ENERGY RECOVERY ENHANCED CONDENSER REACTI VATED DESI CCANT REFRI GERANT

DEHUM DI FI ER BACKGROUND OF THE | NVENTI ON [ 0001] This application clains the
benefit of U S. Provisional Patent Application No. 61/028,693, filed
February wa20@06883 whi ch is incorporated herein by refrerasmesniodst s
entirety. Field of the Invention [0002] The present invention relates to
air conditioning and dehum dification equipnent, and nore particularly to
an air conditioning method and apparatus using desiccant dehum dification
technol ogy. [0003] It is well known that traditional cooling coil based air
condi ti oni PUREREI B0 VRRIUNRARY EBCCELDERSBRIREEGHS Afpsiehum di fi cati on.

Because such systgfGictUNT RERYIEIR £QP DENIHIRTER" O provide
dehum dification, in nmany cases the cooling I's In excess of what is

requi red and the desired enclosure or space is over cooled. If insufficient
cooling is supplied BACKSFIUAND OFOHICDOIRATGNI | be under dehum dified. To
overcone this problem reheat coils have been used downstream of the

dehum di f yi cooling coil. This_al cooling coil to dehumdify as
needed e{ﬁ%’?lp ﬁ@‘srﬂ%’éﬁt‘m(ﬂi‘fms W%bq“ﬁ@r?fpaﬁ g’é"’ls’rﬁ’éa@ 8P ‘%Ppéﬁ"%“o‘f‘ enperature to

avoi d suppbyoTereMaEd Kbflagd 422008 hithie ineRebrasdhi®ein Bhi s nethod is - 2 -
inefficient because energy is utilized to |ower the air tenperature and
then mor&@ERE YV 8™ hti 11 zed to raise the tenperature back up.

Fieid of the Inventiion

[8002Z]) The present invention relates to air conditioning and dehumidification

equipment, and more particularly to an air conditioning method and apparatus

using desiccant dehumidification technoiogy.

[0003] It is weil known that traditional cooling coil based air conditioning

systems do not provide efficient means of dehumidification. Because such

systems must provide cooling in order to provide dehumidification, in many

cases the coeling is in excess of what is required and the desired enclosure or

space is over cooled. If insufficient cooling is supplied the space to be cooled

will be under dehumidified. To overcome this problem, reheat coils have been

used downstream of the dehumidifying cooling coil. This allows the eooling coil

to dehumidify as needed and the reheat coil to then raise the supply air

temperature to avoid supplying over cooled air to the enclosure. This method is



100041 Due to their inefficiency ASHRAE standard 62-1989 has precluded the
use of reheat devices in air conditioning systens unless the heat is
recovered fromthe site. In addition, ASHRAE standard 62-1989 requires that
systens wwohodvarer air flows nust use sonme form of exbaustocenspgy recovery
to mnimze the anount of energy used to condition outside air being
introduced to the space. [0005] A nunbgr of commercially available systens
have been devel oped that conbine energy recovery, pre-treatnent, with
cooling coil dehumdification and site recovered reheat. One such systemis
shown in Fi guﬁ;&ﬂﬂcmﬁ&bz&:ismenangymmqutb&ﬁ@vﬁeyxrmmbﬂa{us&@ﬁt}wimma packaged DX
cool ing and C%Qedrensunhzeaet%%%tctﬁé’Steépat'usb | ustrated. An energy recovery
ventil ator gener Fy consi's rr%’tﬁkl%)y wheel of known construction
whi ch transf e8déjoDie todtmir 1mﬁﬁblmﬂ$SHRﬁEemm6bm8ﬁ$eﬂ’prEOMﬁeaihe streans.
Enthal by whoels @tk SIVERNIHSRGb 0L A0R/ e OHE ROL NG LEIpEr at ure and

hum dity (energ 3 com it ese eXxChangers are
general ly nadé‘omfthqmjp olnszddmmremsble&Etsandmﬁﬁka% rsmrrﬁsaha smt@wwmi ch aids in
energy transf L as heat

pi pes, can al g% gﬁggs B {8%5%% %ﬂﬁ ﬁéeémé{/sg%%{%?shgﬁ%ﬁn%ﬁng%ﬁge 1, a fresh or
out door suppl ymetnt aﬁqnergahﬁl?ﬁémoﬂ@ﬂ@f)wt%dm%@é ntiefenad) Fe the speggent  of t he

ener gy reCOverﬁﬁﬁgjle)('nﬁﬁb&'of‘c&whﬁé?mﬁ%‘%a@a@ie%%%lkﬁ?/ w@ar?@évho},&tﬁa%duce the
supply air's humdity and tenperature alr 1s'then passed

t hrough an evapbiiag WERE PV cHE PEGTeRmShL, afzthw@mqﬂcﬁ@bumlﬂ@mﬂog@mt| on system
to reduce ltssmo%&ymmg GRIRE! Shikth & hiid Refgur NEndERYEALS ed and cool ed
air is then passed through the condenser coil of the refrigeration system
to rai se the Epyryveatilpior sigpepaskaged DXnelingiend candenserireliori geaird warm air i s

then suppli eduh%@é&ghn@ngggcztec&&ﬁl@mﬂwg%ﬁérbu{y &Qs&t@@ag%%ﬁlﬁﬁwﬁ&ﬁce [ 0007]
In the Figure | system exhaust air fromthe space with a fan or

bl ower (not sRE%Y™® &?fﬁ“‘ff&%‘é@ﬁ“’]ﬁ H?‘ﬁf?g*ﬁ’oﬁ‘ @@ﬁﬁ‘i‘ gnabls sparBneetBTr tHe ent hal py

wheel energy EReeMRE YEMRWGmheelb\re oMY bisell RErdne@PREREA € and hunidity of
t he exhaust air stream E’)#‘S i.ncreased and then the exhaust is rejected to the

at nospher e. THMPERFand pumidic tenergy) teyiagerpins pabight pigc {isseeieResr educi ng t he

moi sture in tBghsdgPphby gackaligMthdelbs dokdlie HaRASE GYindr@ESON SR arUthidhequi r es
significant coglin di fication

to obta
per f or mance. RIER eg‘?rg)f th”éLSfthe@%‘iﬂ‘ﬂfﬂsP??‘é‘ffytt%nsé%&’“et”ﬁes“ﬁ pShe obtain this

dehum di fi cat pipss, B@al‘s@‘iﬁew&éd through the heating coil to elimnate over

cooling of th a hrorretrlc ram of the
cystemin ri oeBB e S0 HoaBe? Hledsl b ohateept SRS b BBl e e f oct s
of each corrpoae)nt pasfedttﬂn@igsys¢mmftﬁMezgmmpdnwyer}alemce {:ﬁ)ﬂiﬂ@daselaa this

illustrative ! i L QU S as dltyratlo of
about 100 gr/?rﬁ&agﬁ{})“}%g?tgﬁpg%geg{ﬁ ‘% T Sn ldigﬁﬁd{e %ramrel ea%imr?ayt he ener gy
recovery wheekir istthehasssai thumkmnteyamaitqr@omjmga@beﬁa Blvegria! and a tenperature
of about 83F; l.Lt has a humdity
rati o of about Ehor?%%érhE%re%i@é?tﬁ?&x%{%an?}f&@%?ﬁh?&g@&’ Tgk after leaving the
condenser coi ﬂehhe%siifield@nds@n’@d hmmtbhntwssp@thr(mgh tib oendeser gil/off theand a
tenperature o 0 gener at ed
condi ti oni ng ;seﬁ?%gfeég%r} E g\[/\]%%%ﬁ’]elgﬁ%y %m%éP%ﬁ?& i%ect?th% %ﬁiﬁi greg of US Pat.

No. 6,557, 365&@2~amnmstW§vm®§1wgham)ctesg@mehgctb/dp thetdgsxwémacand dehumi di fy
anbi ent / out si 0B T 1Rk § Q@R ShhRGaiRis 48! ir is then
dehum dified Eﬁr?hert arlfé%le e%se Wth the d&%@gﬁﬁ%\/\% lf{Jofrae bei ng

suppl i ed to tPewvedagshown) suipapsad Brovghp eperaigispement efdln qnﬂxamé@eés t he

regeneration gefgy$tchfAMIANE. WS a fdshibthe RERLEEArUNE higiRY - LROLGRREr heat from
the DX refrigeration cycle; the thus heated air streamis then used to

drive noi stur@® S‘fef‘m(’ff‘“‘tr?i‘éedcf’ééﬂt?ﬁgﬁt“%ﬁ@éﬂ rejeqtpblothspERes AR - oﬁ“fal r stream

col l ects the pistpdbearadedics BjegBdiSe intredu@ink AR rdlifiRs BNBE QipplBRYROT her
desi ccant dehug}zdl fication Sést eng are comerci all ¥ aval able that utilize

ot her sour ces"UPCHEHEY I60V PR BH &S siicatt spRling Ferdiadn 16 desiteli de

dehum dification and heating cycles to supply air, The vast mgjority of

t hese devices require high regeneration tenperatures to regenerate the
desiccant. [0011] Figure 4 shows the psychronetric diagramfor the system
of Figure 3 and shows the effect of the system conponents on the supply air
system As seen therein the outside air supplied to the evaporator coil has
a tenperature of about 93F and humdity ratio of about 100 gr/lb. After

| eaving the evaporator coil it has a tenperature of about 62 and humdity
rati o about 78 gr/lb, Upon |eaving the desiccant wheel it has a tenperature
of about 72F and a humidity ratio of about 58 gr/lb.



