| NDI RECT Al R CONDI TI ONI NG SYSTEM Thi s invention relates to an Qi@ 33
means and nmet hod of performng air conditioning processes on air which is . -
supplied_into a conditioned space , for exanple within a building, to

achi eve desired .climatic conditions within that space. BACKGROUND OF THE

| NVENTI ON" A r - c QNRIBEGTOMR GQNPIEIONING 8X§TEMsed, but is subject to a 10 I

number of disabilities in general. Mst air conditioning units which are in
uge enpl oy vapBhiscényretiponredarpache ant imprPyedf nearscardonethod

refrigeraggspedfdrnifigeaief bod@ieNbAiAgBEbEBSsb8akni 812 WHecHOis

at nosphere, agg haye a deletsnlous gffect on_t he ozoni Iaxe%, This matter

i s regar dBRPRLIES: ABER § SEPAIEICARG SPRBE- Af BT LEFATPLEKERTRER Bnit use of
CFC refriyeidding, Whenachpewe denpredschbimaystecovnditionsdvithinethadeal 20
of - energység'%equired to condition a space with sufficient control to

achi eve a ndition of tenperature and humidity within a so called "confort
zone" when the anbience is likely to change w thin w de ranges of"

t enper at UsgcRBROBND OFt ¥uE! ENOER@EORO reduce energy consunption, it is
comon practice to 25 recycle sone of the air fromthe conditioned

space, and in sone instances as nuch as 85%of that air is recycled. One of
the difficultizsrwbondibienhngnisdendélyedsed| buecys! edbgectlitooamed air is
b ai g mytpes Sk E8sdaiEiidae ncHPRERaEtnt am nati on Such as T or mal dehyde
and radon. _ o : : : '

Most air conditioning units which_are in use employ
vapour compression equipment with chlorofluorocarbon' '

et refrigerants, and these refrigerants sometimes leak into the
15 atmosphere, and have a deleterious effect on the ozone layer.

This matter is regarded as extremely serious and steps are

'being taken to limit use of CFC refrigerants.

When vapour compression systems are ﬁsed, a great deal
20 - of energy is required to condition a space with sufficient
control to achieve a condition of temperature and humidity
within a so called "comfort zbne"_when the ambience is likely
to change within wide ranges of temperature'and humidity. 1In
order to reduce energy consumption, it is common practice to .
© 25 recycle some of the air from the conditioned spaée, and in
some instances as much as 85% 6£ that air is recycled.

One of the difficulties which has been identified with
recycled conditioned air is contamination. Not only do
30 common germs spread throughout a building, but s -

|
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One of'the cbjects of this invention therefore is to 5 provi de an air
conditioning systemthat utilises exhaust air, which is air that is noved
froma conditioned space, to condition the supply air that is incomng to.

‘the conditioned space. This conditioning of the exhaust air, and heat;

transfer to the supply air is hereinafter referred to as 10 - "indi ect

ai r t BN ous! Bhemlc8hetbatafTRadiiBaN kucha ss 11d6hby

dehu Qggklcatp%nogf ﬁ méxhaust afr pri or touf%é%in I'rect co |t|on|ng of
the sBPBI Fa84PR-15 It is a still further object of this inventjon to provide
a system whi ch can ‘be powered with the use. of very nuch | ess. el ectrica
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condi prowvidg, anhadlr eppldgiondang exshangehatth&nldsn$|ewbausheaexhauSt air

- from anegRdigl gaedsfRECs, 3uGRat Babn' BOEBoina cBAa kARG Lhol voen Lhe

exhaust air e Ssu air hi' s exhaust i's eventually

d|schﬁ?ﬁ@ﬂtﬂenaFﬁﬁsEHBng BREnEhER 1R dBREMARG: kRcEber cOPERtAGNSE some of

the exypavet amhlsauohamﬂ&aﬁhbeofl?eher ekRguke kAe,pandr h%&‘t t he cl osest
sed L Aus Pat ent No.
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10 C}ganfxadaaect|avenbondﬁmnahdn@éscod) mhereih a plate type heat exchanger

15

In a'preferred embodiment the system utilises
dehumldlflcatlon of the exhaust air prior to the indlrect _
conditlonlng of the supply air: _ _ -’

It is a:still_further object of this inVention to _
provide a system which canfbe.powered with the use of very
‘much less electrical energy than is presently used in
‘standard vapour_compression refrigeration systems.

These objects are achieved_by-utilisinghindirect air
conditioning, which enploys'heat exchangers that condition
the exhaust air from a condztloned space, such that there is
heat exchange between. the exhaust air and the supply air.

- This exhaust alr_zs eventually d;scharged to atmosphere,
~ although in some instances recycling of some of the exhaust o~
air may be possible. ' ~ -
Referring to,the prior art, the ciosest reference to the
present invention is disclosed in Australian




havi ng prlnary and secondary air flom/passages 5. t herethrough is

described. In particular a process of indirect cooling wherein water is
i ntroduced into the exhaust air within the plate type heat exchanger is -
descri bed.. The cooling of the exhaust air occurs only within the plate

type heat™exchanger wherein water is 10. introduced within the secondary
air flow passages through which the exhaust air travels. The cooling effect
achieved is as a result of evaporation of the water by the exhaust air,
thereby reducing.the air tenperature by storing latent heat in the
vaporization of the water. 15. ' However, the heat exchanger in the
abovenenti oned ABsteati ¥o. Pa2§m02|$nonhg uanéubflnhdr@bmmmhwuatkhﬂ| mat es.
Such a system has | ess applicability in more humid clinmates as the

evapor ative cool faieptbEecsand [ndusbriatt Reeearc:hv@wasmyzauomouirdvebetor
necessary for 20. .dehumidification of the exhaust airstreamfor the heat
exchanger in thePapal@nBesreddd. wheredni anphatentyppheatitexshandse |
effective. Furthernpre, this specificatign does not contenplate heating the
air other than b?agiﬂﬁl@th%FYr%B€v§?9°“§ﬂﬂyf6%ra5 X PR €% oner 25. to
be useful, ét mus{ be rOVI ed with an fective_ heati

node, The,
PTkers of 1 51 oncehareuRE AR tat baprPingy ¢ %.%@rgwﬂﬁf.% RE9SE%H 95 the
heat transfer. Cofﬂéiféggtc8£1 gg WMQ%%QHS %@gﬁ ggc ééoned y%t€h$eat

exchangers. of the Typé su ustralian
speclflcatlon t@fh@@@i,£{?n§§€ﬁ1n the plate type heat exchanger is

described. The cooling of the exhaust:air'OCcurs'oniy :
Kﬁf'. . within the plate type heat exchanger wherein water is
10. introduced within the secondary air flow passagés through
'which the exhaust air travels. The cooling effect
'achieved is as a result of evapbration of the Waterlby
. the exhaust air, thereby reducing the air'temperatur¢ bY
storing 1atent’heat'in'the vaporizétion of the water.

15, ~ However, the heat exchanger in the abovementioned_
Australian Patent is only useful in dry and aria'
climates. Such a system has less appliCability in more

&/:.. | huﬁid climates as thg evaporative cooling.proéess is“léss
| effective. Obviously, it would be necessary for | |

20, dehumidificatioﬁ of the exhausﬁ airstream for the heat
exchanger in thé abovementioned Australian Patent |

" Application to be effective. Furthermore, this
specification does not contemplate heéting the air_other
s - than by simple heat recovery, and for an air conditioner
25. to be useful, it must be provided with an effective

heating'mode.



- coefficient is likely to be in excess of 80%  In addi tion, research has

found that in many applications an exhaust air quantity of about 80% of the
air which enters the conditioned space is needed for that 10. perfornence
to'be achieved in cooling, the remainder ‘-being air spillage to atqg;phere.

- 1f, therefore, the air which is processed is exhaust air fromthe * . -
condi ti oned space, then there is an overall efficiency gain when conpared
with the presently used traditi.onal 15. vapour conpression type systens.
-There are also further gains in efficiency in this invention in that in the
‘heating node the outdoor tenperature at which a defrost cycle is needed is
typically [erriheehawetpabrigededcinof hhadhbiigeek Geyerse cycle air
conditioner. A defrost 20. cycle can in many instance conprise a S
tradi ti ongbndévdbadngysiyeteheciei rellatedotbi nhechichti transfiakl y heated, and
this is obviously very wasteful of energy. Vapour. conpressi-on equi pnent - and
direct evapefdiicdentqoifptbet vas ipuesbeakyeusbdnigers,r agdi wéthower for fans
25. and of fer considerable resistance to the-supply air flow, and in the

| atter cabeatr eg¢hrageasgefdybe wypR syooested in the Rbs¥es. However, by
utilising the proposed indirect air conditioning system-of this invention, .
‘the duct WEPkipRRdpBUBE¥Addani APEFIE15A81PRe FQ% heati tEABRES can al so be
-reduced. 5. . Reterﬁnﬁe S algo made to U. S, B ent _.nunber 4771611

(i nvent edSB§EERELIRBY ABahdRRe¥ER) ﬁhFEheF§?§sfH§bPi * offevaporative and

vapour COQH&?%%B%Q.%Egegggﬂihggnkgghd that in many applications

an exhaust air qUanEity 6£ about 80% of the air whiéh_ o,
| | Y

enters the conditioned space is néeééd for'that

oy
o

performance to be achieved in cooling, the réﬁainder
being air spillage to atmosphére. If, therefore, the
air which is processed is exhaust aif=fr6ﬁ the
conditioned space,'thenhéﬁere'is an overall effic;éncy
gain when cdmparéd with the preseniiy used'ttaditidnal
15.. vapour compressioﬁ type systems} Theie aré—aiso further
‘gains in efficiency in ﬁﬁié {nvention in that in the
heating mode the outdoor'temperature-atnﬁhich a defrost
cycle is needed is'typiééiiy 7°C beloﬁ that needéﬁuin a ._ i:
traditional'revefse cycle air conditigner. A def:ost_ o
20.. cycle can in mény instanﬁe comprise a tradiiibnal reverse
cycle whefein_the cooling céii_is actﬁélly heated, and
this is obviopsly'very wasteful of enéfgy.
Vapour cdﬁpressidn equipment and direct'evaﬁ&fation
equipment és presently used botﬁ_réquire power for fans

