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ABSTRACT 

This r e p o r t  i s  an element o f  an o v e r a l l  i n v e s t i g a t i o n  i n t o  t h e r m a l l y -  
induced v e n t i l a t i o n  i n  a t r i a .  The o v e r a l l  p r o j e c t  w i l l  i nc lude :  

1  . Establ  i s h i n g  and r e p o r t i n g  t h e  c u r r e n t  s t a t e - o f - t h e - a r t  ; 
2 .  S e l e c t i n g  e x i s t i n g  s i t e s  f o r  a t r i a  t e s t i n g ;  
3. Tes t i ng  t h e  s i t e s  f o r  development o f  design a lgo r i t hms .  

The p r i n c i p a l  area o f  i n t e r e s t  i s  thermal ly - induced c o o l i n g  i n  commercial 
use b u i l d i n g s .  However, hea t i ng  and heat  t r a n s f e r  p lus  non-commercial 
a p p l i c a t i o n s  w i l l  be considered as w e l l .  The s p e c i f i c  t o p i c s  o f  t h i s  r e p o r t  
a re :  1  ) t h e  development and p resen ta t i on  o f  an a t r i u m  c l a s s i f i c a t i o n  scheme, 
and 2 )  t h e  i d e n t i f i c a t i o n  o f  promis ing t e s t  s i t e s .  

I n  e s t a b l i s h i n g  t h e  a t r i um c l a s s i f i c a t i o n  scheme, s p e c i f i c  a t t e n t i o n  was 
g iven t o :  

1. C l  imate--hot-ar id ,  warm-humid, and temperate, 
2 .  Atr ium conf igura t ion- -open,  c losed,  and a d j u s t a b l e  tops,  
3. . Thermal mechanism--natural convect ion,  r a d i a t i v e  coo l i ng ,  shading, 

and o the rs .  

A p p l i c a t i o n  o f  t h e  r e s u l t i n g  three-d imensional .  ( t h ree -coo rd ina te )  m a t r i x  
was considered and tes ted .  Although t h e  t e s t i n g  was f o r  purposes o f  checking 
scheme a p p l i c a t i o n ,  t he  procedure i n d i c a t e d  t h a t  most o f  t h e  a t r i a  examined 
were o f  t h e  ad jus tab le - top  c o n f i g u r a t i o n  w i t h  d a y l i g h t i n g  t h e  p r i n c i p a l  
f u n c t i o n a l  mode. However, i t  was noted t h a t  thermal l y - induced a i r  f l o w  was 
present  i n  many o f  t h e  a t r i a  c l a s s i f i e d .  

I n  t h e  i d e n t i f i c a t i o n  o f  p romis inq  t e s t  s i t e s  i t  was noted t h a t  t h e r e  
appears t o  be a  shor tase o f  b u i l d i n a s  which meet t h e ' a t r i u m  d e f i n i t i o n .  
consequently, p rospec t i ve  t e s t  s i te ;  were ca tego r i zed  as f o l l o w s  based upon 
a n t i c i p a t e d  va lue  t o  t h e  study:  

1  . Commercial a t r i a - - a 1  ready cons t ruc ted ,  
2 . .  Commercial a t r i a - -p lanned  o r  under c o n s t r u c t i o n ,  
3. Res iden t i a l  a t r i a - - a l r e a d y  cons t ruc ted .  

It ' i s  a n t i c i p a t e d  t h a t  t h e  s e l e c t i o n  o f  ac tua l  t e s t  s i t e s  w i l l  be based 
on recommendations from Eureka Labora tor ies ,  LBL, and DOE, us ing  m a t e r i a l  
and c r i t e r i a  presented here. I t  i s  p ro jec ted  t h a t  t h e  s e l e c t i o n  w i l l  be made 
i n  August 1981. 
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. 1.0 INTRODUCTION 

Background 

Thermally-induced vent i la t ion i s  among the ident i f ied topics for  
investigation i n  the commercial passive cooling program for  the U.S. 
Department -of Energy ( D O E ) .  Thermal ly-induced a i r  flow includes thermal 
chimneys as well as convective a i r  flow w i t h i n  the shell  of a  s t ruc ture .  
However, thermal chinmeys have not been included i n  t h i s  investigation. 
Further, while the central  topic--atr ia  performance--is of world-wide i n t e r e s t ,  
t e s t  s i t e ' i d e n t i f i c a t i o n  has been limited to  the continental United States  
for  practical reasons. 

The major emphasis of t h i s  investigation i s  cooling of commercial use 
f a c i l i t i e s  through thermally-induced vent i la t ion in a t r i a .  In addi t ion,  
heating, heat t ransfer ,  and non-commercial applications are  of secondary 
concern--particularly as regards concept t r ans fe rab i l i t y .  While thermally- 
induced vent i la t ion fo r  cooling purposes i s  central t o  t h i s  study, i t  i s  
recognized tha t  numerous other factors  enter into atrium design. Among the 
additional elements t o  be integrated are :  day1 i g h t i n g ,  heating, physical 
c i rcu la t ion ,  1  andscaping, human comfort, a i r  qua1 i t y ,  and aesthet ics .  

For purposes of t h i s  project ,  an atrium i s  defined as a  space which: 

1 .  i s  surrounded on - a l l  sides by building(s) or  glazing; 
2 .  i s  capable of inducing vent i la t ion by buoyancy (from internal 

heat gain or so lar  ga in) ;  
3 .  has the purposes of cooling, vent i la t ion to  maintain a i r  quality 

i n  the atrium or  adjacent spaces, day-1 i g h t i n g  o r  heating; 
4. has a  top tha t  may be open or roofed (glazed oropaque) ;  
5 .  excludes thermal chimneys and parking l o t s .  

Some courtyards as well as greenhouses will meet the def in i t ion .  

1.2 Project Overview and Scope 

There a re  two major phases i n  t h i s  project:  the l i t e r a t u r e  review and 
planning phase, and the f i e ld  tes t ing  phase. This report  i s  one of three 
elements fo r  the f i r s t  phase. The spec i f ic  emphases in t h i s  project include: 

1 .  Search l i t e r a t u r e  for  design concepts and operating principles for  
a t r i a ,  ident i fy a t r i a  thermal functions in buildings, obtain 
existing experimental data (convective and gross ventilation. r a t e  
emphasis) , ident i fy experimental techniques and equipment for  ex- 
perimental work, locate  computational techniques appl icabl e  to  a t r i a ,  
and review environmental data useable for  correlat ive analysis in 
assessing atrium benefits ; 

2.  Inventory exis t ing a t r i a  for s ta te-of- the-ar t  repor t ,  l i s t  
promising t e s t  s i t e s ,  and c l a s s i fy  a t r i a  types. 



3. ' Develop exper imenta l  p lan  i n c l u d i n g  p r e l  im ina ry  c o r r e l a t i v e  a n a l y t i c a l *  
model , s e l e c t  t e s t  s i t e s  , i d e n t i f y  c r i t i c a l  measurements, s p e c i f y  
i n s t r u m e n t a t i o n  and data  a c q u i s i t i o n  equipment, and determine t e s t i n g  
sequence and schedule. 

4. Conduct experiments i n c l u d i n g  c o l l e c t i o n  and r e d u c t i o n  o f  t e s t i n g  data 
a f t e r  a c q u i s i t i o n  and debugging o f  i ns t rumen ta t i on .  

5. I d e n t i f y  a t r i a  c o r r e l a t i o n s  i n c l u d i n g  comparisons o f  measurements 
w i t h  c o r r e l a t i v e  model and m o d i f i c a t i o n  o f  t h e  model. 

6. Assess p o t e n t i a l  o f  a t r i a  f o r  induc ing  v e n t i l a t i o n .  

: 7. Develop guide1 i nes  and ru les-of - thumb f o r  a t r i a  design. 

Two t o p i c s  a r e  covered i n  t h i s  r e p o r t :  

1  . The development and p resen ta t i on  .of an a t r i u m  c l a s s i f i c a t i o n  scheme 
which use$ a t h r e e  dimensional ( t h r e e  coord ina te)  format .  

2 .  The i d e n t i f i c a t i o n  o f  promis ing t e s t  s i t e s  which inc ludes  i n d i v i d u a l  
d e t a i  1  ed d e s c r i  p t i o n s  . 

Th is  r e p o r t  serves as an impor tan t  l i n k  between t h e  s t a t e - o f - t h e - a r t  
examinat ion (Report No. 81-EN-17) and t h e  eventual  t e s t i n g  o f  se lec ted  s i t e s .  . 

The c l a s s i f i c a t i o n  scheme provides f o r  ac tua l  s i t e  s e l e c t i o n  w i t h i n  t h e  
i n t e g r a t e d  c o n t e x t  o f  c l i m a t e  d i f f e r e n c e s ,  a t r i u m  c o n f i g u r a t i o n  p o s s i b i l i t i e s ,  
and a l t e r n a t i v e  thermal mechanisms. The d e t a i l e d  d e s ~ r i p t i o n s  o f  promis ing t e s t  
s i t e s  a r e  expected t o  f a c i l i t a t e  u l t i m a t e  s e l e c t i o n  from a  comprehensive 
pe rspec t i ve .  



rn 2 - 0  CLASS1 FICATION SCHEME DEVELOPMENT 

2.1 I n t r o d u c t i o n  

A  w e l l  d i f f e r e n t i a t e d  c l a s s i f i c a t i o n  scheme such as t h a t  developed by  
Doug Balcomb a t  Los Alamos S c i e n t i f i c  Labo ra to r y  f o r  pass i ve  h e a t i n g  i s  
n o t a b l y  absent f o r  pass i ve  c o o l i n g  systems. One o f  t h e  t a s k s  i n  p r o j e c t  
TIVIA i s  t o  deve lop  a  c l a s s i f i c a t i o n  scheme f o r  one s p e c i f i c  b u i l d i n g  
element,  t h e  a t r i um,  which can p r o v i d e  pass i ve  c o o l i n g  by i n d u c i n g  v e n t i l a t i o n  
When combined w i t h  t h e  work o f  o t h e r  pass i ve  c o o l i n g  resea rche rs  under  
c o n t r a c t  t o  DOE, i t  i s  b e l i e v e d  t h a t  a  comprehensive pass i ve  c o o l i n g  
c l a s s i f i c a t i o n  scheme encompassing a l l  systems w i l l  r e s u l t .  

