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BACKGROUND OF THE | NVENTI ON Air-conditioning, especially in tropical
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ventilated. Al though healt ort issues can be usually
addressed by attenpting to elimnate the various sources of indoor

pol.lutants, it is al nost I [ |y elimnate them It is thus
i né\__/_i_t able that ventilati 5%%&@'@‘&1&@15 houl d play an inportant role
in the eventual quality of the air in the indoor environnent. The high

energy-penalty of cooling and dehum dification associated with 20

venti | at i odhisinveniéon telgfst nheating tventilation aag parrcenditidnimg{HVWC) axdgmorent hal py
differ I Sks.. between the.outside air and the indoor air
‘condi tpl%gl%@aﬁ {]?i&a%lg%'g%@mﬁ?gﬁ?q h-la %}zlengﬁﬁ%%stysgew‘s/ari ably leads to a
deterioration of the indoor air quality due to a build-up of indoor
pgl | utants such as carbon dioxi de. Adequate ventilation with poor
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Runi di fyi ng per f or meAEKGRQUND Q5 IHERBVEBYTIONbUl d be even worse as it is

likely to result in 25 elevated.humdity levels in the air distribution
systens and the occupi ed zones. This phenonenon could be considered in the

cont ext of Alrwnidiiianingaespeielly imitepival clinekdsit diotated bl the Brinpénd pa@adestst he origin

and sust enanc m.crobi al ¢ i nation. The issue qof high indoor
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environment. The high energy-penalty of cooling and dehumidification associated with
20 ventilation in the tropical context is apparent from the large enthalpy difference that exists -
between the outside air and the indoor air conditions.
Inadequate ventilation almost invariably leads to a deterioration of the indoor air quality
due to 2 build-up of indoor pollutants such as carbon dioxide. Adequate ventilation with poor
dehumidifying performance of the cooling coil would be even worse as it is likely to result in
25  elevated humidity levels in the air distribution systems and the occupied zones. This
phenomenon could be considered in the context of humidity as an “indoor” pollutant, which
propagates the origin and sustenance of microbial contamination. The issue of high indoor
humidity levels in tropical buildings originates from the high ambient humidity levels in the
ventilation air (fresh air) and the need to provide adequate ventilation to avoid “Sick Building

30 Syndrome”.

The basic requirements of any air-conditioning system are t'o'provide comfortable




designing an energy-efficient air-caonditioning is anything but a sinple

. task. Optimzing the design of an air-conditioning system%M%)hz@ﬁen nor e
arduous task in hot and humd clinmates, where the fresh air contains
extrenely high humdity levels at all tinmes of the year. In typical cooling
and dehum difying coil designs, an air stream having an intake tenperature
and humdity flows over the tubes and fins of a coil while chilled water

flo t hr ough .t he .tubes of t oil. The chil]ed water enters the coil at
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(Lum'(teﬁ?psef %ﬁﬁn%wgﬁbég‘éﬁfgﬁ%%%ﬂdsﬁ@o A F%Z@'&I‘he gﬁ?ﬁ@rﬁé@ﬁ‘eﬁ? S are ai med
at  cairb@hithergbeds BEthwasit Mhe claNadivifer ehteRtheGoil bt 4 sipply teipcfalrdandagided hen feeding
this water (at the tenperature of the chilled water return of the first

coi | f PAcH™ SEgTRtEc dPe rewaropsircrreromrese of therwoling erflidetgmines |the essence,
thi s c§diink lan@ AU SRR $ARe Qirfﬁo%lfgnﬁastd@@%ﬁ%%qp@%pgf &Ry Lllig“el@ﬂt%ﬂ: on the air

side as well as the chilled water 'si ) wever, certalin drawbacks are

‘evi deégans being emidiionedp tveoieparate soityrwoultttepigally fra eyrplogledamitiecither spardilat  t wo- coi |
syst . i y-efficient. Secondly, two-coil systens are

cost (F{/?Sfcgﬁ%a%]ﬁ%ﬁdOg{szm{lﬁfelggt%equi re nore conmponents. Thirdly, tw n-coil
systens occupy nore space in a building, thus dimnishing the usable floor

space in building [ ayo 3re is aneed in the art for an inproved
ventilation and air coﬁ%?%%ﬂﬁgoé S{Eel?ﬁ‘lof{h%ﬁ'rovercones t he foregoing
deficiencies. 2 26 May 2006 SUVWARY OF THE | NVENTI ON Enbodi nents of the

present invention nmay éqr ovide a single-coil tw n-fan HVAC system for
ener gy- ef EffeiteAtvecbrai diresistinig B¢ nestdiepachitan tenergp-sficint delwoydifiee ai r

o ov T A O b ol o b P MRl Sl v S Wb 771 i e
condhubesorfithgcodfani matepe noeigtrafioresi tendysiet yainetdy af the coll.rEassdesigad d Syst em
COMPLI Sk OFlified by, for instance, the following patents: US 4,876, 858 (Shaw), EPO0415747A2
(Shaw), US 5,461, 877 (Luminis), KR09302466B1 (Luminis) and W009220973A1 (Luminis).
Some recent enhancements are aimed at collecting the water from the first coil in a manifold
and then feeding this water (at the teniperature of the chilled water return of the first coil) in a
sequential mode to the tubes of the second coil. In essence, this still amounts to two different
heat-exchanging coils both on the air side as well as the chilled water side.
However, certain drawbacks are evident from this two-coil design. The primary
drawback is that two-coil systems are not very energy-efficient. Secondly, two-coil systems are
costly to build, as they require more components. Thirdly, twin-coil systems occupy more space
in a building, thus diminishing the usable floor space in building layouts.
Thus, there is a need in the art for an improved ventilation and air conditioning system

that overcomes the foregoing deficiencies.




(a) a first intake for drawing in a volunme of fresh air; (b) a second
_intake for drawing in a volume of recycled air; (c) a singl?8-MayR0Heat
exchanger for conditioning the volune of fresh air in a first region and
the volune of recycled air in a second region, thereby producing a supply
of conditioned fresh air and a supply of conditioned recycled air, wherein
said first region and said second region are separated by a barrier and
wherei n said single-coi Uﬂﬁ? gﬂ:clt}?ﬁl r ines a fluid path transporting
heat exchange fluid frorbn sal‘%R}Ii rs r@é‘.’%‘ﬁﬁb@‘n sai d second region through
said barrier, and transporting said heat exchange fluid back through said
barrier fr aid second region. to said first region; (d) . a first fan for
novi ng saiI‘(ril"n?é"aH’i’)‘?"&S Og%‘eé’&?ﬁ}t “oiHed “TaP’@E‘W“iiiarsmémgf‘f”éﬁ?ﬁ Al SRt duct ;

(&) dosaehRdicdt EditioRink BOndpbilicHURM MdqtcyerA gk tdamngd recycled air _
downstreamin a second duct; (f) a m xing box connected downstream of said
first ductAaAdingdp @ fsdeancet of e pressainventividivee isoxovislel agyentflationehdsur e i n

whi Crhi%h@i_ti&ﬂi?@&%teﬁlffop%fgytéff?&%lg cbda@R i !OF irﬁl@;%nﬁéﬂtt RestSHRRLY i8] sp0Ndi ti oned
recycled air may mx priof to being ventilated rnto a roontor zone; and
(g) astreams sagl sysipmitcempfiving: sensi ng a zonal tenperature and a zonal

ventil ati requir n and for requl ati.ng said supply of conditioned
fresh ai rct?)na fgr%é%t?ﬁaﬁ%&emvmmg ik as‘éﬁli ez%ﬁrggmlfienti | ation requirenment and for

r egul at i ngb)sedechrdluipiteyforafraveian th atviotunetbfigsled £ air in accordance with said
zonal te e)r at ur e.%@ccor ing to a second aspect of the present invention,
there i snE? cf\ﬁl%‘?ic egfj §re %Fﬂﬁ?rﬁﬁnd“_tﬂ’i‘i‘rtg tP‘?)Y?l‘H%Oﬁf_FPSI&alﬁ%ﬁf_ﬁ‘g‘f’gl%nti | ation
and air- condithd M8 of YSHEB 2%3h & Rbsid"RBLhL! MGt blodn G R sy 9t @ first
condi tioning systemfor conditioning and noving ‘a volume of" "fresh air

t hr ough a cPpditigned freth aiand asupply efcreaditipnsd ireryclsy sir evhefeir sagbfireli regiomi ng and
movi ng a vygh une of Qg!}@?/ Q%I Lr through a second duct; a
barrier at |east Sggt?a ;;/1%259 ad;tidf%%%grarf%%aﬁ F’Vgl re%osﬁ% W%nfoglggeagystem and
sai d secorgchenged defirena Agidpythittengpoainy dedt exchadigailyidijors edidl fipaggiongo t hr ough
said barrier, at.least tw.ce to pass,heat exchange fluid fromsaid first
condi t i oni*Ry S&YRY sk Shreugh paidh m%Hﬁb‘P?%%?%gg%g’fcg?ﬁge gﬁ’drgﬁ&l&k fromsaid
second corigbiighGRidbgrisy S Baid Scoilirdsibr toShid GeReigldnoNi Ng  system to condition
both said yolune of fresh air and sai d volume of recycled air. According to
a third adPédisidin breogresithwrpliobemfiganed ek er davsicenn igedrd dyant i | ati on
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i ndependent fresh and recycled a streans, said systemconprising: a) a
first intakenddictdranwing in a volune of fresh air;

(f) a mixing box connected downstream of said first duct and said second duct, said
mixing box being an enclosure in which said supply of conditioned fresh air and said
supply of conditioned recycled air may mix prior to being ventilated into a room or
zone; and
(g) a control system for sensing a zonal temperature and a zonal ventilation requirement
and for regulating said supply of conditioned fresh air in accordance with said zonal
ventilation requirement and for regulating said supply of conditioned recycled air in
accordance with said zonal temperature,
According to a second aspect of the present invention, there is provided an air-handling
* unit for use in a heating, ventilation and air-conditioning system, said air-handling unit
comprising: a first conditioning system for conditioning and moving a volume of fresh air

- through a first duct; a second conditioning system for conditioning and moving a volume of




b) a second intake for drawing in a.volunme of recycled air; c¢) a

. single-coil heat exchanger in direct contact with the vol urte Ny 2408sh ai r
in a first region and in direct contact with the volume of recycled air in
a second region, thereby producing a supply of conditioned fresh air and a
supply of conditioned recycled air, wherein said first region and said
second region are separated by a barrier and wherein said single-coil heat
exchanger defines a fluid path transporting heat exchange fluid from said
firstrepelgl i threughe seanddvpiila bagieont least ragtiphly seriavitibgsaid Grst caadiioningnsport i ng
sai d chang 4t d. .hr i.d barrier from saj.d second region
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f r estut dgapt dhdosrts tpassalrenti exclanfé fsil fowe said fie candimtigdsyftamn t6 e4id meohdig sai d
suppl . condi tion recycled air downstreamin a ,second duct; f) a
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vent istreanispaid systeicemptiingand f or regul ating said supply of conditioned
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recycle %ZEﬁ*SPPta?@?%g%éﬁ?Mﬂng?f L f9pal tenperature. According to a

fourth aspéect o res ‘nvention, ‘there is provi ded an air-handling
unit for (3esécnndaintakafor drgwing énd vdlahe cfire@nldd airyr - condi ti oni ng system sai d

ai r- handl i unjt .conprising,a.first conditionjn stem for _conditioning
and movi ng) & VBleAl BT SRR if Jireseiopst SHbBerRIBEH ast T @32 BBkt and a
second comelién i Girdey Sonf0l el the 9Plink b RicRBed Mh AGedny RlgtbEmekby r ecycl ed
air through a second duct, a barrier at |least partially separating said

first condfadPeing hgrrlypd eenitinnes feah air audroweply obnditionsimyyelydtiom a
heat - exchagheisalltin rbBofhad6h LORE Ughortd [LoRHefl by ¥ BhiPardl el ai T and

sai d vol une of recycledoalr passi ng, sai at - exchangi ng coil passing
t hr ough sa#id singlerdod rhestt exklmagyr definsen floid pastrivspttingxichaegbarfde flul f r om sai d

first congitianj system .to said.second, candi t.i oni syst.em .and back
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condi t i on hiotdrclmagedflviol backe thedugh rseidbaaiidr foRd sEdisebod® kdgitn ©f saldeiyel ed air.
According to a fifth aspect of the present invention, there is provided a
ventil ati 65 %nd ai r-conditioning system conprising: a housing having first
and second) £8RPRAA FFRRLRe sAd RIHB Jf BbndRiohaNIGHER UowRaEdn BNEm S duct;