25, and offer considérable resistance to the sﬂpply air flow,

and in the latter case, require large duct work to reduce

4



in which only the supply air was conditioned or processed. In this
invention, only the exhaust air is 10. operated upon by the system as the
_exhausf air after being conditioned is used to in turn condition the supply
air. eg{an air conditioner operates in a heating node, by utilising an.
indirect™air conditioning systemand 15. processing the exhaust air, use
can-be nmade of waste heat, preheated air, directly heated air, and elther a
condenser of a vapour conpression type of'plant (i f used) or, :
-advant ageousl y, the heat avail able from dehumi dification of the exhaust

ai rstream Thi stheelekeee.avBbdWavar)i by 0enlasingt eHeoprspobederhausecsir
20. with the fresh air supply while exchangi ng heat between the two air
flows. Likew seaiin aood@tnpglngdeyssEmlefexhassunaentmbnchthayduetIwbake
been further contami nated in a desiccant type dehum difier is unable to be
m xed with a freah bappeduapd dhi ehzesand thenfant reduicements 28n also
condi ti oned space. BRI EF SUMVARY OF THE I NVENTION Briefly in this

i nvention, an iBR8i F88¥cqAr conditioner utilises exhaust air.froma

d d - d d
N WENOPE IR A I S
d h.t h .
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separate heat exchan
: in which only the supply air was conditioned or

'processed. In thlS invention, only the exhaust air is
10. operated upon by the system, as the exhanst air after.
being conditioned is used to in turn condition the supply
‘air.
When an air conditiqner operates in a'neating-mOde,
B by utilising an indirect air conditioning system and
_15. processing.tne_exhaust aira use can be made of Waste.
heaf, preheated air.,direét1y heated air, and either
a condenser of a vapour compression type of plant (if
used) or, advantageously, the heat avallable from
dehumldlflcatlon of the exhaust airstream. This
therefore avoids mixing eontamlnated or stale exhanst air
20, with the fresh air supply while ekchanging heat between
. the two air.flewe. 'Likewise in a cooling mode; stale
exhaust.air thch nay well have been further'contaminated
.in'a desiccant type dehumidifier is unable to be mixed
with a fresh supply air which is in turn introduced into

25. a conditioned space.



”structures i nt erconnected by fluidtlines_effecting said heat exchange, _
- means defining an intake air-flow path between the downstream side of the
-primary air passages of the supply air heat. exchanger and the conditioned

- 'space, an exhaUst air heat - 15' - - exchanger, further neans defining am :
exhaust pith g gmﬁf g ti oned space, the exhaust: alr‘ﬁ%at_
. exchanger, e secon ary alr passages of said supply air heat

exchanger, and a|r flow inparting neans for effecting supply air flow
through the pdirgsly aid ﬁ)ﬂissagﬁf:‘erﬁﬁlddle adD indiretp|aiRidorddighehanger

and intg.the caondition space and effegcti.n haust lr ro fromthe
condi ti Eﬁ& Sﬁfcés Lh[ams}u@%r tHE Tt £F Cj‘a:I"lnggt SRRGha ‘ﬁeir?nt hr ough
?he' secoppdyy adin iprovdgas tof said spasley axid hasata Gttﬁpirlgalméfm bei ng

di scharg @hfa?:m‘?{gegz%ﬁha?ge a%)ﬂ“%‘é% ers e mt x rbe of any.

conventi onal For® éxanpl nce to heat -

exchangﬁﬁsiségleé ﬁ#@le@@é%t"—h@me} i&?ah@@ﬂ:s eychange \atween e heat is |
added Olsasabga:amaeq hadorséathatﬁyea&Q pass@@*ﬁqs'[sa'id ,pﬂatﬂa @ also =

i ncl ude _adi ahat i c-f,ype process suc desi ccan m di fiers where,
L't hougReRBREREY P HEe PAREAGRS, F3d T S3ENAT, HOCRERRARKRS, 1R (£HY SAPG ho

K f ect. heatf exelmawigey siirewcthmwemoirhd naitwof Isepalrsaﬁeo hermtr ea&éxauigerdry bul b
tenper aLuLa el vehe i‘?%'%%%"ng%‘c&led B&e’f‘ih&he 11 fer tidd 18 ?%%‘é f-air

heat exchanger is to inclu cesses e ex I ng

t enper ae¥fBapgeyhacapsadef ining %& ﬁ§$ﬁ8&nﬁ#§ éHaNQQGtByhﬁeﬁﬁemr$#§fer or
rai sed EﬁwﬁﬂtiéahlﬁlaﬁnéEttﬁal@&imary air passages of the supply air

 heat exchanger and the conditioned space, an exhaust air heat
15 ~ exchanger, further means deflnlng an exhaust air flow path
‘between the conditioned space, the exhaust air heat
exchanger, and the secondary air passages of said supply air
heat exchanger, and air flow imparting means for effecting
_ supply air flow through the primary air paSSages of the
~ 20 - supply air heat exchanger and into the conditioned space and
- ‘effecting exhaust air flow from the conditioned space,_
through the exhaust air heat exchanger, then through the -
secondary air passages of the supply air heat exchanger

~

: before being discharged to atmosphere.
- 25 . :
The exhaust air heat exchanger may be of any

O

conventional type. For example, the reference to an exhaust
air heat exchanger is: te include not only heat exchangers of
the type where heat is added or subtracted. to or from the
30 exhaust air, but should also include adiabatic-type proeesses
| such as desiccant dehumidifiers where, although no energy is
transferred to or from the exhaust air flow, the effect — ‘

-



| n accordance with the broadest formof the invention, the indirect air
conditioner may be used to either solely 10  cool or heat a conditioned
space, or, there may be provided a system which is capable of both heating
andicdoltgg as may be required. Advantageously, the exhaust air heat _
exchanger conpri-ses 15 a dehunmi difier in which the absolute humidity of
t he exhau®f zemeviagnwesercdgomdthpepdsnglon lilsedoi Anckeaget thel 8r¥ecogni se

tHat ref epange tedpaRatutee ofUFhE eXhHBARS aliedUCirnegRe2braCt ¥RlEeFBhSELULS
content within the artlcglar.alrgtreanl,CbV|ouslx, the absolute humdity
may decr eXB8 SFPAYEShALKeDSAT eXCBRREPYe iRUNCIADF LY Rd1aPFOFPRERRSI S

| ncr easi ngheite thet exfpeiagudeydbaibasempératarer of thiesesthaustdi fication of

0521 SLRTRINERR 5 ML ABA, 54 BEhePL-ARRRES) ol cHREORSG, LASERSC

t hrough acewoditagndogl which in addition to cooling the airstreamwill
reduce the noisture content of the air. Wen the exhaust air heat exchanger
conprises a 30_ . desic¢cator, ,cooling can_be obtained by making use of

i ndi r ect eVapoFQIP98°EQBPFﬁgW&ﬁBrEh?héreﬁﬁéatafprﬁfoiﬁé? inveREHPPme

desi ccat othesihdtiredycadri sbadiationesphay be acbar tovepehaki ¥616d9ling
me . Aternatiyely, or_ipn.addition, _the exhaust air be cooled_as it
padles t hPBBAnCFnaeakLPoraPai BEoPRY RRaRe s, PR, EHEHE, MeRoDY; prevideda)” |
needs to pmstemhwbiigh ihecdpabiteabfrboébh hketdngpand teopéngtasemay be
inCrease.:gagigga{ccator may conprise either a liquid o

Advantageously, the exhaust air heat exchanger comprises
15 a dehumidifier in which the absolute humidity of the exhaust
| airstream is re@ﬁced. Persons skilled in the art will o |
' recognise that reference to absolute humidity means reduction
of actual moisture'content'within the particular;éirstream;
‘Obviously, the absolute humidity may decrease although the
20  relative humidity of the airstream is incfeasing due to
'~ temperature decrease.

Therefore, this dehumidification of the airstream can be
achieved either by removal of moisture from the air using a.
25 deSiccétor, or removal of water from the air by passing it
. through a cooling coil which in addition to cooling the -
N\ airstream.will reduce the moisture content of the air.

