIBIL-
ITY OF SHADING THE BUILDING IN THE FUTURE BY QFF-SITE DEYELOPMENTS.,

iz,

SN N 2-1
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SMALL SCALE PATTERNS. : A

Evaluite your building"s location within a sunny area and
its. existing BUILDING SHAPE AND ORIENTATION (3). .This evaluation
is essential for determining potential for passive solar retro-
fit. Rearrange the entrance of your building se it receives the
greatest'gkOtéctton from the cold winter winds - PROTECTED EN-

TRANCE (7). VYou-should-also.consider using the patterns in Ap- .
pendix CifromiAjfdttéfﬂﬁtdﬂgudge‘by phristopher Alexander. ‘

ILLUSTRATION ' Fead]

Figure 2-2

INFORMATION

To use thie sun for winter heating, you should evaluate how
your building relates to other buildings, conifer trees, hills or
anything else blocking the low winter sun, To do this, you can v
use a Solar Pathfinder,,(See Appendix C) or the sun charts ("Plot-
ting the Skyline") in ZNapter six of the Passive Solar Energy Book-
Expanded Professional Edition by Edward Mazria.

If you use the Solar Pathfinder you can photograph solar ob- £
structions, and use the photograph as a design tool.

, You will not have to use either method (Svlar Pathfinder or

%’ Plotting the Skyline) if the southern skyline is low and has no ob-
g; structions: abruptly rising hills, conifer trees, or deciduous
- » trees with large branches.,
0 .
s G To bring 1ife to your site and building you should refer to —
T the patterns of Christopher Alexander's in Appendix C. After read- .
gi ing them, you will see the south side of your building as a valuable
N outdoor space on a sunny day, in addition to collecting solar 3
% radiation, e
T 2-2
R
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REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition, Rodale Press, Emmaus, PA, 1979, pp73-75.

2, Christopher Alexander, A Pattern Language, Oxford University
Press, New York, N.Y., 1977 [See Appendix Ci; and Christopher
Alexander, The Oregon Experiment, Oxford University Press, New
York, N.Y., 1975,

SOURCES OF ILLUSTRATIONS

Figure 2-1, Passive Solar Buildings. Sandia Laboratories;
Albuquerque, N.M,, and Livermove, Ca. . For the USDOE under
Contract DE-AC04-76DP00789. July 1979. p.91.

Figure 2-2, Reference 2. p, 74;
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Figure 3-1

LARGE SCALE PATTERNS

Using the ideas of GEOGRAPHIC DETERMINISM (1), BUILDING LO-
CATION (2? and the patterns in Appendix C, you should evaluate the
buildings shape and orientation for potential to admit natural

light and inducing natural ventilation before laying out inter-
jor spaces.

THE PROB* EM

BUILDINGS SHAPED WITHOUT REGARD FOR THE SUN'S IMPACT, AND

NATURAL LIGHT AND VENTILATION, REQUIRE LARGE AMOUNTS OF ENERGY TO
HEAT AND COOL. ’

THE RECOMMENDATION

FOR PASSIVE SOLAR RETROFIT, YOU SHOULD EVALUATE THE SHAPE OF
YOUR BUILDING FOR ADMITTING SUNLIGHT AND INDUCING VENTILATION. AN
ELONGATED BUILDING ALONG THE EAST-WEST AXIS, IN ALL CLIMATES, MIN-
IMIZES HEATING AND COOLING REQUIREMENTS., A SLUPED ROOF WILL HELP

IEE%E% VENTILATION BY INCREASING WING SFNERATED SUCVION AND “STACK
E ",

SMALL SCALE PATTERNS

Evaluate your building shape and orientation with the follow-
ing small scale patterns: HISTORICAL BUILDING TYPE SOLUTIONS (4),
Christopher Alexander's patterns contained in Appendix D, LOCATION
OF INTERIOR SPACES (6), PROTECTED ENTRANCE (7) and, LOCATION OF WIN-
DOWS (8)., Using the roof to admit sunlight allows flexibility to
distribute heat and 1ight to varicus parts of a space - CLERESTORIES
AND SKYLIGHTS {(12), This allows fixibility to locate thermal mass
within a space - MASONRY HEAT STORAGE (13) and INTERIOR WATER WALLS
(14). Building shape and orientation also can induce ventilation -

SUMMER COOLING (27) and KING VENTILATIOW SYSTEM (29).
3-1




Figure 3-2

INFORMATION
Victor Olgyay in his book Design with Climate, investigated

the effect of thermal impacts (sun and temperature) on building
shapes in the United States. He drew the following conclusions:

1. The square is not the optimum shape in any location.

2, Buildings elongated on the north-south axis are less
efficient (summer and winter, than a square,

‘Z% 3. The optimum shape in all climates is elongated along
3 the east-west axis.,

You should refer to Appendix D for expanded informaticn,

Elongating the easr-west axis gives the southern wall good
sun exposure for maximt. winter heat gain, and reduces the east
and west wall surface area, thereby minimizing summer heat gain
in the morning and afternoon. During the winter, in the northern
hemisphere (32 degrees to 56 degreesg. the southern side of the
building receives nearly 3 times as much solar radiation as the
east and west sides of the building. The situation is reversed
in the summer, with the roof and the east and west walls receiv~
ing the majority of the sclar radiation,

Studies by the I1luminating Engineering Society show the
space depth range should be 2 to 2% times the window height (from
the floor to the top fo the window) if the primary source of nat-
ural light is from south-facing windows. This means a maximum

space depth of 14 to 18 feet for an average window h3aight of 7
feet.
3-2
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If the major spaces of your building are placed along
the south wall (for sunlight requirements) and the buffer
spaces placed along the north wall, then the maximum depth
of the building will be roughly 25 to 30 feet.z

If your building is over 30 feét deep, or if you do not
want large south-facing windows with direct light shining
through the space, then the use of operable south-facing
CLERESTORIES AND SKYLIGHTS (12) gives you flexibility to
distribute iight and heat to different parts of the interior.
Also, they help induce ventilation and NATURAL SUMMER COOL-
ING (27).2

NOTE: Many Air Force building projects (including
additions) handled by the Corp of Engineers will -probably
use Pre-Engineered Buildings (PEB). The use of the Pattern -
BUILDING SHAPE AND ORIENTATION - is essential fcr accomodat-
ing the natural radiation, convection, and conduction pro-
cesses, VYou should read Reference #7 (in Appendix D) to see

wha? is currently being done in the area of Passive Salar
PEB's.

REFERENCES

1. Victor Olgyay. Design with Climate, Princeton Univer-
sity Press, Princeton, NJ, 1963. pp86-90 (See Appendix D).

2. Edward Mazria. The Passive Solar Energy Book'- Expanded
Prg;egzional Edition, Rodale Press, Emmaus, PA, 1979
pp/9-84,

3. Christopher Alexander, A Pattern lLanguage, Oxford Univer-
sity Press, New York, NY, 1977 (See Appendix D); and

Christopher Alexander. The Oregon Experiment, Oxford
University Press, New Yeork, , .

4. Professor F.H., King. Ventilation for Dwellings, Rural
Schools and Stables. Published by Author, §é§. p.50.

5. "Passive Design Handbook". New Mexico Sc¢lar Energy
Association.

6. Doug Balcomb and Bruce Ande.son. "Passive Heating and

Cooling Handbook". February 1980 (being developed on
USDOE contract),

7. Bruce Baccei. "Mass Produced Lowcost Passive Buildings,"

Solar Age, December 1979, pp 25-27.

NOTE: Bruce Baccei is a former Army Corp o Engineers
Major, and is the author of Energy Conscious Design,
U.S. Army Corp of Engineers, Norfolk District, Norfolk, Va,

3-3 .
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You can contact him at:
Bruce Baccei
Senior Architect, Program Manager
Passive Technology Branch
C/0 SERI
1535 Cole Blvd.
Golden Colorado .80401

(303)231-1453
FTS 327-1452

SOURCE OF ILLUSTRATIONS.

Figure 3-1." Passive So]ar Buildings. Sandia lLaboratories,
Klbuquerque, NM, and Livermore, CA. For the

USDOE under Contract DEAC04-76DP00789. July
1979, p.79.

Figure 3-2 Reference #2, p 80.
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A

d¢. HISTORICAL BUILDING TYPE SOLUTIONS

LARGE SCALE PATTERNS

Using the idea "There's nothing new under the sun", Archi-
tectural History has many answers to our present day energy
problems, if you will only apply them., One of our fo“ndin%
fathers- Thomas Jefferson- was an avid student of Architectural
History, and applied that knowledge in Monticello. It serves
as an example of the application of historical environmental
controls, which we can all learn from, This pattern describes
how you can do historical research about your building type's
use of natural heating, ventilation and lighting.

THE PROBLEM

PRIOR TO THE EMERGENCE OF THE "MODERN ARCHITECTURE" MOVE-
MENT, AROUND 1920, BUILDINGS WERE SHAPED AND ORIENTED SO THEY
RESPONDED TO THEIR NATURAL ENVIRONMENT., BUILDINGS WERE PATTERNS
BASED ON INTUITIVE OBSERVATIONS OF HOW TO CONTROL THE ENVIRON-
MENT, AND WERE AN APPLICATION OF THE CONCEPT OF GEOGRAPHIC DE-
TERMINISM (1) AND APPROPRIATE MATERIALS (10), THE OLD BUILDING
TYPE PATTERNS WERE DISCARDED BY "MODERN ARCHITECTURE", AND HAVE
BEEN LOST TO SEVERAL GENERATIONS OF ARCHITECTS AND ENGINEERS.
YOUR TASK IS TO KNOW HOW THE ENVIRONMENT WAS CONTROLLED WNATURAL-
LY BY YOUR BUILDING TYPE, 50 YOU CAN APPLY 1T TO YOUR BUILDING
IF AT ALL POSSIBLE.2 3

THE RECOMMENDATION

AS PART OF YOUR BACKGROUND INFORMATION FOR PRCGRAMMING YOQUR
BUILDING TYPE, YOU SHOULD DO A QUICK REYIEW OF THE HISTORICAL
BUILDING TYPE-SOLUTIONS FOR YOUR BUILDING TYPE, THE RESEARCH
CAN BE USEFUL IF APPLTED PROPERLY TO YOUR RETROFIT- PROGRAMMING
AND DESIGN., 4

?
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SMALL SCALE PATTERNS

The application of ‘this pattern could be useful to you
with LOCATION OF INDOOR SPACES (6), WINDOW LOCATION (&), SOLAR
WINDOWS (11), CLERESTORIES AND SKYLIGHTS (12), MOVABLE INSUL-
ATION (23) and SHADING DEVICES (25),

INFORMATLON

Prior to 1920, every building type got its structure from
its patterns.

"A barn gets its structure from its patterns....And an ex-

pensive restaurant gets its structure and character from

its particular patterns, too.l"

Some architectural history knowledge of your building
type is necessary if you are going to effectively deal with
energy conservation, in the programming of your retrofit
project. A quick historical raeview of your building type
should be part of your programming process, Hopefully, the
historical research can be useful, if applied properly to
the retrofit.

Ideally, you have an architect in your programming of-

fice. If you do, he or she will be familiar with procedures S

to do historical research, (architects are required to take
one year of architectural history),

If you do not have an architect, then the following list
of bibliographic resources might be useful to guide your re-
search,

General card catalog,

. Art index.

Applied Science and Technology Index.
Avery Architectural Index.

. Harvard Graduate School of Design Index.

G WM -
P— .

Another excellent resource is the United States Military
Academy Archives at West Point, New York., The Archives has
extensive documentation of their buildings, and should not be
overlooked in your retrofit programming of your building.

Two patterns dealing with passive cooling and ventilation
systems-KING VENTILATION SYSTEM (29) and BREATHING WALL (30) -
were re-discovered by a non-standard process described in Ref-
erence 2 (See Appendix E).

Once you have your material, write your own Historical
Building Type Solution(s) pattern using the format described =
in the introduction, Refer to Appendix E for an example -
Historical Library Solution,

4-2
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REFERENCES

1. Christopher Alexander, A Pattern Lanquage, Oxford Uni-
versity Press, New York, NY, 1977.p.96, )

.2, ‘Stanley H. Scofield, Captain, USAF, ™A Historical Re-.
view of Natural Ventilation in a Humid Climate," 4th Nation-
al Passive Solar Conference Proceedings, Kansas City, Mo,
Uctober 3-5, 1979. pp. 504-506 (See Appendix E.)

3. Kevin W. Green., "Passive Cooling", Research and Design-
The Quarterly of the AIA Research Corp. Vol II, No.3, Fa]i
1979 pp5-9.

SOURCE OF ILLUSTRATIONS

Figure 4-1 Sunset Homeowner's.Guide to Solar Heating, Lane
Publishing Company, Menlo Park, Ca, 1978 p.4. )
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Figure 5-1
LARGE SCALE PATTERNS

Even though your building might already be locatad in the
northern portion of a sunny site - BUILDING LOCATION (2) the north-
ern outdoor space needs sunlight to make it alive. When evaluating
the BUILDING SHAPE AND ORIENTATION {3) you should consider the
building's impact on outdoor spaces to the north,

THE PROBLEM

THE NORTH SIDE OF A BUILDING IS THE COLDEST, DARKEST AND USUAL-

LY“THE LEAST USED SIDE BECAUSE IT RECEIVES NO DIRECT SUHLIGHT ALL
WINTER.

THE RECOMMENDATION

IF POSSIBLE, RE-SHAPE THE NORTH SIDE OF YOUR BUILDING BY EARTRH
BERMING AGAINST THE NORTH FACE OF YOUR BUILDING OR BY SLOPING THE
ROOF TOWARD THE NORTH, THE GOAL IS TO REDUCE THE AMOUNT OF EXPOSED
i NORTHERN WALL, BERMING WILL REDUCE THE NORTHERN WALL HEIGHT. USE
g A LIGHT-COLORED WALL (OR NEARBY STRUCTURE) TO THE NORTH TO REFLECT
g LIGHT INTO NORTH-FACING ROOMS AND OUTDOOR SPACES,

- SMALL SCALE PATTERNS

- . Locate spaces with small lighting and heating requirements on

- the north., These spaces act as a buffer between the occupied spaces
¥ ' and the cold north wall of tha building - LOCATION OF INDOOR SPACES

. (6). You should provide INSULATION ON THE OUTSIDE (26) of the struc-
p ; ture so the thermal mass will retain heat, and not loose it to the

{ berming. However berming (soil) can be used for reducing heat loss
( to wind - APPROPRIATE MATERIAL (10).

“n 5-1




. : . ‘ - N -;'“'.(’.'-‘OON
ILEUSTRATION - Jgﬁ>aw*“ﬂg;>i
| o . vom A5 ) WL

Figure 5-2

INFORMATION

People do not use spaces in continual shade for most of the
winter,

There are ways for you to retrofit and make these placcs
alive and useful, For example, you can use earth berming against
the north wall to reduce or eliminate the shadow cast by your
building. Berming on the north will do the following: provide
sunlight on the north side of the building, reduces heat loss
through the wall in the winter, and prevents heat gain in the sum-
mer. Berming of the north wall also protects your building from
prevailing winds from the north and/or west in the Continental
United States.

When you provide earth berming, you must alsc provide INSUL-
ATION ON THE CUTSIDE (26). "“This is done to enable the struc-
tural mass to store some of the building's heat, thus lowering
the building's peak heating (and cooiing) loads."l

REFERENCES
1, Malcolm Wells, Malcolm Wells Underground Designs, printed by
Malcoin Weils, Box 1149 Brewster; WA 3631, To77,

2. Edward Mazria. The”Passive'So1ar Eﬁe;gynéook'- Expanded Pro-
fessional Edition , Rodale Press, tmmaus, . /9.p86-89.

3. Christopher Alexander. A Pattern Language, Oxford University
Press, New York, NY, 1977, pp781-7673,
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SOURCES OF ILLUSTRATIONS

Figure 5«1, Passive Solar Bufldings. Sandia Laboratories,
Albuquérque, NM, and Livermore, Ca..For the USDOE under con-
tract DE-ACO4-76DF00789. July 1979, p.80,

L3

Figure 5-2. Reference #2., p.88,
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i | 6. LOCATION OF INDOOR SPACES

Figure 6-1

LARGE SCALE PATTERNS

Using the ideas of BUILDING LOCATION (2), BUILDING SHAPE AND
ORIENTATION (3), and HISTORICAL BUILDING TYPE SOLUTIONS (4) you
need to place interisr spaces within the shape according to their
requirements for heat and sunlight. This placement of interior

— spaces might indicate some possible changes of BUILDING SHAPE AND
ORTENTATION (3).

THE PROBLEM

CONVENTIONAL ENERGY CONSUMPTION IS PROPORTIONALLY HIGHER IN
SPACES NOT USING SUNLIGHT DIRECTLY OR PASSIVELY FOR HEATING DUR-
ING THE WINTER MONTHS, THE MORE DIRECT SUNLIGHT USED TO HEAT A
SPACE, THE LESS CONVENTIONAL ENERGY IS REQUIRED FOR SPACE HEATING,
THIS ALSO APPLIES TO ACTIVE SOLAR-HEATING SYSTEMS, IF THE DESIGN
0F A SPACE DOES NOT DIRECTLY OR PASSIVELY TAKE ADVANTAGE OF THE
WINTER SUN TQ SUPPLY SOME OF ITS HEATING REQUIREMENTS, AN ACTIVE
ERE@E&HEATING SYSTEM WILL BE PROPORTIONALLY MORE EXPENSIVE, AND

THE RECOMMENDATION

INTERIGR SPALES CAN BE SUPPLIED WITH MUCH OF THEIR HEATING
AND LIGHTING REQUIREMENTS BY PLACING THEM ALONG THE SOUTH FACE
OF THE BUILDING, THUS CAPTURING THE SUN'S ENERGY DURING DIFFERENT
TIMES OF THE DAY. PLACE ROOMS TG THE SOUTHEAST, SOUTH AND SOUTH-
WEST, ACCORDING TO THEIR REQUIREMENTS FOR SUNLIGHT, THOSE SPACES
HAVING MINIMAL HEATING AND LIGHTING REQUIREMENTS SUCH AS CORRIDORS
AND CLOSETS, WHEN PLACED ALONG THE NORTH FACE OF THE BUILDING, WILL
. SERVE AS A BUFFER BETWEEN THE HEATED SPACES AND THE COLDER NORTH
- FACE
1

6~1




SMALL SCALE PATTERNS

‘Evaluate your building's opernings (in wails and roof) to ad-
mit sunlight and provide ventilation - WINDOW LOCATION (8), PRO-
TECTED ENTRANCE (7) and CLERESTORIES AND SKYLIGHTS (12), and at
the same time choose the most appropriate passive solar heating
system for each space - CHOOSING THE SYSTEM (9). If an attached
greenhouse is to be integrated into ycur building - SIZING THE A
GREENHOUSE (17), place 1t along the south face of the building
for maximum exposure to the winter sun...You.should also-consider
using the patterns in Appendix F (from ‘A Pattern Language by
Christopher Alexander), EXISTING SHADING should
also be évaluated, )

ILLUSTRATION

Figure 6-2
INFORMATIGN

During the winter, the microclimatic conditions along the sides
of a building (outside walls) are the key to the location of indoor
spaces. The north side of a building remains the coolest during the
winter because it receives no direct sunlight, The east and west
sides of a building receive equal amounts ¢f direct sunlight for
half-a-day since the sun's path across the sky is symmetrical aYong
the southern axis, But over the period of a day, the west side will
be slightly warmer than the east side because ot the combination of
solar radiation and higher afternoon air temperatures. The south
side of a building will be the warmest and sunniest during the winter
because it receives sunlight throughout the day. Common sense tells
us to place spaces with specific heating and 1ighting requirements
along the side of the building which has microclimatic conditions
that can easily satisfy those requirements,

.

The south side of a building is a good location for spaces that
are continually occupied during the day. These spaces usually have
large heating and lighting requirements. Since the south face of

6-2
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a building receives nearly 3 times as much sunlight in the winter
as the east and west sides, spaces placed along the south face can
make direct use of the sun's energy to fill these requirements.
Also, the extent to which as continually used space is felt as
bright, sunny and cheerful will depend upon' the amount of direct
sunlight it receives.