€) a second fan for moving said supply of conditioned recycled air downstream in a

second duct;
f} a mixing box connected downstream of said first duct and said second duct, said

mixing box being an enclosure in which said supply of conditioned fresh air and said
supply of conditioned recycled air may mix prior to being ventilated into a room or

zone; and

g) a control system for sensing a zonal temperature and a zonal ventilation requirement

and for regulating said supply of conditioned fresh air in accordance with said zonal

ventilation requirement and for regulating said supply of conditioned recycled air in

accordance with said zonal temperature. _

According to a fourth aspect of the present invention, there is provided an air-handling
unit for use in a heating, ventilation and air-conditioning system, said air-handling unit

comprising a first conditioning system for conditioning and moving a volume of fresh air
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said first and second conpartnments having an inlet and an qQutlet allow ng a
_air to flow therethrough; a heat exchanger conprising a h@étM@k%fWQnge coi |
shared between said first and second conpartnents, said heat-exchange coil
having first and second portions, said first portion in contact with air
in said first conpartnent, said second portion in contact with air in said
second conpartnent, said heat-exchange coil having an internal fluid path
for a heat exchange fluid, said fluid path repeatedly crossing between

sai d thiopgh 2 drd e EBR@ seprsdtopditioninentystganian pengdioning mdvengembelumeneht s nay be
remar ; XA i Iyl . . 5] J
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sect isywefand fpéd spodrid coBijtienimgadystay; ¢ het-Exchsigingrdil ietinchcaiact sitl sddrs

separ, | [ separat e fans ich are independently apd separatel
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tropi cs?). and%ﬁcpt i.mal. sensi bl e coksotléi ng .performance on the recycled air

st r edhPHY SPIEoPdnng Ry P R Bpcksizon Faif scendopdigyninggysiemde s firsadvant age
may Renditishidiiibh Yo doRdiBGTbARY fid $oMEndiF Hes B 1A il VAR AGRITLAT f Vi ng

performance in a rather independent manner using a singl'e coil, both on
the air ardtfceHseéhe fift gspreitod thesirepers invgntidng iers is piovidedia versilation eed | ed in a

si ngl,g. ﬁdh{ri{&?g”b b Goritilsin( AHU) Wi th suitabl e nodifications, which

esserallt icgl I ;lloi nvg% ves I#Bri:{s?t Al ng a thermally insulated sheet-netal barrier
t o di sti nethoysisehrvingtfasttdnd skeoad hompriltntehis in eiruliah ahngesitmteeds onByf USi ng a
single coil..with single chilled water feed, there may nqQ | opger be any
need for S?Krll;ffésﬁl %@‘?eg‘fng%f’%‘? e“?ﬁ&“é’%ﬁ’bf‘@etﬁﬁ ¥ ‘81@]8 ﬁl(?@’ﬂﬁ{%eaeﬂ“t" 3b 26 May
2006 fi r sthetdtifiregh; ai r) and the second (return air) coils. Consequently, the
single-coil twin-fan system nmay not only occupy less floor area but it my

al so cost aIhQ%tsex‘_EhG“&?&F‘_fnéﬂrisinﬁ§th§1“rex§ﬁ6g‘i)‘f9él_rs§%f§4 betieesthidfirigndsccondrbodi ment s
of the prosBptrinicAN CMlid BBt TRMaREOMIIdRavineS HROLGT SQohd tpgj(fé?sé:salg fystem for

cooling and dehumdi fying two Separate air streans. ably, the fresh
and r et uPprligh | contpelavith ardy s4ié firsbeampatipent asidasbéomd @brtion o1 ecomictswitit ens  (one

for each ajt r resh, ajr. and recycled air travel .in separate
duct s but °F Eﬁ%&igs &ghg?r%ﬁ‘é}e&cg%eﬁ st porHaging rn temal TAPATKOE £ o5 bot h
ai r str eanbeat Ehehafgedhil, aiid flsidrpadrepaaddly kevssigcytw s saidrfirg bh€aando not m x
when the t streans flow through the coil. The fresh air and recycled air

only mix 8 ream at a mxing box just prior to being ventilated into

the room Uhe d@ARtagR JPehL EbREmenTRAH bEBGAkabR FhNEkaRHRS & Ningld Nt | On may
di mnish humdity levels in the occupied zones of a building in direct

r espBfibles tthe sEnlipnents eradisionipg qfttwiossepayath enire pipsiams | withgut aging ¢t thsant  densi ty
- al oNgoRIRMEID Section of the coil. By treating the fresh and return air streams separately (using
separate fans which are independently and separately controlled), the system may achieve
optimal dehumidifying performance on the fresh air stream (which is predominantly latent
cooling in the tropics) and optimal sensible cooling performance on the recycled air stream
(which is predominantly sensible cooling). Another key advantage may be the ability to achieve
the desired cooling and dehumidifying performance in a rather independent manner using a
single coil, both on the air and the chilled water sides. A single coil can be installed in a single
air-handling unit (AHU) with suitable modifications, which essentially involves installing a
thermally insulated sheet-metal barrier to distinctly separate the fresh and the return air streams. By
using a single coil with a éixlgle chilled water feed, there may no longer be any need for

intermediate return and supply manifolds between the
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t he dehum di fyi ng performance of the systemin a distinct nanner %gnGd al |
.other thermal |oads govern the cooling performance of the Mﬁ% 0
separately. This new air conditioning systemis capable of distributing two
streans of air (one streamof conditioned fresh air and the other stream
of conditioned recycled air) to various m xing boxes |ocated throughout a
bui Il ding. By feedback signals, enbodinents of the present invention may
opt i i er-gqy- i Gl al hord t he vent.il.ati.on.apd cooling
et SR ha e AR o o ey R S DR 8y S ovi e
enhanogohot erdpeacuyg less dlaad ardaybuy it 14 alsowidt hess wbnidd; adtall ast @pyraef f i ci ency. The

signifi can[%l dvant age of.. th e odiments qf this inventi Pn ver existing
st at e- of - W@leé?’vtor b?f?tfolqﬁneﬁﬁc? FicHi FYARHYR B8Y POVIEY SHS ef"r‘?g ¥&rative ease
of opfein 3fstednf@icodlig OidehurnviifGy twéSRBarate SirNEtAnd PRy, GROK&Atand €. 9.

chilled water). The dynam c psychrometric perfornmance of the coil may be
achi S5EF BYSURHRUPAY PhifoyHdy vatiddlegir-sdenasstems epeder eack ainetepsh Th¢ changi ng

cool i i4.aft4 ] | t s i.£ f.eqt s of the
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invention will becone apparent by reference to't oW ng description
and tané defranififgsbotiBRr RraDEIORIfRIH GNst@Rm BRE (PRANCNESIr Fhien doeminion i s

furt AL, GRS DG By iV he 8&@%‘ Fesf M Yna r‘é“(;}ci‘eﬁraﬁfogfy%}c Gt e

acconpanyi ng dr aw ngs Wher el n’ I'gure R R T eprctirng an

ener gy aafifing benjustpiringlocbeingiventiiaedinfoahe HAGr Iyed ©e 4o, WhpoRRBiEs WO

03/ 046446 PCT/.SQD2/00280. i n. accordance with the present invention. Figure 2
is a? ilhi’ﬁp‘?rfslﬂfltela"%ﬂ% &Y idEmB’lSﬁl?‘H‘Bld%%?"é]ﬁflﬂg’ﬁ! QL 7N ‘&frl@’l@%ﬂgl’—? gure 3 is
an | sirREtrédp6nk k@¥écpant BehsiE A is O iR hIRad Gt bcéﬂ&anrt R&nsity slbepAeR cted in
Figure 1. 5 Figure 4 is a psychronetric chart show ng graphically the
superthofehy@idifiing ipﬁsf?lﬁgncepféﬁhwﬁﬁme agiistingfamanpen anthall eqphier theemal doats gure 1. In
the dj,aw, BRSoolRESEGsH e EFRRAL BN the invention are illustrated by way
of ce%%arrpl es?o I %%i S r.: og(ﬁe exp ess%egar%lg'erst ood that the description and
drawi ngs dhés o ¢ir fconditidning gystepas eamablei dfl digtibwing owno anchnarde aan(oaé d f or

under ng....lhey.are .not. L ntended to be definitjon.. 10 of the limts
o 1E RSN AL oY s il b S ol o BBt ot VB8R 1 gt o
Fi gumsixihg beues tbéad siysighoutdenating. Biefedrabl Yighis, efBodinéfs 6nGeprigeral 2 for

_invention may optimize energy-efficiency by tailoring the ventilation and cooling requirements in

various zones of a building. This system thus may provide enhanced indoor air quality (IAQ)
with improved energy efficiency.

The significant advantage of the embodimentsof this invention over existing state-of-
the-art cooling and dehumidifying coils may be the relative ease of operation of the coil, which
uses a single feed of coolant (e.g. chilled water). The dynamic psychrometric performance of the
coil may be achieved by modulating the rate of coolant flow as a function of changing cooling
and ventilation requirements.

Other objects and features of the invention will become apparent by reference to the

following description and the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention is further described, by way of example only, with reference to the

accompanying drawings wherein:

Figure 1 is a schematic depicting an energy-efficient single-coil twin-fan HVAC system




15 ventilating and conditioning the air in a building 4 has an alr-handllng
.unit (AHU) 5 which conprises two separate variable-air-vol @W@VM systens
6, 8. The first VAV system6 draws in fresh air fromoutside through a
fresh ajir intake 10. The fresh air intake 10 has a diffuser 11 which
expands VB4 s the fresh air for maxi mal heat traf§TBE02/00R% fresh air is
first filtered through a fresh air filter 14 and then cool ed and
dehumiidiatdoethnbywith €0 blesedlinvditioncoi | 20 is a heat 20 exchanging coil with a
singl e feeq,of ch|I ed water. A fresh air fan 22 noves the conditioned
fresh air QUgHEe? ISeaimnlified schamaticrofdhesystem dapieted inRigwse & fresh air VAV box 30.

The fresh ich the
frosh air mgrs San Bioddks oFBEARELE sy BolTbithd ol ilfind 3

condi ti.oned fresh air into a mixing chanber 39 which is a portion of the
m xi ng box 38. 25 The cond VAV system 8 dr recycled air frominside
th§ bui | di rﬁgg“f%édﬁérpsﬁc QRS 8@“ ﬂ%‘l’i‘"’“ﬁwg‘ék}é"“iiit q’ﬁ'&i"’*‘ﬂ%?@'&“@éd §ing i nt ake 12
‘has agﬁ%ﬁﬂhﬁ@éoﬂtﬁeéﬁeﬁmﬁ&édmﬁé@w the recycled air for rmaximal heat
trans The recyCled air 1s first filtered through a recycled air filter

16 and t hedp ﬂ@o@BEMg%m@fd‘eddmmhﬂ!dhn@ts tfythe aiantom arezmustriﬂeé byoidy &0 is the
sane C kN c0| resh even though the fresh
air ang%l%%g;c#q g?rgxlfr?sﬁ\ye“ln ffr?{o%(f)%%trtg? @esa'a%“’g a“% é‘igélaﬁpo"r’iﬁ'% fan 24
rmves phﬁﬁs@@iﬁﬂhstrhtﬁiﬁ%ﬁdﬁ:ﬁﬁﬂ@xﬁ%i‘uﬁdérstﬂmm a8 bl 18 bE aMEIIRA ai r duct
% recycl ed air VAV box 32. The recycl ed air VAV box 32 is connected
éot h&t feindEs obBie imygntion: o 5 26 May 2006 WD 03/ 046446 PCT/ SGD2/ 00280 whi ch
the recycled air may flow. A recycled . air danper 33 regul ates the fl ow of
conditioned recycled air into the m xing chanber 39 of the m xing box 38.