The p r i m a r y  c o n s i d e r a t i o n  i n  deve lop ing  t h i s  a t r i u m  c l a s s i f i c a t i o n  
scheme i s  t o  p r o v i d e  a  d e s i  gn -o r i en ted  c o r r e l a t i v e  t o o l  which i s  usab l  e  
by b u i l d i n g  des igners .  The approach t aken  emphasized a p p l i c a t i o n  o v e r  
t h e o r y  by  p r e s e n t i n g  t h e  known o r  assumed r e l a t i o n s h i p s  between a t r i u m  
c o n f i g u r a t i o n s ,  thermal  o p e r a t i n g  modes, and c l  imate  i n  g raph i c  concep tua l  
form r a t h e r  than  i n  complex a n a l y t i c a l  form.  The most d i r e c t  method i s  
t o  s i m p l y  m a t r i x  each o f  these  v a r i a b l e s  a g a i n s t  one ano ther  such t h a t  
any c o r r e l a t i o n s  which may e x i s t  between them w i l l  become e v i d e n t  a t  a  
g lance .  The m a t r i x  dimensions encompass t h e  t h r e e  v a r i a b l e s  t h a t  most 
i n f l u e n c e  a t r i u m  pe r fo rmance - - s i t e  c l i m a t e ,  a t r i u m  c o n f i g u r a t i o n  and t h e  
thermal  mechanisms o p e r a t i n g  which de te rmine  a t r i u m  o p e r a t i n g  modes. 

Once t h e  b a s i c  des ign  parameters f o r  t h e  b u i l d i n g  a r e  e s t a b l i s h e d  f rom 
t h e  m a t r i x ,  t h e  v a r i o u s  ru les -o f - thumb developed a t  p r o j e c t  end can be a p p l i e d  
t o  t h e  des ign .  Th i s  c l a s s i f i c a t i o n  m a t r i x  i s  p resen ted  i n  F i g u r e  2-1 . The . 
Z-ax is  desc r i bes  t h e  c l i m a t e  d imension o f  t h e  a t r i u m  s i t e  as a  f u n c t i o n  o f  
ambient temperature and h u m i d i t y .  The X-axis desc r i bes  t h e  p h y s i c a l  c o n f i g u r a -  
t i o n  and s i t i n g  o f  t h e  a t r i u m .  The Y-axis desc r i bes  t h e  known and assumed 
thermal  f u n c t i o n s  o f  t h e  a t r i u m .  These a r e  e x p l a l n e d  i n  d e t a i l  below. 

2.2 C l imate  

The c l i m a t e  v a r i a b l e s  o f  s o l a r  r a d i a t i o n ,  temperature,  a tmospher ic  
hum id i t y ,  and w ind  combine i n  complex ways t o  e s t a b l i s h  env i ronmenta l  con- 
d i t i o n s  a t  t h e  b u i l d i n g  s i t e .  At tempts t o  p r o v i d e  some s o r t  o f  reasonab le  
o r d e r i n g ,  i .e., a  " c l  imate  ' c l  a s s i f i c a t i o n  scheme ," t o  i d e n t i f y  t h e  expected 
range w i t h i n  which t h e  b u i l d i n g  system w i l l  have t o  p r o v i d e  human thermal  
comfo r t ,  have r e s u l t e d  i n  a  number o f  d e s c r i p t i v e  schemes. There a r e  complex, 
e s o t e r i c  s ing le -parameter  d e s c r i p t o r s  [I] such as mean r a d i a n t  tempera tu re  
(MRT), s o l - a i r  temperature,  o r  e f f e c t i v e  tempera tu re  (ET) t h a t  a r e  based on 
seve ra l  parameters d e s c r i b i n g  complex human p h y s i o l o g i c a l  responses t o  hea t  
and c o l d .  There a r e  a l s o  i n d i c e s  t h a t  a r e  o v e r s i m p l i f i e d ,  such as h e a t i n g  
and c o o l i n g  degree-days, t h a t  cons ide r  o n l y  ambient d r y - b u l b  tempera tu re .  
Th i s  does n o t  adequate ly  address human c o m f o r t .  The c l  ima te  c l a s s i f i c a t i o n  
developed i n  t h i s  r e p o r t  i s  based s o l e l y  upon t h e  c l i m a t e  parameters o f  a i r  
temperature and r e l a t i v e  h u m i d i t y ,  t h e  two most f a m i l i a r  de te rminan ts  o f  
human thermal  comfo r t .  A d d i t i o n a l  l y ,  t hese  c l  i m a t i c  parameters were s e l e c t e d  
because t h e  h i s t o r i c a l  da ta  base f o r  tempera tu re  and r e l a t i v e  h u m i d i t y  i s  
q u i t e  e x t e n s i v e  f o r  t h e  U n i t e d  S ta tes  and i s  r e a d i l y  a v a i l a b l e  t o  des igne rs  
i n  t a b u l a r  form f o r  a  l a r g e  number o f  l o c a t i o n s .  No such t a b u l a r  da ta  e x i s t s  
f o r  - ET 6 r  - MRT; t h e y  must be c a l c u l a t e d  f o r  each l o c a t f o n .  
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Work done by  Bowen [2] has suggested t h a t  t h e  U n i t e d  S ta tes  can be d i v i d e d  
i n t o  t h r e e  broad c l  i m a t i c  zones hav ing  v a r y i n g  tempera tu re  and r e 1  a t i v e  h u m i d i t y  
regimes. Th i s  agrees c l o s e l y  w i t h  t h e  h i s t o r i c a l  work done by  Koppen and o t h e r s  
[3,4] i n  c l a s s i f i c a t i o n  o f  w o r l d  c l i m a t e s .  Most o f  t h e  U n i t e d  S ta tes  i s  c l a s s -  
i f i e d  as hav ing  a  temperate c l i m a t e  w i t h  v a r y i n g  seasonal h e a t i n g  and c o o l i n g  
requ i rements .  The o t h e r  two c l i m a t i c  t ypes ,  h o t - a r i d  and warm-humid, a r e  
d i s t i n g u i s h e d  by hav ing  a  yea.r-around c o o l i n g  requ i rement  b u t  d i s t i n c t  tempera- 
t u r e  and h u m i d i t y  d i f f e r e n c e s .  

The C l i m a t i c  ' ~ t l a ~  ' o f  :€ t ie  'Ur i i i ted ' S t a t e s  [5]  i s  t h e  source o f  most o f  t h e  
c l i m a t i c  da ta  used i n  t h i s  r e p o r t .  

H o t - A r i d  ' C l  imates 

I n  t h e  c l i m a t e  d imension o f  t h e  m a t r i x ,  h o t - a r i d  c l i m a t e s  f a i l  i n t o  t h e  
r e g i o n  t h a t  i n d i c a t e s  year-around c o o l i n g  i s  necessary.  Th i s  p r i m a r i l y  desc r i bes  
t h e  t r u e  deser t "c1 imates  t h a t  a r e  t y p i c a l l y  found i n  t h e  southwestern U n i t e d  
S ta tes .  I n c l u d e d  a r e  p o r t i o n s  o f  C a l i f o r n i a . ,  Nevada, Ar i zona ,  New Mexico, and 
Texas below about  30°N l a t i t u d e .  The c o o l i n g  requ i rement  i s  exacerbated p r i -  
m a r i l y  by  t h e  extreme h i g h  temperatures found i n  t h i s  c l i m a t i c  t ype .  Mean 
d a i l y  maximum tempera tu res  t y p i c a l l y  exceed 100°F f o r  a t  l e a s t  90 days o u t  o f  
t h e  y e a r .  D i u r n a l  temperature swings o f  50°F a r e  n o t  unusua l .  

R e l a t i v e  h u m i d i t y  a l s o  undergoes a  r e l a t i v e l y  l a r g e  d i u r n a l ' s w i n g  r a n g i n g  
f rom lows o f  10-20% d u r i n g  t h e  day t o  w e l l  o v e r  50% a t  n i g h t .  Tab le  2-1 p resen ts  
suggested ranges of va lues  f o r  d i u r n a l  and seasonal mean tempera tu re  maxima 
and minima (T T  ) and r e l a t i v e  h u m i d i t y  (RH ) f o r  h o t - a r i d  c l  imates  . 
Examples o f  18!$t iof i in in h o t - a r i d  c l  imates a r e  La!!a~eg:$'i~evada and Yuma , 
Ar izona .  

2.2.2 Warm-Humid C l  ima tes  

Warm-humid c l i m a t e s  a l s o  f a l l  e n t i r e l y  i n t o  t h e  r e g i o n  o f  t h e  m a t r i x  
t h a t  i n d i c a t e s  year-around c o o l i n g  i s  needed. The c o o l i n g  l o a d  i n  t h i s  case 
i s  a  r e s u l t  o f  h i g h  temperatures combined w i t h  h i g h  h u m i d i t y .  These c l i m a t e s  
a r e  found m a i n l y  i n  F l o r i d a  and p o r t i o n s  o f  o t h e r  s t a t e s  t h a t  a r e  a d j a c e n t  t o  
t h e  G u l f  o f  Mexico; Outs ide  o f  t h e  c o n t i n e n t a l  U.S., t h e  s t a t e  o f  Hawai i  
exelrlpl i f i e s  t h i s  c l i m a t i c  t ype .  D a i l y  mean maximum temperatures a r e  t y p i c a l  l y  
ove r  85OF. The d i u r n a l  and seasonal tempera tu re  swing i s  s m a l l ,  t y p i c a l l y  
20°F. Average temperatures do n o t  f a l l  below 65°F. D a i l y  mean maximum 
r e l a t i v e  h u m i d i t y  i s  t y p i c a l l y  over  80%. The suggested range o f  va lues  f o r  
temperature and r e l a t i v e  h u m i d i t y  f o r  warm-humid c l i m a t e s  i s  presented i n  
Tab le  2-1. Examples o f  warm-humid l o c a t i o n s  i n  t h e  c o n t i n e n t a l  U.S. a r e  
Miami, F l o r i d a ;  New Or1 eans, Lou i s i ana  ; and B r o w n s v i l l  e, Texas. 

