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(57) Abstract: An HVAC sysiem (2) has two variable-air-volume (VAV) systems (6),(8), a first VAV system (6) for moving fresh
air and a second VAV system (8) for moving recycled air. Both the fresh air and recycled air are cooled and dehumidified by a single
heat-exchanging coil (20). The fresh and recycled air streams travel independently in scparate ducts (26),{28) until the air streams
reach a remotely located mixing box (38) where the air streams mix and ventilate into a room or zone of a building. The HVAC
system uses carbon dioxide (34) and temperature (36) sensors in order to regnlate the flow of fresh and recycled air to various mixing
boxes throughout the building.
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RETURN AlR STREAMS 5 FI ELD OF THE | NVENTION This invention relates to

- heating, ventilation and air conditioning (HVAC) and, nore 26;%[?‘3(?9:% arly,
to energy-efficient cooling and ventilation systens. 10 BACKGROUND OF THE

| NVENTI Air-conditioning, especially in tropical climtes, is dictated by
‘the str B quirements of cooling and dehuni di f iREASGEH024he HVAC

engi neer nust seek an optinmal design, balancing energy consunption and

cost, t hSINGLEOOTIOTWINPAN iVICRINBIGE-AIRVAOLUME (V) SYSErMatoer criterion
is ventilated. Although health

15 bei ngMi n_of how well the buil di ng

-and ther -&%FICI@EDQQWI%HHMWD BENDENIIFRESHANBpt i ng t o
elimnate the various sour TN | lutants, it is al nost

i npossible to totally eli mﬁ%g‘te tﬁéhgr??h]a@gét hus i nevitabl e that
ventilation wth fresh air should play an inportant role in the eventual
quality of the air in the_| ' . The hi gh energy-penalty of
cogl_ ing and dehum difi cat %@@i’%@@ﬁ%ﬁ&t 20 ventil.ation in the tropical
context is apparent fromthe |arge enthal py difference that exists between

the outside air and the indoor air conditions. |Inadequate ventilation
al nost i nvahisableptignaglates tohesting tventilatioatind nir ebnditienisg@HBGAC)ind, mumd i ty  due

- buld o ' . | | h bon di oxi de. Ad
vent i PR ol B Rl ool B0 TenBlih ebBce of the cooling coi | voul d

be even worse as it is likely to result in 25 elevated humdity levels in
tgg air distribution zﬁtems and the occupi ed zones. This phenonmenon coul d
béVconsi dered in the FEGRQIIND OF THE INENHON i ndoor " pol | ut ant, which
propagates the origin and sustenance of mcrobial contam nation. The issue
of high indoor humdity levels in tropical buildings originates fromthe
hi gh anbi eAir-chaditiaingyesheviadlly $n fropidahelimates)it Hicatel o9 ttRistringdnt RGhiradich)s and t he

dt .0Vi dequat tilation, t id "Sick Buildi 30 Synd ",
The balrBRE AR Gn Tho HAC Seinsronihiesy s e e, bmeingyi e
contf oehed @ndompliohVid RO ern RIS B UnA 116 J’i‘x“rg?aﬂﬂym%{ﬁg latttletﬁé?ﬁerfoﬂr the
nvi rontent, this.1s a

occupants of a building. In a steady-state nt,
& at beieg ¢ fusiciign of howstell thipbulding is ventitatedly dfhiougti reelltio endetherimabeomebtt, wher e

cool i difying.requirepents fluctyate with changes.in weather
ang oLeuie JE WG ol WRPIRL LS el P Frrb Rl R o Ao "oyt i g
but apsitutgntspit isadisost DicssIbIE toBtall} Slimides i@, o is Bs MebitbRIt VeMMiHRE System i s
an even r%re arduous task in hot and humid climtes, where the fresh air .
cont alVHb s f“éﬁ@“ﬁd Playy A Hupariant sple ivihe gventuabgvality efcthe oir in He ipdeor. | n

Ly DI Caltvirbifbd:OTRY ehel DA Gt W SBlg P oMo BB a8l RMMAIRY1 1O an
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




tenperature and hum dity flows over the tubes and fins of a coil while

. chilled water flows through the tubes of the coil. The chi20INgy Hedber
enters the coil at a supply tenperature and | eaves at a return
tenperature. The psychronetric performance of the cooling coil determ nes
the cooling and dehum difying of the air flowng past the coil. In the
event of two different air streans being conditioned, two separate coils

woul d_typically he. | oyed with either ral l.el r a seguential feed of
chil ﬁ%n&gep\j\a/a ere® [}ngﬁ P‘ﬁ"@m@ﬁ ti‘f”i—llti}‘epﬁfcﬁﬁ?n%Rg?E‘f F‘BE"P’@‘ ﬁ%\f’e S‘i’)’%‘g’f?ta&? rected in

t he pasitoneniathiziiey elaively gimpdd tike HoWbvet) Gy BirAidiyinBehr cRBFhRETPRERe DY
addressing the air velocity acrgss the coil, the chilled water velocity

t hr of§PmgHRed Jelimditgpe P SRduaie Mith Fearseh i ye¥beri WA LoHPaRPe physi cal

geoNRiesiphiftf arl BRrEifhicient NESSnABSLANR anPihSeBLE qpéllh%ll? §5lkPYpeih@mei RSt ance, the
foll ow.ng?ﬁpatents:_ US 4,876, 858 (Shaw), EP00415747A2 {)Shaw , US 5,461,
877 (etign 9fi 28)air-qerdii U SERM i§ 2o YR myre ardyowpedin doraWhupidigimdtss) . Sone

r ecenj, qﬁ@(}g% ; .ar ' : ' : romthe first coil
in amrrgﬁi fo ﬁglggédﬁ at‘%ee%&?%éelg?]r%gh?rﬁ@@ \%g%léeggpgl&% ﬁ@h‘f@@r&%er ature of the

chill ed wan déypicaktonling oindtdeburfidifgitg coil dpsigin, an aBefpe@nthagihg nmdatako t he tubes
of the second il..In essenc hi s i Il.ampn tao.two different

heat ~BX¢ aﬁ“ﬁ‘a f‘%‘ig:ﬁ%%ﬂ*% BERE RV ¢ ey, ppd éﬁlﬂa%f aagmﬂgﬁ’ﬁe Sulled watep floys g wat er

si de thrbigghaMetibes 0Etht 8bih THe evldaiGkaser dfiters 86 3R B a upPtdnipefaniryV@daivks desi gn. The
primary drawback is_that two-coil systens are not very energy-efficient.

SecoftP yHUEWSTESTIECs  BE @ichimsiricrsgiomianes, obie] wolings cathdgrermingaitie nor e
COMPRARAL Sind EbHublilbing! Y e GRIowdleShR1 e AGEURMNITBLE: PR LAt GuPUl 1 A NG,
thus di mni shing the usable floor 'space in building |ayouts. us, there is
‘a neél@eapms being copditionesy tvemseparte ovilsavouitypitadly ibe amplogedaith cibedi paradlel ng syst em

t hat Rﬁ%/%r%&%gggﬁi%gd%%dg%q%ng deficiencies. 2 26 May 2006 SUMVARY OF THE |

| NVE nts he present invention may provide a single-coil
tw n-fan HVAC system for energy-efficient conditioning of independent

fresh and recycled air According to a first aspect of the present
i nvention, there is pr%é#é@@%%@ﬁ&%%ﬁ@ﬁ%ﬁ air conditioning systemfor
energy-efficient conditioning of independent fresh and recycled air

streans, said systemconprising: (a) a first intake for drawing in a vol une
of fresh Effprts pie beenedipngigdiint Bk evastoto enhiskk reyetgireficient dehwmddifsingcycl ed air;

1 ol o e e OO Brcb e PN el 0B kel Mok QR e G ™
t her eibgs ¢fitiorkendi ang variss pgifisumfions of the physical geometry of the coil. These designs ,
are exemplified by, for instance, the following patents: US 4,876, 858 (Shaw), EP00415747A2
(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.




‘conditioned fresh air and a supply of conditioned recycled air, wherein
~said first region and said second region are separated by 28 May 26 and
wherein said single-coil heat exchanger defines a fluid path transporting
heat exchange fluid fromsaid first region to said second region through
said barrier, and transporting said heat exchange fluid back through said
barrier fromsaid second region to said first region; (d) a first fan for

novi ng sai d supply of ¢ i .519'9 i wnstreamin a first duct;
(e) a second fan for n‘D\glpﬁ%\IIS&I gﬁsﬁ%%ﬁ\@%f]ﬁggﬁdi tioned recycled air
downstreamin a second duct; (f) a mxing box connected downstream of said

first duct attr})g.saitd agcond duct, said ELHXI ng. box bei ng_an enclosure in

whi ch sai d*SUWIBRSASSY HedHar! i fien Fegetpvider suile-cod ten-La KAG sefeie ondi t i oned
I ecy dbesherglylefioMAt HinditiBhin®bf h@pBRicRdrMEMd bALRE ait BiAm@ room or  zone; and
(g) a control systemfor sensing a zonal tenperature and a zonal

venti | at i gePEite arfisrspesid thegrreseaiguyentivth ghesais dravidsglayewflationradd t i oned

f1 s MirdlohdiibhiE SRIHABE eyl Borkiffiftng of G B SR WL ALPAE and for
regul ating said supply of "conditione récyc ed alr In accordance with said
zonalstreaspspsaichtysiem. compiirgdi ng to a second aspect of the present invention,
there is oVvg de ai r - handl i it for use in a heating, ventilation
and ai r-c%ﬁcﬁ@%&%ﬁ%&%@%‘%ﬂg mas‘éﬁ[ﬂ%nea(#:}r-eﬂ’a%l ing unit conprising: a first
condi t i oni(bjg syakidrmifedor dtovidg tn acilung dAndys@yiing a vol ume of fresh air
through a first duct; a second condition ng systemfor conditioning and
movi ng a Vo WI%?OIIQ‘S?I\?&?@%F@@TP%% ﬂ&? YOIW%ﬁfgqﬁh ar ferlNdegitRt ;. a
barrier atand @RSVolRAE bF ddyded &R ah Al dcBshdSREGN bsby pRAML PRLLEy oFyStem and
sai d second conditioning system a heat exchangi’ng coil” passing through

