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@% OF THE | NVENTION Field of the Invention
present invention.relates to air - PCT/US2003/018090

condltlonlng and dehum dification equi pment, and nore
particularly to an air condltlonlng nmet hod and
~apparatus using desiccant: wheel technology. [0002] It
is well known that traditional air conditioning
designs are not well adapted to handle both the
~noi-sture toad-and the tenperature |oads of a-building
space. Typically, the major source of noisture |oad in
a buil ding space cones fromthe need to supply
~external nmake-up air to the space. since that. air :
usual l'y has a higher noisture content than reqU|red
~in the building. In-conventjonal air- -candi tioning -
systens, the coollng capacity of ‘the air condltlonlng
unit therefore i's WD 2004/ 055443 PCT/ US2003/ 018090 " -2
.sized to accomodate the latent (humdity). and _ '
sensi bl e (‘tenperature) condi'tions at peak ténperature
desi.gn conditions. Wen adequate cooling demand
exi sts, approprlate dehunmi di fication capacity is
achleved “However, the humdity load on" ‘an.encl osed :
.- Space does not _vary dlrectly with the tenperature
"foad. That is, during nor ni ng and night tines, the
absol ute hun1d|ty outdoors .is: nearly the-sane as .
during higher tenperature n1dday periods. Thus, at
“those tinmes there often:i:s no - need-:for: COoIing in the
space and therefore no dehum dification takes place.
Accordingly, preexisting air conditioning systens are
poorl y. desi gned for those cornditi ons. Those
conditions, at tines, lead to unconfortable conditions
within the  building and can result in the formation
of nmold or the generation of TINE microbes within
"the building and its duct work, leading to what is
known as Sick Building Syndrone To overcone these
probl ems ASHRAE Draft St andard 62- '

DESICCANT REFRIGERANT DEHUM]])IFIER SYSTEMS
BACKGROUND OF THE INVENTION
: Field of the Invention

{0001] ’i‘he present invention relatés to air condiﬁoning and déhumidiﬁcation
~ equipment, and more partlcularly to an air condltlomng method and apparatus
~ using desiccant wheel technology.
[0002] Itis Well known that tradltlonal air GOIldlthD]Ilg deSI gns are not well
- adapted to handle both the mmsture_load and the temperature loads of a building

space. Typically, the major source of moisture load in a building space comes

. from the need to supply external make-up air to the space since that air usually has
a higher m01sture content than required in the building. In conventlonal air

conditioning systems, the cooling capacity of the air condltlonmg umt thereforeis
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1989 recomends the increased use of make-up air
guantities and recommends |limts to the relative
warsh £ in the duct work. If that standard is_.
o pr‘bpg‘rl‘sltsiﬂ followed, it actually |eads to a nectcTHp2003/018090
even increased dehum dification capacity independent
of cooling demands. [0003] A nugber of solutions have
been suggested to overcone this“problem One
solution, known as an "Energy Recovery Ventil ator
(ER%%," utilizes a  conventiaonal desiccant coated
ent FZPY
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equal in volume to the make-up air streamin order . ‘
f und? PReloseriispeqedlees yot varndirectly avith the temnperaturedesd. eTlutt is, during
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in the buirlding, the humdity in space W

as ®dsd fontanlingen thespaseiang thdrefose/nd dehvmidifiediion fakes place.

moi gture, | eaving i.n the exhayst stream However, ERVs
ar Arerdinehe PIPeRIsiE A congiiiquing systexns arg peorbpdasianed for those
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buil ding i.nternal dew point. The air is then reheated

t o TfEoRRs IyiHay thedwilding @od ds dpeisvorks leading e whet is known as Sick
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has al so-been suggested using desiccant cooling

syd0e03 Amumbierof sslntiohy hasierbekn suggestedad owapdiae this problem.
first dehumdified uysin desi ccant, wheel or the

|1 e Rk o Fofly Sutcatery Sy mgIAo RV, utlizes a
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t o thermekedep air pivean toranadxhhint alte e aMbesQRONeE ailc ePRctive in

power . requjrenments. The nmake-up air is delivered to
t hERGImEdmeRsuElopd, bubiequire thansesones of amsexhaust air stream nearly

equal in volume to the make-up air stream in order to function efﬁcieﬁtly. ERVs

are also only capable of reducing the load since the delivered air will always be at a
higher absolute humidity in the summer months than the return air.- Without active
dehumidification in the building, the humidity in the space will rise as the moisture.
| entering the system exceeds the moisture leaving in the exhaust stream. However,
ERYVs are relatively inexpensive to install and éperate. '
[0004] Other prior art systems use so-called cool/reheat devices in which the
“outside air is first cooled to a temperature corresponding to the desired building
" internal dew point. The air is then reheated to the desired tempefature, most often

using a natural gas heater. Occasionally, heat from a refrigerant condenser system




cool ed either by direct or indirect evaporative neans
or through nore traditional refrigerant-type air

_ i.11oning equi pnent. The desiccant wheel is :
‘f@g@ﬁ@#ﬁ%d with a second air stream which or?‘éT’Hﬁ%“@%’“ls‘m
either fromthe enclosure being air conditioned or
fromthe outside air. Typically, this second air
streamis used to collect heat3from the process air
before its tenperature is raised to high |levels of

bet ween 150F to 350F as required to achieve the
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~dried. WO 2004/055443 PCT/ US2003/ 018090 -4 [0008] The
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aierﬂioxhﬁtﬂmwexcﬁénﬁi@éﬁdlb or about 50%relative
hum it In particular, the systemis capabl e of

t aki08ge I}S d}atq@ém&ﬂ(ﬁmg Mevkler, 5,551,245 to Carlton and
5,761,923 to Maeda disclose other hybrid devices wherein air is ﬁrst cooledviaa

—

- _refrigerant system and dried with a desiccant. However, in all of these disclosures
high regeneration temperatures are required to adequately regenerate the desiccant.
In order to achieve these high temperatures, dual reﬁ'igeraht-circuits are needed to
increase or puinp up the regeneration temperature to above 140°F. In the case of
the Meckler patent, waste heat from an engine is used rather than condenser heat.
[0007] U.S. Patent No. 4,180,985 to Northrup discloses a device wherein

: reﬁ‘igeraht condensing heat is used to regenerate a desiccant wheel or belt. In the

Northrup system, the refrigerant circuit cools the air after it has been dried.




130-145gr/1b. of noisture and reducing it to the
ASHRAE confort zone conditions. However, that system
VO SeaNREds above and bel ow these conditions, e.g.. at
" “tenperatures of 65-85F. or 95F and above and nBFgfqﬁZ@mlSO%
contents of 90- 130gr/Ib. or 145-180gr/lb. [0009] As
conpared to conventional technigues the invention of
the patent application has significant advantages:
over alternative. techniques for producing air at
i ndo ir.confort zone conditions fromoutside air.
The HDSB] I
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thelr‘?ang’ggsure. a?%cfécoé?s eél%gnagﬁ%@mfwg’&é@_’ g &t fgrparent
1 egepyication has dighiflest sGaRtaghd @R aﬁéinﬁmbéiﬂ)i@nhes for producing air
regeneration air stream typically also froman -
‘out &} 18dograir comyprt gonawomditiane fioondetsise aiy. The mesf sighiicant

refrygeran te t hereby t.0 ipcrease its .
t e PREP bet TV AerknormitiotiGr o e Wesmoameanissd o treat the

r angie withheddsftbsnt Rasd &b , PRkl § :
t hr ouwtlw anot her seg%ﬁnﬁg&qtgﬁgﬁ%ﬁ%ﬁ?@@%@ ﬁjt!'Sdosed

wheRqoling techgelogicat Ehatinpsterh asts a edivehtit@ibDieffpeaacBoling system.
enbgo(gll&ﬂéggés. f tth?a R sent invention may seek to treat -
out 5l WBBWO giaplegesigeant wbsele fthedefiigrianteooking system
r eng€huded ; i : i er
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psychronetric condition w t’h T ower _
Th agrewdnqb Fog deavbiog asepyily ai.m.;teah;pzeﬁ%?y #PoRA6VL skEstRam over the
desi ccant Eais d_dehumdification and air conditioning
sy SPOHPS AL AL the refE perantysystom; ta asdien its hamidity and temperature to a
first predetermined temperature range. The thus cooled supply air stream is then
- passed through a segment of the rotary desiccant wheel to reduce its moisture

content to a predetermined humidity level and increase its temperature to a second |

predetermined temperature range.. Both the temperature and humidity ranges are
within the comfort zone. This air is then delivered to the enclosure. The system
also includes means for regenerating the desiccant wheel by passing a regeneration
air sfream, typically also from an outside air supply, over the condensing coil of the |
refrigerant system, thereby to increase its temperature to a third. predetermined
temperature range. The thus heated regeneration air is passed through another

segment of the rotatable desiccant wheel to regenerate the wheel.
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manuf acture and to operate. [0012] The exanple
enbodi nrents may al so seek to heat nake-up air while
recovering enthalpy froma return air stream [0013]
The exanpl e enbodi nents may al so seek to provide a
desi ccant based air conditioning and dehum di fying
systemusing single, nultiple and or variable
conpressors operating at the highest suction pressures
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~ second aspect of the present invention, there is
air nyrighufediethosialiret hod for condition air for supply to an
encl osure conprising the steps of cooling a supply

[0013h] 15 ASRMPEV RS Frst SIRE' FHY Srel AP AR eRfioh AT 6°F
provided a method for conditioning air for an enclosure comprising the steps of
cooling a supply air stream with a refrigerant system containing a variable
compressor by passing the air over a cooling coil to reduce the temperature
thereof, passing the thus cooled supply air stream through a segment ofa rotating
desiccant wheel under conditions which increase its temperature and reduce its
moisture content, and then delivering the thus freated air to said enclosure;
regenerating the desiccant wheel by heating a regeneration air stream with the

condensing coil of the refrigerant system, and then passing the heated regeneration




95 and above and a noisture content of between 90-180
gr/lb. with a refrigerant systemcooling coil to
reduce the noisture content and tenperature thereof to
a first predeterm ned noisture content saturation

| evel and saturation tenperature range, passing the
thus cool ed and dried andiaent supply air stream

t hrough a segnent of a rotating desiccant wheel under
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[0014c] In accordance with a third aspect of the present invention, there is
provided an air conditioning and dehumidification system comprising an enclosed
housing having a wall dividing the housing into first and second separate air
plenums; a refrigeration circuit in the housing including an evaporator coil in the
first plenum and a condenser coil, at least one refrigerant compressor, and
condenser fan located in series in the second chamber such that the condenser fan

draws supply air over the condenser coil from outside the housing through the




the first plenum| ocated adjacent one side of the
wheel and a sub-divider wall in said first plenum
extending from near said one side of the wheel to

di vide a sub- plenumin said first plenum whereby the
process air fan draws a supply/process air stream
into the first plenum through the process section of
the wheel into the sub p§enum and then di scharges the
t hus cool ed and dri ed supply/process air to an
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[0015] The system of the example embodiments may include an air conditioning
or refrigeration circuit containing a condensing coil, a cooling or evaporation coil
and a compressor and a desiccant wheel having a first segment receiving supply
air from the cooling coil of the refrigeration circuit to selectively dry the supply
air. A regeneration air path may supply regeneration air to a second segment of

