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ABSTRACT 

This paper discusses  the  concept of a 
computer room f r e s h  a i r  cooling system with 
evaporative humidif icat ion.  The system o f f e r s  
s i g n i f i  cant1 y 1 ower energy consumpti on than 
conventional cool i  ng u n i t s .  wi t h  24% reduct ion f o r  
Dallas and 56% reduct ion f o r  Denver. A control 
scheme i s  suggested t h a t  should s a t i s f y  the  s t r i c t  
temperature and humidity s p e c i f i c a t i o n s  of 
computer rooms. The c o n t r o l s  a l s o  allow 
f l e x i b i l i t y  t o  meet t h e  wide range of 
dehumidification loads t h a t  can occur i n  a room 
with an imperfect vapor bar r ie r .  The p r o j e c t  i s  
present ly i n  t h e  conceptual s tage ,  but i s  being 
considered f o r  i n s t a l l  a t ion  i n  a Texas 
Instruments'  building i f  economic f e a s i b i l i t y  can 
posi t i  vely be demonstrated. 

INTRODUCT ION 

Because of s t r i c t  temperature and humi di t y  
control s p e c i f i c a t i o n s  and constant  load p r o f i l e s ,  
computer rooms a r e  o f t e n  ignored a s  potent ial  
s i t e s  f o r  building energy use reduction. These 
1 oad c h a r a c t e r i s t i c s  , a1 ong wi th  high 1 oad 
densi t i e s  i n  comparison t o  o f f i c e  space,  can make 
computer rooms prime energy users  t h a t  should not 
be ignored. The s t r i c t  t enpera ture  and humidity 
spec i f ica t ions  a re  o f t e n  met through the  use of 
expensive steam humidif icat ion and reheat .  In 
add i t ion ,  t h e  constant  nature of  the cool ing load 
may d i c t a t e  p a r t  load opera t ion  of a l a rge .  
central building c h i l l e r  system during periods of 
the  year when the equipnent could otherwise be 
turned o f f .  A1 t e r n a t i  vel y ,  computer rooms may be 
condi tioned by expensive dedicated small c h i l l  e r s  
o r  di rec t  expansion sys tems. 

In an e x c e l l e n t  overview of computer 
room condi t i  oni ng a1 t e r n a t i  ves . H. P. Bec ker 
suggests t h a t  because of the  cycl ing nature of 
t h e i r  con t ro l s ,  d i r e c t  expansion (DX) systems may 
not be a b l e  t o  meet t h e  s t r i c t  humidity 
spec i f ica t ions  f o r  underfloor del ivery  a t  a l l  
times ( 1 ) .  Becker a1 so points  out  t h a t  water 
vapor migration due t o  t h e  inadequate design o r  
construct ion of vapor b a r r i e r s  can of t e n  1 ead t o  
very high summer dehumidification and winter  
humidif icat ion loads.  These loads can be much 
grea te r  than packaged computer room condit ioning 
un i t s  a r e  designed t o  meet. 

There i s  a need t o  consider a1 t e r n a t i v e  
computer room condi t ion ing  schemes to b e t t e r  meet 
the  requirements of low energy consumption and 
t i g h t  t enpera ture  and humidity control over 
varying dehumidification 1 oads. The system must 

a l s o  have an acceptable  payback and must not 
compromise re1 i a b i l  i  t y .  

POSS IB ILITIES FOR REDUCING E N E R G Y  CONSUMPTION 

To o f f e r  reduced energy consumption during 
periods of 1 ow w b i  e n t  temperature,  computer room 
a i r  handlers can be f i t t e d  with economizer c o i l s  
t o  precool the a i r  using f l u i d  from a s e n s i b l e ,  o r  
f o r  lower f l u i d  temperatures, an evaporat ive heat 
r e j e c t o r  (Figure 1 ) .  As the  ambient temperature 
r i s e s  c l o s e  t o  t h e  required supply a i r  
temperature, operat ion of the economizer coi l  i s  
l imited by t h e  evaporat ive heat r e j e c t o r  wet bulb 
approach temperature and t h e  economizer co i l  
e f fec t iveness .  Simil a r  schemes can use cooling 
tower water through s t r a i n e r s  or heat exchangers 
d i r e c t l y  i n t o  t h e  c h i l l e d  water c o i l ,  b u t  t h e s e  
sys tens  cannot be used f o r  precool ing.  

