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system to farther cool and dehumidify recycled air and deliver it through a second duct to the mixing box where the fresh and recy-
cled air are able to mix prior to ventilation into a room or office. The system uses a carbon dioxide sensor and a temperature sensor
to provide feedback signals to a contvol system, which in turn regulates fan speeds and damper openings in order to provide optimal
cooling and ventilation and to conserve energy when cooling and ventilation requirements are low.
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to provide feedback signals to a control system which in %Ué@ rﬁﬂ)lates
fan speeds and danper openings in order to provide optinal B 5 and
ventilation and to conserve energy when cooling and ventilation

requi renents are | ow. 30 May 2006 MO 03/ 046445 PCT/ SA02/ 00251
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ventilation and air conditioning (HVAC), and, nore specifically, to an

ener gy- efdubieent system for optim zi ng i REQELreRdodes SltbakAabsYeviarb SA R OF
THE | NVENTI @ﬂuﬂ_e@zat‘lﬁh@etbqaremlr- up of indoor eaicaNopekdodt antisraands”ip@rig itk bepiy  Of

the ventiT a{""f"fﬁ t"b‘"'@ ’xﬁf"hw'eims thh) e 5 of eprtl tsgyfor iggiero s SLT Greetint s af f ect t he
quality of gﬁ ﬁ'ﬁ%iﬁr’ &RY i BTt . Al t hough health and ther mal
confort can usually be addressed by attenpting to elimnate the various

sour ces of |ndoor pollutants, it is alnost inpossible to totally elimnate
them It is thus inevitable that 15 ventilation with fresh air should pl ay
an inportant role in the eventual quality of the air in the indoor
environment. In the design of ventilation systens, it is not sufficient to
ensure an adequate provision of total fresh air quantity at the fresh air
intake of an air-handling unit (AHU) but it is equally inportant to
consider the related ventilation characteristics. It is essential that the
fresh air reaches the localized "breathing zone" of the various occupied
zones served by the 20 particular AHU in the correct proportion and

mai ntai ns the desirable |ocal air exchange effectiveness characteristics
at all times. As the occupancy profile in various |ocalized zones of an

i ndoor environnent can change quite significantly during the course of
operation of an AHU on a daily basis, it becomes necessary to incorporate
the response of ventilation systens to such dynam cally changing profiles
to ensure adequate ventilation provision at all tines wthout 25 excessive
energy consunption. This is particularly true in the context of tropical
climtes.




Conventi onal designs of air-conditioning and nechani cal gh agqﬁg syst ens
resort to mxing of the centralized fresh air intake and Mgy, nair
before being treated by the cooling coil and subsequently distributed to

the vari ousy@gfiddpised zones as "mixed air”. The disadvant ?g’f'fsc&mofs ch

designs, particularly with var| abl e-air-vol une (VAV) sys IS Tairly
wel I esta I I n_conplaints of inadequate ventil ation

| eadi ng t%@l@ﬁﬁrﬁﬁ@* ARNYOLUME (YAW) §YS%EM1“6$M@NMB are

i nevitable due to the inabiliy¥NPILATRIE |, designs of VAV 30 May 2006

WO 03/ 046445 PCT/ S&2/ 00281 systens to mai ntain adequate fresh air
distribution to the dynam cally changi ng occupancy and "other" space | oad
profiles since any reduction (6;‘8.] | flowresults in a
reduction of fresh air quantﬁi3 @WF@#}G THE PRI OR ART US Pat ent
5,6735851 (Dozier et at) discloses a variable-air-volune diffuser with an
' cribed in the Dozier patent, the air in a

i nduction air senbly. de

roomis condi tﬁﬁ’d elafrs ﬁ?aé‘P&cVeWﬁﬂFtFPnt%é aconditioning(RYAG) endmore a f i r st

carryings ?éﬂiﬁb&ﬂj’,@ﬂﬁﬁ:ﬂ@fgﬁ{ éﬂitﬁéﬂt@yst&ﬁl@?o?ﬁptﬂé;ﬁﬁkﬁnd%g @%yoner and a second
e-condi t

carrying fresh air ("ventilation air air enters the
roomthrough a diffuser. The ventilation air is discharged through an air

i nducti on nozzle and bl or that, in turn,
controls the flow of congﬂﬁ onecPal rww of conditioned air is
regull@t ed by virtue of a novable flow control elenment |ocated in the
di ffuser.. ﬁﬁ“ﬁ% hén 795?&‘? na et at di scl oses a dual duct variable
vol ume air ’@Fﬁ@é‘!ﬁ‘feﬁmﬁwsﬁt%tme t he
air in at]fe@eqmldos ai€ PollitdritOsrRQ: (e qﬂauﬁwlﬂﬁﬂmﬁ HEHS Alf Jeg[;ﬂﬁh

vuio f %h or cold

supplying cold air and-a second reset duct”™) supplying ert
air. FI offdthermal gomiehean uspally head edb)t%@mmmg/@leha‘snaMﬂwMBESGmmw and

ol 0sed bindory@libn 0l Bt WBLSBIe b LBFak ETPHS b SuPBIER, 1 | o0

tenperature, "Each duct ressur é-res
senslhg wéntletionwish fiesh amsl'tohﬁ Waycan lmpﬁi'taildmllﬁinlth@e\tehﬁl aliy of Gfeidid i@t t hr ough

