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ABSTRACT 

Curren t ly  accepted methods of  pass ive  coo l ing  
o f f s e t  only s e n s i b l e  b u i l d i n g  loads.  I n  t h e  warm, humid 
sou theas te rn  gu l f  c o a s t  c l i m a t e s  t h e  l a t e n t  b u i l d i n g  
load can comprise 35% of t h e  b u i l d i n g  load i n  t h e  
t y p i c a l  res idence .  As t h e  s e n s i b l e  load on res idences  
i n  t h e s e  c l i m a t e s  i s  reduced o r  o f f s e t  by pass ive  
coo l ing  techniques ,  t h i s  l a t e n t  coo l ing  load percen tage  
increases  rap id ly .  In  such res idences  t h e  a u x i l i a r y  
cool ing load cannot be e f f e c t i v e l y  met by convent iona l  
coo l ing  equipment . 

The F l o r i d a  Sola r  Energy Center  (FSEC) i s  examining 
the  a u x i l  i a r y  coo l ing  requirements  of res idences  i n  
warm, humid c l i m a t e s .  The s tudy  addressee  both t h e  
thermal and mois ture  response of b u i l d i n g s .  A t o t a l  of  
e i g h t  wal l  systems, t h r e e  frame w a l l  types and f i v e  
concre te  block w a l l  types  a r e  under t e s t  a t  t h e  FSEC 
Passive Cooling Laboratory (PCL) i n  Cape Canaveral.  

Moisture s t u d i e s  involve  examination of  t h e  
absorp t ion  and desorp t ion  r a t e s  of  b u i l d i n g  m a t e r i a l s  
and f u r n i s h i n g s  and t h e  developn~ent  of improved mois ture  
migrat ion modelling techniques f o r  i n c l u s i o n  i n  b u i l d i n g  
energy a n a l y s i s  programs. TARP (Thermal Analys i s  
Research program), developed a t  NBS by George Walton, 
and FLOAD, by FCHART Software,  have been chosen a s  t h e  
a n a l y s i s  programs wi th  which cool ing  
examined. 

a l t e r n a t i v e s  a r e  

The PCL :.s c a p a b l e  o f  t h e  p r e c i s e  product ion of 
bo th  s e n s i b l e  and l a t e n t  energy. Any reasonable  
i n t e r i o r  c o n d i t i o n  can be produced. Both t h e  drybulb  
and dewpoint temperatures  can  b e  s e p a r a t e l y  c o n t r o l  led 
and maintained by computer. The l a t e n t  and s e n s i b l e  
energy requi red  t o  produce and main ta in  t h o s e  c o n d i t i o n s  
can be p r e c i s e l y  monitored. F i g u r e  1 shows a t e s t  c e l l  
load-measurement schematic  i l l u s t r a t i n g  t h e  load and 
measurement syrtems. 

The s t r a t e g y  employed f o r  most t e s t s  c o n s i s t s  of  
side-by-side t e s t i n g  (F igure  2)  i n  which t h e  performance 
of  one component o r  t e s t  space  i s  compared wi th  another .  
One component i s  u s u a l l y  "s tandard" throughout  t h e  t e s t  
per iod.  This  se rves  a s  a  c o n t r o l  f o r  t h e  e v a l u a t i o n  of 
t h e  l e s s  s  tandard o r  "experimental" component. 
Reference 1 c o n t a i n s  more d e t a i l e d  in format ion  on t h e  
PCL. 

Current  t , z s t i n g  comprises two t e s t  c e l l s  loca ted  on 
t h e  r e s t  s i d e  of  t h e  PCL. Both c e l l s  a r e  equipped a s  
shorn i n  F igure  1 f o r  m o i s t u r e  and thermal t e s t i n g .  One 
c e l l  ( c e l l  D) c o n t a i n s  wood frame e x t e r i o r  w a l l  systems 
whi le  t h e  o t h e r  ( c e l l  E )  c o n t a i n s  c o n c r e t e  block 
e x t e r i o r  w a l l  systems. I n  a l l ,  e i g h t  d i f f e r e n t  wal l  
systems a r e  u ~ d e r  t e s t  -- t h r e e  wood frame systems and 
f i v e  c o n c r e t e  block systems ( 1 ) .  

A n a l y t i c a l  s t u d i e e  a t  FSEC a r e  conducted us ing  a  
v a r i e t y  of  solytware. D e t a i l e d  a n a l y s i s  of  thermal and 
s a s s  t r a n s f e r  problems a r e  conducted wi th  e i t h e r  f i n i t e  
d i f f e r e n c e  o r  i i n i t e  element programs which have been 
developed in-house t o  meet t h e  s p e c i f i c  needs of t h e  
work ( 2 ) .  I c  a d d i t i o n ,  two b u i l d i n g  energy a n a l y s i s  
programs a r e  being used f o r  paramet r ic  b u i l d i n g  
a n a l y s i s .  A l a r g e - s c a l e  conduct ion t r a n s f e r  f u n c t i o n  
code c a l l e d  TARP (Thermal Analys i s  Research Program) ( 3 )  
i s  being used f o r  d e t a i l e d  a n a l y s i s  and a microcomputer 
based bin-method program c a l l e d  FIOAD ( 4 )  i s  being used 