When the exhaust air heat exchanger comprises a
30 desiccator, cooling can be obtained by making use of indirect
évaporative cooling where the dried air exiting.




desiccant such-as lithiumbromde or lithiumchloride, or may conprise a.
rotary desiccant dehunmidifier using 10. - a solid desiccant. " In both

- systems, use nay be made of further heat exchangers within the air :
..’condi tioning systemwhich utilise waste heat or exhaust air so as to gry

the desiccant that has been used. Desiccators are generally safe for ‘use
within air 15. conditioning systenms, although lithiumchloride for exanple
is known to cause certain illnesses after prol onged exposure. Also, !
desiccants are known to absorb toxic materials as well as water and t©

desorb them:| gh,0cffCagL CULBBL NBaa he rohhgtaeinteygggékl§g99¥t39 i ndi rect

.20. ‘conditionrng system ~even { RE2ar§®rs 1 avo I's onty the -

-exhaust ai romfhebépaeaegvere%ﬁﬁg nbRRs T8 ﬂitéi‘thl%%gh ghschar ged
into atnosphere. In a further exanple the invention t aust air heat’

exchanger nRydLeI®h | SEh@ne NGNS AR OE ﬁayl befcaéleahssceavsaés@aal vapour
conpression refrigeration circuit, and preferably the exhaust air is.

further cootbﬂobghlﬂheodesiogamarer Int ehéhreatingraede, Tbhe aiy- occur
within the supply air heat exchanger, whereby water is introduced into the
second&ry adnlyassedestofpase thpphghathehéa31exehangéor theoddep ©b

achi eve heating using a vapour 5. conpression refrigeration circuit, the
fl ow of thetempergbvurettosineyeased such-that the evaporator coil becones

the condenser coil, and t he ‘condenser coil ‘becones the evaporator ~such
t hat  t he exhaust %?r e§1ccator may compr1se either a liquid

desiccant such as lithium bromide or 11th1um chloride,
or may comprlse a rotary de51ccant dehumldlfler using | . e
lb; a solid de51ccant.' in both systems, use may be made of
| further heat exchangers w1th1n the air- condltlonlng
system wh1ch utlllse waste ‘heat or exhaust air so as to
dry the de51ccant that has been used.
Des1ccators are generally safe for use W1th1n air
15. conditioning systems, although lithium chloride for
example is known to cause'certain illnesses after
prolonged exposure. Also, desiccants are known to absorb
toxic materials as well as water'and'to desorb them into e
.the circulating air. However,.by utiiising the indireot..
20. conditionihg system, even this hazard is avoided since it
is only the exhaust air which is be1ng processed, the
maJorlty of whlch is dlscharged into atmosphere..
| In a further example of the invention the exhaust
air heat-exchanger may comprise an evaporator coil of
25. the conventional vapour compression refrigeration
circuit, and preferably the exhaust air is further cooled

by introducing water into the airstream. This may occur



now bei ng heated, which in turn then heats the supply 10. air. The warm
exhaust :air after heating the supply air is then passed through- the '
evaporator coil (heating node), and the use of warmair prevents frosting
of the évaporator coil. In considering the invention, several benefici al
15. aspects will becone apparent. For exanple, nmany air conditioning
systens incorporate variable air -volunme flow control (VAV) in order to
reduce energy consunption at tines of low air conditioning demand. This
involves - in traditional systens, slowing the supply.air and exhaust 20.
fans. Several unsatisfactory factors caused by VAV incl ude poor :
distribution of wdithilr0 theC HupPly idirt heatpagehahgeuGt whie rebyl wagkrailk .
quantity, or if this fresh air quantity is maintained it becomes a |arger
proportion of tHatxuwgicediinttichahe sadondarygiaial pdesiagesand 2he segpilynent
performance does not neet the design requirenents. The present invention
over cones t hese adrolhlearts exchanga@yabl i ng the exhaust air volune flow to be
reduced (surplus supply air being exhausted separately through controlled
outlets fromthe spadd amsdare toumshiexier heatipg Mgilmdaien#@PRULful | flow or
a flow whi ch does not cquse 5. ., poor . distribution. Cearly traditional
systens whith r SORPrEsSIOn Hefdidenatden crguify &@ﬁiﬁﬁ&ﬁ etgésulting

pressur | 2at 1 on, ool SO YU AR aHR Ll kUSRS bl of e
| becomes the'condensef coil, and the condenser coil
becomes the evaporator, such that thé exhaust air ié
ﬁqw being heated, which in turn then heats the supply
lO,-lair. “The warm exhadst air after heéting the éupply-air
is then passed thrdugh the evéporator coii (heating.
mode ), and the_ﬁse of warm air prevents frosting of the
‘evaporator coil. “
In considering the invention, several beneficial
'_15, aspécts-will.become apparent. For example, many air
conditiéning systems incbrpérate variable air voluﬁe flow
. control (VAV) in order to ;educe energy consumption éﬁ
§J_'?_-_' times of low air cohditipning demand. This iﬁvolves in
'traditional syétems, slowing the sup#ly air and ekhausﬁ
20, fans. Several.unsatisfactory'factors caused by VAV
include poof distribution of air to occupants in the
space, reduction in fresh air quantity, or if this fresh
aif guantity is maintained it becomes a larger proportion
- | 6f.the supply air than in the original design and
25, equipmeht performance does not meet the design

requirements.

The present invention overcomes these problems by



- 10. - In the exanpl e of the invention which uses desiccants for
- dehumi di fyi ng, as the dehuni difying process increases the air tenperature
.proportionally to t he renoval of -noisture, then the disiccation of exhaust
“air fromthe-building is able to recover |latent heat by 15. {J
dehunmidification of the airstream The increase in hunmdity within a
bui | di ng may occur through normal occupancy, or may result from actual
humi di-fi cation so as to inprove confort conditions within the building.
Clearly, the use of desiccants for heating the exhaust 20. air brings
i ncreased efficiency when the. heat generated is added to the supply air
t hrough t heepabidny shppkxhheat eichanjemewlilol ite be tredncesed to heat the -
~occupi ed space. Such a systemwould in practice be arranged to have 25." t he
desi ccant r dgemplasedubpliieaireheiny ekhenstedssepadatedyekhmplghi n hot
wat er or phase change chenical s which have received heat during périods of .
avalIabll|t9°©$r°11§6upé§ée§§cﬁra§ sbpapspacepr YhddecgURPAY RAKCK2Br e not

cont i nuously avai,l abl e and u t herw se e.. The heatin
desiccation%GbWPéG§P9"88uPHW%H gé@“oPre?t%ngsU k F°P§qGP& &égggcants,

o e LopBIEoh o BS DO o PR, 0.1 5
oY FRelieioges! BapleEe kRssdel S505 ST kel S ) 0w prent.
is 'nd'reCtr@QQl%hﬁﬁepkggsurlzatlon of the conditioned space using
this invention has the effect of minimizing 1nf11trat10n -
of outside air. | |
10. In the example of the invention thch uses
desiccants for dehumidifying, as the-dehumidifying-.
process increases the air temperature proportionélly'to
the removal of moisture, then thé disiccation of éxhaqst
air from the bdilding is able tb'recover latent heatlby
15. dehumidification of the airstream. The increase in
humidity within a building may occur through nqrmall
occupancy, or may result from actual humidification éo.as.
to impfdve comfort conditions within the buflding.-. N o
Clearly, the use of desiccants fof heating the exhaust
20. air brings increased efficiency when the heat generatéd-
is added to the supply air through the primary supply
heat exchanger which.is in turn used to heat the occupiedlu
space.
Such a system would in préctice be arranged to have
25. the desiccant regeherated by heat energy which is stored
for éxample in hot water or phase change chemicals which

have received heat during periods'of.availability of

\O



. condi tioni ng proceSses occ |
condi ti oni n e ur to the exhaust air, all no ating can
into.ﬁﬁe exﬂgﬁgto;ifo?sted by direct burning of fuel (pgsfinggsﬁtlng Yo
o cen hoapaeh & 3 ream after heat from other renewable or w 7 93%)
e suchS$ fo their full availability. The productsmg?te 1o
odlitad Dacline i uel do not enter the supply air due to the indi
o e 19 oL L ;upply air. However, the total heat of th toal ' Be!
available ondi tioning of the supply air. 20. Wh ®ihas 1S
. n process is used for cooling, it requires t he rgagvgre f

sensi bl e heat fromthe a \ 4 bet opeo preakdvR hFd Y ma

. o @é}}? Lstsdl 4 opEod 3ad Bdvh lb oot .

supply air hea® %&%%an%er. Pre?eraEIy, thizeiZoling procezs Fe the prh i
_ led out

simult st TR .
Clfnatggeogﬁgyggﬁﬁinﬁoﬁéiyravdesaﬁmatadd umu1Q59theﬁwb§?t98uké fgg (

¢°01ing-brocess- K e a need for a further staue of caoli arly hum d
' , thepkepeaeiayi by désiheatiope’ vigHe yscggggiggk%hf_. "

: d out I n the

sane manner as in the heatin :

: ; g process. W i < hei

cool i ng, obvi oygby ofhereheir! isodédaogr éaaeﬁgéta?ﬁa%%?‘%?? g@wgglbg?tgaed el d
nergy an

drying of the desiccant will
11" be 5 ' [ [
DESCRI PTI @ OF apie aRRARONES advontAgnes 10T RS PEoLsitor Bre et
are descri bed

hereunder in sone detail wi ihde athed
. wth ref ' |
acconpanyi ng draaviimgysid mmﬁ@h:°%f(efr the” ééh@r@ﬁt%ﬁ o4 o e ke
) lg- 1 is apartly diagrammtic

el evational section th ei,rrmqgaa e g
! . rough i i
wher ei n _desiCCant cgan abev'er{a/res'z@alﬁl . g touthechay 4 on

for a large amount of additional equipment.
Since the proeessing of the_primary supply air to

10. the conditioneduspace is indirect and since the

conditioning'processes occur to the exhaust air, all

modes of heating can be supplemented or boosted by direct

burning of fuel (particularly gas)_into the exhaust
airstream after heat from'other-renewable or waste
15. sources has been used to their full availability. The

products of combustion of such fuel do not enter the

supply air due to the indirect chditioning.of the supply

air. -However, the total heat of the fuel is available

~ for conditioning of the supply air.
20. Where the desiccation process is used for cooling,

it requires the removal of sensible heat from the exhaust

air before it is paSSed through the primary supply air

‘heat exchanger. Preferably, this cooling process is

carried out simultaneously as the air is desiccated, and

25. in particularly humid climates, there may pe a need for a

further stage of cooling.