A feedback contr GESSRIPHEGN OhTHE PREFERREDEMBODIMEBITSr al processing unit
(CPU) 54, controls the operation of the HVAC system 2. The CPU 54 conputes
optimal fan speeds and 5 danmper openings based on tenperature and carbon

di oxi de f ﬂ]&%ﬁ QN the
bui | di ng(gﬁ@ %@gﬂlﬁ% O*%%ﬁﬁ@@%&%eggﬁé@y ﬁ?{:ﬁ{efeg&%er oVl g #

mdas uVeHdatingang gensitionitigdhé diein ¢ bwibling 4 has onaii-handteg it (AHBeS @6Rhsensor i s

| ocat alr duct 46 a ret The return air duct
46 al g%n on %puaéa arialy gfﬁ?lg‘ngmsyggn? Snﬁé‘ﬁglmég‘gsﬁ%‘ngldfa“ﬁenper ature
10 | epviresyy airlfﬁ)nf Sivide tﬂ'ﬂ@&glpa'iﬁ-&ﬁ Rir Gitekel 10 TRE ReMairdftald M Hab € dirguRqiat ure
sensor 36 are linked via wres 55 (or cables) to the central processing

uni t PESBEXERD %fndtSHENSdb?ﬁ?Sblalrsf?fsmwal'h@ét tpsfers AThe disaipait @éirstrﬁétewgt i mal
danpef, Ik f %ﬁﬂﬁﬁ e ~ danper 33
so t hataﬁﬁg optalmirﬁah;r H‘%d&tﬁeg%g r es eeflﬂg%élgeai ?OF@ [ %"taé a m xing
cR@nbexchagingcoiihveth asingleedobehiRd whike. EHtéshdir #ins)2 hi®@s Hrtcasdititirdf an

vel OC}'IE:QE a(i)rfdo%%ghhear\é os gﬁsat i‘r’eenfl 5119d1\1/c? 53/ totahf?esh air VAV box 30. The fresh air VAV

box 30 is connected to a mixing box 38 into which the fresh air may flow. A fresh air damper

31 regulates the flow of conditioned fresh air into a mixing chamber 39 which is a portion of the
mixing box 38.

25 The second VAV system 8 draws recycled air from inside the building through a recycled
air intake 12. The recycled air intake 12 has a diffuser 13 to expand and slow the recycled air for
maximal heat transfer. The recycled air is first filtered through a recycled air filter 16 and then
cooled and dehumidified by said coil 20. The coil 20 is the same heat-exchanging coil that cools
the fresh air, even though the fresh air and recycled air travel in separate ducts. A recycled air

30 fan 24 moves the conditioned recycled air downstream through a recycled air duct 28 to a
recycled air VAV box 32. The recycled air VAV box 32 is connected to the mixing box 38 into




15 overall cooling and ventilation in accordance with total building
~demand. The CPU 54 controls the first VAV system 6 and th&6depaelov/Av
system 8. The AHU 5 conprises a fresh air tenperature sensor 56 | ocated
between the coil 20 and the fresh air fan 22, that neasures the "off-coil"
t enper a8 44 he fresh air stream The AHU 5 al so PEIREPYURY 3 recycl ed
air tenperature sensor 58 | ocated between the coil 20 and the 20 recycled

-air f avhidihe tdopdledmanny Bow.t Aaetyolel afi damper3s MEpRlaak WEdF of baditiegsc! ed air
stream %fresh air humdity sensor 57 is also located in the AHU 5

bet wedFEYPKE 2& gitp themixipg chamber 3%afthemixingiex38.  There are mainly two control

nodes for I r oRd | 1t i (e hum dity
is within gg%%%%@{)ﬁg}r?li sﬁ?tt&g’) %c%%&%ﬁ%gg%l é&tggsl 1%naif‘ltt C\?gsgﬁ’gnal from
t he r ecntodletie opératicneififhetiV A€ sysen30The GPUGA tomputéswtianbfanRpeeds amiui t 21.
When the hum dit¥) Ieﬁvel of the frcgéh Sli r, .25 _downstream of the coil exceeds
thd alERBYRBFIngsdaied on temperars ad caban dipyide pdings fomssepoR logaiedm ¢ he
fresh apidrichepp@s 8f e BuiklpOr to control the flow rate of the coolant in the
coolant circuit 21. As l'ong as the hum dity downstream of the heat
exchanger BReferingvp Figiore la@c@pe sebsor 34 é¢ provident fok meisusing theavatbenpenxateur e of t he

recycl LI . eam the heat K exchanger. 20 Wwll predomnate in the
contr 3? I?ceglbarnﬂg?n\éﬁr}g %uﬁ Sﬂ]se 1 135°F8" E?‘b“ﬁfe 2 re@%hﬂ{ %qcb%ge'bmf $’é¢§’r‘f“ g 3‘%{nd
condi The rewin kit Ayet 146 disaicontdnea finpeture §ndod 86 or kicAGriRE hedR thiipadeaRr dance with

the local cooling_and ventilation requirenents. The 26 May 2006 WO
oéﬁ 048%21'@8 Brerpasen Theeshmn digsidagnios R4 sl the temperatrg senspi 36iarslinkad via pl enum
.chanbgr: 1 - : ' ich h id, pressure
o gr s> B ST GRATERRK bibcAltnf B! T 54 BARE orBl SRR ThECPB 1.5 T hi o
Ithe lrrbcamélggsbh?mp@?ﬂ'la( (ngeriopeningsfoe the ffesh zisdagweﬂti lsdnﬁitltm{ed:yalgdhﬁﬁwgé} a .
ocal i,.ze | ffuser ,vent . .5 As not ove, the mxed air is vente
throua S%lth84 tF“? %’é?alwefggﬂﬁdéecﬁ’ﬁlﬁ 1B o‘fi)‘Pfo Oriingeshambey dPintheg zone) .
The r g@ihgBoxdd s OTHRAPU k@aleﬂégﬁmteyﬁ%tfaﬁ%loé{@!ogQacﬂfm sy ey ffato the

return air duct 46. Areturn fan 48 is provided to asSist return flow
ofl5 t hevardbspelingiand iventilation in acoondinse with dotal buitdibgsdestandn Bhe M54 edntrols ai r duct

46 bi Iqlélr a%m%?@n%g}é@%eh&uida\y tsgs?eq?ﬁnd the recycled air intake 12. A

contro S ‘e bifurcation of the return air 10

- duct 46. The ARUPetmpidses fftedhiaepeathle @6hséS6dbciRA betdvedtthe a4l B apount of
recycl e%fgi r, gack to the second VAV system@8, i.e., into the recycled air

i nt akte &pathat measyres tha ‘ot ¢odl” tpmpsrpuref the fgesh pir siyeam. clhgi AHYr essur e

bui |l d dear e i i ed . e system As
depi c? ggo\ggﬁp ﬂéeeglsal%r’rc‘a/l\‘é @:ﬁgg&ggﬁgﬁrr‘%t %%gso?r?%ﬁ%ﬁég\é’%@ee%@ee %\I)A%; %&s &m )2/ has two
VD i atskyeledi air-farol4, thet fhsiifes thy Soffosil’tampdratalear the rdvgcled sigdtRamcaniah coi |l 20

L R e R O S o b 0.

There are mainly two control modes for the system. In normal operating conditions (i.e. when

humidity is within acceptable limits), the CPU 54 uses the temperature signal from the recycled
_ air temperature sensor to control the coolant circuit 21. When the humidity level of the fresh air
25  downstream of the coil exceeds the acceptable limit, the CPU 54 uses the temperature signal from
the fresh air temperature sensor to control the flow rate of the coolant in the coolant circuit 21.
As long as the humidity downstream of the heat exchanger 20 is within acceptable set-point
limits, the temperature of the recycled air downstream of the heat exchanger 20 will predominate
in the control.
30 Referring still to Figure 1, conditioned fresh air and conditioned recycled air are mixed

in the mixing box 38 in accordance with the local cooling and ventilation requirements. The




is filtered, conditioned and noved downstream by the first VAV system 6
~whereas the recycled air is filtered, conditioned and moved M {0 eam by
t he second VAV system 8. However, the first and second VAV systens 6, 8
share the sanme cooling and dehum difying coil 20. Each pass of chilled
wat er t AYQUM64he tubes of the coil serves both the fRESEHPRSStr eam and
the return air 20 stream The circuiting of the tubes is done in such a way

so as ﬁxﬁ{i@lﬁﬂ@@_p?@?eréﬂlfﬁn@ﬂ%mﬁ &gegmﬁﬁﬁnﬁd&w Rrﬁiéﬂﬂﬁéﬁ%ﬁbeﬁ§mpﬁﬁﬁ)!s+ﬂ e, which

is illustrated in Figure | so shown in Figure 3 are two coi
sub- ci $peef it $hieh theairPrezgise is|ereates thamibalrin thetoutsislentinaspbdiat Air fsdlus foroedm part of

200+ i Tpl 0 % epui i) or v R B R b Sl IR, | hu o el

sheet 4tetal barrier (a "comon wall") 27 separates the fresh 25 air stream
fromthe recycled air stream The barrier, or conmon wall, 27 should be

suit ably  rsdioted @boveothe mixgdraircis ventedthroneh o fiffuser yentAleintoiareomM2t(ere heat

exchanggke & Buif t ' e ;i ndent. d unm xed as

they fIow thlruou% ﬁ'eﬁ;ﬁegeré@gg‘)z(girﬁglﬁ%te@e gg Vﬁfl Yer nac%l\@%%gl%ro%@hnﬁgrﬁ%

ar r angetwerdisduar 46, Aoferofang@ is gprosidedth essiskihg neternIlowsofahsebeled birbackdi agr am of
of the system |t illustrates a

Fut | - o PESP PR SR e, o i S o o UGG cxhit WRbAafe A

hal f - Ghdyeléll bir ifk@112 O ACeohBbIlabtedabiptl 92118 hotbd ANEPRMLatOAYE hedin@ e used. In
all of the circuiting arrangenents, there is but one, single coll 7 26 May

2006 \ectaty/ ThedpaperZasbocondolsioo diyert prariobleleinogntaficbopdddainbdékityitteg bot h t he

fresh _air t Lecycled air.. The. opti 1 di fying, perfarmance of
the o iBiond YA A oG hfyeted B R 1 e AT eatolt i "o v ng
pot enté alleviay airdrdssure Biild-wakhaanarbetoMaRs of feshiitie enilatbdGno diclsipas, of the
fresh air in the tropics and the cold surface of the coil. The |eaving

condi tion &f depigied prde amphied sehematis infigug R, s MKACcwptemvd has e t ypi cal |y

fully . | L] r [ erformance of the
i ngt SR AL Ebtunf (Y Eofels iRd] B8 e DA BTSN DD T b A0 F e

hdfi didehunodifigng botisthafréshair siraam okl thearaqyeleditistean. Imoth@rwebeds, the freshsisr € pr oper
coolin nd, vent.ilation, t sychqoneirjc performance of the coil is

contr (‘ﬁgﬁ%&‘%b%‘? RSt 2p %Vﬁg‘g’“g‘ﬁ%‘fﬂ“&ﬁ “‘%‘F‘f‘-’%}fiswte‘?éﬂﬁ‘éﬁ_@%%" gcwledeach air
st r eagir isfiterdd\ndiBibded Hd GRved ddwRBREHAYREScINAYA R sstéﬁ?i%.ﬁﬂéIo% ef e

controlling t he dynam ¢ psychronetric perfornance © o’ to ensure
accepfisbpul seepnd VAV systemo6,t8 shard thesatooeooking and delnimigifying @)l 20nEsdhgassccupi ed

zones, hart s in Fiqure 4 illustrates.the overall dehum difying
perfoPFr%]{rl\-l}geg Vg ertﬂﬁgu%l’%sfgttl%rﬁoﬁ.serﬁftbgﬁ’&he g?ﬁ‘i’ W@@B%@@‘ﬁf"éﬁ“&ﬁ t he graph
ag0 coBtekatri. OThe Clsdutthp @ the Titees fid donb indAdh SWaY s t4 bldarelak @Rldh 8f 4 cobhfe£am) has a
condi }]I on curve 62 having an off-coil tenperature and humdity 15 plotted

at poflAY aganggmentsnpessibie, whishis leshated inkigerd 3atilgsshawn geFigmna asdwond VAV
S y St egaif §BRircuits 20a and 20b. Tt is important to note that these form part of the single, integrated
coil 20. They are arranged into sub-circuits 20a, 205 in order to optimize counter-flow heat
transfer. A thermally insulated sheet metal bartier (a “common wall””) 27 separates the fresh
25  air stream from the recycled air stream. The barrier, or common wall, 27 should be suitably
modified to interface with one of the plate fins of the heat exchanger to ensure that the air streams

remain independent and unmixed as they flow through the heat exchanger 20.

