WD 2004/ 055443 PCT/ US2003/ 018090 -1 TITLE DESI CCANT
REFRI GERANT DEHUM DI FI ER SYSTEMS BACKGROUND OF THE
WO DMERFI4E@N Fi el d of the Invention [0001] The prPE&B®ER1003/018090
invention relates to air conditioning and
dehum dification equipnent, and nore particularly to
an air conditioning nethod and apparatus using
desi ccant wheel technology. [0002] It is well known
that traditional air conditioning designs are not well
adapted to handle both the noisture | oad and the
tenperature | oads of a building space. Typically, the
maj or source of noisture load in a building space
conmes fromthe need to supply external nake-up air to
t he space since that air usually has a higher
noi sture content than required in the building. In
conventional air conditioning systens, the cooling
capacity of the air conditioning unit therefore is WO
2004/ 055443 PCT/ US2003/ 018090 -2 sized to accommopdat e
the latent (hum dity) and sensible (tenperature)
conditions at peak tenperature design conditions.
When adequate cool i ng demand exi sts, appropriate
dehum dification capacity is achi eved. However, the
hum dity | oad on an encl osed space does not vary
directly with the tenperature load. That is, during
nmorni ng and night tinmes, the absolute humdity
outdoors is nearly the sane as during higher
tenperature m dday periods. Thus, at those tines there
often is no need for cooling in the space and
therefore no dehumi dification takes pl ace.
Accordingly, preexisting air cdnditioning systems are
poorly designed for those conditions. Those
conditions, at tinmes, lead to unconfortable conditions
within the building and canregplt in the formation
of nold or the generation of other mcrobes within
the building and its duct work, leading to what is
known as Sick Building Syndrome. To overcomne these
probl ens, ASHRAE Draft Standard 62- 1989 reconmends
the i ncr e3pSfCCARTORENRI EFIOARTDEHEMIBIFERSSYSTEMS
recommends |imts to the relative humdity in the
duct work. If that standard is properly

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to air conditioning and dehumidification
equipment, and more particularly to an air conditioning method and apparatus
using desiccant wheel technology.

[0002] It is well known that traditional air conditioning designs are not well
adapted to handle both the moisture 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 moisture content than required in the building. In conventional air

conditioning systems, the cooling capacity of the air conditioning unit therefore is



followed, it actually leads to a need for even

i ncreased dehum dification capacity independent of
w@eomkiosig4dlemands. [ 0003] A number of sol uti onsPEEUE2003/018090

been suggested to overcone this problem One

solution, known as an "Energy Recovery Ventil ator

(ERV)," utilizes a conventional desiccant coated

ent hal py wheel to transfer heat and noisture from the

make-up air streamto an exhaust air stream These
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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,
ERVs are relatively inexpensive to install and operate.

[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 temperature, most often

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



conditioned or fromthe outside air. Typically, this

second air streamis used to collect heat fromthe
wEe@eesH4nir before its tenperature i s rai sed POI/OEYN3/018090

| evel s of between 150F to 350F as required to achieve

the appropriate anount of dehum dification of the

supply air stream Desiccant €®eling systens of this

type can be designed to provide very cl ose and

i ndependent control of humdity and tenperature, but
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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 refrigerant circuits are needed to
increase or pump 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
refrigerant 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.



[ 0009] As conpared to conventional techniques the

i nvention of the parent application has significant
wa@ewansages over alternative techniques for preduUsIeg3/018090

air at indoor air confort zone conditions from

outside air. The nost significant advantage being | ow

energy consunption. That is, tHe energy required to

treat the air with a desiccant assist is 25-45%1 ess

than that used in previously disclosed cooling
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refrigerant cooling system conbined wth a rotatable
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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 stream, 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.



air conditioning and dehum di fyi ng system using

single, nmultiple and or variable conpressors
wop@rasismy at the hi ghest suction pressures poBSI/DE®03/@18090

produce stable operating conditions and enhanced

energy savings. [0014] A further object of the present

invention is to utilize the exBaust air from the

building as a regeneration air source. This air wll

be at an absolute noisture condition substantially
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enbodi nepnts thereof, which is.to be n_connection

read i. .
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Fi gwéﬁ%s}ng édf‘ﬁ, ARG FePa ARIRLiGnd 1229 s&far of dekRbant

enbodi nent” of "t he asi c system of the present

i nvehédl 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
supplies regeneration air to a second segment of the desiccant wheel as it rotates
through the regeneration air path. According to the invention this system is
modulated to provide a constant outlet air condition from the process portion of
the desiccant wheel over a wide range of inlet conditions and volumes. Preferably
the system uses variable compressors whose output can be varied in response to air
or refrigerant conditions at predetermined points in the system. In one

embodiment the system may be operated in numerous different modes from fresh

air supply only to supply of simultaneous cooled and dehumidified air. In addition



[0018] Figure 2 is a psychronetric chart descri bing
the cycle achieved by the enbodi nent of Figure 1,

WO 0®1035483 gure 3 is a psychronetric chart descp¢biUszH03/018090
the cycle achieved by the enbodinment of Figure 1
using a different control system [0020] Figure 4 is a
schemati ¢ vi ew of another enbedi-nent of the present
i nvention which is adapted to treat nmake-up air and
recover enthalpy fromthe return air stream [0021]

Fi galp@rtioulady Sinfp3y 10 088 chsiCe BO@ite SR fbr ihesysteal 6f the
achieved with the systemof Figure 4 in the cooling
onl yaveisthe is poyRY. Fi gure 6 is a psychronetric chart
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with the systemof Figure 4 in the dehumdification
andermnlomlimagts thedesf, {HOR 4 to Begerden8onseciop syihHh®aebmipenying
chart shomﬁﬂ%_lhe cycle achieved with the system of

Fi gUF&1ES W% ent hal py exchange node; [0025] Figure 9
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systemof Figure 4 1n a alr excha
nodiegsid 8 m| offhgpresent thvestian; schemat i ¢ di agram of an
enbodi nent simlar to that of Figure 1, but utilizin