COOL1 NG 
TONER 

CHI LED 
WATER 

Fig. 1 Economizer Coil Cooling Scheme 

The equipment required t o  imp1 anent an 
economizer co i l  precooling scheme wil l  incl ude a 
heat r e j e c t o r ,  c o i l ,  pi ping, val ves, pump and 
cont ro l s .  The addi t ional  pump and fan use a small 
amount of energy. The economizer coi l  may 
i n c r e a s e  t h e  requi renent  f o r  humidif icat ion and 
rehea t ,  b u t  some rehea t  schemes can be s e t  up t o  
use waste heat .  Ques t ions  of control accuracy f o r  
D X  systems a re  s t i l l  re1 evant .  
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A d i r e c t  f r e s h  a i r  coo l ing  scheme w i t h  
evaporat ive h u m i d i f i c a t i o n  (F igure  2 )  i s  not 
l i m i t e d  by the  same heat t r a n s f e r  considerat ions 
as t h e  economizer c o i l  and hence can meet the  
t o t a l  c o o l i n g  l o a d  f o r  many more hours per year. 
The c a r e f u l l y  engineered con t ro l  system t h a t  i s  
requi red t o  con t ro l  the evaporat ive h u m i d i f i c a t i o n  
process may be a b l e  t o  prov ide enough f l e x i b i l i t y  
t o  e l i m i n a t e  the  need f o r  reheat  and steam o r  
e l e c t r i c  powered humid i f i ca t ion .  A  f r e s h  a i r  
cool i ng system w i  11 requi  r e  ductwork, dampers, 
increased fan capaci ty .  h u m i d i f i c a t i o n  equipnent, 
a i r  f i l t e r s  and con t ro ls .  The equipment and 
i n s t a l l  a t i o n  costs  f o r  any economi zer systan must 
be evaluated f o r  each s p e c i f i c  s i t e .  

t o t a l  energy consumption by 10% o r  more f o r  these 
systems, bear ing i n  mind t h a t  h u m i d i f i c a t i o n  and 
reheat  use a re  s i t e  s p e c i f i c  and a f f e c t e d  by 
c l  imate, vapor b a r r i  er condi ti on, equi v e n t  
c o n d i t i o n  and t h e  general na tu re  o f  the 1  oad. The 
fan and pump power r e q u i r e d  t o  move system f l u i d s  
( a i r  o r  water)  f o r  f r e e  c o o l i n g  i s  system 
s p e c i f i c ,  a l though these e f f e c t s  a r e  secondary 
energy consumption considerat ions.  The energy 
consumpti on quant i  t i es should be consi dered as 
reasonable est imates f o r  comparative purposes and 
more d e t a i l e d  analyses o f  t h e  fan  and pump power 
should be performed f o r  ca l  cu l  a t i  ng ac tua l  system 
payback . 

Table 1 

CEILING 4 
I 

CHI LED 
WATER 

Fig.  2  Fresh A i r  Cool ing Scheme 

Table 1 l i s t s  energy consumption f o r  3  
computer room c o n d i t i o n i n g  systems i n  4  c i t i e s  
t h a t  have c l imates t h a t  might be descr ibed as hot 
and humid, hot  and moderate1 y  humid, cool and dry, 
and cool and moderate ly  humid. The c o n d i t i o n i n g  
systems being compared are 1 )  standard c h i l l e d  
water c o i l ,  2) c h i l l e d  water c o i l  w i t h  economizer 
c o i l ,  and 3) c h i l l e d  water c o i l  w i t h  f r e s h  a i r  
cool ing.  The economizer c o i l  i s  cooled by an 
evaporat ive heat r e j e c t o r  w i t h  an assumed wet bu lb  
approach temperature 03 10 degrees F. The 
computer room i s  1500 ft w i t h  a  room c o o l i n g  l o a d  
(not  i n c l u d i n g  a i r  c o n d i t i o n i n g  equipment) o f  20 
tons. The room s e t p o i n t  i s  assumed t o  be 720F, 
50% RH. Other s p e c i f i c  assumptions are s t a t e d  
below Table 1. Operat ion w i thou t  c h i l l e d  water 
can take p lace f o r  ambient wet b u l b  temperatures 
o f  1  ess than 550F f o r  t h e  f r e s h  a i r  scheme and 
less  than 350F f o r  the economizer c o i l  scheme. 
The analys is  uses b i n  mean co inc iden t  wet bu lb 
hours as sumnarized i n  Tab le  2. Cal cu l  a t i  on 
methods are presented i n  Table 3. The analys is  
neglects energy consumpti on f o r  hum1 d i  f i c a t i o n  and 
reheat  f o r  t h e  standard c o i l  and the  economizer 
c o i l .  I n c l u s i o n  of t h i s  q u a n t i t y  cou ld  r a i s e  the  