20 a dir hani cal certain.drawbacks are evident from
the pri ol‘r%ﬁélr {E% gnéosl gng I“I' h’@ %gﬁgﬁrolgg'ﬁtﬁmﬂém%t‘éh%nﬂéy@m% fOcePsUS a8r ovi de a
system fmeqmmtqqmd»wsmgafmffrd@n b GlidntiQut i HeshAlr inthfEtidh hE% %mg@g);mbn)at i on)

|

and secondar urn air (required for offsetting thermnal such a
way t hat H“ﬁ%?%?‘ YAPORiyr to sansider tha relabedsventilgtion @mctensmqae Itas ¢sadnitial thg and

overal | ®e8Ed%iredbhs! 'ﬂ?ﬁlﬁb!al&é@“breathmg zone” of the various occupied zones served by the
20  particular AHU in the correct proportion and maintains the desirable local air exchange

~ effectiveness characteristics at afl times. As the occupancy profile in various localized zones of
an indoor environment can change quite significantly during the course of operation of an AHU
on a daily basis, it becomes necessary to incorporate the response of ventilation systems to such
dynamically changing profiles to ensure adequate ventilation provision at all times without
25 excessive energy consumption, This is particularly true in the context of tropical climates.
Conventional designs of air-conditioning and mechanical ventilation systems resort to
mixing of the centralized fresh air intake and the return air before being treated by the cooling
coil and subsequently distributed to the various occupied zones as “mixed axr” The disadvantage
of such desigps, particularly with variable-air-volume (VAV) systers, is fairly well established,
30  resulting in complaints of | inadequate ventilation leading to perceptions of staleness and

stuffiness. Such complaints are inevitable due to the inability of these typical designs of VAV




25 optimzed. Current state-of-the-art variable-air-vol une Ialﬁc St ens.
whi ch are popular in the tropics, have significant cooli n(;} ied
dehum di fying requirenents. These systens typically enploy floor-by-floor

Air Handli ' (AHUs). A single VAV fan is designed to distribute air
t hr oughout %g‘“\‘;&ﬁ? ous zones of a building. The prior ar PCHECRYMS usual Iy
suff'er from inadequate fresh air ventilation in the |localized zones since

t he freshSYAEMS ianfiatein adeguatefresh iy distributi®Co ivatynarhiealiyodhangiig dceufahepmg at e i s
reduced i W, . her mal.. | oadi .conditions. 30 May 2006
Thus, thefbgﬁr s@gceﬁéazit&ﬁ {Hri\l@% ﬁlé&\éﬁ% “%“B&%rﬁf"h@gm Wrespls g aredusiiongfer cones
t he f or efyeshaiyqumtityci enci es. SUMMARY OF THE | NVENTI ON Enbodi nents can

provi de an energy-efficient HVAC system having zonal ventilation control
for controlling the indoor air quality (I1AQ at various |ocations of a

bui | disng. According to a fppstrasReRtoPTHk BRIGK 33Nt 1 nvention, there is
provided a ventilation and air conditioning systemfor providing zonal

cooling and ventilation, said systemconprising: (a) an air-handling unit

for distributy | . | l.ding or structure, sai.d air- handling

uni t having (P;S@aa?éfl |E ?tg? ﬁ’?ﬁ?i@%‘fr?ﬁ 9@%%%%% %Em?%bies'ﬂr'é{?]fm’f’ fr Yith an

Peat - e]g< c hedvgliongimasicmbly athaﬂﬂseriw? ipthe ?ﬁiﬁm@teg@ :cﬂds atiﬂhiaraadmﬁ %s&féﬁdiﬁ&r{eﬂ ?ﬁd i L a

irst fa | a su of condjtioned fresh air_ through a fresh air

duct; (i vetated Wl Hib epanal A“?ébﬁyst&%ﬁr@ticﬁ@%e«gr@rt%meéw fiom ashestst orrvir

heat 10xcloamitioag andseodilnahl g Sestsi OCWGHoR 979! HHRUSEIEGRY SheflAly and
ycled arr r

(iv) a secong fan for noving a supply of conditioned rec ough a
recycl ed ™% ?%ﬁaWX%mﬁéwmm& agl ez timductiomchoedle smi d fresh
air duct pRE pat $RnHeRRESE | i said.recycl i r_duct,

sai d m xi ng (I:’.hanbe. “bei ngeﬁga{)rﬁtt%rtig? osd?‘gelﬁjfﬂgr Chrﬁg‘;(? ng" H@%@ﬁd?ﬁ‘?@%ﬁtq resh
air and efrendibensi air reghlatethyolinan ofia mofable fouwboatoleiimenyoBitdd iRithe @fffukdat 0 a

near by space; Syst faor controlling the supply of
condi ti oned f?éeg%%e"gﬁ’?gg’kggt%¥ %‘d‘zg@’ﬁ%‘fﬂ a ‘g'lcf Yaikle vobunrarsandilioningner eby a
desi i®d spstetau s dedcribalidl ithd G @atbrit tbd1aitina rébddlis conditioned using two independent

ducts, a first supplying cold air and a second (“reset duct”) supplying either hot or cold air. Flow

through each duct is regulated by valves which are opened and closed by a self-contained system

regulator in response to changes in room temperature. Each duct also has a pressure-responsive
sensor-actuator for sensing ﬂdw velocity in the duct and adjusting the valve positions thfough
20  adirect mechanical linkage.