In the cooling procees, the regeneration of the

2]



an indirect supply air. heat exchanger is coupled to a vapour .conpression
type of refrigeration plant, Fig. 2 is a drawing simlar to Fig. 1 but -
.showing 15. facilities for partial recycling of conditioned air, Fig. 3is-
A oa dlagrannatlc representation of an installation utilising the equignent

- shownin Figs. -1 and 2, Fig. 4 is a psychrometric chart which shows The 20.

"cooling node operation of the first enbodinent of Fig. Fig. 5is a

- diagrammatic representation showing an installation according to a second
enbodi nent whi ch avoi ds the une of vapour conpression equi pnent of Figs. 1
25. to 4, and utilises in lieu thereof a liquid desiccant in a sinple -
Conflguratl@QsQEcQﬁ@t1§X63§ﬁ96630§9|iﬁbtﬁefgémésﬁahﬁea hSTRRM 8he climate
where |low humidity is normally encountered, Fig. 6 is a draw ng
correspondi Rgat On§i Probebstl SWhghnNghensg@gdeéhl osabeexbaueédafbrheat
‘exchanger required for assisting dehumdification in high humdity - '
climates, 5cooling, ébyiolUsiy . thesgchibhebei a ghaatewhachilbbisitnt es the
heating node of Figs. 5 and 6, Fiig. 8 is a psychronetric chart show ng t he
cool i ng nodefusplaci agerae anquddyuegloﬁahhe déskcgantowahkll Be Fig. 9 is a
diagramsimlar to Fig: 6 but showng 10. in addition the use of ‘a heat
~ exchanger eﬁﬁ?%ﬁ?@ﬁtm?éeaﬁgéﬁa;&te cooling tower for cooling of supply air,

Fig. 10 is g fé Eggbgigkgﬁﬁdﬁg Eﬁg DgAﬁyﬁGshomnng rhe use uf a solid

desi ccant . Rk
Embodlments of the 1nvent10n are descrlbed hereunder

in.some detai; with reference to and are illustrated -
in'the:adcompauying.drawings in whichs ~
10. Fig. 1 is'a:partiy diagrammatic elevational section
through a very eimpie'embodiment of the invention wherein
;an indirect supply air heat exchanger is coupled to a
'vapour compre351on type of refrigeration plant,
Flg. 2 ;s a drawing similar to Fig. 1 but showing
15. _facilities for partia1 recycling of conditioned air,
Fig. 3 is a diagramﬁatic represenration of an

installation utilising the equipment shown in Figs. 1

O

and 2,
fig; 4 is a psychroherric chart which shows the
20. coeling mode operation of the £irst.embodiment of Fig.
_ N _ _
Fig. 5 is a diagrammatic representation showing
an installation accordlng to a second embodlment which
avoids the une of vapour compre531on equipment of Figs. 1
25. to 4, and utilises in lieu thereof a liquid desiccant in
a simple configuration of heat exchangers suitable for |

use in a temperate climate where low humidity is normally

'z



desiccant in a rotary wheel of known type, 15. Fig. 11 is a - :
psychronetric chart of the haeting node of the enbodi nent of Fig. 10, and
Fig.. 12 is a phychronetric chart of the cooling node of Fig. 10. DETAI LED
DESCRI PTT &N OF THE PREFERRED EMBODI MENTS 20. . The letters A, B, CD,
E, F an i ndi cate positions on the diagranms of the typical air condition

at those positions on the correspondi ng psychronetric charts. The first,
second and fourth enbodi nents have psychronetric charts for a fuller _
under st andi ng of the.25. thernodynam cs of the system Referring first
to Figs. 1, 2, 3Jemewurtewmsdindirect air conditioner for cooling a
cqendi ti-oned space 20 conprises a supply air heat exchanger 21 having a
filter 22 at its intaRigend,is anddrwaw brg sgovrespendineEawfigr 5 bulyi vi de
the interior of the heat exchanger 21 into prinary asSagggi(extendin '
hori zontal l'y) antheebesdanr yaddit parahgexhaust it FItert 19/t r&%%ﬁé’r
fan 24 conprises_first jnpelle nean-,éor drawi ng .aj r. t.hrou he, .su
air heat exchang®Pr 2ass}ting Qﬁm%@b f?@f}?nt%ﬁ%qﬁgbxﬂﬁﬁﬁégﬁﬁxéiﬁﬁﬁgg%&x
and a secong bl ower fan 25 functions fo assi A VfﬂlégthQggwt_
air- from thd conditi ondd* spate 308?%?h$?ﬁ§€rgélégé$€‘toﬂg?nnsp ere as
described hereun@@é'h§§?ﬁH§tm8@é|§f2§iegtiQeaﬁ@ gir flow path between- 15.
the downstream side 0 e’ prinary air-passages of t he supply air heat
exchanger 21 and the gpadi gi ppegd 589@ERrometric chart showing the cooling
| mode utilising the liquid desiccants of Figs. 5 and 6,
Fig. 9 is a diagram similar to Fig. 6 but showing

10. in additidn'the use of a heat exchanger equivalent ;o

'a separate cooling tower for cooling of supply air,:

Fig. 10 is.a-diagram similar to Fig. 6 but shbwing
the use.df a solid desiccant instead of a liquid
desiccant in a rotary wheel of known type.-3

15. Fig. 11 is a psychrometric chart of the haeting mode
Qf the embodiment of Fig. 10, and
Fig. 12 is a phychrometric chart of the cboling'
-mode of Fig. 10. | |
o | DETAILED.DESCR'IPTION OF. THE PREFERRED EMBODIMENTS
| 20. The letters A, B, C D, E, F and G indicate positions
on_the diagrams of the typical air condition at those
positions on the corresponding psychrometric charts.
_The_first, second and fourth embodiments have

psychrometric charts for a fuller understanding of the

»

25. thermodynamics of the system.
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20, and there is provided an exhaust. air heat exchanger which in this
enbodi nent is an evaporator coil .27 of a vapour conpression type closed

~.cycle refrigeration 20. wunit whih conprises a conpressor 28 ‘and a

- condenser coil 29. In the installation envisaged for this enbodinmegt; the"
conpressor 28 is significantly reduced in size by conparrison to the size

~of a conpressor required for. heating the same size conditioned space 20.
- The conduit 25. walls 30 define an exhaust air flow path between the .
condi ti oned space 20 and the exhaust air heat exchanger 27, and fromthe.

evaporator coil Zéflerriihg Fae@tdaioy Figsai Il pagsagendofs,t ha suaakecair heat -
exchanger 21. In Fig. 2, use is nmade of danper 31 which can be opened for -
recycling pwiposemdividndanior Idoddnga eeaidHd iflowedpspaice 129 addi ti onal

air fllow through the 5.- condenser. coil 29 if that is required. Al though
‘it Is. possilbomptizmtest lee suppaiyt iadir detbexehacgeel Sly haviagheafidgemrode, as
descri bed bel ow, the node illustrated in Figs. 1 and 2 and shown psychro-
netrical ly 42 Ritg.its iintakeo@ndg ansd@n axrayn ofhptlawege 280whiled suply air
heat exchanger 21 is contained within a cabinet 35 having a sunp 36 and a.
 series %f sg’rlélﬁg%ﬂ\ﬁhi%e&’rl@rarqfar@@d hegts grepapges: dodker By ™@K¥ough
“the secondary air passages s0 as tq cause .evaporation of the exhaust air as:
it passes tﬁpﬁﬁﬁﬂgﬁhéeg%ﬁﬂQ}QQ_.Qﬁ%%9QE§ilyéx€W§h§§F ary; T3 j|lustrates
"$2$eyzgvfz-%%SS%%bs4qe%Q%ﬁ%%dgﬁéé}tIg%l anatlve,to cause a flow of air

- A blower fan,24'comprisés first impeller means for.
drawing air through the supply air'heat'exchanger-Z}, :;
10. and delivering it to the'conditigned:space'20, and a |
éecond blower fan 25 fﬁnctions-tb assisf the withdrawal
of exhaust air from the conditioned space 20:for final
deliyery to atmosphere as descfibed'hereunder._
. Conduit walls 26 define an air flow éath between
15. 'the downstream side of the primary air passéges,of the
'supply air heat exchanger 21 and the conditioned space
20, and'ﬁhere is-providéd an.exhauSt air heat exchanger
which in this embodiment is an evapOrator_céil 27 of o~ '
a vapour éompfession type closéd.cycle fefrigeration -
20. unit whih comprises-a-cémpressor 28_ahd a. condenser cbil
29.'-In the iﬁstallation envisaged for this embodimént,
the.compressor 28 is sighificantly reduced in size by
comparrison to the size of a compressor reqUired.for
_heating the same size conditioned space'20. The conduit
25, walls 30 define an exhaust air flow path between the

conditioned space 20 and the exhaust air heat exchanger

27, and from the evaporator coil 27 to the secondary

Wy



that 'illustrated by the arrows, that is frompoint Ainto the conditioned
space G, -via point D wherein the. 20.- evaporator and condenser coils 27 and
29 are. interposed in a reverse cycle node of the vapour conpression unit
42, *and+inp this instance the supply air passes over the coil 27 (then
functionthg as a condenser coil) for heating of that air, this being the
only instance wherein 25. the air entering the conditioned space 20 is
drrectly processed. Reference is now nade to-a preferred enbodinment 15

for use in-tenperate clinmates, nmaking use of liquid desiccant (lithium
chloride or |ithitmpasesigée @l thieorupplyliadt Gk athexehangerc@inr essi on
urit 42; for the exhaust air heat exchanger. This second enbodinment is .
illustrated in Figs. In &ig.6,2,Fuge 7sshadeneft dampeat i3ig winddh zat Beg. 8
the cooling node in this embodinent. Fig. 5 is represented in a sinmlar
manner to Fig. ®penadcéndi reeyed ingapurposes f eadwdamperesd? gian B t he

bl ower fan 24 which draws the air through the prinmary air 10. passages of
the supply air I‘?@&Peéx@ﬁ&n@épﬁﬂl%@‘*%él@ﬂ@éuﬁnai A ows tihvgesigbe ¥hgy 't he
| ower fan 25. As seen in the_t niggé hand corner of conditioned space 20
on Fig. 5, ¥xhafondgnsers Cﬂlrls%% ass S