Alternative circuiting arrangements are, of course, possible. Figure 3 is a schematic
diagram of what takes place in the single coil of the system. It illustrates a full-circuiting
30  arrangement (with four passes, for example). A half-circuiting or one-third-circuniting

arrangement could also be used. In all of the circuiting arrangements, there is but one, single coil




recycled air streanm) has a condition curve 70 having an off-coil
_tenperature and humdity plotted at' point 74 and on-coil &8AdaY 2¢is
plotted at point 76. The conditions in the roomare plotted at point 85.
By de-coupling the ventilation and cooling functions, excellent

ener gy- ¥ qs’@i‘ﬁgﬂscy can be 20 achieved. A change in t RETSEMRIO8t i on
requirement will only nodulate the fresh air fan 22 and w Il not change
t he c@ol foftodlingVind HeRurbidi@hy BOth TR fedesiR hhd theCRRAA! | SThE Bptithale- » NO
unusual increase in humdity differences downstream of the ?I rst VAV

syst erfeunidifying perémance of shegrngleeil is achievsd g thenfagtahatitharhevisiap higbads,

Y or i ati . ir fap.24 will . nodul at
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occupatapies afd tRScdli surfacosh tHecotli ThelleRii@Sonditich ofed frdshbft@ Passiag tirewpiient al so

di m ni shes. ighe f[eﬁhfu?ir fan speed is nodul ated accordingly, but the flow
rafe ithe oHvill b paiellcfully sateratsd. remai ns unchanged. The tenperature in the
room 42 wi g)ﬁg@ | S hel ) irs~mai nly
recycl ed aii#rg}llte'klgﬁ{e]l%g%%rr%et?i J?gageetﬁggr alltlér%eotf#eersrugg%?tgl %&?kﬁmﬁ% detects
t hi s wsystque?.alA psychivaregie chahshoms thel Imtnidityt df eirds afierctornofdethpanatennd cld
accordingly. Wien te rature and. humdity | evel s 30 begin to.rjse above
e aCIBD 1 BIeEre R SoLng S e o S PEVROmEE, RErormaeLatdrd SbH o ¢
t empegaittblied Bﬁeégﬁrehdln%‘ e thteeoﬁr@&l’*t%érﬂﬁrefo'f eM¥haftsBednl) ThEBvE@At-ant circuit
21. 8 26 May 2006 WO 03/ 046446 PCT/ SGO2/ 00280 Although vari abl e-air-vol ume
sy 8t eryl depmpgyptares plagd cryeiebuoledn congsplling thetdynamie genshrometricggroroenenafpt i on, t he
si ngl g-.coj Wi Q 1 Wi t.apt - ai r-vol ume ( CAV)
Syt e e eBl ol co By B R Ot 3P oy TR bR A e 17 the
hybr i diisyhireshownein Figuee Pitlugirapelid ovetallfeRiBidingdg pérhembaslof edBvAE operati on
woul d be to use a CAV systemto 5 drive the air stream whose | oad
char a8¥& %t%d%%lsﬂﬁr?SW%@}%? gmph axfenditionspren iy dhe fist AMRStee - air
str eamhdhiesCuit &Rbmy RAY £EdRloR S & Balil'af ot A fibho ARl hEhbiey T S
provi des for maxi nmum exibrlrty 1n deSign and al'so maxi m zes
eh&r gploed/atyind 64 end paoitl cmiditpnoplettak it point 6e TheipeondVAVawyitanifthace of t he

A A k0P 558 DR S5 L BB L
Depar ot 74 hndii.doill ddadiAéns phed\R o024, TR c¥Rdifidrisin b rodnl\@EPIRH& at The seven

experinments presented in Table 1 bel ow represent different” points of
oper ab9iBfPSf a variable-air-volume fan in a steady-state condition.

Experi - St Wco%{)ﬂgerhgx%rnhﬁgg{ ﬁnﬁ%&{nrg fu%ecﬁgr?sl, eexcci:el?ein{ energy-efficiency can be

20  achieved. A change in the ventilation requirement will only modulate the fresh air fan 22 and

will not change the coolant flow rate under normal operating characteristics, i.e., no unusual
increase in humidity differences downstream of the first VAV system 6 of the heat exchanger 20,

A change in zonal thermal loads, characterized by a modulation of the recycled air fan 24, will
modulate the coolant flow rate in the coolant circuit 21.  For instance, when the occupancy of

25  the room 42 diminishes, the ventilation requirement also diminishes. The fresh air fan speed is

| modulated accordingly, but the flow rate in the coolant circuit 21 remains unchanged. The
temperature in the room 42 will therefore decrease because the air being cooled is mainly
recycled air, The temperature sensor 36 in the return air duct 46 detects this temperature change

and modulates the dampers and fan speed accordingly. When temperature and humidity levels

30 begin to rise above the acceptable limits, the CPU 54 uses the signal from the fresh air

temperature sensor in order to control the flow rate in the coolant circuit 21.




Thermal | oadVentilation |oad nent(F/.A) fan(R'A) fan Room 1R%01\r/[n 2R(?om | Room
.2 111:40 am 12: 15 p. m 309B0%BaseBaseBaseBase 2al2: 15 - 12: 356 May 2606
p. m 30%80%BaseBaseH ghBase 2bl: 00 -1:20 p. m 100%80%BaseBaseH ghBase
3a2: 00- 2: 15p. m 30%80%1 ghBaseBaseBase 3b2:20 - 2:45 _

p. m 30‘3/35’6{)(*9&i‘§ﬁBaseBaseBase 4a3: 15 - 3:40 p. m 30% 30PBASE2/MYnBase i Bas e
4b3:40 - 4: 10 p. m 100980%BaseBaseH ghBase Table 1: Sinulated experinental
condi ti ons AlthoiightragivteiieiSuh ReR M R e B Beddusdihdy fbfersbdiet alegs fan
operating characteristics Tabul ated above in Table 1 are vari ous

exper icRBRIPtion dhe sipglecoil fwinifamsystrarmay alsese tyisneonstantiainvoluseed€AVat ar e
char a | . e r ' COr§-8SR0 acant or
mear |y o nE R BBl coh Al Y RY I R RO GRCIRRATRISR ot o
are rewpe mexa.pr@erw@ilmwhtey,,m@manb@aﬂsmamgiwmams uielQi @Q\érsjl;bltbnﬁio 30% of ]
t heir maximum speed. H ventilation, |loads are simulate y havi ng ei ght
oceup&Re the i s ‘%‘Oé‘;r‘ﬂg‘ﬂ?h@@’?ﬂ%‘rcﬁﬁ? faihecpastant andg WAV sygem todrivadisi ¢ i onal
heat - igtd ' | ? : - - nce
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f abri dexbiithindesign ardelsomeaxaizes dnstgy-savisgwbtengjelatveing ypepateacnt ed in Table 2
“below. 25 9 26 I\/a(}/ 2006 WO %Qﬁg%léG PCT/E%OZ/ 00280 Coi | .
" Charact eri st'f CRPEERNPRE A% REigR P eaferge“&f’r’(ﬁ%ﬂq"ﬁ‘éaﬁt"al%e&ht

() 389 3@Boudientdrinten® Ve Qererdnguotiiaa t2Rdded Alr Gadiey ALY Chinibalbf #0% f I ow

m s1.301.52 Fin density (fpi)1010 i .
10 Department of Building at the National University of Singapore. The seven experiments

presented in Table ! below represent different points of operation of a variable-air-volume fan

in a steady-state condition.

Experi- | Steady state period Fresh air Recycled air | Thermal load Ventilation load
ment (F/A) fan (R/A) fan
Room1 |[Room2 { Room1 | Room?2

1 11:40 am~ 12:15p.m. | 30% 0% Base Base Base Base

1 2a 12:15-12:35 p.m. 30% 30% Base Base High Base
2b 1:00 - 1:20 p.m. 100% 30% Base Base High Base
3a 2:00-2:15pm. 30% 30% High Base Base Base
3b 2:20-2:45pan, 30% 100% High Base Base Base
4a 3:15—-3:40 p.m. 30% 30% Base Base High Base
4b 3:40-4:10 p.m. 100% 30% Base Base High Base

Table 1: Simulated experimental conditions in twe chambers (Room 1 and Room 2) and
15  simulated fan operating characteristics

Tabulated above in Table 1 are various experiments that were run with thermal and
ventilation loads that are characterized as either base or high. Base loads correspond to vacant
or nearly vacant conditions, for which only minimal cooling and ventilation are required.

20 Typically, base loads require fans to be run at 30% of their maximum speed. High ventilation
loads are simulated by having eight occupants in Room 1 and high thermal loads are simulated
by additional heat-emitting lights in Room 1. For the purposes of the performance validation

- tests, a single-coil twin-fan system was designed and fabricated having the characteristics and
geometry presented in Table 2 below.
25




Nunber of rows66 Table 2: Coil configuration and physical gzporretry Even
. though the single-coil twin-fan systemuses a single coil,

transfer - 5 characteristics of the portion of the coil in the fresh air
stream need not be identical to the heat transfer characteristics of the
porti onYB0dGoi| in the recycled air stream For &K&fE12002%0he portion

of the coil in the fresh air streammay have a different effective total
surface area than the portion of the coil in the recycled air stream
Al t er Rati ‘EIC! f‘r'» the pgrt!nn f the coil inthe fresh air stream coul d have
a smateelEhagetenstic n ot v ¢ han tihe By b i qompagment hel coRcyded aif gmpaptment c| lod ai r

1 [e1 ll'n_tlnl_: uUIIIq: oy T :IMII T |-v. P . {33 33ﬂ ; >
streat ﬂl(mi)u stratHer—H-nA-—dgnstty Lfé,(ﬁ'e“%r for—dehum-gkfication whereas a
| ar g uFaéeua}éa&u)uarty ts—better—For Sefis; bte—-coep-nrg—) '%?u di-erence in the
ef f eqtp YR st 1t 700% oy ey ©F e two t-rons—o the stRgye—coit—hs a design
crit g nsdf\g) Soul U goverTthe uvewii —dirmepstons—of id fre—stngtie coil in
r el at[i@Eud6f54€ _total_antigrpated Cgorl ng-capaci Ly il6 rs—thus—jpossible to

desi nga‘.Bllé:il Gl doifi l{}ag?lp @éh%rcgp%enhﬂﬁt are capapte of —addressing the

varyi ng conbi nati ons ent cooling requirenents that 15
are - typi cal of different climatic conditions as well as varying occupancy

| evel s. chroqetr.i ¢ an is of all the seven _experinents perfornmed
i s present EHQ} ﬁ‘ HE S’@%’&WE\& fsﬁn SE0R PSS o 6GNe erdl Bissherb tBEStSGD2/ 00280
Ps §C hichiaster sHEST thepoRichIPHR o8l EXilie BofRdh Rk RedidloXhe iﬁ&tParta%th%ﬁtS Fresh
AirF/ A ON coil :28.'527.52728.22828.328.4 (F/ A) DBT (C F

coi | : sngferzheacensios efahe nartagof3heroll ind)e meveledrt slmam For example the
211.312,611.212 DPT

C1I1:/ iljém%ﬁg%y%ﬁ%%%‘fwyyég Eﬁvf g f reé‘{)?#ef:?veert% ?ﬁ?ﬂeﬁj e A AT flow

r at 5PoibB oPth@&oilid the 3etPclebar k4. Altérni@brbly, the portion of the coil in the fresh air
stream could have a smaller fin density than the portion of the coil in the recycled air stream. (A

10 smaller fin density is better for dehumidification whereas a larger fin density is better for sensible
ccooling.) The difference in the effective surface areas of the two portions of the single coil is a
design criterion that should govem the overall dimensions of the single coil in relation to the total
anticipated cooling capacity. It is thus possible to design such coils in modular sizes that are
capable of addressing the varying combinations of sensible and latent cooling requirements that

15 are typical of different climatic conditions as well as varying occupancy levels.