sai d bar r icepditioged fredhsir angiasuprlinofresditipned recaslothain yehefeinfaidl firstongiomi d fir st
condi ti oni s t.0sSAl L oni syst and back fromsaid
second corﬁ?tséon%%ghs%éﬁ%gtsﬁgag%b% ??’E e%:(%ﬁ%iw Foni Sﬁlgde&s%;s‘f‘oceillmgetag condi tion
bot h sai d exdlangee define a 8sid pathriraaspdrting heht wodhenige fiid fre@t yad @6t gjon tAccording to

a third aspect of the present .invention, there | royi deg]m ventil ation
and  ai r- AORATPTOHENG P tacE ut Gpioar e i b gieines Mgt
| ndependentirodghesil bamidr fr&f Y64 @@ordlirbgiorbiols@iaM®st regRind System conprising: a) a
first intagke for drawing in a volume of fresh air; b) a second intake for
drawi ng i &V NEiRmer Bevippedsugely af sondigipned fisslhgjr dovgsirdanhig atfirg dedkanger i n
direct copd)aCiccdt Bin FREnMRAMARL s‘ﬁ}pl& ro?%&rd?tg;ned %c?cléd dif Bowrfsgga'np pand in
direct contact with the volume o ecycled air Tn a second region, thereby
produci ngseesdisty of conditioned fresh air and a supply of conditioned
recycl ed ?f) ra’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




wherein said first region and said second region are separated by a barrier
. and wherein said single-coil heat exchanger defines a fl uizéhﬂ%)f 06
~transporting heat exchange fluid fromsaid first region to said second
region through said barrier, and transporting said heat exchange fluid -
back through said barrier fromsaid second region to said first region; d)
a first fan for noving said supply of conditioned fresh air downstreamin a
first duct; e) a second fan for noving said supply of conditioned recycled
ai r dewsise el dhrongh asecenddyeiila Herdier atflyastopantially sepatating shfisteanditidunast r eam of
said {i q I: ) , i m.Xi N X heij an_encl osure
o iy ehRenRlecR o5lbaR g ARty R oxBhbly e he R uct 0Bt

condi# ileasieldriqecto ypasseiatatagxnchampy fInddXrqm isaid firo chelithvgingesniterh as edd isedoad a r oom or
zone; gé}go a t((:3ontrq%ffl§}4stemfor iensdjén .a zonal tepperatyre and a zonal
vent i PATT SR FET & FRAH SFooPd GUAUTG YU SHELIT BrdtgniBs t i oned

f r eshyaérm td dondicieObARAEEvOMnid b SRbIChizMAahid WIRRE bf REycRA afrequi rement and for
regul ating, said supply of conditioned recycled air in accordance with said
zonal t enpecardedo a RidssReciRy thpresepbigyention disecis pevideda vertdationand nvent i on,

t Ner Girl ndliGHh BB AToPlrer) AN GondHidhing b ndtREach s ARNEA LD ed YENT L 1 2L 1 ON
and air-conditioning system said air-handling unit conprising a first
condistrFasi $eéf sysiemepmpriningcondi ti oni ng and noving a vol ume of fresh air 26
May 2006 tazgﬁgg&aﬁehjrr tw‘n%‘iﬂv@&ﬂe@ff?e%ﬁ%-d condi tioning systemfor

condi tioni hg noving a Vol tne” o recycled air through a second duct, a
barri er ath)hemstd iplakt foatilayingapavatmeadf waickdd hir;r st condi tioning system and

sai d second condi tioning,systen. a heat-exchangjn il in direct contact
with said 5o shat ?B%"aft re_g‘élﬁXgSf Pi_rgo{ﬁat B i &e_ev%lyfn%ré&m ¥t fiSpassi ng,
sai d heat regeimagh Bigect EntactORiBHThE Goluib bOHGVI&Hin RAEdoh&Fegfth, heREF tWi ce to
pass heat exchange fluid fromsaid first conditi on_[gg system to said

second co®ERIFIBHT PP PE cansitiongddrash aik and asywprly phcosditioned resyeled #if.oni ng syst em
to said fifistein QRELLOM DO SHUSLEM LD L L] Al e of fresh
air and said §/an ume ofgqr e_cyéc’?xeﬁ a@&h@g&g‘?%ﬁ%ﬁgﬁ?gyggﬁﬁ%dﬁﬁﬁ of the
present i suidningtsreoil theatr exclissgqrdslinaden flaidvratit irdnapdridry Iadexchimge dbidli ti oni ng
oaral el oL ReORHE el e SElod e A VARG B GREPILHDHA rent s

havi ng anhkealeathaagdfleid batk thedugh|shidvbafiger o Kaid Qedohd Wgidnh@r AldhFgLIgh; a heat
exchanger conprising a heat-exchange coil shared between said first and
second cO&ffrtments, said heat-exchange coil having first and second

portions, dpafif fh £o% kmoving said supply of conditioned fresh air downstream in a first 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

3a




portion in contact with air in said.first conpartment, said second portion
. in contact with air in said second conpartment, said heat -ZQMM(S’ coi |
having an internal fluid path for a heat exchange fluid, said fluid path
repeatedly crossing between said first and second portions. The advant ages
of the enbodi nents may be remarkabl e. For exanple, a single coil enables
the sinmul taneous conditioning of two separate air streans without mxing in
the downstream section of the coil. By treating the fresh and return air

st r edPRougep dirshistyand gsseprpd cgadiieninsesystamsfonpondiioning mavirepereleme bf and
separ. | e ' . L m.di fyi ng
per f or?énjgir?ggﬁg%&% ea S??()élg ﬁﬁlgl’ ?ﬁﬁgﬁ% &}rﬁﬁféﬁ* ?%%6?‘2%%&%‘1{7%1§n‘?°?‘§ﬁ?%{d‘%nt cool i ng
in testemepd eed scaond copdifionils syemsi dhet-cwbiigng cpdiif direracmeescowitt kid r ecycl ed

air i-ch is..predom nantly sensible cooli .. Anat her, key

oy aneLE R U e hd SR RO o FSing o HBT <l inb ik rotine
dehunhdidhsaiddapier it deasmwize td prsehdatd:biRingd MU PEMASA HirsTBsHIRIonAE kRnd  Si NQl e
coil, both o th‘?.ai_r and t he cflﬁiﬁlﬁl ed water sides. A single coil can be

i nst & P& S?Cﬁﬂrhacog Hiying system. 3pd Dask fom said secendiqopdifipring systerdepad fHi fi cati ons,
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using a si%?fél%&?ﬁékﬁweg of ithegireserttinyepiéan, thereds plovidgd 2 wersilasiomand no | onger
be any. ARHGHRYs térﬂkﬁﬁﬂ?ﬁﬂ&gate return and supply mani fol ds between the 3b 26
May 2006 first e’?res alrj and the second (return air) coils. Consequently,
t he si ngl @-lwosihg haning-firstrand sedoadncompartmeots 10 phryllcd acanmpy¢memseach lopObf area but it
may al so ¢Q less to . build, install and operate. |In other words,

embodi rrentsaslgt(')ﬁ st f’“hdzse‘f)"rngs“sWPafPWésﬁ}ai‘“Bﬁ aﬁﬁ@“ 5&%@1 ‘E}Ele%lalgolwﬁ@ LB wi n- fan
syst em f othegstigbighg and dehum difying two separate air streans. Preferably,

the fresh %gd return air streans may be noved by variabl e-air-vol une
syst ens ( BREAEEhaRgsr Femaprising arheatfchappracoilisharetbesveengspd firg@pd pesendai r t r avel

i n separ aigmghideefits Diia hif KIS ccti.ilnﬂz{ﬁrlghﬁﬂm s&8hd pbitidhs, O firse and

dehum difies both air streans. The fresh air streamand the recycled air
st r eam do PGP H opntagiivath airrin saidyfirss eqneparimentt] id setnnd pgttion recopaet withiThe fresh

air and r ' e tream at, a mxin X.Jjust. prior to

bei ng- vents il il s EHAERRT cGfnadinfd e BideBiel ' Of ¢ e
present i aheattekahangeeinid] saidl Auihpathispedictly ctesigd Betwientshid fog cupiLehdzones of a
building in,. direct response to occupant density. It is to be enphasized
that occuB¥H™density al one governs the dehunidifying performance of the

system i NThe @dwhtbils tof TN BBBodRchtAinky B RearkBR! I8 clARES 2 GRYEEH t he cooling
performance of the system separately. This new air conditioning systemis
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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