. the desiccant wheel as it rotates through the regeneration air path. This system
may be modulated to provide a constant outlet air condition from the process

portion of the desiccant wheel over a wide range of




provi ded. [0016] The above, and other objects,
features and advantages of the present invention wll
be apparent in the follow ng detail ed description of
illustrative enbodinments thereof, which is to be read
in connection with the acconpanying draw ngs,
wherein: [0017] Figures 1, 1A and IB are schenmatic
di agranms of a first enbod*hent of the basic system of
the present invention; {0018] Figure 2 is a
psychronetric chart describing the cycle achieved by
the enbodinent of Figure 1; [0019] Figure 3 is a
inleP 8 GH¥RLA VE1URRA! Prefl@Sny i 8tchv@af Usd CarRblY QYgHers
the enbodinent of Figure 1 using a different contro
Wh<§y Sutpwt cqlﬂﬁrzmneﬁug tesponkeite al os eéfageraniccondisions it anot her

preqeietiel Tt in 118 SultbSo flone o tne st e

opefaddiinthugicrovstdiFerdht MOektorr iGN 8ir Supply BnRSIY GRHSIFRET i C
chart showi ng the cycle achieved with the system of

simgitapgpes epoilad arﬁslehmdlﬁgi ainlIp addidien [ 0022] Figure 6 is
a psychronetric chart showi ng the cycle achieved with
the systemof Figure 4 in the dehumdification only
node; [0023] Figure -7 is a psychronetric chart show ng
the cycle achieved with the systemof Figure 4 in the
dehum di fication and cooling node; [0024] Figure 8 is
a psychronmetric chart showi ng the cycle achieved with
the systemof Figure 4 in an enthal py exchange node;
[0025] Figure 9 is a psychronetric chart show ng the
cycle achieved with the systemof Figure 4 in a fresh
ai r exchange node; [0026] Figure 10 is a schematic
di agram of an enbodi nent simlar to that of Figure 1,
but utilizing two conpressors; [0027] Figure 11 is an
evaporator cross plot for the systemof Figure 10;
[0028] Figure 12 is a schematic diagramsimlar to
Figure 1 showi ng yet another enbodi ment of the
i nvention using a reactivation tenperature contro
schenme; and WO 2004/ 055443 PCT/ US2003/ 018090




-7 10029] Figure 13 is a schematic plan view of a
housi ng structure for use with the system of Figure
1. [0030] Referring nowto the drawings in detail, and
initially to Figure 1 thereof, a sinplified air
condi ti oning and dehum dification system 10 accordi ng
to the present invention is illustrated which
utilizes a refrigerant cgpling systemand a rotating
desi ccant wheel dehum dification system This. system
a parécu—:lalﬂjeﬁmpéamni inefpensive heysingestrutiwge fasthel systero uray be
ﬁ?f application. In this case the systemtakes air
pro any ambi ent condition and renders it to
[00 1] a0Hel BBl )énéBl’he?l bbJ%Ets aRGuERANE adyRI48 'b@ﬁﬁtﬂrés‘ént
condition with a I ower enthalp rgo In system 10,
invenien vaH iegpparant io gl folgwinysd qd @na)fnlétmnag@fr ant

et Y pa ety 1o 50 R e i B Aoy B

(km@ﬁgsamggapressor 28 for the liquid/gas refrlgerant
which is carried in ' connecting refrigerant |ines
[00P4 FiguieubéA anddBl ape s¢henfatio diagremsehrshembodimedi efithe

h duct work 5lor the like, over

t hrou
bas‘?éggco&?\{ﬁegprg%ﬁﬁtmgfntb 't he refrigerant system where
0018]FiE@RI2EE atpeyehrbMetrRWALR deRiBing the Sysik heitved by the
{ dehum di fi egdy From there, the agltr pgsses throggh t he
embgdipeens of Eimrol; 54 of arotating desiccant wheel 55

oof 18 k53 LRPRSHINRS bt GHERR T kb eebyra e

emb®dizheds of Bighfe 5RAAE aAiferbMABIroDBRteptant wheel 55 of
t he dehum dification systemis of known construction

[00244 driguae diiy e schemypbin ekt ofaanomqr embodimeny eh Brearesent
t
o PR 08 80 7yt P L RELRGEU G R

retuti ait §tZdafi) out side air drawn by a bl ower 56 over the
condenser coil 58 of the air conditioning system
[0021h iFiguse b 45 ypsyshromnegtrie shart shomang the qyslejachisyed withdher

systérﬁ%fF? ?ﬁnf?ﬁ{;? 0%81111 121% Siet hen supplied to

o regener ate the desiccant.
[00212@ Elg’tﬂge 2] pﬁycﬁfmﬁ&tﬁc tigartishdwing tHe@ytReichicstEwith ke
exhausted to the atnosphere by the blower 56. [0033]
systerp of Rimredipticdshemidibegiioaoabr medesi s a vari abl e
[002%31 Pf’@#é Y i PRI %r?erm@&?art éh%%f@%ﬁl%'é&gﬁé%hf%@é&‘bﬁtﬁ e

ypeé ‘conpres de va

syste‘iﬁ of Figuehdl & ﬂieQIéﬁuﬂn[&ﬁMmﬁfahd icbslingomude, t hrough t he

rews in such a conpressor is varied
[0024] Figure 8 is a psychrometric chart showing the cycle achieved with the

system of Figure 4 in an enthalpy exchange mode;

[0025] Figure 9 is a psychrometric chart showing the cycle achieved with the
system of Figure 4 in a fresh air exchange mode;

[0026] Figure 10 is a schematic diagram of an embodiment similar to that of
Figure 1, but utilizing two compressors;

[0027] Figure 11 is an evaporator cross plot for the system of Figure 10;

f0028] Figure 12 is a schematic diagram similar to Figure 1 showing yet another

embodiment of the invention using a reactivation temperature control scheme; and




by adjusting the slide valve and thus the vol une of

gas entering the screw. is varied. This varies the

L <Conpressor's output capacity. Alternatively a tine WO . .
WYY SSEWA3 PCT/ US2003/ 018090 -8 proport i onedGEPEA003/018090

conpressor, a variable speed scroll or piston type

"conpressor mnmay be used to circulate the refrigerant
inline 29 through a closed sysfem including an

expansi on device 31 between the condenser coil 58 and

the evaporator or cooling coil 52. [0034] It has been

f oud@0ZN Figtwe 139$ agchenmiin glan view of a howshlgeshaotpe G286 with the
in r%frigﬁxati?n systens, the conpressor does nore

wor EYTHEP it 0 be done with the results that the

desi i . y._he .over .. BY :
oo 08ty Rt 01 By DR R M R ot

can sioyslifiedtair doaditioning ded deaiifsation Systdne10 6oUdddhHE B'the
over a range of _inlet air conditions and vol unes. That

i s Precntdpeniion dillasratedowhishptiizssarrefiigerohcoadingesytstenm and a

res| . r re _condi.tions,. result, for '
 eéxanp e,g'%ér%lé:%%]g'm#‘ AT °*EP£§%‘SP’%‘8%§!{*HS&S*§%'S a refinement of

Sel.aeSsbietn distisdl i our RS b ftali G Vit | es ait 2

wheel ?y'_rmdul at | ngm]tI e Con%@gggglfv%g%lg%?s?ytﬂ@%gkeswat
- :Suchnhgbient jopdition andrendetsiittoqutadtigallis amygirieo aed téalar one -

conpressor .or varti abl.e conpressprs, such as the tinme

pr opBf 06’?1&3‘0‘6%‘?%}" vgg?'angv?%,eg Y- Copel and; or -

var . chi-onous . .

ot IRBUP I SRRAE 16 M RRR SRR QoS et BESUNL USRI cgoling

i npeircititoconteining tideast vhe elvliagws eapoy:asH il 20 at 18a300HK condenser

out&g}. [0836] The refrigerati on systemdescribed
abovRil 28908 @ cpateser 8§ Torr the diguidigas sefrigerantyylioh irccamried in

Conar PP b P 25T S el R e dipBbipegis dravn

us ey a bloweek 80,\throagl ded Rork 31 o e 1R, SR the @BUhE BIRRE Df the

for yentilation, pressurization or air quality (e.g.,
i n. Geligerant syptem Wheredistemperapiraisdowered padifiiy gightly dehumidified.

 ceradirnle ARG RIS e oottt e BONM S o Blarinesicgpnt
pr eghdsl 85 (hbfedttdbmpa B isRAG AU &n&ﬁﬁhsﬂa}tﬁexfcféh' {#88. That

roons, and the Iike), CO2 content (through use
s erfsios shenpgoeided todhe enplesiuie g space Fased on occupancy

(us] raqomte r re._sensors Such sensors would
conPPi1 RaRieafihref 5y f e dehnit iseonias faldmedn o
CO¥ohifthuctibR and receives regeneration air in a regeneration segment-60 from ducts
61 and discharges the same through duct 62. The wheel 55 is regenerated by

- utilizing outside air drawn by a blower 56 over the condenser coil 58 of the air
conditioning system. This outside air stream is heated as it passes over the
condenser coil and is then supplied to regeneration segment 60 to regenerate the

desiccant. The regeneration air is drawn into the system and exhausted to the
atmosphere by the blower 56.