. [ g
t wol 0883 Fiesiso 18,2 psyelyometricphag descibingdhe eycdp#rhagvsd by the
cro : : system of Figure 10; [0028] Figure
12 %ébghg%w%ﬁg?éggéiagran1sinilar to Figure 1 show ng
yet[0an9]t Fiyure B ie0shycietine®ic chig destyibitig the cytsd Athiéved by the
reactivation tenperature control schene; and WO
200empsbugy PERPS? 0oL e Hstigent coptrplRys®IL. Fi gure 13 is

as | n view of .a h i ructuref.or us
it ORRE et Bk oKl B DU B, Sl B et

t heindlémitinRatsich 13 ddejtad to trepchakBiup ai anll rédvEl Ehdliz@pylfrom the
thereof, a sinplified air conditioning and

dehgtrg pfristeation system 10 according to the present
B B S b R 8P
SeWiL Sagital, Aty b maten 3 o 1o Lreren,
t hi [00221s Bignteet s\eqisgehromkisis chant slagwing the cycle achieved with the
system of Figure 4 in the dehumidification only mode;
[0023] Figure 7 is a psychrometric chart showing the cycle achieved with the
system of Figure 4 in the dehumidification and cooling mode;
[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;
[0028] Figure 12 is a schematic diagram similar to Figure 1 showing yet another

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



any anbi ent condition and renders it to practically
any drier and cooler psychronetric condition with a
wo ove05amt hal py. [0031] In system 10, the refrPQEUS2003/018090

cooling systemincludes a refrigerant cooling circuit
containing at | east one cooling or evaporator coil 52,

at | east one condenser coil 58,- and a conpressor 28

for the liquid/gas refrigerant which is carried in
connecting refrigerant lines 29. In use, supply air
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by
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conpressor, a variable speed scroll or piston type
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found that by using a single non variabl e conpressor
i n 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 entering the screw is

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



refrigeration systens, the conpressor does nore work

than needs to be done with the results that the
waeleminsd4set point of the system may be over sPOL/USBY3/018090

using variable conpressors as described the system

can nodul ate to provide a constant outlet condition

over a range of inlet air condgtions and vol unes. That

is, the operation of the conpressor is controlled in

response to one or nore conditions. As a result, for
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control, for exanple, the speed of blower 50 or air

di Vieenekandy i vegigblerftsqueteywaynprassers sthiduse whr@.rgo@ts emtors
the variable ¢ ressor an sti
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humaqiawnﬁﬁwgﬁcbu@mt he addition of make-up air in
order to maintain the desired environnental
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t he ASHRAE confort zone di scussed ove. From those
t enfoevattiates, pressurizatmncirtayr qnahtyl (eigans rastearants where make-up air

co rlg ?éc’ umegi Itonlgepﬂ%e klto‘heg egiﬁa{{gt a1r h%s (c:gr{]tro? %%td%ii‘%rgg (rjn’ake-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.



establishing the desired conditions represented at

Point 3 on the psychronetric <chart of Figure 2. This
WOwRi0405843 t enperature is used as the target sePCPUBIIN3/018090

for the cooling and drying of the supply air (whether

it is return air alone or mxed with make-up air as

descri bed above). Wilizing th@-variable capacity of

the conpressor 28, the capacity of the cooling coi

52 is controlled to maintain the supply air
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noi [
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61.5 WBT and 57 grains/lb rse it is understood

t hatoishie eQHpH o8 g%@ grairsﬁ/lbﬁé?pmt édm| Hig. r?as périkeair passpiethrough
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Pg P(E(ﬁf% ik cec?_ﬁ tlotng] ﬁjf@% aloln %l}(ée%t %1“&:? ﬁ'?fﬁla]?oqﬁt 1 at

te nﬂéﬂtlﬁélyrc@nstmhaﬁﬂﬂf}ﬂﬁﬁﬂ #FeRBEs &iﬁa@@&i &ﬂcﬁwﬁhmulﬂt@ is then
[0038] The length of travel down the line fromPoint 2

t o 1Pekeed vEthisperusire along the sebyetinaylins to Ko Aavharoitdeayes the
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| ongeistip@tdhtelan thibeasselt 61° DBT and 80.4 grams/lb 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/Ib. moisture content, in this case at Point 3 of 77°F
DBT, 61.5° WBT and 57 grains/Ib. 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.



bulb line, i.e., nore drying, and reduced to provide

| ess novenent, i.e., less drying. In this manner the
wapprosieat e dryi ng of the wheel al so can be aprtii/esm®d3/018090

so that the supply air |leaving condition (Point 3)

wi |l equal the intended design condition. [0039] As

wi || be understood, given the dapacity demanded from

the cooling side set point, the condensing coil 58

will need to eject varying anounts of heat to the

anmbjos8] Thé 1hkiheFRO Rfnntle lif@frofOPdintdERe i TdépRnds on the

conditions at Point E (Fig. 1). The variable heat
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conty@ltldnng the fan 70 to sel ectively increase or

decrease the volune of air drawn through coil 58 with

bl opde8915Asiwill e dederstood,@itenche tdpacity éemerdad diroen e caoling side
entering the wheel. Any unnecegsar,y volynme of air_js

t helft Pefifisicangensing otlmSsysiinesd i cipchyanang anpynis Rt hegt to the
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appropriate desiccant dryness required to cegi eve t he,
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the air flow needed to regenerate the desiccant .

t ot lgmpewpEe gytering wherd 8oy diisyy dews biesepsiag iy temperature of air
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bl ovétiimb 6f B yrdwe: tHfotdh cb08 BlithBlowersimsinemdea!td ovvirol the
conpressor 28 to operate at the highest suction .
pr lempewtiie obais antgringthetherkh Ameunneesssa valume of air is then

condi t i i.e. ., the te at - 3] [ e
oo ghe firppfrdfe PEREO Wilford s iflibaccd BN G0
agajefpbratiite aMicd04/ 10 Dicddhie RS TMDERRBs. ORI Mhainidd air is then

m ni mum pressure ratio possible to produce the,
i nt & dhiovghythe desipeast Wheel tppiovisiefhneorepriatih desigpentedryress

naxr'eaw]li%ee(fj to a%ﬁi%\l/'lé: {nd %eselpe%r&%ng (r)QsTcngq .te!, ML movement from 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. It
also means a smaller blower 56 may be used.