_ _ thﬁ&uﬁEqHﬁréghaust air heat
exchanger 45 pass: 10 SRV QDA on P B 0 B BB
contact with filysOlhly YN SN d% P nddel,NaMadsQP 9% & YedldWlN the
| mode illustfated in Figs; 1 and 2'and shown péychro-
' metricallyfin Fig. 4 is a'coolinglmode, and in that mode
10. the suply air heat exchanger 21 is contained within a
cabinet 35 ﬁaving a sump 36.and a series of sprays 37
which are arranged to spray water downwardly through
the sééoddary-air passages éd'és tbfcéﬁse evaporation of |
the ekhaust air as it passes through the supply air heat
15. exchanger 21. : “
 Fig. 3 illustrates the valves 38, 39, 40 and 41
~which are operative to cause a flow of air reverse to
that illustrated by'the_arrows, that is from point A
into the conditioned épace c, Qia point D wherein the
20. evaporator and condenser coils 27.and 29 are interposed.
in a reverse cycle mode of the vapour compression unit
42, and in this instance the supply air passes.over the
coil 27 (then functioning as a condenser coil) for
" heating of that air, this beiﬁg the only instance wherein
-25. the air entering the conditioned space 20 is directly
pfocessed. |

Reference is now made to a preferred embodiment

1S



. assist in acﬂ?l evia}{'g thi

di rected downwardly into those passages through sprays 46, and collected in.

a sunp 47 fromwhich the then 20. diluted desiccant solution is punped by -
.punp.48 to a desiccant regenerator nodule 49. The desiccant has the
function of dehum difying the air fromthe space 20, and such - )
dehum dification is exothermc so that the air at point E in the exhaust
air heat exchange nodule 50 is 25. normally heated. However this is
undesirable for a-16 = cooling cycle as illustrated in Fig. 8, and
consequently the prinmary air flow passages of heat exchanger 45 are sprayed
with water ffoxmwepibtamierags dd isnatest/ mdkingarsse af diguwid 52 whi ch
punps water through sprays-53. 5. As seen in Fig. 8, this has the .
benefi ci al afefssigtcayit chluigivignt heh lgnideo afr dg tivi vwuidimydenisoiodtion ) '
substantial rise in-tenperature, moving frompoint Dto point E on the
~psychr oret r il dHegu ofTHde GFARQY T qOMBHIESS Lo . tal &b ey tdey noves 10. |
to the base of the cabinet 35 and passes upwardly through the secondary air -

 flow passag@*fusthe i dat &xchangetexcidHgeserPith&matdiment dsadded  so
“that it. cool,s further before bei. i npel | b he fan 25 back into the
secon:jasr'y p 5 acﬁe‘{)ﬂé’ ﬁi%;{?'éq?'t#éaﬁgﬂgh—}aﬁ&ﬂ”ﬁ-E{"hz?S'?‘eﬁl'Fdrﬂ%'i ch it

0 SR ! IIEI oy ) BRI, 50
an operator gjidh g yana6, U HHdPLNh Y MR NGatiHe L ¥Y Flg L R heating
o 'conditioned space 20 is féd'with frésﬁ air by the blowér
.fan 24.which'draws the air through the primary air o ,;;
10}; passages of the supply air heat exchanger 21,.and the
exhausﬁ air isnimpelled by the lower fan 25.

- As seen in the top right hénd corner of conditioned
space 20 oﬁ_?ig. 5; exhauét air is first paséed throhgh
an exhaust air'heat,exchénger 45 passing upward1y thfough

15, primary air flow passages therein, and in thése air flow
| passages the exhaust air comes into close contact with
films.of 1ithium_chloride or lithium bromidé solution
directed downwardly into those passages through sprays P
46, and_collected in a sump 47 from which the then e ‘
20. _diiuted desiccant soluﬁion is pumped by pdmp 48 to a
"desiccant.regenerath mddulé 49, The.desiécant has the
. function of dehumidifying the air from the space 20, and
suéh dehumidification is exothermic so that the air at.
point E in the exhaust air heat exchange modﬁle 50 is

25. normally heated. However this is undesirable for a

1



20.. 'node wherein the heat exchanger 45 has limted, or no cooling water
flow The diluted desiccant i-s put into direct contact with an air flow,
but -it should be noted that the bl ower fans causing the air flow are of

_ |nple %ag i nexpensive 25. construction. In many instances waste heat is
readlly ailable (for exanple fromthe stove of a restaurant). Fig. 5
illustrates how the val ves 56 through to 62 enabl e the control and. usage
of waste heat, to control the flow of exhaust air through the exhaust air
heat exchanger 45 (which sonmetimes is not required), so that there is nore
conpl et e cont rokooléngt kgcllaneti dhduetrahedain Fig. Sendhnti cnasequdhely.
appount of water whieh is punped by punp 52 can be varied in accordance with
the cooling reqtheepedmsryf adhefdrHapessageshefnhensi sxcbanged #6 ahe _
supply air heat exchanger secondary passages, and_the desiccant pu 48 can
al so be control Fegaygdcwithoratps ¥aomdégmae56f(aéﬁnaﬁaﬁﬁuﬁampoﬁ )shEh
controls being in accordance with known art and therefore pot herein

described. The §&ABScHAt RoPY™Ban2pENeFPeRHMPE WéFeﬁeﬁpFﬁﬁngSHFPYFnsghe
chaust ol i hoah oLl p15, By phE R Al RhE R
e e ed Lom EURRINRTSRE by B8 3POR!Ta R 5 BURBeE, LBVEAREAE
be more dilutedejge in temperature, moving from point D to point E on
the psychrometric chart.'-- |
H.l. R The cooled air which is now also very dry moves
10. to the base of the cabinet 35 and passes upwardly through
.the secondary air flow passages of the supply air heat
exchanger 21 where water is added so that7it cools
'further before being impeiled'by the.fan 25 back'into
the secondary passages of thé exhaust air heat exchanger
15. 45, from which it is finally exhauééd t0'atmosph¢fe at
point J. Two blower fans 54 -and 55 assist in achieving
this_movement of air. - |
The network of valves 56 providés an operator with a
| &fj range of options by which he can control the heating S
20. mode wherein the héat exchanger 45 has limited, or nou
cooling water flow,

Thé diluted'désiccant is put'info direct contact
with an air flow, but it should be noted that the blower
fans causing the air flow are of simple and inekpensive

25. construction.
| In many instances waste heat is readily available
(for example from the stove of a restaurant). Fig. 5

illustrates how the valves 56 through to 62 enable

11



20. in the sunp 47 than at the sprays 46, and it needs heating for
regeneration, The punp 48 delivers the dilute desiccant solution firstly to
a smal| heat exchanger 60 in the regenerator nodul e .49 which preheats the
1iquid going to a concentrator 61 and cools liquid 25. conming fromrhe
~concentrator sunp 62 driven by punp 63, and the two storage tanks 64 nd 65
contain respectively the dilute and concentrated sol utiaqns. The
preheat ed desiccant in tank 64 is released into the concentrator 61 (which
"is a heat exchanger) by neans of a valve 66 where it is subjected to. heat

from a heat thelrcontwiicanmbudaje Mt DnmGRS, it IiGe It dild 5. .
"~ air streamand ignited, water heated by solar heating, or waste heat if v
- otherwi se awd leathlaaist] taini gitrdagndited ditetudthe iredie owmmamped g have a
very high tenperature and tenperature of between [err] and [err] is
normal |y sat{¥igly gopetitmes is nlcaesjoed ), i ithatodiheed iint moee heat
exchanger 67 by fan 68 (or a plurality of fans 68) where it is preheated
bef ore bei nFoHPliarer sPntaod vian ditte dwnstt idnguiaf fahemaiank 64 t hrough

sprays 69, passi. out of _the top of concentrator 61 and down through a
furt her56heat°| ﬁ‘é fg Nefean: tehpiatear Wd Gad snewmped T BusPpassi ng

cxenanger 652 CatoRse eIt i AR R et HB et oo 1t ) s
concent r at ego TN AUMEOIR0 LELALSHIGLH | 1@%%1 RSB e 1S e

alternate secon ary set of passages of &h e heat exchan
supply_alr heat. exchanger secondary passages, and the

_desiccant pump 48 can alsp be controlled to control the '\‘;

}0. degree of dehumidification, such ébntrolS'being in
accordance with known art and therefore not herein
déscribed._ The same.contfols.can be effective for
heating of air in the exhaust éir heat exchanger 45, air
_béing héated by dehumidification unlessithe'

15. dehumidification is associated with the cooling of the
watef delivered from the.5ump 51 to the sprays 53 by the
pump 52. | |

However in normal usage the lithium chloride or
other .liquid desiécant,solution will be more diluted

20. in the sump 47 than at the sprays 46, and it needs

| heating for regeneration. Thé pump 48 de1i§ers the
dilute desicéant solutidn firstly to a small heat
exchanger.GQ in the regenérator mbdule 49 which preheéts
the liquid going to a concentrator 61 and cools liquid