Arrange these spaces to the south, southeast and southwest
according to your own speciai requirements for sunlioht, For ex-
ample, in a residence, orient a breakfast area to the southeast
for good morning sunlight, a common area (living room) which is
used throughout the day to the south, and a workshop that is used
only late in the day to the southwest. Placing the frequently
inhabited spaces to the south means the building will be elongat-
ed along the east-west axis. Spaces needing sunlight that are
nct located along the south face of a building can receive direct
sunlight through south-facing CLERESTORIES AND SKYLIGHTS (12).

To bring life to the interior of your building, you should
also consider using the patterns in Appendix F from A Pattern
Lanquage by Christopher Alexander.

REFERENCES
1. Edward Mazria., The Passive Solar Ener Book - Expanded Pro-
fessional Edition, Rodale Press, Emmaus, Pg, 1979, p.§5-§2.

2. Christopher Alexander., A Pattern Language, Oxford University
Press, New York, NY, 1977, (See Appendix F).

SOURCES OF fLLUSTRATIONS

Figure 6-1., Passive Solar Buildings. Sandia Laboratories,
Albuquerque, NM, and Livermore, CA, for the USDOE under Contract
DE-AC04-76DP00789., July 1979, ».20,

Figure 6-2, Reference #1, p 91,
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7. PROTECTED ENTRANCE

Figure 7-1

LARGE SCALE PATTERNS

Using the ideas of BUILDING LOCATION (2), BUILDING SHAPE
AND ORIENTATION (3) and LOCATION OF INDOOR SPACES (6) you can
evaluate your building's entry. This pattern describes the
thermal criteria for locating the entrance and provides in-
formation for its design.

THE PROBLEM

IN WINTER, A GREAT QUANTITY OF COLD OUTDOGR AIR ENTERS A
BUILDING THROUGH CRACKS AROUND THE ENTRANCE DOOR’AND FRAME AS
WELL AS EACH TIME THE DOOR IS OPENED., ALL EDGES AROUND ENTRAN-
CES LEAK AIR. THROUGH THESE CRACKS WARM INDOOR AIR IS EXCHANGED
WITH COLD QUTDOOR AIR, WHEN AN ENTRANCE DOOR IS OPENED, A LARGE
QUANTITY OF OUTDOOR AIR ENTERS THE ADJOINING SPACE. FOR SMALL
COMMERCIAL BUILDINGS, SUCH AS SHOPS AND OQFFICES, THE HEAT LOSS
THROUGH ENTRANCE DOORS WILL BE GREATER THAN 10% BECAUSE OF IN-
CREASED TRAFFIC INTO AND QUT OF THE BUILDING.1

THE RECOMMENDATION " '

MAKE THE MAIN ENTRANCE TO THE BUILDING A SMALL ENCLOSED
SPACE (VESTIBULE OR FOYER, THAT PROVIDES A DOUBLE ENTRY. OR AIR
LOCK BETWEEN THE BUILDING AND EXTERIOR, THIS WILL PREVENT A
LARGE QUANTIYY OF WARMED (OR COOLED) AIR FROM LEAVINS THE BUILD-
ING EACH TIME A DOOR IS OPENED, THE {NFILTRATION OF COLD AIR
THAT OCCURS AROUND EXTERIOR DOORS WILL BE VIRTUALLY ELIMINATED
BECAUSE THE ENTRY CREATES A STILL-AIR SPACE BETWEEN THE INTER-
IOR AND EXTERIOR DOORS, ORIENT THS ENTRANCE AWAY FROM THE PRE-
VAILING WINTER WINDS OR PROVIDE A WINDBREAK TCO REDUCE THE WIND'S
VELOCITY AGAINST THE ENTRANCE. MAKE USE OF THE ENTRY SPACE FOR
TUE STORAGE OF UNHEATED ITEMS, AS A ?LACE TO REMQVE WINTER CLOTH-
ING OR FOR ACTIVITIES THAT REQUIRE LITTLE SPACE HEATING.,

1-1
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SHALL SCALE BATTERNS

If the entry is large and supports other activities, provide
a4 way to passively heat the space in winter - GHOOSING THE SYSTEM
(9) and to passidvely -cool the'space in the summer - SUMMER COOL-
ING (27). VYou should also use ‘ANSI Standard A-117,1 - Specifica-
tions for Making Buildings and Facilities Accessible to and Us-
dble by ther Physically ‘Handicapped - and consider using the pat-
terns in Appendix 6 from A _Pattern Language by Christopher
Alexander. ‘ T

ILLUSTRAT ION
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Figure 7-2
INFORMATION

Providing an air lock or double entry will decrease the heat
loss due tec both infiltration and conduction. A double entry has
two doors, one-that opens to the exterior and one to the interior
ot the building, trapping a still-air space between them, Since
the interior entrance to the building faces a still-air space, in-
filtration is minimized, Also, when the exterior dnor is opened,
only the small quantity of unheated air in the entry is exchanged
with cold outdoor air, thus the spaces near entrance doors are
protected from becoming cold and drafty each time a person entecs
the building. During the summer, the double entry works in re-
verse, keeping cooled indoor air from being replaced by hot out-
door air, A double entry or entry space, when properly designed,
: can serve other functions besides the reduction of heat loss. It
: can also be a place to leave frequently used items, and a protect-
.\ ed place to wait for transportation, When arviving and leaving a
buiiding, people need a transition space to accommodate a number
of activities, such as removing and storing outer garmets,

~

AR
IO

Protecting the building's entrance from winter winds and seal-
ing edges around the door frame as tightly as possible will minimize
heat transfer, The rate of infiltration of cold air through an
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emtrance increases as the velocity of the wind against the en-
Liance increases, In the Northern Hemisphere the prevailing
winter winds are usually fraom the north and/or west {check with
ybur base Weather Detachment for the direction of the prevail-
ing winter winds). Entrances placed on the east and south sides
of & buildina will be protected from the wind's impact. If an
entrance is placed on the north or west side of the building,
careful siting of a windbreak (dense evergreen planting or solid
tence), recessing the entrance into the building or the addition
of wing walls will reduce the wind's velocity and impact.

Weather stripping, when properly applied, prevents air leak-
age by making a weathertight seal between the exterior door and
door frame., Caulking should be applied around the door frame and
the wall to prevent air leakage through these joints. By pro-
viding an effective seal around the edges of the door and frame,
infiltration at the entry can be reduced by as much as 50%.1

Place the main entrance of the building at a point where it
can be seen immediately from the main avenues of approach and

give it a bold, visitle shape which stands out in front of the
bui]ding.2

You should evaluate your building's entry for meeting the
requirements of ANSI STANDARD A--117.1.3

REFERENCES

1, Edward Mazria. The Passive Solar Ener Book ~ Expanded bro-
fessional Edition, Rodale Press, Emmaus, PA, 1979, pp 94 & 97

2. Christopher Alexander. _A_Patterp Lanquage, Oxford University
Press, New York, NY, 1977 (See Appendix G). p 544.

3. AFM 88-15(C6), paragraph 1-31,
4,

Ashrae Fundamentals, 1977, Chaptev 21. (Infiltration)

SCURCLS OF ILLUSTRATIONS

Ficure 7-1. AFIT Engineering Building WPAFB, GH. Photo by
Ctanley N, Scofield, Capt., USAF.

Figure 7-2, Reference 1.p.95.
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8. WINDOW LOCATION

Figure 8-1
LARGE SCALE PATTERNS

Using the ideas of BUILDING SHAPE AND ORIENTATION (3),
HISTORICAL BUILDING TYPE SOLUTIONS (4) and LOCATION OF INDOOR
SPACES(6) you can evaluate the existing window openings.

THE PRO3LEM

ONE OF THE LARGEST SINGLE FACTORS AFFECTING BUILDING ENERGY
CONSUMPTION IS THE LOCATION AND SIZE OF WINDOWS., WINDOWS PLACED
WITHOUT CONSIDERING THE AMOUNT OF SUNLIGHT THEY ADMIT WILL USUAL-
LY BE AN ENERGY DRAIN ON THE BUILDING., IN WINTER THE HEAT LOSS
THROUGH A WINDOW IS LARGE COMPARED TO THE HEAT LOSS THROUGH A
WELL-INSULATED WALL, THE HEAT LOSS THROUGH A WINDOW IS BASIC-
ALLY THE SAME REGARDLESS OF THE DIRECTION IT FACES, THEREFGRE,
WINDOW PLACEMENT IS IMPORTANT SO THE HEAT GAIN (FROM SUNLIGHT)

IS GREATER THAN THE HEAT LOSS. DURING THE SUMMER, WINDOWS NEED
EXTERICR SHADING FROM THE SUN TO REDUCE HEAT GAINS BY THE "GREEN-
ROUSE EFFECT" OF GLASS.

THE RECOMMENDATIGN

LOCATE MAJOR WINDOW OPENINGS TO THE SOUTHEAST, SOUTH AND
SOUTHWEST ACCORDING TO THE INTERNAL REQUIREMENTS QOF EACH SPACE.
ON THE EAST, WEST AND ESPECIALLY THE NORTH SIDE OF THE BUILDING,
KEEP WINDOW AREAS SMALL AND USE DOUBLE GLASS., WHEN PQSSIBLE, RE-
CESS WINDOWS TO REDUCE HEAT LOSS.

SMALL SCALE PATTERNS

You can also admit 1ight through south-facing CLERESTORIES
AND SKYLIGHTS(12) and store the heat in MASONRY HEAT STORAGE(13)
of INTERICR WATER WALLS(14), Use MOVABLE INSULATION(23) over

8-1
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large ylass areas at night to prevent the heat gained during the
day from .escaping at night. Locate trees, vegetation and SHAD-
ING DEVICES: (25) ito ‘keep .out direct summer sun light. You might
consider using .thé patterhs <in Appéndix H. Also you should iden-
tify ithe position for operable windows, -clerestories and sky-
lights. to provide adequaté ventilation for SUMMER-COOLING(27).

ILLUSTRATIONS -

bmal s wied

mock<ate Qass Arca

mape glass area

Nutez Ty gaph ropresanis clear day sular 1adiation vak e+, an the 5

F _i ur 8 - 2 surfaces indicaied, for 40°NL. p—
gure Figure 8-3 e

INFORMAT ION

The best orientation for major glass areas of 2 building
provides the maximum amount of solar radiation (heat gaim) in
the winter and the minimum amount in the summer., According to
BUILDING SHAPE AND ORIENTATION(2), the soiuth side of a building
receives nearly '3 times more solar radiat*an in winter than any
other side. During the summer the situz:.ion is reversed and
the south side receives much less radiation in comparison to ®
the roof and east and west sides of the buitding, There are
two reasons for this. First, there are mora hours of incident
sunlight striking the south face of a building in winter than
in summer, even though summer days are longer znd have more hours

of daylight {refer to fig, 8-3). And second, since the sun is s

lower ip che sky during the winter, the sun's rays striking the
south face of the building are closer to perpendicular thar in
the summer when the sun is higher in the sky. Bocause of this,
a square foot o/ vertical south-facing surface will receive a
greater amount of solar radiation during the same hour in winter
than in summer. Since the sun's rays striking the surface of a
window are closer to perpendicular in winter, the percentage of
solar radiation transmitted through the window is greater than
in summer, These seasonal characteristics of south glazing in-
sure a degree of automatic control for solar collection.

pr——

The optimum window orientation for solar gain is due south,
However, veariations to the east or west of south, up to 30 degrees,
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will reduce performance only slightly. (Fig.8-2). Larger
variations, though, will reduce window performance substantial-
ly. The heat gained from sunlight during the winter through
south-facing glass will exceed the heat loss, in most climates.

Openings should be carefully placed according to the Tight
and heating requirements of each space. For example, a sleeping
area may require some southeast or east openings to admit early
morning sunlight and heat into the space. It is important to
note that east- and west-facing single or double pane windows
either come out even or lose heati during tnhe winter in most
climates. Since there ic no direct sunlight in winter on the

north side of a building, north-facing windows are 4 continuous
heat drain,1

You should simultaneously evsluate the natural lighting,
heat/ventilation requirement for zach space, while evaluating

the potential of existing windows to provide natural heating
and ventilation,

The patterns in Appendix H can he used as additional pat-
terns to give you a variety of window types and give life to
your building while solving functional requirements,

The solar radiation calculator in the separate pocket (of
the Passive Solar Enerqy Book - Expanded Professional! Edition)
is a quick graphic method for determining the amount of hourly
or daily radiation intercepted by a surface facing in different
directions. Of course the location and size of windows will be
influenced by other considerations as well, such as views, pri-
vacy and naturai lighting, The Libbey Owens Ford "Sun Angie Cal-
culator" can also be used as a design tool.

REFERENCES

1. Edward Mazria. The Passive Solar Ener Book ~ Expanded
Professional Edition, Rodale Press, Ammanus, PR, 1979

2. Christopher Alexander., A Pattern Language, Oxford Univer-
sity Press, New York, NY, 1977 (See Appengix HS. :

SOURCES OF ILLUSTRATIONS
Figure 8-1, Dr. Wm. T, Bolton House, 1906, by Greene and Greene,.
Fhotograph courtesy of Document Collection, College of Environ-
mental Design, U. of California-Berkeley.

Figure 8-2. Reference 1, p.102

Figure 8-3. Reference 1, p.103
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9. CHOOSING THE SYSTEM
LARGE SCALE PATTERNS

This pattern starts a series of patterns to provide criteria for passive
system selection and detailing of retrofit design. After you have rouyhly
arranged the indoor spaces - LOCATION OF INDOOR SPACES (6), you should select
a passive heating system for each space before proceeding with your huilding
retrofit. Since a passive system is architectural in nature, you must include
it at the beginning of the design process. This pattern describes each of the
five basic passive systems in general terms. )

THE PROBLEM

- WHICH IS THE BEST PASSIVE SYSTEM TO USE? THIS QUESTION IS ONE OF THE MOST

Ly LOADED QUESTIONS YOU CAN ASK ABOUT PASSIVE SOLAR HEATING. IT WILL GENERATE

i HEATED DISCUSSIONS AND MUCH DISAGREEMENT, TO PROVE A POINT, PEOPLE WILL DEFEND
S THEIR SYSTEM TO THE LAST BTU. WHICH IS THE BEST SYSTEM? WHEN PROPERLY ANALYZED,
(S i

EACH SPACE OR BUILDING WILL REQUIRE A PARTICULAR SYSTEM BEST SUITED TO ITS
ARCHITECTURAL AND THERMAL NEEDS.

il THE RECOMMENDATION
e EACH SYSTEM HAS SPECIFIC DESIGN OPPORTUNITIES AND DESIGN LIMITATIONS. CHOOSE
ol A PARTICULAR SYSTEM THAT SATISFIES MOST OF THE DESIGN REQUIREMENTS YOU GENERATE
3 FOR EACH SPACE. REMEMBER THAT DIFFERENT SYSTEMS CAN BE USED FOR DIFFERENT SPACES
A - AND/OR SYSTEMS CAN BE COMBINED TO HEAT ONE SPACE. THE INFORMATION SECTION

- . OF THIS PATTERN GIVES AN ASSESSMENT OF EACH SYSTEM'S RETROFIT POTENTIAL FOR USE

IN TYPICAL U.S. AIR FORCE FACILITIES.
SMALL SCALE PATTERNS

Recommended sizing procedures for each system are given in SGLAR WINDCWS
(11), CLERESTORIES AND SKYLIGHTS (12), SIZING THE WALL (15), SIZING THE
GREENHOUSE (17), and SIZING THE ROOF POND (19). When desirable, a combination
of systems can be used to heat a space - CGMBINING SYSTEMS {21). To prevent
overheating, use SHADING DEVICES (25) - reduce solar heat gain. If your
building has a year around ventilation requirement, you should consider the
N following: EARTH TUBES (28), KING VENTILATION SYSTEM (29), SOLAR CHIMNEY (31)
and SOLAR DEHUMIDIFIER {32) as passive methods of inducing ventilation. VYoo
should also assess the climatic effects of mpld growth, animezl entry, etc..
when considering ventilation systems,

GENERAL INFORMATION

The THERMAL STORAGE WALL (9B) and ATTACHED GREENHOUSE (9C) have universal
retrofit appiication for the Air Force. The ROOF POND SYSTEM (9D) has good
retrofit potential, but does not have universal application because of varying
[ roof configurations, structural limitations for supporting water, and climatic
{ variations.
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Tabies 98, 9C, and 9D show the retrofit application potential of the
THERMAL STORAGE WALL SYSTEM, ATTACHED GREENHOUSE, and ROOF PUND SYSTEM to
the foliowing typical Air Force facilities: 1) Family Housing/Airman's
Dorms/0fficer's Quarters; 2) Base Library; 3) Offices/Administration;
4) Air Force Educational Classrooms; 5) Food Services/NCO & Officers Clubs;
6) Police/Fire Stations; 7) Air Passenger Terminals; 8) Shops and Warehouses.

The other two passive solar systems - DIRECT GAIN {9A) and CONVECTIVE
LOOP (9E) - have limited retrofit potential in the Air Force and will be
explained in‘their respective sections of this pattern,

Since the Arab 0il embargo of 1973-74, passive solar system development,
and retrofit have béen centered in housing, because of its small size and
immediate application potential.

Public Law 95619 requires ail federal buildings over 1000 square feet to
be retrofitted by 1990, and the Air Force Energy Plan stresses Passive Solar
Applications. Because of this requirement, you must consider the following

retrofit issues that apply to the Air Force but usually do not apply to
housing:

1. Type of occupancy use, and special heating and cooling requirements.

2.
and the number of electrical lights required.

3. For industrial and commercial facilities it is difficult to position
activities relative to passive conditions and elements. Size of floor
spuce (required} forces tha floor area to southern wall exposure to
be large. However, passive (architectural) considerations during
floor planning with the user may overcome many problems. For example,
use of NORTH SIDE (5) and ZONING (34) could eliminate all north windows
by placirg utilities, storage, toilets, and a "back door" - PROTE(TED
ENTRANCE (7) on the north wall. This could provide the opportunity
to develop the south side of the building as a "pésple space". You
could use the patterns in Appendix C and Appendix H from A Pattern
Language by Christopher Alexander. The use of LIGHT ON TWO SIDES OF

OF EVERY ROOM in Appendix H will help to reduce elactric Yighting
requirements during the day.

4. Time of day usage in many cases should be considered relative to passive
heat gain. Possibly work hours cculd be changed for winter, (start
at 0900 hours), and summer (start at 0700 hours) to reduce heating

and cooling requirements. This should be considered as ‘a design oppor-
tunity.

5. Most facilities other than family housing will require ventilation.
You should use EARTH TUBES (28), KING VENTILATION SYSTEM (29), SOLAR
CHIMNEY (31) and SOLAR DEHIMIDIFICATION (32) as methods of providing
passive tempered ventilation.

8-2
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6. Activities need to be evaluated in terms of the following requirements:

natural light

sensitivity to thermal function
latent heat requirements
moisture requirements

Qo oo

After considering these issues you might need to collect heat from both
active and passive collection s stems, and store the heat at a central Jocation
with mechanical systems to re-distribute the heat.

GENERAL REFERENCES FOR (9A), (9B), (9C), (9D), (9E)

1. Edward Mazria. The Passive Solar Energy Book - Expanded ﬁrofessiona1 Edition,
Rodale Press, Emmaus, PA, 1979,

2. Edward Mazria. “A Design and Sizing Procedure for Passive Solar Heated

Buildings", 3rd National Passive Solar Conference Proceedings, San Jose,
CA, Jdanuary 11-13,71979, pp 249 - 253. .

3. Captain Bruce C. Baccei, Corp of Engineers, EnerEx Conscious Design, U.S.
Army Corp of Engineers, Norfolk District, Norfolk, VA. .

4. Fred Dubin. "Aijr Conditioning For Books and People", Architectural Record
v. 121, June 1957, p 2941-- 234,
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YA, DIRECT SAIN

Fiqure Ya

INTERIOR WATER WALL

INFORMATION

The direct Gain System is the simplest passive solar system,
and is represented by figure 9a. It uses an expanse of south-
facing glass - SOLAR WINDOWS (11) - and enough thermal mass, stra-
tegically located in the space for heat absorption and storage.
This system usually creates glare problems, and causes fading of
material - see APPROPRIATE MATERIALS {10) for references.