[0040] This system allows compressor 28 to 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



[0041] When it is required to obtain additiona
sensi bl e cooling a secondary cooling coil 52' may be

was@d/osa43 urt her cool air |eaving the desi ccaneCTHis®D3/018090

This coil may be supplied with refrigerant fromthe
same conpressor 28. As shown in Figures 1A and 1B
this additional coil 52' can bEl pl aced on either side
of blower 50. In the position shown in Figure 1A
coil 52" allows for reduction in the supply air

t enpefisiubl BSssafd @fio possilgf) prbﬂﬁ& th@lintdide@kdsult. Thus the
tenmperature occurring fromits passage through bl ower
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volunme of air drawn t e condenser 58 is
coninimtega. tSincacin eoding heﬂ perdomisrmrecre reff@eralyain tha suction side of
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reg tal
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d ecichased withotitetHe e atyorner wet rbalh ﬁempemma by camxﬁcﬂmgmlee
pressure |imts. This systemis shown in Figure
whetapReityaeitheeroling sidgtof ty davice to pryvideeire desins covlma capacity
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sor LR AR P, BRI P HARELDR SR e (Lo Bl
C 00dridglosdihg tht @oiinkihg 2idatof HdFsysiaintid aicdidladabcOdlifigly. In this
grains/Ib. This air then enters the process segﬁpnt 54

of eaietheswlueaek ainfrewn. thiayeh theeopdenseraiisie sontplidda a@hrx@ve the

wheel d

th:%q\él 1%§énﬁ§att1%ﬂqelj ﬁergtﬁgef ﬁgth\%e n%gtg%%gﬁ%%%bl{e Jage S

Whl 1§1’@ss}u§e ah® thus arb Achi6R AL Eé?ﬁe@fegeﬁ&&h%pa&ﬁf ’MﬁT
0 gr ans/1 b. The conbi ned effect of nininizi ng and

c onlteg@nelratwg tethperpfuEccis dhasensed ippefuenudlcblimidid eaits aed on

eatu escri bed. e_ac ves the fargef .
| et ae it A5 tairioe RAOKERRRRHBE RFom e AR s
2004/sRabrd 4BoWich 1ip2R33 mAERADSmbiedtir 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.



[0043] The length of travel down the wet bulb Iine
depends on the regeneration condition. As noted above
W0 b@4osgener ati on tenperature is increased to PCDUSIE3/618090

| onger path down the line, or nore drying, and is
reduced in order to produce less drying. In the
alterative control systemfirst2-described the sensible
cool ing capacity is increased allow ng the equi prment
to provide cooling of the space. [0044] Figure 13
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regeneratlon segnent 60 of the desiccant wheel to
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ei t Qb Plexf® MRk 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
channel 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



WO 2004/ 055443 PCT/ US2003/ 018090 -13 air being
expelled fromthe plenumby fan 70 to the atnosphere

WwW@eooH53¥Ry be separately ducted, in whole or iPCPH§1003/018090

to the supply air line. [0047] This structure has
nunmer ous advantages including its conpact size,

el imnation of duct work, and r3¥duction in condenser
and regeneration fan/blower horsepower. It also
elimnates the use for any anti-back draft |ouvers on
t heyir QA BRRAE] BofGiHE blenliPAAShn AV e ratrRepREie TR M m8Y be
the invention is illustrated in Figure 4. In this
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requi renents resulting fromoccupant capacity, an
wheliasepotvar. gie aloeliuminatds the nsel for st antidepek deadft foavers padle
pressyrization for infiltration |oad m nim zation.
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CON@ph&Bs al Whek iangge ambuitdfairis ndtrreqdiradtor §fac@pressurization
out door_anbi ent supply air streamA followed by a

( [ . a by
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refrigerant conpressor circuits. This is illustrated

i n Whighses encegy andaueldtybsngfits frop lowphurmigity conditionsar dpreover
© haPE PR Sofet BB by p BN G whict it fubdGmtiRaRI 40 n

conpe@ssor 28 may consist of nore than two separately
operable circuits containing separate coils and

con9P4Ys BhesysieonS0p1 thissamehndiment comgaprsrasgoobng il 52 for
stream E is drawn fromthe ace 82 agnd.is a, .
uAFEEG 58 8 B e SR GBS At St 2L Rblals P esiccant whee
ek 4 Wbwer 30 folEorvieyink & JuppBlaiedidut)-to THY $padd br dricloshires.
flows through the condensing coil 58 , then'through

t heThis 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 illustrated
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
compressor 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 is designed such that the required



regeneration segnent of desiccant wheel 55, and is
ejected fromthe enclosure to anbient. The

wo edonfosfauamt i on circuit for this systemis desiPCEUSHODNS090
that the required WO 2004/ 055443 PCT/ US2003/ 018090
-14 heat rejected (i.e., given up) in the condenser to
the air stream does not exceedl4he heat carrying
capacity of the second air stream between its return
air tenperature and the maxinmumrefrigeration circuit
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different nodes. As_ described hereinafter, the
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requirements. e systemcan ran i any - or-a
c onfpi tA@tvir@er fentHadyyf Wikl AR d MdngidiTR thed hlee-ip digsend in the
ar e: Cbolln%bonly node; Dehum dification only node;

1

Cootunpgerahwilbedel pidil¢huazidifion node; Ent hal py exchange
node- -.angd, Fresh ajir.node...[ 0054 er at i.on this
oy oD ing R bieRhng aet petiteth bFF afleatliniodee Ao
PS Y&E8Hatet dinaHRA the 8dmpreshefand- w1 §pk® staied @re changed to adapt
desi ccant wheel 55 is not operated and only the )
nuntbe perfdrnpoopekibs sysiem éxths spaog requirsmenisd dhegystemicenrun in
cooling
any o

mode; Dehumidification only mode; Cooling and dehumidification mode;

atcgm‘iopneation of the five modes. The main five modes are: Cooling only

Enthalpy exchange mode; and Fresh air mode.