The psychrometric analysis of all the seven experiments performed is presented in Table
3 below.
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F/ ACapaci t y2. 782. 696. 042. 442. 092. 657. 13 (kW Recycl edR/ A ON

.coi | :24.324.423.8242424.324.1 Air (R ADBT (0O 26 May 2606
R/ AONcoi | : 17. 417.817.217.318.217.517.2 DPT (C R A OFF coi l

:10. 611, 310. 310 912.510.711.7 DBT (C) R A OFF coil

£ 10. 611 MABM646 912 510, 711. 7 DPT (C) R A PCT/$G02/00280

Ent hal py25 224.725. 324. 622. 425. 422 5 di fference (kJ/kg) RIA Air flow

27 A

A‘IE’) 2L, QD 1

Do)

—-=
OI\) OII

rate7s.

Capaci tly2. 262. |35 7/ T5h ) iy e (B B | B
FI A+R AL ARFE o Yt - 04 s 157354 546 03P82?54 capacitystngle coil with
twin fapgay kW ljfﬁtgcgo . Rsychrpnetr{c and?% s| Tabl g ﬁ? 51%8\)7,@ tthat the
si ngl e-coi | sYSTEBNLSH AYTEAECAI13% 1 £330 LY E t"zﬁk"e yaryigg—thermal and
ventil gtion | qaggeckExperi|ment s| 2b apd 4b|show t [ eadytistate operating
condi tifons 5 Qi A GOTT [WagN i@ Ve i[a{4omn by TEAW T €¢, 117|Room 1. The
on-coi lf condi tliperg’adn theg recycled }air $tream (desjgnated "RIA ON coil" in
Tabl e 3) are rleprewesi.atijveof] fihe EVI T ORENT{abs CcPiG LI ens f[n the two
roons. {Room 1, Denicch requi res high ventillation, hasja relative humdity 11
26 May |2006 WOFOHEnG4pA46 (REE/ @2/ 0PRB0 oh2.H7%388d BA% | Nagsxpéri ment 2b and
Experiment 4b,i difspe&ikeyal y. The "off-coilll" tgnperature |of the recycled
air isfused irF&f’pﬁbwm!mt 52B arfdot hpt2oaf | #he fldesh i3 i b14ased in
Experirent 4b|®9t is lodical fto use the|fresh air off-foil"|tenperature
to conlrol the r fllow riate hrnllchfhn coillin situations of
hi gh ventil ati g@,ﬁ%‘é&'s A oul % bel t87pi ¢&M i 4 20%he tF%Bpi £313 5| A conpari son
of Expeériment |3a’and Experinent. 3b shows|that [high jthernpl loads in Room1
can be [ RIMNGISTRA S LIf: & gl viohgmer akr—streampft—regyecteg a1 which
resul t air RAOPBBT () ' ’ ST :

R/A ON coil : 174 178 |172 173 182 (175 |[172

DPT (°C)

R/A OFF coil ; 106 (113 (103 109 (125 [107 {117

DBT (°C)

R/A OFF coil : 106 (113 103 [109 [125 |107 |1tz

DPT (°C)

R/A Enthalpy 252 |247 253 |246 224 |254 |225

difference (kl/kg)

R/AAirflowrate [ 758 (758 |77.2 |[744 1522 [658 |[531

(Ips)

R/A Capacity 226 1222 231 217 404 [198 |14

kW)

F/A+R/A | Total capacity of | 5.04 491 8.35 4.61 6.13 4.63 8.54
capacity single coil with
twin fans (kW)

Table 3: Psychrometric analysis

Table 3 shows that the single-coil system is dynamically responsive to the varying

thermal and ventilation loads. Experiments 2b and 4b show the steady-state operating conditions

of the coil when high ventilation is required in Room 1. The on-coil conditions in the recycled

air stream (designated “R/A ON coil” in Table 3) are representative of the environmental

conditions in the two rooms. Room 1, which requires high ventilation, has a relative humidity

11




hum dity levels around 70%rel ative humdity. The occupancy in Room 1 and
"Room2 is at the base level. The hunidity level in Experi riér¥aggtoss

achi eved through chilled water nodul ation based on the recycled air
"off-coil" tenperature. The hum dity can al so be controlled based on 10 the
fresh aO®@t¢#¢oi| " tenperature. Based on these exp®CHFEAYWRS0 esults, the
followng control strategy is proposed. Chilled water nodul ati on shoul d be
achi eve@7%yand 65% lin Biperigért @0 and Bripkridentl4b, redpedtively athy ‘@ ff@gdRAGkraiure Cl i Matic
condi tions reqguiring high ventilation. In contrast, chilled water

modul AfilsTesklsdpy ipBedmixaaanen gb pad (hal of theffesh air isawed indixperiment 4bs enper at ur e
f eedba V3 51 4 ' ket b » M ' I Id ] S.al so

possi bFES %dglcsﬁiwﬂo{%%h?rﬂg%?%ﬁeéﬁcgﬁf rtgqnb%? %cgggﬁﬁﬁ%f hglﬁcgt aé?r,ffov‘?n}' %ﬁe

vent i |thiobginthp ceblinrsitweaivnaef highsvehtiletiaHibhdsem wontddre typmehl inpthé Gopitss achi eved by

either of the two "aoff-coil" te rat.ures he chilled water flow rate
thrsough t hé %WH?@WE%‘Z‘PWWH@ a@’fpemé.l"s ?‘Yﬁ@‘ﬁil}lgh E"é‘ﬁ&?if"&flﬁ% is not in
~use CQYoth PeaniRdditRePiiel hich S oReeGh GRS bf ﬁc%c%rafrﬁflﬁ?g@&k@in 1Bf system

For exanple, if the recycled air streams "off-coil” nperature is used
t o cohumiditytieielsariund & vedative hinhidity.r Bhexccupancydin Rooo dind Roors 2dS atthee fresh air

strea 20 . am cal ly.variged. er, . it.Js the mxture of the
fresh rgglg eﬁg‘]g%‘dﬂf%heumrl eltyyy%ﬁeelﬁ%éf gmf“ﬁlt le ﬁés aﬁ@ﬁémw%ﬂﬁe" a@é%?‘ﬁ#ﬁ’é‘s t he space
condi thasedn tiyredyolos hie MofE-buif t@hperfurd UThd hinidiy dah €ls6BS tddftodd HabdoncOi . 10

t hese experinents, a buffer of 2C &l‘)ietween 10C and 12C) on the saturation

| ilfe itee f5sh @iryeldcoif dpmpepature. Bpseq on thesq eperimental resalts, thaillowingeatel t he

energ i:Cj . ' = €0j ( - . ) rgy 25 1is
conse?é'\i/‘gE blgfélgﬁgséd'mﬂ%‘r%veagehthga®§ﬁh%@l#{%&%%cﬁb%ﬁ r acﬁff'gg g’ controlled
i ndep éemteratiry feedbacloip elimitivaeohditons requiring Gighwentikdtioh) wonte[y) childtemite based on
the individual, Localized demand for yentilation or cooling, The coil is
t hus Fﬂf’p“]:ﬂgﬁlﬁlh?'éﬁgff ?EL'ﬁY%S’P’H@Y A g5y ??%@%WH%“H‘FJ@E@@%’?%“&%UCWH ating
condi thidifors RARAReh thenaFroadiP ! [€is alsB poXsdfé td Sl nt of fresh
and recgcl ed ai rghused s 725 lgtilbsi o rretéeﬁs pe?ﬁﬁgu%?on%ﬁ%%bt%fresh air

fdh o evlithventiption predontinatipe. Asstierchithed patetimodidation ss achieveddyeithed air fan

only r dat 30% of 11s maxiaym ed. | similar roomcanditions were
0o e SEBRMG P balP etk HERKIRRoRE B2 e ronh e SrgrREeH 2512 56 iy
2006 A6 3o B GoiP GlnSrilarde09 3BP it Ased pANl@ LS vddd B5Wepfihd %@cﬁiﬁfﬁbﬁﬁém speed to
provi de the sane amount_of total airflowto the room n ot her words,

Exper PFrEmangs of Sisisystese Earexaraple.df thsogcyeled air wreamisdiaffrooil dtempmatvee isoul d
trans ' . h t | VAV fan
oper a%l%g%%tc &%88&6?6%%%%{/%§ ir%%lt%é%?%@ﬁ%ﬁgﬁ? Ff/& #ﬁ%\é r ecgﬁlﬁgnler to be
pEOVi dprimidally OBkl f Howepe éds theigivtture of the fredhairtand 2@ reeBdléd dir ih thetrhigingmount  of

fresh, ai t he rt-1oad,.condition of 65%is, to be equal o what is being
provi M"Fﬁ‘é‘n Pase Lonifiqns 3 Anyiphersnt bugfer s builtipto the desigr ofthis £03hos out put
the adgliheieQi@driments, a buffer of 2°C (between 10°C and 12°C) on the saturation line is observed

for the supply air temperatures.
_ Table 3 shows the energy-efficiency of the single-coil twin-fan system (SCTF). Energy
- 25 is conserved because the fresh air fan and the recycled air fan are controlled independently to
optimize their respective airflow requirements based on the individual, localized demand for
ventilation or cooling. The coil is thus not required to provide more cooling than is necessary
as operating conditions change. For example, in Experiment 4b, the total amount of fresh and
recycled air used is 725 cubic meters per hour (m*/h). The ﬂesh air fan operated at 100% of its
30 maximum speed whereas the recycled air fan only operated at 30% of its maximum speed. If

similar room conditions were to be achieved using a prior art VAV system, the fan would have
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energy consunmed by a conventional, prior art coil in a convent| onal VAV

. systemis equivalent to the addi t| onal anmount of fresh air® M@O?“Cpéd at
100% out put, which in this case is about 53% By contrast, in the case of
an SCTF@@U%@ the total anmount of airflow at 100% outP is 1115 10 nB/ h.
This br Wn into a fresh airflow rate of 534 nePhkTEKEP Y% cyc| ed
airflowrate of 581 nB/h. Based on the foregoing psychronetric analysis,

t he S@F Ep%gtsatéﬁ%@fitsmwcimmpm to providd thosameiamons of el mcﬂdmtolﬂmwmr oxi mately