-4 - [0012] Figure 5 illustrates another prior art air conditioning system
which, in this case, uses a condenser regenerated desiccant systemwth

ent hal py recovery pretreatnment of the supply air. As seen therein, fresh
out door awigieewwiosupply air i s passed through a sector mfi/@acentddsd py
recovery device, dehum dified and cool ed and then passed through the
cooling coil of a conventional DX ref[Fgeration system further reducing its
- hum dity and tenperature. The thus cooled and dried supply air streamis

t hen passed through a desiccant device in which it is dehum dified, heated

and t hereaft erdeRuifditicagion pedfotrimes M0 ofitie eBergllGiiliz6y Hlcoshthdaiaust air is

drawn fromthe e th.a fan or bl ower .(not shown) and passed through
anot her secti @Rag‘fatﬁlf ﬂ%“‘@ﬁffﬁfﬁ‘ilws chﬁrﬁﬁﬂé%u@etg? l?:eét“?%&’uﬁ? %ﬁ“‘?”ﬁ%w& haust air is
heated and hurbdingiotitle grack.t hen rejected to the atnosphere. In this system
cor 11 om t e B PR 20T kS eRahy SR 3 PRERAINEN S LAY 1 cgeneration ai r
stream The r egoniesht porhramnetris tmabainof te piesad cichrougneandtiher section of

t he desi ccant |ce I and hum dified, and then rejected to the

at nosphere. [Sgsﬁﬁ'gnlﬁh%%%lygg'shom t he psychronmetric diagram of the system
of Figure 5 artPe8hbvisistlhvetratiivé exsten: the ansagh occompirer{OAphastathemsdist em on t he
supply air. A, ' cadrbnitial as a
numdty 1t B ERURO Bl PRtk oRURB L, Bl hOb S T, o,

passi ng t hr oudésordiewkast ihbdsgyhuprit ratiornd abpup§fl gr/liaend diempesatiranf dity rati o of
about 84 gr/l Qpaneh. 1 : 8 . L.ng-t hrough the
evapor at or coi F&li@t ?1’61% gﬁﬁ{ﬁﬁttﬂﬁ %/}P%gt@‘? g&%ﬁ‘ogcgj@db@%g&a@ﬁ ?ﬁa’f‘ggﬁd a

tenper at ure ofebabalie/Ieaw temperatyre habsiing it #ndoafishleeties Besindemat wheel it has
a humdity ratcbi@héafrheéﬁ’fﬁélﬁunﬁ&a%{id ARG %\@99&! AeMp&adl pRUL 726RF as 1t 1S
supplied to the space, SUMVARY OF THE 1NVENTI ON [0014] As conpared to
convent i onal 44410k Anetharfasmiof gondonseromesnamigd pengitionisasysten igshmwniibed above,

embodi nent' s ofriduRe dAll BSCRALFidURY EHTDPat Y, 6387 86sSB U MiEhi GaBh vddyant ages in
treating fresh_or outdgor ajr to supply that air at space tenperature and

at or bel ow spFHr@oltERodspo! 2pd delpudineifrmny et 2uPai e $ & | ow ener gy
consunption. Nbi®as paedf Tieakd iyiheesdnostidmatreief addheay ©seMmt | nventi on may
reduce the required En?ggé i nput from30 to 75% as conpared to the other
t echni ques av&fY&H) &heel be ebe‘F@)E}fPBﬁ‘edAﬂﬂ’ﬁdmcf"i%ﬁ%ma&%@?@ént benef it

according to emdands nedisthofegdrbRtibmaetchn and is fitdhBeaBivtilidiye t 0 provi de | ower

supply air humdity .conditio lew point. 0 r/lb (absol ute humdity
ratio)) than § ”%‘thﬁ% rof“e%’ﬁﬁ?‘dé% ‘f‘ra'ﬁﬂ?rcé‘;]&éﬁet’gweétfﬁi{ YT sueap s Bk ed
dehum di fi er sydtedsehasarpsiobf Badesivbdnnwhad Tieredengatn alrBeeagvapor at or coil s

as they provide, lower coil te r es in.ord t Q. provide lower humdity
condi ti ons. Eﬁ@%&fﬁ%n Oésg)ué? andyfe %‘r@é}e{ﬁ? astinﬁwg?ff"i %“%?theﬁgm‘i??ﬂer hand may
provi de the albthumidifitatonyswhdes boweercislypplalabid that htildeditiey sonandoft | ons (dew
point or gr/l %lf .0 esi n sed . dehum di.fication cycle after
the cooling C(lll)hlzalt WET%%% éﬁfrc%%ngiwﬁ%e?] t§%gof"¥dte%ghu§1r’%l§§aﬁ' n?nrﬁﬂvhgﬁtfrigon seek to treat
out door or fregies iaswbplpar. Thepptynagarity afitoesel édvines digdiye agidegoaktidchat air from

t he outdoor a It 0, .L: esired space air condition. ASHRAE
has defined t epglgéﬁeg?thg%eg%\rgégtﬂlgeodﬁégﬁg a building to be between 73 F and 78

F t enper at ur e[Wht koot siBOSEcalspthraneetdpdideting for the sEEengefHiprof amli r to 71
gr/lb of air. rkd i j i anticularly suited to
treat hot ands}lﬁ&rgri egf}gc?u{lgé %Jﬁgﬁs%&gﬁ%gét&e‘?]\r%%ﬁgrﬁlﬂe}ﬁgy%?lgt éssagd ot her hot and
hum d cl i mat edeminghmaitsddsainganmligd i threvapmiternoil hpsa tepprdittrie ohgborangi ng from

60F to 105F 093°mﬁ@htﬂﬁ§§q@aﬂ@6f§tﬁ>6{ﬁ@O@?ﬂﬁ.eﬂﬁcr%av% tHera]p%thQ'b()iLQ and deliver
the treated air to the Space tenperature, and at or bel ow the space

huni dity, genB¥saltemperaiirg pfabpyt §deanghunisiyratipalout 48 @9 Haen lsevingi sture | evel

of about 45 t geabRidint fhedlthhd: BAPGRETOMRMBEF LAMWBuAdE Micdter than those
proposed by ASHRAE can al so be achieved by this invention when design space
condi tions vaﬁvm??%ﬁﬂ%tated ASHRAE conditions. [0017] Enbodi nents of the
present invention also seek to provide such treatnent of outdoor, fresh,
anbient air very efficiently with | ower energy input than nost treatnents
systens currently avail abl e.




[ 0018] Enbodi nents of the present invention also seek to provide a system
that can provide varying capacity of dehum dification and cooling to react
to and overcone varying cooling and dehum dification |oads of the fresh or
out door supply air and/or the building itself [0019] Enbodi nents of the
present invention also seek to provide heating to the outdoor or fresh
supply air with the use of an energy recovery device during cold weat her
periods to |ower the heating input reguirement to heat air to the space
tenperature condition. Mire specifically, the systemutilizes exhaust air
with - 6 - heat transferred to fresh or outdoor supply air with an energy

recovery heajooeXahangs kS URShaRtibAdd dr doREFieasEsykBR wWHRIRIEs ur e and/ or
the humdity of the air prior to being heated ,@y heati ng device. Thus, a

t enper at ur e SASS-SHESH CRBdense rqeengigdeHeCIRENEEY WY cAbpP B e % a tenperature
of 50 F or h{ﬁ%ﬁém 3sthB @\ggg/chir. h@&kaﬁi&é&? ﬁ@ﬂﬁ)uﬁﬁnlbﬁﬁﬁbi@i sdpggf ap’riesgnt _
invention, there js provided a nethod for su ng.conditioned air to an
encl osur e coﬁﬁ??déh‘?@b hiEciet ‘gﬁ‘g erﬁz?lp%ﬁec%vgﬁo‘}%f' %ggr#f?}“é‘%‘é\%eg icgﬁtegai r stream
by: i) firstagDabd pgsct ieogiitieanbdliploya ainvesiona @N tebigarafion sstemeduced
tenperature i.n,an ener recovery device;..l1) then SSin .cool ed

anbi ent supppngVFgggﬁgéngﬁﬁ%ﬁbtﬁ%p?g:Fi5%?6%¥8§e%§§¥%ﬁ$%%%ﬁﬁﬁb coil to
reduce the t enperiatkm pasefd thriveghandsbierint divice supptlyit stdekmmitfiod. degetond reduced
tenmperature; _ij| f e (PR VAR coal.ed ranpbient supply
air strean1i%&g£%%%?§%§ﬁ¥&ﬁéH%%$§??ﬁ55¥yggﬁéé??%%%§%ﬁ§9#p) g%?%vering t he
thus cool ed amde with efmai blower (e sbrehasd passedthiong: aypthergaetioniobieng and usi ng
an exhaust alfy gy LARCIQM:ER ARG BSUbEuPH isthkardd 413 huhUBAAASE Digu t he
tenperature of the exhaust air stream by passyn% it through said energy
recovery devidgesteditp Shepmnphsess b thig sysren. @xpratrst 2laiticas fipedhs FVIGAId i ncreased
tenperature QUL RLSARIRRSRIen@Pldil Mim thb &th@fsiog efsaid HR isHed @A kO raise its
tenperature and decrease its relative h thereaf%er passi ng t he

6 um dity;, il%%t
heat ed exhaud regeperaiqnainfireamt Jig FFesL s igR AL FERrMIRPIH e g He desi ccant
dehumi di f i catdcapn dRNd &SictAt dQgeNRbRE end liemidigsd, etbhén dRwed e, thand | ower the
tenperature and i.ncrease the noisture content of the exhaust air stream
and iv) then®®%RTSing the exhaust air streamto the atnosphere. [0019b]
| n anot her as$@astFigire towresenthréomaendibgnn of the sestarsofFigwé Hed a net hod for
suppl yi ng condi tion ai r to an encl [ 0 I SI h ps of: a)
conditioning%%WméﬁH§%ﬁ§Ogﬁ?gg¥W%§ﬁ§8§&gﬁ%m f%g%ecgﬁgﬁ%gg%%%§anbient supply
ai r stream i theadin, érangide sagpdyar pitidby hase hmidigdupef abait t@rgyéy adur e and
noi sture con tol ) i : 1 ent. air through
a refrigerat%%ﬁmg?g%éﬁ%gggﬁiﬁ%ﬁ%o S&@%mgﬁg%ﬁg? ?g%ﬂ%%£gﬁgggéﬁg%}ature and
noi st ur e contheya hwefidithetiapisiber 34 a1/ and a tenpewiies erapHédTedddrtion; iii)

thereafter p §§;ing_gl%r5&% (RS0 SIRR s RhimiSley RALE HoRUGH® SaAMENt Of a
desi ccant dehumdification device to increase its tenperature and decrease

i ts noi st ur e ensrasHe of 4boyt 2 Aligepdsyieg thiyeh fe desrgantthedi'dds anbi ent air to
sai d encl oSULEmid@Rdaiid)of Shditibd @Neauskyp&andiol ki T29F andisushyligd & exhaust air
stream from an encl osure, by: i) first passing the exhaust air stream

t hrough sai d %r8#§y recovery device to increase its tenperature and

noi sture content, ii) then passing the exhaust air over a condenser coil in

said refrigeration system tmgmbﬁg}ﬁqm@%e whi |l e decreasing its

relative humdity, fift thereafter passingt us heated exhaust air

t hrough anot Het4bagemmradfio saiventigad ni cansiticelg uniansiae arrersdevi ce to
regenerate the desi A6ANEmARNLGRE AN JQURNn ot BIRGIALMSe.aNd | nCrease the
noi sture content of the exhaust air stream and | v%c@t hen exhaustjng the
exhaust air <fyasmsesip repiee FerhosgHdpe air to spply.thaf gig 4opaceiHRFHOFRaM aspect of

the present ipyeptdwOpacettigleyi Shehayiigatcaa: RENad if 10w esatppl yi ng condi ti oned
air to an enclosure conprising. the stg%s of ; azeﬁcondlt,l oni ng .an anbient air

ng | ;
havi ng a t en&rPgren- More meciicily~1edinisgs O B pfess! BEBHe" Fe5FI4%d a noi sture
content of bekdveqired Ondr® B NGRAIONG 7PBIas pakiActdly the bhef te¢tsiquauppl yi ng sai d
anbient air str, to an energy recovery device to reduce the tenperature
and noi st ure &Yriént of the ambient air stream ii) then passing the cool ed
and dried anbient air through a refrigeration systemcooling coil to
further reduce the tenperature and noi sture content of the ambient air to a
predeterm ned condition, thereafter passing the air through a segnent of a
desi ccant dehum dification device to increase its tenperature to a
predeterm ned tenperature range of about 70F to about 85F and decreasing
its noisture content to about 45 to 65 grains per pound, and iv) then
delivering the thus treated air to said enclosure; and b) sinultaneously
conditioning and using an exhaust air streamfrom an encl osure by: i)