PSEC has cl 
and experimenta 
h o t ,  humid c  1 i~ 
conducted i n  t h c  .---. .--.. -.., . - L a  A 

bui ld ing  of r e s i d e n t i a l  s c a l e  j 
cool ing  and energy conserva t ion  
be experimental ly  eva lua ted  unde 
f u l l - s c a l e  condi t ions .  

in w h i c h v a r i o u s  p a s s i v e  f o r o t h e r s t u d i e s .  
b u i l d i n g  techniques can 
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Figure 1. Passive Cooling Laboratory (PCL) 
Measurement, loads and Energy Balance 
Schema t i c .  
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Figure 2 .  Sect ion  thru PCL Showing Environmental 
Control Chambers and Side-by-Side Test ing 
Strategy.  
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Therefore ,  a  major e f f o r t  i s  underway a t  FSEC t o  develop 
moisture migra t ion  a lgor i thms  f o r  i n c l u s i o n  i n  TARP, and 
t h e  FSEC v e r s i o n  of TARP now has d e t a i l e d  .mois tu re  
nlodell ing c a p a l i . l i t i e s .  For c e r t a i n  m a t e r i a l s  (most ly 
newer s y n t h e t i c s ) ,  however, t h e r e  i s  l i t t l e  o r  no 
mois ture  p roper ty  d a t a  and absorp t ion ,  d i f f u s i o n  and 
desorp t ion  parameters a r e  not y e t  wel l  e s t a b l i s h e d .  

SELECTED RESULTS 

EXTERIOR WALL TESTS 

Eight e x t e r i o r  wal l  systems have been under t e s t  i n  
t h e  PCL s ince  September 1983. F ive  of t h e s e  w a l l  
systems a r e  equipped wi th  r a d i a n t  b a r r i e r  systems. A 
r a d i a n t  b a r r i e r  system comprises an a i r s p a c e  wi th  one o r  
more of i t s  boundaries  f u n c t i o n i n g  a s  a  r a d i a n t  b a r r i e r  
(low e m i s s i v i t y  s u r f a c e ) .  For t h e  PCL t e s t s ,  aluminum 
f o i l  i s  used a s  t h e  r a d i a n t  b a r r i e r  sur face .  Two of  t h e  
r a d i a n t  b a r r i e r  systems a r e  app l ied  t o  wood frame w a l l s  
and t h r e e  a r e  a p p l i e d  t o  c o n c r e t e  block wal l s .  For  t h e  
block wal l  systems, two r a d i a n t  b a r r i e r s  a r e  loca ted  a t  
t h e  e x t e r i o r  boundary o f  t h e  w a l l  and one is  loca ted  a t  
t h e  i n t e r i o r  boundary of  t h e  wall .  F igure  3  shows a  
plan view of each w a l l  system. 

Measurements 

Extensive measurements a r e  taken f o r  each wal l  
system. A t  e niinimum, t h e  s u r f a c e  boundary temperatures  
of  each m a t e r i a l  i n  t h e  composite s e c t i o n  a r e  taken. 
For concre te  block systems t h e  a i r  c o r e  temperature is 
a l s o  measured with a  r a d i a t i o n  sh ie lded  probe. I n  
a d d i t i o n ,  f l u x  measurements a r e  taken a t  t h e  i n t e r i o r  
s u r f a c e  boundary of each w a l l  system. Complete e x t e r i o r  
meterological  d a t a  a l s o  a r e  taken,  inc lud ing  s o l a r  
i n s o l a t i o n  measurements on a  v e r t i c a l  plane p a r a l l e l  t o  
t h e  e x t e r n a l  s u r f a c e  of t h e  w a l l  systems. 

A l l  measurements a r e  taken a t  a  15-second scan 
i n t e r v a l ,  then averaged and recorded t o  n ine- t rack  t a p e  
a t  15-minute record ing  i n t e r v a l s .  A concer ted  e f f o r t  i s  
made t o  use  o n l y  t h e  f i n e a t  q u a l i t y  probes and d a t a  
a c q u i s i t i o n  systems, and a l l  s e n s i t i v e  measurement 
instruments  a r e  c a l i b r a t e d  a g a i n s t  NBS t r a c e a b l e  
re fe rence  s tandards  on a  r e g u l a r  b a s i s .  Heat f l u x  
meters  a r e  c a l i b r a t e d  by independent t e s t i n g  
l a b o r a t o r i e s  a t  temperatures  ( * 80°F) and f l u x e s  ( 2  
~ t u / f t ~ +  h r )  l i k e l y  t o  be experienced i n  t e s t i n g .  
Conduct ivi ty  c o r r e c t i o n  f a c t o r s  t h a t  account f o r  
d i f f e r e n c e s  between meter  and mounting m a t e r i a l  
c o n d u c ~ i v i t i e s  a r e  a p p l i e d  t o  t h e i r  o u t p u t s  (51 .  