15% noy e .ener fficient i t VAV .syst ens _t hat currently in
oo Ml SR st etk B o3 6o perlone S T ‘eonld rsaay oo
attendg@ﬁ aﬂrﬂbvlﬁtécﬁd‘l'?ﬁﬂ%%ci%% mmlﬁwmvtfa@oﬁ%% EtMﬁﬁ%@}%hl egynot need to

have a second water punp or a second chilled water S aI so results

i n f ursitjde proprstiqpplity, ﬁ'@b air EH@ redyided add9 Brfapypraiouglit tqnbe;ibeutrfiéﬂ mdfrbodi ment s

shqul d [PI. ner .si nc arl ations,

no Iflf(;a |a81§§nt§2(ti&%ﬂp?lf q%ﬁd %b%f?%ﬁge@m‘ﬂbﬁﬁqﬁ q’la z%'g scope of
t he prpasadyd Uynueesmmﬁysteﬁh@:sm@’mg qust;h@lmsrmrat 160% loﬁtpdfefmermlﬁoﬁalt he
appended claims and 20 their equivalents. 13 26 My 2006 CLAIMS: 1. A

vent i [CRETRY PPngaeddy 2 conyratienab prigpark godkia mwntmelr‘gwéﬁtmisequdmtd| tioni ng
' @&'&Q%@(ﬂgélﬁlf%xgo%g{oaﬁ%%g &?ﬁ%ﬁd&i’ %bﬁ%?b&@?@ﬁhgﬁ@cﬁ%ﬁé SPLEAEPT i sing: (a)

'a first inta a second i ntake
f or dr Syicorgrastninshewaderofen SCTF eysjend, d tatalmotut pf arflowngy 160% outhutieHtl Sexchanger

corg& éﬁloif?gq%“gllgyé %vgﬁtseqf%{@wandpﬁfl rfefi,q@'ﬁgl on g{m t he vol une

condl Trﬂ'a'glr_led fresh air and a supply of conditioned recycled air, vvherei n .
said first region and said second region are separated by a barri er and
wher ei n saBe Drrim@mggingpkwhmmmhmwﬂldwﬁastemdfﬂwipchsgmiﬂventionansporti ng

heat ¢ fLuld fro b irst r .on.to_sai lon through

oo BEPRLRE o R B mire Rt R R G VAT S5 E RPough sl
barri etirrdntlp i B4 Iiu:s@ﬁﬁﬁt% hiGsver) dbeR nPdveh intblodd thé atr@avifighattendahfif t fan for

ITDVI ng sai d supply of condltl oned fresh air downstfreamin a first duct;

edecdrien vssnMomoverpthe $§ TS systers dessingt need 0¥ 2 seoprevaterapatpesaaj r
domsg%.ﬁ@{r&hg#g v@ﬁg&ggg}%ﬁg&éms{lftgmme“&ggﬁ%né‘sonnect ed downstream of said

first
The above description of preferred embodiments should not be interpreted i ina hm1tmg

manner since other variations, modifications and refinements are possible within the spirit and
scope of the present invention. The scope of the invention is defined in the appended claims and

20  their equivalents.
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said m xing box being an enclosure in which said supply of canditioned
.fresh air and said supply of conditioned recycled air my rﬁﬁﬁ&ﬁ}’%&é]to
being ventilated into a roomor zone; and (g) a control system for sensing
a zonal tenperature and a zonal ventilation requirenment and for regul ating
'said supply of conditioned fresh air in accordance with said zonal
ventilation requirenent and for regulating said supply of conditioned
recycPleM8:r in accordance with said zonal tenperature. 2. A ventilation
and air-conditioning systemas defined in claim1 wherein said m xing box
conprises a fresh air conpartnment connected to said first duct and a
recycl-ed abrventilghpiarangde pir-consifivaing eslstemr Jai dnerepofidieducopdittaming of esh ai r
conpart neqﬁdega{ggﬁtlf&gﬁl%%cyhg@ : St@g&%ﬁg‘&%{ﬁ&%ﬁ%.ttl ng conditioned fresh

air into a m xing chanber "W thin sai XxI'ng box,“and said recycled air

duct conpri si ndake firstdytakedar drpwing frpetunient figshndit;it i ng  condi ti oned recycl ed
air into the mg M&%&@fﬁ&&&%ﬁ%ﬂ#@&fﬁy 1919%%% 3. Aventilation and
air-conditioning systemas defined in claim Furt her conprising a return
air duct connedg)e%ismgie'fx@i Heat exabarier fir akeditigutigithe eplumn ofifieshdaictn €onpri sing a

carbon 14 26 Mey Q08 e SN0 Rhcise R A% SBbh AORA! pusRYI | at i on

requi renent and a tenperature sensor sensing sal d Zona mper at ur e,
sai d sensors provirefusEesi gnalyoftcondidgndd disslt pinland psupply of comitioaed | | at i on and
ai r-condi tioni ng gMste8Mrashdsh | j ' LY S al ' e-coi |

heat exchanger has%%ool_ aht fiafé\fuﬁﬁﬁréit%ggolngggﬁ%%\ré@? ﬁ%vﬁggﬁr%%egsﬁ&né% . 5. A
ventilation and divrabegiriaed whireig sald singerceibhadbgichangen defindsai fwidipattur t her
conprising a freshstinef HGE . b i L Sk .and a
recycled air filter lj(?on_rtciyeh(ltgétltt_éagéhtm(q)é}sal _&gg%gg%?tl}e%%&%%%%&kﬁ\%%ﬁl ation and
ai r- condi t i oni ng tBipughessiddrérafang dansperting seidvhdat evehange Auiddack thiopght fan is a
vari abl e-ai r- vol upR vhafr AR sS@kddoRBEQR 0 AR first r (if\ﬁari abl e-air-vol une fan.

7. A ventilation and air-conditioning systemas defined in claim1 wherein
said first fan(@s figt fow fiymovingspid-sypplypieconditionad dresiapid deverstierdn frien s a
constant-air-vol yymghan. 8. A ventilation and air-conditioning system as
defined in claim1 wherein said first fan is a constant-air-volune fan and
sai d second fafe)iageepnd &nifalypering snidsupivef doaditioged recyeledeir darrsgermand

ai r-condi tioning;sysd6M @s.defined in claim5 wherein said first fanis a
vari abl e-air-volume fan and said second fan is a variabl e-air-vol une fan.
10.. A venti | at (A minae hpx canperdididownitivamof said firshduct efd salseiand dlicti m 9 wherei n

said control said mixing box being an enclosure in which said supply of conditioned

fresh air and said supply of conditioned recycled air may mix prior to being
ventilated into a room or zone; and

(g) a control system for sensing a zonal temperature and a zonal ventilation
requirement and for regulating said supply of conditioned fresh air in
accordance with said zonal ventilation requirement and for regulating said
supply of conditioned recycled air in accordance with said zonal
temperature.

2. A ventilation and air-conditioning system as defined in claim 1 wherein said mixing box
comprises a fresh air compartment connected to said first duct and a recycled air
compartment connected to said second duct, said fresh air compartment comprising a
fresh air damper for admitting conditioned fresh air into a mixing chamber within said
mixing box, and said recycled air duct comprising a recycled air damper for admitting
conditioned recycled air into the mixing chamber within said mixing box.

C 3. A ventilation and air-conditioning system as defined in claim 2 further comprising a

return air duct connected to said second intake, said return air duct comprising a carbon

14




- system conprises a central processing unit for processing signals received

. fromsaid tenperature sensor and said carbon dioxide sens t he
central processing unit controls said first fan and said second fan. 11. A
ventilation and air-conditioning systemas defined in claim 10 wherein said
central processing unit further controls the rate of coolant flowin said
single-coil heat exchanger. 12. A ventilation and air-conditioning system

as defined ppy; é?énél%'r dr WRETEL -3 %&ﬁ‘eﬂfoﬁ% virBhQE 254 (hplufe JHLENEr

~controls an_ex aust ﬁarrper for eﬁLaus ting excess voglgrre of recycl ed
air. 13. Anfoapamsihgsedt] song tumetattfr@rsaldsglsmrmplavild@atsmn@% tosaid cortat $ystemand

ai r-copdi ti QuiRg. 3% c?ﬁ}-c&lﬁlé&tnl %%?Fsteﬁlael}%' DY it Bk §&H&%§1h§515‘ gl? obi ' St

condi tioni ng system con nmovi ng a volune of fresh air
t hrough a thafsttxd@hngftrha%cosbctdlwumndw@nmmﬂogagy@eemtf or conditioning and

Tovi nge.a VORUTElonf SEEL Sl Aing! HOHAN ReR80R 1 AUCKing BADRIRL, 20 | cast

partia separating sa| itioning system an ond |
condi ti on| nigesh pitidter cambrtgltto sgst dhmmgikegnd eirkeyplad sir fiffert donwretytl tssdidl barri er
at least twy g% diQapass heat exchange fluid fromsaid first conditioning
systemto sald second conditioning system and back from said second
condi t%-oni ngy vs@é&tt@mambalseandltlbmngsyswmldteﬁmdmmglamylswhmm@aldcﬁmﬂtfm ipn bot h

sai d. vol une, Qbabitealohe 800 53 LIRINIR i RONELSh AL 26 Moy 2006, 1.

An aw-hand‘hng unit as fine ereln saldflrst condi ti oni ng
systen.is aAVf:ntlifgltonm dimbrinditigning soteorves dsfjlxdemlamdl whirdnsad dirntl famondi t i oni ng

S systemis & Sa6a0ds. WAkl 3l G i shlIRI USEEM it Dt il 1 -handl i ng unit as

defined in c ereln sald varl ealr VO system
conpri%es aAfventdatioh and @oemnditibhinbivetenasaetmdtin chinsly wherem baid didst (&m ia f eedback

signal T 1 o/ auGaLRoR QN A8 EUSRH APE SRk SSCOhyagi abl e-ai r-vol ure

system conprises a secon an con abl e by sal rol system based on
a feedback &ivgniddtion pghaincontignpeg atemesslefiediin clii 5 wherein saith Sintifanig unit as
defined in clakfl 4 WIGE Blnd Qidhebddithn KALLABl S Aldihime  system furt her
.. conprises a f air er and sald Second vari apl e-air-vol une system
~furtheld. conpregdgion anéeychbeidicaing syittthes deflied idvelagn ©-wigredh faid comtiol as

defined in. r | [ e | ow
- arrangenent 9Lt%@olkﬁn§;é/|§'§ %}é&r%cli ?OCSLSIE uk“ i %b'fselgsg%dg?iﬁﬁc? e%%rlﬁf%wﬁeé ein said
~ coi | cont aitpspaatero skt andiseid earbwathemdeﬁ sefnlscawheseby égwbrataédmbcgssmaunit control

system based.od Lierl QRIRRAMS S IRPm f T OM @

11. A ventilation and air-conditioning system as defined in claim 10 wherein said central
processing unit further controls the rate of coolant flow in said single-coil heat
exchanger.

12. A ventilation and air-conditioning system as defined in claim 11 wherein said central
processing unit further controls an exhaust damper for exhausting an excess volume of
recycled air.