[0019d] In a further aspect of the present invention, there is provided a
devi ce for supplying conditioned air to an encl osure conprising: neans for
recovering thernmal energy froman anbient supply air streamto cool the
supply air streamto a first reduced tenperature; a refrigeration system

i ncl udi ng an evaporator coil for receiving the supply air streamfromthe
thermal energy recovery neans to reduce the tenperature of the supply air
streamto a second reduced tenperaturs;, desiccant neans for dehum difying

t he cool ed anbi ent supply air streamfromthe evaporator coil; and neans
for delivering the thus cooled and dried air to an encl osure; said nmeans
for recoveri gisher sltioed engyicdnt bamcArecemibing nt endiodinghs @étie boemgnadapt ed to
recei ve and |Nereane NS SATRE A & RlwAll SXOAY ) hoifld 80 1 om an

encl osure; said Tetti'geration syatem including a condenser ~coi | for

recei vi ng t h&beotitatretiday ratig)) then manie @har $ahidqedsdyl ralpatigdarlyy coibleresder y neans
and raising i - r - - - i i ive humdity;
and said des?%:héglﬁftﬁﬂﬁgggﬁ#ﬁ ?ﬁ}%eﬁgﬁ%miﬁ: g%ﬁ%%%gﬁ%g?%%@%{ecr%gﬁson portion for
recei vi ng exHaustovii fover el isapdateishaeondes o rieyifc lpyer hupgdnepadiiiong: t he

desi ccant deyjge:maidof MNEEicRGnidiBod SIRELBLURE] ARFpbIGE BaHING 1b he moisture
content of the exhaust air stream %002043 I n_ accordance with one

embodi ment ofrovide lavwey amplyei humidityicpndims (deParinh §F EYDMITARE ides a means
for recoveri pgi@RRbAYd iERMEM8 Blafigi the Sloligaepilby passing the exhaust air
stream across_an energy recovery device such as an, ent hal py wheel. Fresh,
out door, anbi®¥A¢l Eephagimentsict the Pregel Yepto) &5° t‘hge%inl"fg?or"’%&?fg"a "fhe ener gy
recovery devinggly alh@d eBRRGIUTTBE 0ot vt sefting ehctonains rtseneqatigyn for om one ai r
streamto the other, without air t rri Cros he .device. This all ows
For cat educt Tderind s Bt Pt 4RO TS GRAR a6 SRkl PRABR BN 2 b i 1y
i n the suppl puikdixg twhebettvlea 7ahBiaahT8° Fandpdratan andabyar 98¢ rekfice nore hum d t han
the space copdition .t also allo iy ature and, in
sone devi ces,ﬂm{lﬁ%ty f}lhscslr%%bs%fsa(l)rfto ht%%\”%i‘)f%‘ih%&?%ééﬁgﬁhgg’?%eﬂéﬁ%%ﬁ{t he anbi ent
condi tion i spattdsty sandl tdtyehot dnd hunideirspesoukmasem ilpded foepaid | n
accordance w : Eﬂ??&h I; Wl i nvention
utilizes a 08%1%}?1039%0| 1‘?0 ov%erg{r%%%g&ﬁgﬁ%gﬁig;éﬁlrgigh%dm%%ﬁ?%?%ﬁ{g‘ t he supply
air before stippl6irhty 106°h @ nopeand paesstyre cowiere Af 10to i1 80 grdpanddstiverA desi ccant
dehum di i callQR.de¥k &and Hate t%}ﬁérét&{é‘,sanﬂ%@(ﬁtbe@Fth@s?am_Fnicfi{ypm_ a _
refrigeration systemprovides additional dehumdification while increasing
the tenper at sty it the raagnef odi’P T tadeitiand Agortgsicr gl 8% Neair is an
option to pr@M&@?l%ﬂm&%mw%m&ﬁ&ﬂhﬂhﬂmﬁﬁﬁmﬁgmﬁ&&uﬁaﬁpﬁb@&ﬁ%ﬂe i nterna

bui l ding sensible [oad if d Sié@%' i%0022 Syst ens accordidr.][g) t o _enbodi nment s
of the presentHRNEHEAEA aidEvekhydhs GVERion™PEn fHEDSRIEGAYE™ Y hat has

passed t hr oughmanu&NESHIYAF eqditeriyy device to provide the reactivation air

source for t i.ccant dehum di fication, cycle. A.condenser Ll froma
convent i onal %éﬂ?’ﬁ@%ﬁ?ﬁngﬁ?%é’feﬁﬂt fnsverﬂﬁnla%sgéﬁl(ﬁoop "PRET Sélﬁggeat%ﬁ%n%tg 1(Parrper ature
of the exhausttdairsfrahdubivenaipassecithiysviti lowtrenoygghpatiioinerst segnent of t he

desi ccant deyice to provi tion of the desiccant device. The
. 1§ d&ghat ' on. . ( .
exhaust air }s/“%rélg%s ?}Etegl\égﬁgeé‘{g%% %Lm dified during this regeneration
process and 018hEmbadinantshe thipapssed intvhntougho arsk adpipvidonsisteedhdenser coil to
recel ve addl bl ON@laRE8ka el PRIEH ARG ElofihOBTAL! BInPYRIBR. An
evapor at e co%h ngv _\/?cCa acﬁ a_so_lgle a{? ed prol of’%%to t he second condenser
coil to | owerawhe cedivagsd deimidifreiden lagflsohde fedon@uidordarmdesr @9ar - 7 - to
improve the pefinhggr aldon systems efficiency and/or increase the capacity
of the heat rejection of the condenser, ) ,

[06019] Embodiments of the present invention also seek to provide heating to the

outdoor or fresh supply air with the use of an energy recovery device during cold

weather periods to lower the heating input requirement to heat air to the space

temperature condition. More specifically, the system utilizes exhaust air with



[ 0023] The above, and other objects, features and advantages of the present
i nvention will be apparent in the follow ng detail ed description of
illustrative enbodi nents thereof which is to be read in connection with the
acconpanyi ng draw ngs, wherein: BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024]
Figure 1 is a schematic diagramof a conventional prior art energy recovery
air conditioning or ventilator, using a DX cooling and condenser reheat
system [0025] Figure 2 is a psychroﬁ@iric chart describing the effects of
t he conponents of the systemon the supply air stream of the system shown

in Figure 1, LQO20JeFl Wh&n3r bifidddr SEREMRL it M AGL AP erPhell dx@andirlo

condenser reactivated desiccant system [0027] Frgure 4 is a psychronetric
chart descri bibigntifly efreaseths tegporptiee Ylor Bmbeoys Rbie gir pronttpbeiagfssied air

stream of theyg¥skRIUSRMIsN: EingbthBredis sic@@28l° Flu@uli@eedtsi @ SChematic
diagram of a prior art condenser reactivated desiccant system using an

ent hal py enerBRFoHEeEYerfaprave re} el i ysPaRiicf0029] Figure 6 is a
psychronet ri qo@bayh ogeseEd bi M@pledrar @ldna6d, $hetf is bRL1dSY & b€ ATP@PBMeS on t he
supply air stream shown in Figure 5;.%0 30 Figgre 7.is a schematic view of
an air condi CPEHIMEY &% GO PARYBTGMRY S 1o 1E HEPTH e MG BPE AL FBRE 2H031]
Figure 8 is atrpsyehidiatcboldhgchamibishomwplygirtsheanefofaetttsedntedibepeecanpanant s on
the supply air strean1h%vth 032 ure 9 is a

- energy recove LG %gt Shg n]%"c‘:“ lie Fti)ignltl ‘& ? a'r[s redr; i]h[r Ell g

psychr omet ri C"ERAFECSHOW G TP HED BFP B {E <8¢ ?ﬁ% &8 BN Eh W HE &x haust

ai r stream i neftibgatysyeom sdodwncaiito Fedgo the Emperature of the ambient air supply stream
to a second reduced temperature; 1ii) thereafter dehumidifying the thus cooled ambient
supply air stream in a desiccant dehumidification device; and 1v) delivering the thus cooled
and dried air to an enclosure; while b) conditioning and using an exhaust air stream from an
enciosure by: i) first increasing the temperature of the exhaust air stream by passing it
through said energy recovery device, ii) then passing the exhaust air stream at said
increased temperature over a condenser coil of the refrigeration system to raise its
terperature and decrease its relative humidity; iii) thereafter passing the heated exhaust air
stream through a regeneration portion of the desiccant dehumidification device to
regenerate the desiceant device, and lower the temperature and increase the moisture
content of the exhaust air stream; and iv) then exhausting the exhaust air stream to the
atmosphere.
[0019b] In another aspect of the present invention, there is provided a method for
supplying conditioned air fo an enclosure comprising the steps of! a) condifioning an ambient
air stream by: 1) first cooling the ambient supply air stream in an energy recovery device to
reduce its temperature and moisture content; ii) then passing the cooled and dried ambient air
through a refrigeration system cooling coil to further reduce the temperature and moisture
content of the ambient air to a predetermined condition; iit) thereafier passing the ambient
supply air stream through a segment of a desiccant dehumidification device to increase its
temperature and decrease its moisture content; iv) then delivering the thus treated ambient
air to said enclosure; and b) sinitaneously conditioning and using an exhaust air stream from
an enclosure, by: i) first passing the exhaust air stream through said energy recovery device
to increase its {femperature and moisture content, i) then passing the exhaust air over a
condenser coil in said refrigeration sysiem o raise its temperature while decreasing its relative
humidity, i) thereafter passing the thus heated exhaust air through another segment of said
desiccant dehumidification device to regenerate the desiccant device and lower the
temperature and increase the moisture contertt of the exhaust air stream; and iv) then

exhausting the exhaust air stream to the atmosphere.