Temperate C l imates  

Temperate c l i m a t e s  o v e r l a p  t h e  c l i m a t e s  where t h e  predominant year-around 
requ i rement  i s  e i t h e r  h e a t i n g  o r  c o o l i n g  o n l y  . Temperate r e g i o n s  s e a s o n a l l y  
exper ience  s i m i l a r  tempera tu re  and h u m i d i t y  p a t t e r n s ,  a l t hough  n o t  t o  t h e  
same extremes as t hose  found i n  c o o l i n g - o n l y  o r  h e a t i n g - o n l y  c l i m a t e s .  The 
" a r i d "  o r  "humid" d e s i g n a t i o n  i m p l i e s  t h e  r e l a t i v e  h u m i d i t y  c o n d i t i o n s  d u r i n g  
t h e  summer coo l  i n g  season. Temperate-ar id  c l i m a t e s  a r e  g e n e r a l l y  found i n  t h e  
western U n i t e d  S ta tes ,  a ' r e l a t i v e l y  s h o r t  d i s t a n c e  i n l a n d  f rom t h e  P a c i f i c .  
Ocean, b u t  s t i l l  under  t h e  i n f l u e n c e  of a i r  masses o r i g i n a t i n g  i n  t h e  P a c i f i c .  
D i u r n a l  and seasonal swings o f  tempera tu re  and r e l a t i v e  h u m i d i t y  a r e  mode ra te l y  



Table 2-1 T y p i c a l  D i u r n a l  Temperatur.3 and R e l a t i v e  Humid i t y  Raiges D e f i n i n g  C l i m a t i c  Types. 

TEMPERATURE " F RELATIVE HUMIDITY % 

Summer Win te r  Summer W in te r  
Avg. Max. Pvg.Min. Avg .- Max. Avg .Mi  n . Avg.Max. Avg.Min. Avg. Max. Avg.Min. 

HOT-ARI D 105 7 5 6 0 3 2 3 (D 1 0  6 0 2 5 

WARM-HUMID 90 75 7 5 6 3 85 65 
Q, 

TEMPERATE-ARID; 95 60 60 32 60 20 

TEMPERATE-HUMID 95 7 0 6 0 3 5 8 5 50 

HEATING ONLY (A1 1 Others Not Fa1 R i n g  i'n Above Ranges) 



, 1  arge. T y p i c a l  summer day t ime  tempera tu re  maximums exceed 100°F, w i t h  ' n i g h t  
t i m e  lows f a l l i n g  below 70°F. Win te rs  a r e  r e l a t i v e l y  m i l d  w i t h  maximum 
day t ime temperatures averag ing  60°F w i t h  average minimums u s u a l l y  w e l l  below 
40°F. R e l a t i v e  h u m i d i t y  v a r i e s  f rom a  minimum o f  20% d u r i n g  t h e  summer months 
t o  a  h i g h  o f  90% d u r i n g  t h e  w i n t e r .  Sacramento, C a l i f o r n i a  i s  a  good example 
o f  a  tempera te -a r id  c l i m a t e .  Some o f  t h e  h i g h  d e s e r t  areas such as Reno, 
Nevada may a l s o  f a l l  i n t o  t h i s  ca tego ry .  Temperate-humid c l i m a t e s  a r e  found 
m a i n l y  i n  t h e  Midwestern,  South A t l a n t i c  and i n  much o f  t h e  n o r t h e a s t e r n  s t a t e s .  
Summers a r e  warm and humid, w i t h  75%-80% r e l a t i v e  h u m i d i t y  and d a i l y  maximum 
temperatures exceeding 85°F. The d i u r n a l  tempera tu re  range i s  r e l a t i v e l y  
sma l l ,  u s u a l l y  l e s s  than  15°F. The d i u r n a l  and seasonal r e l a t i v e  h u m i d i t y  
range i s  a l s o  sma l l ,  u s u a l l y  l e s s  t h a n  15% and l o % ,  r e s p e c t i v e l y .  The seasonal 
tempera tu re  range,  however, i s  s u b s t a n t i a l  because o f  t h e  c o l d  w i n t e r s .  
W in te r  day t ime tempera tu re  maximums r a r e l y  exceed 50°F; average minimum 
temperatures a r e  u s u a l l y  below f r e e z i n g .  Examples o f  temperate-humid c l i m a t e s  
a r e  Chicago, I l l i n o i s  and New York City, New York. The suggested range o f  
va lues  f o r  tempera tu re  and r e l a t i v e  h u m i d i t y  f o r  d e t e r m i n i n g  i f  a  l o c a t i o n  
f a l l s  i n  t h e  humid-temperate c l i m a t e  i s  g i v e n  i n  Tab le  2-1. 

Hea t i ng -on l y  c l i m a t e s  w i l l  n o t  be addressed s i n c e  t h i s  s t u d y  emphasizes 
pass i ve  c o o l i n g .  

2.3 A t r i u m  C o n f i g u r a t i o n  

Three b a s i c  a t r i u m  c o n f i g u r a t i o n s  a r e  recogn ized :  open t o p ,  c l o s e d  t o p ,  
and a d j u s t a b l e  t o p  t h a t  a r e  s i t e d  w i t h  t h e  f l o o r  o f  t h e  a t r i u m  e i t h e r  below 
grade o r  above grade. 

The c o n f i g u r a t i o n s  f o r  t h e  a t r i u m  types  under i n v e s t i g a t i o n  a r e  presented 
s c h e m a t i c a l l y  i n  F i g u r e  2-2. Open t o p  a t r i a  have d i r e c t  therma l  coupl  i n g  
between t h e  a t r i u m  a i r  and ambient a i r .  Closed t o p  a t r i a  a r e  i n d i r e c t l y  
coupled because t h e  a t r i u m  opening i s  c l o s e d  o f f  t o  ambient a i r  by  opaque, 
t r a n s l u c e n t  o r  t r a n s p a r e n t  r o o f i n g .  One o r  more o f  t h e  w a l l s  d e f i n i n g  t h e  
a t r i u m  space can a l s o  be e n t i r e l y  g l azed  w i t h  t r a n s l u c e n t  o r  t r a n s p a r e n t  mat-  
e r i a l  s.  A d j u s t a b l e  t o p  a t r i ums  have opaque, t r a n s 1  ucen t  o r  t r a n s p a r e n t  
movable panels  i n  t h e  a t r i u m  opening t h a t  can be opened o r  c l o s e d  as needed. 
The w a l l s  d e f i n i n g  t h e  a t r i u m  space may o r  may n o t  be opaque. 

It can be assumed t h a t  t h e r e  w i l l  be some v a r i a t i o n  between t h e  t h r e e  
d i f f e r e n t  . a t r i um  c o n f i g u r a t i o n s  i n  t h e  therma l  mechanisms t h a t  d r i v e  t h e  a t r i u m  
o p e r a t i n g  modes. For example, t he rma l l y - i nduced  c o n v e c t i v e  c o o l i n g  may' be 
more o f  a  f a c t o r  i n  a d j u s t a b l e - t o p  a t r i a ,  whereas r a d i a t i v e  c o o l i n g  may be 
t h e  dominant thermal  mechanism i n  open-topped a t r i a .  

2 - 4  A t r i ~ l m  n p e r a t i n g  Modes 

One o f  t h e  assumed purposes o f  a t r i a  i s  t o  p r o v i d e  some o r  a l l  o f  t h e  
v e n t i l a t i o n  and/or h e a t i n g  f o r  an ad jacen t  b u i l d i n g  space t h rough  e i t h e r  a  
coupl  i ng p rov ided  by n a t u r a l  hea t  t r a n s f e r  mechanisms ( convec t i on ,  conduc t ion ,  
r a d i a t i o n ) ,  o r  t h rough  i n t e g r a t i o n  o f  t h e  a t r i u m  space w i t h  t h e  b u i l d i n g ' s  
HVAC system. The o t h e r  assumed f u n c t i o n  o f  a t r i a  i s  t o  p r o v i d e  d a y l i g h t i n g  
f o r  r e d u c i n g  t h e  e l e c t r i c a l  energy consumed and i n t e r n a l  hea t  generated by 
a r t i f i c i a l  l i g h t i n q .  The v e r t i c a l ,  a x i s  o f  t h e  m a t r i x  i n  F i g u r e  2-1 l i s t s  t h e  
p o s s i b l e  thermal  mechanisms which suppo r t  t h e  v a r i o u s  o p e r a t i n g  modes. 
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The c o o l i n g  v e n t i l a t i o n  f u n c t i o n  i s  accompl ished by n a t u r a l  ( therma l  l y -  
induced)  o r  f o r c e d  (w ind -d r i ven )  convec t i on  which c rea tes ,  o r  a s s i s t s  i n  
c r e a t i n g  a  f low o f  f resh  c o o l i n g  a i r  th rough  t h e  ad jacen t  b u i l d i n g  spaces. 
N i g h t t i m e  r a d i a t i v e  c o o l i n g ,  when combined w i t h  day t ime shading can c r e a t e  - 
a  s i g n i f i c a n t l y  c o o l e r  m i c r o c l i m a t e  i n  t h e  a t r i u m  space. T h i s  i s  u s e f u l  
e s p e c i a l l y  i f  t h e  a t r i u m  c o n f i g u r a t i o n  can p r o v i d e  day s to rage  o f  coo l  a i r  
by e a r t h  c o n t a c t  c o o l i n g ,  c o n t a c t  w i t h  massive b u i l d i n g  w a l l s  o r  f l o o r ,  o r  by 
be ing  t rapped by a  canopy c r e a t e d  by t r e e  p l a n t i n g s  i n  t h e  a t r i um.  The coo l  
f r e s h  a i r  can be i n t r o d u c e d  i n t o  t h e  b u i l d i n g  e i t h e r  mechan i ca l l y  o r  n a t u r a l l y  
when t h e  b u i l d i n g  i n t e r i o r  needs c o o l i n g  o r  v e n t i l a t i o n .  