Analvsis  

Data a n a l y s i s  t akes  many forms; t h e  u l t i m a t e  
o b j e c t i v e  of  each form is  t o  provide s i m p l i f i e d  r e s u l t s  
t h a t  may be  appl ied  i n  t h e  f i e l d .  S ince  R-values a r e  
most o f t e n  used i n  t h e  f i e l d ,  an a t t empt  i s  made here  t o  
t ranspose t h e  peak seasona 1 performance c h a r a c t e r i s t i c s  
of r a d i a n t  b a r r i e r  systems t o  t h e i r  apparent  R-values. 
For t h e  purpose of i n - s i t u  t e s t i n g  and a n a l y s i s ,  only 
peak condi t ions  dur ing  which hea t  f low i s  p r i m a r i l y  
undi rec t ionnl  may be used f o r  such an a n a l y s i s .  

The g e n e r a l  form of  t h e  equa t ions  used i n  t h e  
a n a l y s i s  is  der ived  from t h e  s t e a d y - s t a t e  h e a t  f low 
equat ion 

where Ra * Apparent R-value 

E A T  = Sum of t h e  measured temperature 
d i f f e r e n t i a l s  a c r o s s  t1.e Composite 

ZQ = Sum of t h e  measured h e a t  f l u x e s  a t  
t h e  i n t e r i o r  s u r f a c e  boundary 

It i s  important  t o  n o t e  t h a t  t h e  summations i n  Eq. 
1 must be cont inuous and cover  a  period of time 
s u f f i c i e n t l y  long t o  mask t h e  time c o n s t a n t  of  t h e  w a l l  
system ( 6 ) .  

Three weather p e r i o d s  were chosen f o r  t h e  a n a l y s i s .  
One was a  summer c o n d i t i o n  and two were w i n t e r  
condi t ions .  Dux ing t h e  gummer c o n d i t i o n  and one of t h e  
w i n t e r  c o n d i t i o r ~ s  t h e  e x t e r i o r  r a d i a n t  b a r r i e r  systems 
were vented w i t h  ambient a i r .  During t h e  remaining 
w i n t e r  c o n d i t i o n  v e n t s  were s e a l e d  t o  e v a l u a t e  unvented 
r a d i a n t  b a r r i e r  systems. 

Because of  v a r i a t i o n s  i n  w a l l  c o n s t r u c t i o n  from 
w a l l  system t o  w a l l  system t h e  AT term i n  Eq. 1 v a r i e d  
d r a m a t i c a l l y  from w a l l  system t o  w a l l  system. 
Therefore ,  apparen t  r e a i s t a n c e s  were normalized t o  a  
s tandard  w a l l  c o n s t r u c t i o n .  A base-case c o n s t r u c t i o n  
was chosen f o r  each t e s t  c e l l  and t h e  w a l l s  c o n t a i n i n g  
r a d i a n t  b a r r i e r  systems were compared t o  i t .  For t h e  
wood frame t e s t  c e l l ,  w a l l  D . l  was chosen a s  t h e  base. 
For t h e  c o n c r e t e  block t e s t  c e l l ,  w a l l  E.1 was used a s  
t h e  base  f o r  w a l l  E.5, and E.2 was used a s  t h e  base  f o r  
w a l l s  E.3 and E.4 ( s e e  F igure  3 ) .  

The c a l c u l s t e d  base-case compoa i t e  ASRRAE R-values 
were then used wi th  measured h e a t  f l u x e s  t o  determine 
t h e  normalized r e s i s t a n c e  of t h e  r a d i a n t  b a r r i e r  w a l l  
systems w i t h  r e s p e c t  t o  t h e  non-radiant  b a r r i e r  
base-case w a l l s .  

R e s u l t s  

Table 1 gl-ves t h e  r e s u l t s  of wal l  t e s t  a n a l y s i s .  
Although D.2 and E.3 have e s s e n t i a l l y  t h e  same 
r e f l e c t i v e  vent.ed a i r s p a c e s  t h e i r  summertime R-values 
a r e  r a d i c a l l y  d i f f e r e n t ,  R-9.7 and R-5.7 r e s p e c t i v e l y .  
This  i a  probably due t o  t h e  base  r e s i e t a n c e  of t h e  
remainder of  t h e  w a l l  s e c t i o n .  The e f f e c t  of  a  r a d i a n t  
b a r r i e r  i s  t o  n e a r l y  e l i m i n a t e  t h e  s o l - a i r  e f f e c t .  
Thus, r a d i a n t  b a r r i e r  R-values tend t o  b e  h i g h e r  f o r  
w a l l s  w i t h  h igh  l e v e l s  of o r d i n a r y  i n s u l a t i o n .  I t  a l s o  
i l l u s t r a t e 6  t h e  f a c t  t h a t  r e f l e c t i v e  a i r s p a c e e  r e f l e c t  
h e a t ,  s o  they cannot  be wel l  c h a r a c t e r i z e d  by an R-value 
a l though  R-value f o r  a  vented 314" w a l l  i s  5.3 ( w a l l  
E.4) a s  opposed t o  5.7 f o r  t h e  1 1 /2"wal l  ( ~ . 3 ) .  The 
sea led  r a d i a n t  b a r r i e r  wal l  (E.5) has an R of  4.9 bu t  i t  
i s  on t h e  i n s i d e  of  t h e  wal l .  