3b




m Xi ng boxes | ocated throughout a building. By feedback signhals,

. enbodi ments of the present invention may optinize energy- M&Y%ﬁﬁ% by
tailoring the ventilation and cooling requirenments in various zones of a
buil ding. This systemthus may provi de enhanced indoor air quality (1AQ
wi th inproved energy efficiency. The significant advantage of the

enbodi nents of this invention over existing state-of- the-art cooling and
dehunt di £y | r ' ease .of .operation.of the coil,
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char tat 8 moxing boxgjust piioc @l Heingtviatilstetpiatol the rodainds kbl thbe Reoled EBmbodifmsge of t he
syste epicted in Figure I. Ln the draw ngs, preferred enbodi nents of the
i nve iﬂg%ﬁﬁﬁﬂﬁt yYguHeR FRY SH0BEh R By lovelR Ahiedscuniad foges of afuildipg s s y
underdue@aekpbidaiio bdepACB&kinD Y IO B \hpHARM IOS o@dh%@ Béndity Abnd RRemPUr pose of
illustration and are an aid for understanding. They are not intended to be
a deffhniieneyidifying perforaace ofithe sysism ip pelistingtapannerand pESERr frme leads THE
PREF%@E@;) sion l}{gl}gh% f i tgure 1, an HVAC system denot ed
general | ytﬂgy thl'é“" ref eragﬁcogﬁ%lﬁﬁr%%p%h%i 15 ventilating and conditioning
the air inhes i hidicoggitdoniressystamais rcaabledifi digribuing t¢Alskhant ofhiircfone onpr i ses

t wo variaple-ai.r-vol u VAV) systens 6, 8. The . first VAV system 6
dr aV\ZS &Qa?ﬂr[] %# rg(i'anéi ﬁwg?&r)h?srh o %rﬁftgf; c?gw{ RS g“r’]fycé’n%lg%eﬁ rﬁ?yfleaﬁirélt&v%f”s The fresh
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maxi mal heat transfer. The fresh air is first filtered ) )
.invention may optirmze 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




through a fresh air filter 14 and then cool ed and dehum dified by a coil

. 20. The coil 20 is a heat 20 exchanging coil with a singl ezﬁé‘é@’é‘w({:hi |l ed
water. A fresh air fan 22 noves the conditioned fresh air downstream
through_a fresh air duct 26 to a fresh air VAV box 30. The fresh air VAV
box 30 MO B@iHétted to a nixing box 38 into which t h&CESERHRY may flow A
fresh air danper 31 regulates the flow of conditioned fresh air into a

m Xi ngnabaadmate Bh b bekent Mveéntipgr t i on of the mixing box 38. 25 The second
VAV system 8§ draws recycled air frominside the building through a recycled
ai r i nt ake Figre Tha@ shaplified adpemptic 9f thegyatern epiated in Kigure lser 13 to expand and

I th q j : ' h : ir is first
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by saild coil 20. The coil 20 is the sane heat-exchanging coil that cools
the fresh air, even thqugh the fresh air and recycled air trayel in

se§ar_ ate dgj&"é‘? QAS At ‘gﬁet‘é‘f Fhagioshoming araphcally thé, supegpr fehusidibingecycl ed air
‘downS trepafdnbE MUENsySehIepiEk@fh Bidre fUct 28 to a recycled air VAV box 32.
The recycled air VAV box 32 is Connected to the mxing box 38 into 5 26 May
2006 WO 031w #e4drewingT /pedardoa®dimdniscot thhénvertiorcare dllasimtedby wdyool A

recycl I a r 33 requl.ates, the,fl.ow.of conditioned e led air into
t he nieg(l%ﬁ e%i hfgrlﬁ)qg?)e ﬁ@r%sfsﬁtgwgerﬁ?gﬂ &?&t tB%Qesﬁ'ép.qmﬂ afl‘égﬁﬁ'&lﬁ? af?o‘ﬁ’ﬁ’f %éeyst em

whi ch pugposestilhectatioy add &e ai bid forRb @GR EMiHPOTR abe obPRdhd&Ho be & 0&niRInS t he
operatiqn of the HVAC system 2. The CPU 54 conputes optinmal fan speeds and
SIQaWﬁgmed%WiQﬁH@‘W&%w-on t enperature and carbon di oxi de (CO2) readi ngs
fromsensors located at various places in the building 4. Referring to
Figure 1, a CO2 sensor 34 is provided for neasuring the carbon dioxide
concentration i nDESERPTIONTOETHEPRBFERRED BMBODMVENTSN a return air duct 46
near a return vent 44. The return air duct 46 al so contains a tenperature
sensor 36 for neasuring the air tenperature 10 | eaving the room The carbon

0, SeRuRsn MBS 8 G Al

(or cabl es) he central proce system

THé crentdafingrogsondéioningshopir ima buitiimgé hasoesii-hagsliigunit (AHW) Bshichi r  danper

31 an _ | ed ai.r,,dal r t hat _t opt i m xtyre of fresh and
recyc?%r' aﬁ%ﬂ%gﬂ%aﬁv%smﬁfmﬁy@%@hﬁ%@%%@ éqﬁhfﬁ@t%k’ﬁyﬁﬁmgé’?“% The CPU
54 al aofreshglt| fRbesutdideahiotgh & Sésh @ir intal@f 106 68 FYMVIrSHERETD Ha® a WiFfukerl1ie 15

overal | agool ing and ventilation in accordance with total buil ding demand.

The CPbiohAxpas andh slowsthefiesh aiforypaximgldieat iragsfam dThelfesls eit is st Vilteredy st em 8.
Th i i . | t. bet th
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020 t hexchawgitp @ilrwitht a siagle feddef AMldd water. A fresh air fan 22 moves the conditioned
fresh air downstream through a fresh air duct 26 to a fresh 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




5 also conprises a recycled air tenperature sensor 58 | ocated between the
~coil 20 and the 20 recycled air fan 24, that neasures the "Z§fflayd¢o
tenperature of the recycled air stream A fresh air humdity sensor 57 is
also located in the AHU 5 between the coil 20 and the fresh air fan 22.
There aM@ BafH% two control nodes for the system | PCEEGRI2Mper at i ng
conditions (i.e. when humdity is within acceptable limts), the CPU 54

‘uses twidch thepeydtddiensy Goel Afreemlel AR de@edGE eskulatds thd RIWEf @ntitign&ENSOr to
control t coolant circuit 21. Wien the humdity level of the fresh air 25

downs tIPYSIS 8 mnigthe aixing ehamberd? ofithe mixanghoadfe |imit, the CPU 54 uses the

tenperat ur g £l i ' SOF trol the
flowrate ofﬁét3 eéﬂc((:),oFrgln St%lﬂ’ev gﬁ?&g@gﬁ# l@{?@e&?@ltﬂ)&%ﬁﬁﬁﬁ?to@gﬁ?@,t he

huni dicogtrdoibe speratamod thetHTéA € apdtene 2 c TherGPU 52 Qomputws dpkiinal faaepelsadlde set - poi nt
ligts, the te rature of the recycled air downstream of the heat

ex?ha %Pﬂ%ewrgﬁuﬁagﬁﬁmp%?’ée andg H‘é&%‘a? 2) regﬁngg@fog}s,epw@s legated to Figure
1, congidricansidees itdbbdidingand condi tioned recycled air are mxed in the

m xi ng box 38 in accordance with the |local cooling and ventilation

r equi r enenReferringdo Piguivhly aXtussenor 33 /i0p64ida! PCHhe8aiag Ge2afhonidiixndy box 38

prefer f thons As pl enum,ch er. A plen chanber is an encl osed
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at mos The return Air uétsi6 bl Sort@he L mperatuee Sehsor B6 for Rdadueing 8 allbepurmuehanber) for
slﬂgw”?i stribution_through _a | ocalized diffuser vent 40. 5 As noted above,
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sguis Sheroom. Fhs¢ashpnidigddeyenser 44 and the tempersturelsnsos 36 aee linkedvia2 (or
of fice; I |6k . r / 4, which
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assi stomjdesrthe optimat damwendpenings foe hedtestdaindampeedikand tiee redyeled @iz dadpdfAV syst em
[ uct 46 an, exhaust vent 50 and the
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bi f ur Gikin@Bo:088. 111 CF 54 Ms@idpuihis Héthn Gocith 8¢ eSANDEY sﬁsgen‘f’ gd;%ag;ﬁgl%o ntrolled

to divert a variable amount of recycled aif back to t VAV system
815 . averal] ¢ppling 4nd vendidaion énacapndaricn itk dotdl Duildiinede@Rd. SBhed@Rlf fbtmtrblse danper 52

to al ' ' r e buidd:up ep |arge volunes of fresh air are
venti#hgzﬁé%%?h‘?%?%eﬁ'e&%?ﬁeesﬁm%‘%g6?[5?‘%%g‘ by the sinplified schematic in
- Figure 2, TieeAHYACompideeatreshiaiterhpddatund déris@ 36 Gocalell bitAkstBe £ofP0andy St €NB

whi ch sg!are_tﬂg Si nagl e, common col |l 20 for cooling and 15 dehum difying
bot h thedreshy aigtan 32, that measyrgs Shef offroilf temperatiee ofithe fesh alamirearn BeridUwor ds, ¢ he

freshsgjsh cbﬁlPlfléeE ta%ééféled %ﬂ?{égérgtﬂf'edseﬁ% fS?‘lq%(c%gd QL3Y éllﬁaaégilb%() d%@ﬁ Lirst VAV

system 6 whereas thé recyc alr 1s ered, condition ﬁlermved
d&fn stecysharh dinyfart Ik tiatmensokedMY “sffsbilhteBperidots@y the recidled aif §iresin. Anflesiecond VAV

systens, 6,..8 share.th anme . cool i d dehum difyin oi | ,20. Each pass
of chiff ?‘H%rd&é%?"f S%FGE@EP"?%“‘( BMN@“ Wﬂggﬁﬂége wirfped r esh air
st r eamhadiste hiafly GdboRtrdliniodes 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




