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OBJECTIVES

The overall objective of this project is to
develop passive solar design and analysis tools for
commcrcial buildings. There are two specific objec-
tives.

1. Develop passive solar/large thermal mass simula-
tion capabilities in the DOE-2 building energy
analysis computer program so that such systems
can be analyzed in commercial building applica-
tions.

2. Perform case studies using DOE-2 to assess the
applicahility of existing design and analysis
tools for passive solar applications in commer-
cial buirldings.

This work 1s closely coordinated with similar
commercial building design/analysis touol ana passive
system developmnt work under way at lawrence
Berkeley Laboratory (LBL) that focuses on the BLAST
building enargy analysis computer progran,

BACKRGROUND

The Techrical tngineering Support Group (WX-4)
of the Los Alamos Natiwonal Laboratory has  been
closely wnvolved with the development, do-umentation,
and veriticaton of DOL -2, including 1ts edarlwer yer.
sians (Gal -LRDA and DOF-1). since 1976, In particu.
lar, we are responsible for the solar heating and
couling capabiilities an the program and have devel.
oped and amplemented an actyve soldr system simglator
in DOE-2.  This active solar simmlator has been under
continual ref taement, extension, and testing since
then;, the latest version s now an the DO .2, 1A pro
gram that way completed in May 1981,

Ay an extens iy of that work, since early 1970
we have been developing, testing, amplementing, and
document ing  passive solaer and large thermal  mass
mody facations to D 2. 1he testing work has  ine
volved extensive valhwdatior studier wsing test oell,
resydential, and comme cral buirld:ing dats.

Techmical Ingineering Support Group statf have
emphavized tne areas of analysiy ond design of pas
yive solar wystem concepts in commercial buildings,
and, in paticular, the development of deqagn Lools
for thewe apphications,  We alwo have consaderable
vxperence antegr ating energy convervation with pas
sive sultar design an large bur Ldings, Borause most
arehtectwmallengineerimg (ALY fome have nesther
the tae nor resowrces to develop thewe taols, the
rtequired system analyare, compater program develop
ment, and desagn toal development are appropr iately
beyng done at patonal labun ator yes,,

Recently it has become increasingly apparent in
the A/E profession that the most important passive
solar and cnergy-related decisions for commercial
buildings are made in the predesign phase where the
energy problem for the proposed building is charac-
terized and design indicators are dete-mined. In
response to this situation, Los A'amrs has teamed
with developers of four other building energy analy-
sis tonls (both manual and computer) in a predesign
analysis study to demonstrate and evaluate how wel!
representative analytic.l tools can provide needed
predesign information.

SUMMARY

The following significant tasks have been accom-
plished. ®We have refined and fully documenied the
custom weighting-factor loads calculative method that
was implemented in the DOE-2.1 program, This method
allows direct-gain and night-ventilative-cooling pas-
sive systems to be analyzed using DOE-2. We nave
developed and tested & thermal storage wail model for
DOE-z. This model treats vented and unvenled storag-
walls using either masonry or water as the storage
medium, It ‘ncludes the effect of night insalation
and selective surtaces, A model for attached sun-
spaces, atriyms, and huffer spaces has alswy bLeen
developed for DOE-7.  Thay model sinulates inter2on,
convection (forced or naturaly, and interzone con
duction through massive walle.

We have completed a case study of Wyoner Hail
at Carnegie-Mellon Universaty an Pittshurgh, Penngyi
vania, ay part of the OL Passive Solar Commerongd
Buildings Program, [0[-2 wa'. used 1n an analysan of
several passive sola and energy conservation retro
fit options. The Loy Alamisy analysis served o 4
basis for comparison to a more Timited {in Gime gnid
budget) analysis done by the energy consu'lant tm
the retrotat project,

We also participated o a predesagn anatyaay
study, cnordinated by the Selar Energy  Reweasoh
Institute, 1n which DO 2 reculty werp compared with
rosulty of four othemr analyas/design tools, ranging
from maruel tn high level  computer metheds, The
resulty will b docymented {n the design handboos
that is beang prepared under the W Pavave ol
Commerctal By ldinas Pragram,

TECHNICAL ACCUM: |, [5HMENT S

Wee have achieved the tollawing daraing the coura
of thie projert.

o Retined and fully documented  the cgutom
werghting factom caltalative  methad  an
pop .