[0054] Operation of this system in the cooling only mode is illustrated on the
psychrometric 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



space are operating. However the conpressor 28 whose

condenser coil 58 is in the return air line is not
wop@rasismy since the wheel is not operating. COPEr/EHS1003018090

in this manner, as seen in Figure 5, anbient air in

air stream A enters the bank of cooling coils at the

conditions of Point 1, at 95F DBT, 78.5F WBT, and 120
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evaporation coils at the conditions_of Point 1, at
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cOoi agg%F aé)oraltfon cBil§ h@goﬂcﬁ‘u ngl%t 1241930 DT, 78.5°F WBT,

dot on the ¢ rt to an own the saturation

|i nendt1Q0Feaintlb. 2AathiSaik passedircil ¥20 52" 98 ddolpddhesil 15D’ along the
Because t he desiccant wheel is operatin alr strea

m A
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Point 3, at 79F DBT, 66F WBT and 75a%palns/lb 0056]
| n Rath ef tbg ampblelbdwe Ltieaugp ﬂts‘aiesm@éﬂ grandpgsupplied to énclosure
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appfoo36]NE thisyexhmelesmiden Gpichl bb@tidistht Regeheipfby aid l:aken from the
stream of anbient air. This regeneration air

(i
t hespeseh®aex blawer 56 will baat eopdiciens p%amat;%%"a EBT@Q@H F WBT
condenser 0 elve heat cted
cor foREaaieEAs Fanse ARG o opLas! farof oAl Tois
i 1. reddePatiof adt (B4 bﬁfe%ﬁhélﬁ{ aif ¥ Atha gface) 18 phived 1160AEH EdndBnser
of operation, over
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.



the use of anbient air alone to regenerate the wheel

since the exhaust air leaving the condenser coil wll
whawe/0fawer rel ative humdity than if anbi ent BECT/USHS3/018090

used. Thus it wll absorb nore noisture fromthe

wheel and inprove desiccant performance over what is

achievable with outside air albhe. After passing the

wheel it is vented to the atnosphere. WO 2004/ 055443

PCT/ US2003/ 018090 -16 [0057] Operation of the system
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IS |IIustrated on the psychronetric chart of Figure 7.
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rrarmmpressumﬂ \elsai aperatd @id previdatie ramdivetidn arergy muxcteu r e

of anbie and, sonme return air) enters the bank of
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I t [
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52 atBeCRDBT, Uhé°EWBﬂCﬂ2®rgra1ﬁdﬂj tIt againd fodloageake dxftted line and
cooling circuits are operating the condition_of that

ai rdovabihe seyeasion line P oiabwPxitig ot dr aBPeAdse thﬁéecond or
arr &&kt{b%a g{? ngo {n%tc%r%{utseﬁ% %t)&gﬁq%é‘&e 081%8819' 8F Mt air

coomgs ol n alrsrea

congbntihgisSuAha dowh the @ettwaableﬁne £9vingon abfms laltet Exitidgihe
air then enters the process segnent 54 of the .
desiceeusary Gioling stege fhefé that pqngt t&w senplypid saerna perditdensiaye S7°F

hea t e

ngg%g%t S 6e9 av%1J a&[\éﬁ% glmhn@léel r¥h Bont Q%te ;6{ g@i&%ﬁ%{ %ngé tple
V\BTdesi%B&’ht 4bhedlr 55 WBérk b is Eiﬂ@&ﬁid @&faﬁbdl@%@@fedt Mefoly®E efherally
of Figure 4 in the enthal py exchange no

mode
i | |tbgpatht0§@hei wietthrdb Was andyleatiss thecvledehatPodmt @td&rED@T 38°F

Thi t ally used in sunmer when the
out Si dzr@igrsa%g(lga hi gher enthal py than the indoor

air 0059] OPeratibmbLihe Widn o DA £1H 18 bRYaPY eREIRge mode is
outdoor ent hal py. [0060] In this case the desiccant

whellbstBed is thiy psyehroatetrin glartap&eghr¢ 30 TBE medgis fypdcally used in
summer when the outside air is 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 Figure 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/Ib. passage of the air through the process section 54 of the wheel will
cause 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/Ib. From that

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



all the refrigeration circuits are off. As shown in

Figure 8, in winter, when 100% outside air is used
whamwisnsssthe conditions at Point 1 of 40F DBT, BRFUNB3/018090

and 12.6 grains/lb. passage of the air through the

process section 54 of the wheel will cause the

conditions of the air exiting e wheel to nove al ong

the dotted line from Point 1 to Point 2 at 52.5F DBT,

44. 5F WBT, and 30.5 grains/Ib. Fromthat point a
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room tenperature. WO 2004/ 055443 PCT/ US2003/ 018090
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8. depigomn Wheplprpeesspectipp éd fo miove SREnRRige iRderintyt on Figure 8.
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PSR Sl BRI il Ui of B o
COOkigig 4 i§ klicwi b tirpdyéHiemeleisichaaof Fighes). Rrtkisebde albvodling

only the blowers are on to constantly repl eni sh fresh
ai réircpis and the gesiceanbwhgel preanilangd palydhe blosisrsarp pa e cepstantly

i t hout. . | S
[ ooaarisp BRth s 0 Sreicafip R Ry oA g B ithout e
enbeeliveBn bodir & ®Bud{difibEionvari abl e type to provide

nmore efficient operations. [0065] Yet another
enbl®864ePrefeably e qomensessersivsedintthis snibedimeng greradsasef the,

Fi qure . The systemof..this enbodinent is simlar to
thg‘fanalf’llegylbelﬁoé’r‘i‘?ﬁ%%]éep?fﬁc’teﬂtaqpef "Tonpressors 28 are
use@obs) tbeadoBid eBBbaiANoCthE Grbisént ifVenB6E s il10stiH& in
evaporator cross plot of Figure 11 for a

r epgrigsreriVatlihesystewn of thipewbedmenids sinntpr te fhat of Fighned , except
operating conditiqns for .the system.are possjble .

Qo pBAT RGBT oA R SCb b g T BSERHSD R EL oot teen i the

op ' R bt a¥fve tREERFREHAr EdBE
oot P Qe ey Bl P gty op ity b E ARG L Mling
desdircaltlt@o 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 desirable to
operate the system at the highest suction pressures possible which permits the
desired space humidity and temperature conditions to be achieved. Operating one
compressor instead of two wherever possible also conserves energy.