‘ 'However, certain drawbacks are evident from the prior art designs. The prior art HVAC
systems have failed to provide a system for supplying both primary outside air (required for
ventilation} and secondary return air (required for offsetting thermal loads) in such a way that
indoor air quality at various locations inside a building and overall energy efficiency are

25 optimized. Current state-of-the-art variable-air-volume HVAC systems, which are popular in
the tropics, have significant cooling and dehumidifying requirements. These systems typically
employ floor-by-floor Air Handling Units (AHUs). A single VAV fan is designed to distribute
air throughout the various zones of a building. The prior art designs; usually suffer from
inadequate fresh air ventilation in the localized zones since the fresh air damper is also throttled

30 when the volumetric flow rate is reduced in a VAV system at lower thermal foading conditions,




conditioned recycled air is ventilated into said space. Accgr di n:?qto a
second aspect of the present invention, there is provided 29K 4908t i on and
air-conditioning systemfor providing zonal cooling and ventilation, said
system conprising an air-handling unit having 3 30 May 2006 (a) a first
vari abl e-ai r-vol une system for conditioning and noving a vol une of
conditioned fresh air through a first duct to a m xing box; (b)a second

i abl e-ai ryol tem f i tioni i |
condi t1 oned PERy ARG hERPal RO Ao RO Rdar £ Yard RO (c) sai d

m xi ng B@ggdidMiendestidss esh air danper for admtting a supply of conditioned
fresh air into a mxing chanber in said m xing box; (d) said m xing box
having a recycled air danper for adnmtting a supply of conditioned

recycled air into said m xj [ 1.Xi ng box whereby a desired
m xture of conditioned fréewggﬁmﬁq% ventilated into a space
of a building; (e) a carbon dioxide sensor for providing a feedback signal

“to control the first variable- air-volune systemand the fresh air danper,
(f) a tenper mppdmeetp sar piovide sp eudreli-effciantf BE 4G soitesihgring zengl veolation t he
second I abl e- ajr-yol. Syst he. recycl ed .air.. danmper. Accordi ng
o ot htirobt SonBlibd Rl YR A o Mol FREPR RN AORING & Neati ng
ventilation abébrding toComeh dspeatofiig: freMMAG Ve totefiOprocioal 4 vegtilamg @it i | ati ng
a building or other structure, said systemconprising: (a) a first air

i nt ake FOMtGRAGHEM for rovidng#oral gpoling audvegtilations yYd systepcemPisegt  exchangi ng

coil for cooling.al 1 di.fying. f. £, ' t her eby
produci ng a ?&%‘8@%@%% ﬁrg%gkerg)q?ééglﬁﬁ%’u%@%)bugdﬁ??g% glﬁe’ %rg a&l owi ng
t he supply of tadtng igetadingr esh air through a first duct to a mxing box,

.said m xing box having a first danper for regulating air flowinto a
m xi ng chanber | ot edairstHntakes B shapnghingglreshsair fogy st deptswehapging icoif ake f or

drawing in a vol unme of chﬁﬁXSfﬁgdu@{néc&fdﬂf&@d‘ﬁésﬂ%ir} he building or other

structure;
(ii) a first fan for moving a supply of conditioned fresh air through a fresh air

duct; ‘

(iii)  a second intake for channeling recycled air to a second heat-exchanging
coil capable of producing conditioned recycled air; and

(iv)  a second fan for moving a supply of conditioned recycled air through a
recycled air duct;

(b)a mixing box connected to a distal end of said fresh air duct and also connected to a
distal end of said recycled air duct, said mixing chamber being an enclosure for
mixing the conditioned fresh air and the conditioned recycled air for subsequent
ventilation into a nearby space;

{(c) a control system for controlling the supply of conditioned fresh air and the supply of
conditioned recycied air whereby a desired mixture of conditioned fresh air and
conditioned recycled air is ventilated into said space.