The two most common materials used for heat storage are mas-
onry and water - MASONRY HEAT STORAGE (13), and INTERIOR WATER WALL
(14{. Heat gain is reduced by using SHADING DEVICES (25). Note:
Wall to wall carpet cannot be used if you intend to use the Tloor
mass as heat storage. )

Another application of the Direct Gain System is the use of
a south-facing clerestory - CLERESTORIES AND SKYLIGHTS (12).
Clerestories and skylights give good 1ight, privacy and do not
put direct sunlight on people and furniture.

Clerestories provide good lighting to large areas, however
they are difficult and expensive to retrofit, Skylights will
overneat a space if a shading device (25) is not provided for
summer use,

Summer cooling is accomplished by keeping the sun cut dur-
ing the day and ventilating the space at night.1

9A-1
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RETROFIT OPPORTUNITIES:

1f you already have a direct gain system, or because of
the Architectural Program you need it, then you should maximize
the system operation by using WINDOW LOGCATION (8), SOLAR WIN-
DOWS(11), CLERESTORIES AND SKYLIGHTS (12), MASONRY HEAT STORAGE .
(13), INTERIOR WATER WALL (14), and MOVABLE INSULATION (23).

RETROFITTING LIMITATIONS OF THE DIRECT GAIN SYSTEM:

Retrofitting an existing building with a Direct Gain
System can be relatively easy or very difficult depending on
yeur building's construction materials. A prefabricated metal
structure, such as a flight line maintenance building, would
be relatively easy and cost effective. However, an existing
masonry structure is very difficult to retrofit for Direct
Gain since THE BUILDING IS THE SYSTEM. Only when a space is
constructed with masonry walls and floors exposed on the in-
terior, and has clear sauthern exposure, is it possible to add
SOLAR WINDOWS (11) or CLERESTORIES AND SKYLIGHTS (12) and mod-
ify interior surface finishes to solar heat the space.,

REFERENCES o
1. General References 1 and 2. |
2. General References 1. p.109.
SOURCES OF ILLUSTRATIONS

1. General Reference 1, p.30,
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98. THERMAL STORAGE WALL

Figure 9b

oY

INTERIOR WATAR WALL *
INFORMATION

The Thermal Storage Wall is characterized by the storage
media being directly behind the south-facing glazing. There .
are a wide range of appropriate thermal storage wall taterials;
however, most fall into two catagories: either masonry - MAS-
SONRY HEAT STORAGE (13) - or water - INTERIOR WATER WALL (14).
Both types of storage walls are limited to 20 feet for effec-
tive radiant heating. The requirement for southern exposure

dictates a linear arrangement unless modified by stacking and
or staagering spaces.

MASONRY WALL

e A PR T “"\W\V"’f‘“

The masonry wall transfers heat from the surface to the
interior at a2 slow rate by conduction., If direct sunlight hits
the surface of a dark colored mascenry material it will becomwe
uncomfortably hot, giving much of its heat to the air instead
of storing it by conduction. 7o reduce neat fluctuation, dir-
ect sunlight must be spread over a large surface area of mason-
ry 30 roughly 60% of the scolar energy admitted into the space

is ctored as heat in the walls and/or floor and/or ceiliny at
sunset.

The masonry wall can be used as a SOLAR CHIMNEY (31)
for sumber ventifatica, but needs MOVABLE INSULATION {23) on
the inside to prevent radiation to the interior space.

o
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See tables 9B-1 through 98-8 for retrofit application po-

tential to various Air Force huilding types, and see MASONRY
HEAT STORAGE (13) for sizing details.

WATER WALL

Water is more efficient as a heat storage medium than mas-

onry, It has the potential to store more than twice as many

2

i
/
{
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BTU's for each 1 degree F temperature rice for the same volume
of material. The volume of water in direct sunlight and the

surface color of the container (thin metal or plastic) will de-
termine the temperature fluctuation in the space over the day.2

See tables 9B-1 through 9B-8 for retrofit application po-

tential to various Air Force building types, and see INTERIOR
WATER WALL (14) for sizing details.

In most cases the thermal storage wall is able to achieve
a higher solar fraction than a direct gain system, if the ther-
mal storage mass does not exceed about 175 1bs/square foot of
g]azing.é ‘

Retrofitting this system is easily done to the south wall
of a space with a clear exposure.,

HREFERENCES
1. General Reference 2, p 251.

2, 1BID

3. J. Douglas Balcomb., "Trombe Wall vs. Direct Gain: A Com-

parative Analysis of Passive Solar Heating Systems", Ihird
National Passive Solar Conference Proceedings, San Jose, CA,

Jan 11-13, 1979. p 45.
4. General Reference 1. p 110,
SOURCES OF ILLUSTRATIONS

1. General Reference 1. pp 44 and 51,
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£ ™ BUILDING TYPE(S): FAMILY HOUSING, AiRMAN'S DORM |TABLE 98-1
;% i @ zxceLLent OFFICER'S QUARTERS ;
iﬁ&?ﬁé 6000 TIME OF USE AND OCCUPANCY: 24 hour occupancy 1s. expected with
standard 65 F (winter) and 78 F (sumner) heating and cooling
© FAIR raximuas,
Qroor
€ UNKNOWN
‘@ VARIABLE
]
%
¢,
‘ ;%:* o N L
4 i DESIGN
o CONZIDERATION Masonry Therwal Storage Wall Water Thermal Storage Wall
! e
s 6000 ' m EXCELLENT
‘% HEAT ’
X STORAGE
- POTENTIAL
LB
g Not required, Inftitration Not required, Infiltration
! iould supply sufficient ventilati should supply sufficient
7 vantilation,
{ WINTER .
: YENTILATION,

ST Dark masonry creates a thersal An Interior Water Wall will ade
¢ Toar for et e arion farh et e viT] et 4l ¢
P onjunctio to fynction 3s a Solar mne
oo, SUMMER _  (28) KING VENTILATION SYSTEM(29) & | (31). Y
£ . VENTILATION Okg' fg‘nltY(3; to asclire night

; — eftilition, .
SRS 5 \1 : Exceallent control of light- to Ehrus with container,
& ~§ i NATURAL uce glare and fading of furni. Opsque-ixcellent
Ry LIGHT ure, Transiucentegood
: POTENTIAL/ !
CONTROL
Good Excellent
SENSITIVITY
T0 THERMAL
FUNCTION
‘]K{téﬁons. Bathrooms and Taundry '_1 Kitchens, Bathrooms and Laune
4 rooms are sources of latent heat dry rooms are sources of
Ninter asset ~Sumaer liability, 1atent heat., Wintar asset -
LATENT Susmer 1fability,
“ HEAT
Masonry will not collact conden High humidity causes dondensa-
tfon, Use EARTN TYBES(28) & tion on containers,
SOLAR OEHUMIDIFIER (32) with this .
wall as a SOLAR CHINNEY {31) to
MOISTURE dehuatdify the atr,
- The ratio varies with tocal
1imate, latitude and spice heat climale, latitude and space
. ing vequirements. Range0.22 to Jheating requirements. Range 0.16
«A RATIO 0.72-1,0. See tadie 1§-1 for te 0.55-1.0, See table 15-1 for
Lo (RA details, dezajls.
Limited to 20 feet for effecs Linized to 20 feet for effecs-
: tive radiant heating, The re- {ive radiant heating, The require;
zPTH OF quirement for southern exposuve ment for southern exposure dic-
;PACE dictatgs linasr arrangement unless]tates linear arrangement unless
» IKITATIONS modiffed by stacking or staggeringfmodifiad by stacking or staggerind

¥ s

B oy
¥




BUILDING TYPE(S): BASE LIBR vemir 34
@ExceLLEnT - . ( ARY T 382
@ G0ooo TIME OF USE AND OCCUPANCY: This buflding type has a 24 hour heat
contrel requirement to preserve books, The hcatin? and cooling
© FALR . requiremedts cre similar to 1iving/working spaces (72 degrees F -
78 dcgrees F with optimum of 76 degrees F),, The books also con-
O roor tribute to the thermal mass of the buflding with a svecific heat
of .32 BTU/LB/deqree F for paper, Books should not be exposed
© UNKXOWN to direct sunlight. .
@ variasee
DESIGN -
ﬂS!DEMTIONS Kusonry Thermal Storage Wall Water Tharme! Storage Wall
nEAT G000 EXCELLENT
STORAGE
POTENTIAL
] tibrary requires winter L] A 1ibrary requires winter
ventilation, Use EARTH TUBES(28)f ventflation, Use EARTH TUBES(28)
SINTER :nd K1N2NVENYILATION SYSTEM(29) {anrd KING VENTILAT;ON SV§{EH [29)
or @
JENTILATLON a'r.i.r tespered ventilating :?:'1nrth'tonporc ventilating
ark masonry creates 2 tmr-g
al chimney for induced vendila- An interior water wall will
tion, Use 1a conjunction with ibsord heat and not alliow it to
SUMMER CARTH TUBES({28), KING VENTILATION]) function as a Selar Chimney (31)
VENTILATION SYSTEM(29> and SOLAR CHIMNEY {31){ to drive EARTH TUBES (28).
for secure.nigh: ventilation.
v v o
NATURAL !:J
LIGHT Excellent way to control Varies with container
POTENTIAL/ direct sunlight on books and proe Opaque - gaad
CONTROL vide naturel heat. Trans.uceant - poor
seustrIviTy 6000 EXCELLENT
10 THERMAL
FUNCTION .
Librartes do not have la- Librarfes do not have 13-
LATENT teut heat problems unless thers ] tent heat problems unless there
are many people, ars sany people.
HEAT
Q K Tfbrary nesds humidis
ontrol, Masoary will not cc¥lcc
condensation. Use CARTH TUBES(28) High humidity causes con-
. and SOLAR SEHUMIOIFIER(32), with | dansation on containers.
HOISTURE this wall as & ‘SOLAR CHIANEY (31)
; to dehymidivy ths air. o
Sﬂ The ratio varies with local The ratis veries with lgcal
ﬁzln::e.‘lacit:de ugd splgozgccc- ?IQUItQ. tatitude and :pace heat-
, Quirements, Range 0. to § ing requirements., Range 0,16 to
;&ﬁr (RAT10) 0320 Ses table 15.1 for 0,55 - 1,0, See table 15,1 for
g detatls, dotails,
H Timitad to 20 fast for efs H Linited to 20 feet for ef-
. sctive radiant heating., The refY¥ctive radiant heating, The re-
5.°TH OF quirement for southern exposure {quirement far southern exposure
LPACE dictates lirear srrangement un- {dfctates linear arrangement un-
L IMITATIONS less modified by stacking or less wrdifted by stacking or
R staggering, o —— stpooaring
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10. APPROPRIATE MATERIALS

LARGE SCALE PATTERNS

The construction materials in your building and its struc-
tural system will influence the choice of a passive solar 'sys-
tem - CHOCSING THE SYSTEM (9) - used for retrofitting your build-
ing., Also using the idea of earth berming - NORTH SIDE (5) -
will affect your selection uvf materials.

THE PKOBLEM

MORE ENERGY WAS CONSUMED IN CONSTRUCTING YOUR BUILDING THAN
WAS USED IN MANY YEARS OF OPERATION. THUS THE ARCHITECTURAL PROB-
LEM IS TO EFFECTIVELY RE-USE YOUR STRUCTURE AND THEKMAL MASS
(which should be considered as site provided natural resource) AS
A RESOURCE FOR COLLECTING, STORING AND DISTRIBUTING HEAT THROUGH-
OUT THE STRUCTURE IN A NATURAL MANNER.

THE RECOMMENDATION

DESIGN YOUR RETROFIT SO THE BUILDING'S THERMAL MASS FUNCTIONS
AS A NATYRAL HEAT COLLECTOR, HEAT STORAGE MATERIAL AND HEAT DIS-
TRIBUTIMG SYSTEM THROUGHOUT TIHE BUILDING., YOU SHOULD USE LOCALLY
PRODUCED BIODEGRADABLE AND LOW ENERGY-CONSUMING MATERIAL WHENLVER
POSSIBLE. [IF ADDITIONAL THERMAL MASS IS REQUIRED, USE ADOBE, SOIL-
CEMENT, BRICK, STONE, CONCRETE AND WATER IN CONTAINERS., FOR FINISH
MATERIALS USE WOOD, PLYWOOD, PARTICLE BOARD AND GYPSUM BOARD. USE
THE FOLLOWING MATERIALS ONLY IN SMALL QUANTITIES OR WHEN THEY HAVE
BEEN RE-CYCLED: STEEL PANELS AND CONTAINERS, ROLLED STEEL SECTIONS,
ALUMINUM AND PLASTICS.

SMALL SCALE PATTERNS

Distribute and size bulk materials so they work effectively for
heat storage. For Direct Gain Systems see MASONRY HEAT STORAGE(13)
and INTERIOR WATER WALL (14); for Thermal Storage Wall Systems see
WALL DETAILS (16); for Attached Greenhouse Systems see GREENHQUSE
CONNECTION (18); for Roof Pond Systems see ROOF POND DETAILS (20);
for reducing heat loss or heat gain see MOVABLE INSULATION (23),
SHADING DEVICES (25) and INSULATION ON THE OUTSIDE ({26).

INFORMATION

This pattern should help you select materials which use a min-
imum amount of energy to manufacture and have good potential for
heat storage (thermal mass-specific heat) or resistance to heat
flow (insulation),

Energy conscious design requires selection of appropriate

materials. Tabie 10-1 shows that thermal mass materials require
relatively little energy to manufacture when compared to energy-

10-1
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intensive materials such as aluminum and high grade steel alloys. —

In some cases, thermal mass materials will be as much as 80
to 90% of the total volume of materials used in your building.
With some consideration given to energy conscicusness in select-
ing and detailing of secondary/finishing materials - MOVABLE IN-
SULATION (23), REFLECTORS (24{, SHADING DEVICES (25) and INSULA-
TION ON THE OUTSIDE (2€) - you can modify your building so your
thermal mass is insulated from the elements, and becomes a heat
sink or "thermal flywheel." VYour selection of good secondary/
finishing materials will, by its nature, be energy conservative.

N e PP AR N T S RITIN

Wood is an excellent secondary material, Other finish and
secondary materials include plywood, particie board, gypsum board,
plaster and vinyl. Your use of energy-intensive materials is ap-
propriate when applied in moderation or when the materials are re-
cycled,

PR

R

; Soil is not insulation but can be used as a buffer for strong
‘ north winds - NORTH SIDE {(5) and on roofs.

The selection of materials and furnishings for interior de-
sign is developing as an Interior Architectural Design specialty,
and is beyond the scope of this set of patterns. However, if you
apply the recommendation of this pattern té your interior design,
the thermal performance of your building will improve in your ret-
rofitting process. A good resource for Interior Solar Design is
Solar Interiors: Energy, A New Element in Design by Denise Guerins.

% REFERENCES

1. A.B. Makhijani and A.J. Lichtemberg, "Energy and Well-Being,"
p i4.

2. Robert A. Kegel, "The Energy Intensity of Building Material:,"”
p 39.

3. Andrew MacKilleys, "Low Energy Hcusing," p 8.

4. ASHRAE Handbook of Fundamentals, 1977.

5. Edward Mazria. The Passive Solar Energy Book - Expanded Pro-
fessional Edition, Rodale Press, tmmaus, PA 1979, ppll5-117.
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6. Denise Guerin. Solar Ipnteriors: A New Element in Design (Miami
YUniversity Home Economics Uepartment - unpublished).
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Denise Guerin. "Energy and Interior Design, " Master's Thesis,
Michigan State Uriversity, May 1977.

%~ ‘ 8. Denise Guerin, "Textiles in an Ecological Framework," unpub- -
%“ ¢ lished graduate paper, Michigan State University, June 1976.

g, '

E‘ 9. "Window Treatments for Thermal Comfort, "Energy Facts, Cooper-

gi { ative Extension Service, Michigan State University, October 1977.
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Figure 11-1

LARGL SCALE PATTERNS

Using the ideas of existiny or proposed windows from WIN-
DOW LOCATION (8) and CHOOSING THE SYSTEM/DIRECT GAIN (9A), this
pattern defines the area of south-facing giazing needed for solar
ieating each space.

THE PROBLEM

DIRECT GAIN SYSTEMS ARE CURRENTLY CHARACTERIZED BY LARGE AMOUNTS
OF SOUTH FACING GLASS. MOST OF OUR PRESENT INFORMATION ABOUT
DIRECT GAIN SYSTEMS HAS BEEN LEARNED THROUGH THE PERFORMANCE OF
VARIOUS EXISTING PRGJECTS WHICH UTILIZE LARGE SOUTH-FACING GLASS
AREAS FOR WINTER SOLAR GAIN. THESE BUILDINGS ARE OFTEN THOUGHT
OF AS OVERHEATING ON SUNNY WINTER DAYS, THIS HAPPENS BECAUSE
SOLAR WINDOWS ARE FREQUENTLY OVERSIZED OUE TO LACK OF ANY ACCUR-
ATE METHOUS FOR PREDICTING A SYSTEM'S PERFORMANCE. THESE DRAW-
BACKS HAVE LED TO A VERY LIMITED APPLICATION OF DIRECT GAIN SYS-
TEMS IN BUILDING DESIGN AND CONSTRUCTION.

TilE RECOMMENDATION

[N COLD CLIMATES ( average winter temperatures 20° to 30°F), PRO-
VIDE BETWZEN 0.19 AND 0.31 SQUARE FEET 07 SOUTH-FACING GLASS FOR
EACH ONE SQUARE FOOT OF SPACE FLOOR AREA. THIS AMOUNT OF GLAZING
WwILL ADMIT ENOUGH SUNLIGHT TO KEEP THE SPACE AT AN AVERAGE TEM-
PERATURE OF 65° to 70° DURING MUCH OF THE NINTER.I’?

SHALL SCALE PATTERNS

The glazing area recommendations in this pattern can be 4i-
vided between south-facing window spare and/or south-facing

11-1
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CLERESTORIES AND SKYLIGHTS (12) as shown in- figure 11-1. To
prevent daytime overheating and large $pace temperature fluc-
tuations, store a portion of the heat gained during the daytime
for use- at night by locating a thermal mass within each space -
MASONRY HEAT STORAGE {13) and INTERIOR WATER WALL (14). Use
MCVABLE INSULATION (23) cver the solar windows at night to reduce
heat loss and protect the windows from the -hot summer sun by anply-
ing SHADING DEVICES(25). The area of window needed to heat a
space can:be substantially reduced by using exterior RELECTORS(24),.
A Direct Gain System with undersized solar windows can be combined
with other passive systems to achieve the same recommended
performance - GCOMBINING SYSTEMS (21).

Finally, your windows should function as breeze catchers
for SUMMER COOLING (27).

ILLUSTRATION

Figure 11-2

INFORMATION

A window, skylight or clerestory that faces south and opens
directly into a space is a very efficient solar collector - WIN-
DOW LOCATIOM (8). Light entering the space is uniikely to be
reflected back out regardless of the cclor or shape of the space.
This means that virtually all the sunlight is absorbed by the walls,
floor, ceiling and other objects in the space and is converted
into heat. Openings that are designed primarily to admit solar
energy into a space are referred to as "solar windows." You can
orient a solar window as much as 25° to the east or west of true

south and siil1l intercept over 90% of the solar radiation incident
on a south-facing surface.

The size of a solar window determines the average temperature
in a space ove.~ the day. During a typical sunny winter day, if
a space becomes uncomfortably hot from too much sunlight, then

11-2
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the solar windows are either oversized or there is not enough
tirermal mass distributed within the space to properly absorb

. the incoming radiation., As a space becomes too warm, heated
air is vented by opening windows or activating an exhaust fan
to- maintain comfort. This reduces 'the system's efficiency
since valuable heat is allowed to escape. For this reason, our
criterion for a well-designed space is that it gain enough sol-
ar euwergy, on an average sunny day in December or January, to
maintain an average space temperature of 70°F for that 24-hour
period., Mazria used this criteria to develop size ratios for
preliminary sizing of solar windows, skylights and clerestories
(table 11-1.)