Energy Use Summary 

SYSTEM HOUSTON DALLAS DENVER NEW - - - -  
YORK - 

CHILLED 
WATER 

TOTAL Kwh 176,000 176,000 176,000 176,000 
Kwh/ft2 117.3 117.3 117.3 117.3 

ECONOMIZER 
COIL 

TOTAL Kwh 161,700 150.200 104,000 123,500 
K ~ h / f t 2  107.8 100.1 69.9 82.3 
%SAVINGS 8  15 4  0  3  0  

FRESH AIR 
TOTAL KWh 157,300 134,200 76.900 108.400 
K ~ h / f t 2  104.9 89.5 51.3 72.2 
% SAVINGS 11 24 56 3  8  

ASSUMPT IONS : 
COMPUTER ROOM AREA = 1500 f t 2  
COOLING LOAD (WITHOUT AIR-CONDITIONING 
EQUIPMENT) = 20 TONS 
FAN POWER = 6KW STANDARD, 8KW FRESH AIR, 8/6 
KW ECONOMIZER 
SETPOINT = 720F, 50% RH 
HEAT REJECTOR APPROACH TO WET BULB = 10°F 
SUPPLY AIR TEMPERATURE = 600F 
ECONOMIZER COIL EFFECTIVENESS = 50% 
CHILLER CONSUMPTION = 0.65 KW/TON 
HUM1 DIFICATION AND REHEAT ENERGY NEGLECTED 
SMALL FRACTION OUTSIDE AIR FOR CLOSED 
SYSTEMS 

The standard c h i l l e d  water c o i l  i s  est imated 
t o  r e q u i r e  117 KWH/ f t 2  per year  t o  operate. I n  
Houston, the  economizer c o i l  reduces t h i s  
consumption by 8% and t h e  f r e s h  a i r  system by 11%. 
I n  Da l las ,  the r e d u c t i o n  f o r  the economizer and 
f r e s h  a i r  systems a re  15% and 24% respec t i ve ly .  
The s i m i l a r  reduc t ions  f o r  Denver a re  40% and 56% 
and those f o r  New York are 30% and 3 6  
r e s p e c t i v e l y .  I t  can e a s i l y  be seen the the  
coo le r  and d r i e r  t h e  c l imate,  the  b e t t e r  e i t h e r  
f r e e  c o o l i n g  scheme i s .  The f r e s h  a i r  system i s  
super io r  t o  the  economizer c o i l  i n  energy savfngs 
i n  every case, and again i t  should be noted t h a t  
i n c l u s i o n  o f  h u m i d i f i c a t i o n  and reheat  w i l l  
i nc rease  t h a t  advantage. The consumption f i g u r e s  
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Tab1 e 2 

Wet Bu lb  Temperatures, Hours & Kwh 

RANGE - 
OF WB 

ECONOMIZER 
s 35 

35-36 

> 65 

FRESH AIR 
s 5 5  

55 -60 

> 60 

HOUSTON DALLAS DENVER NEW YOR K 
(OF) ~h ( o F ) H R S  K W ~  ( o F ) H R S  K W ~  (OF)HRS h 

Table 3 

Energy Consumption Calculations 

Chi l led Water Coi l  

Fresh A i r  Cool i n q  W i  th-Evaporative Humidif icat ion 
Fresh A i r  Mode (Tn&55"F) 

(KWfan)*hrs=KWh 

M i  xed Mode (55°~<~WBi600~) 

f c n  
+0.5* (~~~~~*0.28=+20ton)*0 .65KW hrs=KWh 

KW 
Economizer Coi 1 

d 
Economizer Mode ( ~ ~ ~ 3 5 ' ~ )  

(KWfan,pump 
)*hrs=KWh 

Precool e r  Mode (35°~<~u&50F) 

*? hrsi+!! f i *h rs i * (~~ fan*0 .28~+20ton) *  
pfan.pumpi=l i=l Kw 

0.65KW =Kwh 
T =wet bulb temperature 
TWB=room temperature 

d 
TR =supply a i r  temperature 
T$ .=precooler e x i t  temperature f o r  TWB bini 
E '=economizer c o i l  effectiveness 

presented here do n o t  imp ly  t h a t  t h e  f r e s h  a i r  
scheme i s  the  best  system f o r  a l l  computer roan 
coo l ing  a p p l i c a t i o n s  o r  t h a t  i t  w i l l  even prov ide 
adequate payback, but  t h e  magnitude o f  poss ib le  
energy savi ngs c e r t a i n l y  suggests t h a t  f r e s h  a i r  
coo l ing  should be ser ious1 y considered. 