] Completed the development of a thermal
storage wall model for DOE-2 that treats
vented and unvented storage walls of either
masonry or water construction. This model
is being impiemented in DOE-2 by LBL and
has been validated against measured data
in Los Alamos National Laboratory test
cells.

(See Figs. 1-2.)

(] Developed a sunspace model for DOE-2 that
allows modeling of attached sunspaces,
atriums, and buffer spaces. This model is
being implemented in DOE-2 by LBL and has
been validated against measured data in a
greenhouse test cell at Los Alamos and the
greenhouse-residence unit of the Sundwell-
ings Demonstration Center at Ghost Ranch
in Abiquiu, New Mexico.

(See Figs. 3-4.)

(] Completed a case study of Warner Hall at
Carnegie-Mellon University in Pittsburgn,
Pennsylvania, as part of the DOE Passive
Solar Commercial Buildings Program.

0 Participated in a predesign analysis study
in which DOL-2 results were compared with
results of four other analysis/design tools
in the characterization of the energy prob-
lem for two test buildings. Design indi-
cators were determined in addition to the
annual energy consumption and cost by the
end-use categories of heating, cooling, and
lighting. This study indicated that a
range of existing analysis tools produced
the same general characterization of the
energy problem, although Lhe energy end-
use tl:ompnnent predictions differed signifi-
cantly.

[} Parlicipated in the formation of the
National Building Design Tools Development
Committee being organized under DOL  aus-
pices to cocrdinate public and private
sector  activities in the development,
evaluation, and dissemination of passive
amd active solar design tools.

LVALUATION

The first objective has only been partially
achieved, Several  important  passive solar capa.
bilitves, mostly for heating, have been  developed
for DOL-?, but many others, particularly in cooling
and lighting, need to be developed,  Those passive
capabilities now in DOL-? have become widely used
and have provided successtul and accurate analyses
ot passive solar designs,

The second objective has been partially achieved
also. The case study has shown thet DUL ¥ can accu.
rately provide comparalive conergy and cost savings
assoc fated with ener Jy conservation and passive solar
retrofat options. In the predesign analysis study {t
was shown that, although 200 -7 can accurateiy provide
nengad prodes tgn aformation, simpler tools can pro
vide eventially the seme information for many build
gy at lews cnst and time for the dewigner, 10 4y
not yet known for whick types of b ldings the sim
plrr toaly are adequate.

FUTURE ACTIVITIES
Project Activities

Tasks to be completed later in this project
include the following. Expected completion dates
are |- oarentheses.

1. Develop improved ev:nnrative cooling capabil-
ities in DOE-2 (12/81).

2. Refine night-ventilative-cooling capabilities
in DOE-2 (12/81).

3. Develop ventilative cooling through operable
windows in DOE-2 (3/82).

4. Develop a rock bed model (for both heating and
cooling) for DOE-2 (6/B8?).

5. Develop Improved underground floor and wa'll
models in DOE-2 (6/82).

6. Improve the glazing ccrtrol options n DU!-2
(6/82),

7. Develop a roof pond model for DOL-2 {41673,

8. Develop symplified design tools for pasyiyve
solar commercial buildings (9/81 -~ 9,81 .

9, Apply DU'. ¥ in a performance anmi er-momis
assessment  of  commercial  buildings retrutat
options (9/81 - 9/83),

10. Continue tu participate in the  Katiural
Building Dewsign Tools Development  Cormtten:
(9/81 - 9/83;.

Postproject Activities

By providing A/E firmsy dand ather dosinn protaos
sionals with deuwign/analysis tonls appropeiat. ¢ oo
commerc lal buildings, passive and nybrid wolar synten
designs will begin to penctrate the mariet, Gt e
clear that pessive and hytn id systems will nit Lo
apnliecd to commercial building designg witho,t the
availability of user-oriented design tools, (W
will be such a dosign tool for the more comples con
mercial building designs and will alse be uned 1)
develop simpler design tools for the early pheaa of
the desian process,
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“DOE~2 Reference Manual,
Les Alamos Scientific Laboratory manual
LA-7689-M Version 2.1 (Lawrence Berkeley
Laboratory manual LBL-B706 Pev. 1) (May 1580).

Fart 1, Version 2.1,"

"DOE-2 Engineers Manual." in preparation by the
Los Alamos Netional Latoratory, Technical
ingineering Support Groun (WX-4).
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