The performance of vented r a d i a n t  b a r r i e r s  i s  poor 
i n  w i n t e r .  D.:Z y i e l d e d  an R of 0.2 w h i l e  t h e  double 
r a d i a n t  b a r r i e r  i n  D.3 had 5.7. I n  D.3 t h e  o u t s i d e  
r e f l e c t i v e  a i r s p a c e  was vented and t h e  i n n e r  r e f l e c t i v e  
a i r s p a c e  was b.ept s e a l e d  f o r  a l l  t e s t s .  The o u t e r  
vented r a d i a n t  b a r r i e r  showed no r e a l  v a l u e  i n  w a l l  D.2. 
The aea led  r a d i a n t  b a r r i e r  R-value appears  t o  b e  s i m i l a r  ' 

f o r  D.3 and E.5 a t  R-5.7 i n  win te r .  Wall E.3 approaches 
t h e  same v a l u e  when i t s  e x t e r i o r  v e n t s  a r e  s e a l e d  i n  
win te r .  The vented r a d i a n t  b a r r i e r s  i n  E.3  and E.4 
performed b e t t e r  i n  summer but  worse i n  w i n t e r  than d i d  
E.5. 

Because of warm weather ,  t h e  cloned-vent d a t a  Bet 
was c o l l e c t e d  f o r  on ly  two days.  Closing t h e  v e n t s  d i d  
improve performance. The b e t t e r  R-value f o r  t h e  
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T a b l e  1 
V e n t e d  a n d  S e a l e d  R a d i a n t  B a r r i e r  W a l l  D a t a  

Fl.UX RATIO BASE 

T e s t  d a y s  = S e p t .  1 7 - 2 0 ,  1 9 8 3  
A v e r a g e  h i g l i = 8 8 . 0  - A v e r a g e  1 0 ~ ~ 7 5 . 8  
H e a t  f l u x  i n t o  s p a c e ,  B t u  
ASHRAE R - v a l u e  w / o  r e f l .  s p a c e  ( e l  
F l u x  r a t i o  w r t  b a s e c a s e  
R - v a l u e  o f  o v e r a l l  w a l l  
R - v a l u e  o f  r e f l e c t i v e  s p a c e  ( s )  

T e s t  D a y s  J a n .  1 0 - 1 2 ,  1 9 8 4  
A v e r a g e  h i g h = 7 2 , 7  - A v e r a g e  I o w = 6 6 . 4  
H e a t  f l u x  o u t ,  B t u  
ASHRE R - v a l u e  w / o  r e f l .  a p a c e  ( s )  
F l u x  r a t i o  w r t  b a s e c a s e  
R - v s l u e  o f  w h o l e  w a l l  w r t  b a s e c a s e  
R - v a l u e  o f  r e f l e c t i v e  s p a c e  ( 6 )  

T e a t  Days  = Feb.  7-8, 1 9 8 4  
A v e r a g e  h i g h z 6 2 . 9  - A v e r a g e  l o w = 4 3 . 5  
H e a t  f l u x  o u t ,  B t u  
ASHRXE R - v a l u e  w / o  r e f l .  a p a c e  ( 8 )  
F l u x  r a t i o  w r t  b a s e c a s e  
R - v a l u e  o f  w h o l e  w a l l  w r t  b a s e c a s e  
R-va l u e  o f  r e f l e c t i v e  s p a c e  ( s )  

---FRAME WALLS--- --------- MASS WALLS --------- 
D .  1 D.2 D.3 E . l  E .2  E . 3  E . 4  E.5 

D .  1 D . l  E.2 E.2 E . l  

A )  SUMMER VENTS OPEN ( E x c e p t  E . 5 )  

Av. C e l l  Temp.= n / a  Av. C e l l  T e m p . = 7 7 . 1  
1 1 5  1 0 6  1 1 1  2 0 5  1 9  1  1 9 7  1 2 4  1 3 7  

2 0 . 4  1 2 . 4  6 . 6 6  8 . 4  8 . 4  2 . 4  7 . 7  7 . 7  
0 . 9 3  0 . 9 6  1 . 0 3  0 . 6 5  0 , 6 7  

2 0 . 4  2 2 . 0  2 1 . 2  8 . 4  8 . 4  8 . 2  1 2 . 9  1 2 . 6  
9 . 7  1 4 . 5  5 . 7  5 . 3  4 . 9  

B) WINTER VENTS OPEN ( ~ x c e p t  E. 5 )  