SYSTEM DESIGN CRITERIA 

Typica l  computer room temperature and 
humid i ty  se tpo i  n ts  are 72 + 2OF and 50 + 5% RH. 
Computer equipnent  manufacturers u s u a l l y  speci fy  
maximum a l lowab le  supply  a i r  re1 a t i v e  humid i t y  o f  
80%. These s p e c i f i c a t i o n s  a re  s e t  t o  prov ide 
equi v e n t  p r o t e c t i o n  and enhance re1 i a b i l  i t y  by 
c o n t r o l  l i n g  1 ow humid i t y  s t a t i c  e l e c t r i c i t y  and 
h igh humid i t y  co r ros ion ,  e l  e c t r i  cal shor t ing  and 
s i l v e r  migrat ion.  S t r i c t  standards o f  a i r  q u a l i t y  
must a1 so be mainta ined t o  prevent damage t o  
d e l i c a t e  equi v e n t  by dust p a r t i  c l  es. 

A great  deal o f  expense i s  associated w i t h  
computer roan downtime f o r  c o n d i t i o n i n g  equipnent 
o r  computer equipment f a i l u r e s .  Any changes t o  
the  computer room c o n d i t i o n i n g  s t a t u s  quo i n  t h e  
p u r s u i t  o f  energy conservat ion w i l l  not be 
to1 e ra ted  i f  t h e  envirorment i s  not  c o n t r o l l e d  a t  
l e a s t  as wel l  and i f  the present c o n d i t i o n i n g  
system r e l i a b i l i t y  i s  not equa l led  o r  improved. 
I n  addi ti on, t h e  energy conserv i  ng condi ti oni ng 
system must prov ide an acceptable r e t u r n  on 
investment. To he1 p meet these c r i t e r i a ,  the  
improved computer room c o n d i t i o n i n g  system should 
be reasonably simple, easy t o  r e t r o f i t  o r  design 
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in,  easy t o  ma in ta in  and prov ide f a i l  safe 
operat ion. Improvements can be made over  some 
standard packaged c o n d i t i o n i n g  systems by 
prov i  ding m o o t  her con t ro l  t o  posi ti vel y  meet 
temperature and humidi t y  s p e c i f i c a t i o n s  100 
percent o f  t h e  time. Increased h u m i d i f i c a t i o n  and 
dehumid i f i ca t ion  capac i t y  would improve the 
contro l  o f  many e x i s t i n g  computer rooms w i t h  
imper fect  vapor b a r r i e r s .  

FRESH AIR COOLING SYSTEM 

The suggested computer room f r e s h  a i r  
coo l ing  system w i t h  evaporat ive h u m i d i f i c a t i o n  i s  
shown schemat ica l ly  i n  F igure  3 as i t  would 
i n t e r f a c e  w i t h  a  t y p i c a l  packaged condi t i o n i n g  
system o r  as a  s tand a lone u n i t  i n c l u d i n g  a  
coo l ing  c o i l .  Return and ou ts ide  a i r  ducts w i t h  
dampers must be provided, as wel l  as ductwork t o  
t h e  h u m i d i f i c a t i o n  system and t h e  c o o l i n g  c o i l .  
Because o f  the l a r g e  amounts o f  ou ts ide  a i r  t h a t  
w i l l  be drawn i n t o  t h e  room, dampers are a1 so 
requi red t o  re1 ieve  room pressure t o  the  ou ts ide  
o r  t o  t h e  r e s t  o f  t h e  b u i l d i n g .  I n  a  r e t r o f i t  
app l i ca t ion ,  g rea te r  fan  pressure i s  requ i red  t o  
overcome the  pressure drop through t h e  added 
ductwork and h u m i d i f i c a t i o n  equipment. The 
evaporat ive h u m i d i f i e r  can be e i t h e r  a  fogging 
nozz le t h a t  i s  accura te ly  modulated, o r  a  
continuous1 y  wetted h u m i d i f i c a t i o n  pad w i t h  face 
and bypass dampers f o r  c o n t r o l .  as suggested by 
Becker. The fogger would be chosen i f  an adequate 
supply o f  d i s t i l l e d  o r  h y p e r f i l  t e red  water i s  
a v a i l a b l e  and t h e  wetted pad would be chosen i f  
t a p  water i s  t o  be used. Th is  d iscuss ion  w i l l  
concentrate on wetted pad h u m i d i f i c a t i o n  s ince  t a p  
water use would be most common. Fogger con t ro l  
w i l l  be e s s e n t i a l l y  s i m i l  a r ,  w i t h  fogger capac i t y  
modul a ted r a t  her than the  humi d i  f i e r  face damper. 
The b l  owdown t h a t  should be used w i t h  t h e  pad i s  
dependent on the minera l  content  o f  the a v a i l a b l e  
water. Care must be exerc ised i n  m a i n t a i n i n g  t h e  
pad t o  prevent b a c t e r i a l  growth. Temperature and 