[0033] In this embodiment, compressor 28 is a variable capacity compressor and
preferably an infinitely adjustable screw type compressor with a slide valve. Asis -
understood in the art the volume through the screws in such a compressor is varied
by adjusting the slide valve and thus the volume of gas enteﬂng the screw.is

varied. This varies the compressor’s output capacity. Alternatively a time




- exanpl e, the speed of blower 50 or air. diverter.valves
. (not shown) induct 51. The system using the variable :
wooIRRs&Hgr, can still be nodulated to accommqqﬁzu
~““variation of tenperature or humidity caused by eézﬁi&;/(nsugo
addi tion of make-up air in order to maintain the
desired environnental conditions. WO 2004/ 055443
PCT/ US2003/ 018090 -9 [0037] According to this
invention a desired delivered air tenperature and
hum dity, | eyel for the suge%b?ir to the encl osure or
- spablPPTHOLES, SER REFORTES Fe HipRed frEoher piRlep e mpressor
zon :
Py 5 e P Fif AR Bok SRR A BRp A stem
t enpehding & expandien deticr 30 batdeen ths taldensdricol] 58h@ad the
desired conditions represented at Point 3 on the
psy EYAPEIREATareooling6oil 3% Fi gure 2. This wet bulb =

TR e o R B e

r et tﬁﬁﬁ%@éﬂon@yﬂeﬁs,%e BorkBebsir dBes MBSV tRdn nédds to be done with
- described above). Utilizing the variable capacity of
~ t hetheavapite hubthe degired sebpeiapefthe gystsin may beovtr shyt.cBylusing
52 is.controlled to mi.ntajpn the suppl iro P
¢ er R BB ER0r AS PREDED e N 5AF Meklute to provide a constant
L CBATRbSHARONUveRa frlde RIIONH RhainfcAR Shd VORERY. Shatis; the
Point 3 to be attained after the air passes throug
t heopraivess thesgrpressobi4 cofitralled inl esponsett onk eetord toiglitions.
te eratgﬁ’e Wi | | tie slightly |lower than _the .
cal At HBY, REexanRle, qve rpR FafniE agiesityiusghlsiand gelectable humidity
del | j : _ ' s ] i
(1 reobRlieH @i (A0 Siecaf SROY Dy ibdulaily e iRl Loy
wi | f0033]ySichahbdulitiiteead Helbhieral B @ingMoRs thhd 6id\ERpRSior or
and 95F DBT and above and a noisture content of
‘bet Vatiahle gomppsepraistel apthe timemspportibenl cowiprasspr. affeired by

at E V. Bul erature{"DBT" 78. 5F b Bul b
TertRPiapth & egle BEURESS Bhbins s which e apnelmof grotors

gr ayitsé kfved GRS Hetvatie@ By WhllingZthe hé¥z P Bithe RRKREWhich causes
through " coil 52 its condi'tions nove al ong the dotted

| i rveripitorFinguerks oRfpluf.om Point i at  rel atively constant .
humdity..until it. reaches salu ilon..an& ts_hum dit
s Toisn it isetpvioh SR RE sStizE Abo g G pmrtaiaied pscripqlled
| i . i . i v . i i . . :
st PRI Bt AR SdIn R o g of it defaiong gnd volumes.
. gr dt aibfistihe systenstolbecused i make-up ait applicatiasetoatied tequidients

ang 80. 4 %r ains/lh. The ajr then enters the process i
sedfeyrnisEoBpressUcigation OF AUy é¢-2.» MyTeRtauTsatsRkere make-up air

t NEOLER IS SR kilchEn exhaust air). Thus control of the delivered make-up

air volume can be made dependent on pressure (through use of pressure sensors for

clean rooms and the like), CO, content (through use CO, sensors) to control

. quality, or based on occupancy (using room temperature sensors). Such sensors
would control make-up air volume using known techniques to control, for
example, the speed of blower 50 or air diverter valves (not shown) in duct 51. The
system, using the variable compressor, can still be modulated to accommodate the
variation of temperature or humidity caused by the addition of make-up air in order

to maintain the desired environmental conditions.




air is dried and heated adi abatically, follow ng the
approxi mate path of the wet bulb line. It is further
its leaving condition of between 68-81l_.F
w&#o&%%sé?%-r and 30-88 grains/|b. noisture con’f‘émjsmpwls"”
this case at Point 3. of 77F DBT, 61.5 WBT and 57
grains/lb. O course it is understood that the
conpressor is.operated in res'p%hse to the tenperature

of the air leaving the cooling coil at Point Cin
Figure. | to achieve the desired final air

1 eml%li?a’{ﬂ uhecording mxmgs@m@a aFd@alr' Shiiysreg ra0mperage and

0038 th | f t
o Bt s df e St B % i SABIP S oF ST Y R e gpntdined
whegdithR thel ASTER AB D162 zw;é ais&ﬁgea duAVENFLRR tﬁdaétemperaums and

~ regeneration air tenperature is increased to provide
- | onemiditt dondisions theecomespontimgtwdt bulb, teinperafurepaebe determmed

_F;é’é&g@@nd i auceﬂcgn [ OVi df%ﬁflfied;ﬁ&pp\é%rnf%@ew e
al r Fﬁéml‘??nzﬂ“‘u on 0| nt e%&&l% Ffls %gfleﬁaﬁ%ﬁ&%wfo“he

i nt eosling abdsirging of tiedupple air (WBEBEXLit ﬁﬁ'ew'rh lairladone or mixed with
‘under stood, given_the casmam ty demanded fromthe

* coomakerURiaras degaribsd pbave): H@h@gﬁmwlwmb@f\m gompressor

D ShEhy B SR Lol 8 R P
‘at . Rehgtratie(lbdvin dgth):coﬂﬂigeoﬂ afmbip%rdm@twﬁlbwmamcﬁﬂﬂég

at Point E woul under nor mal condl tions, result in

‘an. oensétienieg p%Epliats@@d@rfmau@d afterrfbe pirnassss tronglothi process

e ST A W SR B
- of . 1R RMABSRE Wit tﬁ%ﬂ@%rafhﬁg of ﬁw'd&sﬁé&jﬁhﬁe&d@l&h"ﬁx‘ﬁ@ ds'iBown in

appropriate regeneration tenperature entering.wh
55. Fiphies2,isspplyair (nthseasd agbichieit ashowatin Feg. d) wbmh will

! Gl B B S 5 oo
- dr apidkiie eH&Qnthiﬂbletv&%n%tﬂg Blasib. erferk Ehe%%ﬁﬁ%&l 52 at 95°F

control the tenperature 019 alr entering the

AnwarBabéEss:q:reyaml(ﬁIDBTﬁ)‘ 7 S5FF MWeebt b Teshpeptaret('WBITY) and a
at nosphere by If(%qga&r oW i.s increased to, reduce

t heMosEip EPniERt &Htté qnliiBedls Ay fhe air passes through
TR 41 s R o 2
d esiebatirsly cﬁhsatmﬁaﬁmnﬂmmtﬂ eikeichefSdtin@tion hﬁ@ it6l Bemidety is then

dry| ng results, i.e., the novenent fromPoint 2 to
" reduced with temperature along the saturation line to Point 2 where it leaves the

coil in a saturated condition of between 50°-68° DBT and 30-88 grains/lb,
- moisture content, in this case at 61° DBT and 80.4 grains/Ib. The air then enters
- the-process segment 54 of the desiccant wheel. As it passes through the wheel the
- . air is dried and heated adiabatically, following the approximate path of the wet
. bulb line. It is further dried to its leaving condition of between 68-81°F DBT, 50-
| 65°F WBT, and 30-88 grains/lb. moisture content, in this case at Point 3 of 77°F
DBT, 61.5° WBT and 57 grains/lb. Of course it is understood that the compressor
is.operated in response to the temperature of the air leaving the cooling coil at

Point C in Figure 1 to achieve the desired final air temperature.




Point 3.in Figure 7. By dunping excess air passing

coil 58 when the air quantity required to maintain
‘Wwiomwoslessiigzed regenerati on tenperature exceeds tp&l‘/ﬁgfooslmswo
“flow needed to regenerate the desiccant total, “energy =
is conserved by not exposing the increnmental air flow

to the pressure drop associatedggu th the desiccant

wheel . It also neans a snaller blower 56 maybe. used.

[ 00401 This system all ows conpressor 28 to operate at

| cad Y e Aol anel 4658 the WiShEE Yot 8t dppends on e

| eavégeferbhibn WaRRlonR D wiBEISS. MhScdota AR SittRisG

op‘eragt%gs a_lg%i nst %he WO 2004/ O%ﬁ@%@%ﬁé@%@gﬁg

m nirggeneIpties sm tanpestine ipoessabédtotproyvided laxget peth down the wet
int ﬁﬁﬁﬁ% result,. Thus the_  performance of the cycle

is mabilne ke, meiinangpndiedunpd to pRoyidedessgrovanpm ije., less
V\he@niﬂi _ ' . j ddi 1 nsible. . .. '
cool I’ng 'aﬁstfé%o n g a?lsthg g%@?# %tg gg?]?é é}é&@ %rr‘glfglgﬁgos%&%teoacmwe{l 50
- fur tiwethesapplyairledvisytonditldagPeRs By wad bquald 8l inteddd Bdesign
coi l Igﬁy be: supplied with refrigerant fromthe. sane
‘confP¥R 28. ‘As shown in Figures |A and 1B this. -
. addidq | coil 52" can he aced on either, side of . .
ol oS8T 2y e iersfiB0, B e 5 demap i BoR T enating sde
52! setipbMShé S6ndeRANE P8 Will hER 15 WPt Yaryfis" ' -
tenpe?_atur_es ar%t_eer a sfl i ght r%@f#ﬁ%%e al ramountsofheattothe
t enfabignigiestraentéring thateeili deperptisg aig eonditiorsiay Roink Bv@ig. 1).
50..4n th osi kion shown jn Figure 1B, coil 52' is
s FPEaId ) B Puesi 7 ot & dould ades Sopmal conditions, resutt
.t enpemainebfrdiRar fib R PG terlife thET 42l A coording
Si nce the Ig:gdg}?:iﬁ r{ggbégﬁa%%fegrn?%?ar@lemr etee {lhg}mé]tr?g{%/ja %%cordmb to
-t heths presendrinedntien dfe volurhaof sibflewithroulgk cpil 68 &4 vR1kd by the use of
enbodi mrent where added bl ower heat is not a factor.

[ 002yPagsorxhanst &mnAt inyader do pelievsdhe Appropyate segeneration

- descLi w8l : i hj eved .
eSS B g ot
‘Cordnterinigithgwhbel and apatrillitg e b0 &ORldoigel§ itt@eddb of Bcrease the

device to praovide the desired cooling capacity for
t herodigaeiet &f dmwn throReh epil 5 ittridowerh inguder tosomtplthe

dosi _ L ow b i
S Qe aRE6Et SIBRIAH Whool o fimndismity vofinie ot § theh
Cc askmipae ty tHelniMospheri ty fh 80N ALiloOHE Indrbfed ANERNSE e 58

is controlled to achi éve the required regeneration
t erprapereiyreandyedived t¢ insianse thie teperpinad | Bheoendrisg gigis then

S e B LB T B3 bl e
'S rédifife@ S Bhidve th&deisBa AHihSlesWT 81, 06 &V dnPent 838 Point 2 to

Point 3.in Figure 7. By dumping excess air passing coil 58 when the air quantity

required to maintain the desired regeneration temperature exceeds the air flow -
needed to regenerate the desiccant total, energy is conserved by not exposing the
‘incremental air flow to the pressure drop associated with the desiccant wheel. Tt
also means a smaller blower 56 may be used. _
J0040] This system allows compressor 28 fo .operate at the highest suction
+ pressure necessary to obtain the leaving air condition, i.e., the temperature of air

leaving the wheel 55. When this is done the compressor operates against the




decreased to reduce drying capacity, w thin acceptable
pressure limts. This systemis shown in Figure 3,

. j ient air at Point 1, 95F DBT 78.5F 1 I
'v%gghg@g?%g?lb. enters the cooling coil. It folr%ﬁpspﬁgnmwo
dotted line to the saturated curve as it passes the
cooling coil to Point 2 at 50F fﬁturated and 64.6
grains/lIb. This air then enters the process segnent 54

of the desiccant wheel. As the air passes through the
wheel ,i.t dries and.,is heated adi abatically follow n

t'he THWBRELOTRSIINS TREQ Possible toradiice thy ptandedresult.pEhyig the

Whi b Sen | V) . 69F DBT: 52F WBT, -
30 greziolppc® o€ RSk RL sl peldl Souitiipttny
© . cont[0041]i Wheh htdis BigRte@ tesbihia HEakiBhAlEnsTIE cHEIHR L ERbADRY
tenperatures as described above achieves the target

- | eavicrling epitiv?’ itasssbepsed o forther cxoibipiniayvingfthe desicnant wit@!. This
" 2004/.055443 PCT/. US2003/,01809 043] The length of . .