Av. C e l l  T e m p . = 7 2 . 4  Av. c e l l  Temp.=72 .1  
1 3 2  2 1 6  2 0 0  3 1 5  3 4 6  5 6 2  2 8 9  1 9 8  

2 0 . 3  1 2 . 3  6 . 5  8 , 3  8 . 3  2 . 3  7 . 6  7 . 6  
1 6 3  1.66 1 . 6 2  0 . 8 4  0 . 6 3  

20.3 1 2 . 5  1 2 . 2  8 . 3  8 . 3  5 . 1  1 0 . 1  1 3 . 3  
0 . 2  5 . 7  2 . 8  2 .4  5 . 7  

C )  WINTER VENTS CLOSED 

Av. C e l l  T e m p . = 7 1 . 2  Av. C e l l  T e m p . 1 7 0 . 4  
5 9  9  6  9 8  1 2 6  1 2 4  2 3 9  1 1 3  8  6  

2 0 . 3  1 2 . 3  6 . 5  8 . 3  8 . 3  2 . 3  7 . 6  7 . 6  
1 . 3 6  1 . 5 5  1 . 1 5  0 . 8 0  0 . 6 0  

2 0 . 3  1 5 . 0  1 3 . 1  8.3 8 . 3  7 . 2  1 0 . 4  1 3 . 9  
2 .7  6 . 5  4 . 9  2 . 8  6 . 3  

r e f l e c t i v e  space i n  E.3 compared t o  t h a t  i n  E.4 i s  
apparen t ly  due t o  t h e  base r e s i s t a n c e  of  t h e  remainder 
of t h e  w a l l ,  t h e  aame phenomenon which a p p a r e n t l y  caused 
t h e  d i f f e r e n c e s  between D.2 and E.3 and D . 3  and E.4 i n  
summer, bu t  app l ied  i n  t h e  o p p o s i t e  d i r e c t i o n .  For 
summertime, i f  t h e  R-value f o r  t h e  i n t e r i o r  r e f l e c t i v e  
a i r s p a c e  of w a l l  E.5 (4.9) i s  added t o  t h e  ASHRAE 
R-value f o r  s o l i d  p a r t s  of w a l l  D.3, t h e  r e s u l t a n t  
It-value f o r  t h e  e x t e r i o r  vented r a d i a n t  b a r r i e r  a i r e p a c e  

, 3  become8 9.7, i d e n t i c a l  t o  t h a t  of w a l l  D.2. This  
procedure can be  appl ied  t o  w a l l  D.3 f o r  each o f  
t h r e e  cases  (win te r  open and win te r  c l o s e d ) ,  

icing n e t  R-values f o r  t h e  e x t e r i o r  r a d i a n t  b a r r i e r  
,ace t h a t  a r e  very  c l o s e  t o  those  g iven  i n  wal l  D.2. 

5 observa t ions  etand o u t :  

The performance of vented e x t e r i o r  r a d i a n t  b a r r i e r  
eystems i s  poor i n  t h e  w i n t e r  season f o r  a l l  w a l l  
types bu t  i s  p a r t i c u l a r l y  poor f o r  frame wal l  
systems. 
The performance of e x t e r i o r  r a d i a n t  b a r r i e r  aystems 
i n  summer appears  t o  be r e l a t e d  t o  t h e  base w a l l  
r e s i s t a n c e  and type. Frame w a l l s  appear  t o  b e n e f i t  
more from e x t e r i o r  r a d i a n t  b a r r i e r s  than do mass 
wal l s .  

The perfonnance of i n t e r i o r  r a d i a n t  b a r r i e r  systems 
does n o t  appear  t o  be very  s t r o n g l y  dependent on 
e i t h e r  season or  wal l  type. 

lURE STUDIES 

A s  s e n s i b l e  coo l ing  loads  a r e  decreaeed ,  t h e  l a t e n t  
on b u i l d i n g s  t a k e s  on i n c r e a s i n g  importance. 

Cooling load a n a l y s i s  of  a t y p i c a l  F l o r i d a  res idence  
l o c a t e d  i n  var ioue  F l o r i d a  c l i m a t e s  i s  i n d i c a t i v e  of  t h e  
problems t h a t  a r e  faced  i n  such c l i m a t e s .  F igure  4  
g r a p h i c a l l y  d e p i c t s  a  breakdown o f  c o o l i n g  loads of a  
t y p i c a l  frame w a l l  r e s i d e n c e  l o c a t e d  i n  t h r e e  F l o r i d a  
c i t i e s .  

C e r t a i n  key p o i n t s  become apparen t  i n  examining t h e  
r e s u l t s .  F i r s t  and very  important .  i n t e r n a l  loads  and 
i n f i l t r a t i o n  account  f o r  more than 50% of t b e  t o t a l  
load .  More than h a l f  o f  t h i s  i s  a  mois ture  load.  
Nei ther  of t h e s e  loade can be g r e a t l y  reduced through 
b u i l d i n g  des ign .  The i n f i l t r a t i o n  load may be reduced 
from . J5  ACH t o  .5 ACH but i n t e r n a l  g a i n s  probably 
cannot  be reduced w i t h o u t  s e r i o u s  l i f e - s t y l e  changes. 