humid i t y  sensors are r e q u i r e d  a t  t h e  1  ocat ions 
shown i n  t h e  f igu re .  Outs ide a i r  temperature and 
humid i t y ,  space temperature and humid i ty ,  mixed 
a i r  temperature, duct temperature and supply 
temperature sensors are a1 1  requi  red. 

MODES OF OPERATION AND CONTROL 

Contro l  o f  temperature and humid i ty  i n  an 
evaporat ive process requ i res  c a r e f u l  a t t e n t i  on t o  
t h e  process fundament a1 s  t o  assure s ta b l  e  and 
accurate con t ro l  . The f r e s h  a i r  cool i ng cycle has 
3 modes o f  opera t ion :  f resh  a i r ,  mixed and 
r e f r i g e r a t i o n .  The f r e s h  a i r  mode i s  depic ted o n  
t h e  psychrometr ic c h a r t  i n  F igure  4. Outside and 
r e t u r n  a i rs t reams are mixed a1 ong path OR t o  pol n t  
M. A f r a c t i o n  o f  t h a t  a i r  i s  humid i f i ed  along t h e  
wet bu lb  l i n e  t o  p o i n t  H  and then mixed w i t h  a i r  
from s t a t e  M t o  reach s t a t e  D. The a i r  a t  s t a t e  D  
passes through t h e  i n a c t i v e  c o o l i n g  c o i l  w i thou t  
changing temperature o r  humid i t y  t o  s t a t e  S where 
i t  i s  d e l i v e r e d  t o  the under f loo r  plenun. I f  the  
roan humid i t y  i s  o f f  o f  s e t p o i n t ,  t h e  face and 
bypass dampers a t  t h e  h u m i d i f i e r  (H dampers) a r e  
modulated t o  a d j u s t  i t  by s h i f t i n g  t h e  mix ing 
p o i n t  up o r  down 1  i n e  HM. As the a i r  
temperature a t  S  (TS) changes because o f  t h e  
inc rease  o r  decrease i n  evaporat ive coo l ing ,  the  0  
& R dampers a re  modulated t o  q u i c k l y  a d j u s t  TS by 
s h i f t i n g  p o i n t  M.  As the room temperature TR 
moves o f f  o f  s e t p o i n t ,  t h e  s e t p o i n t  f o r  TS i s  
ad justed t o  s h i f t  TR back by modulat ing t h e  0  and 
R dampers. 

I f  the 0  damper i s  f u l l y  open and TR i s  too  
high, t h e  coo l ing  load  cannot be compl e t e l y  met by 
f resh  a i r  and evaporat ive coo l ing ,  and the  system 
must change over  t o  t h e  mixed mode as shown on 
the psychrometr ic c h a r t  o f  F igure  5. The mixed 
mode i s  c o n t r o l l e d  almost i d e n t i c a l l y  t o  t h e  f r e s h  
a i r  mode except t h a t  the  0  damper remains f u l l y  
open and TS i s  now c o n t r o l l e d  by modulat ing t h e  
c h i l l e d  water va lve.  Using t h e  respec t i ve  

STEM HUMIDIFIER (DISABLED) 

HWIIDI FIER EXISTIN SYSTEM 

F i g .  3 Fresh A i r  Cool in? System 
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Fig .  4 Coo l i ng  C y c l e  - F resh  A i r  Mode 

F i g .  5  Coo l i ng  C y c l e  - Mixed Mode 

tempera tu re  and humi d i  ty r e a d i  ngs , room a i  r 
en tha l  py and o u t s i d e  a i r  en tha l  py can be 
c a l  cu l  a t e d  and t h e n  compared t o  c o n t r o l  changeover 
frm t h e  mixed mode t o  t h e  r e f r i g e r a t i o n  mode. 
When t h e  o u t s i d e  e n t h a l p y  i s  g r e a t e r  t h a n  t h e  room 
en tha l  py, t h e  o u t s i d e  damper i s  c l o s e d  t o  t h e  
minimum p s i  t i o n  and t h e  r e t u r n  damper i s  opened 
so t h a t  r e t u r n  a i r  i s  c o n d i t i o n e d  by t h e  c y c l e  
shown f o r  t h e  r e f r i g e r a t i o n  mode i n  F i g u r e  6. 
H u m i d i f i c a t i o n  i s  a g a i n  c o n t r o l l e d  by  t h e  f a c e  and 
bypass dampers and TS i s  a g a i n  c o n t r o l l e d  by 
m o d u l a t i n g  t h e  c o o l i n g  c o i l .  

