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ABSTRACT 

T h i s  p a p e r  r e p o r t s  o b s e r v a t i o n s  b y  t h e  a u -  
t h o r s  made i n  t h e  c o u r s e  o f  p e r f o r m i n g  f i e l d  s u r -  
v e y s  and  d e t a i l e d  a n a l y s e s  o f  a p p r o x i m a t e l y  t h r e e  
hundred  U. S. Navy b u i l d i n g s  l o c a t e d  i n  a  humid 
climate. I n  t h e  c o u r s e  o f  t h i s  work h u m i d i t y  
r e l a t e d  probleme were found i n  many o f  t h e  
b u i l d i n g s .  

Face  & b y p a s s  c o n t r o l  is s u g g e s t e d  as one  o f  
t h e  b e s t  methods  o f  a c h i e v i n g  p a s s i v e  h u m i d i t y  
c o n t r o l  u n d e r  common d i f f i c u l t  p a r t  l o a d  c o n d i -  
t i o n s .  However, some c o n d i t i o n s  c a n n o t  be  h a n d l e d  
w i t h o u t  a d d i t i o n a l  measures .  T h i s  p a p e r  e x p l o r e s  
t e c h n i q u e s ,  o t h e r  t h a n  r e h e a t ,  a s  means f o r  i m -  
p r o v i n g  s p a c e  c o m f o r t  c o n d i t i o n s  under  t h e  w o r s t  
c o n d i t i o n s .  

It i s  shown t h a t  p r e - c o o l i n g  o r  d e s i c c a n t  
d e h u m i d i f i c a t i o n  of  v e n t i l a t i o n  a i r  c a n  o f f e r  
s u b s t a n t i a l l y  improved p e r f o r m a n c e ,  e s p e c i a l l y  i n  
c o n j u n c t i o n  w i t h  v a r y i n g  t h e  v e n t i l a t i o n  a i r  quan- 
t i t y  a s  a  p e r c e n t a g e  of  s u p p l y  a i r .  

INTRODUCTION 

D u r i n g  t h e  summers o f  1983, 1984, 1985, and  
1986 E n g i n e e r i n g  S c i e n c e s ,  I n c .  p e r s o n n e l  p e r -  
formed f i e l d  s u r v e y s  o f  a p p r o x i m a t e l y  t h r e e  hun- 
d r e d  o f  t h e  l a r g e r  b u i l d i n g s  a t  U.S. Marine Corps  
Camp S. D. B u t l e r ,  Okinawa, J a p a n  and a t  U. S. 
Naval S t a t i o n ,  S u b i c  Bay, R e p u b l i c  of  t h e  P h i l i p -  
p i n e s .  The p r i m a r y  p u r p o s e  o f  t h e s e  s t u d i e s  was 
t o  i d e n t i f y  d e f i c i e n c i e s  i n  t h e  a i r  c o n d i t i o n i n g  
s y s t e m s  which  a f f e c t  t h e i r  a b i l i t y  t o  p r o v i d e  t h e  
r e q u i r e d  c o m f o r t  c o n d i t i o n s  i n  a n  e n e r g y  e f f i c i e n t  
manner. 

The ESI s t a f f  per formed e x t e n s i v e  f i e l d  t e s t s  
and a n a l y s e s  on  t h e  b u i l d i n g s ,  t h e i r  a i r  c o n d i -  
t i o n i n g  e q u i p m e n t  and i t s  c o n t r o l s .  D e f i c i e n c i e s  
( i n  d e s i g n  a n d / o r  c o n d i t i o n )  which c a u s e  them t o  
f a i l  t o  p e r f o r m  t h e i r  d e s i r e d  f u n c t i o n  i n  a n  e f f i -  
c i e n t  manner were i d e n t i f i e d  . Recommendations 
were t h e n  made t o  c o r r e c t  t h e s e  problems and s u p -  
p o r t i n g  c a l c u l a t i o n s  per formed t o  a s s e s s  t h e  e c o -  
nomic a t t r a c t i v e n e s s  o f  e a c h  i n v e s t m e n t .  

U n f o r t u n a t e l y  many problems were o b s e r v e d  and 
most  were r e l a t e d  t o  t h e  v e r y  h i g h  h u m i d i t y  of  
t h e s e  clime tes (e.g . , 97.5 p e r c e n t  d e s i g n  c o n d i -  
t i o n s  a r e  8 8 / 8 0  (OF/OF) f o r  Okinawa). I n  s h o r t ,  
t h e  f u n d a m e n t a l  o b s e r v a t i o n  is t h a t  t h e  c o m f o r t  
c o n d i t i o n i n g  s y s t e m s  s i m p l y  d o  n o t  work. Many of 
t h e  b u i l d i n g s  o b s e r v e d  h a v e  s p a c e  r e l a t i v e  humidi-  
t i e s  o v e r  70 p e r c e n t .  