[0033] Figure 10 is a schematic illustration of a second enbodi ment of the
present invention; [0034] Figure 11 is a psychronetric chart show ng the
effects of the conponents on the exhaust air streamin the system shown in
Figure 10; - 8 - 100351 Figure 12 is a schematic illustration of a third
enbodi ment of the invention; [0036J Figure 13 is a schematic illustration
of a fourth enbodinent of the inventi & 10037] Figure 14 is a schematic
illustration of a fifth enbodi ment of the invention; [0038] Figure 15 is a

schemati c ilhgﬁh{g;iog of a %% th enbodi men

another aspect of the present invention, tthm%fis ;g:fg\%ded a method for
supplying conditioned air to an enclosure comprising the steps of: a) conditioning an
ambient air having a temperature in the range of about 60°F to about 105°F and a
moisture content of between 70 to 180 grains per pound by: i) first supplying said
ambient air siream {0 an energy recovery device to reduce the temperature and
moisture content of the ambient air stream, i1} then passing the cooled and dried
ambient air through a refrigeration system cooling coil to further reduce the
temperature and moisture content of the ambient air to a predetermined condition, 1i1)
thereafter passing the air through a segment of a desiccant dehumidification device to
increase its temperature to a predetermined temperature range of about 70°F to about
85°F and decreasing its moisture content to about 45 to 65 grains per pound, and iv)
then delivering the thus treated air to said enclosure; and b) simultaneously conditioning
and using an exhaust air stream from an enclosure by: 1) exhausting air from the
enclosure. ii) then first passing the exhausted air through said energy recovery device to
increase its temperature and moisture content, iii) thereafter passing the exhaust air
over a condenser coil in said refngeration system to raise its temperature while
decreasing its relative humidity, iv) then passing the thus heated exhaust air through
another segment of said desiccant dehumidification device to regenerate the desiccant
device and lower the temperature and increase the moisture content of the exhaust air
stream; and v) then exhausting the exhaunsted air stream to the atmosphere.
[0019d] In a further aspect of the present invention, there is provided a device for
supplying conditioned air to an enclosure comprising: means for recovering thermal
energy from an ambient supply air stream to cool the supply air stream to a first
reduced temperature; a refrigeration system including an evaporator coil for
receiving the supply air stream from the thermal energy recovery means to reduce
the temperature of the supply air stream to a second reduced temperature; desiccant
means for dehumidifying the cooled ambient supply air stream from the evaporator
¢oil; and means for delivering the thus cooled and dried air to an enclosure; said
means for recovering thermal energy from an ambient air stream being adapted to
receive and increase the temperature of an exhaust air stream from an enclosure;
said refrigeration system inciuding a condenser cotl for receiving the exhaust air

stream from said thermal energy recovery means and raising its temperature and



invention; [00391 Figure 16 is a schematic illustration of a seventh

enbodi nent of the invention; and [0040] Figure 17 is a schematic
illustration of an eighth enbodi mrent of the invention. DETAI LED DESCRI PTI ON
[0041] Referring nowto the drawing in detail and initially to Figure 7, an
air conditioning system 10 according to one enbodi nent of the invention is
illustrated in which a streamof anbient air 12 is treated to desired
tenperature and hum dity conditions for use in a room enclosure or space

14. In the illustrative enbodi nent q§ systemis used in areas where the
anbi ent outside air has a high tenperg ure and high humdity content or
rati o as descri bed above. Flgure 7 is a schematic drawing and it will be

under st ood b t hose. ski | th t hat, .t he scribed.a streans are
PRt e I TSV D ) S e SN
are not il | ustepatestion p0Afpr Rseisreexhiust & Fomeaid corfdlewhqoﬂcfurt door, anbi ent

supply air 12 ] N r recovery
dovt o 16, ThehBrfib! 8 (ARG e B A Uh RBERGRY (DN
ener gy recovepitugepiice of e epfpuglegettdped above, this device may be a

conventi onal 6@5@% a@&r&ﬂém }p%e\éﬁﬁ&hmg{t 0?@1’1@ %{velfltﬂfnnérpeflr J&ﬁ@iﬁo% hanger, such

as a heat pipe, exchange heat between the supply air stream 12 and an
exhaust air %@Wé@ﬁ$%®sﬁﬁﬁ%ﬁf@ﬂ@WW@Hﬁé@ﬁEﬂﬁomﬁﬁFﬁ@m%agﬁﬂﬁmﬁhk|ng a heat pipe

t he anbi ent ﬁds&ng"@hE ExaBst 60 HhRih Lrbks Qe deRUN N dvad sudhQ@43EnaHng cool ed and

dehum dified su air streamis then passed through the cooling or
evapor at or CB’F?E’?fWSBfO“QO@GW*é‘ﬁ‘F|S‘6%’<19}1 a“DXP?’Séqdqu@étP%lﬂ'geru fif" SBe which - 9 -

i ncludes a cepfas®osry dskice @h@‘aﬁéﬁgbeercomﬂmeuﬁaﬁsf&emegﬁfdm encand humidity.

The supply air then passe: t hrough. a. se esi.ccant device 26, such
25 . convent M B PESY Qiskt e POEaPs AGOBar Guise S SN ERhAL el - to

further redu&ﬂumbﬁnhumpﬁmn&aﬂ@hﬂgmmnkmeasmm@mmﬁﬁﬂﬁ@ﬂ@@nﬁﬂmmgmhAt this poi nt
the supply a 0 the desire HHFr ture in Shace 14 and is

equal to or %&W%%ﬁﬁ%%ga% @%ﬁwﬁ ﬁ?%“¥rw1ﬁxF%‘Pﬂ espmmcon

It also allows for the increase in temperature and, in some devmes, the increase of
humidity in the supply air when the ambient condition is colder and dryer than the
space condition.

[6021] In accordance with another embodiment of the invention, the system
invention utilizes a cooling coil to lower the temperature and humidity of the supply
air before supplying it to the space at which it is required. A desiccant
dehumidification device that utilizes reactivation heat from a refrigeration system
provides additional dehumidification while increasing the temperature of the supply
air. Additional cooling of the air is an option to provide lower temperature supply air
and overcome internal building sensible load if desired.

[8022] Systems according to embodiments of the present invention also seek to
utilize the exhaust air that has passed through an energy recovery device to provide
the reactivation air source for the desiccant dehomidification cycie. A condenser coil
from a conventional refrigeration system is utilized to increase the temperature of
the exhaust air and then passes this air through another segment of the desiccant
device to provide regeneration of the desiccant device. The exhaust air stream is
cooled and humidified during this regeneration process and allows it to be passed
through an additional condenser coil to receive additional heat rejected from the
refrigeration system. An evaporate cooling device can also be added prior to the

second condenser coil to lower the exhaust air entering the second condenser coil



[ 0044] When the supply air on | eaving desiccant wheel 26 has a humdity
ratio less than that desired in space 14 the supply air will provide

dehum dification capacity to the space to overcone internal |atent | oad.
The supplwyoanre/icam be directly supplied to the space arUThi3atespobsst or it
can be further cool ed using an optional cooling or evaporator coil 28

bet ween t he desiccant wheel and space .44 to provide cooling effect to the
space and overcone internal sensible |load. [0045] The exhaust air stream 18
is drawn fromthe space 14 with a fan or blower (not shown), and then
passed over amoirpeve gectitigmatido spfenaréfcgyicy adoy Beyagiehd capacipol tihe exhaust
air is heat ed ere Qteonoq,%cglpdsgrebed in section 13 and humdified as it
passes throug ection d then is passed t hrough a condenser coil 32 of
the refriger at[ﬁﬂ@ﬂ Thestbevn 21 diter ohientse feswres gl adenyprgeadfihearestiie exhaust air

| eavi ng conde entered and is
then utili zedﬂtﬁlgﬁtirog%’gkzer%#%rg%thmeﬂg?s“?%g! &5&%‘&\/\% é@%&%}?&pﬁgém ng the
exhaust air thmb@;@henés therpdmdich iste bt reohinFgnigttianhethdbsicceapinyidevi ce. The

exhaust air sty Iwhefeftol €d and humidified during this regeneration
process. The now ¢ool er exhaust air can then be used to pass over a second
condenser coil 36 in system?22 to recover still nore fromthe refrigeration

systemand then is rej ecBRlEH]DBS{I]HPmpm‘HEQ)RA\ON@Q As will be
appreciated b (o} n the ar ystem of the present invention
e P Fsee the SRAVEESS ¥ asfhuiale HBEPEbs R PO CHETK DT ont suppl y &1
stream and t ordcegensr @hditibing; desittaanisingad®sl codlihg iRl cahdefsansaiehtt 0 recover or
absorb heat fromthe refrigeration systemthrough the condensers 32 and/ or
36. This heat ¥g]ect| on potential of the exhaust air streamis increased by
t he evaporati mzi}obgmmgnm‘ﬁsmomwmdmm desiitdepthé eﬂf@g@lﬂeﬂéabmmem ocess. This
exhaust/ 1 egengt @l LAl LS dRaG RS AR O Qhud S5 Lhan Lhe supply
air streamin vo dedi'y 8y ayppr pri at rols. This is an

i nportant aspél@élaBigut Jiis mmatikd@gmmtoﬁapmqmaudemenar smaam&tdd tioni ng design
calls for posi gs c\% Systeﬁ].,o air pressure in a building. To obtain positive
air pressure, {res or outdoor supply air quantity must be equal to or
| ar ger than t[@z‘éxﬁawsﬂasannsy(qﬁmmqo}nan d601btlg the eftrces o8the sysenpsychromet ri ¢
chart which sg&\(}% %p nvention illustrated
in Figure 7 on t gédékﬁcn%fé&gﬂslyglfgs%%g‘rﬁl gshg‘ggfmt%g&e:}n the effects are
simlar to th&%sla%mreéwschpmaﬁ@dlssrﬁ@pfa?mor@éw@énmreﬂng@rp% 5, al though the
present Invenaés%ean@wsfamsﬁ]ganEﬁa@aweﬁéeg?ree&eeipr@.ﬁe&@lsht%ps@éa@l cooling coil 28
for treating the supply air stream af it I'eaves the desiccant wheel 26.
However, unl i K@28InEeys §ifragpsprhegmstrisphpt desgritingdhy effosts ehthe svslemecapt ur es heat

wasted in thec&magﬁstonqhgsu&g;pg@meg& shfiéh iFIFSaFSs; 5 system Thus, the exhaust
air stream | eavi ng%space 14 and entering segnent 30 of enthal py wheel 16

has a tenper aldi?¥ Geurapsgschemptiarig™ F Mak Qrdfonng Y58 RCRER 64 grub, on
| eavi ng the enkhakdpyinwiael;, it has a tenperature of about 83F and a humdity

rati o of 80 t pa s throu the ¢ ens coil 32 the exhaust
air stream abé{{#ﬁsﬁg‘ﬁﬁk ﬁé‘é’ﬁyﬂ?‘é‘i"é’gfcé’ '?%Wi“tgﬁ}é‘“’g%i’tls Oébe?WnWFen it |eaves
thhe coil and &ﬂﬂ;@é@%ﬂyhﬁ‘Sﬁ@gﬂlﬂg{e@&ﬁgﬂawgiﬁﬁ@u@{ of theSSeS}fganth\heel it
as a tenpera apout 108F an idity ratio r . After
passing thr ougﬂgﬁhﬁg‘ﬂ% PEPA™ g&l“@ﬁ%ﬁﬁ‘ﬁ@é’%ﬁﬁ"ﬁg? BHt%ering the
condenser coi tn 6eihbgst sixiewatin At sysehi hown MdSguge Tenper at ure of about 80F and

a humdity rat,j . about 122 gr/lb. When pass t.hr ou condenser coil 36
it absorbs he&'ltﬁ%f}gjii‘%“éf g@sﬁﬁc eﬁ’%‘fc Ihgﬁtrlamé’r?gas‘fcgn ‘3’%}5} ‘%Eherl ses to about

108F or nore me%ohewﬁéﬁmg di schar ged to t he atnnsphere [0048] Figure 10
illustrates a . enbo. of th pvent i ure 7 and the
samne referenc@ﬁ%ﬁﬁéggTs %? ué@ﬁm?mc ?W?§ ﬁi mecmn é% i s enbodi nent
an evaporative*@aommngﬁd@mmcaa@8ﬁw®maﬂdedMmameﬁh de5|ccant mheel 26 and

t he second condenser coil 36 in the exhaust air stream The evaporative
cool ing device may be of conventional construction using, for exanple,
cross corrugated sheet materials of known construction through which a
supply of water is passed cross or countercurrent to the air steamto cool
the air stream This additional evaporative cooling of the exhaust air
stream further lowers its tenperature. The exhaust stream at that | ower
tenperature has additional heat rejection capacity when it enters condenser
coil 36 and thus allows for lower and nore efficient condenser tenperatures
and | ower refrigerant head pressure.