I n  h i s  s t u d i e s  o f  t h e  e f f e c t  o f  a i r  v e l o c i t y  
on t h e  c o o l i n g  and d e h u m i d i f i c a t i o n  c a p a c i t y  o f  
c o o l i n g  c o i l s .  A. Shaw has i d e n t i f i e d  t h e  genera l  
c h a r a c t e r i s t i c  t h a t ,  as f a c e  v e l o c i t y  decreases, 
t h e  re1  a t i v e  c a p a c i t y  o f  d e h u m i d i f i c a t i o n  t o  
sens i  b l e  c o o l i n g  i nc reases  ( 2 ) .  T h i s  r e s u l t  
suggests t h a t  a  c o o l i n g  c o i l  bypass scheme may be , 
u s e f u l  i n  r e d u c i n g  o r  e l i m i n a t i n g  o v e r c o o l i n g  and 
t h e  a s s o c i a t e d  r e h e a t i n g  o f  c o n d i t i o n e d  a i r  i n  
c e r t a i n  c i rcumstances.  The s o l i d  l i n e  on t h e  
psych rome t r i c  c h a r t  i n  F i g u r e  7 d e p i c t s  t he  
h y p o t h e t i c a l  c o o l i n g  and d e h u m i d i f i c a t i o n  process 
o f  a  c o i l .  I f  t h e  t a r g e t  s u p p l y  c o n d i t i o n  i s  a  
h u m i d i t y  r a t i o  o f  0.008 1  bn /l bllda a t  60 '~ .  t h e  
a i r  wou ld  have t o  be coo l  e! t o  5 5 ' ~  and then  
rehea ted  t o  60. The dashed l i n e  r e p r e s e n t s  t h e  
process through t h e  same c o i l  w i t h  25% bypass 
a i r f l o w .  The bypassed a i r  i s  mixed w i t h  t h e  a i r  
t h a t  goes th rough  t h e  c o i l ,  t o  p r o v i d e  a  h u m i d i t y  
r a t i o  o f  0.008 a t  a  t empera tu re  o f  6 0 ' ~  w i t h  rn 
rehea t .  Even t h e  75% o f  t h e  a i r s t r e a m  t h a t  
passes t h r o u g h  t h e  c o i l  i s  coo led  o n l y  t o  560F 
r a t h e r  t h a n  55. I n  t h i s  example, t h e  bypass 
scheme uses about  5 BTU/l b l d a  f o r  c o o l i n g  w h i l e  
t he  r e h e a t  scheme uses 7  BTU/lbmda f o r  c o o l i n g  
and 2 BTU/ 1tmda f o r  rehea t i ng .  O f  course, c o i l  
geometry and ch i11  ed w a t e r  t empera tu re  w i  11 
de te rm ine  t h e  1  i m i  t s  o f  d e h u m i d i f i c a t i o n  by t h i s  
scheme, b u t  c a r e f u l  c o i l  s p e c i f i c a t i o n  shou ld  

F ig .  6  C o o l i n g  C y c l e  - R e f r i g e r a t i o n  Mode 
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al low the  designer t o  e l i m i n a t e  t h e  need f o r  
reheat  i n many designs. 

The amount o f  dehumid i f i ca t ion  prov ided t o  
c o n d i t i o n  a c m p u t e r  roan w i t h  an imper fec t  vapor 
b a r r i e r  cou ld  be var ied  by modulat ing face and 
bypass dampers a t  t h e  c o i l .  The dynamics o f  t h i s  
con t ro l  method have no t  been i n v e s t i g a t e d  i n  
d e t a i l  and may present s t a b i l i t y  probl ems. 
A l t e r n a t i v e l y ,  the  bypass could be s e t  manual ly t o  
meet t h e  worst case dehumid i f i ca t ion  load,  and 
evaporat ive h u m i d i f i c a t i o n  could be used t o  
compensate dur ing per iods o f  lower 
dehumid i f i ca t ion  load.  A combinat ion o f  these two 
s t r a t e g i e s  could a lso be employed. For  t h e  
purposes o f  t h i s  paper, i t  w i l l  be assumed t h a t  a  
f ixed bypass i s  mainta ined s u f f i c i e n t  t o  meet peak 
dehumid i f i ca t ion  requirements i n  t h e  r e f r i g e r a t i o n  
mode. 