Sizing Solar Windows for Dilferent Climatic Conditions'

Average Winter Squate Foet of Window *
Ouidoss Tomperature (‘N Neadodtos ™™~
(degroa-dayw/mo.) Lach One Square Foet cf Floer Ares
Cold Climates
15° (1,500) 0.27-0.42(winight insulsxon over glass)
20° (1,350 (.24~0.38 (w/night insvlstion over glass)
25° (1,200 0.21-0.33
30°* (1,050 019-0.29
Temperate Climates
38 (500 0.16-0.25
40° (750 0.3-0.23
45°  (600) 011-0.7

NOTES: ), Thete ratios apply to & residence with & space hest loss of
8 to 10 Btu/day-1q ft o, «*F. 1f space haat loss 13 less, lower
values cam bo vsed, “.u ratfos camn algo be used for other
bullding types having stailar hadting requiremants, Adjustsents
Moﬂd'n made for addittens] hest gatas from tights, pecpley and
appliances,

$ — T, Tamperatures 4nd degres-days arc Y1sted for Oscember snd Jan-
vary, usually the coldest sonths, Consult the Sase Vesther
o Ostachmant for Datly Temparature for your base.

3. Withia each range, cheese a ratto uurﬁn‘ to your latitude,
For southern latitudes, 1.0., J6'NL, ute the lower windoweta
floor-area rattos; for northern lotitudes, f.e0., 48°NL, ute the
Ngher ratios,

Table 11-1

The exact size for retrofitting of your windows wiil depend
on Architectural considerations as well as thermal performance
requirements.

If you need additional internal mass to prevent overheating
and large temperature swings, then yot should consider the con-
cepts presented in INTERIOR WATER WALL(14) as an application of
APPROPRIATE MATERIALS(10).

You should also replace metal sash windows with wooden sash
windows to reduce heat loss.

You can also use this pattern to add Solar Windows, which
meet the criteria outlined in CHOOSING THE SYSTEM/DIRECT GAIN (9A).

N




REFERENCLS

. Edwerd Mazria. The Passive Solar Enérgy Book - Expanded Pro-
fessional Edition,  Rodale Press, Emmaus, Pa 19/9. T19-121

2. Ldward Mazria. “A Design and Sizing Proceedure for Passive
Solar Heated Buildings", 3rd Nation Passive Solar Conference
Proceecings, San Jose, Ca, January 11-13 1979, p.250.

SOURCES OF TLLUSTRATIONS & TABLES

Figure 11-1 Passive Solar.Buildings. Sandia Laboratories, Al-

bugquerque, KM, and Livermore, Ca. For USDOE under Contract
DE-AC04-76DP00789. July 1979, p 53,

Figure 11-2 Reference 1 p, 120,
Table 11-1 Reference 1 p. 122,
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12. CLERESTORIES AND SKYLIGHTS

Figure 12-1

LARGE SCALE PATTERNS

Using the ideas of existing or proposed clerestories and
skylights from WINDOW LOCATION ?8) and CHOOSING THE SYSTEM/DIR-
ECT GAIN (9A), plus the recommended areas of south-facing glass
needed to admit direct sunlight to solar heat a space-SOLAR WIN-
DOWS (11), then this pattern describes architectural methods
other than windows for collecting the sun's energy.

THE PROBLEM

THERE ARE MANY SITUATIONS WHEN ADMITTING DIRECT SUNLIGHT
THRQUGH SOUTH-FACING WINDOWS IS NOT FEASIBLE OR DESIRABLE. SO-
LAR BLOCKAGE OF THE SOUTH WALL BY NEARBY OBSTRUCTIONS, OR SPACES
WITHOUT A CLEAR SOUTHERN EXPOSURE, MAKE IT IMPOSSIBLE TO USE
WINODWS FOR SOLAR GAIN. ALSO, THE DISTANCE FROM A SOLAR WINDOW
TO A THERMAL STORAGE MASS IS LIMITED BY THE HEIGHT OF THE WIN-
DOW. A MASS LOCATED TOO FAR FROM THE WINDOW WILL NOT RECEIVE
AHD ABSORB DIRECT SUNLIGHT, LARGE SOLAR WINDOWS, WHICH ARE THE
PRIMARY SOURCE OF DIRECT SUNLIGHT IN A SPACE, MAY RESULT IN
TROUBLESOME GLARE, "REATE UNCOMFORTABLY WARM AND BRIGHT CONDI-
TIONS FOR PEQPLE OCCUPYING THE SPi/CE AND DISCOLOR CERTAIN FAB-
RICS. FOR THESE AND OTHER REASONS (privacy and aestheti:zs) IT
IS NECESSARY TO EXPLORE ALTERNATIVE METHODS FOR COLLECTING THE
SUN'S ENERGY IN A DIRECT GAIN BUILDING.1

THE RECOMMENDATION

ANOTHER METHOD FOR ADMITTING SUNLIGHT INTO A SPACE IS
THROUGH THE ROOF, USE EITHER SOUTH-FAUCING CLERESTORIES OR SKY-
LIGHTS TO DISTRIBUTE SUNLIGHT OVER A SPACE OR TO DIRECT IT T0 A

12-1
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FARTICULAR INTERIOR SURFACE. MAKE THE CEILING OF THE CLERESTORY
A LIGHT COLOR ARD APPLY SHADING DEVICES TO BOTH CLERESTORIES AND

SKYLIGHTS FOR SUMMER SUN CONTROL.1

SHALL SCALE PATTERNS

Apply MOVABLE INSULATION (23) and REFLECTORS (24) to make
‘clerestories and skylights more efficient as solar collectors.,
Shade all glass areas, especially horizontal and south-facing

glass; tc protect them from the hot summer sun - SHADING DE-
VICES (25).

W

LS
. Another important consideration in the selection and lo-
cation of a particular configuration is whether sunlight is to
be diffused throughout a space - MASONRY HEAT STORAGE (13), o~
directed to a particular surface - INTERIOR WATER WALL (14),

and that your clerestories and skylights be operable for "stack
effect" SUMMER COOLING (27).

TLLUSTRATION

hY
Fer

]
i ! Figure 12-2
Y ! - ‘
-4 LHFORMAT L ON ;
*Q CHOOSING THE SYSTEM /DIRECT GAIN (9A) described the advan-
§~ tage of Clerestories and Skylights, plus their retrofit opportun-
%&‘ ities and limitations,
%i \ If you are going to use south-facing Clerestories and Sky-
;. i tights in your architectural plan, then you should use the follow-
{f* . ing guidelines: —_ [
i
E ~
3;, ‘ 12-2
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Clerestory

Sawtooth
Clerestories -

locate the clerestory at a distance in front of
an interior thermal storage wall of roughly 1
to 1.5 times the height of the thermal walsl,
Make the ceiling of the clerestory a light col-

or to reflect and diffuse sunlight down inta the
space.,

Le15H
MNgure 12-3

make the angle of each clerestory roof (as mea-
sured from horizontal) equal to, or less than
the altitude of the sun at noon, on December 21,

the winter solstice. Make the underside of the
clerestories a light cojor,

ANGLE @ = ALTTUDR OF THE SUN AT HOOM O DE0EMBAR 31
EXAMME: AT J0'NL ANGLE 8 = 0

Figure 32-4
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Skylight - use a reflector with horizontal skylignts to :
. increase solar gain in winter and shade both
horizontal and scuth-facing skylights in sum-
mer to prevent excessive solar gain.2 g
f g
4
;\ g
Figure 12-5
KEFERENCES R

1. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition, Rodale Press, Emmaus, Pa, 1973. pl25.

2. tdward Mazria. "A Design and Sizing Proczedure for Passive
Solar Heated Buildings", 3rd National Passive Solar Confer-
ence Proceedings, San Jose, Ca, January 11-13 1979, pp250-
251,

SOURCES OF ILLUSTRATIONS

Figure 12-1 Patoka Nature Center by Fuller Moore
Figure 12-2 Reference 1 p 126

Figure 12-3 Referencc 1 p 1238

Figure 12-4 Reference 1 p 130

Figure 12-5 Reference 1 p 242
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13. MASONRY HEAT STCRAGE ‘
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Figure 13-1

LARGE SCALE PATTERNS

After sizing your SOLAR WINDOWS (11) and/or CLERESTORIES
AND SKYLIGHTS (12) a portion of the sunlight (heat) admitted

into each space must be stored to prevent daytime overheating
and for use during evening hours,

{ - THE PROBLEM

o 7+ < < g KR S, o T O

THE STORAGE AND CONTROL OF HEAT IN A MASONRY BUILDING IS
THE MAJOR PROBLEM CONFRONTING THE DESIGNER OF A DIRECT GAIN
SYSTEM. In a Direct Gain System, the amount of solar energy
admitted into a space through windows, skylights or clerestories
determines the average temperature in the space over the day. A
large portion of this energy must be stored in the masonry walls
and/or floor of the space for use during the evening. In the
process of storing and releasing heat, the masonry fluctuates in
temperature, yet the object of the heating system ijs to main-
. tain a relatively constant interior temperature. The location,

quantity, distribution and surface color of the masonry in a

space will determine the indoor temperature fluctuation over
the day.1

£ THE RECOMMENDATIGN

TO MINIMIZE INDOOR TEMPERATURE FLUCTUATIONS, CONSTRUCT IN-
TERIOR WALLS AND FLOORS OF MASONRY WITH A MINIMUM OF 4 INCHES
IN THICKNESS. ODIFFUSE DIRECT SUNLIGHT OVER THE SURFACE AREA OF
THE MASONRY BY USING A TRANSLUCENT GLAZING MATERIAL, BY PLACING
, A NUMBER OF SMALL WINDOWS SO THAT THEY ADMIT SUNLIGHT IN PATCH-
o ES, OR BY REFLECTING DIRECT SUNLIGHT OFF A LIGHT-COLORED INTER-

IOR SURFACE FIRST, THUS DIFFUSING IT THROUGHOUT THE SPACE., USE

T AR 4 TR S
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THL FOLLVLING GUIDELINES FOR SELECTING INTERIOR SURFACE COLORS
ARD FINTSHLS.

1. Choose a dark color for masonry floors.
2. Masonry walls can be any color,

3. Paint all lightweight construction (1ittle thermal mass)
a light color.

4. Avoid direct sunlight on dark-colored masonry surfaces
for long periods of time.

5. Do not use wall-to-wall carpeting over masonry floors.1
SMALL SCALE PATTERNS

If your building is masonry then you should consider it as a
site provided natural resource, and it is essential to insulate its
exterior face to facilitate heat storage in the space - INSULATION
ON THE OQUTSIDE (26). VYou should also oversize solar windows and
thermal mass to collect and store heat for cloudy days ~ CLOUDY
DAY STORAGE {22). If you design your retrofit to allow ventila-
tion of your mesonry building during summer evenings, then the
masonry will absorb heat and provide cool interior surfaces on
hot days - SUMMER COOLING (27?. EARTH TUBES (28), KING VENTILA-

TION SYSTEM (29), and SOLAR CHIMNEY (31). If your building's -

DIRECT GAIN SYSTEM (9A) overheats on sunny winter days, then you
should use INTERICR WATER WALL (12) as an efficient and compact

retrofit method.
LWKYCOLOQWML SURPACE .7/3“-‘;
~ ‘ K s < ;}I‘. "-’:.‘

INSULATION ~—f

ILLUSTRATION

MASONRY:

HauLATIoN — DIFFUSING GLAZING
MASONRY — -~ MATERAL

Figure 13-2

13-2
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FHFORMATION

Reference 1 presents information about three case studies
performed by M.S. Baker, E. Mazria and F.S. Wessling at the
University of Oregon., The following were their findings.

1. Use masonry products with a higher conductivity to re-
duce air temperature fluctuations within the space.
This allows rapid heat transfer from the surface to
the interior of the waterial,

Thermal Storage Material Propertics

Mateelal Conduchinity thy Specific Heat {Cp) Dennty )

B he 80 E | [TR fhte

Concrete (dense) 100 020 oo
Brick {commaon) 042 020 1200

Baeh tmagnesium
additive) 220 020 200

Adobe 030 024 06,0

Table 13-1

2. nterior llasonry walls must be at least 4 inches thick.

3. To maintain comfort during the days, each square foot
of direct sunlight should be spread over at least 9
square feet of masonry surface. .

4. The following general rules can be applied to help you
select interior surface colors and finishes for spaces
of predominantly masonry construction:

a. Select masonry floors of medium- dark colors. This
assures that a portion of the heat will be absorbed
and stored in the floor, low in the room, where it
can provide for greater human comfort.

h. Masonry walls can be any color. Suniight reflected
from light-colored masonry walls (20 to 30% solar
absorption) will eventually be absorbed by other
masonry surfaces in the spacz.

c. Make all lightweight construction, such as wood
frame partitions ?little thermal mass), a light col-
or sa it reflects sunlight to the masonry walls or
floor. Sunlight striking a dark-colored material
of little thermal mass quickly heats that material,
Since it has little capacity to store heat, it gives
this heat to the space during the daytime when it
is not needed, causing the space to overheat.

13-3
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Avoid direct sunlight on dark-colored masonry
surfaces for long periods of time since these
surfaces will also become uncomfortably warm.

Do not cover a masonry floor with wall-to-wall
carpet. Carpet insulates the heat storage mass
from the room. Scatter or area rugs, covering

a small area of the floor, make little differ-
ence.
Ref 1,2 &3,

®
REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded

Professional Edition, Rodale Press, Emmaus, Pa, 1979
pp 134-143,

2. E. Mazria, M.S. Baker, F.C. Wessling. "Predicting the per-
formance of Passive Solar Heated Buildings," Proceedings of
the 1977 Meeting of the AS/ISES. Vol 1, sec 2. 1977,

3. Edward Mazria. "A Design and Sizing Proceedure for Passive
Solar Heated Buildings." 3rd National Passive Solar Confer- . |
ence Proceedings, San Jose, Ca, January 11-13 1979, p 251, ;
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Figure 13-1 Passive Solar Buildings. Sandia Laboratories,

Albuquerqgue, NM, and Livermore, Ca. for USDOE under contract
DE-AC04-76DP00789. July 1979. p.22.

Figure 13-2 Reference 1 p.135
Table 13-1 Reference 1 p.141

el s
s o N 0
e £ AR AR e I Sl LTS

TN e e R e

13-4

m \w”\ g ,;’v’wf N
)
£
S

V_ ity k4
i

&

R




)
& »

*

14. INTERIOR WATER WALL
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Figure 14-1
LARGE SCALE PATTERNS

After sizing your SOLAR WINDOWS {11) and/or CLERESTORIES
AHD SKYLIGHTS (12) a portion of the sunlight (heat) admitted

into each space must be stored to prevent daytime overheating
and for use during evening houes. This pattern also gives in-

formation for applying the ideas from APPROPRIATE MATERIALS (10).

THE PROBLEM

THE SIZE OF A WATER WALL (Volume) AND ITS SURFACE COLOR DE-
TERMINE THE TEMPERATURE FLUCTUATION IN A SPACE OVER THE DAY,

Solar windows are sized to admit enough sunlight to keep a space
at an average temperature of 65° to 70°F during most of the win-
ter. The valume of water in the space and surface color of the
container will influence the indoor temperature fluctuation a-

bove and below this average. The size of the water wall needed

o maintain a comfortable environment is directly relate. .o the
area of the solar windows.1

THE RECOMMENDATION

WHEM USING AN INTERIOR WATER WALL (Volume) FOR HEAT STORAGE,
LOCATE IT IN THE SPACE SO THAT IT RECEIVES DIRECT SUNLIGHT BE-
TWEEN THE HOURS OF 10:00a.m. and 2:00p.m. Make the surface of
the container exvosed to direct sunlight a dark color, of at
least A0% solar absorpticn, and use about one cubic foot (7% gal-
lons) of water for each one square foot of solar window.1

14-1
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SMALL SCALE PATTERNS h
Slightly oversize the solar windows and water wall to col-
lect and store heat for cloudy days - CLOUDY DAY STORAGE (22).
Insulate the exterior face of the wall when exposed to the out-
side - INSULATJION. ON THE OUTSIDE (26). In dry climates a water
wall coo]ed during the summer with cool night air will provide
for SUMMER COOLING (27). v
ILLUSTRATION
L} “
\
N\
{ !
- ~
Figure 14-2
INFOURMATIOGN

The name Interior Water Wall should probably be called In-
terior Water Volume. The phrase "water wall" was coined to de-
scribe Steve Baer's Thermal Storage Wall system. The name is
kept for ease of cross reference with Edward Mazria's book -
The Passive Solar Energy Book - The Expanded Professional Edi-
tion, ’
The concept of this pattern is to locate a volume(s) of
water in space so it is exposed to direct sunllght (from 10:00
AM to 2:00PM) to reduce heat fluctuations in the space. The i
amount of surface area exposed to sunlight and its surface col- ;
or are critical. The more surface exposed to sunlight, the =
greater amount of heat absorbed. Black, Blue and Red are all
good heat absorbing cglors
The use of this pattern will aiso be an application of AP-
PROPRIATE MATERIALS (10) and probably is one of the best retro-
fit options available,
It is a good retrofit heat storage material for the follow-
ing reasons:
1. Water is the most effective heat storage medium,

2. MWater heats up uniformiy by convection currents. - {
3. The surface temperature of the water container does { Y
14-2




not get hot and overheat the space like dark MASON-

e )

’ D ol il S

e
.

i RY HEAT STORAGE (13) media.
i 4, If the containers are small, they can be put in
e e place easily by hand and filled with water.
¥
g You can apply this pattern in three ways: :
; 1. MWater in containers against the back wall of a space.
L {See figure 14-1) using SOLAR WINDOWS (11) and/or
§, CLERESTORIES & SKYLIGHTS (12) as a sunlight source.
e 2. Water in small containers dispersed throughout the
L, space such as the following using Solar Windows (11)
4k and/or CLERESTORIES AND SKYLIGHTS (13) as a sunlight
(o source,
e a. Water beds could be an optional issue bed for
g Airmen's Dorms, in place of standard metal frames
TR and mattresses.
- b.

Solar furniture {(sofas, chairs, etc, made of metal
casing with a soft cushion) filled with weter.,,

<
3
{
S

Figure 14-3

c. Metal or glass sculptures filled with water,

d. Metal paint cans (filled with water) to make
book shelves,

e, Limitless other possibilities if imagination is
applied to the concept of volumes of water in
sunlight (See Appendix J).

Note: The use of water beds and sclar furniture locates heat
T or coolth next to the body for radiant heating or cooling of
e o the body.
“PEN 3. Water in containers directly behind the south-facing
- ‘ glass - THERMAL STORAGE WALL SYSTEM (9B) (See fig-
- ure 14-1 and Appendix J.).
B Table 14-1 shows room temperature fluctuations for Water Wall
e Volume) Systems,

;3 £ - 14-3
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TABLE 14-1

DAILY SPACE AIR TEMPERATURE (°F) Fluctuations FOR
WATER STORAGE WALL SYSTEMS

Solar Absorption? Volume of Water Wall for Each
(surface color) One Squore Foot of South-Facing Glass

e A R A {WW

*

lcu ft 1.5 cu ft 2 cu ft 3 cu ft

75% (dark color) 17° 15° 13° 12°

90% (black) 159 12° 10° 99 &

NOTES: 1. Temperavure fluctuations are for a winter-clear day !
with approximately 3 square feet of exposed wall area
for each one square foot of glass. If less wall area
is exposed to the space, temperature fluctuations will
be slightly higher. If additional mass is located in
the space such as masonry walls and/or floor, then
fluctuations will be less than those listed.