13. An air-handling unit for use in a heating, ventilation and air-conditioning system, said
air-handling unit comprising: a first conditioning system for conditioning and moving a
volume of fresh air through a first duct; a second conditioning system for conditioning .
and moving a volume of recycled air through a second duct; a barrier at least partially
separating said first conditioning system and said second conditioning system; a heat
exchanging coil passing through said barrier at least twice to pass heat exchange fluid
from said first conditioning system to said second conditioning system, and back from
said second conditioning system to said first conditioning system to condition both _said

volume of fresh air and said volume of recycled air.
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tenperature sensor located in the air-handling unit. 19. An air- handl i ng

- unit as defined in claim13 wherein said first conditioni n& SM?,Y Gs a
first constant-air-volume system and said second conditioning systemis a
second constant-air-volume system 20. An air-handling unit as defined in
claim 13 wherein said first conditioning systemis a constant-air-volune
system and sai d second conditioning systemis a vari abI e-air- volune

system °s ‘?‘ﬁ‘f‘elr i auﬂﬂ'és%glﬁ!eg' cﬁﬁ%??%@r%m hifl 5 %8 \Mfﬁ‘{, O“a sai d

barrler I nsul a barrier n and
ai.r - condi t ifosti vglady-sireniums getbmned sand setca;adrmdndltwhmgesystemamoh bamoud er is

thermally i arrier. 23. Aventilation and air-conditioning
system for ‘gﬁéeﬂrkg%/lﬁg ‘Trlﬁ%%tﬁ?‘ condi tioni ng of independent fresh and recycl ed

ai r stlbeansin giahehdiys weinas alefnddsinngaim ac) vaaerbinr wid first avkdnblesnir-elemd ng i n a
vol une of f t & f recycled
. 51&‘51{2 c&hc%‘ls?sb%ﬁrgt HREES "E}glla{b?e {r)(l;l gtern a %ec#ﬁél{%ap

air; c) as eat exc anger di 't &6 con vol une of
fresh air |fnmaa tarbat dioxyidgscosor andisdid s@orrcbwanalde}m aoltlmmsyslmm trenpris¢suare  of

recycl ed a'sec n th é"nl%f'éjn Eg'sgﬁ cohtl SR b%feadlillc.’!l @&d@ﬁﬁ%ﬂay aQh £ondi tioned

fresh air and a su drt5one recycle nsaid first
~ region andtmechtlgemsmt region are separated by a barrier and wherein said

singl q COI| nes fl t hﬁ?t exchange
1 ui d 6 I\/aAfh%gB%l%m%%&g%dg |érds ?’I%mi o#k” 81@‘§a§|31df glgsggnof‘ breea“?‘g)n rough said
barri er, anmgstén dmhpordnipnieessafiresh aheﬁiter mdcdawmge)nﬁlvandxldaaokolmhas gusghm sai d

barrier fr r o said first region; d) a first fan for
novi ng sai g'ﬂ}éh%géq%f%g%% Hﬁ‘??%ugﬁlet% fresh air downstreamin a first duct; e)
a. secdfid f am diclandling ung as defthed upphin b whoeidistid onitd disposedlied cainter-downst r eam
in a secon d%% f), @ mxing box connected downstream of said first duct
and said sécon cﬁjmt said m xing box being an enclosure in which said

suppl y8of doredi- ltaindmgdmft rag défirail in elpich E7aw11brei1$ s tojl whtate pdioblho végdsea ecycl ed

air my m X Q H‘ ﬁ(r)wtlspre%ﬁate Vesz%:l ooﬁ%efs ddhy gsed L U RLanaAOHial %nd alg) a
contral sys or se Zona era ure and a zona ventil ation

requi renenttemr&mthrémnsqugatledimthgaxsmndhwﬁll y of conditioned fresh air in

~accor ‘i'é“ce,&’%{' a?lgll %dlznﬂ aglde e rllrg E:l!elf’rj‘r;[ H)whérgg salcrt %mt:‘\condat%guntg%)rrste e%l‘” ating said
supply of &ondi t1on recycle

first constant air-volume system and sald second conditioning system is a second
constant-air-volume system.

20. An air-handling unit as defined in claim 13 wherein said first conditioning system is a
constant-air-volume system and said second conditioning system is a variable-air-
volume system.

21. An air-handling unit as defined in claim 13, wherein said barrier is thermally insulated
metal barrier.

22, A ventilation and air-conditioning system as defined in claim 1, wherein said barrier is

_ thermally insulated metal barrier.

23. A ventilation and air-conditioning system for energy-efficient conditioning of

independent fresh and recycled air streams, said system comprising:

" a) a first intake for drawing m a volume of fresh air; |
b) a second intake for drawing in a volume of recycled air;
¢) a single-coil heat exchanger in direct contact with the volume of fresh air in a first
region and in direct contact with the volume of recycled air in a second region, thereby
producing a supply of conditioned fresh air and a supply of conditioned recycled air,

_ Wherein said first region and said second region are separated by a barrier and wherein

| ] said -Single—coil he,a; exchanger defines a {luid path ti_ans;por’ting heat oxchange_ fluid

16




- accordance with said zonal tenperature. 24. A ventilation and
~ air-conditioning systemas defined in claim23 wherein sai &%y #f6 box
conprises a fresh air conpartnment connected to said first duct and a
~recycled air conpartnment connected to said second duct, said fresh air
conpartment conprising a fresh air danper for admtting conditioned fresh
air into a mxing chanber within said mxing box, and said recycled air
- duct compriging.a.recycled air dapmper for admttin ndi ti.oned, recycl ed
aiv into t PR AGT SEORIR vt ear e Y i w8 SERPONRY P i on and
ai r-condi t il axghaygs flaih ek diebughechid barcérafrom 24idf wedoliergiconpraidifirsg a return
air duct connect ed to said second intake, said return air duct conprising a
carbon dioXrde sensor for sensi ng said zonal ventilation requirenent and a
t enper at ur el) adins Gin forf rosvigesagl snpplp el dnditnrel fiedmetoahstreanm is afitdt densor s
provi di ng si aid contro tio

nal s ,t I st.em..26. . A venti.l and
DT condrt 1 Reend 18 B S TRl ey S EPiiaas maiiboir Bl it o coi
" heat excharsgend Ba&s; cool ant flowing in a counter-flow arrangenent. 27. A
ventilation,and air-conditioning. system. defined in clai,m 26 further
Comr i o oy &%l R EPebiod B R of Bid diot o P S . sl
recycl ed ainiixibg lbbe being ain ectl@dretin whithGaid SegOndf tondaisted 28h af\ avérdid | at i on and
air-conditioni ng S %tem s denned in clai.m2 Wherei.ln aid first fanis a
Vari abl e- aiPERRPL REAGHE oAyl B waY. B DYoo beg oAV IPISh O PO 8T ure £ an.
29. - A ventizbat koh and air-conditioning systemas defined in claim?23

“wherein said fi rsﬁ %%n r%s a constg%t-ai r-voldurre fan t@ﬁgd sald second fan is
a const ant 27 FOUST D™ 1R seN3BE 2 ARPLITIIPFAT R &rvgnal VPRt TP BHIRY syst em as
defined i n aed &rregidatinhebidisopERoflcdditidhed Bddhiag nacaodmtanith adid zomal une fan

and said sec .fan i.s a variabl e-air-volu fan. 26 2006 31. A

et ati ot eiton P SHAR R P eUP e P BB P D3 dher ei n sai d
first fan iascordanxeawiitedaldezondlienm@tanre fan and said second fan is a

vari ahl.e-aif-v nme fan. 32.. A ventilatiqn and air-condi.tiani ng system as
of i nad 1 n A TERIIER 0B etfiiching Bl PotiPed B i EhT U s Rt o

pr ocessi ng bunkdmprdes Piedesis tdnthasingitadotnaced &b vardl fifst amot 3ad 6 recyedgr at ur e
sensor and sai d caybon di oxi de sensor whereby the centr rocessing unit
cont ol oSSV EPFITE! SRR e BB Qi oSt CORTORHET AEP T

ai r - condi t ifiest digdayet emaasittef dondidoned feklahinindRa Whthe thanbad witde sdid al
processing unit,furt

K . g u I ‘lger. cont r I.sle'ue rate of coolant. flow in said
" si ngl e- coi IPHB%Po% a4 Fid Frave @ﬂr K '?/Oé’?%s’lnﬁlalrﬁﬁcgﬂBlrgﬁ?ip%g?fﬁ%?f% ng system
~as defi ned comiitiinad recdBedwirante tht mSiging c@ibr ®ithin said mixing box.

| 25. A ventilation and air-conditioning system as defined in claim 24 further comprising a

return air duct connected to said second intake, said return air duct comprising a carbon
dioxide sensor for sensing said zonal ventilation requirement and a temperaMe sensor
for sensing said zonal temperature, said sensors providing signals to said control system.

26. A ventilation and air-conditioning system as defined in claim 25 wherein said single-
coil heat exchanger has coolant flowing in a counter-flow arrangement.

27. A ventilation and air-conditioning system as defined in claim 26 further comprising a

| fresh air filter connected to said first intake and a recycled air filter connected to said

second intake,

28. A ventilation and air-conditioning system as denned in claim 23 wherein said first fan is
a variable-air-volume fan and said second fan is a variable-air-volume fan.

29. A ventilation and air-conditioning system as defined in claim 23 wherein said first fan is
._a constant-air-velume fan and said second fan is a constant-air-volume tan.

30. A ventilation and air-conditioning system as defined in claim 23 wherein said first fan is

“a constant-air-volume fan and said second fan is a variable-air-volunie fan.
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processing unit further controls an exhaust danper for exhausting an excess
~volume of recycled air. 35. An air-handling unit for use 28 Ma¥ ng,
ventilation and air-conditioning system said air-handling unit conprising
a first conditioning systemfor conditioning and noving a volume of fresh
air through a first duct and a second conditioning systemfor conditioning
noving a volune of recycled air through a second duct, a barrier at |east
partighly %e&e%{iﬁ{iéﬁ‘a%d%ﬁ!c I '@Jmsnt $9agLd 3800 c%}i%g?%é}“& sad tfaﬁ%.o“d .
condi fioni ng systent a hea Texd anging collT n irect contact with said
vol ume of frveddbladir-vaduge Sanul sai serppd 6 is 2 exigbleed-valumefas si ng, sai d
heat - gxchangj [ L passi . h sai rryer .at .l east. A to pass
heat gg‘c harilAg{é‘ng1 faﬁllg%%dr aglrsﬁ“soél gﬁgﬁl P% % c%sn i %)(f;lrl%i c?lagms?’?svfhee%%l %alds%lo:%cfggecond
condi ti oni mgptey serapriscam derdtak profasong sa@it tr pewessthgeigndis trémived drosysidem t 0 sai d
first conditionir st.em: ndi & on b i g v f.fr air and
sai d vol urn(';e{:!n]idg f)%mrrggeyg%ééggﬁlé Qar@% ﬂ%‘%&easlﬂfls-oggvﬁarl%?yngeﬁ%tl{é@g&a‘%}f ﬁ@g inclaim
35 wher ei ncemioth shidris#t fapcnd sdid snemlgasystem is a first variabl e-air-vol une
system, and ,sali c .condi.ti.oning systemjs a.second .variable-air-vol ume
syst e?n}' 37.A %ﬁgl@é‘lﬁ‘?l} %nan%ﬁ ‘f°r’%gmu%“ﬂ% Syﬁ%md%sféeﬁuel%d P aélflg“"?n‘?rq%e aé# gf?iﬁrglsai d first
var i abl e- aprocessingnmit Bytbéreengolsphe sas « ¢dotast flbaninceud smgleabll ehebty a cont r ol
system basgg%l%%eg f eedback signal froma carbon dioxi de sensor and said
. second variabl'e-air-volunme system conprises a second fan controllable by
sai d dént r &l vesiibtienublagednditiorng getthaskdefnghial cldim@h veherdire sapbreatral e sensor .
38. An air: | i Kt as defined in_claim 37 erein said fjrst
var i abl o- aPrrsrh e s ARG ol sk T EE TR e Nt hng sai o
second var rajpdlet i r - vol ume system further conprises a recycled air filter.
26 Ney; 2008, 39,40, 31 Lxhandl Lngunht Asydet] gl il gl IB.pherei n said
coil s di spose&nl nea counter - Pﬁ’o arrangenent. THORREAY T ran ing unit
as def i nedair-harclliag mmiB&myhising h dirs aowliteaing sgoat drrenditiadg adtmovngse rat e of
flowis regul ate sai d contr system.based on_t f.eedback .si gnal from
-a tenper atg‘t%}}ugiE sogng%sp Hocaf)%g& ?gérfthéucgiarnfi han Ofl‘(li\)gcoﬂér]%ﬁ?@ngﬁﬁ%ﬂ\ fgali r - handl i ng
unit as defemdénning neivangm Whnwhe raiypted air dhrbughst secanddiutti @bamer Byssem i s a
first constaptiyalr-volune st and said second cqndi i oning.systemis a
second ol bebinite s aps doddlomds pyier aid i Seeond donditiamie ety T g Ty
¢l ai m 35 whbeatexchgaging doil irsdireciomodiattivath saig velusteeififresh air and said volume of

recycled air passing, said heat-exchanging coil passing through said barrier at least

twice to pass heat exchange fluid from said first conditioning system to said second
conditioning system, and back from said second conditioning system to said first
conditioning system to condition both said volume of fresh air and said vohume of
recycled air.