I n  the  f r e s h  a i r  o r  mixed modes, i f  the  
humid i t y  a t  s t a t e  M o r  0  i s  so h i g h  t h a t  space 
humidi t y  remains too h igh  even w i t h  H dampers 
closed. t h e  0 damper w i l l  c lose  as t h e  R damper 
opens and t h e  c h i l l e d  water  c o i l  w i l l  be used t o  
mai n t a i  n  TS as before. 

I n  the f r e s h  a i r  mode, t h e  minimum a l lowab le  
temperature TS, f o r  the  80% RH l i m i t ,  can be 
ca lcu la ted  from To, TR, TM, and ou ts ide  and r e t u r n  
humi d i  ti es. For  t h e  m i  xed and r e f  r i g e r a t i  on 
modes, the  humidi t y  a t  0 can be c a l c u l a t e d  from To 
and t h e  temperature and humid i t y  o f  o u t s i d e  o r  

F ig .  7 Cool ing C o i l  Bypass 

r e t u r n  a i r  r e s p e c t i v e l y .  To 1 i n k  t h e  hun id i  t y  a t  
S t o  t h e  humid i t y  a t  D, an approx imat ion o f  the 
c o i l  c h a r a c t e r i s t i c  between TS and Tg can be used. 
A1 t e r n a t i v e l y ,  a  conserva t i ve  est imate o f  the 
minfmm temperature a t  S c o u l d  be made by assuming 
t h e  humid i t y  a t  S equal t o  t h e  humid i t y  a t  0. A 
humid i t y  sensor cou ld  a1 so be used t o  d i r e c t l y  
measure t h e  supply  condi ti on, b u t  these sensors 
are t y p i c a l l y  more c o s t l y  and slower i n  response 
t h a n  temperature sensors. 

I d e a l l y ,  a  v a r i a b l e  speed fan would be used 
i n  t h e  system t o  compensate fo r  changes i n  systen 
res is tance  as the con t ro l  dampers modulate. As 
l o n g  as t h e  r e s i s t a n c e  of t h e  ou ts ide  a i r  ductwork 
i s  not  s i g n i f i c a n t l y  d i f f e r e n t  than t h a t  o f  the  
r e t u r n  a i r  ductwork, ca re fu l  1  y  designed face and 
bypass dampers should a l l o w  o n l y  minor v a r i a t i o n s  
i n  t h e  volume o f  s u p p l i e d  a i r .  A v a r i a b l e  volume 
sys tem woul d  a1 so a1 1 ow i ncreased p r o t e c t i o n  
agaf n s t  supply  a i r  re1 a t i  ve humid i t y  g r e a t e r  than  
80%. by i n c r e a s i n g  a i r  volume when l a r g e  amounts 
o f  h u m i d i f i c a t i o n  a r e  requi red.  Bec ker  suggests a 
system f o r  p r e c i s e  process c o o l i n g  by modul a t l n g  a 
VAV damper i n  t h e  under f l  oor  opening t o  each p iece 
o f  equipment. Many m o d i f i c a t i o n s  can be made t o  
t a i l o r  t h e  bas ic  system t o  bes t  f i t  t h e  needs o f  
each appl i c a t i o n .  

The use of modulated con t ro l  r a t h e r  than 
ON/OFF c o n t r o l  should produce smooth o p e r a t i  on and 
t r a n s i t i o n s  between opera t iona l  modes. The 
s t a b i l i t y  o f  t h e  c o n t r o l  has y e t  t o  be analyzed, 
but the  cont inuous opera t ion  o f  the f a c i l i t y  and 
t h e  almost constant  na tu re  o f  t h e  1 oad woul d  tend 
not t o  p e r t u r b  t h e  system. The con t ro l  and 
c o n t r o l  1  ed devices a r e  s tandard HVAC equi  v e n t  
t h a t  have demonstrated stab1 e performance i n  
nunerous i nst  a1 1 a t i  ons. The use of temperature 
sensors f o r  h igh  humi d i  ty p r o t e c t i o n  r a t  her than a 
h u m i d i t y  sensor prov ides v e r y  f a s t  d e t e c t i o n  o f  
t h a t  cond i t i on .  A c e r t a i n  amount o f  redundancy 
can be b u i l  t i n t o  t h e  sensors f o r  f a i l u r e  
de tec t ion .  