2. Assumes 75% of the sunlight entering the space
strikes the mass wall.,

ok

3, One cubic foot of water = 62,4 pounds or 7.48
gallons.,

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded

Professional Edition, Rodale Press, Emmaus, Pa. 1979 i
pp 145-151, ‘

2, David Brainbridge. "Water Wall Passive Systems - For New
and Retrofit Construction," Third Nation Passive Solar

Conference Proceedings, San Jose, Ca., January 11-13 1979,
pp 473-478, ’

3. J.F, McClelland and R, Fuchs. "A Preliminary Study of A
Passive Heating Performance and Visual Clarity for a Trans-
wall Structura", Third National Passive Solar Conference .
Proceedings, San Jose, Ca, January 11-13, 1979, pp 107-112. «
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4, Fred Hopman., "The Self-Insulating Water Wall - A Passive
Solar Module for Heating and Cooling", Third National
Passive Solar Conference Proceedings, San Jose, Ca, Jan-
uary 11-13 1979, pp. 481-486.
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Figure 14-1 Reference 1, p 150,
Figure 14-2 Réference 1, p 146.
Figure 14-3 Reference 2, p 474,
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15. SIZING THE WALL
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Figqure 15-1
LARGE SCALE PATTERNS

After locating the major south-facing spaces - LOCATION OF
[NDOOR SPACES (6) - and choosing your heating system for each
space - CHOOSING THE SYSTEM (9) - this pattern describes the siz-
ing procedure for a THERMAL STORAGE WALL SYSTEM (9B).

THE PROBLEM

WHEN A THERMAL STORAGE WALL IS PROPERLY SIZED, THE TEMPERA-
TURE IN A SPACE WILL REMAIN COMFORTABLE THROUGHOUT MUCH OF THE
WINTER WITHOUT ANY ADDITIONAL HEATiNG SOURCE. However, if a ther-
mal wall is oversized, then more heat is transmitted through the
wall than is needed, resulting in a space that is uncomfortably
warm, Of course, heat will be vented from a warm space to reduce
interior temperatures. This also reduces the system's efficiency
by disposing of valuable heat in winter., If a wall is undersized,
then there is not enough heat transmitted through the wall, and
supplementary heating will be needed in the space. The.correct
size of a Thermal Storage Wall will change as climate, latitude
and space heating requirements change.1

THE RECOMMENDATION

IN COLD CLIMATES (average winter temperatures 20°to 30°F) use
between 0.43 and 1.0 square feet of south-facing, double-glazed,
masonry thermal storage wall (0.31 and 0,85 square feet for a water
wall) for each one square foot of space floor area. In temperate
climates (average winter temperatures 35%to 45°F) use between 0.22
and 0.6 square feet of thermal wall (0.16 and 0.43 square feet for
a water wall) for each one square foot of space floor area.,

15-1




SMALL SCALE ‘PATTERNS

Detail the wall so it performs efficiently - WALL DETAILS(16).
The area of thermal wall needed ito héat .a space can be substantially
reduced by. using ‘exterior REFLECTORS (24) and/or MOVABLE INSULATION
(23). In fact, their use is strongly recommended in cold northern
climates. Remember that an under-sized thermal wall can be combin-
ed with other pass1ve systems ‘to provide adequate space heating -
COMBINING SYSTEMS (21). You should plan the wall for cloudy days-
CLOUDY DAY STORAGE (22) By the use of proper WALL DETAILS (16),
you can conVert a masonry wall into a SOLAR CHIMNEY (31) to drive

EARTH TUBES (28) and KENG VENTILATION SYSTEM (29) for earth temper-
ed venti]at10n.2

ILLUSTRATION

Figure 15-2

INFORMATION

The size of your thermal wall depends on three factors: local
climate, latitude, space heat loss. Each factor influences the
size of the wall.

Climate: In cold climates, more heat or larger thermal stor-
age is needed to keep the space at #70°F,

Latitude: The wall will increase in size the further north
your building is located.

Space Heating Loss: A well-insulated and tightly sealed
space requires less heat to keep it at a specified temperature and,
therefore, requires less wall.

SIZING THE SYSTEM

tEd Mazria's criteria for a well-designed thermal storage wall

156-2
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is that it transmit enough thermal energy (heat), on an average
sunny day in January, to supply a space with its heating needs
for that day.

That means that the energy transmitted through the wall
shculd be sufficient to wmaintain an average space temperature
of 65%to 75°F over a 24-hour period. :

Using this criteria, Ed Hazria developed the sizing ratios
shown in table 15—1.l

Siziny a Thonna! Storage Wall
for Different Climnatic Conditinny

Averayt Veantee

Ouideu Yempetature 1°0) Square Foet of Wall® Needad bar §aeh
{depveadays mo ) One Square tooTol fluar Ares
Maronn W.‘ll Waler Wall
Colg Chnotey
15° (1,500 072-10 05% 1.0
20° (1,350 060 1.0 045089
25° (1,200 051-093 Gt 070
30° 0,050 043-078 031055
TABL& 15-1 Tumperate Chinates
5% (90 035-000 025043
40°  (750) 028-0 46 020034
45° (U - 022:0.35 016 0.25

MOTES' 1 Tompurgtines and degree dayy 3o lsid for Doy whue and laruery, vivally the
collesl moniin

2 Withan esth range chotne @ 1abio 31C0iS AR 16 Y0t Jetitude Tor southdin lititudes,
e, JNL, wie the Juner walldo flour areq ol (v bt nertheen fatdudes, ve, 48°NL,
use the higher st Fut 3 pooily insuiatia tudd nd 3laayy use @ higher vilug ot
gl valls withe o herri20ontal speeuler setleator eqodt to ihe 1o gl of the wal
tength, uie 0294 of s cammandod totin o thumal wali with A ReL e u'ation 1R By,
use B3, of recorunumtfen sy Foe 104 3! wats wah butho rafecign and nght
alaton, usk 570 Of t (ot s ESLY ralioy

The exact size of tihe wall depends on many considerations
such as views, natural lighting, solar blockage and cost, and
will be decided by the retrofit designer.

Refer to Reference 1 for design details.

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded
Professional Edition, Rcdale Press, tmmaus, Pa, 1979,
pp 153-157,

2. Dr. Donald B. Elmer, Mo Hourmanesh, and Ray Hourmanesch.
"Earth Air Heat Exchangers", 2nd National Passive Solar
Conference Proceedings, Philadelphia Pa, March 16-18,
1978. Vol T, pld6-148,
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Figure 15-1 Reference 1 p 151
Figure 15-2 Reference 1 p 154
Table 15-1 Reference 1 p 156
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16. WALL DETAILS

Figure 16-1

LARGE SCALE PATTERNS

Once a rough size for a thermal storage wall is determined -
SIZING THE NALL?13) - this pattern helps to detail the wall so
the system performs efficiently,

THE PROBLEM

THL EFFICIENCY OF A THERMAJ. STORAGE WALL SYSTEM IS LARGELY
CETERMINED BY THE WALL'S THICKNESS, MATERIAL AND SURFACE COLOR.
A space will overheat if more energy is transmitted through a
thermal wall than is needed. This happens when a wall is either
too large in surface area, or too thin., If a wall is too thick
or painted the wrong color, it becomes inefficient as a heating
source since little energy is transmitted through it. For each
type of wall material there is an optimum thickness.1

THE RECOMMENDATION

USE THE FOLLOWING TABLE AS A GUIDE FOR SELECTING A WALL
THICKNESS:

Material Recommended Thickmess (in)
Adobe 8-12
_Brick (common) 10-14
Concrete (dense) 12-18
Water 6 or more

MAKE THE QUTSIDE FACE OF THE WALL A DARK COLOR., IN COLD CLIMATES

l6-1
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ADD THERMO-CIRCULATION VENTS, OF ROUGHLY EQUAL SIZE, AT THE TOP - :
AND BQTTOM .OF A .MASONRY WALL TO INCREASE THE SYSTEM'S PERFORM- |
ANCE. MAKE THE TOTAL AKEA OF EACH ROW OF VENTS EQUAL TO APPROX- |
IMATELY OfE SQUARE FQOT 'FOR EACH 100 SQUARE FEET OF WALL AREA. \
PREVENT REVERSE AIR FLOW AT NIGHT BY PLACING AN OPERABLE PANEL |
(damper), HINGED AT THE TOP, OVER THE INSIDE FACE OF THE UPPER

VENTS, :OR USE AN AUTOMATIC DAMPER LIKE SHOWN IN FIGURE 16-3.1 2

*

SHALL SCALE PATTERNS

Placing MOVABLE INSULATIORN (23) over the giazing at night
increases the system's performance. If possible, design the
movable insulation to be used as REFLECTORS (24) and/or SHADING
DEVICES(25). Shading the wall in summer and early fall will
prevent the space from overheating.

Or you can locate Movable Insulation on the interior surface
of a dark masonry wall to convert the wall into a Solar Chimney
(31) to drive EARTH TUBES (28) and KING VENTILATION SYSTEM (29)
for earth tempered ventilation.

ILLUSTRATIONS
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INFGRMATION .

The details of the wall, its thickness, surface color, and
addition of thermo-circulation vents, and temperature control
devices determine the efficiency of the system and its ability
to provide thermal comfort in the winter.

Wall Thickness

From Figure 16-2, the following ccaclusions have been drawn
by ©d Mazria:

1. The optimum thickness of a masonry wall increases as
the thermal conductivity of the wall increases.

2. The efficiency of the wall increases as the conductiv-
ity of the wall increases.

3. For masonry materials there is a range of optimum
thicknesses.

4, The efficiency of a water wall increases as the thick-~
ness of the wall increases, although after 6 inches
the increase in performance is not very pronounced.

Table 16-1 lists the thermal conductivity and recommended
thickness for five commcnly used wall materials. VYour choice
of wall thickness, within the range given for each material will
determine the temperature fluctuaiion in the space cver the day.

TA B L E 1 6 - 1 tifeer of Wall Thickness on Space an Tantpeaature Fludtuations

Theiaut Recomminded  Appiounuie Iadoor Tempinatwie (°H

Conduttinity Shicknesy Hucicateon av a Funcuon v Wall
[inym| B b ' h) [ Thicknen
LI T b B TSR T N
fa 13 [ w in in
Adobe 030 8-2 S - M AR AR -1
Bruck (common) 042 10-14 G 240 Ny .
Concrcte donsel 100 12418 ... 28° 16° 100 6 &
Brick (magnesium
additive)? 2.20 1524 G 350 240t o2t g
Wates ® 6ormore 31* 18* 13* 1 100 9¢°

NOIES 1 Asumes 3 duebi plazed thermat wall 1 addional migss o5 focated in the space,
such gy masunty watls and’or floors then tempetdture Luctuations witl be (s than
those bsted Votues goda are fut winter clear days

I Magassum u commonh uied 35 an addine 1o bikh o daken W color 1 aho
Breatl, ncredses the theemat conductivit, of the matenat

16 3 3 Wieo using walie i tubes, lishas o other Hpe
- KItt 3 9% uikh dunater CUnInGE OF Y1 Cubs
tot Cach one square fout of glating

of daulst G tungy, we
< 10U (B2 1L ©e 324 gali of water




AS A GENERAL RULE THE GREATER THE WALL THICKNESS THE LESS
THE INDOOR TEMPERATURE FLUCTUATIONS.

Wall Surface Color

The greater the absorption of solar energy at the outside
surface of a thermal wall, the greater wiil be the transmission
of heat through the wall to the interior space. A black-color-
ed surface, with a solar absorption of 95%, is one of the most
efficient absorbers. Performance, though, is only one c.iter-
jon for the selection of wall color. Other colors such as dark
blue (solar absorption 85%) also work well. Reducing the solar
absorption for both water and masonry walls from 95% to 85% re-
duces the system's efficiency proportionally. The inside sur-
face of the wall can be made any co]or.1

You can use Figure V-10 in chapter 5 of Ed Mazria's book
(Reference 1) to predict the time of day a space will reach its
maximum and minimum temperatures,

Thermocirculation Vents

Locating openings (vents) at the top and bottom of the wall
induces a natural (passive) circulation of warmed air into the
building. The natural convection of heated air continues for
2 to 3 hours after sunset, when the wall becomes too cool to in-
duce a warm airf]ow.1

At night the air between the glazing and wall cools, and
the air movement will reverse. To prevent reverse air flow at
night attach an operable panel or automatic damper over the
inside face of the upper vents as mentioned in THE RECCMMENDA-
TION

* 1,2

Space Temperature Control

If a space becomes too warm, movable insuiation (such as
curtains, sliding panels) placed over the inside face of a ther-
mal wall turns off the heating system. This is a very simple
and effective way to control indoor temperatures. The system
can be adjusted by covering all, part or none of the waH.1

A dark masonry wall can be convertad into a SOLAR CHIMNEY
(31) in the summer by placing MGVABLE INSULATION (23) on the
inside surface of the wall, closing the upper interior vent,
and ventinga the wall to the outside with an exhaust fan. This
SOLAR CHIMNEY (31) will continue to ventilate the space until
late at night. EARTH TUBES (28) and KING VENTILATION SYSTEM
(29) can be used as a ccol air source for ventiiation of the
space. This procass is illustrated by Figure 16-4.3 4.5
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21. COMBINING SYSTEMS

o

Fiqure 21-1

o LARGE SCALE PATTERNS

If more than one system is chosen to heat a space - CHOOS-
ING THE SYSTEM (9) - this pattern will help determine the re-
, lationship between the sizes of the various systems,

i THE PROBLEM

X IT IS VERY LIKELY THAT A COMBINATION OF PASSIVE SYSTEMS WILL

¢ BE USED TO HEAT A SPACE. HOWEVER, SIZING PROCEDURES ARE USUALLY
ONLY GIVEN FOR INDIVIDUAL SYSTEMS. For example, many passive

2 solar heated spaces employing a Thermal Storage Wall or Attach-

: ed Greenhouse System will also include south-facing windows in
the space. In some cases, direct gain windows will be part of

| the thermal wall. In this and other similar situations, the siz-
ing procedures given in previous patterns must be adjusted.

THE RECOMMENDATION

WHEN SIZING A COMBINATION OF SYSTEMS, ADJUST THE PROCEDURES
GIVEN IN PREVIQUS PATTERNS ACCORDING TO THE FOLLOWING RATIOS: FOR
THE SAME AMOUNT OF HEATING, EACH 1 SQUARE FOOT OF.DIRECT GAIN
GLAZING EQUALS 2 SQUARE FEET OF THERMAL STORAGE WALL OR EQUALS
3 SQUARE FEET OF GREENHOUSE COMMON WALL AREA.

SMALL SCALE PATTERNS

O R

.
*

~"ba

You should treat the details of each system as if it were
the only system, and slightly over-size collector areas and ther-
‘mal mass when heat storage for cloudy days is needed - CLOUDY DAY
STORAGE (22), - and you should not forget to use MOVABLE INSULATION

s 21“1
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(23), REFLECTORS (24), SHADING DEVICES (25) INSULATION ON THE
QUTSIDE (26) and SUMMER COOLING (27).

Figure 21-2
INFORMATION

When most of the glazing normally used in a space also
dnubles as the collector arca (south-facing glazing), then a
DIRECT GAIN SYSTEM (9A) will utilize approximately 60 to 75%
of the energy incident on the collector (south-facing glazing)
for space heating. These percentages .are largely determined by
reflective and absorptive radiation losses through the glazing.

A THERMAL STORAGE WALL SYSTEM (9B) will transfer about
30 to 45% of the energy incident on the ccllector into a space,
This system's efficiency is determined not only by reflective
and absorptive losses through glazing, but also by heat lost
from the wall's exterior surface because of the high temperatures
generated - WALL DETAILS (14).

The ATTACHED GREENHOUSE (9C) is essentially a Thermal
Storage Wall System., However, the percentage of incident energy
(on the collector) transferred through the common wall between
the greenhouse and building is less than a Thermal Storage Wall,
or only 15 to 30%. The reason is simply that a greenhouse has
more surface area and consequently more heat loss than glass
placed only a few inches in front of a wall, This does not im-
ply that this system is inefficient. On the contrary, the energy
collected by the greenhouse that is not transferred into the
building is used to heat the greenhouse itself.

A11 of this suggests that a ratio of 1 (Direct Gain) to 2
(Thermal Stora?e Wail) to 3 (Attached Greenhouse) exists between
the systems, If the collector glazing in a Direct Gain System

21-2
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is additional to the amount that would normally be used in a
S I space, then double the amount of collector area needed.) This
I means that each 1 square foot of collector area {(glazing) in a
Direct Gain System supplies roughly the same quantity of heat

to a space as 2 square feet of thermal storage wall, or 3 square
feet of attached greenhouse wall area. According to these ratios
then, 50 square feet of direct gain glazing will produce rough-

ly the same amount of solar heating as the combination of 25

square feet of direct gain glazing and 75 square feet of attached
greenhouse common wall area.,

LA
o
- :'*:w'»&m*‘-l,u\wqﬁ»ﬁﬁs\wwﬁ“*“??‘" ”""‘?%\:we_??

If you actively take heat out of an attached greenhouse and
store it in the building - GREENHOUSE CONNECTION (18) - the per-
centage of incident energy supplied to the space increases. In

this case, the ratio of direct gain to attached greenhouse col-
lector area is roughly, 1 to 2.

Because of the many roof pond configurations, it is diffi-
cult to give one rule of thumb for combining the pond with other
systems. However, for the same amount of heating, the ratio of
roof pond collector area to the collector area of other systems
can be determined from the sizing procedures given in the pat-

terns SOLAR WINDOWS (11), SIZING THE WALL (15), SIZING THE GREEN-
HOUSE (17) and SIZING THE ROOF POND (19).1

REFERENCES

_ 1. Edward Mazria. The Passive Solar Energy Book - Expanded

Professional Edition, Rodale Press, Emmaus, Pa., 1979.
pp. 220-224,

SOURCES OF ILLUSTRATIONS
Figure 21-1 Reference 1 p 219
Figure 21-2 Reference 2 p 221
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Figure 23-1
LARGE SCALE PATTERNS

This pattern is the starting point for a series of pat-
terns with specific instructions to make your building (the
passive system) more efficient as a passive system,

Once the solar system for your retrofit has been deter-
mined - CHOOSING THE SYSTEM(9) - and the glass areas for each
space located - WINDOW LOCATION (8) - the building can be made
more efficient as a solar collector by the use of movable in-
sulation. This pattern must be an integral part of your ret-
rofit of windows and the southern wall - WALL DETAILS (16).
The application of this pattern will give good return on the
investment, if applied properly.

THE PROBLEM

! ALTHOUGH GLASS AND CLEAR OR TRANSLUCENT PLASTICS HAVE THE PO-
g TENTIAL TO ADMIT LARGE AMOUNTS OF SOLAR RADIATION AND NATURAL
LIGHT INTO A SPACE DURING THE DAYTIME, THEIR POOR INSULATING
| PROPERTIES ALLOW A LARGE PERCENTAGE OF THIS ENERGY TO BE LOST
BACK OUT THROUGH THE GLAZING, MOSTLY AT NIGHT. In a well in-
5 sulated building, glazed openings (windows, skylights and

B 3 clerestories) can be one of the largest sources of building
e heat loss. Approximately two-thirds of this heat loss which
occurs at night can be greatly reduced by the use of movable
insu]ation.1

THE RECOMMENDATION

USE MOVABLE INSULATION OVER ALL GLAZED OPENINGS TO PRE-
VENT THF HEAT GAINED DURING THE DAYTIME FROM ESCAPING RAPIDLY
AT NIGHT. EASE OF OPERATION, DURABILITY AND VISUAL APPEARANCE

#

23-1
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ARE AS [WPORTANT AS THE INSULATION VALUE. DEVICES THAT ARE T00
LARGE, CUMBERSOME OR DIFFICULT TO OPERATE WILL INHIBIT PROPER
USAGE. IF A CHILD CAN OPEN AND CLOSE THE INSULATION, CHANCES
ARE THAT THE ROUTINE WILL BECOME HABITUAL AND FUN.1 ?

SMALL SCALE PATTERNS
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Control the amount of sunlight entering a space at differ-
ent times of the year by detailing movable insulation so it
doubles as SHADING DEVICES (25). When using exterior insulat-
\ ing shutters or panels, design them so that they also serve as
’ REFLECTORS (24) to increase the solar gain through each square ¢
: foot of glazing, For SUMMER COOLING (27) use Movable Insulation

on the interior surface of MASONRY HEAT STORAGE(13) so the wall
will function as a SOLAR CHIMNEY (31).

ILLUSTRATION

‘-7 ‘WARM AIR

Figure 23-2
INFORMATION

This pattern presents information about using insulation >
in an Architectural manner. Its use is essential for reducing
energy consumption in your building, and improving thermal per-
formance/comfort tc the occuparnts,

Historically this pattern was used in the form of shutters i
until the emergence of "Modern Architecture". 1t is now re-
appearing and being used as a means of protecting glazing and
reflecting more light onto a storage media.

