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This paper discuseee the m i a l  of an 
to the typical vap~s aqmssim air 

QOnditianing cycle used to aool and dehumidify 
air. lhis hpmwmmt uses a desiccant to m e  
mistura Prcm the saturated a i r  exiting frwn the 
chiller coil of an a i r  CQFditidng systen~, 
then rwaporathg thFe mbtum into the air  prior 
to entering the chiller mil. When a high 
pmpxticm of the werall  load an the chiller m i l  
is latent or misture ren~val, this new prooess 
PnWidee the -ty for cpera*m enerVy 
mavinge as well as the potenUal for reduced 

UXt .  

One l3mct.b of kdldtrrgs, ~xnnrercial and 
midslrtial, is to maintain a amtrolled balance 
of tePnperatures and humidity. In humid areas of 
the U.S. and for nnny mmnercidl aperatilma, the 
removal of misture m s a r y  for the humidity 
rqdramt mpreenh a significant m i o n  of 
the energy consumed. The reduction of 
mumewable ~nergy tmumptim is a  major 
national g d .  

In occupied spaces, ilqmJvanents in hlildhq 
design, insulation and equipaent can re#uce the 
dErmarrds of the emrilmmt,  m the heat and 
moistura generated by warpants deperd on hildhq 
Arnctian and cannot be significantly altered (1). 
In addition, it is reoognized that oertain m j n i n n l  
lsvals of fresh air e>o=hange are rquired to 
maintain health in  warpied 8paoes. In humid 
env-, t h b  fresh a i r  my bring with it 
significant levels of misture, upsetting the 
tmprature  misture b l a m e  a d  reducing ccmfort. 
The natural l3zqmme to thb  roois ture  disopnfort 
i s t o r e d u c s t h e ~ + l u % s e t t i n g o f t h e  
thenmstat. In the reaidantial market:, as the 
etruchves are inpmed to reduce the m i b l e  
load, a need has ban mzqalzed to shift the a i r  
QOnditicmr equiprmt operatianal heat remwal 
fmn aensible to mom l a m  as to better match 
the load and thus maintain a better balance for 
cunfort. 'Ihie is especially trsse i n  ~ hot-hmaid 
southeast. A hi& EER- air d t i o n e r  for 
midentidl use is -tlv mEYlllfactured bv the 
Dhh Corporation o f  Ala-, Florida, that- usee 
heat pipes to assist misture renwal. There is a  
residential market for the incorporaticn of 
desiacants m a i r  d t i a n e r  units to artperform 
heat pipes at a  lcrwar axt, t3-e f* 
-led use of this inprarrPd a i r  m t i a n e r  
cycle with dssicrants w i l l  met likely occur in 
the cammrcial sector bbm desiccants are 
acmnonly IaKWn end the potential for savimy is 
greatar. Cne patential amnercial a~plication 

where the humidity pmblm is familiar to most of 
us, is that of -=kets - our oanfort is 
affected because l ~ n y  times the markets are too 
cold. laads have been studied in 
detail by llmnn Electrrn corporation for the Gas 
Feseadl Irrstitute and sane of their rwxilts  are 
helpful i n  quantify- the -1m. 

"The space-conditioning loads on a  
sqmm&et are unique in that the latent-to-t4tal 
lcad ratio Is higher than for most other 
aamercial hi ldings.  P i s  is because the 
refrigerated cases act as open a i r  cmlers, 
absoming p d a n h m t l y  serrsible energy fmm the 
store and rejecting it to the artsi.de of the 
building wlrmgh the -. F ~ V  1 
presents the typical lcad profile for a  
supenmrket in M i a m i  w h i c h  is cpen 24 hcurs a day. 
The latent-to-total ratio b at least 0.4 most of 
the tims (2)". 
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Flgurr I Hourly UImnl and Tolrl Lord Vrrlrllonr on SproCondlllanlng 
Syslrrn, MlrrnlJunm 

Enginears involved with the design of m4c 
and food refrigeration system for wrpenaarkets 
are -1 aware of the lcad pa- resulting f m  
the irrteractim of these 8ystenrs. 'Ihe space 
cooling effect of the refkigerated cases can 
pmvide a l l  of the sensible aooling requFrad on 
the hottest days, and my result i n  a  need for 
heating ciurhq periods when othtx cesditicmed 
spa- may -ling. 