20 stream The circuiting of the tubes is done in such a way so as to
_ensure as much of a counter- flow arrangenent as possi bl e, %fM@X‘lZ(PQQ
illustrated in Figure 3. Also shown in Figure 3 are two coil sub-circuits
20a and 20b. It is inmportant to note that these formpart of the single,

i nt egr aMEY03UeA¢ 20. They are arranged into sub-cir c RGTESGCYE28020b i n or der
to optim ze counter-flow heat transfer. A thermally insul ated sheet netal
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coursef0.possi ble. Figure 3 is a schematic diagram of what takes place in

the single coil of the system It illustrates a full-circuiting 30
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fresh air in the. tropics and the cold surface of the co e | eaving
cdfdi tdueirfioofThe damppr Badan hé cantrolieriss idivert ¢ ariablg lamoanttofi eecpadéd ainkiatk tolie t ypi cal |y

fully d.. Figure 4 .illustrates,t S r tri erformgnce of the
i gt &SR AV e s S kel s B 8 DR S8 Bt BT ¢ he

hum dité yllevfateRiitprésSur@bdildngd Wi 18ke RGoR redhGidard VentiBiddSihto HR sGdAGhHr € proper
cooling and ventil ati on, theﬂfs chonetric perfornmance of the coil is

cont r ol | edApasRieted By theatimphiss ematisan Tigure dothe"HY ARpwystem it basdWoeach air
streapy,q i1 " I R o A ical role in

cont 1o oemeeit Wfum® VA oSlahls b STRE B i Bl SIS AT ensur e
adé e pdelpinedifiingbotl the fesh air tstreandand tiebaesyclad sir spreamni TryothdrA¥ddds, the frssheiroccupi ed
zones., .. Jhe chart sho i n, Figure iJlustrates the qgverall dehum difying
per f oIS SR movel Ao etV AV Syien b asdh BAM e r aph
as CoRfi filRPedCsHyiBioR and RBvéd dowinstAY LHYRL £EBnd(FAG S%Eegéﬁ Bbevel igaM has a
condition curve 62 having an off-coil "tenperature an umdity -15 plotted
at poffirt agleecond VoY sysems 6,&rdire ithssamptootingrud thyaidifyings®il 20hBachgesnd VAV

syste . recvcl i r stream has.a.condition curve, 70 having an
ot f- ol él{u?eg%a F el tuybestiri @ PG pHbe gﬁsthp"éﬁ Hhigam Aud,hg b ap; |
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poi nt _85. By de-coupling the ventilation and cooling functions, excellent
ener ggp\gﬁa{rme@ﬁ%t?s pessiblse which is illustrated in Figure 3. Also shown in Figure 3 are two

coil sub-circuits 20z and 205. It 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




20 achieved. A change in the ventilation requirement will only nodul ate the
~fresh air fan 22 and will not change the cool ant flow rat oae2C¥or nal
operating characteristics, i.e., no unusual increase in humdity

di fferences downstreamof the first VAV system 6 of the heat exchanger 20.
A chang¥Q%W'48#fal thermal |oads, characterized by a WEHSCEYIR of the
recycled air fan 24, will nodulate the coolant flow rate in the cool ant

Ci rcuizo i codtidg dnd HeRMBRiGifyivd) B5th HHE FEGCMPANE theQkcydRdldie I FQ&Amsli M ni shes,
the ventilation requirenent also dimnishes. The fresh air fan speed is
nodul delaunidifiag aerfmpncenfthe sinsle-sailis pehiever By thecfactabit hare existe aihigh21

remai ns; e ' r.oom.42 w..ll .t heref gr e decrease
becau sQl %V#}%@Q%Ft?&? goer idglgﬁg%lgﬁ{e@g Pg&vﬁélﬁ+ ff/} E@%@iéﬁ Iréﬁdh%\é\ﬁ.f&?ﬁés}itmern% fature
sensortropias i théieold atrfatdofahd cofl Tle ldvingiebditich dfitheSfrdsk Afa@ padksiap ehredpange  and

nodul at es .t he danpefrs_ and fan speed accordi ngly. \Wen tenperature and
hur diaﬂ%e;f’oﬂé’(}ﬁlb§t5@§aﬁ\é5‘ﬁﬁ5§%‘aﬁeﬁ-se above the acceptable limts, the CPU 54

'uses the sj | SE . i I to control
'ho 1 ow r SEa, 4 RERd R, bR AL pel SRR U aRERLE B I7EAG 126

PCT/ S&@xnDR.2 60 pichivoegic chart stobis ¢hedivmidityl afiair as y finetion afitemperatre)rlad because

they further reduce enerqgy ,consunption, the single-coil tw n-fan system
may aPE§" IS EPSPRR; BIORED H2 tapgiv?m%{(r’g’rﬂée(p me@???‘g‘?’r?%‘ie Ay el § system

CoNpr caitilledbaébo® wadinEs el thd “CHRVoipMehdtutelof bR aREAS THY Bl EFBser € to be

properly inplenented, the best node of operation would be to use a CAV

sy8t emeil dempaatings play e carcial wlerin gontiahing ¢he dynamic paychiomsiricpeifomansenft ai r | y

const gnt O WY/ t rd ye .. ' r .Whose |.0ad ‘

char ac eOPfi?s[Lt S fl%:)éf"ﬁiy)b\?\% @%ag%ogﬁéﬁ?nﬁldgﬁgf %}e‘ﬁuﬁﬁg"%@]% 8\9?°38‘§3f"’%’re5'rraxi nmum
f | exi Wheichatt sHowads Fipureniflugt 5 theovierill ARBurkiaEYigY p&rtitinagteRORH VAL during
operation._ The superior performance of the HVAC system of the present

i nvenYSt! %vag“t?_QF pigisremeseRipd Qeihe gigeh aqoRditionenre QO% dhe fipt ¥AYow¥erat ed in the
| NdoOfhArEshH Qi) ﬁés“@sonﬁﬂi%ﬁt&%e ) htal?iﬂg a&%fﬂ%HQ%ﬁé}hre%d Bihddgityng at _the

Nat i onal University of Singapore. The séven experinents presented in Table
11pel plntteegrpoint 64 aod bi-eviboindpivhnplstial at poat 6.1 The shoral VAV sgitbm-(thier - vol une
fan in st eady-.st at e ndi tiaon., Experi: eady st at eri odFresh air
Recycfe&ﬁ";il i3 5%3%1?) aﬁ’o&a@%ﬁ’t‘ﬁ)@t agﬂg%%f& tﬁ??%?%f aF‘gIHFW%Pq? Room 1Room
2Roomtl o 7 gndlonléofiQoadtids ploaedatPoid 78 OPBas AbAGHE BRHE Rvefarc plotted at

| point 85.

By de-coupling the ventilation and cooling functions, excellent 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.




2al12: 15 -12: 35 p. m 30930%BaseBaseH ghBase 2b1l: 00 -1:20

_ p. m 100980%BaseBaseHi ghBase 3a2: 00- 2: 15p. m 30%80%i ghBaseB29dBagdtiih2: 20 -
2:45 p. m 30%400%1 ghBaseBaseBase 4a3: 15 - 3:40 p. m 30% 30%Basel Hi ghBase

i Bas e 4b3:40 - 4: 10 p. m 100%80%BaseBaseH ghBase Table 1: Simnmul ated
exper i R BM¥ditions in two chanbers (Room 1 and RESHFEHY0EI 15

sinmul ated fan operating characteristics Tabul ated above in Table 1 are

various expdthbigdVagatld@t-viehe systfhs\Wrd e b 8Bdus@ihdy fvBarkdwRE & oads t hat
are characterized as either base or &lﬁh. Base | oads correspond'to vacant
e

or ne&Ppspmpienthe dpgletreil Gris-far syptepim sp tyrinngonstantaisaioluseg &V venti | ati on

are r | : . Tyni o r ' ns e, I 30% of
hei 1 Sruretha tbid YR SnbisE VAR REEHERT 985, bttt el "0’ of gt
oc c upaverstoibe pRyeriy ilnpienctnted ghe bdsemnodd of bpastionaraaldshert bt 0A ViRystanddi t i onal
heat-emtting lights in Ropom 1. For th1$ pur poses of the performance
va%i a4y “&é‘é ,W@S%ng‘fbémef&ilﬁtw%wﬁm eongyt pudd YAY yeen fhdityedicd
fabri qatsgdanaml L Sti : [n Table 2
bl ow 30 SOk B lG B D o a5 Bl RARTE Bl
~ Char adlewibiliy ina¥esigsindailso neimpizest amengy-Redyrposehtiali duriog opesationent  Hei ght
(mm 330330 W dt h. MmB05305 Face 0.10.1 Face.vel ocit t, 100% f | ow
" m s1.301. 5}.}4\7"—'?%8%05@5' ?T@Td%&ﬁ@%grsyr%?@f’ %QBBS%H}VEI_‘W “(%ivgh figuration
-and plysat@ls eﬂﬁ@iﬂ&hfs)thaf%fh dob@ueea th AR i ASr QRidlty EIMQ?"CBﬁﬂbe'ﬂb_?Hﬁm uses a
single coil, the heat transfer 5 characteristics of the portion of the
cdPl Depataent of Silding at thelationdldninersithef Piggaporec alhe sevem exproiments

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




transfer characteristics of the portion of the coil in the recycled air

. stream For exanple, the portion of the coil in the fresh 28 Max 2G40 m may
have a different effective total surface area than the portion of the coil
in the recycled air stream Alternatively, the portion of the coil in the
fresh aMO B8 ¥ #am coul d have a smaller fin density t RERSERDOPErti on of the
coil in the recycled air stream (A 10 smaller fin density is better for
dehum dification whereas a larger fin density is better for sensible

di nren

i nmfﬁhﬂﬁéﬂmm@_sﬁu@s&a%a&@&w_he overal |
“rareriilionto{-he totaliant i cipal

ed cooling

cool i pg=—The—difference—in the effective surface areas of the two portions
of t HeSPaclnsie, | o o de '
the Agte—ee
o
J

| .0
capagig.y: ngnz)i s—thtus—posstbhe—to des‘? —Steh- Hzes t hat
are [Ggaag cﬁy&iﬁo%lé\k‘ﬁ?ﬁi ng—tihe—vat yiilé cofbi-n and | at ent