The h e a t i n g  f u n c t i o n  i s  accompl ished by  t h e  a b i l i t y  o f  t h e  a t r i u m  t o  
c o l l e c t  and s t o r e  hea t  f rom incoming s o l a r  r a d i a t i o n .  Th i s  f u n c t i o n  i s  q u i t e  
l i m i t e d  i n  open-topped a t r i a .  Some hea t  i s  c o l l e c t e d  and s t o r e d  by t h e  w a l l s  
t h a t  a r e  i l l u m i n a t e d  d u r i n g  t h e  day which tempers t h e  m i c r o c l i m a t e  w i t h i n  t h e  
a t r i u m  space t o  reduce hea t  l o s s  by c o n v e c t i o n  t h rough  t h e  b u i l d i n g  envelope 
on t h e  a t r i u m  s i d e .  The a t r i u m  a l s o  p rov ides  a  s h e l t e r e d  env i ronment  f rom t h e  
wind t o  reduce b u i l d i n g  hea t  l o s s  due t o  i n f i l t r a t i o n .  Closed and a d j u s t a b l e  t o p  
a t r i a  ( c l o s e d  mode), i f  an a p p r o p r i a t e  amount o f  g l a z i n g  i s  i n c o r p o r a t e d  i n  
t h e  a t r i u m  cover  and w a l l s ,  p r o v i d e  h e a t i n g  by d i r e c t  g a i n .  Incoming s o l a r  
r a d i a t i o n  i s  c o l l e c t e d  t h rough  t h e  g l a z i n g  and t h e  hea t  i s  s t o r e d  i n  t h e  a t r i u m  
a i r  and massive w a l l s  and f l o o r .  The hea t  i s  d i s t r i b u t e d  t h rough  t h e  
ad jacen t  b u i l d i n g  spaces by  n a t u r a l  hea t  t r a n s f e r  mechanisms o r  by i n t e g r a t i n g  
i t  w i t h  t h e  b u i l d i n g  HVAC system. 

Perhaps t h e  most w i d e l y  a p p l i e d  a t r i u m  f u n c t i o n  i s  d a y l i g h t i n g .  S u n l i g h t  
e n t e r i n g  t h e  a t r i u m  i s  d i f f u s e d  e i t h e r  by  t r a n s l u c e n t  g l a z i n g ,  i f  used, i n  
c l osed  o r  a d j u s t a b l e  t o p  a t r i a ,  o r  by r e f l e c t i o n  o f f  su r f aces  i n  t h e  a t r i u m  space. 
Occupied spaces around t h e  pe r ime te r  o f  t h e  a t r i u m  r e c e i v e  t h i s  h i g h  q u a l i t y  
l i g h t .  The j u d i c i o u s  use o f  d a y l i g h t i n g  can g r e a t l y  reduce t h e  need f o r  
a r t i f i c i a l  i n t e r i o r  1  i g h t i n g .  Approx imate ly  30-40% o f  a  1  a rge  o f f i c e  b u i l d i n g ' s  
c o o l i n g  l o a d  i s  due t o  hea t  g i v e n  o f f  by e l e c t r i c  l i g h t i n g .  The use o f  day- 
l i g h t i n g  reduces t h e  number o f  l i g h t i n g  f i x t u r e s  needed. T h i s  means l e s s  
i n t e r n a l  hea t  i s  generated t o  add t o  t h e  b u i l d i n g ' s  c o o l i n g  l o a d .  

2.5 A p p l i c a t i o n  o f  t h e  C l . a s s i f i c a t i o n  Scheme 

The c l a . s s i f i c a t i o n  scheme w i l l  be used t o  de te rmine  t h e  degree o f  
c o r r e l a t i o n  between t h e  a t r i u m  parameters by a p p l y i n g  i t  t o  e x i s t i n g  a t r i a  

' i n  t h e  U n i t e d  S ta tes .  S ince  t h e  c l a s s i f i c a t i o n  m a t r i x  i s  t h ree -d imens iona l ,  
any p o i n t  i n  t h e  space bounded by t h e  XY ,YZ and XZ  p lanes can be d e f i n e d  by 
a  s e t  o f  t h r e e  c o o r d i n a t e  va lues  (X,:Y.,Z). I n  ou r  case, t h e  " va lues "  a r e  n o t  
numer ica l ,  b u t  a r e  t h e  a t r i u m  parameters- -a t r ium c o n f i g u r a t i o n ,  s i t e  c l i m a t e ,  
and a t r i u m  thermal  o p e r a t i n g  mechanism. N e i t h e r  a r e  t h e y  p o i n t s  i n  space, 
b u t  a r e  " c e l l s "  d e f i n e d  by t h e  a t r i u m  parameters.  F i g u r e  2-3 i l l u s t r a t e s  t h i s .  

The f i r s t  s t e p  i n  c l a s s i f y i n g  an a t r i u m  i n v o l v e s  i d e n t i f y i n g  i t s  
p h y s i c a l  c o n f i g u r a t i o n  f rom t h e  X-ax is  o f  t h e  m a t r i x .  The a t r i u m  c o n f i g u r a t i o n  
i s  t h e n  c o r r e l a t e d  w i t h  i t s  known o r  assumed thermal  o p e r a t i n g  mechanism g i v e n  
on t h e  Y-axis.  T h i s  produces F/C, a  p l o t  o f  a t r i u m  thermal  o p e r a t i n g  mechanism 
as a  f u n c t i o n  o f  a t r i u m  c o n f i g u r a t i o n  t h a t  d e f i n e s  t h e  X and Y " coo rd ina tes . "  A  
d o t  i s  p laced  i n  t h e  element d e s c r i p t o r  square f o r  each F/C i n  t h e  upper l e f t -  
hand c o r n e r  o f  t h e  m a t r i x .  T h i s  process i s  i l l u s t r a t e d  i n  F i g u r e  2-4. I t  i s  
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expected t h a t  any s i n g l e  a t r i u m  example w i l l  p robably have more than one F/C 
combinat ion i n  evidence. For example, an open-top a t r i u m  may have day s to rage 
o f  coo l  a i r ,  shading, and d a y l i g h t i n g  i n  evidence s imu l taneous ly .  I n  t h i s  case, 
one d o t  w i l l  be p laced i n  each o f  t he  element d e s c r i p t o r  squares f o r  F/C under 
t h e  "OPEN TOP" ca tegory  i n  F igu re  2-5 by  each square corresponding t o  "Day Cool 
Storage, "Shade," and "Day l i gh t i ng . "  

The n e x t  s t e p  i s  t o  i d e n t i f y  t h e  s i t e  c l i m a t e  by p l a c i n g  a d o t  i n  t h e  
a p p r o p r i a t e  element d e s c r i p t o r  square f o r  each c l i m a t i c  t y p e  i n  which t h e  p a r t i c u -  
l a r  F/C combinat ion i s  found. This  i s  i l l u s t r a t e d  i n  F igure  2-5. Element 
d e s c r i p t o r  squares a r e  prov ided f o r  h o t - a r i d  (HA), warm-humid (WH), temperate- 
a r i d  (TA), temperate-humid [TH) and hea t i ng  o n l y  (H) c l ima tes .  Th i s  de f i nes  
t h e  Z "coord ina te"  o f  t h e  c l a s s i f i c a t i o n .  For example, t h e  F/C combinat ion 
o f  above grade open t o p  a t r i a  employing n a t u r a l  convect ion,  f i v e  such examples 
were found; t h r e e  a r e  l o c a t e d  i n  h o t - a r i d  c l ima tes  and two in tempera te-ar id  
c l i m a t e s .  The a t r i u m  c o r r e l a t i v e  a n a l y s i s  i s  now complete. Th is  process i s  
repcated f o r  each s u b j e c t  a t r i um.  A f t e r  enough Cases have been a n a l y z ~ d  i n  
t h i s  way, a  p a t t e r n  w i l l  appear. The d e n s i t y  d i s t r i b u t t o n  o f  do ts  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  degree o f  c o r r e l a t i o n  t h a t  e x i s t s .  The m a t r i x  c e l l s  
w i t h  h i g h  d o t  d e n s i t i e s  a r e  assumed t o  have h i g h  c o r r e l a t i o n  between parameters. 
F igu re  2-5 i l l u s t r a t e s  an example o f  t h e  r e s u l t s  o f  t h i s  t ype  o f  ana lys i s .  
It i s  recommended t h a t  t h e  a t r i a  t o  be t e s t e d  i n  P r o j e c t  TIVIA be se lec ted  
from among those c e l l s  t h a t  have t h e  densest d o t  d i s t r i b u t i o n  as t h e  c o r r e l a -  
t i o n  between parameters i s  t h e  h ighes t .  

The c o r r e l a t i o n s  developed i n  t h e  c l a s s i f i c a t i o n  scheme w i l l  be v e r i f i e d  
by o n - s i t e  measurement o f  t h e  parameters and t h e i r  s e n s i t i v i t i e s  d u r i n g  t h e  
Phase I 1  t e s t i n g  p a r t  o f  t h e  p r o j e c t .  The c l a s s i f i c a t i o n  scheme can then be 
ad jus ted  as emp i r i ca l  da ta  d i c t a t e s .  

It i s  recommended t h a t  a f t e r  v a l i d a t i o n ,  t h e  c l a s s i f i c a t i o n  m a t r i x  
be r e f i n e d  by  us ing  c o l o r f u l  commercial graphics techniques r a t h e r  than a  d o t  
d i s t r i b u t i o n  t o  l e n d  more v i s u a l  appeal and enhance i t s  ease o f  use. Perhaps 

. a  s e r i e s  o f  t r ansparen t  ove r lays  can be'used, each i n d f v i d u a l  one having i t s  
shading i n  t h e  a p p r o p r i a t e  m a t r i x  c e l l  t o  i n d i c a t e  c o r r e l a t i o n .  When ' l a i d  
one on t o p  o f  another  t h e  da rkes t  c e l l s  would i n d i c a t e  t h e  t ype  o f  design 
s t r a t e g y  t o  use i n  a  g i ven  s i t u a t i o n .  Having a  t o o l  which i s  easy t o  use w i l l  
t hus  ensure i t s  widespread acceptance. 