In a l l  evaluatione, w e  w i l l  use the ARI 
conlition as state point 1, i.e., 26.7C (80'F) a t  
50% RH (11.0 q/Iy) as sham in Fig. 2. Given the 
entering air Conliticm to the m i l  as state point 
1, as the a v t u s  due point (NIP) bemmes 
alder, the slcp of the line beizeen 1 and 3 
becarres steeper, producing a 1- semible Heat 
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Fla. 2 Pwchomelrlc chart d cwllng eoll procar " 

Ratio (m). m-Am-~lllll~f qJamte belaw ~ i n g w i t h o u t  
Thus, mlQr the riak or treezing mi potential mfi 

ckhmidificatim perf0~1~1~3e of the coil. 
dmmge. The  psy&amkric cha r t  of Figure 2 trekas 

?he most ammn method Of reducw tb the point clear. Gi- State point 1 the 
effective mil temperature or a m t u s  drw POint m u ,  - a limit to Vu (slcpe of 1 t. 
tanperam of the to incmase the 

3) that can be Wined by 1-ulg the ADP, and 
pressure drcp across the Of the with a = .6 (fm C;RI -) as ehan 
-par qression by -- head on the M, these d q e a  will match olily with an 

on the carpreasor# Or -ing the Asp at freazhq (32-F). l bz  w a r  to rPChra the 
-On -, Or -. 

ADP far imprwed dehumidification ie an actiar on 
Of the -PnSian valve the coil -tion itself. ?he other three 

p- Of the - me, cpti- of this me; reheat, heat transfer and method of ~ I O V ~ ~ K J  dehmddificatiar m e t  mkm 
energy efficiency. - Irrdsed, a lmerirq of the ADP 
by any external neam to the air canditicner 
cycle, 8160 has the effect of reduchj t h  energy 
efficiancy or coefficient of perfonnnnoe (ODP) of 
that cycle. 

I n a d d i t i o n t o ~ p r e s m m d r c p s ,  reduaed 
air flw over the coil also reduces the ADP. ?he 
hpmvement in dehmidfication as a result of 
lowering the air speed a- the coil ie a 
"reduced mil tmp!z~ture~~ cption because of the 
lwered ADP. A similar alp penalty rmst be paid. 
Figure 3 f m  Khattar (4) shows the effect of 
lower* the ADP tanperature for a typical coil 031 
rxhun air (EO'F, 50% m). Ihe shepe of the ame 
tells us auch about this option. For wimple, 
reducing the ADP f m  60'F to 50'F a 
major iqmmamt in &inunidification; twwwer, 
the next 10' nxlwt icm ( f m  50'F to 40°F), does 
little additional dehmidifi~~tim. ~lrsry 
-on in AM, oogts alp, a0 clearly, the 
-reduction of A D P ~ ~ w i l l  at 
aanre point be tm costly frun an erergy or 
capecity standpoint. 

Entering Air 
80 deg. F, 50% RH. 
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moisture transfer, are optione to change the state 
of the a i r  a f te r  it exists the mil or  before it 
enbna the coil and af te r  it exists. Any 
mdif icat im to the a i r  oonditimer syetem to 
inprove perfomux!0 of the coil can be equally 
amlied to the other three @om. 

Before the other @OM are revieweel 
hawwer, it is usaful to mider what h a m  to 
an air aonditioner mil when it is operated w i t h  a 
aiffsrent 9 f m  the EmL' 

For the wdluaticns achd l  qstm pmduct 
data (ARI rat- ODnditio~) for a typicdl central 
air ccnditioning un i t  (@it 6 y s t e m ) w i l l  be used: 

-1 N e t  Capacity (TC) = 
Air nckl 
Carpxessicn = 
I . D .  Fan m 
O.D. Fan m 
S.E.E.R. 
m i b l e  coo1h-q (6C) 
Latent cooling (LC) 
SwZ 

22800 Btu 
= 850CFM 
= 2370 watts 
= 310 watts 
= 220watts 
= 8.00 ptu/watt - 17,300 Btu 
= 5500 Btu 
I .76 

I f  a ax&ant space load of 10,000 Btq/hr is 
used, arrl aswmred it has a SHRL of .76 ( i t  f a l l s  
alang the q) , i.e. , 7600 Btu/hr are sensible 
and 2400 Btu/hr are la-; then, with the 
-pacity of 22,800 Btu/hr, cur wipnent operates 
a t  a 0.439 duty cycle and bmld use 30,554 watts 
par day. 