25. coming from the concentrator sump 62 driven by pﬁmp 63,
and the two storage tanks 64 and 65 contain respectively

the dilute and concentrated solutions.
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67 before being discharged. The concentrated desiccant solution from
storage tank 65 is dispensed through valve 72 and a cooler 73 (cool ed by
the col d.exhaust .air being discharged from25. the heat. exchange nodule - -
50). The-desiccant i5 nost effective in dehumdification when it is cold

because ™'s function is to absorb nmoi sture in accordance with the vapour
pressure.differences. Fig. 6 is very simlar to Fig. 5 wth the difference
tRat there is provided an internediate heat 5. exchange nodul e 75 wherein

the exhaust air is subjected to a further cooling stage between stages G
and H by an internmedi the peshe eted adwet cddn € ot ethik 064 Wbd ere Iensadminkd
driven by punp 78 to be discharged through sprays 79 as in the supply air
heat exchanger 2ghe 1@oncentrafRef epbnthich nislea dpeat féxchtangan) thamsarnson
frompoint Dto point Ein Fig. 8 referred to above. Al though not

i sot hermal , thisofi&l vakveeh whetr Bt nistsubiecirdickodieat me dfedthe
air. during its desiccation. This is believed to be a unique feature of the
cooling 15. cycPRUESEghichundy derr xamplermke Il intredyred Wkhdtfer 21

D SeT ey PR PELEL U SRR N2 MR Y S SR M
by pl at oo, and CLRE PO Feanbt STHEEB R {5180 "separate structures
o It might be noted that the heat source need not have '
a very high temperature, and temperature of betﬁeen
80°C and 100°C is nermelly satisfactofy.
10. Scavenge air ie'introduced into the heat exchanger
67 by fan 68 (or a plurality of fans 68) where it is
preheated before being delivered to a countefflow-of |
ligquid froﬁ tank 64 throtgh sprays 69, passingleut of the .
top of-cohcentfator 61 and down_through'a further heating
15. :means 70 (for example to be gas heated) before passing
'countefflow through the'seeondary passages of the
‘concentrator heat exchanger 61, in order to
Simultaneously heat the desiccant as it is concentrated.
_S“/" : . The out-going scavenge air then passes through the
20. alternate secondary set of passages of the heat ekchanger
| 67 before_being discharged.
_ The cOncentrated'desiccant SOiution from storage
tank'65'ie.di$pensed.through valve 72 and a cooler 73
(cooled.by the cold exhaust air being discharged from
25. the heat exchange module 50).
The desiccant is most'effective in dehumidification

when it is cold because its function is to absorb

19



which are separated by water lines. = The third enbodinent of Fig..9 is

substantially simlar to the enbodiment- of Fig. 6 and sinmilar elenents bear
-si'mi l.ar designations. 25. However the supply air heat exchanger 21 is
'separated into two portions, 2la and 21b, and these are joined togetfier by

water lines 83. The water |ines 83 transport. wat-er punped by the bfinary

sunp of 2la through the portion 21b of the Heat exchanger which contains

the primary air passages. The secondary air passages in portion 2la extend. ¢

only vertically, but the portion 2la 5. wets the exhause air as it passes
from poi nt motietpaentinGaas oirdahicgs wikthantie6 vapdhirs paessngenent . r educes
ducting cost in certain installations. Reference is now nade to the final .

enbodi ment dfiffkeepgesi.fication illustrated in Figs.. 10; 11 and 12. 10. In
~addition use can be made of the sol.id desiccant in a desiccant wheel, and
" this is illustrafdg-i ® tife VRirwals id}ad ¥enFigas Sowishadpee in Fig. 6, the.
-modul e- 44 contains punp 41 which punps water from sunp 36 in cabinet 35 15.
to water spPafSeRRncR $hedy thers ish PEoyHdede 28 dotgampdiasealiesdtt hr ough
whi ch thhe exhayst "air i.s pagign .__The heat egphange;nndule LS-co rises an
' nt or m2di at BXRBANIEBASHGE: Do VRS LR Fhfp SXBAZIL A hatsr SPPIRCERRD 77 to
- be discharg % h pr .E _} sQli; Si_¢ - ok %' 85 is
provi ded mﬁ? é gggggggnf%%ﬂée%'g Q%ﬁi%ﬁtggglnsgggg%déggggﬁﬁf Sknomn art, .
- and the exhgystngelnBAiaes h@%%“%&c%a%ﬁggeﬁk Qbo1a! rpGeWaer Gnf Ot At es,
| sump 77 driven_by'pump 78 to be discharged thrdugh sprays
79 as in_thé'supply'air heat exchangér 21. | ' o |
10. Reference is made specifically to transition from~
point D to point E in Fig. 8, referred to above.
Aithough not iséthermal, this will be_seen'to be almost .
an isothermal traverse of the air dufing its desiccation.
This is believed to be a unique feature of the cooling
15. ‘cycle using liquid desiccant.

"The supply,air heat exchanger 21 has been‘described_
-heretofore as comprising a'plufality-of plates which
separate the primary ai: passages from the secondary
air passages. However the primary and secondary air

20. péssages need not necessarily be divided by plates, and
can for example be comprised in two separate structures
which are separated by water 1ines._'The third embodiment
of Fig. 9 is substantially similar to the embodiment of

- Fig. 6 and similar elements bear similar designations.
25. However the supply air heat exchanger 21 is separated

into two portions, 2la and 21b, and these are joined

‘together by water lines 83. The water lines 83 transport

do



and fromthere.through a heat exchange wheel 87 (also in accordance with
known' art) whi ch perforns a cooling 25. function. The blower fan 88
assi'sts in noving the exhaust air. The scavenge air passes firstly

t hrough the | ower wheel 88 in-the upper part of its traverse, then through
t he heaikéxchanger 67 which functions as in Figs. 5 and 6, through the
heater .70 which al so functions as in that 5. earlier enbodinent, and
preheats the scavenge air as it passes bet ween wheel s 87 and 86. The
cooling function is ¢£erfor d both it he heat excha e mheel 87 and the

heat exchanger 72t RUMBd hy Y vRiRP Movf RHHb A cs 10,
t. th ked t 0] t arts f th ti d

cool i ng fodes. p°'<2’a€g<?@e$£t?. % ' ”Jﬁe@ st »ﬂmﬁ qq%&aeafse*h‘?f“fa{ "the

I nvention overc Sys%lgﬁsgﬁgr re 1gﬂ§urg)etéoo‘%dg%glrred bg/sa aéoouir .

conpr essi on typ requiT e |cant

quantities of o | aa;pﬁ?as] r :g_q.n] .

toxicity and helat{(ﬁh arga%%jéo% con |t| oned space “ff'psEJ eas e to’

supply as mich ageddOhd réslawdd M4 hitid Qs tﬂ%nr gﬂﬁlrner CtQﬁt;rcﬁlntt G
ec -

condition that air to lie 20. wthin a confort zone. ondly, the
arrangement ‘of ca¥pNNENigs cad ded néde Tely DerumEmstt asiuvddd dwndirg ate

flexibility i.n system design and application , and fan energy requirenents
can be reduced. cost in certain installations. : - :
keference is now made to the'final embodiment of
the specification illustrated inhFigs; 10, ll'and 12.
10. In addition use can be made of the eolid desiccant in a
desiccant wheel, and this is illustrated in.the final
‘embodiment. o
As for example in Fig. 6, the module 44 contains
pump'4l_which pumps water.from sump 36 in_cabinet 35
15. to water sprays uhich'spray water through the'eecondary
passages through which the exhaust air is paSsihg. The
heat exchange'moduie 75 compriees an interﬁeoiate heat
exchanger 76, ang a pump 78 puﬁps water_from sump 77
N to be.discharged throughlspraye 79; The solid desiccant
| 20. module 85 is provided with a desiccant wheel 86 which
is in accordance'with known art, and the exhaust air
passes through a segment of that wheel as it rotates,
and from there through a heat exchange wheel 87 (also
in accordance w1th known art) which performs a cooling
25, function. The blower fan 88 assists.in moving the

exhaust air.
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~25. " Thirdl'y, the invention ehables the use of dehunidification

~devices and materials such as desiccants ‘by renoving the potential for
‘cont ani nati on of the airstreamwhich is sonetinmes associated with such
devices. Further the invention can be used in such a way 5. that i1 '
el i mi nates chl orof | uorocarbon refrigerants. Still further, the coef fI%i ent .

of performance can be inproved over vapour conpression type units. Still -
further, the mass flow of air needing to be conditioned can be reduced and °®
- a consequential increase 10. in efficiency can be achieved, and the
probl ems of existing VAV systens can be overcone. CLAIMS: 1. An - '
~indirect air condthe gmaveandd iasinpasgrustiicatly rémeaudoridie ilowaF space to o
condition supply air incomng to said space conprising: a supply air heat -
exchanger hathefl B8 ikt ytha rpRES Rt PF ity aasifiariped thirgiohges -
~extending therethrough for heat_exchange between said, prinnary and secondary
Cair passagestfhesal’}?ftpr‘?m%gi yflﬁ}qtlﬁk‘%@s?rgc-ﬁlrﬂf'ei G S '
-incorporated.in.the sa h at-exchg@ r. structure or. .Jn tw separate heat
exchanger st?h&}lﬁ%‘ﬁg_ _ﬁ_ber gber‘?nteec’f_e %ﬁ%i-%%..teun RIS e‘afs‘felé'{)i A5 Sai d
heat exghanqg, 1RANSHIRId MHdit Abdd (Gh&ds TV SRR "L
' it.pasées betweén'wheels 87 and 86. The codling function
is performed both by the heat exchange wheel 87 and the
-heat exéhanger 75.1
Figs. 11 and 12 fespectiVeiy show the thermodynamics
.10. at the marked points on Fig. 10 in psychrometric charts
for the heating and cooling modes.