The obvious choice f o r  c o n t r o l 1  i n g  t h i s  
system would be a programna b l  e  con t ro l  1  er,  
p r e f e r a b l y  w i t h  p ropor t iona l  and i n t e g r a l  
c a p a b i l i t y .  The c o n t r o l l e r  would r e q u i r e  a small 
amount of computat ional power f o r  enthal py c o n t r o l  
and h igh humid i t y  p r o t e c t i o n  based on temperature. 
Because o f  the importance of system re1 i a b i l  i t y ,  
the  c o n t r o l  f o r  t h e  dampers and va lves i n  the  
f r e s h  a i r  c o o l i n g  system should be designed t o  
r e t u r n  o p e r a t i  on t o  t h a t  o f  a  conventional 
computer room c o o l i n g  system i n  the event  o f  an 
excess ive d e v i a t i o n  from se tpo i  n t .  The system 
re1 i e s  on 2 humid i t y  sensors and 5 temperature 
sensors, and t h e i r  accuracy and r e 1  i a b i l  i t y  a re  o f  
pr ime importance. The duct  and supply  temperature 
sensors must a1 so have q u i c k  responses. 

CONCL US IONS 

The f r e s h  a i r  c o o l i n g  scheme w i t h  evaporat ive 
h u m i d i f i c a t i o n  presented i n  t h i s  paper o f f e r s  
impress ive energy savings over convent1 onal 
systems o f  g r e a t e r  than  24%. 56% and 38% f o r  
Da l las ,  Denver and New York r e s p e c t i v e l y .  The 
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more humid c l i m a t e  i n  Houston reduces t h e  sav ings  
t o  11%. The s a v i n g s  i n  a l l  cases a r e  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  sav ings  o b t a i  ned 
f r a n  an e v a p o r a t i  v e l  y coo led  economizer c o i l .  

The system r e q u i r e s  c o n t r o l  equ i  p e n t  t h a t  i s  
not o v e r l y  s o p h i s t i c a t e d  t o  be handled by  a  
reasonab ly  s t r a i g h t f o r w a r d  c o n t r o l  s t r a t e g y .  The 
c o n t r o l s  appear t o  be capab le  o f  p r o v i d i n g  
accu ra te  mai ntenance o f  temperature  and humidi  t y  
s e t p o i  n t s  as w e l l  as p o s i t i v e  sens ing  o f  
condi ti ons r e q u i r e d  f o r  computer equi  pment 
p r o t e c t i o n .  The system can be des igned t o  p r o v i d e  
much g r e a t e r  h u m i d i f i c a t i o n  and d e h u m i d i f i c a t i o n  
c a p a c i t y  t h a n  conven t i ona l  c o n d i t i o n i n g  systems t o  
mai n t a i  n  accu ra te  s e t p o i  n t s  , w i t h o u t  u s i n g  powered 
h u m i d i f i c a t i o n  o r  rehea t ,  i n  s p i t e  o f  vapor 
b a r r i e r  i nadequanci es . 

I n s t a l l a t i o n  o f  a f r e s h  a i r  c o o l i n g  system 
w i l l  be v e r y  s i t e  s p e c i f i c .  I n  a d d i t i o n  t o  be ing  
b e t t e r  s u i t e d  t o  c o o l e r  and d r i e r  c l i m a t e s ,  t h e  
s y s t e n  r e q u i r e s  easy access t o  a  f r e s h  a i r  supp ly .  
The system appears w e l l  s u i t e d  f o r  des ign  i n t o  new 
b u i l d i n g s ,  b u t  may a1 so be r e t r o f i  t i n many cases. 
The system may have a p p l i c a t i o n s  i n  any space 
where s t r i c t  s e t p o i  n t  s p e c i f i c a t i o n s  have 
p r e v i o u s l y  1  i m i  t e d  condi  ti o n i  ng systems. Costs  o f  
i n s t a l l a t i o n  rema in  t o  be cons idered,  b u t  w i l l  
v a r y  s i g n i f i c a n t l y  f rom s i t e  t o  s i t e .  

The f r e s h  a i r  c o o l i n g  system w i l l  no t  be 
u n i v e r s a l l y  a p p l i c a b l e ,  b u t  f o r  c e r t a i n  
i n s t a l l a t i o n s ,  t h e  energy  sav ings  p o t e n t i  a1 and 
the c o n t r o l  f l  e x i  b i 1  i t y  w a r r a n t  f u r t h e r  
c o n s i d e r a t i o n  and deve lopnent  . 
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