£ r o Sl e SRR B et ridiom e o SR pRSsor 28. s shown in
r eggngired | 8And 1BGRIBAHAitiBRaI oS 5B O&ﬁ%ﬁh&}é& o‘hrb‘fihgrési%e of blower

regeneration tenperature is increased to provi
| ongér. Ip thetpodition shéwen in FignredkA, ropil 62 Halowesfor snhliction in the supply
reduced in order, to produce |ess drying. In the _
al t GUdemperapesafisr 2 §1§%ht-éﬁ? 11} the air dempqrigER PacRErngSHam i passage
coolgRdoh & bt Y the bOSHiSRASRM AL EOML 9Bt 881 527 3¢ '
equi pm%?tfg’a%?g%i%feﬁ%ggﬁqflng of 't %gf %ﬁ 5%%%? &ﬁt%ﬁfm@m of
- Fi giblewd30sh dwscage whire tind fetrpplaaiic iticps©fromithablower is -
conditionjng/. dehumdifying unit 10 according to =
Fi g dfpBnaterigh epipesthe gpolmgpodl Repfosmp mgre ¢ffisiently pa the suction side of

f 2 h [ ' 0is _
contarn gt PHEbRities SpuofERal RS i dfglfthest iyictp factor
el 002y &% dittoRetide tothe khftrelugiivmIdéscibed GBovel BSFdl BRE can be

above. Housing 10 is a rectangul ar box like structure

whi eehigesd wighoubthe celenlstion bf peehiirteb§@rativetby conttblling itk

by an internal |1.102. 1into.plenum.sections , 104, .
706 Cobay BEER seslfhe sidkeh thr ovR GBS s Rtieed qon g papacity
102 f63qhé ijleS ' i ired shat |
. Sake,lils c@ﬁtﬁﬂ%@ﬂw%ﬁﬂﬁ?&@t D rgoﬁﬁlgg%é Qisired é‘ﬂﬁ%ﬁttet%%erature

| ocated in pl enum 104 and i ati1on se
i s dnd aliiveing thexo6denBingwirte ofthé systenciatmetivddte acmrdingly. In this

5 LR Ly A e i
an dre‘qﬁfr@&'&%el&%ﬂonﬁng Jx?ﬁl‘re, Hifhid in?l}{’@ gg %&F:gfagﬁ copdensing

conpressor 28 to coo at as we I'schar ge
t hr pugsdurg pad this elsoiachised the Ifiired rédeperatioieapacity : The
[0045] Blower 50 is |qcated in plenum 104 near the
pr o’@g r%fé‘ﬁ?“é@%ﬁé@m@sd iq deeﬂl@ebh@mﬁhﬂ’ﬂ@, and .
def 4RedsBY ioFe R dryids cAic ), ST &&éptaﬁe%\f\gsrsur%qjlgﬁs?wﬁﬂs
- system is shown in Figure 3, wherein ambient air at Point 1, 95°F DBT 78.5°F
WBT, 120 grains/Ib. enters the cooling coil. It follows the dotted line to the

- saturated curve as it passes the cooling coil to Point 2 at 50°F saturated and 64.6°

- grains/Ib. This air then enters the process segment 54 of the desiccant wheel. As
the air passes through the wheel it dries and is heated adiabatically following the
approximate path of the wet bulb line to Point 3 which is its leaving condition at

. 69°F DBT; 52°F WBT, 30 grams/Ib. The combined effect of minimizing and
controlling the precooled temperature and regeneration temperatures as described

above achieves the target leaving conditions within the ASHRAE comfort zone.



supply air through openings (not shown) in end wall
.116-over and through evaporator coil 52 and then
w(hgmuggsmbe process segnent 54 into pl enum 112PCTETS%/018090
there the supply air is discharged through openings

(not shown) in wall 110 at sub plenum 112 to the

encl osure of separate duct workjd eading to the

encl osure 57. [0046] Bl ower 56 Is mounted in plenum

106 adj acent the downstream side of the regenerat| on

ol o lm SRR 0 VREb bbb 8y Rffmcration-

pl ersafiitiof. %@Jn@fﬁ%o%ﬁﬁ'reg’%ﬁeﬂﬁgn SothR4tre 1P ﬁ{c}eaﬁ@cy to \%'ov:{de a

towards wall 108. descri bed above, bl ower
sondonuger phéy dowm the bmslom gporedtyirs atd lmglhceﬂlmorder to produce less

e R AR o b P SR G Socing

r eci t
rec |c?%ﬁl 'tlé 'irillgréb ack a?'gjg%%‘b %ﬁmb%h eewﬁﬁtlg% quﬂrngt%the space.

- el t 18044y RigsreVii3tshoWa 3CHbid 0o plehdvieVs bif blb 2R @OAdI 8RR/
-13 ajr being expelled fromthe pI enum by fan 70 to

-t he dghyrpidhfaeami 10 acc %qgetoFsem & gmmmosmonﬁmsbearme

‘.”_,vvhol I a t\he _su 04

str U%Pgree Q:n@e ]E]'J&nrr%%i Sﬁﬁ%ﬁ%ﬁé’e@l |"ﬁq:tl 1@&? ﬁ%uq?lpg‘lmﬁousmg
COMegin & Kx@angeﬁﬂehﬁrlﬁ@ﬁ eRMiMtesdE heiFok the AREL WAL 5PN

i n condenser and_regeneration f an/ bl owner horsepower

|t dessoibed pbdveattiansingd Olls& rdctangalay beniike Stawkurd vefith defines an

T T ——

4.  hba, fosl %e%@geﬁhﬂﬁrﬁéeﬁ%t gﬂ%ﬂﬁig feddHIRNG2!0 tﬁa[t‘f‘l@tprocess.

make-Up air and recover entha m a return air

.5t r eegmenRet sactoré#ns losatefl u:epiemnnllloakahé itk regapabiic@idgditat 60 is in
where fr es " ai

r provi ded due to high space
nak'El-%H ‘ lew Wdidareted 2k gng @lﬂﬁ@%-pgnlpmdeﬁm draw supply

' ?Zgﬁﬂﬂer u%éﬁpress Tl Wﬁt?fﬂdg!ﬂ 'r?rna‘f;['ﬂthroughcoil

- |-oaf8.nThatmixzfdwsver THei conipygeorals Wembbihat & wolDhukibdks ldischarged
used for school s, theaters, arenas and ot her

peegr@é aswolh d0%tafhapimesphersed not be

COG 4 P T 0 Rt 55
quadni 4 Sﬁbl]ﬂé}:ﬁﬂ‘ni 152 & b9 weraln idipiahue N, tBRR%r 50 draws .
Moreover ~ such large spaces use |arge volunmes of air

whi sppheaiethsenshtopanings (teéshown liw end wall 116-over and through
evaporator coil 52 and then through the process segment 54 into plenum 112.

From there the supply air is discharged through openings (not shown) in wall 110
at sub plenum 112 to'the enclosure of separate duct work leading to the enclosure
57.
[0046} Blower 56 is mounted in plenum 106 adjacent the downstream side of the
regeneration segment 54 of the desiccant wheel. A baffle or other separating or
chamnel means 118 is positioned in plenum 106 adjacent wheel 55 and extends
part way towards wall 108. As described above, blower 56 draws some of the air
leaving coil 58 through the regeneration segment 60 of the desiccant wheel to
‘regenerate the wheel. The baffle 118 prevents recirculation of air leaving the

wheel from recirculating back around the wheel. That air then either mixes with




them [0049] The system 80 of this enbodi nent

conprises a cooling coil 52 for treatnent of an

o1y - ient supply air stream A followed by a o
“&gé@g@%ﬁmeel 55 and bl ower 50 for conveyi ngCY/HE2003/013090
supply air streamto'the space or. enclosures. This

air streamconstitutes the nmake-up air. The evaporat or
or cooling coil 52 is connecte®to a plurality of DX

refrigerant conpressor circuits. This is illustrated
in Figure 4 as two coils 52, 52' and their associated
co expplbedaftom Hig: plempiowgnfar 70 to the atngosphere or it may be

| ~under st 0o hat, 1t h ooling cjireuit containing coil 52
“ana SeRAEH AR, 5ol Stimarclo F swasteat Ra (oo

- sepaoed7! Thi®RAIcARE Basindrfish | LGS $RALASC si

- Coi IE[s gﬁd conpr esso??ﬁ?égggs&d‘%?%ggéolﬁgﬁglpéﬁlg%én r%ttsllzgh

-ai - eliixeaion Bf duct dreakyrantiredoctiba i patlens? avhdbgéeraion fan/blower
a.qguantity approximgately equal to 50 to 100% of the

mak SOTFPR - | &%%Fé“‘?‘??@% thgiyse faranyg apti-kackideg lewvers onthe
- 1 owgnddpt gyt he condensing coil 58 , then. through...

the regeneration segnent of desiccant wheel 55, and”

. 'S ¢908] exhotiieperubbainicRn et Ms ivention isAINtENG in Biure 4. Tn this
refrigeration circuit for this systemis desighed such
© t hatmbpdimeatihe sysienns sbptedde Ssatansepuseaacotapenthalpy from

b i IO ARV B RR hrs
CappfividedAue td Wi gh §9RB kb upShiF &ﬁ}@ﬁk@ﬁ&f@fé’é‘ulﬁﬂ% foft &rcﬁPetmt |

air tenperature  and the maxinumrefrigeration circu

c opm tngnd ?ﬁp@ﬁdﬁw enmmlntaqn‘;émm imﬁteqh;&ed %33 @face'ﬁ‘]&sm;i]zaﬁon
refriger.ant omthis coi Is then used to _cool the

£ r BBl o g il B Piooma pf Gesisans rpiseli uped for

Fi 05th80oR, BBSerS) arliRk ﬁm? Bedlet b RRercE -tgﬁz{c%s? %Bxl%ﬁlhﬁdity need not be

connected to the cooling coil o e supp

ai reinteded to tibes somrad levier Gch as Breytigd it Aperrashitetsiagdade rinks;
cool jng. capacity to, take the anbient nmake-up air _
ot r hisHisee Hessvand quality demelits S lewiaphwidgy e tionsph ddereover
. addif.i ' ' j their _ .
 Gondendnge sRBRDiuf FAlES oP AT FRER g s Rahept e in
anbthemt . This is shown.in Figure 4 at condenser 58

which treats anbient air drawn through,it by fan 70.
[ 008949]) ‘the systemo$fheidhisemboditeent somprisestacaobliag coib 52 for

T N ey e T

55 and blower 50 for conveying the supply air stream to the space or enclosures.