Very l i t t l e  h a r d ,  q u a n t i t a t i v e  i n f o r m a t i o n  
is a v a i l a b l e  f o r  d e s i g n e r s  o f  HVAC s y s t e m s  i n  t h e  
humid c l i m a t e .  C o n s e q u e n t l y ,  a  number o f  myths 
e x i s t  a b o u t  t h e  r e l a t i v e  p e r f o r m a n c e  o f  d i f f e r e n t  
t y p e s  of  sys tems .  The a u t h o r s  h a v e  c o n d u c t e d  
r e s e a r c h  o v e r  t h e  l a s t  s e v e r a l  y e a r s  t o  u n d e r -  
s t a n d  t h e  f a i l i n g s  o f  t h e  s y s t e m s  b e i n g  d e s i g n e d ,  
and  h o p e f u l l y  p r o v i d e  d e s i g n  g u i d a n c e  f o r  f u t u r e  
s y s t e m s .  E a r l i e r  p a p e r s  111, [ Z ] ,  and  [ 3 ] ,  d i s -  
c u s s  t h e  p e r f o r m a n c e  o f  t h e  m o s t  commonly found  
a i r  c o n d i t i o n i n g  s y s t e m s  and  t h e i r  c a p a c i t y  con- 
t r o l  methods  u n d e r  normal  o p e r a t i o n s  a t  v a r i o u s  
p a r t  l o a d s ,  and d u r i n g  t h e  morning  s t a r t - u p  
p e r i o d  a f t e r  a n  o v e r n i g h t  shu tdown.  The r e s u l t s  
a r e  b r i e f l y  summarized below. 

T h i s  p a p e r  c o n t i n u e s  t h e  s e a r c h  f o r  f u r t h e r  
improvements  i n  h u m i d i t y  c o n t r o l  by a s s e s s i n g  t h e  
b e n e f i t s  o f  ( a )  r e d u c e d  i n f i l t r a t i o n  ( v i a  i m -  
p roved  b u i l d i n g  e n v e l o p e  t i g h t n e s s  o r  i n c r e a e e d  
v e n t i l a t i o n ) ,  and  o f  ( b )  p r e t r e a t i n g  t h e  v e n t i l a -  
t i o n  a i r  ( v i a  p r e c o o l i n g  o r  d e s i c c a n t  d r y i n g ) .  

PERFORMANCE CRITERIA FOR EFFECTIVE AIR CONDITION- 
ING IN THE HUMID CLIMATE 

The two most  i m p o r t a n t  c r i te r ia  which m u s t  
be met  f o r  s u c c e s s f u l  a i r  c o n d i t i o n i n g  d e s i g n s  i n  
t h e  humid climate a r e :  

1. They must  have i n h e r e n t  p a s s i v e  h u m i d i t y  
c o n t r o l  c a p a b i l i t y ;  t h a t  i s ,  t h e y  m u s t  main- 
t a i n  good room h u m i d i t y  l e v e l s  u n d e r  a l l  
l o a d s .  To d o  t h i s  t h e  c o i l  s e n s i b l e  h e a t  
r a t i o  (CSHR) must  f o l l o w  room s e n s i b l e  h e a t  
r a t i o  (RSHR) a t  l i k e l y  p a r t  l o a d  c o n d i t i o o s .  

2. They m u s t  d e l i v e r  s u p p l y  a i r  t e m p e r a t u r e s  a t  
p a r t  l o a d s  s u f f i c i e n t l y  c l o s e  t o  t h e  room 
dew p o i n t  t o  p r e v e n t  c o n d e n s a t i o n  o n  
d i f f u s e r s .  

I n  o r d e r  t o  a s s e s s  t h e  p e r f o r m a n c e  o f  v a r i -  
o u s  c a p a c i t y  c o n t r o l  methods  i n  m e e t i n g  t h e s e  
c r i t e r i a ,  t h e  a u t h o r s  d e v e l o p e d  a  s e r i e s  o f  
c o i l / r o o m  s i m u l a t i o n  computer  r o u t i n e s  which c a n  
b e  u s e d  t o  p r e d i c t  t h e  p s y c h r o m e t r i c  c o n d i t i o n s  
t h a t  r e s u l t  when a n  a i r  c o n d i t i o n i n g  s y s t e m  a d -  
j u s t s  i t s  c a p a c i t y  i n  r e s p o n s e  t o  c h a n g e s  i n  
i n t e r i o r ,  s k i n ,  and o u t s i d e  a i r  l o a d s  (31 .  The 
r e s u l t s  h a v e  b e e n  c o r r o b o r a t e d  i n  t h e  f i e l d ,  and 
t h u s  c o n f i d e n c e  h a s  b e e n  g a i n e d  i n  t h e i r  u s e .  