According to a second aspect of the present invention, there is provided a ventilation and

air-conditioning system for providing zonal cooling and ventilation, said system comprising an

air-handling unit having




(e) a second heat exchanging coil for cooling and dehunidiggbggv%pg vol une
of recycled air, thereby producing a supply of conditione dair;
(f) a second fan for blow ng the supply of conditioned recycled air through
a second duct to said mxing box, said m xing box having a second danper
for regulating air flowinto said mxing chanber where conditioned fresh
air is mxed with conditioned recycled air and then ventilated into a room

or zone of t bui | di ng, or structure: 3a 30.Miy 2006 (g) a carbon di oxide
censor for plogi P amiteraplbie st B grie o ombrbe s JBLER Pbr
controlling th&mﬁiitibﬁédﬁe@lﬂaiﬁﬂﬂﬂ)u%ﬁ\@ﬁfstﬂ&tto%ﬂﬂﬁébo;énd (h) a tenperature
sensor for providing a second feedback signal to said control systemfor

control ling {he sswadndritdmainylun syses dod coulitipeing antl soovdiss el wheek P a

ventilation and air conditianin ste o, pr.qvi.di zonal cooling and
ventil ation, s%F@“?V%fgﬁ?%%ﬁ£%$%¥§gS%ﬂg%%¥iW5ﬁ§PFﬂagﬁﬁrt for distributing
ai r throughow)said mbxitiglbdk Airda fBdsh b Uakhgor feratelitidelar 0N bi dBdibAd tRaVi Ng a

first intake for channeling fresh air to a heat- exchanging device capable
of produci ng cehi¥ad wirig chanebshinghid miging bexst fan for noving said

condi.ti oned S LI ot hrnou a fresh air duct: a.second intake.fo
channel i ng. r G5 'ufol doRHHEE's Rk 88 b Btk M6 oo Rl e ficn®l o g
condi tioned regygleadir@its saidmiting cRBAERASE faflmikBE bodWNréhy aSiRéiftd afidh bf oned
recycled air through a recycled air duct; said systemal so conprising a
m xi ng chanber csdiHened fres) apdyegyclgd ait i vendifpgpddiito s 3paep fadyiding:r duct and al so
connected to | . 1. d.1recyvel L; C | de.m xi chanber
bei ng. an enciiis G iofik el o BSdREY FoBoBliby HLcon AR i Hirhe
condi ti oned r ediyediafe 8ktemfiand ths egeauRfpeyent i | ation into a nearby space.
The system descri bed above may provide efficient air distribution,

especi al | y i ) hicgmepiugsesenser for penyigling »fredbask pigel fryeontrolihe secgrd y4sigbleame ti ne

ensuring excel Lenu %&J&%ﬂﬁ . }ﬁg i gniticant advantage over current
state-of-the-art s§s¥ e may&%e‘3C é%sﬁﬁﬁhbfovision of fresh air at each of
t he | ocal i zeAccoft@sStd & third uipedti &Mthe Ndrysedtl invéidioN Cibeip ab tpraledidi 4 Yhedting, Sensed
by its own |ocalised CO2 sensor) and is not affected by any variation in
t her nal VeRBiHen anfpiscopifipning, &l ARkiysiem: antookia endarcatilaing i byildpiess otay
acceptqghguinﬁggg @l Lity is maintained in all the individual zones at
all times. T us?st goegghﬁle HVAC system nmay provi de optimal anounts of
fresh and cofayh fisstsiaftakd for drowing il f ehand ofifastndir,or of fices in the same
bui | di ng. By nixing the supplies of fresh and conditioned .
(b)a first heat exchanging coil for cooling and dehumidifying the volume of fresh air,
thereby producing a supply of conditioned fresh air;
(c)a first fan for blowing the supply of conditioned fresh air through a first duct to a
mixing box, said mixing box having a first damper for regulating air flow into a
mixing chamber located within said mixing box;
(d) a second air intake for drawing in a volume of recycled air from inside the building or
other structure;
(e} a second heat exchanging coil for cooling and dehumidifying the volume of recycled
air, thereby producing a supply of conditioned recycled air;
(f) a second fan for blowing the supply of conditioned recycled air through a second duct to
said mixing box, said mixing box having a second damper for regulating air flow into said
mixing chamber where conditioned fresh air is mixed with conditioned recycled air and

then ventilated into a room or zone of the building or structure;
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air on location, i.e., at the point of final distribution, gh&ﬁﬁgﬁg r oons
in the same building can receive tailored air supply depeﬁ t he

| ocal thermal |oad and occupancy profile. Preferably, the HVAC system nmay
conprise a single-coil twin-fan air-handling unit. 3b 30 May 2006 A
single-coil twi n-fan AHU enabl es the sinultaneous conditioning of two
separate air streans w thout nixing in the domnstrean1section of the coil.
The single-c?il t 'n-faa de3|qn gs ﬁh atnent fresh and
feturn it stbasieol it Ry Hrap o a i Srdbel asiily SrourLovsitbendent | y
and separatelyc&@ﬂatmgkﬂeqﬁatfaﬁﬁhna&etfpsta bep\egdopt i mal dehum di fyi ng
performance on the fresh air stream( ichis predom nantly | atent

cool i ng) andﬂﬁpﬁW@@@mﬁbﬁmwh@Wp@wﬁm%ﬁﬁﬁ@gi&#ﬁmﬁhadeDumdcaﬂnﬂs%ﬁ%amw(mhlch
IS predonlnantlg 0ﬁns bleocggm_ ?ﬁl 4$ key advantage of the overal
&Rpi ey 1<t HE SEBIT 1Y