A considéfation of the above embodiments indicate
that the invention overcomes the extra ehergy-consumption
incurred by vapour compression typg systems if they are

15. required to supply significaht quantities of outside air
to conditioned spaces in order to reduce the toxicity and
'health hazérds bf_conditioned spaces, and makes it
feasible to Supply as much as 100% fresh air without loss ;;#
of the required control to condition that air to lie
20. within a comfort 2zone. |

Secondly, the arrangement of components can be made
very convenient and will facilitate flexibility_in System
design and application, and'fan energy requirements can
be reduced. o ' : v

25. Thirdly, the invention enables the use of

dehumidification devices and materials such as desiccants



downstream side of the primary air passages of the supply air heat
exchanger and the conditioned space, an exhaust air heat exchanger, 15
further means defining an exhaust air flow path between the conditioned
space, .t e, exhaust air heat exchanger, and the secondary air passages of
said supply air heat exchanger, and air flow inparting means f-or effecting
supply air flow 20 through the prinmary air passages of the supply air
heat exchanger and into the conditioned space, and effecting exhaust air
flow fromthe conditioned space, through the exhaust air heat exchanger,
and then through the secondary air passages of .the supply air heat
exchanger bef or PberemPYing the spokenrfetnl of e mephanknablomms ndig ect air
condi tioner according to clajm1, wherein, said exhaust air_ heat exchanger
conprises a dehuMEFFresm wWolah I, SOt HEeS 2350 ohklh P ding to
claim?2 wherein gaid dehum difier conprises a neans arranged to di spense
li qui d desi ccant®THtT T he exhaust air flow 35 : 4. Anindirect air

iquid. FHEThe ex flow 35 !
Fotary desi ceant. denca s Br OUe BT E o o et PR 6
An i ndi rect sai T @ondi§{ A0pInAREOL 94 £o bl b Rda t0bn POk e SAIEL

ce e eat

conditioned spa erein sal xhaust alr exchanger coOnprises a

dehumi difier and furtde{1 FORPFERdPY ¥ EEoSEPDL Yo NEASS HELEGRENL® can
i ntroduce wat er .

‘be improved over vapour ¢ompre$sidh_type units.

still further, the mass flow of air needing to be

_f*/ _ conditioned can be reduced and a_consequéntial increase
10. in efficiency can be achieved, and the problems of
existing VAV systems can be overcome.

23



5 into the exhaust air flow at the locality of the secondary air _
passages of the supply-air heat exchanger, and wherein the heat exchanger
passages, air flow paths, conditioned space and said dehundifier are in a
ccircuit such (8§ he air flow inparting means causes air flow from#the
'atnDsphere 10 t hrough the primary" group of ‘heat exchanger passag®€
where it is ipdi rxﬁtiudsﬁebedaaﬁdcbﬁagﬂbﬁe@oaéiuemﬁs éﬂﬁﬁﬁstaaﬂrsa' d flow

of exha st_air. fr%g% onditi oped s rougg i g ifier and ;
t hrough ’E‘Fﬂé 320 °%? &Patp b? 53 aﬁagnmﬁgp Yi2E% dpPERing 8ol ed by ..
evapor agaixh spacateomphieidd: directed into the secondary air passages of

sald Supply &1 Guient SXEMRO0ET ebehBhdok nELIEEPALTaLD BLICRROERGRSS: A -

indirect air oner ‘accor ereln sai
éxchang&ﬁdrﬁﬁﬁeﬁ¢¢%ﬁyabﬁrPQﬁsage%aS%%@%%lﬁﬁdt59€6ﬁ6§?yghlfopahsages for

heat exoleHKIRgd BeGrses % 81id! bHBRarAEnE C60P8RdNr Al 41P2583BEGes 52l d exhaust
air flow fromthe c ndlthged sgfce through ghe sec$ggary alr passages
S DeHR9 e

of sai & mAEY IRA SSRGS passag Bhet bei ng neans
arrangethdarphmeimmdsmmmtexmmgém s'e::mrtbarg arriwab\eages of .

- said eﬁﬂgﬂﬁg My Qa£g§ d and a
 further" GORTUTT Heans {?# tﬂéaﬁomﬁé ?egﬂgg% ?é€% gcoh%lgy air
Hassagé§nﬁs5&%@?%&&&9)5%#4 heak %KFhang%xchanger and -t he upstream side of
the primary médndatspaesndlas sk oxd st ﬁléw%hwgﬁra the downstream

- side of_ the rlnar sages, di scha to atnosphere. 7.

i ndi re(f3(°"§} %lﬁ%?]é?Pa@'b%g%'f’rfba‘f% {{lg p(g%sa%es °? ?h%?PQ{ifrrﬂiEl ng an .
i nt er nackiat ae:hﬂﬁnmfm@etrhé)mdmﬁtmﬁ ssyepdey, ai r and exhaust air heat
exchangers, aq,l ség‘ﬁhayé@%ﬁrlmy mas,?d:&ndary a| r passages for heat <

exchange between
15 further means defining an exhaust alr flow path between

the conditioned space, the exhaust air heat exchanger,_and_ 

the secondary air paséages of said sﬁpply air heat exchanger,

and . . B

: air flow imparting means for effedting supply air flow .

20 through the primary air passages of the supply air heat
exchanger and into the conditioned space, and effecting
exhaust air flow from the conditioned space, through the
exhaust air heat exchanger, and then through the secondary

'air_passages of the supply air heat exchanger before being
. 25 . discharged to atmosphere. :

2. An indirect air condltioner accordlng to clalm 1 N
wherein said exhaust air heat exchanger comprlses a '
dehumidifier.

30

' 3. An indirect air conditioner acéording to claim 2
where1n said dehumidifler comprises a means arranged to
dispense liquid desiccant into the exhaust air £low.

35 4. An indirect air conditioner according to claim 2

wherein said dehumidifier comprises a rotary desiccant
dehumidifier through which said exhaust air flows.
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said primary and secondary air passages, * C L- M S % a
conduit extending fromthe downst ream si de of the secondary air passage of
sai d exhaust air heat exchanger to the upstreamside of the primary air
passage g;/sald internmediate heat exchanger, a conduit extending between
the 5 downstream si de of the primary air passage of said internediate
heat exchanger td5the Apsinditmect deinfcondi tiontndagecartimnstagslaim shi d
supply air hest @a@fﬁs@eéua &&E@'ﬂ:io&é& eaﬂaw Jﬁmimeséimmmm e o

the secondary air passage of said prinmar at exchanger_to the upstrean110
side of the RIFRARG ST p%&‘%bs%‘f %aﬁﬁf“i‘?&%#ﬁﬁﬁ A e th8T hanger, and

a condui t emcﬁnﬂtmﬁq cratére soppby reednsisirerdibldets enotrbducdivat@ssage -

of sakd inte te at e ch n t-o_ .t he dawn am of the primry
air passage j;5'?r?sa"'r i ?F%‘?‘F EH'EF\E% ahigé? %CLIS% TR E%
provi ded to ain mhmmt@f thﬁ csumalxsamdma/t aexchaarmg.esnﬁ weinein

e edi at el o kiiige s padihddbl ' Ridy G| RIS N0 to
either 20 aim 6 clam 72 urt corrprl sing a || qu desreoant
regener at or SRAAR ARDEFIG] qﬁj‘%‘%\’g%r Hehtd it rRlds suehyddak e punp,

a plurality #ifr Siidwicafparicd eRdngli Ces OLNeEey frth ahalidtridspliere,
oo U o R, o Y B L R SRR SRR
heating neans timdigresdslyt fasssl gl rdnad aisnteen d-hey aqundittsonegd space .f ad tdeeld
deS|ccant "flow of exhaust air from the conditioned space, through the
.dehumldlfier and through the secondary air group of_passages
\_/ where it is:directly cooled by evaporatien,of water when
15 directed into the secondary air passages of said supply air
heat exchanger before it discharges to atmosphere.

6. An indirect air conditioner according to claim 5
_ .wherein said exhauSt air heat exchanger has_primary air
20 passages and secondary air passages for heat exchange between
said primary and secondary air passages, |
. sald exhaust air flowing from the conditioned space
through the secondary air passages of said exhaust air heat

exchanger, _
25 there further being means arranged to dispense liquid
desiccant into the secondary air passages of said exhaust air
kef heat exchanger so as to dehumidify the exhaust air,

and a further conduit means between the downstream side
of the secondary air passages_of'said supply_air heat
30 exchanger and the upstream side of the primary air passages
' of said exhaust air heat exchanger, the downstream side of
the primary air paasages discharging to atmosphere. |

7. Aniindirect air conditioner according to claim 6
'35 further comprising an intermediate heat exchanger between
| said supply air and exhaust air heat exchangers, also having
primary and secondary air passages for heat exchanée between
said primary and secondary air passages,
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9. An indirect air conditioner according to cl.aim8 30 further -
conprising a liquid desiccant heat exchanger wherein exhaust air fromthe .
downstream'si de of the primary air passages of said exhaust heat exchanger
: are passed through said |iquid desiccant heat exchanger so as to.coat"the
‘liquid desiccant. 35 10. An indirect air conditioner according to cI%ﬁan

~ wherein said dggH@%féféﬁteﬁagy§df§§m tﬁ8t§£¥n§?§%gﬁag%§ ?Shtﬂaer havrng *:

dehumidi fier? rovrded an 1 nt erne
pri mar ysemnéecbnmarypassagewf psaidgexhausthatr beshasychasgerckosai d

‘passag 0, tofl £REL apgt romt he :
condrt?%%%gagggﬁéég Dae o?oﬁgﬁ ?Pgm%%?MéQEdégfgggﬁtngﬁﬁﬁédrf|er to dry -

the- exhh%%?rﬁfﬁiaY%r%%ﬁh EXENERINE, @ oF PR é?bﬁp exrepdingRetyeennkhe
BNt er madibwh &t hemt sei@élaagethéo;mméryhsiﬂrpeslsmé of ngaidhe secondary group

O P2S5A0ESchlal 16 WORLYBLLLNSRL €5CLR0USE, ARGl QIRL NOF SyRECONI Y

passages e secon 8 i nt er medi at e
heat .exaerondary i epeﬁewargf- epid aumbqormile hearel exchangenat er suppl y

- means | Qeded (e EhA@Ohg VS £HE QWSS EREHN IR de PGB SENIE Ss & ohBEry

i nt ermed] at e heat exchanger to theree%Bcool the exhaust air as It traverses

the “fi rar PIEFAH PastutRPTHMAEHD 94chaRge R (te cklre MPSEHRBINt | oner
accor digifié oot | thansledaxiddentang peod sh go nei tsﬁwd;ﬁmeea\tﬁelmesal d
exhaust ai,r_ heat exe;anger conprrses a dehunrdrfrer
xchanger,
a condult extendlng from the downstream side of the
secondary air passage of said intermediate heat exchanger to
_ the downstream s1de of the primary air passage of sald C _\u/
15 exhaust air heat exchanger, ' '
wherein means is provided to lntroduce water into the

secondary air passages of said intermediate heat exchanger.