‘cool i [T ERFHEHETENTS tat —I5are typy cat—of i condi ti ons

, . L 1 L
as WEINumB& offeisy| NJ_OCcupancy  evet s e psyc{ronetricanatysrsof all the

seven Exnes: ¢l o . . d 1 n Tabtre —3betow 1026 May 2006
W0 03/ erRe L Lottt S p@iﬂﬁ%@. i CExp | Exp 2aExp 2bExp 3aExp 3bExp
4aExp 4b Paraneters Fresh AirF/ A ON coil :28.527.52728.22828. 328.4 (F/ A) DBT
(C FIA ON goi | :,23, Gﬁ% 623. 423.522. 42323.3 DPT (G F/A OFF coil

T 11. 111, 315Y Yipughsthe singe-ppil twia-Tan AysfieEk vses; g sihgleqopil, shephent emsferi1 212 ppPT
C B/ A chithéier siys'oT tebrtioddf dft2oi 30the FrbstiBAtBardl hiddSloBhCRedtdV il iehel/ A AT Tl ow
rat e53. 953. 9129. 748. 348. 353. 6148. 3 (i ps) _

F/ ACajFapsfencharagierisiosofohopartion ofthe eglin1le erwled Rissyredne d Ronex@niple, the

coi | : Poreidf Ot fieifik e Fesh atdtream ﬁﬁa{; ndvSa ATt e tive total surface area than the

portion of the coil in the recycled air stream. Alternatively, 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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R/ AONcoi | : 17.417.817.217.318.217.517.2 DPT (C) R A OFF coil

.2 10.611. 310. 310.912.510.711.7 DBT (C R A OFF coil
:10. 611. 310. 310. 912. 510. 711.7 DPT (O R A

26 May 2606

Ent hal py25. 224. 725. 324. 622. 425. 422. 5 difference (kJ/k RA AT flow
rat e75. 5“%’5". 8914974, 4152. 265.853.1 (I Ps) R A PCT/8G02/00280
Capaci ty2. 262.222. 312.174.041. 981. 41 (kW
F/ A+R/ Afotatcanacityof5—044-948-354-616-134-638-54-cabacitysingle coil with
twin fdns (kW ﬁﬁgﬁ: : F;%?‘Eﬁr hFR et | Exp;hafsﬂ}%:?as B EER 4 ERP  hat t he
si ngl e-[GRk AS Sﬁyﬁmkﬁ:dylcgg_istd% respongibye—tio theryarying—thermal and
venti | gtg/an | gash(odyxperijnent s b apd 4b[Show '\t‘bhe sfeady{state operating
condi tijons 5 QIFAHEHOT T (WHRT G VEE T@5 015y TERuTTEhamjRoom 1. The
on-coi l[ condi tlipppgcin thg recycled [air stream aes ghat a%l" "RIA ON coil"™ in
Table 3) are rleM@SeRI.AlI[g 10T {{AE€ E[WI TORENTGhL TP tT TS 1jn the two
roons. {Room 1,| piricel reqyires high yentillation, has|a refative humdity 11
26 May |2006 WOMX3GH46446 [RET7 SE27 00280 [9i3 6% end| @20 | b EXperi ment 2b
and Experi nment| DEb°Ccy espedtivelly. The "offi-coil|" tenperature of the
recycl eéd air ijs/ABuepy N Baperijment Philand4ihat] s Thasirefy alr is used in
Experi ment 4b.i difference &J/kepdi cal jto use theifresh air ['off-coil" jtenperature
to contirol theF&itilowedptangtsap f8W rpt2e7 { Wedugl#sshel Baei | | i4R3sit uati ons of
hi gh ventilatil@®| oads, 4s woul d be| typi¢al ir the tropifs. 5|A conparison
of Expeériment - iment-3b.showslthat lhigh thernpl loads in Room 1
can beladdr ess ¥l a Kitdh- UABne 4 stfbam?8F rlEScl BH3ai { whi ch
result$ in rog hum dity | evels arjound 0% regl ativie humdity| The ‘
occupalR¥vddd R LogdRgpyT 5y At ther s paseseve —The Rum dity level in
Experi [mgp ;gb %g}rﬂ@%tﬁgeved% rouzg'ﬁ chzlsllsl e:lzﬁ/aterﬂ rmohu%4'ati ozr‘l“i bgased on the
recycled air 'joff-coil" fenperjature. The|hum dity can also be|controlled
based pn 10 t he/Aaresh: ai [ 1707 T|-1601 1| 172ENPELAL Ungz Haged Pz nese
experi frental eBOEE)S, the fol ljlow ng contfol

R/A OFF coil ; 106 113 (103 |19 125 [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/A Airflowrate | 758 |758 [772 [744 [1522 [658 [531

(Ips)

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

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

1
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strategy is proposed. Chilled water nodul ation should be achi evedé:) fresh

~air stream"off-coil" tenperature feedback in climtic cordfiVppa
requiring hi gh ventilation. In contrast, chilled water nodulation should
be achi eved recycled air stream"off-coil" tenperature feedback in
climti®0 ‘@@ﬁ%ﬂ‘?lons with high thermal loads. It is RCIEGPBYIIp| e to switch

fromone control strategy to 15 another, with ventilation predom nating. As

the chifl6l7#chndas®in Biqﬂﬂxh&ttabmd BrpafibvBtedyetivbllNehe “ffcoll PRmipdaof f - Coi | "
tenperatures, the ch| | ed water flow rate through the conpartnent of the

coi | Videreossted airds ysed ndiwpanimeni2h aﬂ%thﬁkﬁft}lerﬁ%béﬂ isouediindxperimenttdb. al ter t he

S can oy 1icpL toRRf WORRTAP bbb 1 Ol MO duler R R er 11 ow

rate, thiceghihe cmbmchttauonbsofchightdentﬂﬁmmﬂbacm a:smmrmrmﬁmhdh@mﬁ& dynani cal |y
vari ed. However, it the m xture of .the |r and t cycled air in

t hé m Xi ng\QFWaPFP&tOf%‘é imanh &% and Experiment 3gc§ﬁ?ﬂ’5t‘i girhigh F&ﬁmﬂiiﬂ? B buffer is

~ bui I t RdakP1 &mecia&bgsu ®ith § RieR-voRbe-air strBarh BEREy cfemw%&n?ﬁu%&f er of 2C

(between 10C and 12C) on the saturation [ine’is ob or the supply
ai r t dnpéditytienelsarourd Bl redativh bumidithe Thamecupaneyfih Rosre depd Bborh Bés atithegl e- coi |

tw n-f t C rved.b sethefresh air fan
and tk}ljgé%rlg%e;cﬁnﬁﬂm %[@Ieveﬁlggé(ggtgﬁ?"&a%’ rseaaﬁFYFﬁ&%?ﬁ? ﬁﬁﬁaeg watst mgdulatiin, ot hei r

r s peGased@natio tdyoled hie Q- E@Imedhserddas e theRmtifiey dandisy bslstkrollédagddioned demand

for wventilation or cooling. The coil is thus not required to provide nore

cdlli r‘i]befffffhﬁ“ “%ff‘ﬁ@l:ém%ﬁufeaga%@ﬁ theparyperranial resvis, dnfollgwingontrelkanpl e, in
EXx " 725
cub o SRSy i€ opdsBf (N e iR shoB3 B AyedtS TG Sl SEEAL, o¢ "T0s 30

maxi mempmted feediariciaslimbte condifians eejuiring highvemitdtiyn OpeoatRl clﬁlleﬁ@él’erOf its
maxi mum.s eed ro onditions were to be achieved using a
pri or “%ﬂd gvgép%theyq@yf%ﬁ%&q treamvit-eol” spemiireiseibackdn oimeits 446

PCTI S@ﬁlﬁlﬁ@%ﬁﬂﬁlﬁgﬂlﬁé‘rﬁﬁf Radil Iﬁé%qs@ o§§1b°1e EBBs?%ﬁH Bomi Gohtfol R n%’g‘f’ the same

amount of total arrflow to the room I'n other words, Experi 4b coul d
bd5 s e erpther, wittsBgdilstion predeadnatiogdAs therehil e ivatesmoodudation avshiaved bytethan ai rf | ow

rate « ~swhen the n al, VAV f.an rates_ at 100% speed. By
G ol S bR Bl i, BRMIRA AR navie HGoR BEAIPRABEMAT I <pocd
ought cbib whesatisiBtoiBAempétittreSisidot tih @se BRI be Qbed foefiler dhd pithrbfgiear t - | oad
conditign of 65%is to be equal to what is bei n? &row ded by the SCTF
syst eRfrfesmangemf the system.sForepample, if th recyeled gostseamissotf-coilhtempargiure sSnal  ener gy
consu Li.Or, V, systemis
cqui Vo bt AR RRRE 0wk n it cilont P ?Q%rﬁﬁggﬁ%ﬂ%% out put
Wa0 c hdynamtidally varied eHoweval) itud thé Bfikture Bf/the Gidhrairsihg thie fecydied 4beif eheahiximg SCTF

syste e, f ot.al m)unt of. a|rfIQ 0% quut is 1115 10 nB/ h. This

br eak ’Efﬁi%\}n‘ii eH’E“BeS G §pacsicongi ‘f“l%\ﬁnr % H‘@‘}’lﬂtoé}ﬁdjeﬁg?‘é@?él"@li ai rflow

rate gh the@lexperiments, 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

12




n8/ h. Based on the foregoing psychranmetric analysis, the SCTE system of the
. present invention is estimated to be approximtely 15% no M?‘Péf((ﬂﬁ
efficient than prior art VAV systens that .are currently in use. This

esti rratﬁ/ Oﬁﬁ%\@ver’ does not even include the energy savi gﬁs attendant in 15
reduced 1% € Mreover, the SCTF system does not Redd ¥ ve a second
wat er punp or a second chilled water | oop. This also results in further
ener gyto speriteg$5% bifigs mromemdpeedito providethefaneraabent bEtbtab aifiaek togrtrsonshoul d not

and. 1o ekt PAp@imep U G b et s A Eopd Eorian, UROWATISERE pr coont

| nventyh @R airflWraR AN €1 Phn’/h Whch MESBhT Ao VAS LR 8briths JhBoRRPEACEY Cl ai M5 and
20 their equivalents. 13 26 May 2006 CLAIMS: 1." A ventilation and

ai r - c Ghaple proprrigyality shestesh eir todpearayjded if §08Vodirt speasimaightitobe abguidR0 nihdependent