- - 

Figure  2 - 5 .  Example of C l a s s i f i c a t i o n  R e s u l t s .  
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' 3 . 0  PROMISING TEST SITES 

3.1 I n t r o d u c t i o n  

The f o l l o w i n g  l i s t  o f  p romis ing  s i t e s  meets t h e  p r o j e c t  d e f i n i t i o n  f o r  
a t r i a  and prov ides  a  range o f  b u i l d i n g  types ,  energy f u n c t i o n s ,  aspec t  r a t i o s  
and c l ima tes .  However, t h e  f i n a l  s e l e c t i o n  should cons ider  severa l  o t h e r  
f a c t o r s  i n c l u d i n g  t e s t s  o f  t h e  most " c o n t r o l l a b l e t t  a t r i u m  spaces s i n c e  t h e  
research  goal i s  t o  v a l i d a t e  an a n a l y t i c a l  model o r  c a l c u l a t i o n  technique.  
A  q u a l i t a t i v e  e v a l u a t i o n  v e r i f y i n g  a  s i t e ' s  p o t e n t i a l  f o r  thermal  l y - i nduced  
v e n t i l a t i o n  may n o t  p r o p e r l y  assess t h e  mechanical eng inee r ' s  success o f  
m a i n t a i n i n g  iso thermal  c o n d i t i o n s  w i t h i n  a t r i u m  spaces. Uncoupl ing t h e  a t r i u m  
from t h e  HVAC equipment may 1 i m i t . t h e  owners' responsiveness t o  p e r m i t  t e s t i n g .  
I n  o rde r  t o  o b t a i n  comparat ive t e s t  r e s u l t s ,  a  non-at r ium b u i l d i n g  may be 
needed f o r  use as an exper imenta l  c o n t r o l .  

D e l e t i o n ' o f  S i t e s  

E i g h t  s i t e s  were d e l e t e d  as p romis ing  t e s t  s i t e s .  These s i t e s  were: 

Energy Showcase B u i l d i n g ,  Sacramento, Ca. 
Oakland S t a t e  Of f ice B u i l d i n g ,  Oakland, Ca. 
TVA Headquarters, Chattanooga, Tennessee 
Ill i n o i s  S t a t e  Of f ice B u i l d i n g ,  Chicago, Ill i n o i s  
Pa iu te  P ro fess iona l  Center,  Bishop, Ca. 
U n i v e r s i t y  o f  Minnesota, Minneapol i s ,  Minn. 
Twelve Portman-designed Ho te l  s  , U.S . wide 
A r l  i n g t o n  H o s p i t a l  , A r l  i n g t o n  , Texas 

The f i r s t  f i v e  s i t e s  (numbers 1  through 5 )  w i l l  n o t  be. i nc luded  as 
promis ing t e s t  s i t e s  because t h e i r  comple t ion  dates i n  c o n s t r u c t i o n  a r e  n o t  
w i t h i n  t h e  t ime  frame o f  t h i s  research  e f f o r t  r e l a t i n g  t o  cool - ing.  

The U n i v e r s i t y  o f  Minnesota s i t e  was de le ted  s i n c e  i t  i s  l o c a t e d  i n  
a  predominant ly  h e a t i n g  c l i m a t e  (8400 b e a t i n g  degree d.ays) and t h e r e  a re  no 
phys i ca l  connect ions t o  t h e  cou r t ya rd .  

One o f  t h e  t h i r t e e n  John Portman h o t e l  des igns was i nc luded  as a  
p romis ing  s i t e  ( b u t  others were de le ted )  t o  rep resen t  t h i s  p reva l  en t  des ign  
w i t h i n  t h e  Hote l  ca tegory .  The A r l i n g t o n  H o s p i t a l  s i t e  was d e l e t e d  s i n c e  
t h i s  a t r i u m  rece i ves  a i r  supp ly  from exhaust a i r  and heat  sources from o t h e r  
areas l e a v i n g  no possi  b i l  i t y  f o r  thermal  l y - i nduced  a i r  f l o w .  

A l l  t h e  remain ing  s i t e s  have t h e  p o t e n t i a l  f o r  c o o l i n g  v e n t i l a t i o n  and 
represent  a. range o f  s e c t i o n a l  aspect r a t i o s .  

3.3 D e t a i l e d  I n f o r m a t i o n  on Promising S i t e s  

Th i s  s e c t i o n  presents d e t a i l e d  i n f o r m a t i o n  on e igh teen promis ing  s i t e s .  
I t  should be noted t h a t  t h r e e  o f  t h e  s i t e s  have more than one a t r i u m  which 
cou ld  serve as p o t e n t i a l  t e s t i n g  cand ida tes .  A t o t a l  o f  twen ty - fou r  a t r i a  
are  a v a i l a b l e  f o r  t e s t i n g  i n  t h e  e igh teen s i t e s .  D e t a i l e d  s i t e  d e s c r i p t i o n s  
a re  preser1.1;ed w i t h  CI sunir\ary. l i s t  i n  Table 3-1 . 



Table 3-1. Lis t ing of  promising S i t e s .  

A .  Commercial Atr ia  Constructed. -. . 

1 .  S i t e  1A Sacramento, Cal i fo rn ia  

2. Crown Center Hotel 

3 .  Hotel Del Coronado 

4. Regency Hyatt House 

5.  M ~ r h e n i c n l  Engineering 
B u l l d l r l q  

Commercial ..----* - e Atria Planncd .. ...-- 

6. Princeton Professional Park 

7 .  Essex-Dorset Senior Center 

8 .  Lakeland Wesley Village 

9.  Colorado ~ o u n t a i n  Col lege 

Kansas City,  Missourj 

San Diego, Cal i f o rn i a  ( ~ w o ) ~  

San ~ r a n c i s c o  , Cal i f o rn i a  

Universj t y  o f  N .  M . ,  
l a s  Cruces , New Mexico 

Princeton, N .  J .  ('Three)a 

Essex , Mary1 and 

Paducah, Kentucky  o our)^ 

Gl enwood Springs , Colorado 

10. Southwest woodbridge Elementary I rv ine ,  Cal i fo rn ia  
School 

11 . Simmons Building, Davol Complex Providence, Rhode Island 

C .  Residential Atr ia  Constructed 

12 .. Mitchell Hes'idence 

13.  Good Residence 

 it l Valley, Cal i fornia  

Mi 11  Valley, ,  Califprnria 

14. Jessee  Residence Pennington Gap Virginia 

15. So'lar A t r i u m  Residence Phil adel phia , Pennsylvania 

16. Men1 o Demonstration Town Homes Tucsurt, Arizona 

17. Melin Residence Kentfield,  Cal i fo rn ia  

18. Forstner Kesidence Woodacre, Cal i fo rn ia  

a .  number of a t r i a  ava i lab le  f o r  t e s t i n g  on each s i t e .  



3.3.1 Commercial Atria Constructed 

SITE 1A, SACRAMENTO, CALIFORNIA 
2 

The Office of the Sta te  Architect has designed a 4-storied, 288,000 f t .  , 
of f i ce  building i n  downtown Sacramento, which contains an enclosed central  
atrium. Construction was completed2in March 1981 , and projected energy 
consumption is 20% (64,300 Btuls/ft /yr) of the energy consumption of existing 
s t a t e  of f ice  buildings. The passively conditioned atrium space, approximately 
120 f t .  X 120 f t .  X 55-70 ft. houses the  vert ical  and horizontal pub1 i c  

. circulat ion,  two thermal storage rock beds ( a t  1.35 million pounds each),  public 
s i t t i n g  areas,  and serves as a pre-conditioner for  the b u i l d i n g ' s  make-up a i r .  
The building is  cooled a t  night by evaporatively cooled night a i r  circulated 
through the  central  variable a i r  volume system. The rockbeds a re  a1 so 
evaporatively cooled w i t h  night a i r  and a r e  sized t o  meet 60% of the  daytime 
cooling load and provide 75% of the  cooling not met by the b u i l d i n g ' s  concrete 
s t ructure.  

The design rat ionale was to:  1 ) reduce peak heating and cooling loads, 
2) reduce annual energy use, and 3)  integrate  energy systems w i t h  archi tectural  
and user-related requirements. Figure 3-1 iden t i f i e s  the s igni f icant  design 
specif icat ions.  

The cooling design i s  based on the 34OF temperature swing charac ter i s t ic  . 
of Sacramento's cooling season, evening temperatures nearly a1 ways dropping 
below 70°F. Operable exter ior  louvers covering three double-glass sawtooth 
bays which a r e  100 f t .  long exclude d i rec t  sunlight from the  atrium. The 
mass is cooled by a fan-powered n i g h t  vent i la t ion system. In modelling the 
thermal response of the atrium, an additional load was input t o  simulate 
the ef fec t  of drawing b u i l d i n g  make-up a i r  from the  atrium. An acceptable 
temperature d i f ferent ia l  between the atrium space and outdoors was defined as  
any temperature between the  indoor and the average of indoor and outdo04 
temperatures. Two temperature respenses were modelled, one for  4500 f t  , 
60" t i l t e d ,  south glass and the other fo r  the same south glass w i t h  6000 
additional square f ee t  of north shaded glass a t  a 30° t i l t .  Since temperature 
ranges i n  both cases were acceptable, the north facing glass was included 
t o  provide a&li$.i~&' day1 ight ing . 

+- -+ , 
-kK >. - -1 

zones w i t h i n  the b u i l d i n g  were modelled t o  evaluate heating requirements 
during Sacramento's cool , short winters (2782 heating degree days). Deep 
zones, i .e., 30 t o  45 f e e t  from the building perimeter, were assumed t o  
receive a1 1 heating requirements from stored heat. Shallow zones, i .e. , 
building perimeters, showed insuff ic ient  heat t o  o f f se t  s k i n  losses.  The 
sizing of the induct ion system perimeter heating assumed no sel f-induced 
t ransfer  between the in te r io r  and perimeter zones. T h i s  is the  worst case and 
is not expected t o  occur i n  the  building open-plan areas. 