Your movable insulation can be located on the outside of
the glazing or on the inside, Each has advantages and disadvan-
tages. You and the using organization should select the loca-
tion of the insulation early in the programming process.

It should be done at the same time you select your solar

23-2
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SN system - C1HOOSING THE SYSTEM (9), because it will affect the
i ;%’ perforwance of the system,

Y ' i

§  "W The location of the +insulation also affects the method
i of moving the insulation: (1) manual, (2) thermally sensitive
£ and {3) motor driven,

&

g’ Table 23-1 compares the advantages and disadvantages of
%/ MOVABLE INSULATION locaticns and the methods of moving it.
yooot : OUTSTDE INSIDE

. b= [

N Weather Must withstand N/ A

5 exposure the elements.

: Y b f e e

: Condensation N/A Will be a

: on Glazing problem.

‘;:y r- A - ..~.:- o w—s 5

Y Location of

: i Critical Seals . Bottom

. t  (Convective Loss) Top. See Figure 23-2

solar Reflective Surface i
; . Enhancement will enhance .N/A
h i solar collection.

; ‘ ¢ HManual Must be done by
£ L. ; Operation winch and pulleys. By hand.
L e e ——a——— o
2 5 SKYLIDS*, heat motor
3 v Thermal Operation N/A Bimetalic strip -
. ; used in difficult
o : areas to reach,
i; x&; | sated -
L Bead Wall**
1~ B llechanical SKYTHERM*** _
o N 2 i GCperation used in inaccessible N/A
3 : ‘ location.
; N * SKYLIDS are a patented device by Steve Baer, Zomewcrks Corp,
! Albuquerque, N.M.
; ** Beadwall is a patented device by David Harrison, Zomeworks
Corp., Albuquerque, N.M.
™ **x* SKYTHERM is a patented device by Haroid Hay.
* B e v e s ¢t ot
TABLE 23-1
NOTE: If your building is in an area of extens1ve winter cloud
cover, and you.cannot oversize your system -
{
{
| N 23-3
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CLOUDY DAY STCRAGE (22) - then you prcbably should use exterior

MOVABLE INSULATION with a reflective surface -REFLECTOR (24).

This strategy will allow your buildings temperature to respond
You should

quickly to solar radiation when the sun does shine,
also use INSULATION ON THE OUTSIDE (26) to minimize heat losses

You can use Appendix N and reference 1 as mgrpho]gg1c sol-~

ution resources,

REFERENCES
Edward Mazria. THE PASSIVE SOLAR ENERGY BQOK - Expanded
Professional Edition, Rodale Press, tmmaus, Pa., 1979,

1.

ap 231-239.

vavid Wright, AIA, K
sive Primer, Van HMostrand Reinhold Company, 1978 pp 95-
189, 210, 212,

176, 178, 183,

I)L,

OF TLLUSTRATIONS

wJRCLS

ticure 23-1 Fuller Hoore's roll down reflective insulation
shade (See Appendix N)

tigure 23-2 Refe#ence 1. p 233.
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24, REFLECTORS

Figure 24-1

LARGE SCALE PATTERNS

After CHOOSING THE SYSTEM (9) and using the ideas about
extensive winter cloud cover - CLOUDY DAY STORAGE (22) - and
MOVABLE INSULATION (23) the amount of solar energy incident on
a collector can be increased with the addition of a2 reflector.
The reflectors must be integrated into the programming of your

building's retrofit, because it will affect the sizing and the
detailing of the solar system,

THE PROBLEM

A LARGE AMOUNT OF COLLECTOR AREA (south facing glass) MAY
NOT BE FEASIBLE OR DESIRABLE IN MANY BUILDING SITUATIONS. In
a number of situations, such as partial shading by nearby build-
ings or vegetation, aesthetic considerations or the limited
availability of south wall for solar collection, large south-
facing glass areas may not be possible. In addition, since
glass is a poor dinsulator, it makes sense to minimize the area
of glazing needed to heat a space. By using exterior reflectors

the amount of solar radiation transmitted through each square
foot of glass can be dramatically increased.1

THE RECOMMENDATION

FOR VERTICAL GIAZING USE A HORIZONTAL REFLECTOR ROUGHLY
EQUAL IN WIDTH AND 1 to 2 TIMES THE HEIGHT OF THE GLAZED OPEN-
ING IN LENGTH, FOR SOUTH-SLOPING SKYLIGHTS LOCATE THE REFLEC-
TOR ABOVE THE SKYLIGHT AT A TILT ANGLE OF APPROXIMATELY 100°.

MAKE THE REFLECTOR ROUGHLY EQUAL TO THE LENGTH AND WIDTH OF THE
SKYLIGHT.1

24-1
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SMALL SCALE PATTERNS

When possible, design reflectors to function as SHADING
DEVICES (25) and/or insulating.shutters - MOVABLE INSULATION (23).

ILLUSTRATION

e

Figure 24-2

INFORMATION

There are two basic types of exterior reflectars/collector
configurations: (1) reflectors coupled with vertical or near
vertical glazing; (2) reflectors coupled with south-sloping and
horizontal skylights (See figure 24-2).

Vertical Glazing:

R horizontal reflector directly in front of the glazing
works best, Experiments conducted at the University of Oregon
concluded the optimum length of the reflector is 1 to 2 times
the height of the glazed opening.

if you use a reflector, the average winter solar radiation
incident on the vertical glazing can be increased by roughly
30 te 40% during winter months.1 2.3
] 9

An intriguing reflector method used by John Reynolds (Eugene,
Oregon) is to apply aluminum foil on hot-mopped bituemen in front
of clerestory windows.2 3

&
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South-Stoping Skylights:

Similar resuits can be achieved by using a reflector in con-
junction with south-sloping skylights (30°to 50°tilt from hor-
izontal) or horizontal skylights.

NOTE: VYou should not tuse a skylight reflector if your build-
ing is in an area of extensive winter clouding, because the re-
flector will shade part of the skydome thus reducing the amount
of diffuse sky radiation collected by the skylight.

Skylight reflectors can be adjusted for the summer morths
to serve as SHADING DEVICES (25). In winter the reflector would
be raised to increase solar coillection. Remember that reflectors
which protrude out from the face of a building are usually sub-
ject to increased wind loads and must be of sturdy contruction.

Inside the building reflectors can be used to direct sun-
light to a particular part of the space. For example, to re-
flect sunlight onto an INTERIOR WATER WALL (14).

Appropriate matarials suitable for reflectors include
shiney metals such as polished aluminum, tnin metal foils,
glass or plastic mirrors and mylar wall coverings., White-
coloered materials can be used but will not perform as well as

polished surfaces. VYou should be careful using reflectors with
windows because of g]ar'e.1

You should refer to Edward Mazria's book (Reference 1)
Appendix J for percent enhancement of vertical south-facing
glazing using specular reflecturs.

Figure 24-3
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REFERENCES
1. Edward Mazria. The Passive Solar Eneigy Book - Expanded
Professional Edition. Rodale Press, Emmaus, Pa., 1979,
pp 248, -~ < .
2. John Reynolds. Solar Design Symposium at Miami University
Oxford,Ohio. 25 April 1978.
3. John Reynolds. "Emerging Architecture" 4th National Passive
Solar Conference Proceedings, Kansa: City, Mo. October 3-5
1979, p.756.
SOURCES OF ILLUSTRATIONS
Figure 24-1 Reference 1 p.246 4

Figure 24-2 Reference 1 p.242

Figure 24-3 Reference 1 p.246

Figure 24-4 Reference 1p., 247
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25.  SHADING DEVICLS
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Figure 25-1
N LARGE SCALE PATTERNS

WINDOW LOCATION (8) calls for the major glass areas in the building to
be oriented south. This pattern describes specific methods for shading these
glass areas in summer,

THE PROBLLM

LARGE SOUTH-FACING GLASS AREAS, SIZED TO ADMIT MAXIMUM SOLAR GAIN IN
WINTER, WILL ALSO ADMIT SOLAR GAIN IN SUMMER WHEN IT IS NOT NEEDED. Although
B tnere is less sunlight striking south-facing vertical glass in summer, it is
usually enough to cause severe overheating problems. Fortunately, by using
an overhang with south glazing, summer sunlight can be effectively controlled.
The effectiveness of any snading device, however, depends upon how well it
shades the glass in summer without shading it in winter.;

THE RECOMMENDATION

SHADE SOUTH GLAZING WITH A HORIZONTAL OVERHANG LCCATED ABOVE THE GLAZING
AND EQUAL IN LENGTH TG ROUGHLY ONE-FOURTH THE HEIGHT OF THE JPENING IN SOUTHERN
%ATITUDES (36°NL) AND ONE-HALF THE HEIGHT OF THE OPENING IM NORTHERN LATITUDES
48°NLj .y

25-1
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SMALL SCALE PATTERNS

When possible, design shadjng devices to act as both :
REFLECTORS (24) to increase solar gain in winter, and as insul- i
ating shutters - MOVABLE INSULATICN (23) - to reduce building '
heat loss.

Yow'cah-also use the BREATHING WALL (30), , as a method of s
shading a “arge east or west facing wall when vggetat1on can %
not be ‘used because of flight and life safety considerations. K

ILLUSTRATION

St PV

Figure 25-2

INFORMATION

The most effective method for shading south- -facing glass A
in summer is with an overhang. This shading device is simply “?
a solid horizontal projection located at the top exterio.. of a
window. The optimum projection of the overhang from the face
of the building is dependent upon window height latitude and
climate. For example, the larger the opening (he1ght) the long-
er the overhang. At southern latitudes (36°NL) the projection
chould be slightly smaller than at more northerly latitudes
(48°NL), because the sun follows a higher path across the summer
skydome. An overhang when tilted up will not only function as
a shading device in summer, but also as a reflector in winter, * >

"?(
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The following equation provides a quick method for determining
the projection of a fixed overhang.

Projection = Window Ope?1ng (Height)

where
F = Factor from following table
North Latitude F Faclor *
28° 5.6~11.1
32 4.0~ 6.3
36° 30- 45
40° 2.5- 3.4
44’ 20- 27
48° 1.7~ 2.2
52° 1.5- 1.8
56° 13- 1.5

NOTE: *Select a factor accotding 10 your fatitude The higher values wil provide 100% shading
at noon on june 21, tha lower values untit August 1

A fixed overhang is not necessarily the best solution ve-
cause the sun's movement does not correspond to climatic sea-
sons., As a general rule the heat cycle is one month behind
the solar cycle, A fixed exterior shade will provide the same

shading on 21 September when it is hot, and c¢n 21 March when it
is cold.

An adjustable overhang is a potentially better sol-
ution.

There are two options for adjustable overhangs: (1) manual
adjust (more expensive to build due to additional hardware);
(2) automatic adjust (vine-covered, trellised overhang). This
second option follows climatic varjations and not solar vari-
ations, because a vine will be covered with leaves in summer
and early fall, and bare in winter and early spring. Periodic

thinning of vines is required so they do not grow too thick and
shade the glazing in the winter,

Overhangs do not provide adequate protection for east and
west facing glass. Trees, climbing vines and hedges should be
used to block the low morning and afternoon sun. Adjustable
vertical louvers and awnings or retractable exterior curtains
are also effective methods of shading east and west glazing.1

Figure 25-1 (United States Military Academy Cadet Library)
is a good historical example of the use of this pattern. Note

the use of trees, vines and adjustable vertical shading devices
above the windows,

If winter gains are of the utmost importance, no tree should
intercept the winter sun at all. 1If trees at the site do inter-
cept the sun, their bare branch effect should be accounted for

25-3




in the design.4

Intzrior shading devices such as roller shades, venetian
blinds, drapes and panels, are a secondary line of defense a-
gainst heat gain, However, they do offer ease of maintenance
.and operation. You should also note that interior shading de-
vices often eliminate or severely limit a view of the outs.ide.1

You as the programmer should consult with the using agency
concerning their preference of shading device. This is necessary
because they will ultimately be responsible for the operation
of the system on a daily basis, as seen i1n Figure 25-1 with the
adjustable Shading Devices on the USMA Library.

REFERENCES
1. Edward Mazria. The Passive Solar Enerqy Bonk - Expanded

Professional Edition, Rodale Press, Emmaus, Pa., 1979.
pp250-257.

2. "Breathing Wall of Brick and Tile - New Masonry Conception,"
Brick and Clay Record, 1943, pp 14-16 (about building #3001
at Tinker AFB, OkTahoma).

3. Stanley H, Scofield, Capt USAF. "“A Historical Review of
Natural Ventilation in a Humid Climate", 4th National Pas-
sive Solar Conference Proceedings, Kansas City, Mo, October
3-5, 1979.pp 504-506 (See Appendix E),

4, Thomas M Holzberlein. "“Don't Let the Trees Make a Monkey
of You," 4th National Passive Solar Conferénce Proceedings
Kansa§ City, Mo., October 3-5, 197/9.pp 416-419 (See Appen-
dix P).

SOURCES OF ILLUSTRATIONS )

Figure 25-1 East Facade of U.S. Military Academy (USMA) iLibrary
Circa 1910, compliments of USMA Archives, West
Point, N.Y.

Figure 25-2 Reference 1 p.251,
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26. INSULATION ON THE OQUTSIDE

Figure 26-1

LARGE SCALE PATTERNS

This pattern completes MASONRY HEAT STORAGE (13) and IN-
TERIOR WATER WALL (14). It describes methods for keeping heat
stored in an interior thermal mass from escaping rapidly to the
outside,

THE PROBLEM

THE AIR FORCE HAS NUMEROUS MASGNRY BUILDINGS WITH IHSULATION
ON THE INSIDE FACE GF THE WALL, THIS CONDITION DOES NOT ALLOW
THE STRUCTURE TO ACT AS A SITE PROVIDED NATURAL RESOURCE FOR
STORING HEAT AND COOLTH.

THE RECOMMENDATION

WHEN YOU RETROFIT A MASONRY BUILDiNG, RELOCATE THE INSULA-
TION ON THE EXTERIOR SURFACE OF THE MASONRY AND PROVIDE A NMEW
WEATHER - PROOF EXTERIOR SURFACE TO PROTECT THE INSULATION.
ALSO AT THE PERIMETER OF THE FOUNDATION WALLS, APPLY APPROXI-
MATELY 1% TO 2 FEET OF 2 INCH RIGID WATERPROOF INSULATION BE-
LOW GRADE. THIS WILL PREVENT ANY HEAT STORED IN THE WALLS AND
FLOOR FROM BEING CONDUCTED RAPIDLY TO THE OUTSIDE.

SMALL SCALE PATTERNS

If possible, use locally available insulation made of re-
cycled materials, which consumes small amounts of energy to
manufacture - APPROPRIATE MATERIALS (10).

I¥ you have a large east or west facing wall, and you can

26-1
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not grow vines on it or trees near it as a SHADING DEVICE (25)
for flight and life safety reasons, then you should consider
using 'the BREATHING WALL (30).,,It will reduce heat transfer
to the interior surface of a masonry building.

You must also use SUMMER COOLING (27) to convert your
masonry into a summer coolth storage media.

ILLUSTRATION

TANDARD SUGGESTED
BRACTICE PRACTICE

Figure 26-3

INFORMATION

If your building is a wmasonry building, then the applica-
tion of this pattern is essential. 1t probably will be cne of

26-2
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the most cost-effective acirions you can take.

THE MASONRY SHOULD BE CONSIDERED AS A SITE PROVIDED NAT-
URAL RESOURCE (energy has been expended to manufacture, trans-
port and construct). VYOUR TASK IS TO MAKE IT WORK FOR YOU BY
CONVERTING IT INTO A HEAT AND COOLTH STORAGE MEDIA.

The concept is to encapsulate all thermal mass inside of
insulation so it can store heat in the day and release it to
the space at night. In the winter, the use of MOVABLE INSUL-
ATION (23) allows the heat to be retained at night, thus stab-
ilizing heat fluctuations. And during the summer you must use
SUMMER COOLING (27) to dissipate the stored heat to the cool-
night air, and thus store "coolth" in the masonry.

Besides reducing winter night heat losses and summer day
heat gains it will reduce the collector area required to heat
the space.

After relocating the insulation to the exterior surface
of the masonry, you can add water volumes in the interior spaces
to in%regse the therral mass, as recommended in INTERIOR WATER
WALL (14).

NOTE : There is one exception to this rule. In sunny
temperate winter climates, south-facing masonry walls with a
dark to medium-dark exterior surface coior can be left uninsul-
ated, since the south wall absorbs enough sunlight (heat) dur-
ing the daytime to offset any heat flow out through the wall at
night., [If your building meets the criteria for this exception
to the pattern, then if it is used, it should be identified on
the Passive Solar-Building Concept Diagram in the building facil-
ities jacket. This will, hopefully, preclude changing the therm-
al performance of a building by changing the exterior color of
the building to a lighter from a darker ¢olor,

REFERENCES

1. Edward Mazria. The Passive Solar Energy Book - Expanded Pro-
fessional Edition, Rodale Press, Emmaus, Pa., I8979.pp259-
261.

2. ‘“"Breathing Wall of Brick and Tile - A New Masonry Conception,"
Brick and Clay Record, 1943. pp.14-16 (About-building #3001
at Tinker AFB, Oklahoma) See Appendix S.

3. Stanley H, Scofield, Capt. USAF, "A Historical Review of

Natural Ventilation in a Humid Climate," 4th National Pas-
sive Solar Conference Proceedings, Kansas City, Mo., October
3-5, 1979. pp 504-506 (See Appendix E).
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27. SUMMER COOLING
LARGE SCALE PATTERNS

This pattern is the starting point for a series of coa-
ceptual patterns that have very few quantifiable rules of thumb.
As more experiments are conducted, quantifiable rules of thumb
will be developed. )

While evaluating your windows for winter solar gain - WIN-
DOW LOCATIONS (8), SOLAR WINDOWS (11) and CLERESTORIES AND SKY-
LIGHTS (12) and ronsidering possible changes, you must think
of windows as summer breeze catchers for cooling.

THE PROBLEM

IF A PASSIVE SOLAR SYSTEM IS DESIGNED PROPERLY, IT WILL
GIVE YOU THE POTENTIAL TO PROVIDE BOTH NATURAL HEATING AND NAT-
URAL COOLING, IN CLIMATES WITH COOL OR COLD WINTERS AND WARM
SUMMERS, YOU SHOULD NOT OVERLOOK YOUR OPPORTUNITY TO UTILIZE
YOUR PASSIVE SOLAR RETROFIT FOR SUMMER COOLING, EVERY PASSIVE
SOLAR RETROFIT MUST HAVE TWO ESSENTIAL BUILDING ELEMENTS:
1) SOUTH-FACING GLAZING FOR HEAT GAIN; 2) THERMAL MASS FOR HEAT
STORAGE. FOR SUMMER COCLING, THE MASS IS EXPOSED TO THE NIGHT
SKY AND NATURAL BREEZE TO LOOSE HEAT - "COOLTH STORAGE“I- AND
THE MASS ABSORBS AND STORES HEAT AS THE DAY PROGRESSES.™ WHEN
PROPERLY DESIGNED, THE GLAZING AND THERMAL MASS WILL PROVIDE THE
POTENTIAL FOR BOTH HEATING AND COOLING. TIF SUMMER CGOLING CON-
SIDERATIONS ARE NEGLECTED, THE GLAZING AND THERMAL MASS CAN
WORK TO INCREASE HEAT GAIN AND STORAGE AT A TIME WHEN IT IS NOT
WANTED, THUS CAUSING UNCOMFORTABLE INTEL & CONDITIONS,

THE RECOMMENDATION
MAKE THE ROOF A LIGHT COLOR OR REFLECTIVE MATERIAL.
HOT DRY SUMMERS:

1. OPEN THE BUILDING UP AT NIGHT (OPERABLE WINDOWS OR VENTS)
TO VENTILATE AND COOL INTERIOR THERMAL MASS.3

2. ARRANGE LARGE OPENINGS OF ROUGHLY EQUAL SIZE SO THAT IN-
LETS FACE THE PREVAILING NIGHTTIME SUMMER BREEZES AND
OUTLETS ARE LOCATED ON THE SIDE OF THE BUILDING DIRECT-
LY OPPOSITE THE INLETS OR IN THE LOW PRESSURE AREAS ON
THE ROOF AND SIDES OF THE BUILDING.3

3. CLOSE THE BUILDING UP DURING THE DAYTIME TO KEEP THE HEAT
ouT
'3

4, USE WIND SCOQPS AND INDOOR WATER FOUNTAINS TO INDUCE
EVAPORATIVE COOLING.4&6
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5. Use EARTH TUBES (28) for INDUCED EVAPORATION (33)

6. Building shape and configuration should make the build-
ing act as a flue ("stack effect")

1o
2

7. USE A BREATHING WALL (30)5 AS A SHADING DEVICE (25).
HOT HUMID SUMMERS:

1. OPEN THE BUILDING UP TO THE PREVAILING SUMMER BREEZES
DURING THE DAY AND EVENING.3

2. ARRANGE INLETS AND OUTLETS AS OUTLINED ABOVE, ONLY MAKE
THE AREA OF THE OUTLETS SLIGHTLY LARGER THAN THE INLETS.3

3. USE EARTH TUBES (28) TO REMOVE MOISTURE.1 2 6.8
s~V

4., USE A SOLAR CHIMNEY (31) TO INDUCE VENTILATION THROUGH
THE SPACE AND THE EARTH TUBES (28).1 2 6.8
&9V

5. USE A SOLAR DEHUMIDIFIER (32) TO REMOVE MOISTURE.7

6. BUILDING SHAPE AND CONFIGURATION SHOULD MAKE THE RUILD-
ING ACT AS A FLUE ("stack effect").1

7. USE A BREATHING WALL (30).5
SMALL SCALE PATTERNS

A1l glazed openings must be shaded in the summer - SHADING
DEVICES (25) and selectively use vegetation for both wind pro-
tection in the winter and summer shading.