U n f o r t u n a t e l y  t h e  RSHR t e n d s  t o  d r o p  a t  t h e  
m o s t  p r o b a b l e  p a r t  l o a d  c o n d i t i o n s  i n  humid c l i -  
m a t e s  w h i l e  t h e  CSHR t e n d s  t o  rise f o r  t h e  more 
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commonly used methods of capaci ty control .  I t  is 
t h i s  fundamental mismatch of aens ib le  hea t  r a t i o s  
t h a t  causes most of the problems. Consider, f o r  
example, a  c h i l l e d  water a i r  handling u n i t  with a  
c o i l ,  a  modulating c h i l l e d  water valve, and a  room 
thermostat with a  4.F proport ional  band. A s  the  
valve c loses  and l e s s  water flows, the c o i l  begins 
t o  warm up. The l a t e n t  cool ing f a l l s  o f f  much 
f a s t e r  than the s e n s i b l e  cool ing (i.e., CSHR in-  
c reases  r a p i d l y ) .  The r e s u l t  is t h a t  room hu- 
midity r a t i o  w i l l  i nc rease  dramatical ly  under the  
more probable p a r t  load condit ions.  Cn the  o ther  
hand, modulating capac i ty  by varying a i r  flow 
through the  c o i l  and keeping c h i l l e d  water flow 
conetant  ha8 q u i t e  d i f f e r e n t  r e s u l t s .  Sensible  
cool ing a c t u a l 1  y f a l l s  fa8 t e r  than l a  t e n t  cool ing,  
which is d e s i r a b l e .  VAV and face & bypass systems 
both give these r e s u l t s .  VAV, however, f a i l s  t o  
meet the c r i t e r i o n  f o r  avoiding condensation a t  
d i f f u s e r s  due t o  very cold supply a i r  temperatures 
a t  p a r t  loads. Face & bypass avoids t h i s  shor t -  
coming and meets both performance c r i t e r i a  q u i t e  
well. Figures 1 and 2 compare the performance of 
a  c h i l l e d  water valve vs. face & bypass con t ro l  
under various load8 ( i n  a  bui lding designed f o r  
7 8 ' ~ ~  60 percent  ~ h ) .  For a  f u l l  performance 
c&iparison of capac i ty  con t ro l  methods see a  pre-  
vious paper by the au thors ,  "Passive Humidity 
Control: A Comparison Of Air-conditioning Capaci- 
ty  Control Methods For The Humid Climate ." 13 ] 
Although there  a r e  o ther  innovative capac i ty  con- 
t r o l  methods t h a t  may u l t imate ly  prove super io r  t o  
face & bypass, of the p resen t ly  used method8 i t  
g ives  the b e e t  performance of any modulating type 
system and thus is a  good choice f o r  i l l u s t r a t i n g  
the in f  il t r a t i o n / v e n t i l a t i o n  ques t ions  addressed 
hereaf te r .  Therefore, the remainder of our d i s -  
cuesion w i l l  aseume a c h i l l e d  water a i r  handling 
u n i t  with f a c e  & bypass dampers modulated propor- 
t i o n a l l y  by a  space thermos tat. 

Notice from Figure 2 t h a t ,  even with the much 
preferred f a c e  & bypass con t ro l ,  there a r e  d i f f i -  
c u l t  p a r t  load condi t ions  t h a t  cannot be handled 
succees fu l ly  (room humidity r a t i o s  a r e  c l e a r l y  o u t  
of the comfort range). Can the s i t u a t i o n  be i m -  
proved passively,  t h a t  is, without rehea t 7  