36. An air-handling unit as defined in claim 35 wherein said first conditioning system is a
first variable-air-volume system and said second conditioning system is a second
variable-air-volume system. _

37.  An air-handling unit as defined in claim 36 wherein said first variable-air-volume
system comprises a first fan controliable by a control system based on a feedback signal
from a carbon dioxide sensor and said second variable-air-volume system comprises a
second fan controllable by said control system based on a feedback signal from a
temperature sensor.

38.  An air-handling unit as defined in claim 37 wherein said first variable-air-volume
System further comprises a fresh air filter and said second variable-air-volume system

_ Turther comprises a recycled air filter.
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constant-air-volunme system and sai d.second conditioning syit in[n is a

- variable-air- volume system 43. The air-handling unit of P& Z¥6uher ei n
said coil has first and second portions, said first portion for exchanging
heat with air in said first duct, said second portion for exchangi ng heat
with air in said second duct, said coil having an internal fluid path for a
heat exchange fluid, said fluid path crossing between said first and second
condi t3o0ni Ngh ziEHSfPBunitde deli iR bl 39 dhiog sHBlcbi & diGlofah 4 3outphier ei n said
first portion and said second portion ave difrerent overall heat transfer
coef fi ci entflyw agngepgat. aj r - handl i ng unit of claim44, wherein said first and
secondigpor tAPfishhane Hitfak QAR in LEROIN Sherdh said 051 Al aNEbafiGytieRd t of claim
44, wherein said first and second portions have different total area of
ext ernal suptf #€ 8ew iz vegulyied byispidireniali ssiger baged oh thy fpdhadasionghdosit said coil
conpri ses etk sdn¥orWeath BSthORr-RARLnSEnSai d first and second portions.
48. The air-handling unit of claim43, wherein said coil conprises first
fins dilspogEraibhandlnequmittas defined o ehaish 3 awbicrsiasoid dirdt icomslitihningosdem érr sai d
second portg s P sego i i J r | heat
transfer caﬂpr%(r:]ciotIl ﬁ%gglréfg@%h%&gﬁnr%ﬁa%%} {Sélcgﬁdurﬁ{)}?m%?& (g,ldé ?t%nﬁgrgv\ﬁ%r&tg?n t he

ef fective Ifemptani-pigielpaesysigpacities in said first and second condition

Syst e ar ey SePRalel vhita8 deMlcat bRRe el Shireh 8GH 53k BohditRfing B0geRida handl i ng
~unit of claim49 wherein said second conditioning systemconprises a

danper noursPrsini-pr-gelige sestomdnd seld sppetdr eaditiofing sysEns ét enderiglleairon of sai d
- coil, said,fagrek.ghavi ng a danper bl ade novabl e between a plurality of
positions for selectively restricting air flow over said second portion;

and sdfd sddenirhewtiog tiibof diymsissvkarein said kel hasdirprond exrond putiensofdier for
posi ti oni NGy 3oiHaBP e chileAdShBAR R 280 %laiﬁ' tg&tatﬁlé:l% @?iwco_%gg)%ﬂﬁ)ﬁ%le din said

'second conditioning systemso as to regulate the effective heat exchange
capaci ty i ixdangingheeorith aondiid seanhdpct yaid et baging amintered! fluidamad g unit  of
cl ai M 50 Whel gl a3 sthicd b Ahidipin RALERbEVEon S8id condiGHRRY a1 Ur e of
said vol unme of rglgg%cl éél Eg(?r . §2. c'RI)'(%e %Brt- ﬁegﬁgﬁdﬁ%gﬁi?et&ofmgﬁlal m51 further
conpri si ngsgtdmsui d controller for regulating a fluid flowrate in said

f-l ui dypath ( . S i:ndi: j . = COi .t enper at ur e
of sai4d' voITEl?re%sglf ])r%gﬁ]‘?g;ﬁg‘é‘]ﬂ%%ﬂﬂ%eééllg?%&%géﬁgﬁnﬁ% a%lsa?& (%?CS% g?ﬂr#IEZ wher ei n
sai d danpehaeshiiren evergll heattrapeled eoeffisienisi ng

45, The air-handling unit of claim 44, wherein said first and second portions have different
lengths.
46. The air-handling unit of claim 44, wherein said first and second portions have different

total area of external surfaces.
47. The air-handling unit of claim 43, wherein said coil comprises a plurality of fins on one
_ of said first and second portions.

48. The air-handling unit of claim 43, wherein said coil comprises first fins disposed on said
first portion and second fins disposed on said second portion, said first and second fins
-having different total heat transfer capacities.

49. The air-handling unit of claim 43 wherein the effective heat transfer capacities in said

- first and second condition systems are separately and simultaneousty regulated.

50. The air-handling unit of claim 49 wherein said second conditioning system comprises a
damper mounted in said second duct upstream of said second portion of said coil, said
damper having a damper blade movable between a plurality of positions for selectively

- restricting air flow over said second pertion; and said second conditioning system

further comprises a controller for positioning said damper blade based on a signal
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an opening, said danper blade pivotally nounted adjacent said openlng, sai d
~ danper bl ade pivotally novabl e between a fully cl osed p05|216|1\%y 2646 whi ch
sai d danper blade fully covers said opening to block airflow through said
danper, and a fully open position, in which said opening allows maxi nrum
airflow through said danper. 54. A ventilation and air-conditioning system
conprising: a housing having first and second corrpart ments in par al | el
ot Jand SersSE el EooR sprRBlofink iR A 5 RERAS SOTRERITRN SR 10 E0 e
conpri sing canahlaamsa&ad@amgmnémomngdyatmd bet ween said first and second
COMPRATEN e 3N SHCRNES, o8N] Dl Sho B0, SESRTfRY 1 ore,
second porttctmramecfcsmkiaohunmoﬂccycdndram n sal d second corrpartrrent sai d
heat cha QI | ..hayi t [ hange
flui d%sal g% ?f’ﬂﬁg%ﬁdblgg ?gfpce esgliﬁﬂlce?(%%%?r%l gbet?"\{/l\gg%n é)(lalcr % r%&f l?tg%%ld second
portions. 5iBid fldve rey &t eaid dbidcpashi hasbdl on whenseil vignali ghdicativstof pordff-ail and sai d
second portnT gerap C&V\,ﬁ] |ngu%%%pﬁaggver all heat transfer coefficients. 56. The
- systemof ¢ erein sai fReat exchanger conprises a coil, and
V\/ncr ei5d. sailte ari“-hmsltmgmmtmfoﬁanarid vg@icth selochmgerp@ntpriosn fame waids ti¢ﬁm$ of_ sai d_
Tas a I engeh gt 5 Sy Bk Bl FRUR Bl RERERRE o BBl P2 P
~ of claim SBLadmoteﬂsnmsaabdnb seend: fobly biosmi fosision maﬂmdh saidedampér deeer nal
| j\zre]; Zfﬁ salkugg'hea'tartsexchs%lﬂ‘uél fl(:(r}):’()dr{%grgtg%%m}l ?aﬁll AR Stedna%l %orsnegtson one
of said fi pedticand véébeaid op@mtgalinWs m&ﬁmumheﬂsxyﬂtrargh@ﬁlddhlapam 56 wherein said
neat ST ANOER BRI SES Rl ey SBPRRET O, 5% O, L1 7St portion and
havi ng di fﬁémmﬁg liaging lfirfiead seqoachsdrmartmamam parﬂkfl a@fhghiagnt 2086 olof The system
of cIa|m54 r|S|n a.co er. for nal signal, and for
separately r‘gguqu‘ ar{lsﬁ% flﬁ ;?r#men{slh\a}‘ém exc aangodlgletcaglﬁggl tlagrg ﬂf) said first
and secondthestimpeaht nents in accordance vmth sal d zonal si gnaI 62. The
~ventilati pghg‘art]%x ?ngrelgoorrlr(ljlnisfnoglh@ teergoﬁ share ertr\lfgl sclgrﬁr)rtlaé o o danper
mounted A Said rEoNpart ent tTedm of sard fIrs ion of said

heat exchaprgarartmsets,dsaidd hmb-exohh@cl | bavdxgnﬁimtr a3l sgtendrpuibhse sbétfwaen a
plurality 83111&9 1§1ic51i1t8crt] %Vltt[l%gr 11? gali(? ﬁrts{ é{)lerlertment, said second portion in contact with
air in said second compartment, said heat-exchange coil having an internal fluid path for
- a heat exchange fluid, said fluid path repeatedly crossing between said first and second

portions.

55. The system of claim 54, wherein said first portion and said second portion have

different overall heat transfer coefficients.

- 56. The system of claim 54 wherein said heat exchanger comprises a coil, and wherein said
first portion and said second portion are portions of said coil.
57. The system of claim 56, wherein said second portion of said coil has a length greater

than said first portion of said coil.

58. The system of claim 56, wherein said second portion has a total area of external surface
greater than said first portion.
39. The system of claim 56, wherein said heat exchanger comprises a plurality of fins

disposed on one of said first and second portions.
.:60. - The system of claim 56, wherein said heat exchanger comprises first fins disposed on
said first portion and second fins dlsposed on said second portiorn, sald ﬁrst and second

- fins havmg dlfferent total ‘heat transfer capacities.
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restricting air flow over said first portion, said control systen1
~conprising a danper controller for automatically positioni dﬁghgﬂkhanper

bl ade based on a signal sensed in said systemso as to regulate the
effective heat exchange capacity of said first conpartnent. 63. The
ventilation and air-conditioning systemof claim62 wherein said signal is
i ndicative of an off-coil tenperature of a streamof air in said first
conpadit Nerthe6stemhhd okt 54 a:tnipﬁﬁingradcoairﬁudacf&d&ehmglhrtgnﬁmamf fof:l aim 63
wherein said ¢ ntro%g_%%t rises a fluid coptr, &Je % gulating a
fluid f|o\,§elga§qt 8 4 38“ R Febange sApagiics ohsid 5t gh Ise‘i"ﬂ i cative of
an off - COkbnbﬁﬁﬁﬁmﬁhHﬁﬁnﬁﬁm&m&&ﬁ&&ﬂh&&g@mr In said second conpartnent 65.
The venti | nd air-co ltJonl of claim@gl mhereln sai d danmper
ComprPaes T BRHRREITY GRS S b b G, O LCorir i SFlF FHEMEH vot al | y
nmount ed adh aaié rfirstS@inPart e DpsiGam DA isald dRENEidAl EdeidHewOdx@hdnyerireaidbl e bet ween
a fully cl sedé§05|t|on

peni ny ¢ GBPGARaE BT OREE g R X AL CoPLT PSR posi ¢ on,
in which sesutttiopabi fitgy atdrouwd rEXpordom adid fboml v gbnging a dasgeer . 66. An
U NN X TE R I I R Sl
cl ai m 23, suifderyetiem saiasl thaegules thes efféckies meitl yxchangellcapatly oflsaid first
compartment.
63. The ventilation and air-conditioning system of claim 62 wherein said signal is indicative
of an off-coil temperature of a stream of air in said first compartment
64. The ventilation and air-conditioning system of claim 63 wherein said control system
comprises a fluid controller for regulating a fluid flow rate in said fluid path based on a
sensed signal indicative of an off-coil temperature of a stream of air in said second
compartment
65. The ventilation and air-conditioning system of claim 61 wherein said damper comprises
frame walls defining an opening, said damper blade pivotally mounted adjacent said
" opening, said damper blade pivotally movable between a fully closed position, in which
said damper blade fully covers said opening to block airflow through said damper, and a

fully open position, in which said opening allows maximum airflow through said

damper.
66. An air-handling unit as defined in claim 35, wherein said barrier is thermally insulated.
67. A ventilation and air-conditioning system as defined in claim 23, wherein said barrier is
thermally insulated. l
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