This air stream constitutes the make-up air. The evaporator or cooling coil 52 is
connected to a plurality of DX refrigerant compressor circuits. This is iltustrated
in Figure 4 as two coils 52, 52 and their associated compressors 28 and 28’
However it is to be understood that the cooling circuit-containing coil 52 and

- comprossor 28 may consist of more than two separately operable circuits
containing separate coils and compressors.
[0050] A second or regeneration air stream E is drawn from the space 82 and is of
a.quantity approximately equal to 50 to 100% of the make-up air in the first air
stream A. This air first flows through the condensing coil 58 , then through the

. regeneration segment of desiccant wheel 55, and is ejected from the enclosure to

~ambient. The refrigeration circuit for this system js designed such that the required




~revolutions, nanely 10-30 rpm and at |ow revol utions,
namely 4-30 rph.- In the high speed node the

rotor will act as an .enthal py exchan
' “ﬁ\fﬂt}%???nsfer | atent and sensi bl e heat betvveeﬁgpﬁlézooy‘m“”
regeneration and nmake-up air stream In the winter an
ent hal py wheel heats and hum d|1f4! es the nmake-up air,
and in the sumer it will cool “and dehum dify. [0053]
The system of this enbodi nent can operate in five

escri bed hereipafter, the

di f ferent es. .As '
clorr;hﬁ%t JEI5P tgggrﬁi %%‘1'13% theroadensestodheaig seaye docanot exceed the
d to t.h

S T O S —.

comiand ttei mmﬁmﬂeﬁigeratﬁnrﬂﬁ&ﬁﬁ coddiRsifp 'téinﬁdréltﬁr Proximately
are: oI | ng onl y nmode; Dehumi dification only e;

|1?' eiaigarntiftprchisicoil S8dalthen uld toaiop thexirbilsgsply) air
ﬂpd Fresh air node. [0054] Operation of this
systemln the cooling only node is illustrated on f he

psy I0Sdr e sralso sebiir Fighred G & mRore sl dﬁlggﬁ cggg&f'sHors are connected

desi ccant wheel 55 is not operate

nu rrltfbfhe spolagrent@f dher sippbcdssteean. tTheps arcisired $o! f){]dvedan&
Ho
 contiilelsPecnlte GRREES 13 e Hcrmbieniinatis-umary {}iréam:&_om ambient
et ehnditiing dbivA %o 53°-9F. %9&1@@0&!{ Qc?oﬁ%%lllergﬁt{%g%ﬁs‘eqsﬁhelr own

- not operating. Operatingin IS man

|:| gendesingitrniin thadeject theia heat e @RMMoAnéHR! Thidie sﬁé\% in

t the conditions of Point 1, at

cool % coils a
454& 1St 0§’ Fhirh irsapmubiesmiudrawn through it by fan 70

|t pg%oﬂl%%r oug ﬁmfl?flésce%%c?anﬁééﬂeeb %%’l%[f?l%ﬁ’%%% te Ve’mOtOI'

novamngémer thad enahlési thel desiahOwBEd td 8Re Qéi&fhvg g high

~ saturation curve to Point 2 at 65F saturat
" gr dFvelptions, naseely il 9-3Rapmb ewhatdowirexbhativahs, meinstyidiof iphd In the

corie es ot e biciR aclin il 25 fn epibaloy sehmeckandapill
-0 C qansfer Heat atbeAsiBRGeaMbdtREarAl ?‘%&ﬁ&? Horf 24d gﬁ?-ﬁg air siream.

sinply rejected to the anbient al ream vi a
cofuSieswintes anl cithalpy Svhep IS hn@handdifien thefmaleenS ¥ /0 in the

of Laure 4.in th hu ification only node is

ShBWHH% ﬁ Mﬁr‘%ﬁ%@% chart of Figure 6. In this

no 5361‘&% 61 G b69: A OrrSpEEd

node (_?. e.; 34- 30 rpﬁ?‘:&lgg%%&tnh%%’% glg%re %’gﬁer%ﬁp@ﬂes. As
sedesssibed hﬂ!emaﬁniﬁihsicnglpmhdrs aiid whedl RBedd@itéd a8 ichanged to adapt

st eam (faratl ng to heat the
e pe rmance of the system to the space requirements. The system can run in

-any or a combination of the five modes. The main five modes are: Cooling only
mode; Dehumidification only mode; Cooling and dehumidification mode;
Enthalpy exchange mode; and Fresh air mode.

[0054] Operation of this system in the cooling only mode is illustrated on the
psychromettic chart of Figure 5. In this mode desiccant wheel 55 is not operated
and only the number of compressors necessary to provide sufficient cooling to the

- space are operating. However the compressor 28’ whose condenser coil 58 is in

- the return air line is not operating since the wheel is not operating. Operating in

- this manner, as seen in Figure 5, ambient air in air stream A enters the bank of

- cooling coils at the conditions of Point 1, at 95°F DBT, 78.5°F WBT, and 120




regeneration air. The other refrigeration circuits,

i ncl udi ng conpressors 28 and coils 58, 52 are not
“Q?[q)ﬁr%l'?% ‘Thus, as seen in Figure 6, anbient air A

Sht@/5¢te  bank of evaporation coils at the PCTAIS2003/018090

conditions of Point 1, at 95F DBT, 78.50F WBT, and

120 grain/lb. As this air passes coil 52, 52' it is

cooled in coil 52' along the “dotted |line on the chart

to and down the saturation line to Point 2 at 65F

saturated, 92.8 grains/lb. Because the desiccant

wh e @raipslbopeisiire ggnient. rAsit pasges thrdugh thocedivg@vaparatthenils it

T or Tagah glof e et e o &3¢ty Aow efmebidion iy lopeint 20t
-1t lesawgsnrhiag, @2&@:@%. %s_%irhayﬂeéﬁoﬁmmgpﬁg?ﬁxgmgﬁed at this

encl osure 82 at e conditions of Point
DBT pofi bul\Bt neacssarily to thei ASHRAE doiffbizohesinbé o dxtmmiillidication

T oo Salacdls, Beap hsnmhed e hepposme g cob R DR
of - 00itd B0 BificAlaib fFcalfiia thARBHOKEI B ERY Aohe Sane

- condi'tion as the supply air ream o lent air.’

- Thi $0055} ipeeatiohioftheesystefri ofFigurt Aen ehed @bainidificaidrosaly fdde is
space) i s passed thrquglllﬁ condenser coil 58, receives
heafhdve} iadheBsychromatrie ehasinf|Fignre 6t fethis meds thendesiggant motor is

- Whe ' rate jt.This is.a substantigl ..
‘aav Shrat Plon/ FRFL SRR B 430 B e PR FeRAL whigh soves
us efifconddds@lcoiSB iA kRt af SOSACEAE SpdringMaafht fkNce
the exhaust air |leaving the condenser coil”wll have
| oweagenezattomi aie Fhendthenrpfrigemtion Cireuits] Bwhiding commsressermsd®8 and
‘Thus_.jt_.w .| absorb re i sture fromthe wheel .and
RIS TR OREHer A & 58 FHARS PerReRp i cator the
Wit . . - . i . ] . e
Vet s iralch A AP he Sl BigBT LA 1,45 B, Hd sk,
PCTid3I20@34i0/180486 this 4 phae: 5c7di1dﬂgéﬁaitiiga¥ajéd id‘t&)ilSSQSbmgd the
~of Figyre 4 in the cooli.ng an ehum di ficati on node
s §9tfH e 40 b QHctA a0 TR RIS o TORNTE B @RS sturated,
| Ly , . : i Y de.
o) o5 BRI, BReysl o s SRS WL 1§ bARL o kgl processea
addinttheowhéel atwtd i driedrpnad hestedladixbdtoel :oﬁxi'i.ﬁl%ﬂie apgrbximate
cooling circuit qr circuits containing coils 58, 52
andPabdihe sebbulb dingh, lidpaves theglsaiceant whealandris guppdied to enclosure
th L0g: . 3y . copling. apd '
aor oy RGP SEBRAES D' DRTCRRE Wi R0, Bl
of foesi E&h'ﬁtejxﬂﬁf)léi'd’nﬂliﬁ typ&anbperfidhIhe % denaBtior &ir tAALH from the
a

conpressor 28 sologgrate and provide the
r edpesoi ndHowatqyilbbeiateenditions of about 80°F DBT an 67°F WBT,

approximately the same condition as the supply air stream of ambient air. This

regeneration air (i.e., the exhaust air from the space) is passed through condenser
coil 58, receives heat rejected from that coil and then flows through wheel 55 to
- regenerate it. This is a substantial advantage, in this condition of operation, over
 the use of ambient air alone to regenerate the wheel since the exhaust air leaving
~ the condenser coil will have lower relative humidity than if ambient air was used.
Thus it will absorb more moisture from the wheel and improve desiccant
performance over what is achievable with outside air alone. After passing the

-wheel it is vented to the atmosphere.



of

[0058] Operating in this manner; supply. air.A
(either all anbient or a m xture of anbient and sone

Wetog4/ssadsr ) enters the bank of cooling coils

1 (Figure 7) at 95F DBT, 78.5F WBT, 120 gr ai nﬁ’?@ﬁbﬁmlswo
again follows the dotted |line and down the saturation

line to Point 2, exiting coil 5g . Because the second

or additional stages of cooling circuits are operating
the condition of that air _ continues further down

t he 18870, Ghormsttic slent gE ighto 440 B siolfps el dohumidifiation.
: ¥iit oL 1 69.5 .
supphodedd NuSk ARG {:lhrgﬁl%trﬂ:r chart 6F ﬁgﬁg% z(r: i fick %8%@ gsinthe .

grains/Ib.rh. This aiT n enters t ess’'s

54 @thunhidificdtien onlmhodel dediccabt wiket 85 isrotfied¥lbwEy @D ph) but

of - eHGLoR codling T pryidestby Bavdduons coplete olmuitRe i,
& (St conBh, $8Tna A0S LB AN B chBUR os oy doin the

Operation~of the systemo rguare _
excbarigg onbydaodes Inithisweatd @b eBolig @Hﬁeﬁﬁﬁﬁﬁﬁ&ﬁ%ﬁ&h&des-work
In

Figure 8. This node is typically use

chart of I is ty )
su rr‘f?éPt%% erhe st Hagesefgefiigeration ciretibedtajhing ceilti8asPyand

* R8P S e

e syt i i s s

s howmbipmt M gome 1@y air)wntrire the batieof ARG collé i I!iﬂnDtaBliTEFigm'e 7

3o RaT DT> 7938 SPE; 0 itahgk aggen Boloriheptiod it and

- N BARGRR 8RS 15 PG et lo 9. WSS W boond or

cause the conditions o e alr- exiting

- novadditionnlcstages oflcddling: cicnits frc@perafies ke cﬂ;n&iﬁoﬁ%&‘fﬂﬁt girat

52.5F .DBT,. 44.5F WBT, and 30.5 grains/|lb. Fromthat
poi Gontinues fudhes downdhe saturation e armivingasd Poi @ afier exiting the

PO aAPAE R % APt B ie soobly 7 e condifionsiue 57

“heatiaratéd; 69.5nRhin@th.#0 TAE bir BenCRtekOthk haltebSlechRtt 540 he

moi sture thereto. [0061] In the. summer condition
usidegcerobwhesd 53ivthere iiis dded g adiabaticolly 6EeBBT, foll5wE generally

rouuAEh AEulut Bt e T S B Tneel g 1B s Pgng ol so°F

dotWRT, drid8 drh@sioi nt 5 to Point 6, i.e. to 80F
DBT, 61. 5F WBT, 42 grains/lb., just at the ASHRAE

“ - col§i591 Gremdion of the system of Figure 4 in the enthalpy exchange mode is

illustrated in the psychrometric chart of Figure 8. This mode is typically used in
- summer when the outside airis at a higher-enthalpy than the indoor air, or in

: winter when indoor enthalpy exceeds.outdoor enthalpy.