You should also consider the use of EARTH TUBES (28),
VENTILATION SYSTEM (29), BREATHING WALL (30) SOLAR CHIMNEY
SOLAR DEHUMIDIFIER (32) INDUCED EVAPORATION (33), ZONING (
DIURNAL FLUSHING (35).

3

You can use Tavle 27-1 as a rule of thumb for selecting
cooling options, and it can be used to conjunction with Tables
9B, 9C, and 9D to choose a system that will be suitable for heat
and cooling,
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: INFORMATION

; There are nine natural cooling options available for intro-

. ducing coolness into your building with 1ittle or no mechanical
assistance: Heat Gain Control, Microclimate, Natural Ventila-
tion, Induced Ventilation, Evaporative Cooling, Desiccant Cool-

. ‘ ing, Night Sky Radfation, Time Lag Cooling and Earth Cooling,.

YOUR TASK IS TO WORK WITH THE USING ORGANIZATION TO SEL-

ECT THE APPROPRIATE MIX OF COOLING OPTIONS TO KEEP THE USER
COOL, NATURALLY,

This pattern presents information about the basic passive
cooling options, and proposes design strategies with a listing
of appropriate patterns to accomplish the cooling option (see

Table 27-1), while satisfying the four comfort variables (air

tempe;atures, air movement, humidity, and mean radiant temper-
ature).

Heat Gain Control

] Controlling the heat your building gaiu: fr.m iis environ-
ment is what Summer Cooling is all about. ‘reokur dvely, passive

N heating has the same requirement, and allows thz uz..r {9 heat
and cool using the sun, The relation between :3::ive F2at and
cooling is crucial. KEEPING UNWANTED HEAT Ov7 .7 THE HUMMER
AND DRAWING IT IN DURING THE WINTER ARE ISSUEDS 7 w7

THOUULD -
i : IN FACT, MUST- BE ADDRESSED HAND IN HAND, FLR Th. SINPLE REASON
o . THAT IN EITHER CASE THE ARCHITECTURE ITSELr IS THE CLIMATIC-
& CONTROL MECHANISM,
| 1,2,8
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The Microclimate

A good passive cooling strategy pays as much attention to
the microclimate surrounding the building as the building it-
self. Landscaping and vegetation can have a tremendous impact . .
on natural comfort inside the building, affecting both summer :
cooling and winter heating loads., The general effect in an
area of massed vegetation is to keep temperatures in the shade ¥
a good 10°-189F lower than ambient temperature. This is par-
ticularly valuable phenomenon, if the cooler air can be drawn
into the building by the thermal chimney action of a vented '
MASONRY HEAT STORAGE WALL (13) or a vented greenhouse - '
GREENHOUSE CONNECTION {18). ¢

Massed earth on the North Side (5) makes a good wind t
break.1 2.8
? ?

Natural Ventilation

The cooling value of air movement lies in the capacity to
evaporate perspiration from the body which allows you to feel
cool, The Antebelum architecture of the Southeastern United
States was designed to catch the breezes from the ocean. 4
Those breezes are so powerful they have generated an indigenous -
architectural style - Geographic Determinism(1). , ’

In a dry climate - lower than 20% relative humidity- the
same process can dehydrate the body. Evaporative cooling - in-
duced Evaporation (33) - should be used in a dry climate tu
prevent dehydration.

If your building is in an area where ventilation is a
wise cooling option, you should capitalize on your buildings ex-
posure to the wind. VYou should also use louvered openings, vents,
transomed windows, windowed walls, and planned for through-
venti]atiom1 2.8
] ]

Induced Ventilation

You can modify your building so ventilation is induced if
there is not enough wind for natural ventilation. By using the
sunlight to heat an isolated pockef of interior air to greater
than ambient tenperatures and controlling its escape, a build-
ing can generate air circulation and maximize the influx of
cooler air,

£

The most effective application of this natural law is a
SOLAR CHIMNEY (31), a solar-exposed enclosure tall enough to
generate maximum air flow and massive enough to retain heat
_ and power the system into the evening hours, The optimum sys-
i~ tem draws its renlacement air from the coolest possible loca- -
tion, a planted, shaded area to the north or an underground :
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EARTH TUBE (28).

Other solar design elements usually associa.ed with passive
heating - THERMAL STORAGE WALL (9B), ATTACHED GREENHOUSE (9C)
and CONVECTIVE LOOP (9E) can also be used for the same cooling

effGCt'l,Z,S,G,B
Evaporative Cooling

Swamp coolers, fountain courts and atrium pools are appli-
cations of evaporative cooling. This cooling option is very
effective in a hot and relatively dry space, because water evap-
orates into the air and increases humidity. Sensible heat turns
into latent heat, and lTowers the air temperature.

The evaporative cooling option - Induced Evaporation (33) -
should be joined with ventilation for the most efficient dis-
tribution of cool, humidified air - EARTH TUBES (28) and KING
VENTILATION SYSTEM (29).1 2 6.8

E Rl A

Desiccant Cooling

In regions of hignh humidity, where moisture in the air act-
ually prevents the body from cooling itself evaporatively, des-
sicant cocling is a valued traditional strategy. Before energy
was harnessed and plentiful, dessicant salts were effertive
coolers, but needed to be thrown out when they were saturated.

Passive cooling in regions of high humidity remains a prob-
lem today, and desiccant solutions remain the focus of research
and design experimentation,

More information is presented in SOLAR DEHUMIDIFICATION (32)

t Badt I Bk R |

Night Sky Radration

Radiative cooling involves exposing interior spaces to the
heat sink of a thermal mass, and exposing the mass to the plan-
etary heat sink of cool, clear night sky. The mass absorbs
heat from the interior during the day and releases it to the
sky dome. This cooling option is most effective where the di-
urnal (day-night) temperature swing is in excess of 20°F and
where the night sky is relatively clear,

Historically the puebloes and Spanish Missions of the
Southwest are an example of this cooling option. However, since
the development of Ckytherm (roof pond water bags) by Harold
day, research and performanzg experiments have focused on water
as the radiative mass,
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The efficacy of this cooling option is increased by sprink-

ling water on the roof top water containers to add evaporative
cooling to the radiative effect.8

Time Lag Cooling

Like radiative cooling, time lag cooling takes advantage of
the thermal absorption, reductionh and lag characteristics of
mass, and requires the same 20-35°F diurnal temperature swing to

be effective. Where the conditions are right, time lag cooling
has been around for centuries,

The principle is that the transmission of heat through mass -
3 stone, concrete, adobe - is both delayed and attenuated over time.
e Depending on the material and the thickness of a massive wall,

% the delay can stretch from two to 12 houwrs, and the greater the
lag the greacer the attenvation of heat transmitted. Thus less
heat reaches the interior spaces, and it doesn't arrive until

- late aevening or night, when ambient temperatures have dropped

- and the exterior wall is radiatively cooling. By night's end

' the wall is again, a cold barrier to the daytime onclaught of
incclation. Exterior sheathing, insulatisn, or shady vegeta-

, tion will add to that barrier, further flattening the diurnal

o curve that ironically is both the nemesis of comfort where time

b lag ctrategies are appropriate, and the key to the time lag
; cooling effect.g

Earth Cooling

The earth is where man first sought shelter for a good
reason; ground temperatures remained stable at around the
average annual air temperature, usually in the range of 50-60°F,
The earth attenuates extreme air temperatures, and acts as &

maximal time lag device, carvying winter coolness well into
late spring, and summer warmth into late fall,

Earch Cooling can be accomplished be earth-integrated con-
struction and/or earih tubes, and/or rock-filled air passages.

o
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The field is undergoing considerable vresearch and experi-
mentation aimed at defining znd overcering difficulties, and
quartifying the feasibility of numer .us earth..cooling design
strategies., 5 6,8,11 and 12,

summary

Your task as a programmer is to educate and work with the
using organization to select the appropriate mix of cooling
i options to keep the user coal!, naturally. This can be done by

making the architecture introduce coolness into the building
with Tittle or no mechanical assistance.
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. You can use Table 27-1 in conjunction with Tables 9B, 9C
PO and 9D (Summer Ventilation) to select a system and group of
é v patterns that will meet both heating and cooling requirements
for your building type.
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Figure 28-1
LARGE SCALE PATTERNS

Using the ideas of SUMMER COOLING-EARTH COOLING (27) and
the requirement for building ventilation - Tables 9B, 9C, and
90 - this pattern is the starting point for providing earth
tempered ventilation for your building.

THE PROBLEM

THE EARTH AROUND YOUR BUILDING IS A PASSIVE' SOLAR SYSTEM
YOU CAN USE AS A HEAT SOQURCE/SINK FOR YOUR BUILDING S RETROFIT.1 9

THE SECOMMENDATION

USE EARTH TUBES AS METHOD OF PROVIDING EARTH TEMPERED
(WARMED IN WINTER; COOLED AND DEHUMIDIFIED IN SUMMER ) VENTIL-
ATiuG AIR FOR YOUR BUILDING. THE DAILY TEMPERATURE FLUCTUATIONS
OF UARTH IS MUCH SMALLER THAN AIR, AND AT A DEPTH OF 8 TO 10
FEET BELOW THE SURFACE, THE AVERAGE EARTH TEMPERATURE APPROXIMATES
THC YEARLY AVERAGE AMBIENT AIR TEMPERATURE OF A GIVEN LOCATION
WITH A SMALL DEVIATION.1 9

SHALL SCALE PATTERNS

You can combine this pattern with KING VENTILATION SYSTEM(29),
SOLAR CHIMNEY (31) and SOLAR DEHUMIDIFIER (32) to complete the
ventilation of your building. This combination of patterns will

allow the ventilation of large buildings at night without secur-
ity problems,
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Figure 28-2
INFORMATION

SUMMER COOLING/EARTH COOLING (27) mentioned three methods
of Earth Cooling: earth-integrated construction, earth tubes
and rock filled air passages.

This pattern will look at the last two methods (earth
tubes and rock filled air passages) under the title of EARTH
TUBES. This pattern will not Took at Carth-integrated archi-
tecture because of its limited retrofit potential and probable
structural limitations.

The earth tube and rock filled air passages methods are
combined in this pattern because their earth-air heat exchange
concepts are similar.

‘An Earth Tube (an Earth-Air Heat Exchange System - names
are often used interchangably) is simply a buried pipe through
which air is forced., The use of earth as a heat source/sink,
with a buried pipe(s) or underground tunnel as a direct heat
exchanger, can be traced as far back as 1875 in the United
States, and centuries for Persian Architecture - INDUCED
EVAPORATION (33).

It is a legitimate solar system, because geothermal temper-
ature gradients do not effect s0il above approximently 30 feet,
It is chiefly dependent on air temperature, surface soil temper-
ature, thermo-physical properties of soil, ground-water cycles,
and depth., The first two variables are solar driven; while the
third and fourth variables are mainly dependent on local geology.
The fifth variable will be determined by the designer.2
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This method of cooling, using the stahle temperature of the
edrth's mass to absorb heat from the air passing through the
tubes, also has 'the potential for adding or removing humidity.
Gently downward - sloping tubes of proper diameter and length
allow cooling air to fall slowly. As the air temperatdre reaches
the dew point of its moisture content, water will condense out.
This condensate should be allowed to drain out of the airstream
at the point near the bottom end of the tube., A water wick or
pan at the same location could add moisture, if humidification
is desired INDUCED EVAPORATION: (33). '

A1l tubes should be constructed of clay tile or noncor-
rosive metal. Inlet vents should be screened and placed on the
north side or in a well shaded area.8

The first documented earth tube research was started in
1963 at Cornell University. Figure 28-5 shows its performance
in September 1965, One of the major discoveries was that addi-
tion of water to dry soil produces a significant increase in
thermal conductivity and may cause the thermal diffusivity to
be 2 to 3 times the dry soil.1 9
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At this time there is oniy one company - LPC (The Lords
Power Company, Inc.) that installs earth tubes commercially,
Their systems have been designed for agricultural buildings and
their system sizing is proprietary.

Other researchers are working on rules of thumb for sizing

earth tubes for cooling and ventilating people spaces., When
they are available, this pattern must be updated.

28-3




o W“\‘zy&""*%%?“"ﬁ%
£ g et ®h wresh

S ¥ 2

£ BB o3 SR G 47
R

, .
TN
b

e

52
£

5L i :"3.:« Zaoromet i

E—
TSR T - A
oo Jf;@ CyIYe o

=3

b
]

P

e N
-

g e (i1 § - LA

e emr ok DA e e it e

T T M

i
.

7 i

FAEORY -

¥

The other method - rock filled air passages, - was devel- L e
oped independently by George Cristy, and FulTer Moore (see :
Appendix R}, This method uses a rpék bed -around- the foundation
of the building. : ‘

Fuller Moore's house was completed in September 1679 ahd
has noc been put into opéeration, (sée Appendix L).

George Christy's paper (reference 3) presents the follow-
ing conclusions about the heat transfer process of his system,

The obtﬁmum'performanCe of the:nock.bed and adjacent
soil will be obtained by:

a. Designing and operating the earth fill outside the
rock bed at the highest practical value of thermal
diffusivity and heat capacity;

b. Maintaining the flow rate at the minimum valuc
necessary to provide adeguate ventilation; and

c. Increasing the flow rate during summer backflush-
ing periods,

Under conditions of average vulues of the heat transfer

nroperties, the rock bed can supply 55% of the heating :
load required to heat the ventilation air in winter. The
resultant cooling of the rock end soil plus utilization

of the diurnal cycle will furnish 66% of the cooling need-
ed to dehumidify the ventilation air in summer. The remain-
der of the heat needed in winter can easily be made up by
the passive solar heat received during the day.

Summary

The use of Earth Tubes as a retrofit system has good poten-
tial for the following reascns:

1). Earth Tubes use the earth as a heat source/sink for
year round use,

2), The earth tempers the ventilating air for the building.

3). Earth Tubes can be used for dehumification or evapor-
ation of the incoming ventilating air,

4). The system js exterior to the building.

5). It has little or no effect on the visual environmeni.

6). The sun can be used as the motive :arce for the earth
tubes to increase the efficiency of the system {See

Table 27-1/1Induced Ventilation for desiyn strategies
and suggestad patterns),

ey

28-4
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N.R. Scott, R.A. Parsons, and T.A. Koehler. "Analysis and
Performance of an Earth-Air Heat Exchanger® presentation ‘to
American Society of Agricultural ‘Engineers, Paper No. 65-840,
Chicago I1, Dec 7-10 1965. (Pages un-numbered).

Dr, Donald B. Elmer, Mo Hourmanesh, Ray Hourmanesh. "Earth
Air Heat Exchangers," 2nd National Passive Sola:r Conference
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p 146-149, (See Appendix R).

George A. Cristy. "Computer Simulation of Heating and Cool=-
ing of Ventilation Air for a Passive Solar House,"” 3rd Nation-
al Passive Solar Conference Proceedings, San Jose, Ca, Jaa-
uary 11-13 1579, p 457-464 (See Appendix R).

Douglas B. Nordham. "A Design Proceedure for Underground Air
Cooling Pipes Based on Computer Models," 4th National Passive
Solar Conference Proceedings, Kansas City, Mo. October 3-5
1979, pp 525-528. (See Appendix R).

John Byrnes. "To Heat and Cool togs". Hog Farm Management
October 1978. pp49-53. (Appendix R,

Fuller Moore. Solargreen - A Passive Solar Dwelling for All
Seasons, - Award winning design in recent U.S. Dept, H.U.D.
Passive Solar Residential Design Competition. (See Appendix L).

David Wright, AIA. Natural) Solar Architecture - A Passive
Primer, Van Nostrand Reinhold Company, 1978. pZ10,

Kevin W. Green. "Passive Cooling". Research and Design -
The Quarterly of the AIA Research Corporation, Vol II, no.3
Fall 1979, pp. 5-9. (See Appendix Q).

Technigues for Energy Conservation (AFCEC-TR-77-12) p.C-43/

93, Distributed through AF/PRE, 1 July 1977.

SOURCES OF ILLUSTRATIOWS

Figure 28-1 Reference 2 p 148

Figure 26-2 Reference 6

Figure 28-3 Reference 1 (No page number)

28-5




29. KING VENTILATION SYSTEM

Figure 29-1

LARGE SCALE PATTERNS

With ventilation being a year around building requirement, and especially
for SUMMER COOLINZ (27), the King Ventilation System is a method of providing
natural ventilation. This system was developed by Professor F.H. King (Professor
of Agricultural Physics - University of Wisconsin). It was first.used.in a cow
barn built in 1889, in Whitewater, Wisconsin. The system allows fresh air to
be taken into a building without chilling the interior or creating a draft.

THE PROBLEM

THE VENTILATION PROBLEM THAT MUST BE SOLVED IS HOW TO MAINTAIN THE AIR
OF THE BUILDING AT THE NORMAL OUT-OF-DOOR FRESH AIR PURITY WITH PRACTICAL
ECONOMY AND WITHOUT DRAFTS AT THE FLOOR.,

THE RECOMMENDATION

IF ADDITIONAL VENTILATION IS REQUIRED, NATURAL VENTILATION CAN BE INDUCED
BY TAKING AIR OUT AT THE FLOOR LEVEL AND LETTING IT IN AT THE CEILING. THIS
MANAGEMENT OF AIR CURRENTS CREATES CIRCULATION NECESSARY FOR VENTILATION BY
REMOVING ONLY THE COLD AND CARBON DIOXIDE LADEN AIR, AND FORCES THE WARM AIR
TO REMAIN IN THE BUILDING, WHILE AVOIDING DRAFTS AND DANGER OF DISCOMFORT.
FOR SUMMER OPERATION, AN ADDITIONAL OPENING HIGH IN THE ROOM SHCULD Br PROVIDED
TO REMOVE HOT AIR AND REINFORCE THE DRAFT.p

SMALL SCALE PATTERNS

You should combire the King Ventilation System with EARTH TUBES (28),
SOLAR CHIMNEY (31), INDUCED EVAPORATION (33) and DIURNAL FLUSHING (35).
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ILLUSTRATION

See Figure 29-1.
INFORMATION

¢

V4
As mentioned in SUMMER COOLING (27), there are two natural forces for

moving air through a building: ‘1) wind pressure; 2) temperature difference

between indoor and outdoor - "Stack Effect". The King Ventilation System
uses both as wotive forces.

Ventilating air enters through openings at A & B and leaves a% D. This
B

is caused by direct wind pressure exerted at A & B and section effect developed
at C.