[0049] Figure Ills a psychrometric chart showing the effects of the
invention as illustrated in Figure 10. As a result of the use of the
evaporati ve cooling device added between the desiccant wheel 26 and second
condenserwdgotdnezeexhaust air streamtenperature is redwrad2figmidosy to about
77F and its humdity ratio increased to about 130 gr/lb to provide

addi tional cooling and | ower tenperatuge upon entering the second
condenser. [0050] The present invention provides significant advantages
over prior art. The use of a single air streamfor exhaust, regeneration
and condenser [$38} Figaicd2 is aonhamiagnilfustcaing bfja thiodenisdinet efgbii red f an

hor sepower (fq!?]ve%\gi ng various air streans) to acconplish these three
tasks. While the system does require increased total static pressure to
over cone t he d¥BpeFagme 1heaschaneharilyeration ofreforntt abbodimenl ghel s substantial ly
reduced. As fq,;yeﬁﬁ)y}er is proportional to the square of the static pressure
and the cube of the airflow, reduced airflowis a nore inportant factor in
reduci ng fan p¥ider Figergdt iserpehrmptic flpgsuion of afifthduribofiognt affie use of a single
air streamto;pLQwhde these functions also provides |ower humdity levels
to the desiccant wheel for the reactivation process. Building exhaust air
is taken from!®G8] Eigwieds ista sshsanatic Hiynragre 9f a sixth eadingpseel thhr ough an ener gy
recovery devi G@entibli S device either does not increase its humdity (when
using a sensible heat recovery device) or it increases it sone proportion
bet ween t he od¥BloFiewsAs st sehemgHe upEtiphefoorvabrfabeiisrnipdded on t he

ef ficiency of ideRicgndnbal py recovery device. In either case the humdity

| eavi ng the ener recaovery devLc% and entering the desiccant wheel is

| ower t han thiﬁ(’&gﬁ/ﬁ@wIEEWIEWH?‘}PFF@“%?&%@FW rebimEHe B haust air is at
t he sane tenpefatshe regardl ess of humdity. The tenperature is determ ned
by the exhaust recovery process where tenperature exchange i s independent
of humdity | evel and the added condenser heat, agai n independent of

hum dity. As the desiccant whddlTAAEER IESCRIPEDSt i ve humi dity exchanger, a
| ower hum dit nglLd 00, | kSt oW LR .M nper at ure
provi des a | oa%e(rmr g%%#igggdﬁhﬁ%&deﬁ%@]? - %‘Lﬁ%ﬂ%hpgg\gﬁoﬁ‘%ﬂ%@g% %ﬁi nthe air

gi ves t he desicenddisning exsicrel 0 agerdingiocne aiprdinmant efHhomydntienisanced

regener ation. 0053 whidh b BRamAFUABEAGES 2 o rdll§ 1] RUARLLRR-AYEr the prior
art are related to the refrigeration cycle condenser heat rejection
capacity and ghpeydp sprditians iy afrsie e room, gpclosuigenspapg sk bter ej ected to the

at nosphere. Thgst@AMPSHRkIR: B sidkdn RMBAUS hred Wheid hEMMid olillge BF €SENt
invention is |ower than the anbient tenperature. Just as wwth the humdity

rel ationshi p, MfdighipmBReEurg pid high Rugldity cPRighor o apdseeibahabavein t hr ough an
ener gy recoveFryufeMi £&herhdtis diaMREMALUNIR bt SndeREHE B BFseakil@Bhd racti on of
the di fference het n fhe space tenperature and the outdoor tenperature.
The | eaving t ?tggfﬁs‘é‘bi{alégre%ﬁ%’etc@%’ét}dé’f prrEerrigiidictrbieréhe out door

anbi ent. Thi smprawiigeppiopadRReivhich arehbt iGhstbide airflow rate required to
reject the hegt fromthe con ser coil to the air, streamis reduced due to
i tjs | ower ten%@f‘%]t RSN ‘&“FF%‘F@@P‘& OO&iaf“?’?Pbﬁ‘fan B’éﬁ\égﬁsf‘ﬁa’r‘ﬁé@dr ef ri ger ant

t enper at ur e ettr@izh Agectidrel 3adag enssrernély thgeedisl Theapeeatied mdent ering the
condenser. The .red d air flow regquirement also,l rs.the fan horsepower
requi r enent . ??hu%d%f%g aﬁ%ggf?séﬁﬂu%% ent & ﬁ‘??f“(?&’é%vfcﬁ?%\ﬁ‘és ?i%‘(ﬁ’%d air flow
requi renent dessedidgedtvabenme be 4 conaddiohd! engting leethdipywehecbmtodier fognai r
tenperature to.the condenser allows for | over refrigeration tenperature

| eavi ng tlhe c%%hégtﬁ%ra;:igﬁrt GI\:}:haéi}?&tig’\‘ﬁgfaﬁg%&bﬁ%ﬁé{;ﬁ%‘%&z&%‘r‘t he heaf[JIh
pressure | owestspmtlhen stGir s ewic Do sgss 0. ca gng ai se the

N th & Loer bouRrd hOSRAGE skl FERBEH oo el ST Crent of the
present art i B0¢Heltalspdied and defdhradifiedivepip yir ofeatmhiethexprasedtthravgh tist ream t o
reject nore hegag;.d jV oling effect of
t he desi ccant & Hée‘f} "F%&@Zg‘?ﬂ%" %%@%ﬁ?ﬁﬁleﬂggeﬁ%?%9gﬁéi§hgg§gt ure that
allows the sane air streamto performnore heat rejection. This again
reduces total airflow and provides reduced fan horsepower. The addition of
an evaporative cooling device before this second condenser further |owers
that tenperature to provide the sanme efficiency for the second condenser as
di scussed above for the first condenser. It gives the second condenser the
ability to reject nore heat to a smaller air streamand save fan power. It

al so lowers the tenperature and reduces head pressure in the refrigerant
circuit reduci ng conpressor power.



[0054] In addition to the above further efficiencies can be achi eved when a
desi ccant wheel is used as the desiccant device 26 since the speed of
rotation of the wheel can be controlled to i ncrease or decrease heating and
dehum di fwoabésamsto control supply air steamtenperat woa/mnehohsswgdity. -
13 - 100551 Figures 12-14 illustrate other enbodinments of the invention as
shown in Figure 10, again using the sage reference nunerals for
corresponding parts. In each enbodi nent one or nore air stream bypasses are
provi ded using conventional duct work, baffles and controls to selectively
bypass a port iinrudef a amerasor bhttdﬂﬁm‘hertrbtﬁlcaitg‘tempe’rﬁazﬁﬁncﬂhﬁmumdz tthe desi ccant

wheel . [0056J F ur.e. 12 il ] ustrates e.u ss 42 to direct a
portion of t hé '%ngpalf thenap st e ﬁaa around ff‘ %em&ae'ﬁg?ﬁl%%i %’313 #%6n section of
desi ccant vvhee:lonvzsmonﬁxnsﬂﬁi]:oaﬁdgetatmgjcarrugakedsiw@aﬂsvhwao lﬂs‘&ieﬂfedﬁche bypass 42

along with a I |r stream
around t he regéeéﬁ@?gft?%ﬂ%g%%sgﬁHg%%g)gmﬁlﬁegq%gg%éltét%e S\ﬁ'ﬁp 1"]S[a (658] Figure 14
sinmply il ust e tavssid éengferatineinspavg |1 € abslip apsl id4r blovt the dessgéner at i on
section 34 of | gﬂl?d: %?t!h&t% L wheel . [0059] Providing one or nore such
bypasses aroun esli cc t wheel allows for several advantages. Modul ating

t he bypass on [@#4¢hé&yhen e sepppipainondeavinggesieseaitwhesl 26 ihakes lpadifydeis capaci ty

modul ati on of i he.Hes t I n addition,
the pressure drsop t&%ﬁat&l@%&gg{ﬁt&%@g %égﬁp@gxg%e?éﬁﬁf gﬂrﬂglnng tinmes when

dehumi di fi cat |°§ﬁ‘°i‘53§t0 RstsPEce HuIviesame gtdrehiangt et The durpbikifcan bpower
requirements @ngctsr@ﬁ;g,n@&%wss&& apcaarp@m o ca'ntbe ﬂm@f c@&le@\\.géngfaﬂr greater

flexibility in unit design, provid ﬂ)theal for t unit to supply
nore air than OP%@aH@ghftﬂd’éﬁ‘faP%@éFm e@(@é’bﬁ'ﬁé%ﬁ%@* Wil andrgpeseilBi 1 ity can

| ower the coste &Bvrﬁé"@aoﬁ%fﬁ@t’%\Ehe%ﬁhc@ﬁ‘sﬁiov@:@@:ﬁé ntefnat@hlibIP &Jafl OF MANCE
requi rements. 0060 gure 15 i s anot her enbodi nent of the invention as

shown in Fi gui®43b’ %ﬁ‘g?‘ﬁtwspﬁa’%ﬂﬁisldﬁwm &e prRientd Y0Pt h t he same
ref erence numtoaJeS(noe[sQQm;] ankd mheh@hﬁe&map&iiomemecﬁdﬂ%e CORERRTRoPerd  OM

IR CRIM CRE e L MENN TR S S
evaporati ve chomhidifgdhetpiska o sedibnBs arfdanennmﬁers@asiﬁalg@fafcbﬁe@saﬁy wi t hout
the need for 1b<$2 Li‘%bewg%ier 'tio-|r_1hsi s%en\'{\.ﬁi 1':0 incrga(s?e gsctgxlneevra?turle O)Pﬁe exYa\g[ste arzr usage costs
and | ower inst8l tatiGH CEEH " Y p

leaving condenser 32 is at a higher temperature than when if entered and is then

utilized to regenerate the desiccant of wheel 26 by passing the exhaust air through

a separate section 34 of the desiccant device. The exhaust air stream is cooled

and humidified during this regeneration process. The now cooler exhaust air can

then be used to pass over a second condenser coil 36 in system 22 to recover still

more from the refrigeration system and then is rejected to the atmosphere.

[6046] As will be appreciated by those skilled in the art the system of the present

invention ufilizes the exhaust air stream to recover heat from the ambient supply

air stream and to regenerate the desiccant wheel. It is also used to recover or

absorb heat from the refrigeration system through the condensers 32 and/or 36.