DIFFICULT PART LOADS 

The a i r  condit ioning system experiences d i f -  
f i c u l t i e s  when the  RSHR drops, t h a t  i a ,  when the  
l a t e n t  loads increase  o r  the s e n s i b l e  loads a r e  
reduced. Unfortunately, t h i s  is almost always 
what happens under p a r t  load condit ions which 
is where t h e  system opera tes  most of the time. 
Suppoee t h a t  the system has been designed t o  s a t -  
i a f y  the  load when the  ambient is  88/80 ('Fl0F). 
There w i l l ,  of course,  be a  e o l a r  load included i n  
the design ca lcu la t ions .  A p a r t  load condi t ion  
f requent ly  encountered i s  t h a t  of a  ra iny  day 
during the design month ( t y p i c a l l y  81°F/790F). 
The l a t e n t  load due t o  v e n t i l a t i o n  and inf i l t r a -  
t i o n  a i r  is unchanged but  the s e n s i b l e  load has 
reduced 60 percent.  The s o l a r  load ( a l l  
s e n s i b l e )  is  reduced t o  zero. The i n t e r n a l  sens i -  
b l e  and l a t e n t  loads a r e  unchanged. The n e t  
r e s u l t  of a l l  of t h i s  is t h a t  the s e n s i b l e  h e a t  
r a t i o  required of the c o i l  drops d r a s t i c a l l y .  

In  Figure 3 th ree  common o u t s i d e  a i r  condi- 
t ions  i n  Okinawa a r e  shown. Point  1 is the 
design day condition. Po in t  2 would be t y p i c a l  
f o r  a  cloudy day. Point  3  would be t y p i c a l  f o r  a  
cloudy, r a i n y  day. However, any of these condi- 
t i o n s  could occur with o r  without  the sun. Assume 
a one-story 10,000 sq. f t .  o f f i c e  bu i ld ing ,  wel l  
cone t ructed and r e l a t i v e l y  t i g h t  (314 a i r  change 
per hour i n f i l t r a t i o n  with no bu i ld ing  pressur i -  
z a t i o n ) ,  roof U = 0.05, wal l  U = 0.10 with 25 
percen t  s i n g l e  pane g l a s s ,  100 people,  1.5 wat t s /  
sq. f  t. l i g h t s ,  v e n t i l a t i o n  = 10 cfm/person, ex- 
haus t  = 5 cfm/person, 13,000 cfm supply a i r .  
Alao assume the a i r  condit ioning system is  
properly s i z e d  f o r  76OF, 50 percen t  Rh indoor 
condi t ions  on a  88/80 (OF/'F) day, and properly 
operated. (Note: equipment o v e r s i z i n g  and i m -  
proper operat ion exacerbate  humidity c o n t r o l  pro- 
blems [ 3 ] ) .  Points  la, 2a, and 3a a r e  the resu l -  
t i n g  room condit ions when our face & bypass 
system opera tes ,  with the dry bulb thermostat  s e t  
on 76OF, t o  condit ion the space with the three 
above mentioned ou ts ide  a i r  condi t ions  on a  aunny 
day. Points  lb, 2b, and 3b r e s u l t  when the  sen-  
s i b l e  h e a t  r a t i o  is reduced due t o  Loss of s o l a r  
load. Without the sun the  space becomes con- 
s i d e r a b l y  more humid. Note the  space is  coole r  
s ince  the s e n s i b l e  load i s  reduced. Overal l  the 
space is l e s s  comfortable. Po in t  3b (Point .  3 is  
the  most d i f f i c u l t  ambient condi t ion)  is  margin- 
a l l y  i n  the comfort zone on a  cloudy day. 

THE EFFECT OF B U I L D I N G  ENVELOPE TIGHTNESS 

The most pernicious load i s  t h a t  due t o  
i n f i l t r a t i o n .  I n  some caees it may be 100 per- 
c e n t  l a t e n t .  Furthermore, i t  i s .  introduced d i -  
r e c t l y  i n t o  the condit ioned space.  Empirical 
research  i n t o  i n f i l t r a t i o n  r a  t e s  i n  bu i ld ings  
i n d i c a t e  t h a t  they vary g r e a t l y .  Cer ta in ly ,  many 
of the e x i s t i n g  bu i ld ings  i n  Okinawa have r a t e s  
more than double t h a t  assumed f o r  the  bu i ld ing  
above. The importance of bu i ld ing  envelope 
t i g h t n e s s  is i l l u s t r a t e d  i n  Figure 4. The p o i n t s  
f o r  the t i g h t  bui lding of Figure 3 a r e  repeated 
a a  groups A and B f o r  the  s o l a r  and no s o l a r  load 
condi t ions  respec t ive ly .  Points  i n  groups C and 
D a r e  f o r  a  loose bu i ld ing  (1.5 a i r  change per  
hour with no bui lding p r e s e u r i z a t i o n )  f o r  the 
s o l a r  and no s o l a r  load condi t ions  respec t ive ly .  
Note how comfort is l o s t  i n  the  loose bui lding 
when t h e  s e n s i b l e  load is l o s t .  The p o i n t  re-  
s u l t i n g  from ambient condit ion 3 is q u i t e  uneat- 
i s fac tory .  Even i n  a  t i g h t  b u i l d i n g ,  ambient 
condit ion 3 i s  d i f f i c u l t .  This i s  a  very common 
load condi t ion  i n  the humid c l imate .  The remain- 
d e r  of t h i s  paper w i l l  explore measures f o r  hand- 
l i n g  t h i s  condit ion.  