B u t i f t h e S l q , i s e q u a l t o . 6 ,  asinthem 
Btucfy of ~uperrnarkets, then of the 10,000 Btu/hr 
I d ,  6000 are sensible arid 4000 are l a m .  I f  
w aperats the a i r  Oanditiumr a t  the prmiax 
duty cycle (.439) it w i l l  prcduce 2400 Btu/hr 
latent m o l h g  agaimt 4000 Btu/hr latent load. 
~ w ~ l o a d i s n o t r r r a t .  E b ~ b u i l d s u p  
in the space - b e g h  to adense on the chilled 
pmducte. The mats, milk, cheese, eggs all get  
w e t - f m z e n p r o d u c t s g e t ~ w i t h f r o s t w h e r e  
yar can't read the labels. On top of thb, the 
a i r  ccnditkzkzr is proaucirrg 7600 Btu/hr sensible 
cool* against a load of 6000 B t q h r .  We have a 
m o i s t u r e  problm and we are already o v e ~ ~ ~ l h y .  

In mpmarb ts  as in many aperati0116, the 
moisture load nust take preaedsnce. To meet the 
moisture load of 4000 Bty/hr nd .&ue  renwrvdl, the 
a i r  &timer also does 12,667 Btu/hr sensible 
cool* for a total of 16,667 Btu/hr. 'Ibis is a 
0.73 duty cycle and %miid use 50,808 watts/day, a 
669 i n c r e w  in e~lergy use to meet the l a w  
load. In  addition, cur air omditi- d t  ruet 
produm ~hl/hr erdble cool* agairret a 
eensible load of 6,000. We are W ovemcmlW 
the epaca (6,667 B h / h r  ~bu/hrl*). 

THE AIR RMEAT OPl'ION 

psycrhemetric chart of Figure 4. The r e b a t  enerqy 
is & bv t h e w  of the a i r  going fmm 
&&-point 4 to-state poiit 5. A t  state point 5, 
* q e q u a l s - S H R L -  

Far c u r  exanple, to prwide w l y  air f- 
a u r ~ t o t h e s p a c e t o m a t c h t h e l o a d ,  wermst 
&-eat the a i r  by 6,667 Btu/hr. I f  electricdl 
resistant r&eat a t  100% e f f i c i q  is used, it 
w i l l  & 46,898 watts/day additional energy. If 
i t i s a s s l r m e d t h e h e a t i r g c o i l s d o n o t ~  
additicmal fan parer, 50,808 watts/day cool- m d  
46,898 watts/day reheat is ueed for  a total energy 
cammption of 97,706 watts/day to meet the load. 

H o t  gas bypase is the methcd of usirq heat 
available fmm the cxxpxeesicn side of the air 
ocnditioner cycle as reheat energy. 'Ibis heat 
wxld nmmdlly be passed to the artei.de by the 
colldenser mil. Instead, part of the hot gas 
leavirg the m r  is paseed to a s e t  of m i l 6  
placed in the sllpply a i r  stream after the cool* 
mil. The energy used for reheat is free, i.e., 
it does not add to the coolirg energy requiranerrt. 

me addition of mils to the SURly plernna 
does add approximately 10% to the inside fan 
requiranerrt. For the ocwarbequipnent this is 
an additicmal 31 watts o r  744 watts/ day. W e  can 
thus meet the latent and sensible load with free 
rPheat (hot gas bypass) 50,808 + 744 - 
51,552 wattS/day. 

Tim altarnative of sereible heat =a2hmp 
uses t lm heat available in the return air, to 
r e h e a t t h e s q @ y a i r .  'Lhisisshcksnmthe 
p s y c h o m e t r i c  c h a r t  o f  F igure  5 and 
& z t i c d l l y  in Figure 6. The app ly  air  
needs to be heated from date point 4 to state 
point 5. 

Ihe cool* mil nclw cpera- betwean state 
point 2 and state point 4. 'Ihe -1- of the 
air before it re ache^ the cool* mil, 
t h e  ADP of  t h e  c o i l ,  improving its 
dehumidificaticn. In addition, the reheat energy 
does r~k add to the energy of the 
Bustem. 
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- ~ ~ m e c f i a n F s n r s u g e d t o p r w i &  
* h e a t - e - t h e m a i r a n d t h e  
suFplY ai r :  1) mwamud ooil, 2) plenum 
-, 3) heat pipe. 