Fop arb Aok o Sa kel ST rehicy 80 6 Ol bHand™ 5 el ng i 1 &

vol ungprefidedasthd SOTRbyster G54 an’8i)NThR-ig@lids thaat 1600 baee thd Mditepadi ti oni ng
the volune of fresh air in a first region and the volune of recycled air
in a SBeBRePsERsddy a copwsntional psebartiedilin a sonyapismyl oAV system isieawiadedtr esh ai r
and a . a‘i%gf 'fﬂgﬁ oi i Ld-.fi ¥: gi on and
sai d é‘z{éﬂ‘gﬁy?@&% on aréef{ sep%Fg{og@w%)taggﬁggﬂl%rﬁﬁgng vvh%gér%e% !?13'0225'36@ si ngl e-coi |
heat eByhentgsty indefcasead amSCTE sytepa the tothl mmoam of 4itflogy 46 ¢60% extplitantid5f | ui d from

sgj.d fisrst_region. to said second regi {hrough sai d harrier, and
tﬁgns HbB‘th h??b‘%g@g%dwmé&ﬁ]éﬁ‘&g’“f {a{ﬁﬁggﬁeﬂgﬁﬁ%ﬁﬂ’dé‘ﬁ@v 5 o538 from sai d
secongy’negion to said first region; (d) a first fan for noving said supply

of conditioned fresh air downstreamin a first duct; (e) a second fan for
movi ng sai Bassdiprpthg fopdgoing peiichiopetsig anadysiscthe SCER systgmvaf Sterpesaent iniventisns econd

duct; . (f 1 xing _box connected downstream of .sai q,first duct and said

o oconir Gtrfedlobe At I3Foh S AW G ER M b eV AT bl diag Lo o o
condi tireeneiglin dse.€BHis estimarBovisves] d6dd BB everdincia@ivle éﬂee%qdvm@w&ﬁ@ﬂt il romy mx
prior to being ventilated into a roomor zone; an ((g%aa control system

fde sEsepsddamissoMareoyenibe SETE sustam doeg noigieed tovhayg ¢ sesen

second chilled water loop. This also results in further energy savings.

ter pump or a

The above description of preferred embodiments should not be interpreted in a limiting
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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requi rement and for regulating said supply of conditioned f%rﬁg%u 2{1‘5 in
-accordance with said zonal ventilation requirenent and for Y q1g sai d

supply of conditioned recycled air in accordance with said zonal
tenperature. 2. A ventilation and air-conditioning systemas defined in
claim1l wherein said m xing box conprises a fresh air conpartnent
connected to said first duct and a recycled air conpartnent connected to
sai d GleA®H duct, said fresh air conpartment conprising a fresh air danper
for admtting conditioned fresh air into a m xing chanber within said

m xi ng box, and said recycled air duct conprising a recycled air danper for
admi tki ng Acentilatinried riceynditiodingi systemt dort pgengy-ifieigntc lvamdiémingi ©hi n sai d

m xi ng box ' ' L - conditioni ystem as defined in
claim 2 fé?%%ggdég\(ﬁlﬁgﬁﬁdﬂgdﬁ?%% S%??ﬁ%dc%mggﬁ%ﬁ%ct ed to said second

i nt ake, said réﬂlﬁﬁrStamﬂkagt@ra‘E@mﬁ%ﬂwféfmémon 14 26 May 2006 di oxi de
sensor for senshiigkeadahAQNE! qARk Il ALLAR JiegYLEeIENt and a temperat ur e
sensor for sensing saiJ zonaqI te%rperature, sal d sénsors providing signals
to said cont r ol(c)sy ginglpeoil heah exchpnger & icorditianihgathe velomdiof ifresh #iginsy st em as
defined in cl ai m @Wgrgida 3 Jorh T 5G4, iR (EXENANGET S co0! ant
flowng in a counter-flow arrangenent. 5. A ventl Pati on and

ai r- condi ti oni ng By&cag agwplsfif readilioned |fegslnpit ahdiatsupply o epuditingdy a  fresh
air filter conne .S daif kL J i Llter
connected to sai g%&gléagggblﬂil%?gﬁ%&%# %ﬁé@???g%ﬁ&%ﬁigﬁg{eﬁe@%ﬁkl tioning
system as def i nedYiabagicaprd Vheppin said singedcef! hidat exchdnger definesa fluid path

vari abl e-ai r-vol uisdohe 3Rl RalhfcTRELRGN LAD fhsP rihd) LAPLEGRILayp! UTe fan.

7. Aventilation and air-conditioning system as _ Im1 wherein
said first fan i dhronghessisshamier-and fransportingsaidbeatienghangt Guiddedutbiropgn is a

const ant -ai 1 -vol R vl i séh YERI AL @itk lglonCONdi i ONi ng_syst em as

defined in claim1 wherein said firs an 1s a cohstant-air-volune fan and
sai d second f afdiasfirat fpmfar apsivingshid sypplyipfeconditioned fresh gie devisaednoin aand

ai r-condi tioning sgyghgm as defined in claim5 wherein said first fanis a
vari abl e-air-volune fan and said second fan is a variabl e-air-volune fan.
10. A venti | at (@ sagead &nforendig saiskspryy sfeonditipeed refatlchaiddiwnsicéagi m 9 wher ei n
said control sysfem.cRiRL:-ses a central processing unit for processing
signals received fromsaid’ tenperature sensor and said carbon dioxide
sensor wher eby () panigiag bpxptonpectrdalownsirgam of said Srshdycd bl soil sdednid dedt, f an and

said second fan oki.miink Aol AnBBAkl wAiRA YL G SYRkRIAS defi ned

in claim10 wherein said centr
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
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processing unit further controls the rate of coolant flowin said

| _single-coil heat exchanger. 12. A ventilation and ai r- cond tMBYl?ﬁ’ﬂ? system

- through a first duct; a se

as defined in claim 1l wherein said central processing unit further
controls an exhaust danper for exhausting an excess volune of recycled
air. 13. An air-handling unit for use in a heating, ventilation and
air-conditioning system said air-handling unit corrpri sing: a first
condi tioni ng. sy feQr VP h air
B8 e o' Al T Bl et P ™
movi ng a vofoosmssiog saﬂda@pdlt@nbemtme tstifl eangdrs ams@mmnrdmtsaldaom_i sisem. at | east
parLiayly. ASEAAhAA aRkdalbhsh oERRMAIIPRNS! AN L:E S35 01
condi tioning systen a angi ng coll passin rough~sal d barrier
at |east twhestexrlanpadgs mhntfhmmtgangeowquuw afmngmnsral d first conditioning
systemto sali ﬁ:g cond
condi '?% oni ng ‘gﬁt?t%go%rh?lgCdgggla&l{f@@égnsg%%%&gﬁg}g%@gg c%}?/rgtﬁ eii’#t é(;)ncgo %S%n bot h
sai d vol unefreh afrrfdshcainectairtd ssdifist vdikerrad efreayeled eir diferadopnecd td/eaid 2006 14,
An air - handl, E#}ﬂ nit as defined in claim13 wherein said first conditioning
systemis a rst variabl e-air-vol ume system and sai d second conditioning
system.i s aAgewiaign amhalr-mﬁmoang SwtsmmeleﬁlyzdmdmnﬂBwhﬁnnaaldfMMw ng unit as
defined in g\ﬂ]gr I system
conpri ses aﬁa?l%gtb%?é’n 082 ?Fda(gier:&@%%%golﬁ%mc alrg‘;?g em ased on a feedback
~signal7. fr ofnventdaiobend dr—mudmiemsemwm andiisdii clgigcbwbicrviasiid ke faiis - vol ume
SYeL e CONPL o 38860 LALEONLLAL ROl G SRIufERb! O Syst em based on
a feedback sig nal Tro erature sen alr-handling unit as
defined in &Waltﬂntlmﬁ apdhar- enndltlsmngisyhiem defmed atleimal whereih waie first fegtiem f ur t her
conprises g fhash af?'v%luiﬂe'f{ eaé;d@ﬂgsef%&}d%ﬁﬁ%%“ pYAfL é}}?drﬁ'ﬁgr?"o' ume system
further conprises a recyc alr tilt . Analr anllng unit as
definéd i n &eitintivs adver-einditigaiglsysem asidsfigid Spdgiets wherein sgdfirse fan if | ow
arr angemanta Vai]‘lgble-'z?i?—vgi'uﬁleaﬂqgél La?fpseg&dtf?rﬁgﬁqgnalbﬁ?a% \}0'11 lf% m 17 wherein said

coil contains a cool ant ose rate o OW IS reg at ed by said control

- ~ syst en%basedl verilitive shéettivamhticaingrrysterh s miekinedtie waan 4t wireeeis eaid opntiobcat ed in

the air- hansggt%:ﬂgo}ﬁgﬁées éjc%ntraff‘ ro%ésrsmg?lgg fbrg_&oéén%;ﬁgr %%naﬂ n&%g flrogq gill@' m 13

- wher ei n sai Irst condition ant alr-volu
~ syst em and tsmpaatgrecorior zmdrsddtcaxbm dlgmgglgmsqnwlsrehy ﬁecpomtdtl pmowsn&nmt air- voI une

system controls said first fan and said second fan.