8. An indirect air conditioner according to either
20 claim 6 or claim 7 further comprising a liquid desiccant
regenerator module eomprising scavenge air heating means, a
desiccant pump, a plurality of surfaces, desiccant dispensing
means, and an air flow impeller, arranged in a configuration
wherein said desiccant pump pumps liquid desiccant over the
25 surfaces while air heatéd by the scavenge heating means
traverSes.those_surfaces and evaporates moisture from the

desiccant. \'J_'
9. An indirect air conditioner according to claim 8-
30 further comprising a liquid desiccant heat exchanger wherein
‘exhaust air from the downstream side of the primary air
passages of said exhaust heat exchanger are passed through
said liquid desiccant heat exchanger so as to cool the liquid
desiccant. ' ' | %

35
10. An indirect air conditioner according to claim §
wherein said dehumidifier comprises a rotary desiccant

FORNRN| |



20 12. An indirect air conditioner according to claim 1l wherein
said dehum difier conprises a neans arranged to di spense |iquid desiccant
into the exhaust air flow 13. An.indirect air conditioner according to
claim11.25 wherein said dehum difier conprises a rotary desiccant
dehumi disé# er, through which said exhaust air flows. 14. An indirect air

condi ti onera ARaorAH AGL L % 8 ALt TOL SO 110y S 4 Aldd QNG Rpace vherein
here 'S _f.ur er U provi dea a ref I gerator conpressor, a Co nser coil
and an evaExchangenihaving|pxinagetdnd serondamo@ix diawpsssages for

refrigerat iy €iddtdnddI B Siwe i sh £ PP HGUs CAUra T el exhaust air
heat exchanﬂer,‘?nd there is provided nmeans_ operable to jntroduce water

into the eXHARICLNG G4q¥y of q%'%&iﬁdusnff figam, thre qandiddaned srace

passages oftHivmighite/ wotahiealesariany dehaiid Miveito diy Rl arehanrger

passages, aif_ fl.qw path condi tiqne R a v rator arne in a circuit
such that. ﬁiier 'aiﬁ'%%qq“cﬂt/\}/‘ isq"lr‘pea Ildir#ga J%ﬁeaagis‘é uoglgs %;‘L'l ﬁ’afaﬁ%ga\ﬂaefsr oontf‘ ttl(%’ee '
at nospher e inteanegiate hedteichanggmdsngorlofthenidrind @iy aiintieedthe
exchanger Widhddry grdifl 'S idakselLdmidd BupHINe BN HddtOatnayes and
said flow of exhaust Tair fromthe conditioned spac?%%hrou h.t he evapor at or
coi I, and @fboddems those [fecondaiyaMpeiadesaditedhsr seaaPdarypaisai r heat
_exchao%e_r Wi idf iphsHagad [in Qﬂ? eidz_ﬁ?rn@da.wl edhie@it @‘xc\latr@rezv\ﬁmﬂg.ect ed
into the secandary .air .passages.of said.: ply airt t nger. _before it
i schar ges TP TAREL 1 WFEHL- e b chell bialeh REBIY cants,
accor di ng tecelt®dmtv dimscdl watiesr dnte (hhey iseeondaryl padgseigest &f dbe he
upstream si;f ¢¥inedla 12 HUMA Sk HangdS IR Endredy CotiPRE ¥xhahd air
\_; as it traverses the first group of passages_thereof._ .
15 . |
11. 2n indirect air conditioner according to claim 1
for_heéting said conditioned space wherein_éaid exhaust air

"heat exchanger comprises a dehumidifier.

zd _ ‘12. An indirect air conditioner according to claim 11
wherein said dehumidifier comprises a means arranged to
dispense liquid desiccant into the exhaust air flow.

13. An indirect air conditioner according to claim 11
. 25 wherein said dehumidifier comprises a rotary desiccant
dehumidifier, through which said exhaust air flows.

14. An indirect air conditioner according to claim 1
for cooling said conditioned space wherein there is further
30 provided a refrigerator compressor, a condenser coil and an
| evaporator coil coupled together in a vapour compression
refrigeration circuit wherein said evaporator coil forms said
exhaust air heat exchanger, and there is provided means
operable to introduce water into the exhaust air flow at the
35 locality of the éecdndary air passages of the supply air heat
exchanger, and wherein the heaf exchanger passages, air flow
paths, conditioned space and evaporator are in a circuit such
that the air flow imparting means causes air flow from the

_______________________'____——
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'_exchangerfmhich i s nmovabl e between a first position wherein all said
exhaust air is directed through the secondary arr 15 passage of said
supply air heat exchanger,. and a second position wherein some of said

- exhaust air is directed to the. domnstrean1side of the primary air passage

ﬁ-of sald Sy air Jhea er, for cling in th itioned Mace.
- Jghﬁl 4&ﬁﬂ?€§f¥§1 r%ﬂﬁﬁ*lﬁ) iﬁééﬁ%ﬁrﬁfnﬁf tHERPHY ai m 14 or
cI ai m B ovherati mmmmm itids |Hldimial? arocled munmmm de of ¢

the segm@g e G I J]qu:}[
An In |rect a condﬁﬁns?%icﬁlﬂla’nfga%%h elther clarm 11P 15 or. 16 o
V\/nerel sonditioned anaca thiangh ithe e VARPIAL AR &P idi s Andrthrangng said .~

sondi t |t®ée¢e%&f&arysai1¢ Pl gd QRIAd O Baid @il cfip]l?ﬁ'dd”i& MR %Btgd&f&b%hat said
S,al I’ISEI‘ econes

evapora i con l,. COI

an evaf (r)'“:c "ft?"ta‘" 31‘*?’2&1’ %vrap%‘?ﬁﬁit“br? & JMRPto any of

the pr éoexagt(pdzlialm theersaqortdae:yalariﬁ Imsam tqmngamﬁm heekx conpri ses

a pair g at,.]gelf 'He%ofé‘&&%i%diﬁz%}é%o d/ow, and the second -
a supp,

- fan cau3|ng exh air flow, wherein y a|r ﬁiOM/rate may be
reduced by reducing the second fan speed. 19. An indirect air

gondi ti oner 1s4bstpamllnalllnew ades eonzad inier heioraa mndd rblapieprﬂﬁnce Wi t h 3
and- as | lustrated in F % éﬁ 3 of t%[%cc rg)ar%e drawi.ngs.
20. AYhErSLIReRS 18 REVE graéhﬁ&tra S °3" %s g&% nbef ore
and i nsadxeotocfalt&e wieclondiacyas i [pastsagtee e fi rsaFildgsup@ly(Saamﬂ&aﬁ the -
aCCO”p§§¥hQQg%EaWhQQ% is movable between a first position wherein

' 'all said exhaust air is directed through the secondary air
15 passage of said supp;y air heat exchanger, and a second
position wherein some of said exhaust air is directed to the
downstream side of the primary air passage of said supply air
heat exchanger for recycllng in the condltloned space. '

20 16. An indirect air condltioner according to’ ezther
claim 14 or claim 15 wherein sald condenser coil is located -
on the downstream side of the secondary air passages of said
supply air heat exchanger. '

25 ~ 17. An indirect air conditioner'according to either
claim 14 15 or 16 wherein said indirect air condltioner may
be used also for heating said conditioned space, said | '\_)
refrigeration circuit belng reversed such that said . '
gevaporator coil becomes a condenser co;l and said condenser

30 becomes an evaporator coil.

18. An indirect air conditioner according to any of the
preceding claims wherein the air flow"imparting means further
comprises a pair of fans, the first fan'cansing scpply air

35 ‘flow, and the second fan causing exhaust air flow, wherein
. the supply air flow rate may be reduced by reducing‘the
second fan speed.

N
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21. An |nd|rect ai r- conditioner substantlally as 10 descri bed
herei nbefore and in accordance with and'as |Ilustrated in Fig. 10 of the
acconpanylng dr awi ngs. _ o
-19. An indirect air conditioner substantially as
‘described hereinbefore and in accordance with and as
illustrated in Figs. 1 to 3 of the accompanying drawings.

'5. | . 20. An indirect air conditioner substantially as
described hereinbefore and in accordance with and as
illustrated in Figs. 5, 6 and 9 of the accompanying drawings.

21. An indirect air conditioner substantially_as
10 - . described hereinbefore and in accordance with and as
illustrated in Fig. 10 of the accompanying drawings.
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