[0066] Figure 8 shows two sloping lines rising to the right showing the capacity in
BTUH of one and two compressors versus saturated suction temperature 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.



operate the system at the highest suction pressures
possi bl e which permts the desired space humdity and
wao eovpesasire conditions to be achi eved. Oper at PCIyUSV63/018090
conpressor instead of two wherever possible also
conserves energy. [0066] Figure 8 shows two sl oping
lines rising to the right showishg the capacity in
BTUH of one and two conpressors versus saturated
suction tenperature with the conpressors operating at
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evaporator/cooling coil. In the present invention,
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resent . invention is illustrat in Figure ... . :
P 12, which aﬁso aliows operation o ‘Ehe umetclin coolglg r dehumidification, or in

both modes simultaneously.

[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, because cooling applications and the

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



12, which also allows operation of the unit in cooling

or dehumdification, or in both nodes sinultaneously.
W 0®403548Exi sting technol ogy has traditionally PCT/US2003/018090

controlled the discharge pressure of refrigeration

systens (i.e., the pressure of gas |eaving the

evaporator or cooling coil) {1 prevent excessively

| ow di scharge pressure during w nter. One conmon

techni que of head pressure regulation is to reduce

CONEheRs Bhg, fddRurS HIR8shtioM brbdth R6SUEES!tdnRE6udIE R6fariatieh on the

si de effect of redu0|ng t he power needed to operate

t heinflastry-adeei@@d pratice dfipresdimeyheadregriation i nesdededuci ng

tonfDPEE e ok S RPY i e B PP riigngdenser's

3pefrhsnamé§igﬂ' IierfaQfs fs'dRbirdbId foSmAstattSBE dis@hérg EpRESSEDE the
ntion have the ability to operate WO 2004/ 5544

PCT ¢dugRes8r ALEBO édl)llvaldlﬁ of hetwsah B‘hﬁ and OO sbtﬁnaMIdlmharge
or both nodes_ si nul t aneousl.y, vari ation on_ the
n dfﬁngﬁge T eois) A Bt Bis Srbelnry Wlag the Sonlingmede
ghed coc[lggg%}fowlﬁ{be rlbgtsetltlhg‘tﬂe%a@ éré@btﬂ@ séi t%thm this
tures or

anblent t enpe condenser parti
destagge. cMakmum efficidnsy ikehieabd & lbwemnmiessuad natlbsh evhmh are

di sch f th t .the

e qUFTPEICHRIZE PY BISRR BI9t b Prosiies FOO o Wer i heTEs PSR ge
t t t

Wie ﬂb;ﬂ?lﬂn %ﬁge é_fglgll‘ ﬁeﬁf& d cfélglc%fﬁ %@elﬁn{ugga%‘% 0?31{%12)‘? dhfedes on

perér@ﬁth‘@rmfﬁgleﬁehﬂfm@cetﬂmwmabje fIppHsait’e eﬁtehng)mlmve humidity
within this range. Maximumefficiency is achieved at
| oviiid the EgSuTa oI "sselatiyei wpnidite Thinivthe faps ddynggnoisture

hi

o BRI OR B SEAERE A 4 R AR s lryion
hundysiietryaceeus tilicdlowest predsttei rétdo pcmss1b¢er eHhs Agans thuf Higlkdrandtion
di fference between the supply air's entering rel ative
hunfrgsstges agd épwx@on@@é%rpaftssms %hqulcgber ‘é‘leét ifhe system of the
hum di t

in Qrﬁséfnﬁielg e (1:051 lfasiavl\}r? he%ﬁig%&sno Ps gﬁ% i Ci Z‘T’lﬂioru%l ﬁ’flﬁag

opeprafeferich € Eietek tHRaERIdeMfion SYsde 6t Beldesiscanl Systeanest
pressure rati o possible. This neans that higher

su c[lODE‘H Tp eeensuplish thind husydity seovd &Ads nlgcqslr I@éhwessneratlon air
sh ol

oo s oy R STOl ol B REERERY - BRI it woua

gi vidig th@faﬁé@bf—‘m@) 3mpe@¢anhRH tA‘s%ulhﬁTgrﬂlﬁlteJaﬁﬁ"étﬁﬁ SHHBS €dBled air
or the desiccant s%/stem [0074] To acconplish this a
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exeWpf }’ag{so{:&l} Wg? {1) jeset the hea pressure o 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 R-22
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 humidity. The savings would be that the 45°F leaving



be in the range of 10 to 30 percent RH Assum ng that
saturation of the cooled air |eaving the cooling coil
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wheel . 10077] This systemreduces | ost energy by

mat dekénifpdrieean imthtresrenee tor thy acconipaaying 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.



reduce reactivation tenperatures which in turn reduces
head pressure that results in inproved refrigeration
w@erosrance. [ 0078] Al though illustrative enbPdi/DE200%018090
of the present invention have been described herein
with reference to the acconpanying drawings, it is to
be wunderstood that the invemntllon is not limted to
those preci se enbodi nents, but that various changes
and nodifications can be effected therein by those
ski WEST 19 CLAgvED IS:W t hout departing fromthe scope
or spirit of this invention. W 2004/055443
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to such sensed condition. 3. The nethod as defined in
Caim1 including the step of sensing the

r egener dfheonethbd a é¢thed ai Claemeanihelnding thdstepsaganpplging anake-
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sensed condition.

3. The method as defined in Claim 1 including the step of sensing the
regeneration air temperature entering the regeneration segment of the
desiccant wheel and controlling the volume of regeneration air passing the
condenser coil and entering the regeneration segment of the condenser coil
to control the air temperature entering that segment to a predetermined

value.

