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OBJECTIVE

As a component in an overall national objective
of reducing the consimption of nonrenewable energy
supplies, effeccive passive solar design of new con-
struction and retrofits can play a significant role
by reducing energy consumption in buildings. In
support of this objective, a quantitative basis of
passive solar desi?n has been under development at
the Los Alamos National Laboratory over the past six
years, The objective of this program 1s quantita-
tive information that enables a designer to analyze
the energy consequences of design decisions. The
current focus 1s the continued production of design
handbook data to facilitate the incorporation of
energy considerations as an integral part of the
design process.

BACKGROUND

The Lasis of passive solar design analysis is
computer simulation using numerical models that are
validated against data collected from experimental
buitdings. Computer simulation is an accurate and
versatile tool in design analysis, but many design-
ers do not have access to the necessary computing
equipment or angineering skills, Therefore, simpli-
fied methods amenabie to hand calculation have been
developed. The basis of simplified methods is a set
of monthly solar load ratio (SLR) correlations.

Such correlations were or191na1‘y developed as a
design tool for active systems.' Later the tech-
nique was adapted to !ssive systems and applied to
thermgl storage willé and direct gein sys-

tems. >4 Data for these systcem tyqes were incor-
porated 1n a systematic design analysis methodo1ogy
in the Passive Solar Design Handbook, Volume Two.
The Handbook encampassed S1x reference designs, two
cach™ Tor water wall, Trombe wall, and direct gain
systems. Subsequently, SLR corre’ations and assnci-
ated analysis data were gengr,tad for 16 attached
sunspace reference designs.®»/ Meanwhile, con-
tinuin? resaarch has led to quther developments in
aralysis data for direct gain,® thermal storage
wall, and sunspace systems. Those data, and exten-
sive supporting information, arc now being assembled
in the forthcoming Volume Three of the Passive Solar

Design Handbook.
SUMMARY

The Passive Solar Design Handbook, Volume Three,
w11) update VoTume Two by presenting extansive new
data on the gptimum mix of conservation and solar,
direct gain, sunspaces, thermal storage walls, and

solar radiation. The direct gain, thermal storage

wall, and solar radiation data are greatly expanded
relative to the Volume Two coverage. Optimum mia

%nd suns?:ce information did not appear in Volume
wo at all,

Volume Three will serve a continuing need in the
design community for simple, yut flexible, design
tools. The needed flexibility to analyze a variety
of system designs 1s accommodated by the large num-
ber of reference designs to be encompassed--94 in
contrast to 6 in Volume Two--and the large amount of
sensitivity data For direct gain and sunspace
systems--approximately 1100 separate curves.

Care has been taken to assure that the new data
are compatible with that of Volume Two; thus, ana-
1ysts should be able to incorporate the new data
without major modifications of their methods. The
result will he a substantially wider scope of appli-
cation. The appendices will contain sufficiently
complete reference data that Volume Three can stand
largely alone as a primary source for passive solar
design analysis.

An outline of the Volume Three contents follows.

Chapter 1. [INTRODUCTION
a. Scope
b. Terminolo
€. SLR correlations
d. Annual calculation method
e. Sensitivity data

Chapte= 2. CONSERVATION FIRST

. Cost effect.veness of conservation vs.
solar

Optimum conservation levels

Design procadure

Determining unit costs

Cooling issues

Other advantages to a balanced approach

Final commoents

Chapter 3. DIRECT GAIN
1. Intrcduction
11. High-mass direct gain buildings
4, The reference designs
b. MHeating performance sensitivity data
¢. Overheating sensitivity data
d. SLR correlations
c¢. Monthly calculation method
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1II. Low-mass sun-tempered buildings
a. The concept of sun-taempering
b. The reference designs
c. Sensitivity data

Chapter 4. SUNSPACES

a. Introduction

b. The reference designs

C. Sensitivity data

d. SLR correlations

e. Monthly calculation method

Chapter 5. MONTHLY CALCULATION METHOD

Appendix A. Volume Two Errata

Appendix B. SLR Correlations

Appendix C. Weather Data

Apnendix D. Solar Radiation

Appendix E. Load Collector Ratio (LCR) Tables
Appendix F. Mass Sensitivity

Apperdix G. Sensitivity Data

Appendix H. Glossary

TECHNICAL ACCOMPLISHMENTS

The following are more detailed descriptions of some
of the major areas of new data to be presented in
Volune Three,

Chapter 2 will present information on the
optimun mix of conservation and passive solar
strategies in building design. Guidance will be
available here on selecting the appropriate
conservation level {wall R-values, for example)
for a given location.

Chapter 3 will present analysis data for nine
direct gain systems consisting of three
different levels of thermal storage capacity and
three different glazing systems. The reference
designs will be described in detail.