This heat rejection potential of the exhaust air stream is increased by the

evaporative cooling effect in the desiccant regeneration process. This

exhaust/regeneration air stream 18 can be equal to or less than the supply air

stream in volume, as desired, using appropriate controls. This is an important

aspect as it is well known that prudent air conditioning design calls for positive



[0062] Figure 16 is yet another variant on the invention as descri bed above
Wth respect to Figure 7. In this enbodi nent the configuration of the duct

work relative to the desiccant wheel is rearranged so that the

anbi ent / s&pphyw/azmo stream fl ows through the desi ccant patraskooomszasgdi recti on

opposite to the flow of the - 14 - exhaust/regeneration air streamrather

than in the same direction shown in Figure 7. This counter flow arrangenent
provides greater desiccant performance for greater efficiency. The physical
| ayout of this arrangenent is nore difficult to build than the other

enbodi nment s aradpps@stuea‘lh|aabxlicyng\1\malodtarnqmsmwealméseureaﬁdfresﬁ\bnl oudddber previ ous
i ndi cat ed enbodi nts can al so be added to this

enbodi nent tos‘bprporv A nﬁ(}m%%? F%‘ﬁlemgﬁ&rg\‘}”}"i"gtﬁ? 8%&”55?” 48"y esent i nventi on.
[ 0063] Al t houg#®4l’] Figster8as a pagcleorhadd dfmﬂtv\&tnabfshctvhehqoa”f‘&mthel nventi on have been

descri bed her %%ﬁ?wgﬁtpo{tgg ?\rfe%ﬂgn 1!]&?91’21%6'3 CCO ?O t{;}% de{:la%\l%%rﬁZ% Is to be

under st ood t ha e p enbodi nent s,
but that vari dussemhmﬂieaﬁ@tsrmmlarmuhcmswlumdbe:hepricetattéelvxd:emére| n by t hose

skilled in th %}%G%L_’tk %%% gérelﬁgorf 4l GJP IR on BF ar?zi%ld friobatOf LI S
i nventi on. g%hAT I J i'%ltlr 1? or supplyi ng conél tioned air
to an encl osureclisengl isionipatingthe supphky abfstreas) afionidiceves tiendgsienantanbi ent  ai r
stream by. wheel 26. However, unlike the Figure 5 system the present invention recaptures

heat wasted in the exhaust air stream of the Figure 5 system. Thus, the exhaust

air stream leaving space 14 and entering segment 30 of enthalpy wheel 16 has a

temperature of about 72°F and a humidity ratio of about 64 gr/ib, on leaving the

enthalpy wheel it has a temperature of about §3°F and a humidity ratio of §0

gr/ib. As it passes through the condenser coil 32 the exhaust air stream absorbs

the heat rejected from the coil so that when it leaves the coil and enters the

regeneration segment 34 of the desiccant wheel it has a temperature of about

108°F and humidity ratio of 80gr/Ib. After passing through the desiccant wheel

ségment 34 and before entering the condenser coil 36 the exhaust air stream has a

temperature of about 80°F and a humidity ratio of about 122 gr/lb. When passing

through condenser coil 36 it absorbs heat rejected by that coil and its temperature

rises to about 108°F or more before being discharged to the atmosphere,

[0048] Figure 10 illustrates another embodiment of the invention shown in

Figure 7 and the same reference numerals are used to identify like parts, In this

embodiment an evaporative cooling device 38 is added between desiccant wheel

26 and the second condenser coil 36 in the exhaust air stream. The evaporative

cooling device may be of conventional construction using, for example, cross

corrugated sheet materials of known construction through which a supply of

water is passed cross or countercurrent to the air steam to cool the air stream.

This additional evaporative cooling of the exhaust air stream further lowers its

temperature. The exhaust stream at that lower temperature has additional heat

rejection capacity when it enters condenser coil 36 and thus allows for lower and

more efficient condenser temperatures and lower refrigerant head pressure,



I)first cooling the anbient supply air streamto a first
tenperature in an energy recovery device; then passing the cool ed anbi ent
supply air streamthrough a refrigeration systemcooling coil to reduce the
t enper at uwe zode/ibv@o anbi ent air supply streamto a secead/ysaRdueSoss
tenperature; iii) thereafter dehum difying the thus cool ed anbi ent supply
and iv) delivering the
thus cooled and dried air to an enclosure whi | e b)conditioning and using

air streamin a desiccant dehun1d|f|cag|on devi ce;

an exhaust air streamfroman encl osure by: i)first

r educed

i ncreasing the

t enper at ur e off6d4ble Figsled li it 2 @ichrtetraiimio jhopagshafterts of the Dughiosad d ener gy
recovery devi %ﬁistr&tgﬁn Iy Cgé]resl' n%stapesu Xﬁﬁ”@s% 0 ?1? Fvsatg{;rg? mcﬁéiw

tenperature over a conaenser COl e re

heat ed exhaust, air elﬁﬁgé’rﬁ&g'is D4 QU0 R Eoegﬁﬁk%@f; i nts

dehum di fi cation ce to regenerate e de

Bfl) 18 e%l%u

gld i ncr eased
teHito raise its

t enper at ur e ardied éemveaghe desscanewiat] Aoeank werbaki d;Oyldean’néﬁ ﬂmfekimnstp‘as sing the
of the desiccant

and | ower the

t enper at ur e aifgraased teabot 3t3herfﬂﬂw Bipuﬁeaddﬂwnémoolmg atchiewentbrapestturai r st r eam

and

upon entering the second condenser.

[6050] The present invention provides significant advantages over prior art. The
use of a single air stream for exhaust, regeneration and condenser heat rejection
significantly lowers the required fan horsepower (for moving various air streams)
to accomplish these three tasks. While the system does require increased total
static pressure to overcome the different heat exchangers, the total airflow is
substantially reduced. As fan power is proportional to the square of the static
pressure and the cube of the airflow, reduced airflow is a more important factor in
reducing fan power requirements,

[6051] In addition, the use of a single air stream to provide these functions also
provides lower humidity levels to the desiccant wheel for the reactivation
process. Building exhaust air is taken from the space at space humidity. It then
goes through an energy recovery device. This device either does not increase its
humidity (when using a sensible heat recovery device) or it increases it some
proportion between the outdoor condition and the indoor condition based on the
efficiency of the enthalpy recovery device. In either case the humidity leaving
the energy recovery device and entering the desiccant wheel is lower than the
outdoor condition. The temperature of the exhaust air is at the same temperature
regardless of humidity. The temperature is determined by the exhaust recovery
process where temperature exchange is independent of humidity level and the
added condenser heat, again independent of humidity. As the desiccant wheel
acts as a relative humidity exchanger, a lower humidity condition in an air stream
with determined temperature provides a lower relative humidity. Thus the lower
humidity in the air gives the desiccant device increased capacity through
enhanced regeneration.

[0652] Further advantages of the invention over the prior art are related to the

refrigeration cycle condenser heat rejection capacity and temperature, Condenser



iv)then exhausting the exhaust air streamto the atnosphere. 2. The nethod
as defined in daim1l including the step of passing the exhaust air stream
fromthe desiccant device over a second condenser coil to further increase
its tenpewatumwaohef ore exhausting the exhaust air streamusmobd/3ost nosphere.
3. The method as defined in Caiml wherein said step of conditioning an
anbi ent air streamincludes the step of, reducing the noisture content of
the anbient air streamwhile 16 <cooling the anbient air streamto said
first reduced tenperature in said energy recovery device. 4. The nethod as
defined in C atambst\bh ediied 1Sk &nﬁt;ﬁ&eoﬁhmﬂﬁ&ﬁmﬁnﬁﬂﬁfﬂmﬁﬁm@iﬂgnt air stream
i ncludes the ste f. reducing the noisture content of t anbient air
stream while PAZ i"ﬁa‘eipfes?’ﬁf”& Ko eV @TaPiﬂEe@F’g’fq“Bﬁ‘?mB%?}F’ien (i 1. 5. The

nmet hod as def e cheibomidit@raiationshipe the iexhasa il isshiep fioh thodpadetan® Ainng thehexhaust
air streamingludes the step of reducjng the .noisture content of the
exhaust air strec %al\]/\ﬂ?efgé’ r?cr?g?%gesvimﬁgﬂf te’sn%%r NP TFSPE BePBE éa%'ggsi ng it over
a condenser cofthe diffemneedkivicgrethatpacricaysitemand e otfiler maiphadras descri bed in
any one of C aj -0 ] I rovi din i tignal
evgporative cg%fﬁﬁémgﬁﬁﬁ%%%gfﬁgﬁs %%?%§§$§&3%¥§% &%8%ﬁ$%gmé%§?ccant devi ce
and t he secondhigordnseo bemififs, Firdt theRirdomettheduind tdefctrthdled: from any one of

dainms 1-5 i ngludinget 09 (SheRR st {51afioRales i AR M@ AgRUM di T cation

device and sel ectivel y changing the speed of rotation of the desiccant
wheel devi ce ths grpdudifierencererwdesthersiigerantfroparatom entbrgngdhe copdanesam t o provi de

capacity cont e air temperature entering the condenser. The reduced air flow requirement
also lowers the fan horsepower requirement. It is to a certain extent included in
the reduced air flow requirement discussed above. In addition, the lower entering
air temperature to the condenser allows for a lower refrigeration temperature
leaving the condenser and provides a lower head pressure. As the head pressure
lowers, the amount of work the compressor must do to raise the pressure of the
refrigerant is reduced allowing the compressor to operate with a lower power
requirement,
[0053] Yet another enhancement of the present art is the ability and efficiency of
the exhaust air stream to reject more heat in the second condenser. The
evaporative cooling effect of the desiccant wheel lowers the temperature back to
a temperature that allows the same air stream to perform more heat rejection.
This again reduces total airflow and provides reduced fan horsepower. The
addition of an evaporative cooling device before this second condenser further
lowers that temperature to provide the same efficiency for the second condenser
as discussed above for the first condenser. It gives the second condenser the
ability to reject more heat to a smaller air stream and save fan power, It aiso
lowers the temperature and reduces head pressure in the refrigerant circuit
reducing compressor power,
[0054] In addition to the above further efficiencies can be achicved when a
desiccant wheel is used as the desiccant device 26 since the speed of rotation of
the wheel can be contrelled to increase or decrease heating and dehumidification

to control supply air steam temperature and humidity.