I f  no interzone t ransfer  i s  assumed, large in te r io r  economizer loads 
appear. By sending the  economizer airstream through the  rockbed, heat i s  
recovered and held for  morning perimeter use. The design day heating load 
is  88 therms and the economizer load on the same day is estimated a t  90 
therms. Whether the surplus migrates t o  perimeter zones or  i s  recovered by 
the  rockbed, very small auxi l iary heating i s  expected. Four 5 f t .  diameter 
by 45 f t .  lon an t i s t r a t i f i ca t ion  canvas tubes (fan driven) a r e  used t o  
return upper 9 warmer) atrium a i r  t o  lower 1 eve1 s during winter operation. 



Figure 3-1 Site 1 A ,  Sacramento, Cal ifornia 



i Based on resuirs of l i g h t ~ n g  r e s r s  made on a mock-up building sec t  on, 
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E<-'t'4- ; simulations t o  s i z e ,  the HVAC system used loads of 1.0 t o  2.5 wa t t s / f t  i n  

--;:I the perimeter and i n t e r i o r  zones respectively.  In determining annual energy 
' 7  consumption an average l ight ing  value of just under 2 wat ts / f t2  was used. 

Sizing the HVAC system proved t o  be a problem t o  the designers. Since 
the  building environment depends upon conditions over the  previous 1-2 days, 
conventional ASHRAE s iz ing methods will not ref1 ec t  the b u i l  d i n g  Is dynamic 
behavior. Simulations using a modified NBSLD program confirmed t h i s .  
Assuming t h a t  the intent  of the  ASHRAE 2.5% temperature and corresponding 
load is t o  provide the capacity t o  meet 97.5% of the  expected loads,  the  
designers performed an hour-by-hour simulation to  determine a s imilar  design 
load. For s i t e  1 ,  a 1% cooling and .5% heating load were used fo r  system sizing.  

The rockbed was sized t o  meet 60% of the  1300 ton-hr design day cooling 
load. Distribution of da i ly  cooling loads was based on a three-air-changes- 
per-hour night vent i la t ion r a t e .  The beds a f e  each connected t o  ver t ical  
a i r  shaf t s .  The bed frontal  area is 2000 ft each w i t h  a depth of s l  igh t ly  
l e s s  than 7 f t .  The beds a re  designed for a .3" w.g. s t a t i c  pressure lo s s  
a t  5 fpm maximum face velocity.  

CROWN CENTER HOTEL. KANSAS CITY. MISSOURI 

The Crown Center Hotel was designed by Harry Wesse and Associates of 
F.',.',~@:,.; , I&m Chicago , I l l i n o i s  and contains a 120 f t .  long by 96 f t .  wide by 5 s tory  h i g h  

r48 -  . - <  . L s '  atrium (see Figure 3-2). The f loor  of the atrium is a terraced garden u s i n g  
,--- ' i$2; the  exis t ing natural h i l l s ide .  Exposed rocks become the  center of a waterfal l .  
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k The atrium space i s  part  of the  lobby and the  foyer. Meeting rooms and 
a restaurant open into the atrium. The restaurant  on the  top f loor  of the  
hotel is w i t h i n  10 f e e t  of the atrium roof. Part of the atrium roof ,  80 ft. 
by 18 f t . ,  is  enclosed by c l ea r  glass  i n  order t o  provide l ight ing  f o r  the 
garden plants be1 ow. 

The atrium is  a conditidned space where summer and winter temperatures 
a r e  maintained by a forced a i r  HVAC system a t  a l l  f i ve  leve ls .  The a rch i t ec t s1  
purpose fo r  the atrium was t o  provide an aes the t ic  appearance and integrate  
building functions over the exis t ing landscape. The a rch i t ec t s  indicated 
t h a t  the HVAC system was designed t o  prevent the formation of temperature 
gradients,  i.e.,  no thermally-induced a i r  flow. No energy contributions by 
the atrium glazing or  waterfall  were considered i n  the heating and cooling 
load calculations.  
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Figure 3-2 Western Internat ional 's  Crown Center Hotel, Kansas City, Missouri. br 

HOTEL DEL CORONADO, SAN DIEGO, CALIFORNIA 
2 T h i s  3,500,000 f t  hotel was designed by ,larn~s Uatsen and Maritt Reid 

archi tec ts .  The bullding, f ive  s to r i e s  on three sides and three s to r i e s  on 
the  remaining side,  surrounds a rectangular courtyard. The courtyard i s  
150 f t .  by 250 ft. and contains a garden and guest areas. Some breezeway 
connections a re  present. Other buildings have been added t o  the hotel,  
primarily a seven-story, 200-room addition and a poolside building. The 
poolside buiiding is three buildings surrounding the pool, one contains a 
three-story atrium w i t h  an enclosed glass top. Deep fol iage and t rees  a re  
present w i t h i n  the  atrium and a glass case elevator i s  located on one 
atrium wall. A t r i u m  dimensions a r e  35 f t .  wide by 60 f t .  l o n g  by 3 s to r i e s  
high. I t  is uncertain as t o  whether t h e  a t r i um i s  part of the conditioned 
space. 

The main 5-story hotel has refrigerated cooling in the  central  meeting , 

room. The remainder of the  building including guest rooms a r e  cooled by 
wind-induced vent i la t ion.  The ava i l ab i l i ty  of cool ocean breezes allows 
a i r  t o  flow through hallways in to  ronms and out in to  the courtyard a t  balcony 
points. Depending on wind conditions and direct ion,  a i r  flow may be reversed. 
The added poolside buildings a l l  u t i l i z e  cold water refr igerated cooling systems. 

The building was constructed i n  1888. The archi tec t  i s  not available; 
therefore,  the  intended purpose of the  courtyard design is unknown. An a i r -  
view of the  hotel i s  presented i n  Figure 3-3. . 



Figure 3-3 Hotel Del Coronado, San Diego, California 

REGENCY HYATT HOUSE, SAN FRANCISCO, CALIFORNIA 

~ o h n  Portman & Associates have designed commercial buildings using 
a t r i a  since the early 1960's. The 20-story, 840-room Regency Hyatt Hotel 
was constructed i n  1968. The atrium is t r iangular ,  300 f t .  long, 170 f t .  
wide and 170 f t .  h i g h .  According t o  the  consulting engineers for  the  
project, Bri tt Alderman Associates, t he  atrium i s  a completely conditioned 
space by conventional HVAC equipment (150 tons) ,  s ix  t o  eight AC units are  
located under the lobby f loor .  Controls for  the  system permit only a 3OF 
temperature d i f ferent ia l  between the  upper and lower atrium levels  t o  occur. 
Some atrium a i r  i s  used fo r  a i r  qual i ty  by controlling restaurant and 
restroom odors through mixing and venting t o  the  outdoors. All the Portman 
designs contain cnclosed top a t ~ i a .  

The Portman atrium designs can be categorized as e i ther  supply or 
r e l i e f  a t r i a .  The supply type are those i n t o  which conditioned a i r  is  
introduced i n  su f f i c i en t  quantity t o  supply other parts of the  building. 
Relief type a t r i a  a re  those which receive return or r e l i e f  a i r  from 
adjoining spaces. Both types have normal r e l i e f  openings or fans and 
usually b o t h  have smoke e jec t  fans a t  the top which are  used only i n  
emergencies. The designers indicated tha t  a supply atrium w i t h  large condi- 
tioning machinery can reduce the capacity and s i ze  of many small units (hotel 
rooms) when the to ta l  outdoor a i r  is  conditioned by the  large machines. 

For the  San Francisco Hyatt, the consulting engineers contend tha t  the 
300 f t .  of atr ium glazing will not reduce heating loads and, i f  any e f fec t ,  
will s l i g h t l y  increase cooling loads because of the  closed top design. The 
designers consider the atrium t o  be a r e l i e f  type desiqn. 



MECHANICAL ENGINEERING BUILDING, UNIVERSITY OF NEW MEXICO 

The Department of M chanical Engineering of the University of New Mexico 8 will occupy a 60,000 f t  building. In the center of this 4-story structure 
is  an open atrium adjacent t o  a l l  classrooms which u t i l i z e  natural lighting 
through skylights. The building was completed i n  June 1980. (See Figure 3-4) 

The building envelope is heavily insulated w i t h  roof and wall thermal 
resistances of 28 0 tu ' s / h r / f t 2 '~  and 20 B t u  ' s / h r / f t 2 0 ~ ,  respectively. Window 
area occupies only 8% of the total wall and roof area. Interior conc e te  I columns and floors provide a thermal mass of approximately 160 Ibs / f t  of 
f 1 oor area. 

Figure 3-4 Southern Exposure of the Mechanical Engineering Building 
University of New Mexico, Las Cruces, N ,  M .  
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P . J @ ~ ~ .  7 a* The HVAC System includes a heat pump rec la im system, thermal energy k:iri;,' .:.-. storage, so l a r  c o l l e c t o r s  and a i r - t o - a i r  heat recovery u n i t s .  The b u i l d i n g ' s  
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6 r -. mechanical system cons is ts  o f  two heat pump c h i l l e r s  w i t h  a combined capac i t y  

o f  162 tons. E igh t  concrete water tanks (1 5,000 ga l lons each) a re  used f o r  
thermal energy storage. During t h e  winter, f o u r  a re  used t o  s t o r e  c h i l l e d  water. 
The remaining f ou r  are  connected i n  p a r e l l e l  and w i l l  s t o r e  warm water. For 
the  summer, a l l  e i g h t  w i l l  be used t o  s t o r e  c h i l l e d  water. 

Using t he  a i r - t o - a i r  heat recovery u n i t s ,  exhaust a i r  w i l l  pass through 
heat exchangers t o  precool o r  preheat incoming outs ide a i r .  The s h e l l  and 
tube-type heat exchangers w i l l  operate a t  e f f i c i e n c i e s  o f  65%. A pr imary 
emphasis o f  t he  b u i l d i n g  design i s  t o  maximize load management p o t e n t i a l .  