Therefore ,  i n  terms of b u i l d i n g  des ign  and heat  
g a i n  prevent ion ,  we may o n l y  a f f e c t  50% of t h e  t o t a l  
load. Large s a v i n g s  i n  e x t e r n a l l y  d r i v e n  s e n s i b l e  loads 
can  probably be o b t a i n e d  through s t r a t e g i c  window 
shading and r a d i a n t  b a r r i e r  e t r a t e g i e s .  O v e r a l l ,  we can 
reduce t h e s e  e x t e r n a l  loads  by h a l f .  

Another s e r i o u s  c o o l i n g  problem i s  caused by t h e  
h i g h  mois ture  l o a d s  i n  such c l i m a t e s .  Each of t h e  t h r e e  
c l i m a t e s  produces a  moie ture  load g r e a t e r  than 30% of  
t h e  t o t a l  load. However, a s  s e n s i b l e  loads  a r e  reduced 
through improved b u i l d i n g  p r a c t i c e s ,  t h e  load s t r u c t u r e  
changes d r a m a t i c a l l y  because m o i s t u r e  Ioads  cannot  be 
s imul taneous ly  reduced by c u r r e n t l y  a v a i l a b l e  
techniques.  I f  t h e  e x t e r n a l l y  d r i v e n  loads  ( s o l a r  and 
conduc t ion)  i n  t h e  r e s i d e n c e s  analyzed a r e  reduced by 
h a l f ,  t h e  mois ture  load becomes g r e a t e r  than 40% of t h e  
t o t a l  load. 

A d d i t i o n a l  FSEC s t u d i e s  ( 7 )  have examined t h i  fi 
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&m w i t h  r e s p e c t  t o  a i r - c o n d i t i o n e r  performance.  
,how s u r p r i s i n g  r e s u l t s .  As t h e  load s t r u c t u r e  on 
, u i l d i n g  chonges ,  commerc ia l ly  a v a i l a b l e  vapor  
: s s i o n  mechanical  u n i t s  become i n e f f e c t i v e  i n  
kg k i t h  m o i s t u r e  l o a d e .  F i g u r e s  5 and 6 i l l u s t r a t e  
I f e c t  of such changes .  Three  r e s i d e n c e  t y p e s  and 
x h a n i c a l  u n i t  e f f i c i e n c i e s  a r e  compared i n  f i g u r e  
he house t y p e s  a r e  g i v e n  a s :  CON-conventional, 
)L. e n e t g y  u s e ,  and PAS-very ene rgy  e f f i c i e n t .  
~ i c a l  sys tema a r e  g i v e n  a s  TAC-typical (SEER 8 .0 )  
\C-hiel) e f f i c i e n c y  (SEER 11.0). The l i n e s  p l o t e d  
[ ) I  i n t e r i o r  t a l ~ n c e  p o i n t  a i r  c o n d i t i o n s  r eached  
n e  s t r a d y - s t a t e  machine  pe r fo rmance  
t t , ~  i s t  i c s .  Two n~e j o r  o b s e r v a t i o n s  may b e  drawn 
'igure 5. 

46 a i r - c o n d i t o n e r  e f f i c i e n c y  i n c r e a s e s ,  t h e  a b i l i t y  
:o remove m o i s t u r e  d e c r e a s e s .  

\s t h e  the rma l  p r o t e c t i o n  of t h e  b u i l d i n g  enve lope  
improves, t h e  indoor  b a l a n c e  p o i n t  r e l a t i v e  
w m i d i t y  r i s e s .  

JACKSONVILLE (Hay-Sap t )  OIUANLhJ (Hay-Oct) 
Total h a d  - 31.6 mBtu Total load - 4 3 . 0  d t u  
Latent - 33.7% t o t a l  Lacmc - ,31X t o t a l  

MIAMI (Apr-Oct) 
Tocal load - 5 3 . 3  &cu 
Latent - 35.2: t o t a l  

F i g u r e  4. Cool ing Season Load S t r u c t u r e s  f o r  a  T y p i c a l  
1500 s q . f t .  Frame Res idence  Located i n  Three  
F l o r i d a  C i t i e s .  

F i g u r e  6 i l l u s t r a t e s  t h e  r a t h e r  s e v e r e  problema 
f a c e d  by v e r y  ene rgy  e f f i c i e n t  r e s i d e n c e s  where  b a l a n c e  
p o i n t  c o n d i t i o n s  may remain above 70% r e l a t i v e  humid i ty .  
T h i s  l e v e l  i s  u n a c c e p t a b l e  i n  r e s i d e n c e s  b e c a u s e  of  t h e  
p o t e n t i a l  f o r  mold and mildew growth (8). A l t e r n a t i v e  
l a t e n t  c o o l i n g  sys t ems  w i l l  b e  r e q u i r e d  f o r  s u c h  
r e s i d e n c e s .  