THE EFFECT OF PRE-COOLING VENTILATION A I R  

A 1  though puch b e t t e r  than c h i l l e d  water 
valve con t ro l ,  f ace  6 bypass c o n t r o l  d i f f i c u l t i e s  
occur when s e n s i b l e  load is s e v e r e l y  reduced and 
the  dry bulb thermostat modulates to  bypase sub- 
s t a n t i a l  a i r  around the  wild c o i l .  The bypassed 
a i r  includes proport ional  f r a c t i o n s  of re tu rn  
a i r  and incoming moist v e n t i l a t i o n  a i r .  One 
might expect  improved performance i f  the v e n t i l a -  
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t ion a i r  were pre-cooled pr io r  to  mixing with 
re tu rn  a i r .  This would requ i re  a  separa te  cool ing 
c o i l  i n  the ou ts ide  a i r  duct.  The psychrometric 
process is shown exaggerated i n  Figure 5. Figure 
6 i l l u s t r a t e s  the improvement i n  both the t i g h t  
and loose bu i ld ing  f o r  the d i f f i c u l t  81/79 ('F/'F) 
ambient condi t ion  with no s o l a r  load. The t i g h t  
building is now comfortable under the worst condi- 
t ions.  The loose bui lding,  though improved, is 
s t i l l  s i g n i f  i c a n t l y  too humid f o r  comfort. The 
high in f  i l t r a t i o n  load is the c u l p r i t .  

THE EFFECT OF DRYING VENTILATION A I R  WITH 
DESICCANTS 

Improvements i n  desiccant  dehumidification 
technology [ 4 ] ,  including the reduction of temper- 
a t u r e  l eve l  of the heat  required f o r  regenerat ion 
of the d e s i c c a n t ,  have increased its competitive- 
ness a s  a  cool ing option. Drying the v e n t i l a t i o n  
a i r  p r i o r  t o  mixing with r e t u r n  a i r  has severa l  
benef i t s .  More moisture can be removed from the 
ven t i l a  t ion  a i r  than by normal vapor compression 
r e f r i g e r a t i o n .  Secondly, i n  bui ldings with rea-  
sonably low i n f i l t r a t i o n  and i n t e r n a l  l a t e n t  
loads,  moisture removal i n  the v e n t i l a t i o n  a i r  may 
be a l l  the l a t e n t  cool ing t h a t  is required,  allow- 
ing the main cool ing c o i l s  t o  be sens ib le  cool ing 
only. This allows smaller  r e f r i g e r a t i o n  systems 
operat ing a t  higher  evapora t o r  temperatures, and 
thus higher COP'S. It could allow the use of 
terminal fan c o i l  u n i t s ,  supplied with dry primary 
a i r ,  which otherwise a r e  no t  s u i t a b l e  f o r  the 
humid cl imate [ 5 ] .  

The system schematic would be the same a s  
shorn i n  Figure 5, but with the pre-cooling c o i l  
replaced by a  des iccan t  dehumidifier.  Figure 7  
i l l u s t r a t e s  the process psychrometrically, ex- 
aggera ted f o r  c l a r i t y .  Figure 8  demons t r a  tea the 
performance improvement. 

THE EFFECT OF INCREASING VENTILATION TO REDUCE 
INFILTRATION 

Calculat ing expected inf  i l t r a t i o n  r a t e s  i n  a  
bui lding is  d i f f i c u l t  though much work is  being 
done i n  t h i s  a r e a .  Calculat ing changes i n  a  known 
inf  il t r a  t i o n  r a t e  due t o  changes i n  bui lding pres-  
s u r i z a t i o n  ( i . e . ,  changes i n  v e n t i l a t i o n  and re -  
l i e f  r a t e s )  is  somewhat e a s i e r .  When t h i s  r e -  
search began the authors  found l i t t l e  i n  the 
l i t e r a t u r e  t o  address  t h i s  i s sue  and subsequent- 
l y  developed a  f i r s t  l e v e l  approximation [ 6 ] .  
A i r  flow through a  b a r r i e r  is  r e l a t e d  by the 
following: 

where : 