system concept, “t 0" achi eve the desired cool i ng

and dehum digfigsi di@lo@@lrlfs@rvmnaﬁml aﬂd@zrrcaﬁdwm NJKa8 TetesbviliBR B&fal HliRg 2
single coil. A single coil my be instal § In one air-handling unit with

sui t abl andryetifatien spidrrystery comprising mylfrhand@umumy foradlstsbwﬁtpg @irghweeghontet al

b fhe. f nd.th
et ng ol FRCIEE PR ERRARL Gyl Dine bR GF £ bbb B e

return axuﬂaxsgmpdleylce&apaml @Bplbmcwge@ndﬁlb@df £&8E iR fis0ifdn BAAndv@igusad ai r coi |
are no longer required, resulting in fewer conponents and |ess cost. This

woul d aP‘%RS‘“%?é%ﬁ*nffﬁsﬁﬁf thiagtnpiresioeir duascrtrpynd) gk fop lrandling rpreclpdilr #i g, Ot her
bj t t t b f t
OBl oct SHAR BRI B58 okt JMERELE ke PSGONTE, SRPRLEDL BN, R ep0e 1

DRAW Neﬁo{ﬁhg sdidweiditiondd recycfetd ralirhlﬁ'buglheasl%diyctbﬂ dir doyt; Wsy@ffem&mrminpn@@ &, Wth

reference to the accog;{)anylg%drawing.W wherein: Figure 1 is a schematic of
an ener B¥XRg thapes gp cpgd efipaiddrealt aivdust sndglsp gpnneeied togi distalget i s t he

aner gy & P RERGRRE, SR g et PUE G & LRI TOEARAEHE ofioped i ng

condi t i freshairahd the Ooﬂdhfoﬁﬁi 18@jeRd air €orl saisaquenGntilitiof diite a Bedrby Hhatep! 1 fi ed
- schematic of_the systenlgéglcted in Figure 1.,. Figure 4 is a psychronetric
chart il ust TeasyHen gesapbs P‘reyn%wo‘a@ﬁ%ﬁﬁw pif figgibprenss esppriailydn high-rise

air-conditioned buildings, while at the same time ensuring excellent ventilation. The significant
- advantage over current state-of-the-art systems may be that the provision of fresh air at each of
the localized zones is a function only of the occupant density (as sensed by its own localised CO,
sensor) and is not affected by any variation in thermal loads. This will then ensure that adequate
ventilation and acceptable indoor air quality is maintained in all the individual zones at all times.
Thus, the example HVAC system may provide optimal amounts of fresh and conditioned air to
different rooms or offices in the same building. By mixing the supplies of fresh and conditioned
air on location, i.c., at the point of final distribution, different rooms in the same building can
receive tailored air supply depending on the local thermal load and occupancy profile.

Preferably, the HVAC system may comprise a single-coil twin-fan air-handling unit.
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of the systemdepicted in Figure 1. In the draw ngs, pref eéésga S?@‘Bgdr ment s
of the invention are illustrated by way of exanples. Xpressly
understood that the description and drawi ngs are only for the purpose of
illustration and are an aid for understanding. They are not intended to be
a definition of thelimts of the invention. 30 May 2006 WD 03/ 046445

PCT/ SG02/ 00281 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to Figure
1, an HVAC sysdimgie-ciéinotie tingaiie eadbles t]hajsutnhllmnbtﬁfs&bﬁiﬁmmﬂgmfﬁwalse}ﬁrai@dlr 5
ventrlatrn%g‘wg condrtronrgg) the air in a building 4 has an |r-handI|ng
unit (ARG PERPIEEAR heswniEsam spction ok 7ol o RIS syst ens
6, 8. T@a%ﬂrtatrssﬁe &/e%eayer 265 Sin WS air ’stﬂ:a{r('rg ?e%gra%ﬁ (u&rl%gefogure%ﬂ%vmra?ygh a
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cont r ol follgwing descigtionland e dmmwanged by, a central processing unit (CPU) 54,
25 controls the operation of the HV/AC system 2. The CPU 54 conputes opti nmal
fan speeds and

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 of an energy-efficient VAV system with zonal ventilation control
that is the subject of the present invention.

Figure 2 is a schematic of an energy-efficient VAV system with zonal ventilation control
distributing conditioned air to three separate locations,

o Figure 3 is simplified schematic of the system depicted in Figure 1. . _

Figure 4 is a psychrometric chart illustrating graphically the dehumidifying performance
of the system depicted in Figure 1.