4. The method as defined in Claim 2 including the step of sensing the
regeneration air temperature entering the regeneration segment of the

desiccant wheel and controlling the volume of regeneration air passing the



to control the air tenperature entering that segnment

to a predetermned value. 4. The nethod as defined in
wW@k@i53343 ncl udi ng the step of sensing the PCT/US2003/018090

regeneration air tenperature entering the regeneration

segnent of the desiccant wheel and controlling the

vol une of regeneration air pasxng the WO 2004/ 055443

PCT/ US2003/ 018090 -22 condenser coil and entering the

regeneration segnent of the condenser coil to contro

the air {BREALYI Snddhi@cREe feBdlerHRANRBMeADRhe condenser coil

predeterm ned value. 5. The nmethod as defined in Cam

1 i ncl udioregntrbleths vigpenoperataresinteging leat segnets s i predewithined

pressure ?nd maintaining it at a predeterm ned

pressure'®ondition, and controlling the vol ume of

regeneration air passing the condenser coil and

entering the regeneration segnent of the condenser

coi§. thEhemythbd asrdefirtediim Ciann & iatluding theistspf afisamsing the

regeneration air tenperature. .6.. The nmethod as defined

in O am %midﬁ%ﬁl%‘f%]gpfﬁﬁéwﬁnéﬁn%? 2t i pigdetermined pressure

condensi Qgd chinpalﬂf c%?l%flﬁl Qto?fér%gﬂ&aﬁén :ﬂf &sing t e

pr edet erm ne ressure ond| tion contro | ng -t

vol une odondegpenesihindomtaing t}n@&genagaﬁdmesegmemdﬁmh@corﬁemder coil
and entering the reg eneratl nment of the condenser

coi | thefeE gy 1q BeiiaTR e aslpv EBSPeLAiop Gitripmperature.
regeneration air tenperature. 7. The nmet hod as defined

in daim1l including the step of sensing the

t enfer at Ticemethod e defed et Chimp P inclading theavepng stising the

desi ccant wheel and controlllng conpressor capacity

in respoitdensng ooak prewHEsRd mpapiamEa i at 4 pre ‘?Fﬁﬁnﬁfl%ﬁ Pffessure

L

predet erm ne I ned

A ai m 5 dondenidi gl drdveensdring thd regensativg sb@xﬁenttcﬁmmmdsoanﬂamm coil
of the cooled supply air |eaving the desiccant wheel

and  corfheisPY figaiéi p sdalbieloup iemygenaration g igeperature.
that sensed tenperature to maintain the cool air
tenperature | eaving the wheel at a predetermn ned

value. SThellethoghé @@ﬁrﬁ& ifletdinedintindiogahdatbp bfsensidp g

the step of sensi n%
temperature of the cooled supply air leaving the desiccant wheel and
controlling compressor capacity in response to that sensed temperature to
maintain the cool air temperature leaving the wheel at a predetermined

value.

8. The method 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 to that sensed temperature to
maintain the cool air temperature leaving the wheel at a predetermined

value.

9. The method 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



tenperature of the cooled supply air |eaving the

desi ccant wheel and controlling conpressor capacity
W0 poogesanse to that sensed tenperature to WO PCT/US2003/018090

2004/ 055443 PCT/ US2003/ 018090 -23 mamintain the coo

air tenperature |eaving the wheel at a predeterm ned

val ue. 10. A nethod for condi433on air for supply to an

encl osure conprising the steps of cooling a supply

air stream having a tenperature range of between 65F-

95 and algveiRRR BolRi t%IrigéEﬁuﬁ@ MaS Rl 1R wia@a\a??{are%@feﬁﬁ&ed

gr/lb. with a refrigerant systemcooling coil"to

reduce tveduerni sture content and tenperature thereof

to first predeterm.ned .npi sture content saturatjon
| eVt a r%%%f@fp 1@%@5%&@ fogiyclosuegopyprispg the steps

t hus coqled ' . ' . ; or
through a sgglﬁﬁtgﬁ ﬂgf}ﬂ 2 W%%% ggdlﬁ‘%e §§?’%6W§8? 05°F
condi t i S antiiabbve andragasietuid cntearpLbatvaee1-08Gggbcwitd a

predeterm ned tenperature range of about 68-81lF and
reduce |TEHIZFHANS Byt eQnbing spil £ Fadres the pppigure content and

pr edet er.yj ol . 30- ‘.
Bt hort G BEerteh & BtPbre o lE Gt SOngh palration
encl osurleyel aad esteration tegnpeheurd esigecpasting thee@lis &yoled and dried
heating a regeneratjon air streamwth the condensin

coi | of aientsgpply gisshpam diyeyshn segmcnteleripiatingglesiccant wheel
t enper at . ] re e of .

| SDe! e LRl SRS SRR (L AFRSAA MG Blermined

ai r str eampéiatueigingaoditoat 6% 8 tFeid redudeie nisibtatd dd@tent further
desi ccant wheel to regenerate the desiccant in the

wheel ; deadrergteamined dymidinelerd wdibeivsan 80-80rea/1b.s aphthgn
air str [ P [Of- € 1.
refri ge?% [ %é]&etgégﬁl g%%%{‘]a&@%n 1{18 ‘fllugsﬁ‘g&lr%&‘%‘%“%%& eoq,esmcant
t he conpiiessby hédling @3gRASAtIbIVaIk bReans Bith ek @(ﬁﬂ@hdiﬂl%ébil of the
11. The nmethod as defined in Caim10 including the

st eps offeHigerany systpuniguBcreass itgitempeyatyes t@ aqupgatgrmangd :
sensi ng t e Lt of,.the air i.n th .
encl osu rt%%g‘%gﬁg%%g %?ﬁzﬁg#'? E%ﬁsﬂgﬁ%‘?}l R¥She ﬁ%e_ lﬁf’ﬁ?egi Tpggngration
r espons airt reStGhrousle Assther 6eAAkt 0P the rdthting BEsitRhNRHeA %o
defined in daimll including the step of sensing the

r egener d¢gcparatd the desigrentinihewberletensing ehleast ege penditi¢roef the

segment s%plg/ tc]uer stream, the regeneration air stream and/or the refrigeration

system; and 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.  The method as defined in Claim 11 including the step of sensing the
regeneration air temperature entering the regeneration segment of the
desiccant wheel and controlling the volume of regeneration air passing the