T h i s  problem i s  compounded even f u r t h e r  when 
p a s s i v e  c o o l i n g  t e c h n i q u e s  a r e  i n t r o d u c e d .  C u r r e n t  
r e s e a r c h  i n d i c a t e s  t h a t  p a s s i v e  c o o l i n g  t e c h n i q u e s  a r e  
c a p a b l e  of s t a t i s f y i n g  most o f  t h e  s e n s i b l e  b u i l d i n g  

- C O N  T A C  

- 

7 5  0 0  09 8 0  
I N D O O R  O R Y  BULB OE8 

I N D O O R  R H  V S  I N D O O R  T f M P C R A T U R C  

F i g u r e  5. I n t e r i o r  B a l a n c e  P o i n t  Re1 a t  i v ~  Humid it i e s  
Rea,zhed by  S i x  B u i l d i n g r A i r  C o n d i t i o n e r  
Combinat ions  i n  Miami, FL f o r  Var ious  
Thermos ta t  S e t t i n g s .  

0 . 5 0  AC.PH 
0 . 7 5  A C P H  
1 . 0 0  A C P H  
1  . S O  A C P H  

7 5  90 e 5 9 0 
I N O O D R  O R Y  BULB O E O  F 

I N O C I O R  R E L  H U M I O I T Y  V S  O B  T E M P  

F i g u r e  6. I n t e r i o r  B a l a n c e  P o i n t  R e l a t i v e  H u m i d i t i e s  
Reached by Very Energy E f f i c i e n t  House w i t h  
High E f f i c i e n c y  A i r  C o n d i t i o n e r  i n  Miami, FL 
f o r  V a r i o u s  Thermos ta t  S e t t i n g s  and 
I n f i l t r a t i o n  Ra tes .  

l oad .  I f  c a r r i e d  t o  t h e  ex t r eme ,  n i g h t  sky  r a d i a t i o n  
roo f  pond sys t ems  l o c a t e d  i n  F l o r i d a  c a n  condense  
m o i s t u r e  on t 'he c e i l i n g  p l a n e  and r a i n  on t h e  b u i l d i n g  
i n t e r i o r  ( 9 ) .  Other  t e c h n i q u e s  s u c h  a s  n i g h t  o n l y  
v e n t i l a t i o n  mrly i n t r o d u c e  more m o i s t u r e  load  than  t h e i r  
s e n s i b l e  c o o l i n g  p o t e n t i a l  w a r r a n t s .  I n v e s t i g a t i o n  o f  
t h i s  problem i s  d i f f i c u l t  because  c u r r e n t  b u i l d i n g  
ene rgy  a n a l y s i s  t e c h n i q u e s  model m o i s t u r e  t r a n s p o r t  i n  
an  e x t r e m e l y  ~ :ud imen ta ry  f a s h i o n  a t  b e s t .  

M o i s t u r e  Model- 

A n a l y z i n l ~  m o i s t u r e  i n  b u i l d i n g s  i s  a  complex 
problem. C u r r e n t  p r a c t i c e  i n  b u i l d i n g  ene rgy  a n a l y s i s  
modela assumes t h a t  a l l  changes  i n  zone h u m i d i t y  a r e  
r e f l e c t e d  i n  t h e  zone a i r  c o n d i t i o n s ,  I n  r e a l i t y  
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n t s  and f u r n i s h i n g s  may absorb  and 
o~ounts o f  moisture.  I n  a d d i t i o n ,  
ten1 performance c h a r a c t e r i s t i c s ,  
s e n s i b l e  h e a t  f r a c t i o n  (SHR), a r e  q u i t e  
zone humidity. 

veloped a d e t a i l e d  mois ture  model l ing 
~ L U ~ L ~ U I  L I ~ U L  ~b ~ a p n t l e  of  accounting f o r  the  m i g r a t i o n ,  
absorp t ion ,  and d e s o r p t i o n  of mois tu re  i n  r e a l  
bu i ld ings .  The model has  been wel l  v a l i d a t e d  a g a i n s t  
a v a i l a b l e  experimental  mois tu re  d a t a  f o r  s p e c i f i c  
m a t e r i a l s  ( 2 )  and con~pared a g a i n s t  measured c o n d i t i o n s  
i n  f u l l - s c a l e  a t t i c s  with good r e s u l t s .  F i g u r e  7  g i v e s  
t h e  r e s u l t s  of FSEC's MADAM ( I I o i ~ t u r e  Absorpt ion 
Desorpt ion Analys i s  ~ o d e l )  program and measurements 
taken by Cleary (101. The agreement i s  e x c e l l e n t .  Th is  
i s  pr imar i ly  due t o  t h e  d e t a i l e d  c a p a b i l i t y  of t h e  MADAM 
model. A c o r r e l a t i o n  between e x t e r n a l  wind speed was 
used i n  t h e  model t o  o b t a i n  an i n t e r n a l  s u r f a c e  
convect ion c o e f f i c i e n t  (on which mois ture  s u r f a c e  
t r a n s f e r  is h igh ly  dependent) .  Without t h i s  c o r r e l a t i o n  
agreement i s  not  a s  good. 