An extensive instrumentat ion system i s  being used, i n c l ud i ng  a computer 
based data a c q u i s i t i o n  system which w i l l  read and record over 200 measurements. 
It i s  n o t  knovinat t h i s  t ime  i f  the  a i r  f l ow  ra tes  w i t h i n  t h e  a t r ium a re  being 
measured. 

3.3.2 Commercial A t r i a  Planned 

PRINCETON PROFESSIONAL PARK, PRINCETON, NEW JERSEY 

Harr ison Fraker and Short  and Ford a r c h i t e c t s  designed t h i s  t h ree  b u i l d i n g  
complex con ta in ing  68 476 ft2 (see Figures 3-5 and 3-6). Square footage per 
b u i l d i n g  i s  28,196 f t j  and 15,900 f t 2  w i t h  each con ta in ing  an 18 ft wide by 
31 ft h igh atr ium. Atr ium lengths a re  266 ft, 230 ft and 150 ft, respec t i ve ly .  
The a r c h i t e c t s '  i n t e n t  i n  these a t r i a  was t o  prov ide important  user amenit ies. 
I n  add i t ion ,  the  a t r i a  serve t o  reduce a l l  b u i l d i n g  energy loads i n c l u d i n g  
heating, cool ing,  and 1 i g h t i n g .  Movable i n s u l a t i o n  and r i d g e  vents w i t h  
t he  a t r i um  a re  intended t o  accomplish a p a r t  o f  these reduct ions.  

I n d i r e c t  s o l a r  energy c o l l e c t i o n  i n t o  t h e  a t r ium i s  u t i l i z e d  w i t h  
storage provided by hor i zon ta l  rockbeds and slabs f o r  n igh t - t ime  loads. 
Natural  v e n t i l a t i o n  i s  induced through t h e  a t r ium by thermal and wind pressure 
when ou ts ide  cond i t ions a re  su i t ab l e .  Roof spraying provides evaporat ion 
dur ing the  day t o  reduce coo l i ng  loads. Cool a i r  i s  s tored i n  the  rockbed 
a t  n i g h t  by c i r c u l a t i n g  a i r  under t he  r o o f  wh i l e  i t  i s  sprayed. 

Energy use was modelled i n  the design process by several in-house 
microcomputer programs. The "LOAD ANALYSIS" program i d e n t i f i e d  b u i l d i n g  
loads as a f unc t i on  o f  i n t e r n a l l y  generated heat gains and c l ima te  var iab les .  

The "PEG SPROOF" program, a mode thermal network model, simulated t h e  
performance o f  a sprayed r o o f  system coupled t o  a rockbed. The Solar  Load 
Ra t io  method was used t o  est imate annual heat ing loads f o r  t he  bu i l d i ng .  
Day l i g h t i n g  performance ca l cu l a t i ons  were aided by t h e  use of "SKYKING," a PEG 
program which determines the  sky f a c t o r  component o f  the  d a y l i g h t  f a c t o r  f o r  
spec ia l  geometries, i .e.,  a t r i a .  The energy consumption est imates are:  

2 Heating - 13,700 B t u l s / f t  /year 
Cool ing - 4,380 I! 

Ambient L i g h t i n g  - 2,840 II 

HVAC FANS - 9,510 11 

Fquipment - 17,730 I# 



I n t e r n a l  heat generat ion f o r  1 i g h t i n g  and people were estimated as 
f o l  1 ows : 

L igh t ing :  

Task - .5 w a t t s / f t Z  
Ambient - .2 I1 

% A u x i l i a r y  - 20% " 
Net A u x i l i a r y -  .4 " 
Net L i g h t i n g  - .9 " 
Peo l e e 1 5 0  - .49 " ! sensi b l  e 
ft /person - .39 It l a t e n t  

To ta l  People - .88 ~ a t t s l f t 2  

Tatal Gain 1.78 k t t s / f t 2  

Construct ion i s  now beginning and i s  scheduled f a r  c ~ m p l r l i u n  i l l  the 
Spr i  ng o f  1982. 

Perspective 

Figure 3-5 Pr inceton Professional  Park, Princeton, New Jersey (Perspective) 



Figure 3-6 Princeton ~ r o f e s s i o n a l  Park, Princeton, New Jersey (Axonometric) 

ESSEX - DORSEY SENIOR CENTER, ESSEX, MARYLAND 

The Essex Dorsey Senior Center i s  two, one-story h i s t o r i c a l  school bu i ld ings  
lacated i n  Essex, Marylan . The a rch i t ec t ,  Richard P. Brown & Associates, 1 have combined two 3000 ft bu i ld ings  w i t h  a 7000 ft2 a d d i t i o n  which forms an 
open cour tyard between the bu i ld ings .  The e x i s t i n g  two b o i l e r s  w i l l  be replaced 
w i t h  new b o i l e r s  and a ho t  a i r  system, Cooling of o f f i c e  spaces i s  by 



refrigerated cooling, b u t  l i v i n g  areas are  cooled only by natural cooling. 
Air scoops on the building a re  designed to  capture wind and vent i t  through 
the b u i l d i n g  to the courtyard. Each l i v i n g  area contains special sliding 
glass doors which convert indoor verandas to  outdoor areas. The verandas, 
movable walls, floor venting and roof overhangs are  principally used from 
Japanese building concepts dating back t o  the 14th Century. Concepts from 
Sweden a re  also being applied. 

The courtyard is 15 f t .  wide by 40 f t .  long and i s  enclosed by surrounding 
single story structures except for a 10 f t .  gate sectfon. The architects 
intended purpose for  the courtyard i s  t o  provide natural daylighting and 
natural venti 1 ation. 

Construction i s  scheduled t o  begin i n  the f a l l  of 1981 and be completed 
i n  two phases expected t o  require 1 to 1.5 years. The atrium section i s  
expected t o  be complete by the summer of 1982. Energy consumption analyses, 
computer modelling and estimates of internal heat generation are s t i l l  in  
progress. 

LAKELANO WESLEY VILLAGE, PADUCAI-1, KENTUCKY 

T h i s  96 unit, 93,000 f t 2  two-story, four-building complex was designed by 
Cal thorpe and Ladd (Figure 3-7). The Tennessee Val 1 ey Authority, Solar 
Appl ications branch served as the architectural and instrumentation advf sor . 
The b u i l d i n g s  are owned by the Memphis Conference of United Methodist Church, 
and construction should be completed i n  June 1981. 

The four b u i l d i n g s  are  interconnected by enclosed walkways g i v i n g  the 
complex the appearance of a large single b u i l d i n g .  Each of the four b u i l d i n g s  
consists of two, two-story structures interconnected by a 2 1/2 story atrium. 
Twelve apartments a re  on ei ther  side of the atrium. The complex contains four 
separate enclosed a t r i a .  

Passive heating is supplied by di rect  solar gain through atrium clerestory 
windows and Trombe wall u n i t s  on the south facfng apartments. Back-up heating 
i s  provided by a water-to-air heat pump operating from well water that  has 
been preheated by biomass and fossi l  fuels boiler. Each apartment i s  served 
by individual tieat pumps. Cooling is by heat pump or ,  when outside conditions 
a r e  suitable,  thermally-induced a l r  flow through the atrium, using internally 
generated heat fo r  d r i v i n g  ventilation. Clerestory windows may provide some 
solar  related drive d u r i n g  the spring and f a l l  . 

The a t r i a  are  24 f t  wide by 144 ft l n n g  by 2 1/2 s tor ies  high.  The intended 
function of the a t r i a  is t o  supply passive solar heating. Secondary functions 
are  t o  provide space for  interaction, natural 1 i g h t i n g  , views , reduce inf i1 t ra-  
tion t o  apartments, thermal l y  induce cool i n g  ventilation and reduce cool i n g  loads 
i n  adjacent apartments. Individual HVAC systems are not physically connected 
t o  the atrium except through operable windows. The atrium does not serve as a 
heat source or exhaust for  heat pump operation. 

Energy calculations a re  being generated a t  th i s  time. The s i t e  i s  w i t h i n  
a $086 heating degree day region a t  37ON la t t i tude.  Average temperatures range 
35OF i n  January t o  7g°F i n  July. Solar radiation available i n  January i s  6 to 7 
Btu  's/ftZ/day and 20-30 B t u  's/ft2/day i n  July. 



There a r e  plans by the TVA Solar Applications Branch t o  instrument the 
atrium and Trombe wall operation. 

Figure 3-7 La kland Wesley V i  I1 age, Paducah, Kentucky. 

COLORADO MOUNTAIN COLLEGE, GLENWOOD SPRINGS, COLORADO 

Peter Dobrovolny i s  the  designer of the Black Avenue College Center i n  
G l  enwood p r ings ,  Colorado (see Figure 3-8). The two-story bui  1 ding comprises 1 32,000 f t  of classrooms. Heating i s  provided by passive so lar  heating, i . e . ,  
d i r ec t  gain Trombe Walls and internal gains. Backup heating i s  provided by 
e l e c t r i c  resis tance baseboard heating. In summer, fan forced vent i la t ion  w i t h  
cool night a i r  i s  intended t o  cool the  s t ruc ture  t o  65OF by morning. Un- 
s a t i s f i ed  caolfng needs a r e  met by an evaporative cooling u n i t  coupled t o  
fans. The atrium, 30 f t  wide by approximately 130 f t .  long functions as a 
la rge  unheated tempering chamber, a source of natural daylighting and vent i la t ion 
for  c lass  a c t i v i t i e s  around the atrium. 

The school i s  located i n  an a r id  region w i t h  high diurnal temperature 
swings. Heating and cool i n g  degree days a r e  7400 and 300 respectively.  
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Estimates of energy use were calculated using BLAST AND TEANET computer ' 

programs. The breakdown of energy use is:  

Heating - 210 X l o 6  Btuls/year 
Lighting - 209 " I1 

Cooling - .2 I( I# 

Fans - .9 II II 

The building is scheduled for  completion i n  July 1981, and tes t ing  i s  
planned through a DOE grant fo r  one year of monitoring of a l l  conditions. 
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Figure 3-8 Colorado Mountain Col 1 ege, Gl enwood Springs , Colorado. 