condenser coil and entering the regeneration segment of the condenser coil



desi ccant wheel and controlling the volunme of

regeneration air passing the condenser'coil and
w@nioe5yags t he regenerati on segnent of the condeCiFES2003/018090

coi |l WD 2004/ 055443 PCT/ US2003/018090 -24 to contro

the air tenperature entering that segnent to a

predeterm ned value. 13. The-24t hod as defined in

Claim12 including the step of sensing the

tenperature of the cooled supply air |eaving the

desi ccanio oAR6] tha B ter@RRAthk dntd?i g GRITREGRSR o & BRACIkYined

in response to that sensed tenperature to nmaintain

t he cool value. tenperature | eaving the wheel at a

predeterm ned value. 14. The nmethod as defined in

G am 12 including the step of sensing the condensing

COi 13.Pr epRdinghBAYs ABiMeHgh QA 12lindhd Qlﬁeegggf &f %ﬁgg the

pressure condition, and controlling ?he vol une o

r egener ateinparagire oftisspolgd spply gio kwiemgehe deidcamneheel and

entering the regeneration segnent of the condepser

coi |t REPEBYMEFOMRI e AP 4 LisPRseyo that $eA temperature to

regener abhbafhiRite bSIRLlAptafure Iavi i
defined in O aim 14 inclading t gmgpg%wggagg% tdeterpined

t enper atwalee. of the cool ed supply air |eaving the

desi ccant wheel and controlling conpressor capacity

in response to that sensed tenperature to rmaintain

t hey£00! TR 1heh6ARSHSHHA §n LAY L -
predeternineg val ue. 16.bAn é??mg@%gﬂ??g%?ggsgﬁg%the
dehuni di dondersingcoflystssmeandpiaisthinihganatengidgathined pressure
housi ng hayii ng a wall dividing the housing into fjirst

and secdPdd¥iopatukcontrgiling thesypiprae ofregeneratipsy ik pasping the
circuit d s J ' . t ' .
in the f“:"?g‘%&gﬁ enumd%%?ngg (It:ljéégﬂgg%lse ga'rhog\élé@? &g[to(?l%eea(%? H%Ihsgr coil

r ef ri gerthereby tonpaiessos relaivelyoaifdensegenbatioh ai adregeratire.
series in the second chanber such that the condenser
fan draws supply air over the condenser coil from

out;si de fﬂe%%mgg %4;&5@@& ?ﬁgﬂ%&ﬁﬁiiﬁcgﬁﬁgg gf%;s?é}#&*séﬂsqng the

di schar ges i ousi ng;

dehumi ditempahivenodiyis tested suppheaihusing thd disicudit Rghedl and
desi ccant wheel rotatably nmpunted in the housing to
rotate iSeNHOMINGGAMPIessRy EARACHY pterprael feiintsenses temperature to

central wal{.ifie %SQVairoch%pérﬁ&?@ f&wi%& i Gheel at 2 predetermined

value.

16.  An air conditioning and dehumidification system comprising an enclosed
housing having a wall dividing the housing into first and éecond 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
compressot, 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
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functioning as the process segnent is |ocated in the

wo peogdshenum and a second segnment of the wheRCT/US2003/018090
functioning as the process segnent is |ocated in the
first plenumand a second segnent of the wheel
functioning as the regenerati2fit segnent is |ocated in
the second plenum a supply/process air fan in the
first plenum | ocated adjacent one side of the wheel
and a suRhébl ViEbninghs thebréiselzineht is bRfdTh e BREHIBAum and
fromnear said one side of the wheel to divide a
sub- pl enusacprd segiment ofrthe whed fumatishingais yhe priecsp segreey is

v ot o BHET R ARG BeEll SLBERRT o el ocioning
wheel i n{sGhé Resdthiddl RBMBHER thehiRg Mn tHisSEAMIGRmt; ke

thus cool ed and dried supply/process air to an

encl osursipplygabetssiais fancaitiie tustplenge donated ddjnceitens swiernd the
pl enum bej ng | ocat.ed . downstream.of the air flow n .
bver ¢ hehe R it aideE WALl if G Fi alerom s lancing g ngar sid
second pbRNWE GHh&RE td BSidQNBIIGRM & AR At %l'@ﬁum whereby
desi ccant wheel and baffle nmeans i1 n the secon

chanber thg pewdssragr fan drawshesugplyiprocest air winesad into the first plenum,
downstream t her eof towar.ds side wall of the housing

for pr OB iy SEHS FICHA OF e iorLRiA (S Suinsleppmand ten
tovard tdienaRRe fRRls &Bld b Sul 598 10f -
wheel when t%fhgé% regenser at idoa%Hfdg%@g%ﬂﬁmgﬁgic?gsl%ga\eliaﬁtgﬁtaﬁséme’
condens esaidcdasiceantt mdieghsepginenth dled setand gmme beaing lodatedl 7.

A device for selegtin eating, cooling and i
dehuni di fomsgeR of @ﬁ@?f&ﬂ%ﬂg SpadRe eBNIERSEE i, 4 regeneration fan
desi cca WeF N t%é:us :

| east oﬁg S}ri\@f% ?%Oél gﬁ%ﬁgﬁﬁg%ﬁﬂe d 8?%% e%‘?%:@%? ﬁgﬁ%gégflt Wheel
dehum didniddafficaneans yis thersecond| chainber extehdigoe@n therdessizlcant

havi ng a process section ?nd a, regeneration section,

a bl owerVhssh dawasisag tereof fosyardsa ddspal ef theheuging fore
regener . - ; -
e RPN b PRt A BhA P ool o
condensehe tbétlsideaditid whwetlwihed ireaagdnbation Eirodratve aiehving the
the regeneration sectign of the wheel in the path of

r egener OPeensg; Goikthrongh e whastiogsgsmerats Bwi ng to sai d
regeneration section, an evaporator coil, blower

nmeans for draw ng supply air over the evaporator coil,

t hriqugh A devips g electing@ebiig) codlirghad debirakiafyingiedicldsed

the encl osure, and a conpressor for . _
space comprising a desiccant wheel based dehumidification system and at