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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20. An air-handling unit as defined .in claim13 wherein said first

- conditioning systemis a constant-air-volunme system and s&odMaeWivd
conditioning systemis a variable-air- volune system 21. An air-handling
unit as defined in claim13, wherein said barrier is thermally insul ated
metal barrier. 22. A ventilation and air-conditioning systemas defined in
claim1, wherein said barrier is thermally insulated netal barrier. 23. A

venti l.ation 1, al.f - condi tioni : r energy-efficien di tioning
of i ndapendeb it pRlla SR e AL1E RUT) SThLeh R R SRt B 0T )
a first intfaktevdioble-dirawiumg system and| sak s@bnd caslftioaing , sylymais seewomll | nt ake f or

drawing in _a.uwel um cled air; c) a single-coil heat exchanger in
di rect contvgl(j:%{b?e\l'/\néi{rﬁc’l%%gy\gl% ume of fresh air ina first region and in

di r ectl5Scontfac pirdhiatdling meit \ae|defimedoin claioy &4 edieminr saidh figst yadabivehir-edingn, t her eby
pr oduci ng C i resh. ai n f .C i tioned
recycl ed a%ys'?&ggé}r}éprnggsna @I‘g&?ﬂéﬁ #ﬁ%}g abf}eetglisaocr?g{g%éj%éeg? %sé&é@rg%%eé}g%lﬁ Sg%gfar e
separat ed Hyomma baben doxidngnsnendiad sabndl wiridgé-ar-gdiine hpsaim engirassger  def i nes
a f l ui d patcho H 3P Q{%{lir%ilz%ge gﬁ%%iﬁec)éﬁt?cﬁnsgsef lb%:!;eq 02116a I}I&\ébaz Qos? 1;11‘ /i, S dfi rst
region to said second regio roug ard Dbarrief, and tr nsporting said

- heat exchangmepefdtwre ebnback t hrough said barrier fromsaid second region to

sal d le.r st d’\r{ gig—%'l%ﬁn Lm? ag Id!éﬁlrl d]c %ncl%i&r 13T0NEAE af grs? l‘&lfglpalfb}{a-a(%lf—vocf\&%dl ti .Oned
fresh air downstreamin a 7 st duct; “'e) "a ‘secon an for noving said
supply of cwptan furheecdmpesssa fech airrfildowmktkidommnid ivageblsgcesigndsstem f) a

m Xi ng. box ! t of said first duct and said second duct,
said mxing g‘;&@g}?eﬁgq%ag%gf%ﬁre in which said supply of conditioned
freshidi r amdistwndlingsmipk defofed G niding 1 owbdatein ey cbibd disposedvry 2 pdvotepr i or t o

bei ng vent iﬂo%tag?n'e%& a roomor zone; and g) a control systemfor sensing
a zonal tenpera e and a zonal ventilation requirenment and for regulating
sai d 38ppl Ynofir-lgodigigtuing ne defied shelainr 17 wheagt sridlcoilo@ntaiss la coelhad whosal

ventilati Ok Sﬁﬁb&?s”?e%élat%@ %yfsgl%i c%gtgoll” ?s&én'? g s% Iorchi thseuil:e):g(ichkogi CP?r Ilntal On.ed .
recycled air 1rn "accofdance’w t h sai §Zoha enperature. iy ventil ation
and. ai r - comaaperapme segscs Yehtedringhe gehandle unit. ¢l ai m 23 wherein said m xi ng box

compriges aufesladlel AOTRRELIRIL, SoMNGRLad 19 sl d firal ugt and a_
recycled air corrpargt TERt connected to" sard second uct, e$4id fresh air
‘conpar t nentirg aopsting-hingolame system and said 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 exchange fluid
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- fresh air danper for admttlng conditioned fresh air into a m xing chanber
.. within said nixing box, and said recycled air duct conpri S6idan2¢¥cycl ed
ai r danper for admtting conditioned recycled air into the m xing chanber
~Wi.thin said mxing box. 25. A ventilation and air-conditioning system as
defined in claim24 further conprising a return air duct connected to said
second intake, said return air duct conprising a carbon dioxide sensor for
- sensi ng sai Zon k eentol tatlg econ uel 1roemant anlglba tee rratsurli sensor for
sensi ng sai 280 lél%gr%. & 4 gélﬁg?ﬁh 5’9?8’ 3?6% i’ 10 said
control syﬁtemxc%ge;ﬂuxdebﬁckIthxbugmsaahblamerrﬁmmdndwemmdnggla[ymenrlﬁstdefi ned in
claim 25 wher.ein said single- coil heat exchanger has coolant flowing in a
counter-fl ov@lar"rangemant 27. A ventilation and air-conditioning system as
defined in d)laa‘ﬁrmrfaﬁ&’orfm\mirﬁaid@opmy b&:ioﬂ@ti(aledﬂiﬁﬁ&ﬁr di)inhStfd&hltiEﬂ ﬁrsoalmect ed to
said first ntS%co% afnd0 re r}/ % 1 ter oS nne t.o sg second

i ntake. 28 venf1 Tma{ I OB Valrd i srupP:Sr%lc?If oM™ reé’?/’ W{Q%WW Fﬁ%ﬁl In claim23
“wherein salsdcofndri&it fan is a variable-air-volune fan and said second fan is
a vari abl e-air-vol une fan A venti.l ati.on i r-.condi,tj on| ng system as
et ned i n op dENPEIoNRREeT darBFD of s 1P RO SRR Y et an
and sai d seniging bbabeihg al equdsdaiedn tvhivhrsaMGlLippIe of eomditidled fhesk @ittand atid on and
air-conditioning.systemas defined in.claim23. wher said first fanis a
Const ant - i PO P RERHERRG fareled & Sat Bt Pario ing G PR PEE BP0 8 ure t an.

26 May 2006GolandA ventilation and air-conditioning systemas defined in

Second fan 8 & yLPRGRI 5 Koo BptiibiPareeSR R Gl PR e o

air-condit iaﬁtﬁl Ifcﬂge@ﬂ!zﬁing nnid Suptdy bhechditionel fdsiadlinwboeir@inte #ith dai¢ @mtat ol  system
conprises a

C pProcessi uni t . for. processin nal s recei.ved from
Sl ¢ enpariidtion FeuREBRT o Galt ke HRO A GUREET BB, A he central
processi ng awmrdancmﬂtsratﬂzsmﬂaembefawrat fan and said second fan. 33. A '
venti | t|o n ndi ti.onin ste efined _in cl.aim32 wherein said
cont r it | prbeati =GR uRRNaR B Fidreh e AR PR Bk o | 0 san o
si ngl e- coi |bok‘|eahpnseé<ﬁ: Iﬁaﬂgﬁf conddhrtmbntvediticcicatd eid and dadt fand 0 Aeydledsil Nng syst em
as defined in cla {n rel saig cetntr ﬁ hproce55| n?raunit further
control s af’® %%‘ﬁg ¢ OfS SERE Jue bda PR BGRB8 B ey el ed
- air. 35. Afresti ir Geamett fdirgdmnuﬂg donditioised fresh sir MA@ indigng viewibed withio saidind
- air-conditioning syste sai .alr-handling unit conprisi i rst

Gondi c1 oni Aebg BB Rd SR ERRU oM G R en 58 Wb kit

conditioned recycled air into the mixing chamber within 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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vol une of fresh air through a first duct and a second conditioning system
“for conditioning noving a volunme of recycled air through 20MepddPduct, a
barrier at least partially separating said first conditioning system and
sai d second conditioning system a heat-exchanging coil in direct contact
with said volune of fresh air and said volume of recycled air passing,

sai d heat -exchangi ng coil passing through said barrier at least twce to
pass BQeat %e?{?}ﬂﬁc?nirﬂd%lr%o%&%“ 3l Gedh by Sn SRR 9L RY.i% Y38 8 . gSal d second
condi f'i'oni ng system  an ack Fromsai a Second conditioni ng systemto said
first condivhiiabd-nigvdyst mratdsaticeaing famns podrizblsairdolnoledae of fresh air and
sai d \éﬁ)l umgy 9Jnt'1a¥i§19 X\fdl §1qcogldﬁibni§ 6s Sélq’l & Je-ﬁggcp 1‘1311I c'lari]1g.3'1m|I}ere%qssagcg%dnﬂgfj in claim
35 whérein said rirst condl tront r?'g systemis a Ti rstvariablé-air-vol ume
syst em and sgtimgl capporda conel priocmsingwsiy firemodessing stgpalo mekeivedi ficmbdagl ai r - vol une
system 37 Lin i t -defin LN i.m wherein.said first
var i abl e- aiternl-l%\%alﬂﬂ%r%&%s}%{l %%11 g%r?ﬁlrcﬁ(zxé%e saenﬂ?rq%l?e?ﬁr%lgS%rrt]li%f%"f)?eg%ﬁ?geﬁ%@ a control
syst em bas echtwir saidffiee dinaok sdd goadd farf.r om a car bon di oxi de sensor and sai d
seconds var i,apl 8rAll ¥OLUIRRYSEE W LM d268 A aSGe0ndfan. sonlrof | abl e by
‘said co‘ntr@l system based on a % 88aha k™S gnal From ™ eterrperaltlture sensor.
38. An ai r ptvaesding noitufuirtherasonttel i the dati: rofctomiant Fdwwinesaid ningleicdil flieptst