Q Flow 

P -P Pressure d i f fe rence  across  the bar- 
r i e r  

k  Constant descr ibing the t igh tness  of 
the b a r r i e r  

a  Exponent appropr ia te  f o r  the na- 
t u r e  of the openings 

Previous a n a l y s i s  f o r  t y p i c a l  c racks  i n  
bu i ld ings  (and typ ica l  wind v e l o c i t i e s )  suggest  
t h a t  the flow is  tu rbu len t  and n  = 0.5 is a  good 
approximation. (Note t h a t  t h i s  is no t  t rue  f o r  
l a rge  openings i n  bu i ld ings ,  such a s  open doors 
o r  windows, where n  = 1.0 is a  b e t t e r  
approximation). Using t h i s  r e l a t i o n s h i p  one can 
develop expressions f o r  mass balances i n  a  
bui lding which r e l a t e  inf  i l t r a t i o n ,  exf i l t r a t i o n ,  
v e n t i l a t i o n  and r e l i e f .  In so  doing one f i n d s  
there  a r e  three d i s  t i n c  t regimes possible:  

A. The bui lding is s o  heav i ly  p o s i t i v e l y  pres- 
sur ized t h a t  a i r  is  e x f i l t r a t i n g  a t  both the 
leeward and windward walls .  

B. A i r  is  i n f i l t r a t i n g  i n  the windward wall end 
e x f i l t r a t i n g  ou t  the leeward wall.  (Note: 
the bui lding may have e i t h e r  a  p o s i t i v e  o r  
negat ive pressure) .  

C. The bui lding is s o  heav i ly  nega t ive ly  pres-  
sur ized  t h a t  a i r  is i n f i l t r a t i n g  a t  both the 
windward and leeward walls.  

The mathematical assumptions a r e  only va l id  
f o r  Case B, but  f o r t u n a t e l y  i t  covers a  r a t h e r  
l a rge  region and c e r t a i n l y  includes the majori ty  
of cases  of p r a c t i c a l  i n t e r e s t .  Case B a p p l i e s  
whenever -1.4 < (V-R)/I < +1.4. I f  one assumes 
the value of k  i n  ~ ~ u a t f o n  1 above is  cons tan t  a s  
well a s  such cont r ibu t ions  t o  P2-Pl a s  wind speed 
and s t a c k  e f f e c t  ( i .e . ,  only v e n t i l a t i o n  and 
r e l i e f  a r e  var ied) ,  r e l a t i o n s h i p s  r e s u l t  which 
can be approximated by the following s t r a i g h t  
l i n e  equat ions : 

I IO - 0.35 (V-R) (Eq. 2 )  

f o r  a  bui lding i n  which r e l i e f  exceeds v e n t i l a -  
t i o n  and the  space is  nega t ive ly  pressurized,  and 

I a I. - 0.71 (V-R) (Eq. 3 )  

f o r  a  bui lding i n  which v e n t i l a t i o n  exceeds re -  
l i e f  and the  space i s  p o s i t i v e l y  pressurized 

where : 

I Actual I n f i l t r a t i o n  

I0 
I n f i l t r a t i o n  r a t e  with no pres- 
s u r i z a t i o n  due t o  v e n t i l a t i o n  and 
r e l i e f  ( i .e . ,  I = I when V = R) 

0  

V Vent i l a t ion  

R Rel ief  (exhaust)  

The implicat ions a r e  obvious and expected; 
when one increases  v e n t i l a t i o n  by a  c e r t a i n  
amount, one does n o t  g e t  a  corresponding one-for- 
one decrease i n  i n f i l t r a t i o n .  Conversely, when 
one reduces v e n t i l a t i o n  a  c e r t a i n  amount (a com- 
mon energy saving t a c t i c ) ,  i n f i l t r a t i o n  increases  
somewhat due t o  reduced p o s i t i v e  o r  increased 
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negat ive pressur iza t ion  i n  the space, but not  
one-for-one. 