In the drawings, preferred embodiments of the invention are illustrated by way of
examples. It is to be expressly understood that the description and drawings are only for the
purpose of illustration and are an aid for understanding. They are not intended to be a definition

- of the limits of the invention.




danper openi ngs based on tenperature and carbon di oxi de (C?ﬁ reﬁai ngs from
sensors |located at various places in the building 4. Referti p to
Figure 1, the return air duct 46 of the said zone contains the carbon

di oxi de anqvb%mg&gture sensors 34 and 36 near the return air 9ri |1 e 44,
The carbon di oxi de- 30 sensor 34 and the tenperature sen$6FSGR/M2M | nked
via'wires 55 (or cables) to the central processing unit (CPU) 54 of the
control system The sensors 34 and 36 would provide signals to 5 30 May
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42 al so ﬁérgggogtgfwg,&ﬁ%é& which draws roomair into a return air duct

£, ML Tt g AR Rl )
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danper  Sgakitnal RGPHANeR THIHEcylel Wir §irksHheels theBGet! £Lowcodlr ilter 16 and then
cooled and dehumidified by a recycled air coil 20, which functions as a heat exchanger. The
recycled air coil is a heat-exchanging coil with a single feed of chilled water. A recycled air fan
20 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 which
the recycled air may flow. A recycled air damper 33 regulates the flow of conditioried recycled
air into the mixing chamber 39 of the mixing box 38. '
A feedback control system, which is managed by a central processing unit (CPU) 54,
25  controls the operation of the HVAC system 2. The CPU 54 computes optimal fan speeds and
damper openings based on temperature and carbon dioxide (COy) readings from sensors located
at various places in the building 4. ,
Referring still to Figure 1, the retumn air duct 46 of the said zone contains the carbon
dioxide and temperature sensors 34 and 36 near the return air grille 44. The carbon dioxide
30 sensor 34 and the temperature sensor 36 are linked via wires 55 (or cables) to the central

processing unit (CPU) 54 of the control system. The sensors 34 and 36 would provide signals to
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preferred embodi yArn‘t[ descﬁ;ﬂsbed erein and shown in Fi condi ti ons and

di stri bulP&e ged Theem Al 4HitFRsIosintp an exhans vt SAand the
air znondbéycmeﬁ ifthtid QI Wcﬁi&%ﬁaﬁl@é&nper 52 is located at the bifurcation of the return air

duct 46. The damper 52 can be controlled to divert a variable amount of recycled air back to the
second VAV system 8, i.e., into the recycled air intake 12. The CPU 54 controls the damper 52

to alleviate air pressure build-up when large volumes of fresh air are ventilated into the system.

By virtue of this remote, “localized” mixing in the mixing box 38, cooling and ventilation

25  can be optimized and tailored according to the local thermal loads and the local occupancy
profile. By mixing the two streams of air in the mixing box 38 in, or adjacent to, the zone to be
cooled and ventilated, the system can achieve zonal ventilation control without sacrificing energy
efficiency. With the locally mixed air, the system can ensure that there is adequate cooling to

deal with localized thermal loads as well as proper ventilation in areas where the air would

30  otherwise be considered uncomfortably stale or stuffy. This system not only ensures excellent
Indoor Air Qu_ality (IAQ) but it is capable of doing so with a single air-handling unit 5, although
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recycled air VAV box 32. Based on 1input signals fromthe |locali zed
tenperature sensors 36, the CPUw Il vary the flowin the second VAV
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20  the operating range of the VAV systems 6,8. The overall system performance is significantly
enhanced in conjunction with a single-coil twin-fan variable-air-volume system (“SCTF-VAV™),
Employing an SCTF-VAV permits optimal cooling and dehumidifying performance of fresh
and return air streams using only a single coil with a single feed of chilled water flow but with
two completely isolated air streams. Thus, the fresh air coil 18 and the recycled air coil 20 would
25  bemerged into a single heat-exchanging coil. But, by virtue of two separate ducts, the fresh air
~ and the recycled air are maintained as independent and separate air streams upstream, through
and downstream 6f the coil.
As illustrated by the simplified schematic in Figure 3, the HVACrsystem 2 may employ
two VAV systems 6,8 (either with two coils or a single coil) for cooling and dehumidifying two
30 separate streams of air. The fresh air is conditioned by its own air-conditioning system (the first
' VAV system) and distributed to the various fresh air VAV boxes 30 that form part of an air
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-Figure 4 ‘depicts graphically the psychrometric performance of the HVAC system of the

present invention. (A psychometric chart shows the variation of humidity, or vapor pressure, as

a function of air temperature). Significantly improved dehumidification can be achieved when

20  the humid outside air is treated separately. This leaves the recycled air coil to handle the
predominantly sensible cooling loads. Besides the realization of substantial energy saving due

to this method of conditioning air, the use of VAV systems for both air streams results in fan
energy savings as well. Figure 4 shows a condition curve for outside air 60 representing the

_ psychrometric curve for outside (fresh) air at a given temperature and relative hﬁmidity. A coil
25  condition curve for the first VAV system 62 (fresh air) is plotted on the graph in Figure 4. The
fresh air condition curve is defined at one end by on-coil conditions 66 and off-coil conditions

64. A coil condition curve for the second VAV system 70 (recycled air) is also plotted on the

graph in Figure 4. The recycled air condition curve is defined by on-coil a;nd off-coil conditions