'Ihe run-- mil mists of two fin-coil 
stacks w i t h  a d l  pmp betkeen them. 'Ihe 
mrkhq fluid ( d l y  water) is circulated in a 
closed loap bethen the tw~ mils, reawing heat 
f m  one m i l  end adding it to the other, thus 
providtng the ===Y heat -. 
lllechanism has k e n  M e h  tkic3 30 8 cn very 
large m. !Ib anwnt of heat exchamp is 
ant ro l led  by mhrollirq tbe f l m  of heat 
admge fluid. Plernrm ocrfrange, dewlcped by 
mderer (5), prwi- far  the heat exdbmp acrass 
thesurfacxsof  theductirqgoirqtoardfrnathe 
amling mil. Bqe surfam is needed t o  
accomplish the heat ex&ange, so 
lamberenthian anl wrnp ted  surfaces have been 
used. Ihe of heat is ~ W l l e d  
by duct* & bypaseirq varying armnrts of a i r  8ud-1 
that all a i r  does not casrtact all the heat 
exdmqe surfaces. 

H e a t p i p e s u s e t w o f i r ~ ~ i l s t a c b a s i n t h e  
nm-ammd coil. -, the mrkirg f luid of 
the heat pipe Fe a a u x h ' s h g  fluid & as m. 
'Ihe amxlnt of heat exhwqe is fixed by initial 
design or  varied by valving the mkirg fluid. In 
s a a e s y s t w r s , t h e f r e c n m a y b e ~ a s i n t h e  
runaranrl  mil. 

r r _ e s e ~ ~ ~ i d e t h e B a m e  
thenmcfyMmic p- to the air cudtimer 
system, i .e . , sensible heat exdmnge the 
r&um and wrfply air stream. a f e r r h g  to Figure 
5 and asslnairg that  the prqwr arnxlrrt of heat is 
kmsferred fraa the return a i r  stream, cur mtum 
a i r  is pramoled by 6,667 J3tq/hr to state point 2, 
and a x  supply a i r  is rebated by 6,667 to 
state pint 5. 7% 0311 ADP is shifted dawn to 
50" F f m 5 5 ' F a n d t h e q i s - t o t h e  

I f  our total capncity and m P  stay the eamne, 
the mil wmld have a sensible mlhg -city of 
13,680 ~itqht- ad a latent cooling capacity of 
9,UO Bhl/hr (w m.6). To met the 6000 Btu/hr 
sensible load th 4000 BA/hr latent l d ,  the 
equipm~t d d  operate a t  a 0.439 duty cycle .SKI 
w a i ~ d  use 30,554 watts per day total ~~~r, 
I D  fan, and OD fan). 

m, we have m%ad the ADP of the mil 
ad nust pay a 03P mty. Khattar, in the 
sirnilation and Barfy of heat pi? s m ,  
p r w h  that  t h  03P reductian m -half 
-per dqree mdudcn in ADP (6). Thu, 
the mqressor wuld a#ma 21% =re w. 

~n addition, nust mrst th  I D  fan 
p u e r  to mintain flow. Khattar has mxisund IA~s 
m c p i m m t t o b e f r o m 4 o t o 5 0 $ i r c m a = i n I O  
fan (actual FM= ch.perds on oonfimtion 
and f h b b e  design) . A 10% I D  fan pendlw 
was used in the evaluation of the hot gas bypass 
coil  - brt the heat pipe aption uses two coils, 
and the tenperature clifferenoes am rmch lawer. 
To cur design w i l l  m e e t  the fu l l  heat 

mcpimmt, w w i l l  assume a 50% I D  fan 
penalty. Full capacity pmer use is: 

oanpressor: 2370 + 60 = 2430 watts 
I D  fan : 310 + 155 = 465 WktS 
o ~ f a n  : 220 = a o  watts 

3115 W a t t s  

Figure 6. Diagram of heat using heat 
pipes. 

M o i s t u r e - - t h e m a i r t o a c t  
on the supply air, but W-B -c prwreee 
is different frm that of sinple b3t exrhxJe. 

'Zhe pmcesa is * (HI the pyalamtr ic  
dmrt  of Figure 7 and dtagramatically in Figure 
8. A des iaant  is uaed to rarove moisture from 
the high humidity air exltirq the molw mil. 
lhie sorption of mietUre ~ K Y E  the wpply a i r  ard 
reheats it by the heat of 60rptia. 'lhis reheat 
energy is frse. Zhe process very c l a y  f0llowe 
a l ine of amstant enthalpy novirq fran state 
point 4 to state point 5. 