Drafts are avoided by placing the. fresh air intake (outside) at some
distance below the fresh air outlet (inside) - see figure 29-1. This arrange-
ment is fundamental because it is5 the only way to prevent the escape of the
warmest air through such an opening on the leeward side of the building. With-

out this provision it would be like opening a window at the top on the other
side of the room.

The flow of air through the building resulting from wind pressure and )
suction will be most rapid when the wind is permitted to reach the building v
at A and pass over the roof at C with the least obstruction.3 -

The flat roof (built up), which has been pepular in “Modern Architecture",
does not provide the physicai form to accomodate two building functions:
1) physical form to gencratc wind succion for ventilation; 23 physical form
to create positive water drainage from roof. Therefore, for retrofit of buildings
with flat roofs, ccnsideration should be given to providing a new sloped roof,
which will generate suction for ventilation, and reduce roof maintenance problems
(created by clogged roof drains and pooling of water and ice). This is an
important ccnsideration because it is generally true that the suction effect
of the wind is stronger than direct wind prassure. The ventilating flue should

L
be above the ridge of the roof, where the wind will sweep. The flue should
not be at the eaves.

This system could also be considered for retrofit of above ground fallout
shelters, and combined with EARTH TUBES (28), MASONRY HEAT STORAGE (13) and o
SOLAR CHIMNEY (31) to provide a solar induced veatilation system to remove

carbon dioxide arnd draw in earth tempered oxygen. SOLAR DEHUMIDIFICATION {32)
can be added in humid climates.

The King Ventilation System design should be based on "Stack Fffact" -
temperature differential - because ventilation due to direct wind pressure is

not always available. The approximate rate of air exchange when the inlet
ar2a is equal to the outlet area can be expressed as:g

Pt .

29-2




Q- S4OAMTE,ET
whers
Q = rate of air flow, cu ft/hr
A s aree of inlets, sq ft

REFERENCES

H e haight bqiuccn falets and outlets, ft

ty* évarage temperature of indoor air ot height H,°F
t," temperature of outdcor air, °F
This expression roqu!ri; adjustment in ceses when the ares of
outlets is appraciebly diffarent from the ares of falets ac-
cording -to the following ratios: ’
Area of builotg Valus to be substituted for
rea of Tnlets §40 1n adove expression
§ 745
4 740
3 720
2 680
1 540
3/4 458
1R 340
/4 18§
TABLE 29-~1

Published by Author, 1908. p. 41,
2., Ibid. p. 73 & 113
3. Ibid. p. 50
4. Ibid. p. 51

1. Professor F.H. King. Ventilation For Dwellings, Rural Schools and Stables.

5. Victor Olgyay. Design with Climate-Bioclimatic Approach to Architectural

Regionafism. Princeton University Press 1962.
ang British Building Research Station Data.

SOURCES OF ILLUSTRATIONS

TABLE 29-1 Reference 5. p. 212.

29-3

pp 110-112 (Appendix ).




|l i e o

W 1»":#%"‘;\&”‘""‘!’1”%
'

B et

e Sengrese R

31. SOLAR CHIMNEY

Figure 31-1

LARGE SCALE PATTERNS

This pattern is a HISTORICAL BUILDING TYPE SOLUTION (4)
for SUMMER COOLING INDUCED VENTILATION (27)., ,
’

THE PROBLEM

VENTILATION MUST BE INDUCED BY THE BUILDING WHEN IT IS
HOT AND THERE IS NOT ENOUGH WIND FOR NATURAL VENTILATION,

THE RECOMMENDATION

USE A SOLAR CHIMNEY (plenums, flues or black boxes) PAINT-
ED A "DARK COLOR AND EXPQSE IT TO THE FREE ACTION OF THE SUN'S

RAYS" 9 THE CHIMNEY IS SELF-BALANCING; THE HOTTER THE CHIMNEY
AND TRESFASTER THE AIR MOVEMENT.3

SMALL SCALE PATTERNS

Combine with EARTH TUBES (28) and KING VENTILATION SYSTEM
(29) to provide earth tempered ventilating air. It can also be
combined with a SOLAR DEHUMIDIFICATION (32).5
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ILLUSTRATION

The tops may be of thin metal painted o dark
colour, and exposed to the free actior of the sun'’s
rays, The upper cap prevents cown blasts of i,
hut in o steady horizontai wind the lower cone alone
would be suflicient.

Figure 31-2
INFORMATION

The solar chimney shown in figure 31-2 jis an example of a
Simple Solar Chimney (dark metal flue) used prior to 1850 to
induce ventilation in hospitals. As the dark metal chimney
gets hot during the day, the air inside heats, expands and
rises. In this process it pulls interior air up and out. The
advantage of the solar chimney is its ability to scl1f balance;
the hotter the day che hotter the chimney and the faster the
air movement.z’3

You can use table 31-1 to approximate the rate of air
bxess axchange when the inlet area is equal to the ounlet area.,

Variations of the Simple Solar Chimney are the Glazed
Chimney; Glazed Chimney with Storage, Summer Solar Vent and
the Summer Mass Wall Vent-MASONRY HEAT STORAGE (13). This
last variation on the solar chimney has several advaﬁtages:

L o

1. The MASONRY HEAT STORKGE WALL (13) functions as a
winter heating system,

2. The thermal storage mass behind the glazing will
actually store daytime heat, and continue to ex-
haust air after the sun has set, thus inducing
night ventilation. 3

NOTE: If you elect to retrofit a south-facing masonry wall

as a combined MASONRY HEAT STORAGE WALL (13) and SOLAR CHIMNEY,

} then you must provide MOVABLE INSULATION (23) on the interior
side of the wall. This will prevent daytime conductive heat

3 gain and radiation to the interior space, and assures good

31-2
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night ventilation.

If you have a large west-facing wall surface, and have a-
large afternoon heating load, then you should considér retro-
fitting the wall with glazing for increased ventilation during
the hot afternoon. s

Q *» S40A/MTESTLY
whare ‘

Q = rate of .air flow, cu ft/hr
A» ared of inlets, s Tt

H ® height betwean iInlets snd outlets, ft

e Pl ;i r
- ety s g Lo g
1. RPN L

{ e ty® sverage tezparature of fadoor afr at height H,°F
o to® temperature of outdoor air, °F !
‘?{ This expression requiver adjustment fh cases when the area of
H outlets is appreciably differant froe the area of inlet: ac-
2 cording to the vYollowing ratfos:
X Arsa of outlats Valus to be substituted for
- rea of inlats §40 in above expression
;% 5 745
{ i 4 140
P
o ! i s 3 128
i 3% 2 660
I HE
: :' } 1 540
S| { } : e . 455
e
l 1 172 340
. /4 185
!

)

TABLE 31-1

REFERENCES

1. Stanley H, Scofield, Capt. USAF. "A Historical Review of

N Cooling 'in a Humid Climate," 4th National Passive Solar.
Conference Proceedings, Kansas City, Mo., October 3-5, 1979,
i pp 504-506 (See Appendix E).

A

2. Thomas Young, M.D., FRS. "On Heating and Ventilation.,' Date

1
i
i n unknown circa 1845. pp.91-52---United States Military Academy
; Archives - BOOK call number (697,T7714).

Ao 3. David Wright, AIA, Natural Solar Arcnitecture - A Passive
4 Primer, Van Nostrand Reinhold Company, 1978.pp 194-195,

4. Victor Olgyay. Design with Climste-Bioclimatic Approach to

i

{ Architectural Regionalism, Princaton University Press, 1962,
; » ppll0-112,
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5. Fuller Moore, et al. Joseph Ceéntral, Gene Willeke. "Duel
Desiccant-Bed: Dehumidifier with Solar-Heated Regéneration,"
Proceedings of [nternational Solar Energy Society,Congress,
Atlanta, Ga., May 28-June 1, 1979, o

SOURCES OF ILLUSTRATIONS

Figure 31-1 Passive Solar Buildings. Sandia Laboratories,
Albuquerque, N.M., and Livermore, Ca., For the
USDOE underlContract-DE-AC04;76DP00789. July
1379. p. 195: - ‘

Figire 31-2 Réference 2.p 92
Table 31-1 Reference 4.p 212
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32. SOLAR DEHUMIDIFICATION
L LARGE SCALE PATTERNS

Using the ideas of SUMMER COOLING - DESICCANT CQOLING AND
EARTH COOLING - (27) and EARTH TUBES (28) you can reduce humid-
ity by using a solar regenerated desiccant cooling system.

THE PRGBLEM

IF THERE IS TOO MUCH HUMIDITY IN THE AIR, THE BODY CANNOT
BE COOLED, NATURALLY, BY EVAPORATION. DESICCANT SALTS HAVE
BEEN USED IN THE PAST, BUT NEED TO BE THROWN OUT WHEN SATURATED.
THUS, THE PROBLEM IS TO DEVELOP A METHOD OF REMOVING HUMIDITY
FROM THE AIR SO EVAPORATIVE COOLING OF THE BODY CAN TAKE PLACE.

THE RECOMMENDATION

TWO POSSIBLE METHODS OF SOLAR DEHUMIDIFICATION WERE PRE-
SENTED IN A PASSIVE COOLING WORKSHOP AT THE 4th NATIONAL PASSIVE
SOLAR CONFERENCE (October 3-5, 1979): PASSIVE SOLAR HEAT PUMP
BY H.I, ROBISON AND S.H. HOUSTON OF THE U, OF SOUTH CAROLINA;
AND DUAL DESICCANT-BED DEHUMIDIFIER WITH SOLAR-HEATED REGENERA-

TION BY FULLER MOORE, JOSEPH CANTRELL AND GENE WILLEKE OF MIAMI
UNIVERSITY, OXFORD OHIO.

80TH SYSTEMS ARE UNDER DEVELOPMENT AND ARE NOT READY FOR
L GENERAL APPLICATION.
i

SMALL SCALE PATTERNS

This pattern completes SUMMER COOLING-DESICCANT COOLING
AHND EARTH COOLING - (27)

ILLUSTRATION ‘ hot moist air
dediccant acnona\g: /m
' /

y glazing e .
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DESICCANT REGENERATION

Figure 32-1
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Figure 32-2
INFORMATION
Research in Solar Denumidification is only beginning. The
references about this subject are contained Appendix U. They
also contain a more extensive Libliography of references.

REFERENCES

1. Kevin W. Green. "Passive Cooiing," Research and Design -
The %uarter] of the AIA Research Corporation, Volume II,
no. 3, rall, 1979, p5-9 (sSee Kppenafx q7.

2. David Wright, AIA. "Natural Solar Cooling," 3rd National

Passive Solar Conference Proceedings, San Jose, Ca., Jan-
uary 11-13,1979.pp512-517.

3. Fuller Moore, e al. "Dual Desiccant - Bed Dehumidifier
with Solar-Heated Regeneration," Proceedings of the Inter-

national Solar Ener Society Congress, Atlanta, Ga., May
28-June 1, 1979. (See Appendix U;.

4, H.I. Robison and S.H, Houston. "Thermo-Chemical Energy
Storage for Heating and Cooliag," Solar Ener Storage

3 ' Options Workshop, San Antonio,ix., Warch T§~85,I§7§.

b | {See Appendix U.)

5. H.l. Robison, et.al. "Open-Cycle Soiar Air Conditioner,"
Proceedings of the International Solar Energy Society Con-
gress, Atlanta, Ga. May 28-June 1, 1979, {see Appendix U).
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6. H.I. Robison, et.al. "Passive Solar Heat Pump", -4th

Hational Passive Solar Conference Proceedings, iansas
City, Mo., October 3-5, 1979, (See Appendix U).

7. H.I. Robison, et,al. "Absorption/Desorption Solar Coocling
System Performance". Proceedings of American Institute of-
Chemical Engineers 72nd Annual Meeting, San Francisco, Ca.,
November 25-29, 1979, (See Appendix Us.
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34. ZONING
LARGE SCALE PATTERNS

Using the ideas of BUILDING LOCATION (2), BUILDING SHAPE
AND ORIENTATION (3), HISTORICAL BUILDING TYPE SOLUTIONS (4),
and SUMMER COOLING (27) you need to place interior spaces with-
in the shape according to their requirement for SUMMER COOLING
(27). This placement of interior spaces might indicate some
possible changes of BUILDING SHAPE AND ORIENTATION (3). This
pattern is similar to LOCATION OF INDOOR SPACES (6).

THE PROBLEM

CONVENTIONAL ENERGY CONSUMPTION IS PROPORTIONALLY HIGHER IN
SPACES NOT USING THE PASSIVE COOLING OPTIONS OUTLINED IN SUM-
MER COOLING (27). The more yod use and control the sun to

cool a space, the less conventional energy 1s required for

space cooling. This also applies-to active solar - cooling
systems. 1I1f the design of the interior space and the build-
ing's exterior does not passively control heat gain, and use the
sun to induce ventilation or evaporation, an active solar-
cooling system will be proportionally more expensive and larger,

THE RECOMMENDATION

THIS PATTERN SHOULD BE ACCOMPLISHED IN CONJUNCTION WITH
LOCATION OF INDDOR SPACES {6).. YOUR INTERIOR SPACES .CAN BE
SUPTLIED WITH MUCH OF THEIR COOLING REQUIREMENTS BY CONTROL-
LING HEAT GAIN AND USING THE SUN TO INDUCE VENTILATION OR EVAP-
ORATION. PLACE ROOMS TO THE SOUTHEAST, SOUTH AND SOUTHWEST
ACCORDING TO THELR REQUIREMENTS FOR FILTERED AND SHADED NAT-
URAL SUNLIGHT - SHADING DEVICES (25). THOSE SPACES HAVING
MINIMAL COOLING REQUIREMENTS OR SUNLIGHT SUCH AS CORRJDORS AND
CLOSETS SHOULD BE ON THE NORTH FACE OF THE BUILDING TO ACT AS
A BUFFER AND ALLOW THE GREATEST AIR MOVEMENT AND VENTILATION TO
TAKE PLACE NEAR THE INHABITED SPACES.

SMALL SCALE PATTERNS

Evaluate your building's openings (in walk and roof) to
admit sunlight and provide ventilation - WINDOW LOCATION .{8),
PROTECTED ENTRANCE (7) and CLERESTORIES AND SKYLIGHTS (12),
.and at the same time choose the most appropriate opt ons for
providing SUMMER COOLING (27).
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INFORMAT 0N -

Figure 34-1 (Fuller Moore's Sclargreen)is a good example of
zoning or thermal layering of indoor spaces for winter and sum-
mer.

The summer microclimatic conditions along the sides of your
buiiding (outside walls) are the key to locating indoor spaces.
The north side remains the coolest because it usually is 1in
shade, The east and west walls receive equal amounts of direct
sunlight, but the afternoon temperature is usually warmer and
Tikewise west-facing wall gets hotter than a east-facing wall.
The South wall receives very little radiation in the summer if
SHADING DEVICES (25) are used, because the sun's altitude is
hi?? and exposes the roof to more radiation than the east or west
walls, *

Your task is to locate spaces with specific cooling require-
ments based on the microclimatic condition and functional require-
ments of the using organization (user). And this must be done
in conjunction with LOCATION OF INDOOR SPACES (6).

You should also consider using the patterns in Appendix F
from A Pattern Language.by Christopher Alexander.
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1. Fuller Moore. Solargreen -.A Passive Solar Dwelling for
A1l Seasons - Award Winning Desdgn in recent U.S. Dept.
H.U.D, Passive Solar Residential Design COmpetition.

REFERENCES

¢. Edward Mazria. The Passive Solar Energy - Expanded Pro-
fessional Edition, Rodale Press, tmmaus, Pa., 1979.
pp 90-92.

SOURCES OF ILLUSTRATIONS

Figure 34-1 Fuller Moore, Solargreens,
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35. DIURNAL AIR FLUSHING
LARGE SCALE PATTERNS

Using the ideas of SUMMER COOLING-HEAT GAIN CONTROL, NAT-
URAL VENTILATION and INDUCED VENTILATION (27) - this pattern

gives guidance for night cooiing of your building, while main-
taining security.

THE PROBLEM

DIURNAL AIR FLUSHING SIMPLY ALLOWS COOLER NIGHT AIR TO CIR-
CULATE THROUGH YOUR BHILDING, AND STORE COOLTH IN THE STRUCTURE
AS A RADIANT COOL SOURCE (with potential to absorb heat the
next day). THE PROBLEM IS HOW TO GET STORED HEAT QUT OF THE
STRUCTURE DURING THE COOL OF THE NIGHT AND MAINTAIN SECURITY.

THE RECOMMENDATION

IF YOUR BUILDING HAS 24 HOUR OCCUPANCY SUCH AS FAMILY HOUS-
ING AND DORMITORIES, THEN YOU SHOULD USE STRATEGICALLY LOCATED
OPERABLE SOLAR WINDOWS (11) AND CLERESTORIES AND SKYLIGHTS {12)
TO CIRCULATE COOL AIR AND STORE COOLTH IN THE STRUCTURE.

FOR A STRUCTURE WITHOUT NIGHT OCCUPANTS, YOU SHOULD COM-
BINE THE FOLLOWING PATTERNS TO PROVIDE A (closed) SOLAR DRIVEN
VENTILATION SYSTEM: EARTH TUBES(28), KING VENTILATION SYSTEM
(29), SOLAR CHIMNEY (31) - MASONRY HEAT STORAGE WALL (13).
THIS COMBINATION WILL PROVIDE SECURE NIGHT TIME VENTILATION OF
THE STRUCTURE - DIURNAL AIR FLUSHING, THIS COMBINATION ALSO
WILL PROVIDE A PAZSIVE WINTER TIME EARTH TEMPERED VENTILATION
SYSTEM.FOR WINTER OPERATION THE SOLAR CHIMNEY (33) NEEDS TO BE
CONVERTED INTG A HEATING SOURCE MASONRY HEAT STORAGE WALL(13).

‘1,2
SMALL SCALE PATTERNS

This pattern concludes the SUMMER COOLING - HEAT GAIN CON-

TROL, NATURAL VENTILATION and INDUCED VENTILATION (27) cooling
opt1ons.
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) . Figure 35-1
INFORMATION

This pattern does not need additional information, be- N
cause its sole purpose is to synthesize other patterns, into

a large pattern, to provide secure night ventilation -~ Diurnal - i
Flushing - without open windows. S
REFERENCES

1. Fuller Moore, Dr. Don Elmer and Mo Hourmanesh, "Comfort
Variable/Cooling Option/Design Strategy" (Tabie) Research

and Design-The Quarterly of the AIA Rasearch Corporation
Vol {I, no.3, Fall 1979.pb.

2, Discussion with Fuller Moore and Stanley H., Scofield, Capt.
U.S.A.F., 31 October 1979 about the relationship of induced
ventilation and Diurnal Air Flushing - action: add a line

connecting induced ventilation and diurmal air flushing.
(See table 27-1).

SOURCES OF ILLUSTRATIONS

Figure 35-1
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GENERAL LIBRARY EQUIPMENT REQUIREMENTS:

The following is a list of general library equipment requirements
to be incorporated into the design of the Central Techrical Library:

BUILDING DIRECTORY - At the entry(s) but not. to inciude reference
to or location of the classified "vault."

BULLETIN BOARDS - In staff area and reading room.

4’1

CLOCKS - In every area with good visibility.
COAT RACKS & ROOM - At entry(s).

CORNER DETAILS - Use carpet wainscet to reduce book truck damage,
' as well as acoustical and decorative.

X G A R A e

DRINKING FOUNTAINS - Staff area, rest voom area, and entry(s).

P

ELECTRIC FANS - Use as required for thermal comfort.
g " EMERGENCY LIGHTS - In stack area.
e EXIT SIGNS - Lighted.

FIRE EXTINGUISHERS - CO2 Extinguishers in a visible location.

PENCIL SHARPENERS - Reading room and Tech. Services work section
of staff offices.

RETURN BOOK SLOT - Near entry(s).

SUPPLY CLOSETS - Tech. Services and janitor closet nea: rest rooms.

TELEPHONES - At entry and not in the library area.
VACUUM 'CLEANER - Store in janitor closet.

g WASTE BASKETS - One at each staff desk and one for every five tables
in the reading area.

XEROX MACHINE - Near the circulation desk, but outsida library area
with visual contact from the circulation desk. The

. intent is {% get the noise away from the reading
\ and reference areas.

“ : Atch 6
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