[0060] - In this case the desiccant wheel 55 is driven at high speed (10-30 rpm) and
all the refrigeration circuits are off. As shown'in F igure 8, in winter, when 100%
outside air is used having the conditions at Point 1 of 40°F DBT, 32.°F WBT and
12.6 grains/lb. passage of the air through the process section 54 of the wheel will
canse the conditions of the air exiting the wheel to move along the dotted line from
Point 1 to Point 2 at 52.5°F DBT, 44.5°F WBT, and 30.5 grains/lb. From that

point a conventional heater 80 can heat the air to the desired room temperature,




[0062] Usingthe systemof Figure 4 in its enthal py

exchange node wi th50% anbient air and 50%return air
oWl cause the air conditioning entering the L
VRSB wheel process section 54 to nove fr dETHGT2A03918090

to Point 4 on Figure 8. [00631 The. final, fresh air

exchange node of operation of the enbodi nent of '

Figure 4is shown on the psychré?retri c chart of Figure

9. In this case all cooling circuits and the.

desi ccant wheel are off, and only the blowers are on

-t o Therstianstajr drawp|fromi e Heatesis sappliedAs sectiofH0l th tiahefer heat and

‘system delivers fresh anbient air w thout heat '

“r ecB@HYre MeEEPi ng or dehuri di fi cation. [ 0064]

. Pre /il : o S, 8 |
SR RGBSR B M iy T R 8 B,
- Opes i WBY. andO6Rhin¥eh. th\gklesl wRIGREERIM reéversk Manner by :
‘present invention is illustrated in Figure 10. The ~ - -
~ sy s¢augingthe 3ir to wave dong the dogedling from Rodnit it Pajiit Gii.gyitel0°F

e PEIRDAF OB MG R, SET8l B AR S350 dee
Cr OpB6H Dhingfthdbitin® ol BighR" i@ ifs @R J ﬁélln:% mode with 5 0%

twoconpressor cooling Circuit two Operat _
- coratubientrasr #odr50% estempstiewillozesdibe aircbaditenien dhfeging prn
whet her gne or both c ressors are operating. To -
i riSCot P LRroress seigh Srhig mexe fiag Poiet & buPetnt 4 enFissre .
per. s 0fs- L} 1 g - . : '
e B PR bt et HeRatih B dropbiBf SHiB telbebyontof
- poskipintd ipdhavin pethe gsgclirbifetrid el GﬂF%ﬁM Tttistate/alPétfbling
tenperature conditions to be achieved. Qperating one
‘corfpicaidsad the desigembwheekgra afb aad enlyhe blowess ateop to constantly

consaLv-es.ener.gy.a [ lq Floure, .8 s ot | opi. _

T AR A HCHEY ana A B v R dr gl o it ot
BTWktovbrypbsolathridemmaiifdag680r S versus saturated
suction tenperature wwth the conpressors operating at

1049864 Jreveraply the compressenypsaddn dhie embhdinent aresdtourfhe d
“Sucti. enperature neans .t he tenperature of the
coa’lmél%{iebggg? B&W‘?‘Fgmf’??eeﬁ?}ﬁ%&i’ﬁﬁaggn%ool ing-coil 52 and
entygogd dih8o SERIeft of the Bresent ii 400 443
POyl b B o R B B3 Higient of e resgut infvehtic L he

s| dfigirepialbié gystamd of this drebddhentiinsimilgn teethitlof i gire deaicept
the suction tenperature of the refrigerant gas when

th zhag %‘b FYIBTEFSaLy ﬁg 8¢ used uythe pedrigeration circuit. “As seen in the

evaporator cross plot of Figure 11 for a representative two® compressor-codﬁng

circuit two operating conditions for the system are possible depending upon
-whether one or both compressors are operating. To minimize energy use, by
increasing the coefficient of performance (COP) of the system it is desirablé to
operate the system at the highest suction pressures possible which permits the
- desired space humidity and temperature conditions to be achieved. Operating one
u compfessor instead of two wherever possible also conserves energy. . |
- 10066] Figure 8 shows two sloping lines rising to the right showing the capacity in
BTUH of one and two compressors versus saturated suction teniperature with the
- compressors operating at 100% capacity for that temperature. The term saturated
suction temperature means the temperature of the coolant gas leaving the

- evaporator cooling coil 52 and entering the compressors.




of three conditions. noted on the graph and shows the

correspondi ng capacity of the conpressors at each
wiempgoahy e. Were the two sets of sloping Iing,rmsmmm13090
. cross, the ‘evaporator and conpressor are operating at

the same. conditions. and therefore the nost

efficiency. [0068]. Typically mgltiple conpressors (as

wel |. as variabl e' conpressors) 'have been operated to

cut in and out of operation based on either fixed

_ pre oints .. detected in the refrigerant, line or
Dac R TR e i lone NearLy g (o e don nckigning 1 roprosent
t he gpvaRabRY | ' g, L0y 198
ot RO e ARl i rigcranl gl W 33ty B S at ome
wheef jhred trmditpamserotedrindhé yraph et shoavs the cos@Pohding capacity of the
control conpressor operation. Thus "error" is t%e o

di f FUMBIFSSOTH 8t Gash temacaater (Tihere the: twiospts of stoping limestchnss, the

* des Py orRBRaiR aRthrdf it Shétynl 4 e B Corftichs pu fépegore e
r esgiost dfickyey.i on pressure-cut in point for the - - -
second conpressor. If the error is large, which neans

hunf@968), Typically npdiiplg compugesoetias well asesrisble coinpresyirs) have
nmove the suctijon,cut Jin essyre.to | ower setting. . .
On' P30 BER 0.6t gnckans bEonetiopasedion sither fixgd pisaie points
cy ci@sctedinthe ftigEaR 1fHeloF badel Dlthe ink métﬂl%rmﬁ&{pg@mir
'suction pressure cut In In this way the unit operares
at leweing tieyveporatarkooling coil: ds the presens Bivehitor) usied aitighidity

_the. rmft stabl e conditions and increased energy
s aviomge! unit icpand pheeD),fthe soree hamistity avon cabe ged to control

- Pr €&l L . | If '.l.“_‘ & . el El gur e ich ...
al so a F%S\E/%ris{ Sé%réﬁgl%'i%}]dso hésa%]%%fff?r n%egoo Wﬁ?%?a%al%mdlty
dehseniail ihithatdonmor Pacd dhd thoblinidagest ;SRR (i b2 MRUEEE humidity
[0070] Existing technology has traditionally ‘ '
conleYd)-| s sigmakis ranawerbiogeses thersgction pressure gariapoinhfor the

. £. f 5| [ 1. qe
o S EE dhmtossol, AU SRT I e wiER sy bBHiGE G pet Geine
| owedhice@ e BeseP @R Wil nfiveitROsubtion Bt in@i’@ssﬁ[‘&rrfgg fower setting.

techni que of head pressure regulation is to uce

correthsetherhand pigbelerrottis sthall,pr debwsscyiches dnereftt mpidity, reset
sio‘lng, effect(}gf r%duci %mt:he. 0 .heeded tp operate
t he"HARTEAR BT 4R Protiiee Bty Mphis WeY theimdt opseRsiah o
f amyjgesemichas ptddfurs pORibR! H8@hcifghe G Slable Ahditdl and
tenperat ures. However, because cool i ng applicatioens
andoargased hogrgysawingsont rol - uni.ts as used:im the present
in Lon have the abilit 0 operate -----------

\f&%d] A Stlﬁ ﬁnther._em%odjlmen¥ o} the p?esent invention is illustrated in Figure

12, which also allows operation of the unit in cooling or dehumidification, or in

- . both modes simultaneoﬁ_sly’.i . :

[0070] Existing technology has traditionally controlled the discharge pressure of
refrigeration systems (i.e., the pressure of gas leaving the evaporator or. cooling
coil) to prevent excessively low discharge pressure during winter. ‘One common
technique of head pressure regulation is to reduce condenser fan speed, which
produces the beneficial side effect of reducing the power needed to operate the fan.
[0071] For humidity control units reducing fan speed has the same effect and

‘benefit at low temperatures. However, becanse cooling applications and the

humidity control units as used in the present invention have the ability to operate




WD 2004/ 055443 PCT/ US2003/ 018090 -19- in cooling,
- dehum dification, or both nodes sinultaneously; a

ovariarion, on the industry-accepted practice of . .
| v% _%dgg)ﬁ?sémhe'ad regul ation i s needed. [0072] WhePCHY$2003/018090
limted by high outside anbient tenperatures or a
condenser's particul ar desi gn_rg(*i teria it is
desirable to maintain the dischatge pressure of-the
conpressor<at the equival ent of between 80F and 100F:
‘saturated discharge tenperature. The control system

~of - tiRiceoking, dehuraidification, or bethiredes sishitltapeonsliys a variation on the
opt i.mj cogl i.n et f ormance. ettd the head
o o B e B BRI te B el tendit
ef f1{00E2)C Wheh oPBRIEY BFhi3h oh&?&%raxﬁﬂi&ﬁstéiﬁﬁerﬁﬁfés% a condenser’s

whi ch are characterized by higher suction pressu

- and pagivedar diesigh exilgeia rie dssirabls to bt ain thy distiergd pregsure of the -

hand a desi cc%?t wh mdity control unit relies on
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i Dptiméze dovling perfornmmtdiey sbethigta htad dresure det pSihSRith® this
beneficial to operate the refr ia%erati on system across

“t he Tiugifke Magmugsefieiencitis achierediab lawer pressutsaatios, whigh are

hi . es and | ower condensi
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W thout giving preference to either t refrigeration

systwaiing a seidicitatdifierence bytweanthe [sORs hirEentarmgndhiiedbumidity
this hum dity. sensor. 90 i s placed.i.n the . '
re g&'ﬁ‘g@fﬁ%‘? i aEtSrfﬁléﬁ%’e rpidess ﬁglsﬁég%qfﬂﬁm d
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of t¥stene ecbsxihailowest prassureratib possilsib.i Thisandans Ht higher suction

achi eved (Paint 2 on the psychrometric charts) the

© spaPESHEER WA Igw FOSHE FEprRiEs should he gsade Jde sysieniob the
pre : ' L] H eni.erd ng the
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~ pr eprefarenceitd kither ahgquetrtpeftion dystan oe tof desibslit kisas. For’

example, with R 22 refrigerant the range of head

- pr cH9U4L Tojaspemplih thia adwmidibrsenss 9995 glacebim)the tegagation air

pSi A5E) re. generally ,accepted conditions
LT R T —
achbeiviahe Pang8 6OE0 Rf 30 RANIRIR AsshRieihat dhftidy GThd Bfoled ai
condenser cgi | or inlet to the wheel of 80F to 140F ed aix
- andleaxing the apoling eril Sdis achieved (Point 2 on the psychrometric charts) the
- space humidity sensor in space 57 would reset the head pressure to.attain a specific