vari abl e- ais;;h%ﬁggéeyne system further conprises a fresh air filter and said
~second var rabl e~ai r - vol une system further conprises a recycled air filter.
26 Mag4.2008 Ghtilaen aidraitandiiomge syvietm @asdefiedd inadhimrd3oliarain 881 wivenkei n sai d
coll is di i ountern- flow arrangenent. 40. An air-ha ing unit
e et neaPriosns Pl BetGHa B oL e LR B R e RC L Tate o
flow is regwydtdadr. by said control system based on the feedback signal from
a_ tegper abrg S6AR0NL 9SS | RediR® B RANGL LA Ul buny bl T - handli ng
unit as de |nec}1|n I"&i'm3s erelng’salc} 1St 2E SR T o g systemis a
first constiahinding uniotampeisiay 8 tfemncanilicaigdysen dnrdondiahitg dinRgingysst em i s a
second CO@&EI%Qtdfaﬁés_ Vonl" Wugz]ygzi%rg dé"c%'ané‘na asi goﬁcri]%%gc!li{ig ugisEe a%@rdefi ned in
. claim 35 wherern sail 5 Irs ohditi O ng sys?em i Sha e ST At - di r - vol une
syst em andcsditnse aenohgaowdlintd dneaygled ys tleonghss @candrduetbh daraier at lsasl une
system 43, T06 Bhalndh g Hillondl <5h &k MASRer 6l SRl Golbmhas Tirst
..and seco_ndppor i ons. éa.& FPst pofgt¥on ot exc%angl ng Re&"Wth air in
sai d firstatentexchamging ®8 dodickcppontactorithfsaid volumne of fresh 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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exchangi ng heat with air in said second duct, said coil hayin an_internal
- fluid path for a heat exchange fluid, said fI uid path cr o8 @’ ween
said first and second conditioning systens. 44. The air-handling unit of
claim43, wherein said first portion and said second portion have
different overall heat transfer coefficients. 45. The air-handling unit of
claim 44, wherein said first and second portions have different | engths.
46. The, ai rahandiaig W & d@fmeﬁllﬁ‘hmrﬁé% WMBeheLA cﬁz‘ﬂ §eﬁt1n @qurﬁécond
portions have different total area of external sur .

ai r - handl i flywiatrangesientc| ai m 43, wherein said coil corrprl ses a pI ur aI ity of
fins op oneyn gf nadlith Lﬁﬁtréheﬁﬁé ﬁaﬁﬂﬂﬁb QH&Ethaﬁé c?lfl&ntam% Rblaidddd | ng uni t

of claim43, wherein said coil conprises first fins disposed on said first
portion andats®éday if rqsgla@ii@pjégléopoatnolwst@n@w@m thyofeedbeek sigegl domi 2 st and
second fi nqemﬁ%[ggengdrflgcggegmthgg;ﬁ?;ndnﬁ:%@;mttransfer capacities. 49. The
air-handling unit of claim43 whereln effective heat transfer

‘capaci#ti es Amaishanglingrynites defined de cloinel 3T whettinisoid oy sendifipnipesysepirat el y and
si mul t aneoyslyVeohSeLALEHme WstehiNhdidia BaBA khhittRink Qfte! 1 MdInpher ei n
said second conditioning system conprises a arrpe unted i n said second
duct upst r egmptagt-aisEpldmessisd porti on of said coil, said danper having a
danpergbl ade, [RNAR:S BRtVAEA upklu{naks to¥erBh sRA T h&{aﬁmm bR atd vely
.restricting air flow over said second portion; and said second condi tioni ng
syst em f ur chestant grpelige sysiene ond rseid) @porfdoqtonémmng oystawy is ai eerigblapier bl ade

~ based on a.gj,gRala0 May 2006 sensed in said second conditioning system so

as to reqgul ate the effective heat exchange capacity in said second

condi tfoni Ade sydprdling 8uit offteimads whearit stid goibihdstiirgfand begond BOtigsesaéd n sai d
signal is i i f f recycled
cair. 52, Tﬁgga??%o&ﬁ\gﬁrdggcﬁgﬁﬂ%%mg\%d} agl %LE@ t?rlgjtlrj(%u%te?&g ;S@n%)?lfiéj%h%ﬁqop | uid
control | er ekghangieghentawithn in saifl sesond duchapid aeikbaving gminterfal finid pedtihr ased on a
sensed sig f me of
rosn air 1y JRAEIhI Rl TRt bt SRREH UhEein BB T,

conpri ses fyd#ams- wal | s defining an opening, said danper bl ade pivotally
mount gg adj i I | e between
STULTY ol ocd padifefl uPSPLag ¢S Aiteidf URE e DS gl 94 ool BB 23
openi ng t o hyesk fmtpfqr@b@eﬁwa@éfgﬁﬁogﬁicwn@arrper and a fully open position,

In Whiggh s qind R REMHRGAH $rUMm MRX,AMIR 8lid GOt BLAH BBrSA 1Khve dfR ALt
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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54. A ventilation and air-conditioni.ng system conprising: a _housi no% havi ng
~first and second conpartnents in parallel arrangenent, eacHOM& #iU0 saj d
first and second conpartnents having an inlet and an outlet allowing a air
to flow therethrough; a heat exchanger conprising a heat-exchange coil
shared between said first and second conpartnents, said heat-exchange coil
havi ng first and second portions, said first portion in contact wwth air

in said fir r aid second rtion _in tagt with air in said
second comtarrEAmRa seidtonaBhite SRERAL BY feuflite ot SRANE R tdidgd® T ' 0 0
for a heatcamxithangé sdcbad @bpdisanick fybteind pat h repeatedl y crossi ng bet ween

sai d fdrst . S ort l,ons .ahe.system of ..cl.ai ,erein said
first 5[lj'ort i]glﬁ%gﬁg&gégdm@e%%ﬁg%pgg '?‘l51 Srr?mhga\lfgglglaaﬁflf elrrl‘r'lel%'ttl%%)\%ggqu zlat transfer
coef fi ci entigupehfure dhveidsybivent obyadddairm 54 wherei n sai d heat exchanger

conpri.ses j | I:1 ?‘191 first.paorti.on an i d portion
are p05r§ti ora%gg#lhgnéiiﬂ %I\({)\l??{&%?ﬁ e eé)?% Iz&ns%r%fa clflgf%l%?g?rsf?\ﬁwgg%%%%sqai d second
portion of fledl flovcoitt ithsdd dluldeputit basgd entaesenset] vignalsamdidativieraftanpdf-¢ailon of sai d

coil. 58. The f clai .wherein said second portion has a total
- area of ex}-eem r?é’%lusrés%? gggumﬁroea?sgraﬂt han said first portion. 59. The system

of cl &Bm 58he whbardling wai of dirdats2 evhetvangelrdacpepronpeises drapicwadth Befiningf i ns ,
di sposed o . of i i n .tians., 60.. The. .S m of claim
56 Paner e 40 B s f e ERbe BRREBRUISP REL o Spd B0BE" 2 o1 T o
- portion antladepigotdlly mngabth sppesed: hy skbd weitiomndn pdidhi said, daggerdblider st and

- second fin avi di.f fer.ent tal .heat,transf.er, capaciti 6,_May 2006

51 The sy SPRrss¥ ol rRail o iR B bl S eaBBRo L sl % S e

si gnal and pbsition, seyhathabid lopeniregilibet mmgmbineir8d¥ dodtughsaildatpeexchange
capacicji es ,of said fir.st d second conpartnents in accordance with said
zonal Slé'i gnzﬁ’lYmtggt}o%ﬁéa]?/8?1@?’[%?@%%“%“@“55?@%0ndi tioning systemof claimb6l
conpri si ngaaockmperingdinsitaad sedond saneirtfients in goaizh ptrmzahenipsith eanofof sai d
first portizﬁc’lﬂ'fugstan asi cgon %gt a%ceg%r}lg\%{l anSL%le?andda% it al%\\:\/fi o a?rtg?l%er bl ade
novabl e between a p uralllﬂ/’ Oof " posi gons or ‘selec |vefn§ restricting air
fl ow over sgmrethréughst portion, said control system conprising a danper

- cont roller a Oﬁ.e)?‘clﬁ%ﬁ)répé irr?afijsjn a%gaﬁiegcci‘,honienc%ﬂ% ! 9 l()je(flw 25 sai ! 21 G cpsaégen on a
si gnal sended i n i spys]t h$o AN T egu adt e the e?ffgcﬁl ve heat exchange
capaci ty ofommitohefits,r sifd hexapdhpdgeretl. baving first and second portions, said first
portion in contact with air n said first compartment, 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 disposed on said second portion, said first and second

-+ fins having different total heat transfer capacities,
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63. The ventilation and air-conditiaoning systemof claim®62 wherein said
“signal is indicative of an off-coil’ tenperature of a stredmMay&#d6 in said
first conpartnent 64. The ventilation and air-conditioning systemof claim
63 wherein said control system conprises a fluid controller for regulating
a fluid flowrate in said fluid path based on a sensed signal indicative
of an off-coil tenperature of a streamof air in said second conpartnent
35. e Ve]ﬂfe!dyaéth(l? okdiel S rlfonq;ﬁgld% tal GoRiroller SRS zﬁha_ﬂidsiggﬁllaﬂ&'"@flei 3 said
anper conprises me wal l.s.defining an openjn sai anper ade
oot al |y REARGE de R o s e et Octienahps B 200 SHO00 al |y
movabl e bebitpaimats it hécprdah@se spid Sodal gignal.i N whi ch  sai d danper bl ade fully
covers sai.g openi.ng to block. airflow through said danmper, and a, fully open
oss ton e YRR i K ioRe Tt e AL s iPE O ARHF SUGHESal o
danper. 66Gn sfid fixitrcobpmtthén Gpdidirh ofl Said effrétNetionofGhidi Heat3éxchanpar edidh sai d
barrier is thermillﬁ I nsul d 7. A ventilati and t%ifr-conqqi,tioning
y

t )
Syst em as SHEPFTIRAIE A dupag iags moyghls betveen 2y pf psiions B reloery

I nsul at ed.res®icting air flow over said first portion, said control system comprising a damper
controller for automatically positioning said damper blade based on a signal sensed in
said system so as to regulate the effective heat exchange capacity of said 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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