8. The method as described in any one of Cains 1-5 including the step of
sel ectively bypassing a portion of the supply air stream around the

desi ccant device to nodul ate the desiccant effect on the air stream 9.
The met hogloqhesamsicof C ains 1-5 including the step of peelgsiswvabas bypassi ng
a portion of the exhaust air stream around the desiccant device to nodul ate
t he desiccant effect on the air strea_rpé_ 10. The nethod of any of Cains
1-5 including the step of selectively bypassing a portion of both the
supply and exhaust air streans around the desiccant device to nodul ate the
desi ccant ef f guoSsjOFigirbel 28l 4ritlsstraie atier endbbdilnknit bethegiviaidn @f sholvainm 6 i ncl udi ng

the step of recov cond nsat e and I ng said
condensat o o S (LVARB SRS U6 AaPFIRGRIBUFRE P OSFPERd TP EvEpor at | ve
cool i ng ef f ectach ethBodiniéne ometr Ivwek @rssirdes Bypatyedart progudyd m;ﬁngCl ainms 1-5 including

through the dsaeRish? aBSRshy G20 PR s Rk B R8s K et i g capaci Ty
t o t he encl osuner both 8f th hie stresinb eduraishddesiceanbekel. N any of CI aims 1-5

| ncl udi ng thet[(ﬁ%@\%ig re !?I?‘ﬁl%listﬂlges?r? e Mgﬁﬂ& 42"‘1’8%%%;&}% o Streans through

sai d desiccan I'Ce in opposite directions od for suppl yi ng
condi ti oned abupplvairaicasrasbund tirealcmomipification gectipreofSiegpntofhee! 26.

[0057] Figure I3 illustrates the use of the bypass 42 along with a bypass 44
which bypasses a part of the exhaust air stream around the regeneration section
34 of the desiccant wheel.

[6658] Figure 14 simply illustrates the use of the single bypass 44 at the
regeneration section 34 of the desiccant wheel,

[6059] Providing one or more such bypasses around a desiccant wheel allows for
several advantages. Modulating the bypass on either the supply or regeneration
side provides capacity modulation of the desiccant effect on the supply air
stream. In addition, the pressure drop of the desiccant wheel can be avoided
during times when dehumidification is not required, allowing for reduced fan
power requirements and more efficient operation. It alsc allows for greater
flexibility in unit design, providing the ability for the unit to supply more air than
the desiccant wheel can accommodate. This flexibility can lower the cost of the
equipment to meet specific unit performance requirements.

[0060] Figure 15 is another embodiment of the invention as shown in Figure 10,
again with similar parts identified with the same reference numerals,

[6061] In this embodiment the condensate from evaporator coil 20 is recovered
in a sump 50 or the like and supplied to the evaporative cooler by a pump 352,
Recovering the condensate for evaporative cooling requirements allows for
increased efficiency without the need for make up water. This will also achieve
lower water usage costs and lower installation cost,

[6062] Figure 16 is yet another variant on the invention as described above with
respect to Figure 7. In this embodiment the configuration of the duct work
relative to the desiccant wheel is rearranged so that the ambient/supply air stream

flows through the desiccant wheel in a direction opposite to the flow of the



a) conditioning an anbient air streamby: i)first cooling the anbient
supply air streamin an energy recovery device to reduce its tenperature
and noi sture content: then passing the cooled and dried ambient air through
a refri gewatemwnosyst em cooling coil to further reducerChastempspst ure and
noi sture content of the anbient air to a predeterm ned condition,

t hereafter passing the anbient supply. @i.r streamthrough a segnment of a
desi ccant dehumidification device to increase its tenperature and decrease
its nmoisture content; iv)then delivering the thus treated anbient air to
sai d encl osur exhasstickbgeneration air ifjeawi rathérttizan érothe kameobredidnisbowmig Famd usi ng an
e o SRTLARNAD A BGbOSH b B idbired ot bl BERSRR: 1S eXnaUSL al
stream t hrough said energy recover devita t0 1 horease Trs enperature and
noi st ure cont erseter dffieencp aSisi piysicah Byen hbthisarraigemov dy mere dghaEnser coil in
said refriger gfﬂ%&&ﬁ‘an%@&ﬁépeﬁlgoc{iﬁxb}ﬁ?addtp%teﬁt?a’ﬁpWoﬁitd%q%irx\’moleec:og.egfleas' ng its

relative hum o _ _
other previous indicated embodiments shown in the other figures can also be

added to this embodiment to provide many options and variations of the present
invention,

[0063]) Although illustrative embodiments of the present invention have been
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.



iii)thereafter passing the thus heated exhaust air through another segnent
of said desiccant dehum dification device to regenerate the 18 desiccant
device and | ower the tenperature and increase the oisture content of the
exhaust air stream and then exhausting the exhaust air streamto the

at nosphere. 15. The nmethod as described in Caim14 including the step of
passi ng the exhaust air stream over a second condenser coil to further
increase its tenperature before exhausting the exhaust air streamto the

at nosphere. 16. The nmethod as describ in Caim114 including the step of
provi di ng addi ti onal evaporative cooli in the exhaust air stream between
t he desi ccant device and the second condenser coil. 17. The nethod as

descri bed WHAI & oLAMEDCISudi ng the steps of using a desiccant wheel
dehum di fication device and sel ectively changi ng the speed of rotation of

t he desic?ant mhe%h(ggyicelto nq%FLatg &Qe dgs'ccgn% eﬁfegiepq:t%? air
streamto pr ov P JBERAHRE FYRPLARR ritioneq gir topm SHQIGSIS FomPrizEg asRy Ofn o ai m
14 including the stamdRfonsRl BGhibieth virkirgassi:ng a portion of the supply air
stream around the desiccant device to nodul ate the desiccant effect on the
air stream i) first cooling the ambient supply air stream to a first reduced

temperature in an energy recovery device;

i) then passing the cooled ambient supply air stream through a
refrigeration system cooling coil to reduce the temperature of the .
ambient air supply stream to a second reduced temperature;

iiiy  thereafter dehumidifying the thus cooled ambient supply air stream in

L

a desiccant dehumidification device; and

iv)  delivering the thus cooled and dried air to an enclosure; while

b) conditioning and using an exhaust air stream from an enclosure by:

i) first increasing the temperature of the exhaust air stream by passing it
through said energy recovery device,

i1} then passing the exhaust air stream at said increased temperature over
a condenser coil of the refrigeration system to raise its temperature
and decrease its relative humidity; -

iii)  thereafter passing the heated exhaust air stream through a
regeneration portion of the desiccant dehumidification device to

regenerate the desiccant device, and lower the temperature and

B

increase the moisture content of the exhaust air stream; and

iv) then exhausting the exhaust air stream to the atmosphere.

2. The method as defined in Claim 1 including the step of passing the exhaust air
stream from the desiccant device ovér a second condenser coll to further increase its

temperature before exhausting the exhaust air stream to the atmosphere.

3. The method as defined in Claim 1 wherein said step of conditioning an ambient air

stream inciudes the step of reducing the moisture content of the ambient air stream while



19. The method of Caim 14 including the step of selectively bypassing a
portion of the exhaust air stream around the desiccant device to nodul ate
t he desiccant effect on the air stream 20. The nmethod of C aim 14

i ncluding the step of selectively bypassing a portion of both the supply
and exhaust air streanms around the desiccant device to nodul ate the

desi ccant effect on the air stream 21. The nethod of claim 14 including
the step of recovering condensate froma-cooling coil and punping said '
condensate to the evaporative cooling %vice to allow for evaporative
cooling effect. 19 - The nethod as described in daim 14 including
t he step ofooiingthedinrigenaeidistréamm &l sapbidist reduded terhgergturgph yaidienergf taovéry passes
t hrough t he .dehunidification desiccant device to provide cooling capacity
to the entfdSure. 73. The method as described in Caim 14 including the step
of passing said anbient and exhaust air streans through said desiccant

device in,opposite directions. JA et hod f.or suppl vi-ng.condi L. air to -
an encl osfir e Céh%??@?ﬂas%ﬂ@wgﬁééé“8ﬁfﬁ‘?%%ﬁﬁ|€? ﬁ?%g%@#%gﬁﬁ%ﬁﬁmgﬁgghaving
a tenper aktidath inblutifiehé avger eliuabotit nffture content of the ambient air stream while :

passing it through the refrigeration cooling coil.

5. The method as defined in Claim 1 wherein said step of conditioning the exhaust air
stream includes the step of reducing the moisture content of the exhaust air stream while

increasing its temperature before passing it over a condenser coil of a refrigeratiomn system.

6. The method as described in any one of Claims 1-5 including the step of providing
additional evaporative cooling in the exhaust air stream between the desiccant device and

the second condenser coil.

7. The method as described in any one of Claims 1-5 including the steps of using a
desiccant wheel dehumidification device and selectively changing the speed of rotation of

the desiccant wheel device to modulate the desiccant effect on the air stream to provide

capacity control.

8. The method as described in any one of Claims i-5 including the step of selectively
( bypassing a portion of the supply air stream around the desiccant device to modulate the

desiccant effect on the air stream.

9. The method of any of Claims 1-5 including the step of selectively bypassing a
portion of the exhaust air stream around the desiccant device to modulate the desiccant

effect on the air stream.

10.  The method of any of Clair_ﬁs 1-5 including the step of seiectively bypassing a

portion of both the supply and exhaust air streams around the desiccant device to modulate

the desiccant effect on the air stream.



to about 105F and a noi sture content of between 70 to 180 grains per pound
by: first supplying said anbient air streamto an energy recovery device to
reduce the tenperature and noi sture content of the ambient air stream then
passing the cool ed and dried anbient air through a refrigeration system
cooling coil to further reduce the tenperature and noisture content of the
anbient air to a predeternmined condition, thereafter passing the air

t hrough a segnent of a desiccant dehum dification device to increase its
tenperature to a predeterm ned tenperatyre ranee of about 70F to about 85F
and decreasing its noisture content to about 45 to 65 grains per pound. and
i v)then delf.verThgnéthed efuismt ¢ matudthgahe sttpobacaesng boslgnsate izord a cooling

b) si nul t anepus| y condi tj oni.n d.usin n exhaust air stre fr

encl osur eSHyand I%{m&%ﬁé{i ?W&e‘%la%q? ic?rﬁvfiﬁ(g%éﬁecﬁ% E’Eﬁ éﬁmce to BhOSHPLESTLAR
cooling effect.
12. The method as described in any of Claims 1-5 including the step of providing

additional cooling to the supply air after it passes through the desiccant dehumidification

device to provide cooling capacity to the enclosure.

13.  The method as described in any of Claims 1-5 including the step of passing said

ambient and exhaust air streams through said desiccant device in opposite directions.