- RH sensed entering the wheel. The reset would be limited to keep the head

pressure within a predefined range of conditions. For example, with R22
refrigerant the range of head pressure limits would be from 168 psig (90°F) to

360 psig (145°F). These are generally accepted conditions of operation for known
scroll compressors. This achieves a range of leaving air temperatures from the
condenser coil or inlet to the wheel of 80°F to 140°F and avoids drawing up
condenser head pressures with attendant loss of performance in the refrigeration
system. Thus the compressor would run at the lowest head pressure while still

producing the target relative bumidity. The savings would be that the 45°F leaving




condenser head pressures with attendant |oss of

performance in the refrigeration system Thus the
Woom/ess34y woul d run at the | owest head pressugg j ol '
" still producing the target relative humdit y“ﬁsﬁléfﬁﬁobfmswo

savi ngs woul d be that the 45F | eaving WO 2004/ 055443

PCT/ US2003/ 018090 -20 air tenpgyature obtained with a

head pressure of 260 psig reaches the. target RH% at

a |l ower pressure thereby reduci ng conpressor power
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readeffigeratipncapacitenperat ure. . For exanple, the - -

desi t el wl resunpbly have a | ower. out | _eﬁ ,
o ¢ 16D AR ot ok the S46 et Wowld be by utiizing the

con ; e Ui; il 1. hegin - ;
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I nc 4 tvati.on jnl et apr t.enpperature yield
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pr Le@gﬁttql fi\\l/ﬂg{r}:l ?ﬁg%@#gv e n%gt%%d&g%%e? it‘gié]& I i@f‘ B4ragi Z0,F differential
r efinn@nperatnee ddressabewhgdnyi ng drawi ngs, it i-s to be
underst ood that the invention is not limted to those
pr d8PZH Ehissusteraediicenlost anpegy byumatching redotiiagion eaargy to load to

modifi cati ens. he effected.therein by t skilled . .
T oA G BB E B SHEh i (450 odhachei] BReoiie phat Fesults in
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- -[0078] Although illustrative embodiments of the presentinvention have been

(DD

described herein with reference to the accompanying drawings, it is to be
- understood that the invention is not limited to those precise embodiments, but that
various changes and modifications can be effected therein by those skilled in the

art without departing from the scope or spirit of this invention,




-21- WHAT IS CLAIMED IS: 1. A nethod for conditioning .
WOL0p4455443an encl osure conprising the steps of PCTUSH0DIMYS090

a supply air streamwith a refrigerant system

containing a variable conpressor bypassing the air

over a cooling coil to reducetli-he tenperature |

t hereof, passing the thus cool ed supply air stream

through a segnent of a rotating desiccant wheel under
- coﬁ&lﬁ' T3 CLAMWED ISncr ease i'ts tenperature. -and reduce

Jits. noisture content; and then delivering the thus

tréated air to said. enclosure; regenerating the

degi cc f eration .air.,strea

W Th s ORaERe 1 Br RESRIRHR P thri T Bl

“and t hewolipgs sipply dindreamalilta rﬁgﬁﬁﬁt@?ﬁ@ﬁi odntaifihg & $Miable

through anot her segnment. of the rotating desiccant

wheel  t9TPEERTdY Rassingfhe gisoveragnoling ceihto netlaes the temperature

. sensi n } condi.tion of the supply air

Senst s bEATAOR5 SRy B S BB lment o
ref 1 i geotathig desfetanwhasldm@endonaitions $ihidhSn QiR Yls tohpdire

, conpressor _in response to the sensed condition. B o

- The nefRbEedyee itfanoipare ¢ontepl,sindhtten deliveiitigntie e teettedir to

of .suppl:y| ke- ir.tq said, s air, sensing,
ot T oo posfE et Bafiis o Reichent W HEd sl sgrmsration
and coaik stedai Wih HRoaMRINg Bfl RS HbcR #rs?e
to such sensed conditi oir??é 3. The r?gﬁfgjéﬁss é%’ﬁ}lﬁe In
d ai: m nasking thediepigd regeneration aif stseansthoopghhimother segment of the
~regeneration air rature enterjng the regeneration
" seg m-nﬁo%ypg{aﬁ%ccagé\%%ﬁg}ﬁegmp theflesicennt inpiheivhpel; sensing at
vol.UNBlefdt oh&SHARTR AL SbplyRASRA 1 Geoehs (oS!
and entering the regenesr%gﬂ on sgg%é%qﬁeﬁgﬁggggﬁég%%
“coi I «nd/og thetrefigetahesyaterm; hadpentes ingthe dugfut BYtHekdpressor
segnent to a gr deternined . value. 4. The net hod as
- def i ndBT7SROREC LR the sensed corditignt he step of sensing the
regeneration air tenperature. entering the
regeneration segnent of the desiccant wheel and
@ont r Ghkinrghdds debhedin Clhint &GRMaTiAE iRtk bf BRpYiRg ke
WO 2004/ 055443 PCT/ US2003/ 018090 - 22
: up air to said supply air, sensing at least one condition of the air in the

-+ enclosure and controlling the supply of make-up air in response to such
- sensed condition. -

3.  Themethod as defined in Claim 1 includijig the step of sensing the

‘regeneration air temperature entering the regeneration segment of the

| “desiccant wheel and contrelling the volume of regeneration air passing the
... -.condenser coil and entering the regeneration segment of the condenser coil
- %o control the air temperature entering that segmerit to a predetermined
value.

4. - ‘The method as defined in Claim 2 including the step of sensing the
regeneration air temperature;éntering..the regeneration segment of the

~ -desiccant wheel and controlling the volume of regeneration air passing the




€ r coil and entering the regeneration segnent
wagwl&ﬁ%i%ondenser coil to control the air t GRS

entering that segnment to a predeterm ned value.. .5.
The nethod as defined in CQam 1l including the step
of sensing the condensing cAll- pressure and
mai ntaining it at a predeterm ned pressure condition;
. and controlling the volune of regeneration air
passin @mﬁ@scm@d%h?ng thﬁe ragﬂjlgmﬁbm sd:g'il@n}t bﬁthﬁ »coﬁ%énser coil
regeneratian.segnent of the cqndenser coi thereby to
e nt & RIS RpOTHLT BRIFNR Bk EEmeRbie arpdetermined
tenper afalilee. 6.. The nmethod. as defined in Cam2
i ncluding the step of sensing the condensing coi
pressure and mai ntaining i-it at a predeterm ned

pressu condi tion, and _controlling the volume of
r'ggene&%mﬁ%ﬁqs 2ed indlamd inglyding ez of gensing the
- enteri pgh f seqne f,the .condenser ,
coil thedre-e_ yé?%fﬁ%lﬁ%%éal nare a $§3f@p{?ﬂ'ﬁ'ﬁ'r"r?13 pressure
1 egenecendition; and cdrvoflitipahe velumé.of FpendBidiPslr passhefthded
in daim, | |-ncikg€dn the step of sensing the
t enper SgRdFRsep o @%@;m&ﬂ e regpreratidn segmant afdhe ¢omdenser coil
. desi c¢ _ ; | L:bnd conpressor capaci t
T oonrpRr el el il SOTPRTRE A Rt

.the cool -air tenperature |eaving the wheel at a
predetermned value. 8. The nethod as defined in

* & ai m B methodiandefingd inClam 2 inchuling thg stehef stminpahat ur e
of t he I supply air,.leaying the desiccant wheel

" and “?8%@"?‘8‘?‘%‘583 Iﬁ%sﬁ’tf?é‘g@mﬂ%& itk 3f aipredstermipmdlyaessgre

- that  senditen, ! RARBAPSIHAL tHeQoliiRd Bf B %gg;l |
tenperature | eaving th% vvhgel 'géé%%ir@ge raf’nﬁlln%g]‘?

val ue condensirecoitent eutering thefregemdration Ghgmient 6f thel coflddiger coil
the s of sensing the tenperature of the cool ed '
suppl )&zﬁ%‘?"ry tPé‘é%}?*ﬁJ&gﬁrﬁgﬂH@giu&fm reggprEaliomnsig temperature,
Controlling conpressor capacity.in response to that
sensed tenperature to ------ R WO

- 2004/ W56 tthol@F deBRR0R QM0 D Srclu @iy theBieptoTisthsipehs 00!

air tegﬁ)erature | eavi ng the wheel at a predeterm ned-
. temperature of the cooled supply.air leaving the desiccant wheel and

=

. conirolling compressor capacity in response to that sensed temperature to
-maintain the cool air temperature leaving the wheet at a predetermined

value,

8. . Themethod as defined in Claim 5 including the step-of sensing the
~temperature of the cooled supply air leaving the desiccant wheel and
controlling compressor capacity in response fo that sensed temperature to -
maintain the cool ajr temperature leaving the wheel at'apredetermined

value.

9. . Themethod as defined in Claim 6 including the step of sensing the
.. temperature of the cooled supply air-leaving the desiccant wheel and -

- .controlling compressor capacity.in response to that sensed temperature to




value. 10. A nethod for condition air for supply to an
"WOogneiss4se conprising the steps of cooling apcEiRbis/a18090

air stream having a tenperature range of between.

65F-. 950 and above and a noisture content of between

90180 gt/Ib. with a refrigermgnt systemcooling coil

to reduce the noisture content and tenperature.

thereof to a first predeterm ned noisture content

- sat ur at jn@ftaih A¥bo3Ad ﬁérﬂfg?é I e,

passi ng the thus ?:ool g% an ri QHE%%%L? %t%mé‘?qd
st reamdleough a segnent of a rotating desiccant wheel
u er cpnditions which increase its tenperature to a

ond qr'éalcmta@’rfwewr)bﬂe angngloswé cethprising the steps

68 81F #Rfo lﬁr%dzﬁéh cant ent further -
" predeterm ne ﬁ‘Pgl y 8@9 ;WQ?HG?F--

and t hés° ankbhbove ranm@nioisaué Bmeﬁtrc%%ﬁ@beﬁ l90-1ts@ gg/?d With a
encl osur regenerating the desiccant

heat i ngeiESFrRkSYEEmcopkingLoil to rednentive mhlstulmecomcmndem si ng
. | { { t '

torper el therboiTh R B %%a%ﬂé?oﬁ%ﬁ%@gm'gﬂéﬁhwon

105F- 1R&El aildcbami’ﬁi&n RébSrserdtre ey ﬁ % tﬁﬁﬂl‘ﬁ@ 9(%&%& MY dried

air streamthrough anot her segneht ero
desi cc %mblm@plnw Stl'mg dwoungh ®sdgnentefi riaing deﬁcdahewheel

wheel ; e % t one .condition of the supply
air str ea% '}% ‘&'F?sﬁﬁtsémpgﬁ%ﬁﬂ eaonshpredagermined
crefri i
the ot easor “’?’%&f’i@g‘aﬁﬁsﬁ et S Plfepffrthcr
Wispredetirmdned hubidityrievil ioff bEinaicn B0 0 gah. Ueﬂidrtﬂed he
, stepsdailFmF&% ug make-, up air to said supply air,
sensi ng & fhus freated wiatq saih catlogures regenerating the desiccant
enclo e- up. ai,r
Feaponwel By Betigh Eerc, Mont s R Wl o s i e

as defrefmgaranhsySleni toitcréasé € tenspopsiuichs aﬁ:ﬁ'&ﬁté?ﬁmﬁﬂ nsing.

t he r eneratron air ten%:rature entering t he
regend erangRaftl 08TF-135SF agd Shanqpassing thedieatad tbgeneration

28232%25?9%8?‘?8‘%1041%%& Cemcnl RS St delooirotunte
.. ggoayﬁggﬁg&gﬁ%@g#& ér; %1% %119681 Seil iﬁg‘ at1edst M¥Q condition of the

supply air stream, the regeneration air stream and/or the refrigeration

system; aud controlling the output of the compressor in response to the-
sensed condition.