least one refrigeration circuit, said desiccant wheel dehumidification
system including a desiccant wheel having a process section and a
regeneration section, a blower for drawing air from said space through the
regeneration section of the wheel; said refrigeration circuit including a first
circuit including a condenser coil positioned between the enclosure and the
regeneration section of the wheel in the path of regeneration air from the
enclosure flowing to said regeneration section, an evaporator coil, blower
means for drawing supply air over the evaporator coil, through the process

section of the desiccant wheel to the enclosure, and a compressor for
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refrigerant in a circuit between the condenser and
weaposasd on coils; and a second refrigerati oPCDUSI03/018090

i ncluding a condenser coil, blower neans for draw ng

anbi ent air over that condenser coil and exhausting

the sane to the atnosphere, a26evaporator coil

| ocated in the supply air streamin the first

regeneration system upstream of the desiccant whee

and a CORRVRETORigeifl inMichl bESfdoh ALY dRtledi8t MREN abbiStion

associ ated coils, whereby operation of only said

first re¢aqilsyardati on system produces cooling only;

operation of onl t he desi.ccant. wheel , based. system

and the§ PeeRd Pl porduintieaH Sing b copdsatreeail Blowet means for

dehum di §iaGaid Sibieftlait oveP&lafédndBnef c&it‘@ncfjéﬁ’lgﬁsqﬁ@tthe same to

wheel based systemand the first and secon

r ef ri gertieiatmosphsresan evaperatos coih 1dvatet] i thel supply airdstream in the

dehunidiéigation'.operation of tg desi ccant whe

based sy$t W&ﬂféﬁéﬂ&?fﬁ&%@éﬁm R ﬁ?’ﬁﬁe%c@ﬁ%\w %‘?IBE ReEeppressor

the regepehifitefderadt h&AREAAIad: G ated ORI, %\kﬁf&)y operation of

stream operation of neither the desiccant ee

syst ens, ompsaid fiiest refeigeratjen systentproduceds spolamordnl operation of only

operatio f .said Dl rs, produces only fresh air,

ci rcul at t?’Sﬁ?S“‘lcgm %ﬁ?fggg%a Si"%‘?m% gtetf%ﬁtgreﬁh%?fart’rﬁ’ﬁ,cmun produces

cool i ng_ bl RUFiGHidaW; Blerdiid

conprising a desi é)can%/}}’\/\geeejfl %gf;%lag%g Slrﬁc«g?%?ggﬁdgxmm and

syst em athe fiadt and sswehd tefingeration gyeteal tequltsdn bothi dodling andl

desi ccant  whe dehum dification  systemjncluding a

desi cc aréehmfgfwaﬁws PR5rI9e o dassdesicsntvhigebbpged system only

regener gL | DYRY | L ﬁm

sai d sp?ge tﬁ?%&gﬂgyﬁ%&aﬁégene?%%ggéggeg |%lﬁélc¥ftfr% e d the

wheel ; ssapplyragfstieger ajdraivnaifmeithdrshd desiodahtvghed] sylsicit nor the

circuit including a condenser coil positioned between

the encl™6SigeEnt gFteAndcabeonsEation o said blowsss.arodyses only fresh

wheel i rhht(?fcu&"ﬁtoﬂ. of regeneration air fromthe

0

encl osure W ng to said regeneration section, an
evaporator coil, blower neans for draw ng supply air
over the evaporator coil, through the process section

of I¥he dedPueRivt selpime heating corling apd iebumigifying air enclosed

corpre> s Y S by e o
least two refrigeration circuits, said desiccant wheel dehumidification
system including a desiccant wheel having a process section and a
regeneration section, a blower for drawing air from said space through the
regeneration section of the wheel; said refrigeration circuits including a
first circuit including a condenser coil positioned between the enclosure
and the regeneration section of the wheel in the path of regeneration air
from the enclosure flowing to said regeneration section, an evaporator coil,
blower means for drawing supply air over the evaporator coil, through the
process section of the desiccant wheel to the enclosure, and a compressor
for moving refrigerant in a circuit between the condenser and evaporation

coils; and
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second refrigeration circuit including a condenser
wa@eiok/o53kdwer rmeans for drawi ng anbi ent air OREF/US1A3/018090

condenser coil and exhausting the sanme to the

at nosphere, an evaporator coil located in the supply

air stream in the first rege/¥rati on system upstream

of the desiccant wheel and a conpressor for noving

refrigerant between its associated coils, whereby

oper at i ot 16kt DedcynErefiladrationtcitcsit icURHAS & BShdRMSdr @611, blower
produces cool i nd% only;  operation of only the

desi ccarmeans desi mslgdmsly@tt einoaenthetreonfensst coil and exhausting the
refrigerati n Ci rcui roduces ehu difi on o

oper at GRS sl & v adecr B Randly diygream
first ang t%@ﬁ@gér%ﬁtio& ?aem%sﬁa/aﬁi 8f%he ﬁeﬁwa&@whea%&a

cool i ng and dehuni di ficafion; operation of
desi ccarmomprgsee] fobmegthgsyiigermbpdtyeqr lwassmated] tbidd, pAhereby

exchange between t.he rati.on air stream and the
Py PO SR ARy SHid B EErRt AR R PIHDooteips aR:
wheel  syse@ifBn opeﬁly&ﬁ@désﬁéaﬁtwe@mased £}%Téhﬂ ﬁx]g%an' y

operation of said blowers, produces on air
ci r cul atrefgeratidén c]&cm’elblbddceaslehiﬂﬁudtfmdtwmoﬂyaoparéiion of the

i ncl udi n the S of using a St two cCconpressors

inthe r %ﬁfﬁ V&S@/ﬁ%@%@ st mﬂe#eyoa;@.ﬁa@qrﬁg)n system

one or qg&ﬁ'ts iPhoth 6ol dqgﬁ%ﬁhﬁ&t{?ﬁs ntdt thd s cant

di fferences in actua ty 1nt encl osure an

pr edet erwheaeblehsbdi systhint ynlyprodmoesdnthalpy exchange between the
regeneration air stream and the supply air stream; operation of neither the

desiccant wheel systems, nor the refrigerant circuits, and only operation of

said blowers, produces only fresh air circulation.

19. 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.