With t h i s  d igress ion  we now re turn  t o  the 
question of the e f f e c t  of varying v e n t i l a t i o n  and 
i n f i l t r a t i o n  on comfort condit ions.  Simulations 
were run changing the v e n t i l a t i o n ,  f o r  both the 
t i g h t  and loose bui lding,  while keeping r e l i e f  
constant ;  i n  one case doubling v e n t i l a t i o n  from 
1000 cfm ( i n  the assumed bu i ld ing)  t o  2000, and i n  
the second, e l iminat ing v e n t i l a t i o n  a l t o g e t h e r  (0 
cfm). In  a l l  cases  the new i n f i l t r a t i o n  r a t e s  
were ca lcu la ted  using Equations 2  and 3. The 
r e s u l t s  show n e g l i g i b l e  d i f fe rence  i n  room condi- 
t ions.  This  implies  t h a t  when v e n t i l a t i o n  is  
increased; f o r  example t o  reduce i n f i l t r a t i o n ,  
the b e n e f i t s  to  the RSHR l i n e  a r e  near ly  equa l ly  
o f f s e t  by the  r e s u l t a n t  increased t o t a l  ou ts ide  
a i r  t h a t  must be dehumidified (V+I). A t  l e a s t  
with the face  & bypass system, there  appears t o  be 
no comfort penal ty when one reduces v e n t i l a t i o n  
r a t e s  to  save energy. 

Hex t consider  increasing v e n t i l a t i o n  to  re -  
duce i n f i l t r a t i o n  i f  the v e n t i l a t i o n  a i r  is 
pre-cooled o r  dehumidified with a  desiccant .  
I n t u i t i v e l y  t h i s  would seem t o  have meri t  s i n c e  
the RSHR improvements a r e  gained without an i n -  
c rease  i n  moisture reaching the face  & bypass 
c o i l .  The r e s u l t s  a r e  shown i n  Figure 9 f o r  the 
loose bui lding and Figure 10 f o r  a  t i g h t  bui lding.  
It appears t h a t  s u b s t a n t i a l  improvements i n  com- 
f o r t  a r e  achieved by combining a  pre-treatment of 
v e n t i l a t i o n  a i r  (pre-cooling o r  des iccan t  drying)  
with a n  upward adjustment i n  the  amount of ven t i -  
l a t i o n  a i r .  Even i n  the loose bui lding under the 
worst p a r t  load condi t ions ,  the space can be con- 
di t ioned i n t o  the ASHRAE comfort zone. In  a  
t i g h t e r ,  b e t t e r  construc ted bui lding,  the ef f e c  ts 
a r e  much more dramatic and i d e a l  comfort condi- 
t ions  a r e  achievable under a l l  circumstances with 
only moderate increaees  i n  v e n t i l a t i o n  a i r .  An 
increase i n  v e n t i l a t i o n  a i r  is not without an 
energy penal ty;  however, i t  i n  no way compares t o  
the l a rge  amounts of ex t ra  energy required by an 
a c t i v e  humidity c o n t r o l  eye tern using rehea t .  
While not a  panacea, pre-treatment of v e n t i l a t i o n  
a i r  combined with ad jus  tments i n  v e n t i l a  t i o n  
q u a n t i t i e s ,  is a  good way t o  improve indoor humid- 
i t y  i n  the humid c l imate  even under the most d i f -  
f i c u l t  of condit ions.  

CONCLUSIONS 

1. Many HVAC systems do not work i n  the humid 
c l imate  , pr imar i ly  because the most common1 y  
used capac i ty  con t ro l  systems a r e  fundamen- 
t a l l y  inadequate f o r  handling the d i f f i c u l t  
p a r t  load condi t ions  which occur a  majori ty  
of the time. 

2. Some capac i ty  con t ro l  systems have good per-  
formance i n  nee t ing  the two most important 
c r i t e r i a :  they e x h i b i t  good passive humidity 
c o n t r o l  (i.e., thsy maintain c o n t r o l  of space 
r e l a t i v e  humidity without rehea t )  ; and they 
supply a i r  s u f f i c i e n t l y  c l o s e  i n  temperature 
to  , the room dewpoint such t h a t  condense t i o n  
on d i f f u s e r e  does n o t  occur. The face  & 

bypass system i s  one of the b e s t  modulating 
type systems i n  these regards. Chi l l ed  
water valve modulation i s  the worst,  and 
should never  be used i n  t h e  humid cl imate.  
However, even the b e s t  common systems have 
problems with the worst  p a r t  load 
condit ions.  

P a r t  load condi t ions  a r e  t h e  most d i f f i c u l t  
when l a t e n t  load increases  and s e n s i b l e  load 
decreases. Unfortunately t h i s  is what 
usua l ly  occurs i n  a  humid cl imate.  
I n f i l t r a t i o n  is the agen t  which introduces 
the majori ty  of the moisture.  Its s e v e r i t y  
is obviously dependent on ambient 
condi t ions ,  and design day condi t ions  a r e  
much b e t t e r  than o f f  -design condi t ions  
because the s e n s i b l e  por t ion  of load is  
g r e a t e s t  on the  h o t t e s t  days. Over h a l f  the  
s e n s i b l e  load is  t y p i c a l l y  s o l a r ,  and cloudy 
days r e s u l t  i n  s i g n i f i c a n t  decreases  i n  room 
s e n s i b l e  hea t  r a  t i o s .  