SOUTHWEST WOODBRIDGE ELEMENTARY SCHOOL. IRVINE. CALIFORNIA 

T h i s  passive/hybrid project i s  a new elementary school scheduled t o  
begin construction i n  the  f a l l  o f  t h i s  year. The building is a one-story, - 
43,000 f t 2  s t ruc ture  interspersed w i t h  four courtyards o r  a t r i a .  The design 
ra t ionale  was to  provide an aes the t ic  environment for students and s t a f f  
whf l e  simultaneously reducing the cool i n g  and 1 ighting loads w h i c h  const i tute  
78% of the energy consumption i n  typical energy-conserving schools. Clerestories,  
south-facing l igh t  shelves, and the courtyards provide natural illumination to  
each room. Energy consultants for the  design a re  McCaughey & Smith Energy 
Associates. Project a rchi tec ts  a r e  Porter, Jensen, Hansen and Manzagol. 

2 Ar t i f i c i a l  l ight ing will consume 1.6 wat ts / f t  a t  maximum illumination, 
a level required by Sta te  guide1 ines . Automatically dimabl  e a r t i f i c i a l  
l ight ing  will be operated a t  levels  below the maximum w i t h  l ight ing savings 
expected t o  reach 75%. 

Shading of a shallow pool (8400 f t 2 ) ,  used t o  provide passive cooling 
for  the school, i s  accomplished by using louvers. Up t o  300 thermosiphoning 
water columns are  served by the pool. The columns are  isolated from the  pool 



during the winter i n  order t o  col lec t  heat d u r i n g  the day and release heat a t  
night. Computer simulation of the  "cool pool" conce t estimates a peak 

period. 
I cooling capacity of 1.6 X 105 Btuls/hr and 2.76 X 10 B t u l s  over a 24 hour 

The climate of Irvine i s  r e l a t ive ly  mild w i t h  summer da i ly  temperature 
ranges of 61°F t o  81°F. Winter design temperatures of 26" were used and 
annual heating degree days equal 1867. 

Additional features of t h i s  design include 5-112" thick concrete walls and 
6" thick concrete floors f o r  thermal mass. Air ducts, embedded i n  about half 
of the  f loor  area,  will c i rcula te  outside a i r  t o  the rooms a t  temperatures 
a few degrees above the dai ly average. The concrete is then flushed a t  n i g h t  
w i t h  outside cold a i r  t o  remove the  absorbed heat. Estimates have shown this 
method t o  reduce peak cooling loads by 25%. 

SIMMONS BUILDING, DAVOL COMPLEX, PROVIDENCE, RHODE ISLAND 

The Davol Complex consis ts ,  i n  par t ,  of a 100 year building of brick and 
timber construction. A 28 f t  by 260 f t  long space between the 150,000 f t 2 ,  
four-story building i s  being added. The atrium roof will consist  of "Kalwall" 
glazing. There are  1,000 f t 2  of vert ical  south facing glass.  The purpose 
will be t o  provide vent i la t ion and some heating, however, marketing was c i ted  
by the  archi tec ts ,  Beckman and Blyderburgh, as  the  biggest benefit  of the con- 
version. I t  will provide a covered mall w i t h  r e t a i l  shops opening into the 
atrium. Natural vent i la t ion i s  intended as a design function, however, 
customers may d ic t a t e  the extent of i ts  use. . 

Construction will be completed i n  10 t o  15 weeks. No performance model 1 ing 
has been performed. 

Residential Atria Constructed 

This owner-builder house consists of a 728 f t 2  addition t o  600 f t 2  house 
and i s  interconnected by a2160 f t 2  enclosed atrium. The atrium contains 160 f t 2  
of roof glazing and 120 f t  of wall glazing. The purpase of the atrium i s  t o  
serve as  an air-lock entry,  providing heating and vent i la t ion cooling. No 
experimental t e s t s  have been performed t o  document the effectiveness of these 
functions. 

GOOD RESIDENCE. MILL VALLEY. CALIFORNIA 

The Good Residence is a 1300 f t2  home b u i l t  i n  1938. An enclosed atrium 
has been added t o  the south s ide and forms an air-lock entry. The home i s  
pa r t i a l ly  buried i n  the s ide of a h i l l  w i t h  a northern exposure. The archi tec t  
has indicated the lower level of the  home is  too cold d u r i n g  any season. The 
atrium forms part of a forced a i r  double envelope path through the  lower level 
which i s  heated i n  the  summer. I f  the atrium heat source can be i so la ted ,  i t  
m i g h t  be useful t o  instrument the home t o  determine the cooling mechanism taking 
pl ace. 



JESSEE RESIDENCE, PENNINGTON GAP, VIRGINIA 

The Jessee residence i s  a 2-1/2-story, 4500 ft2 home w i t h  two-thi rds o f  
t h e  lower l e v e l  underground (Figure 3-9). Heating i s  provided through a i r  
co l l ec to r s ,  a t r ium g laz ing  and sky l igh ts .  Atr ium r o o f  vent ing provides 
cool  i n g  by thermal 1 y-induced v e n t i l a t i o n .  Based on two years of operation, 
no backup r e f r i g e r a t e d  a i r  cond i t ion ing  has been used. No blowers are used 
i n  t h e  system. Heating degree days t o t a l  4300, but  computer model 1 i n g  o f  
energy use and estimates o f  i n t e r n a l  heat generation are not  ava i lab le .  

The a t r i um s k y l i g h t  i s  a 4 ft by 16 ft and opens for summer ven t i l a t i on .  
A i r  i s  drawn through the  house t o  t h i s  o u t l e t  for  coo l ing.  South wa l l  atr ium b! 
g laz ing  i s  16 ft wide by 23 ft high. Twenty cubic yards o f  rock storage i s  
loca ted  under t he  atr ium. No moni tor ing has been performed. 

Figure 3.9 Jessee Residence, Pennington Gap, V i rg i n i a .  

SOLAR ATRIUM RESIDENCE , PHILADELPHTA, PENNSYLVANIA 

The so la r  atr ium, designed by Ueland and Junker, i s  now being monitored 
i n  a demonstration two-story model s i ng le  f am i l y  home (Figure 3-10). 



Figure 3-10 Solar A t r i u m  Residence, Philadelphia, Pennsylvania . 

The house was completed i n  September 1979, and monitoring instruments 
have been ins ta l led .  A l l  space heating requirements were furnished by 
so lar  from 10:OO a.m. t o  10:OO p.m. on a typical winter day when outdoor 
temperatures ranged between 25OF t o  30°F. A t  6:00 p.m. the  system switched 
from collection t o  extraction modes u s i n g  the  250 cubic f e e t  of rock storage 
for  approximately four hours. The use of storage i s  a t t r ibuted  t o  the  lack 
of insulating louvers i n  the atrium. In the cooling mode, night a i r  was 
drawn in to  the  atrium, across the pool surface,  and through rock storage by fan. 
On the following day w i t h  high outdoor temperatures, the house was shut and 
internal a i r  c i rculated through rock storage. T h i s  system maintained in t e r io r  
temperatures below 80°F when outside temperatures were considerably tiigher. 
Instrumentat ion incl udes s ix  temperature sensors, two hygro-thermographs, 
and a data logger. A pyranometer and integrator  a re  planned to  be instal  1 ed. 
Measurements a re  taken a t  half  hour in te rva ls ,  and future experiments a re  
planned fo r  controls ,  vent i la t ion ,  window insulation and ac t ive  water heating. 
Isolat ing the  heat pump, rock storage, and fan from the atrium may provide 
useful information on buoyancy driven vent i la t ion.  

MENLO DEMONSTRATION TOWNHOMES, TUCSON, ARIZONA 

The Menlo townhomes a re  a se r i e s  of 10 buildings which include p a r t i a l l y  
shaded outdoor courtyards (Figure 3-1 1 ) . Construction d e t a i l s  indicate  8" 
masonry exter ior  walls,  4" concrete s lab  f looring,  and highly insulated walls 
and ce i l ings .  Evaporative coolers provide the main cool ing. No intention of 



iiC . , #  thermally-induced cool ing has been determined. These courtyards may produce " , . -# u 4 8  

a - 
',primarily wind-induced ventilation. 
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Figure 3-1 1 Men1 o Demons trxation Townhu~nes , Tucson, Arizona. 

MELIN RESI DENCF , KENTFIELD, CALIFORNIA 

This two-story, 2800 ft2 home contains 500 ft2 of unconditioned atrium 
space. 

Passive heating is provided with gas backup through rock storage. The 
passive design is intended for convective heat flows using no blowers. Cooling 
is thermally-induced. Convection air flows only by opening windows, doors and 
sky1 ights to allow flow through the atrium and out upper galley windows to the 
outside. 



The atrium has a 14 f t  by 14 f t  glass roof.  Thermal mass i s  provided by 
concrete steps i n  the entry. The south wall has 260 square f ee t  of glazings 
with t r e l l i s e  overhangs. The f loor  of the atrium i s  i r regular ly  shaped, 
approximately 20 f t  long by 14 f t  wide. 

Construction i s  scheduled t o  be completed in the summer of 1981. No 
energy consumption estimates,  instrumentation or computer modelling has been 
performed. 

\ 

FORSTNER RESIDENCE, WOODACRE, CALIFORNIA 

This 4500 f t '  home i s  located on a 40 acre s i t e .  Windows a re  a l l  thermal 
pane and the roof i s  concrete shake. Two a t r i a  are  located within the 
insulated space. Two Trombe walls 11 f t  wide by 19 f t  high and 15 f t  wide by 
30 f t  high a re  also used. An operable skylight i s  located over the.s tair-wel l  
for  convective a i r  flow. Radiant heat i s  the backup source; no cooling backup 
i s  instal  led. Construction i s  scheduled for  completion by mid-1981. 