'Ihe mistum taken f r a n  th wr~ply air by 
&docant, is then evaparated into t b  return a h  
prior to it reacMng the coolhq oil. Ihe 
oraporation precools this air ard brings it close 
to saturatim. In the evaporatim pracess, the 
air  follaws claeely the lira of am&mt enthalw 
up f m  statspint 1 to atate point 2. 
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Control of mbbxe acdmpe in this cptim 
is pmvidad by control of the presentation of the 
Wicxant.  In a wheel design, the sped of the 
wheal is wid. In a liquid design, the flaw of 
tb Wioxnt is varied. ?here are several 
aznstraint.8 aasociated w i t h  this process. F i m t ,  
t h e l a o i e t u r e m n r e d i n l t o 2 r m s t ~ t h e  
moisture mared i n  4 to 5; and eeoand, the aff ini ty 
for mhtum of the desiccant rmst be greater a t  
point 4 than it is a t p o i n t  2. 

The affinity for  mktue  of mat desiccants 
vary in this way: higher affinity with higher RH, 
higher affinity with 1- tenperatme and higher 
a f f M t y  with higher presswe. mint 4 easily 
meets all these criteria in respect to point 2. A 
wre detsiled evaluatian of this prooms has been 
pmvided by Cruner (7). In the evaluation of this 
option, it w i l l  be assumd (as in the heat 
transfer evaluation) that the state points shckln 
a r e d e v a b l e b y t h e p r o c e s e s u h t h a t t h e q =  
=L- 

~ e e a a d a n d h p r t a n t f & o f t h i e ~  
is that  stata pairrt 4, a i r  exiting ths ccolirq 
coil, is vary close to the saturat im 1 h .  lhis 
is the c p r a t i c m l  affect of loading the air with 
moisture before it reaches the a x l i n g  coil. The 
highertheRHoftheaFrenterirqthecoil, the 
highertheRHoftheaFrexitingthecoi1. Figum 
9 presente data taken m a DX ccolirq coil i n  a 
Oaxra, PL tcwhlEe. 

Noti08 tb reanarlrable effect of this m. 
Ihemoietureloadislnet  ( ~ E S H R L ,  krtthsm 
has M by 12°F to 62°F f m  the heat 
eorrhanp option, and increased 7'F fran the base 
case (55'F). Thus an inproverent i n  CDP of 3.5% 
wouldbecbtainedbycperatirgatahiqherADP. 

Sirnilatdon wrk by byllierls wdificaticm of 
the SEU desiacarR mdd (a),  predicts a des iaant  
wheelwithafrontdlareaoftwosquarsfeetand 
two inches thick w i l l  very nioely pxuvi.de the 
moisture excbarqe needed. These wheels use a 

add i thml  I D  fan pcrwer. Fbr the evaluatim, a 
50% m fan penalty w i l l  be a m .  ml capacity 
p w e r  use is: 

Oarpressor: 2370 - 83 - 2287 watts 
I D  fan : 310 + 155 - 465 watts 
ODfan : 220 ;12P watts 

2972 watte 

C p r a t h g  a t  the 0.439 duty m e ,  the u y  pcrwer 
to meet the nroisture and semible load 

wing the ~~ is 31,3U 
watb/&y. 

T!w best or most energy efficient option is 
mistura ekemqeL. T!w heat cwchanp option is 
also very good. T h e  follaJing lTABLE 1 sumarizea 
the results of the two tcn a i r  ocalitianer unit 
==Parisen, and p r c n r h  the energy =-mwm 
m&md to meet the sensible heat ra t io  of the 
Lmd of 0.6. 

The use of mo* exdmge Unuqh 
d e s i c c a n t s  a s  a means t o  improve t h e  
dehrrmidificath of a typicdl air ocaliti~ner 

Rotated 
Sol i d  
Desiccant  
Wheel 

Fig. 8 Dehumidifierlair condltioner using 
desiccant rnoistura archango. 

100 . 
(D0 TEMP IS 25.5 DEG C )  * 

b C  

RH INTO COIL 

m* RH OUT OF COIL AS A FUNCTION O f  
INLET A I R  RH 
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system is presently unproven. However, 
-ic analpie ard similaticns of desiaant 

4. Electrical reheat 97.71 0.73 
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