The t igh tness  of the bu i ld ing  envelope has a  
dramatic e f f e c t  on the  a b i l i t y  t o  maintain 
c o n t r o l  of space humidity. Buildings should 
be made a s  t i g h t  a s  f e a s i b l e .  

Changes i n  v e n t i l a t i o n  q u a n t i t i e s  a f f e c t  
bu i ld ing  p r e s s u r i z a t i o n  and thus a f f e c t  i n -  
f i l t r a t i o n  r a t e s ,  but  n o t  one-for-one. I n  
e x i s t i n g  bu i ld ings  with f a c e  & bypass sys- 
tems, v e n t i l a t i o n  may be decreased i n  o rder  
t o  save energy, with no comfort penalty. 
Increases  i n  v e n t i l a t i o n  r a t e s  to  reduce 
i n f i l t r a t i o n  do no t  succeed i n  improving 
space condit ions.  

Pre-cooling of v e n t i l a t i o n  a i r  improves con- 
t r o l  of r e l a t i v e  humidity, p a r t i c u l a r 1  y  when 
v e n t i l a t i o n  percentages of t o t a l  supply a i r  
increase.  

Desiccant drying of v e n t i l a t i o n  a i r  is a n  
improvement over pre-cooling i n  terms of 
comfort. Although t h i s  t y p e o f  system is 
more complex and c o s t l y ,  i t  opens up severa l  
o p p o r t u n i t i e s  f o r  using energy wisely. 
Waste heat  from cogenerat ion o r  s o l a r  
c o l l e c t o r s  can d r i v e  the  d e s s i c a n t  cyc le ,  
improving comfort while improving o v e r a l l  
cool ing system COP a t  t h e  same time. I f  ven- 
t i l a t i o n  percentages of t o t a l  supply a i r  a r e  
increased,  passive humidity c o n t r o l  is pos- 
s i b l e  under the most d i f f i c u l t  condit ions.  

There a r e  many unanswered ques t ions  which 
need f u r t h e r  research i n  o rder  t o  develop 
q u a n t i t a t i v e  design informa t i o n  f o r  t h e  
p r a c t i c i n g  engineer .  Tasks suggested by the 
work done t o  t h i s  po in t  a r e :  

a .  More ex tens ive  f i e l d  t e s t i n g  must be t o  
corroborate  r e s u l  ts pred ic ted  analy ti- 
ca l ly .  

b. This paper addresses  the  psychrometric 
ramif ica t ions  of pre-cool ing and des ic -  
c a n t  drying of v e n t i l a t i o n  a i r  t o  quan- 
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t i f y  the benef i t s .  The pre-cooled a i r  and F a c i l i t y  Engineering Command, U. S. Navy, Apr i l  
dryed a i r  condit ions used f o r  the  analyses 1985. 
were those e a s i l y  achievable by cool ing c o i l s  
and dehumidif icat ion systems. However, no 7. American Society of Heating, Refr igera-  
a t tempt is made here t o  address the p r a c t i c a l  t i n g ,  and A i r  Conditioning Engineers, ASHRAE 
optiona f o r  designing these systems. Ques- Handbook: Fundamentals, At lan ta ,  GA 1985. 
t ions  such a s  where t o  loca te  the c o i l ,  how 
t o  i n t e g r a t e  i t  i n t o  the cooling system, how 
t o  c o n t r o l  i t ,  e tc .  must be addressed. Many 
quest ions remain about the economics of the 
des iccan t  dehumidif icat ion systems i n  various 
s i  tua t ions .  

Many innovat ive approaches t o  passive humi- 
d i t y  c o n t r o l  a r e  still  unresearched. One 
system which appears to  o f f e r  s i g n i f i c a n t  
improvements over the  face 6 bypass aystem 
with wild c o i l  is  the combination face & 
bypass/variable  a i r  volume system, which does 
a b e t t e r  job of condit ioning the v e n t i l a t i o n  
a i r  and handles per tu rba t ions  t o  the c o n t r o l  
sys tern (e.g., changes i n  thermostat s e t p o i n t )  
b e t t e r .  Ideas such a s  t h i s ,  with combina- 
t ions  of v e n t i l a t i o n  precooling or  drying 
must be considered. 
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FIGURE 7 
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