14, A method for supplying conditioned air to an enclosure comprising the steps of:
a) conditioning an ambient air stream by: | '

i) first cooling the ambient supply air stream in an energy recovery
device to reduce its temperature and moisture content;

i) then passing the cooled and dried ambient air through a refrigeration
system cooling cotl to further reduce the temperature and moisture
content of the ambient air to a prcdetérmined condition,

ili)  thereafter passing the ambient supply air stream through a .segment of
a desiccant dehumidification device to increase its temperature and
decrease its moisture content;

iv) then delivering the thus treated ambient air to said enclosure; and-

b) simultaneousty conditioning and using an exhaust air stream from an
enclosure, by:

i) first passing the exhaust air stream through said energy recovery
device to increase its temperature and moisture content,

i) then passing the exhaust air over a condenser coil in said refrigeration
system to raise its temperature while decreasing its relative humidity,

iii)  thereafter passing the thus heated exhaust air through another

segment of said desiccant dehumidification device fo regeneraté the



ii) then first passing the exhausted air through said energy recovery
device to increase its tenperature and noi sture content. thereafter passing
t he exhaust air over a condenser coil in said refrigeration systemto raise
its tenperature while decreasing its relative humdity, 20 iv)then passing
the thus heated exhaust air through another segment of said desiccant

dehum dification device to regenerate the desiccant device and | ower the
tenperature and i ncrease the nDistureggontent of the exhaust air stream
and t hen exhausting the exhausted air Streamto the atnosphere. 25. The

met hod asiesiessr tibeéet dnd i@eri theleugheragire hie! Btepscohe pregirngonthe cddivaust ai r
stream over a second condenser coil to further increase its tenperature

bef ore the exhaust air‘?'w@kﬂéﬂ§?gba?% the atnosphere. 26. The nethod as

described in O ai m24 iRG 4dbigint bR shar: af speavicdhagnadgid¢.onal
evaporative cooling in the exhaust air stream between the desiccant device
and the second condenser coil. 27. The method as described in Caim?24

LOrLudl g L nep B 8RR.PL: URLAGG, deshocantuahesl. Janupibl Gatianudey) ce and

sel ective angi ng e spee rotation of I ccant device to
nmodul at esttdam desh swand cafdbret cahtotfhehaiincrsise gammpsrprevetiee edpagingy

control. 28. The nethod as des%ribed in Caim24 including the step of
sel ect i VEF FIRISEAISTHGTAC F5rA 8PS t he supply air stream around the

desi ccant device to nodul ate the desiccant effect on the air stream 29.
The nethod of Caim24 including the step of selectively bypassing a
portion of the exhaust air stream around the desiccant device to nodul ate
t he desi ¢gant Tef heGbd anddsbebeiih C3difmelanhcluding the step of providing additional

evaporative cooling in the exhaust air stream between the desiccant device and the second

condenser coil.

17. The method as described in Claim 14 inciuding the steps of using a desiccant wheel
dehumidification device and selectively changing the speed of rotation of the desiccant

wheel device to modulate the desiccant effect on the air stream to provide capacity control.

18. The method as described in Claim 14 including the step of selectively bypassing a
portion of the supply air stream around the desiccant device to modulate the desiccant effect

on the air stream.

16. The method of Claim 14 including the step of selectively bypassing a portion of the
exhaust air stream around the desiceant device to modulate the desicecant effect on the air

stream.

2¢.  The method of Claim 14 including the step of selectively bypassing a portion of both
the supply and exhaust air streams around the desiccant device 1o modulate the desiceant

effect on the air stream.

21.  The method of claim 14 including the step of recovering condensate from a cooling
coil and pumping said condensate to the evaporative cooling device to allow for evaporative

cooling effect.



30. The nethod of Caim24 including the step of selectively b i
portion of both the supply and exhaust air s?reans ar ound t%e éggfiéggta
device to nodul ate the desiccant effect on the air stream 21 31The nethod
of claim26 including the step of recovering condensate froma cooling coi
and punping said condensate to the evaporative cooling device to allow for
evaporative cooling effect. 32. The method as described in O aim24
including the step of providing additional cooling to the supply air after
it passes through the dehumdificatidf desiccant device to provide cooling

capacity,to the encl osu Sed in C Pigi=s ¢ 8% S8saTdrbegnt i@tam 24
i ncl udi ngt he %%%5%?5%%§%ﬁﬁ§*2afﬁggnbiéﬁ?gaﬁﬁ exha&g?ﬂaﬁfaif?eans t hr ough
sai d despgigant tdevpsie airfiepppsistethdiugh e dshemidifcanod dviig@nt &1 dppl yi ng
Fhor mal eI o APEH aRET TR y ai o cool the supply a7

_ -a ly air streamto I i
streamto a first reduced tenperatgrg; cool the supply air

71 The method as described in Claim 14 including the step of passing said ambient and

exhaust air streams through said desiccant device in opposite directions.

74, A method for supplying conditioned air to an enclosure comptising the steps of:
a) conditioning an ambient air having a temperature in the range of about 60°F
1o about 105°F and a moisture content of between 70 to 180 grains per pound by:

1) first supplying said ambient air stream (o an energy recovery device
to reduce the temperature and moisture content of the ambient air
stream,

i1} then passing the cooled and dried ambient air through a refrigeration
system cooling coil to further reduce the temperature and motsture
content of the ambient air 1o a predetermined condition.

1) thereafter passing the air through a segment of a desiceant
dehumidification device to increase its temperature to a
predetermined temperature range of about 70°F to about 85°F and
decreasing its moisture content to about 45 to 65 grains per pound.
and

v} then delivering the thus treated air to said enclosure: and

b) simultaneously conditioning and using an exhaust atr stream from an
enclosure by:

i) exhausting air from the enclosure, _

i) then first passing the exhausted air through said energy recovery
device to increase its temperature and moisture content,

iii) thereafter passing the exhaust air over a condenser coi} in said
refrigeration system 1o raise its temperature while decreasing its

relative humidity,



a refrigeration systemincluding an evaporator coil for receiving the
supply air streamfromthe thermal energy recovery neans to reduce the
tenperature of the supply air streamto a second reduced tenperature;

desi ccant nmeans for dehum di fying the cool ed anbient supply air streamfrom
t he evaporator coil; and means for delivering the thus cooled and dried air
to an encl osure; said neans for recovering thermal energy from an
anbi ent air stream being adapted to rggeive and increase the tenperature of
an exhaust air streamfroman enclosure: said refrigeration system
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35. The device as Q@fi n%%nieglhgsﬁﬁéq}é@xwu%ﬂéﬁia_ﬂ s5aif 1 Bt ateRpRdt.on system
i ncl udes a second condenser coil” for receiving the exhaust air stream from

t he desiccant dehum difying neans to further increase its tenperature. 36.
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exhausted to the atmosphere.

26.  The method as described in Claim 24 including the step of providing additional
evaporative cooling in the exhaust air stream between the desiccant device and the second

condenser coil.

27, The method as described in Claim 24 including the steps of using a desiccant wheel
dehumidification device and selectively changing the speed of rotation of the desiccant

device to modulate the desiccant effect on the air stream to provide capacity control.

28.  The method as described in Claim 24 including the step of selectively bypassing a
portion of the supply air stream around the desiccant device to modulate the desiccant effect

on the air stream.

79.  The method of Claim 24 including the step of selectively bypassing a portion of the
exhaust air stream around the desiccant device to modulate the desiceant effect on the air

stream.

30.  The method of Claim 24 including the step of selectively bypassing a portion of both
the supply and exhaust air streams around the desiccant device to modulate the desiccarnt

effect on the air stream.



37. The device as defined in C aim35 wherein said evaporator coil of the
refrigeration system condenses noisture in the supply air streamto reduce
t he nmoisture content of the anbient air stream 38. The device as defined
in Claim35 wherein said neans for recovering thermal energy increases the
noi sture content of the exhaust air streamwhile increasing its -
tenperature. 39. The device as defined in any one of Cains 35-38

i ncl udi ng evaporative cooling nmeans i n, t he exhaust air stream between the
desi ccant dehum di fyi ng neans and t he decond condenser coil. 40. The
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t he cooling effect.

32, The method as described in Claim 24 including the step of providing additional
cooling to the supply air after it passes through the dehumidification desiccant device to

provide cooling capacity to the enciosure.

33. The method as described in Claim 24 including the step of passing said ambient and

exhaust air streams through said desiccant device in opposite directions.

34. A device for suppiving conditioned air to an enclosure comprising:

means for recovering thermal energy from an ambtent supply air stream to cool the
supply air stream to a first reduced temperature: |

a refrigeration system inciuding an evaporator coil for receiving the supply air
stream from the thermal energy recovery means to reduce the temperature of the supply air
stream to a second reduced temperature;

desiccant means for dehumidifying the cooled ambient supply air stream from the
evaporator coil; and | '

means for delivering the thus cooled and dried atr to an enclosure:

said means for recovering thermal energy from an ambient air stream being adapted
to receive and increase the temperature of an exhaust air stream from an enclosure;

said refrigeration system including a condenser coil for receiving the exhaust air
stream from said thermal energy recovery means and raising its temperature and decreasing
its relative humidity: and

said desiccant dehumidifying means including a regeneration portion for receiving
exhaust air from said condenser coil for regenerating the desiccant device, and lowering the

temperature and increasing the moisture content of the exhaust air stream.



speed of rotation of the desiccant wheel device to nodul ate the desiccant
effect on the air streamto provide capacity control. 42. The device as
described in any one of Cainms 35-38 including neans for selectively
bypassing a portion of the supply air stream around the desiccant device to
nmodul ate the desiccant effect on the air stream 43.The device of any of

Cl ains 35-38 including neans for selectively bypassing a portion of the
exhaust air stream around the desiccant device to nodul ate the desiccant
effect on the air stream 44. The devi‘ce of any of O aims 35-38 including

means forisel ethd ¥et DYPRREIINT 1 AMPALADRAN Qfid BetiBerbieh SMRRB] McRBg £xhaust
air streans around the desiccant device to nodul ate the desiccant effect on
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condensate from,a, r&§9n§@hpe .punpi ng said condensate to the
evaporatlve coo |ng evice to allow for evaporative cooling effect. 46.

The device as described in any of O ains 35-38 including neans for
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desi ccanft dehu fication device 1o provi de cooling capacity to the
encl osur energy reduces the moisture content of the ambient air strearmn while cooling the ambient air

stream to said first reduced temperature.

37. The device as defined in Claim 33 wherein said evaporator coil of the refrigeration
system condenses moisture in the supply air stream to reduce the moisture content of the

ambient air stream.

38. The device as defined in Claim 35 wherein said means for recovering thermal
energy increases the motisture content of the exhaust air stream while increasing its

temperature.

39. The device as defined in any one of Claims 35-38 inciuding evaporative cooling
means in the exhaust air stream between the desiccant dehumidifying means and the second

condenser coil.

40.  The device as described in any one of Claims 35-38 wherein said desiccant

dehumidifying means is a desiccant wheel dehumidification device.

41.  The device as described in Claim 40 including means for selectively changing the
speed of rotation of the desiccant wheel device to modulate the desiccant effect on the air

stream to provide capacity control.

42, The device as described in any one of Claims 35-38 including means for selectively
bypassing a portion of the supply air strearn around the desiccant device to modulate the

desiccant effect on the air siream.
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43, The device of any of Claims 35-38 including means for selectively bypassing a
portion of the exhaust air stream around the desiccant device to modulate the desiccant

effect on the air stream.

44, The device of any of Claims 33-38 inciuding means for selectively bypassing a
portion of both the suppty and exhaust air streams around the desiccant device to modulate

the desiccant effect on the air stream.

45, The device of claim 39 including means for recovering condensate from a cooling
coil and pumping said condensate to the evaporative cooling device 10 allow for evaporative

cooling effect.

46, The device as described in any of Claims 35-38 including means for providing
additional cooiing to the supply air after it passes through the desiccant dehumidification

device to provide cooling capacity to the enclosure.