I 

-.-.- Ambient Dew P o i n t  - Measured A t t i c  Dew P o i n t  ----. MADAM P r e d i c t e d  
AcC.ic Dew P o i n t  

I U  ter Code P r e d i c t  ion 
Eta from Ful l -Sca le  
o v i l l e ,  CA f o r  March 

i l e d  f i n i t e  element 
have allowed us  t o  

a c c u r a t e  modeling 
mois ture  parameters  

s l y s i s .  

Design day TARP runs  f o r  Orlando, F l o r i d a ,  have 
been made w i t h  t h e  FSEC m o i s t u r e  a lgor i thm i n  p lace .  
The a n a l y e i s  t echnique  u t i l i z e d  a  h y p o t h e t i c a l  
mechanical  system capable  of  main ta in ing  zone moisture 
c o n d i t i o n s  a t  60% RH. The mechanical  system was run 
w i t h  a  30-minute "on" c y c l e  dur ing  each hour. Resu l t s  
from t h e  run a r e  shown i n  F i g u r e  8. The s o l i d  l i n e  i n  
t h e  f i g u r e  g i v e s  t h e  ins tan taneous  mois ture  load on tlie 
space  assun ing  no m o i s t u r e  a b s o r p t i o n  and d e s o r p t i o n .  
The dashed l i n e  g i v e s  t h e  load assuming t h e  same 
mechanical  system and w i t h  m o i s t u r e  a s o r p t  ion  and 
d e s o r p t i o n  by t h e  b u i l d i n g  m a t e r i a l s  (drywall  i n  t h i s  
c a s e ) .  The d o t s  g iven  i n  t h e  f i g u r e  show t h e  mechanical 
system SHF requi red  t o  main ta in  these  c o n d i t i o n s .  

- withauc MADAM 
---nth L W  
6 .  .= 

load 

6000 . + . * *  h.  

Figure  8. TARP Analys i s  of  La ten t  Load P r e d i c t i o n s  
w i t h  and wi thout  Absorpt ion Desorp t ion  
Mod e l .  

I t  i s  q u i t e  i n t e r e s t i n g  t o  n o t e  t h a t  a  s i g n i f i c a n t  
d i f f e r e n c e  e x i s t s  between t h e  loads  when a b s o r p t i o n  and 
d e s o r p t i o n  a r e  modelled. Thie  i s  e s p e c i a l l y  t r u e  f o r  
t h e  peak c o n d i t i o n .  It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h e  
l a r g e  SHF v a r i a n c e  t h a t  i s  r e q u i r e d  t o  main ta in  t h i s  60% 
RH. The r e s u l t s  a r e  g iven  f o r  t h e  f i n a l  day o f  a 5-day 
run a t  des ign  c o n d i t i o n s  (db h igh  a 93OF, db l o v  = 77OF, 
c o i n c i d e n t  wb = 760F, c l e a r n e s s  = .95).  The d a i l y  
mois ture  loads  on t h e  b u i l d i n g  a r e  s t i l l  unequal by a  
smal l  amount a t  t h e  end of t h i s  p e r i o d ,  i n d i c a t i n g  t h a t  
t h e  m o i s t u r e  time c o n s t a n t  of  a  b u i l d i n g  may be  r a t h e r  
l a r g e  a s  compared t o  t h e  thermal  t ime c o n s t a n t .  

CONCLUSIONS 

FSEC has  concluded from i t s  s t u d i e s  t h a t  mois tu re  
problems i n  b u i l d i n g s  l o c a t e d  i n  h o t ,  humid c l i m a t e s  a r e  
q u i t e  s i g n i f  i c a n t  . The i n c l u s i o n  of m o i s t u r e  a lgor i thms  
i n  TARP has shown m a t e r i a l  a b s o r p t i o n  and d e s o r p t i o n  t o  
b e  a  v e r y  s i g n i f i c a n t  e f f e c t  t h a t  i s  n o t  c u r r e n t l y  
cons idered  i n  b u i l d i n g  energy a n a l y s i s  codes.  

Very energy ef E i c i e n t  and p a s s i v e l y  coaled 
s t r u c t u r e s  may s u f f e r  unaccep tab le  m o i s t u r e  problems 
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mhanced dehumidi f ica t ion  c a p a b i l i t i e s .  C e r t a i n  
coo l ing  s t r a t e g i e s  ( n i g h t  v e n t i n g )  may pay a 

p e n a l t y  t h a t  exceeds t h e  thermal coo l ing  
in very humid c l imetes .  I n  o r d e r  t o  understand 
l u a t e  these  problems i t  is  important  t h a t  

r e s e a r c h  cont inue  and t h a t  b u i l d i n g  energy 
codcs c o r r e c t l y  ana lyze  moisture e f f e c t s .  
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