76, 74. Mixing box conditions 80 as well as room conditions (or “space conditions™) 85 are also

30 plotted on the psychrometric chart in Figure 4. The superior dehumidifying performance of the
HVAC system of the present invention is apparent from Figure 4. The room is substantially




ment (F/A) fan(R' A) fan Room | Room 2Room 1Room 2 111:40 am 12:15

p. m 30%30%BaseBaseBaseBase 2al2:15 - 12: 35 p. m 30%30%BaseB Qéﬁﬁ@?ﬂ@gse

2b1: 00 -1:20 p. m 100%80%BaseBaseH ghBase 3a2: 00 - 2:15

p. m 30%30% gé@gaseBase 3b2:20 - 2:45 p. m 30%400%i g se

4a3: 15- 3: ﬂ%ﬁ 0930%BaseBaseHi ghBase h&aﬁﬁg%&@?

4b3: 40-4:%ﬁ p. [al 00980%BaseBaseH ghBase.10 Tabl e 1: Sinul ated experi nent al
condi t i onS*HM 12 FoIRRAEsen Yith eptflaor humidity devels foragivendemparateted f an oper at i ng

characteristi Cﬁlﬁmﬂbﬁﬁ&féﬂﬁgﬂfsfﬁlgM%g%@ﬁéﬁgeﬂﬂﬁvﬁ:ﬂﬁw&?ﬁd% 8& hat

were run with thermal ‘and ventilation are characterized as
ei t her baevageunexgrrimesisibal werd sorclucted iptha dhdoor Ada€uality (AQEamniber vithant

conditio r i I 1 Ryl ol in ventil.gtion are required.
Typi cal I;/i,§ e%a%@gntmgla%@dﬁlgq%i%wfgﬁ%ﬂﬁ%l vqﬁfﬁr%‘?ga%% St HTETY SHERIFA speed.
Hi gh $entprésahtedin Tablel Idmitey p@sdt differdnepbifity of (péiaign 6f DViiabIe Gi#RAMInk: fhd Room 1
and high .thernmal |oads. are sinmulated by additional heat-emitting lights in
Room 1. AnPts@g;ﬁ"%‘ft?c‘W WoBox and a recycled air VAV box were installed in

both Roonms 1 and 2. For each room the fresh and recycled air streans m X
downstreamin_a plenum box (mxing box) before being ventilated into the
room vi g BERefp| Seady state periof £ ¢ Epesh airCar [Rspyeigd drx| Thermmpl®d@R) sef Yentibtiodnér o] t he
fresh ail™®AV danper. Ret urf &% 20 ®RéM¥8r af ure sensorslcontrol the
recycledq air VAV danper. Ajset of ¢O2 and t wiaf Boan 2 ¢Redr IS | Reoda 2py OVi ded
for each_of the two roons @nd they lare located infthe return @ir duct near
the retdnin I:4gum+ 2dS pmlhe0% even (@rperi Neffase  epB@Sen| Basar 1 DBSe
st eady- $Rat e _clandi t2430ps.  Theosuperi|japs per fi@mancesat { hEihVAR&YSTEEM Of

the pregeént inMeru2Osm! S reldowct ed [i30%t he aafakeon OBzt NE] NPy PBasdOX| danpers
under vagi Ousf XOARIN@H] ONS| &y vent 1[l3a%1 0N qrdg NE{ BRE T FAML T E[BRL S| Room 2
is 30 Mayb 2006:2002954.84644b3d% T SCIFG09PZ8T | High Base Base Base
4a 3:15—3:40 pm. 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 two chambers (Room 1 and Room 2) and
simulated fan operating characteristics

10
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.
Typically, base loads require fans to be run at 30% of their maximum speed. High ventilation
15  loads are simulated by having eight occupants in Room 1 and high thermal loads are simulated
by additional heat-emitting lights in Room 1. A fresh air VAV box and a recycled air VAV box
were installed in both Rooms 1 and 2. For each room, the fresh and recycled air streams mix
downst'qam in a plenum box (mixing box) before being ventilated into the room via supply air
diffusers. Carbon dioxide (CO,) sensors control the fresh air VAV damper. Return air
20  temperature sensors control the recycled air VAV damper. A set of CO, and temperature sensors
is provided for each of the two rooms and they are located in the return air duct near the return
air grilles, '
The seven experiments represent various steady-state conditions. The superior
performance of the HVAC system of the present invention is reflected in the action of the VAV