Sensitivity data will be discussed with an
emphasis on qualitative interpretations and
general design rules useful at an early stage in
the design process. The nine SLR correlations
will be presented.

Chapter 4 wil) present analysis data for 28
attached and semi-enclosed sunspace systems.

The reference designs will be described in
detail. Sensitivity data will be discussed with
an emphasis on qualitative interpretations and
general dusign rules useful at an early stage in
the design process. The 28 SI.R correlations
will be presented and their application to the
monthly SLR calculation method explained.

Appendix B will present 57 new SLR correlations
for thermal storage walls, including 15 water
wall, 21 vented Trombe wall, and 21 unvented
Trombe wall reference doai?ns. The refarence
designs include various wall thicknesses,
various masonry thermal conductivities, carious
glazing systems, and selactive surfaces.

Appendix D will present extensive new data on
estimating the solar gains cxgariencod by the
various systems treated fn Volume Three, the
gains being an important varTable required in
the monthly SLR method uf design analysis. The
estimation procedure is based on the correlation
of hour-by-hour solar radiation data from the

tvpical meteorological years for 26 US cities.
Two monthly correlating parameters are used, the
mid-month solar declination, and the average
monthly clearness ratio. The correlations
enable a designer to readily estimate the total
monthly solar radiation incident on glazing
systems of various orientations, the radiation
transmitted through 1, 2, or 3 layers of glazing
material, and the radiation eventually absorbed
in the building. The features that are new
since Volume Two are the addition of the
clearness ratio as a correlating parameter,
which considerably improves the accuracy of
solar gain estimates, and data on absorbed
radiation, which are especially important for
direct gain and sur--ce systems.

Appendix E wiil consist of LCR tables for 219 US
and Canadian locations whereby a designer may
estimate the annual auxfliary heat requirement
for each of the 94 reference designs treated in
Volume "hree knowing simply the building LCR.

Appendix G will contain a large amount of
sensitivity data that describe the dependence of
the annual heating performance of direct gain
and sunspace systems on key characteristics of
the designs. There will be approximately 1100
separate curves that represent the variation in
the annual sclar savings fraction as one or two
design parameters are varied while the other
design parameters are held fixed at their
reference values. One example each of the
direct gain and sunspace sensitivity data is
shown in Figs. 1 and 2, respectively.
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Fig. 1. Annual heating performance sensitivity in

Albuquerque to the mass covering R-value
for a double-glazed configuration with a
mass thickness of 6 in. and a mass area to
glazing area ratio of 3. The reference
mass covering R-value 1s 0.



Fig. 2.
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Annual heating performance sensitivity in
Albuguerque to the_ratio of the thermal
stora?e !olume (ft3) to the collection
area (ftc) for Geometry A with insulated
end walls and no night insulation. Curves
for both the masonry wall the the light-
weight insulated wall configurations are
included.

FUTURE ACTIVITIES

Quantitative design tools are a vital aspect of
establishing passive solar technologies as credible
and widespread alternatives to the high level of
building energy consumption that presently charac-

terizes that sector of the energy economy.

Despite

the significance of the step represented by Volume
Three of the Passive Solar Des.gn Handbook, There
remains much more work L0 be done {n this area.
Same of the tasks that remain are listed below.

More SLR correlations will be developed for Sys-
tems already treated in order to provide analy-
sis tools for a full range uf typical design
variations.

Solar load ratio ¢ rrelaticns and associated
design analysis data will be developed for
additional system types, including convective
loops and thermal storage roofs.

A more rigorous quantitative basis for the
analysis of mixed systems will be developed.
The most urgent need is for mixtures of direct
gain and unvented Trombe wall.

Passive solar heat to multiple-zone structures
will he addressed from the standpoint of free
convection through doorways.

Rules of thunb will receive greater emphasis.
Simple but accurate design principles that can
be used very early in the design process are
very important among builders who will not use
more quantitative methods.

Thermal comfort consequences of passive solar
design will receive further development. Some
1ssues of concern are winter temperature swings,

summer overheating, and interzone temperature
differences.

The 1imits of applicability of the monthly SLR
method will be further defined. Of particular
interest is the method for accounting for inter-
nal gains, which can be an appreciable fraction
of the total load in well-insulated residential
buildings and in commercial buildings. Further-
more, the only essential difference Letween
residential and many small commercial or light
industrial buildings is in the size and scheaule
of internal y-.ins.

Summer cooling loecds imposed by passive solar
heating systems will be addressed. The emphasis
will be on 10ad control strategies such as fixed
overhangs, operable shades, and ventilation.

The objective 1s quantitative guidance in the
creation of a balanced design in /hich consider-
ations of winter heating and summer cooling are
given their proportionate vweights in the design
process.
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