11.' . .The method as defined in Claim 10 including the steps of supplying make-
- up air to said supply air, sensing at least one condition of the air in the
-enclosure and controlling the supply of maKe-up air in response to such

sensed condition,

+ 12. - Themethod as defined in Claim 11 including the stép of sensing the
. . Tegeneration air temperature entering the regeneration segment of the
. desiccant-whee] and controlling the volume of regeneration air passing the

, F?ndensﬁr-’coil and entering the regeneration segment of the condenser coil




- 24- to control the air tenperature entering that
WO%W 3to a predetermined value. 13: The nBCTOS2003018090
defined in daim112 including the step of sensing the,

tenperature of the cooled supply: air |leaving the
desi ccant wheel and controldi34g conpressor capacity
in response to that sensed tenperature to maintain.
the cool air tenperature |leaving the. wheel at a
‘predet etodontral the air teenperatiré entefing HeR sb@kntfo Afkliaefninbd
G am 12 i.ncluding the step of sensing the condensing
coi | E@gﬁreand mai ntaining it at a predeterm ned
. pressure ~condition, and controlling-the vol unme of
" regeneration air passing the condenser. coil and
L cenBeri rf@:etmetho@@emnedmmmmmuu&ﬁ @%Q@&ﬁ%m
y un

- coil thereb to rmlntalnarelatlve form
r egenertSIPerAtug of Q@?ﬂ%‘r@?ﬂ’ﬁ@ﬂleaﬁngme&iemdnbdrhadand

define luding the ste sensing the
t enper g:t gﬁ%ﬁ%g h%é%ss%?a@ 8‘“@’ FIPORse tolpté quﬁgglt%perature to
-desi.cC andintalnebé ool dir terspthd t&tlellbi\gn%%feélszﬁ ?E;(}
in response to that sensed tenperature to Farnt &
-t et codRlUgir . tenperature l.eaving the wheel at a
. predetermned value. 16. An air conditioning and
““déhumi di fication system conprising -an-encl osed
-hbsi. ng‘haﬁjéﬂmaag | farst
and second separ gﬁﬁﬁ?@%ﬁ%&%@?}é}{@ Fé}isg%ﬁﬁl

~ circui ton %Mhlcmsasmg and nia:miah@@it aealﬁlﬁ@ét@zhﬁﬁed pekdure

in.the fi nd a condenser coi l at | east one

: Fefri g%‘%”ﬁlf'ﬂ g‘Hﬁ‘p‘? g thegiolutas el mpssrationrit prssingdh n
.- .Seriesg h_that th condenser .,
dnﬂeﬁs@?co‘iﬁ&ﬁ'%ﬂteﬁﬂé%efrﬁ%er?eg I segment of thec condenser coil

~fan draws supply air ov
out si. dberebptomaistaing felutivtlyunifoenSBENRABh Sﬁ‘ Wi shure.

di scharges it outside the housing; and a
dehum di fication.systemin the housing including a

d he h
185 ot e mREFss deRhal AT et T4 %ﬁvﬁéﬁ aieéfm‘%%é’%s%t g
centr &mpﬁhﬁuelﬂfeheﬁ&bbleﬁ%ﬁp OAiEIRAyi icéht whiel ta.ﬂtd

~control the air tenperature ent er that segnen
~ apred seriroling epmyprpsset capacity in response to that sensed temperature to

maintain the cool air temperature leaving the wheel at a predetermmed
 value.

-

1ned
n

16.  An air conditioning and dehumidification system comprising an enclosed
housing having a wall dividing the housing into first and second separate
air plenums; a refrigeration circuit in the housing including an evaporator

+ coil in the first plenum and a condenser coil, at least one refrigerant
compressor, and condenser fan located in series in the seéond chamber
such that the condenser fan draws supply air over the condenser coil from

. outside the houszng through the second plenum apd. dlscharges it outside
the housmg, anda dehumidification system in the housing including a
desiccant wheel rotatably mounted in the housing to. rotatein a plane-

: tl'aversmg perpendicular to said central wall whereby one segment of the




13. The method as defined in Caim12 including the
step of sensing the - tenperature of the cooled
supply air |leaving the desiccant wheel and

controlling conpressor capacity in response to that
sensed tenperature to nmaintain fee cool air
tenperature | eaving the wheel at a predeterm ned
value. 14. The method as @¥fined in dam 12 i ncl udi ng
the step of sensing the condensing coil pressure and
maintaining it at a predeternined pressure condi ti on,
PR B e MALHBE B! LERENTS SR a0
13egnent @he niwthedbaddefiesd mc(tlhlmmﬂrcahhng tha@embhkdhsig the
relatively unlforn1re%Wnerat|on air tenperature. 15.

- temepesgttreRf the caeledsupplymideaying the demcaaat W@eelmndst ep

tenperature of the cooled sup .

o Wb or RGBSR S o 1
AN 66 860l GRPREJeYathre IESRAL 'fl§eewh@elta|i‘ athr8®Ae8dned
terrperat ure to mai ntain me cool air terrperat ure

“vilsavi ng the wheel at a predeternmined value. 16. An
air conditioning and dehum dification system
conprising an enclosed housing having a wall dividing
14.he Theusiett@d & @defined tin a0Mns 42011 [tBé §tepRof sensing the
plenuns; a refrigeration circuit in the housing
CQmﬂ@nmag nepik rpresepo r and rmanmsiing nitt he & mrsdetplmnadw piggisure

ondenser caoi l east, one refri
gty %t'aoiélgﬁd € FOR” Q56 sbeserditn, 4ip spasying, dhe
ccﬁﬁ%ﬁ&‘i‘ &ﬁﬁgﬁg ent tltlé" Qf‘aati%ﬂn i $ehd Ec%‘f@enﬁer coil
supply air over t con ser coi ron1 out si

thhrebyito gndifmoug i-elaﬂmelﬁ anrfaﬂn pégenerstiencitieapeatges it
outside the housing; .and a dehum dification systemin

13 he Theusrthgdi &scﬂgﬂn%b iy Clagia j Idc ieludipg dhe rséemoaseysing the

- e rot
o BYORFE of 1 CARRL (RabBe oF% Fefiviod v Eifionnt, epesh, and
coNRD 11580 TBfIpr&sof rh%paé-)l%r Mhl%@boﬂslénfd ItRAY B&hsR8 feiberature to
process segnent is"located in the first plenumand a
mgiaton dnse goelntainftemperatdreeleak inge theo nwheglaat tzhgrpdaemsiaed
egnent is located in the first plenumand a second
v ment of the wheel functioning as the regeneration

16 eg[gﬁ%nélr bSndifGAk dar*dndélﬁﬁllaﬁﬁgﬁgn E{f&@lﬂn&mﬁprlsmg an enclosed

rocess a
housing having a wall dividing the housing into first and second separate

air plenums; a refrigeration circuit in the housing including an evaporator
coll in the first plenum and a condenser coil, at least one refrigerant
compressor, and condenser fan located in series in the second chamber
such that the condenser fan draws supply air over the condenser coil from
outside the housing through the second plenum and discharges it outside
the housing; and a dehumidification system in the housing including a
desiccant wheel rotatably mounted in the housing to rotate in a plane

traversing perpendicular to said central wall whereby one segment of the




in the first plenum | ocated adjacent one side of the
wheel and a sub-divider wall in said first plenum
extending from near said one side of the wheel to
divide a sub-plenumin said first plenum whereby the
process air fan draws a supply/process air stream
into the first plenum through the process section of
the wheel into the sub ple and then di scharges the
thus cool ed and dried supply/process air to an

encl osure; said desiccant wheel segnent in the second
pl enum bei ng | ocated downstream of the air flow ng
over the condenser coils, a regeneration fan in said
seconhesh fenetinningl psibe procedssegioom st Joesied i thefiot plemen and a
desi peans i n the secon

et oS GO B R o A BAL heBudRAE R bP ol RSP 10
t her thoffirgt q»m[ld]ma a$edﬁd \6edohen0 bf the evhelLfahdidningas the

preventing. back flo IeaV|n t he wheel toward
t he CEAEHCESHRME I5pC ?&ﬁn the Jegen i T 2 SEPRV{RFRSERS air fan

whenintthefifsepiemeh fichen aﬁﬁ&n@&ﬁ’é"@d@bﬂ the GRY1 26 & Bi- dividgr wall
condenser _coi | throg%h the wheel to regenerate it. 17.

A neitrsad fist Rbemiesgendingdiam near shid one sidn of thhavhseldp dfde 2
usi ns%bq;lerl Lsafd ¥st é:l%ﬁlm{ v@ﬁ&?ﬁ;}sthe rotclé]s% an%f “FI]I% ][s%n: he

system and sel ectively operati’ng one

co rrmuppb/éprscessnalr #spoise th@ﬁtshpleﬁhmﬁfthfoagh: elﬁ prdibe@eCsIeUﬁt‘?dn of
I

Eﬂm t FP&%; él dpto Elbq SHS en?usnuarn tl%?lddls%h rrggsd the : us coo gd and dried

supply/process air to an enclosure; said desiccant wheel segment in the second

plenum being located downstream of the air flowing over the condenser coils, a
regeneration fan in said second plenum adjacent the downstream side of the
desiccant wheel and baffle means in the second chamber extending from the
desiccant wheel, downstream thereof towards a side wall of the housing for
preventing back flow of air leaving the wheel toward the condenser coil or the
inlet side of the wheel when the regeﬁeration fan draws air leaving the

condenser coil through the wheel to regenerate it.

17. A method as defined in Claim 1 including the step of using at least two
compressors in the refrigerant system and selectively operating one or both of
~ the compressors in response to the differences in actual humidity in the

enclosure and a predetermined humidity set point.