25  box dampers und_er various combinations of ventilation and thermal requirements. Room 2 is
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used as a control roomw th base thermal and ventilation Iﬁg&;ﬁ Ez%%ughout
the seven experinents. Room 1l is the experinental room i Y he
-thermal and ventilation |oads are varied. Experinment 1 begins with base
thermal andg ventilation |oads, followed (in Experinents 2 and 3) wth a
hi gh venti " P81**bad and then a high thermal |oad. The PEH&ES2888bri ment s
(4aand 4b) 5 involve high ventilation loads in Room1 (simlar to

exper i nentised 23a antbl 2w with bk thehadl abdrentilalitnllbads! thr@ighéut HRtuVe ekfRAmbds, NOW
set - pQi nt _fenperature. In all

achi eved ing the fresh air "off-coil"

previ ous gé%[grﬁllﬁglﬁ? Ppepipental [op), dy vﬁ‘l“ﬁ" éﬁm@i@d“?@hﬁ@fi inads aneeried- ur e was
used.) ThBxpefipasta b@%ﬂ%ﬁésgn{eﬂﬁajlagd/@énﬁl 86tod mﬂﬁgng@ﬂ}gg sitions
are presentped jn Table 2 bel ow. CGoaft7j Se E’rﬁigm?,fﬁgi‘ﬁ ease Base aéngl%ﬁli gh

" Base ft BWHia highxenilationdeadand then W%M#!Oad-BEb@ﬁgﬂdwpme{éemd%e Bea
Base f oot - ; ' 34 309% 3396.30% 100%
103% 3%%8%3@)’%%/0 303%3%%%&%%? %mﬁi@wg’ﬁﬁﬁrﬂ%&/ﬂ%@’jﬁwg@% B34 30%
30% 33% 1dibsl 1ersmadletdn s BovadRyedntwingdfetfiest ditkofSasil” Rt olnd tbrpWERRS) PN

SW pn 5VB n SWBm 5 | 5W Sppp S5W mASWIn SOppn Stain SWpn Al
| \cﬁlgasl %g%\%ﬁ‘fsfef‘ﬁ?"ﬁ“%’é% rfeﬁ%ﬁaﬁpg%mwﬁhmmaﬂa 5 asgysery Z%Iron 557\Wh
911 ppn 4PaeeabeMioxidelédtoadhEirbriRaRAPNIREIRAL A RBARNY Seriib %@83'9 VWb
6110% 0% 599. W6

W Wro 88 le 2
clearly g ccupants
are pregs R Etaap N air

danper opaniiBhen ibesCOR., | g&i . the. se p int of 550
parts permrialmdi on EPpRde. Bk % P Gkoi r}r&gn?Rtssa a6l % P f%‘éstpﬁ”@i r fan is
set to opgLaje at 100% of its maxi num speed. The opening of the -fresh air

danper i nrdaliese t oy E26RENMUTERE S10xS 100k Ghady | Bl LRt LRAN S akm,Mge fresh air

i s actual Brahei ng #5 FroWrded* t FRIBMP* t20% divk itop tde xed ewat ech CO2 | evel s.
Changi ng deback@ad characteristics in Room 1 during Experinents 3a and 3b

resul t ed fpinete f Pe®iwEodr Pome SIHDICH piviDEb thgth kim 63n0%b G0 iR @Aml s L he act ual
C2 | evel “REEF o s SMHERP B8O THA5 P NE N T o™ ety b ¢1ve el @woad (due to

the addisimegasé |ighting) demanded nore recycled air. Consequently, the

recycl ed m?%m@mmmmmmmm1w % Wa0% 0% 0080% A% S9E0% O
_ arDaper " S00% OHED% CBAUK EUM SOG0% GU0% SOE0% OOA0% SONM OIGD% DO60% SOEDW DA%  S20%

10 Table 2 clearly shows that the fresh air damper opens fully when eight occupants are
present in Room 1 (Experiments 2a, 2b, 4a and 4b). The fresh air damper opens when the CO,
level in Room 1 exceeds the set-point of 550 parts per million (ppm). In Experiments 2b and 4b,
the fresh air fan is set to operate at 100% of its maximum speed. The opéning of the fresh air
damper in these two experiments is a clear indication that more fresh air is actually being

15 provided to Room 1 to dilute the elevated CO, levels, Changing the load cﬁaracteri,stics in Room
1 during Experiments 3a and 3b resulted in the fresh air damper virtually closingin Room 1 as
the actual CO; level was less than 550 ppm. Meanwhile, the high thermal load (due to the
additional lighting) demanded more recycled air. Consequently, the recycled air damper
remained fully open during these experiments. Carbon dioxide levels were monitored

20 continuously at the following locations during the course of the seven experiments: (1) in thé
occupied zone of Room 1 at a height of 1.2 m; (2) in each of the two return air grilies in Room
;(3) in the occupied zone of Room 2 at a height of 1.2 m; (4) in the return air grille in Room

2; and (5) in the fresh air stream (ambient air reference).
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remai-ned fully open during these experinents. Carbon dioxi 38 HeV@Ia wer e
noni tored 20 continuously at the follow ng |ocations durin 3rse of
t he seven experi ments: (1) in the occupied zone of Room 1l at a hei ght of

1.2 m (2) of the two return air grilles in Room_1: i.n the
occupi ed zone o@ggoomz at a height of 1.2 m (4) in thePFg‘Fﬁﬁzz‘Poﬁqlr grille

in Room 2; and (5) in the fresh air stream (anbient air reference). 10 30

May 2006 WO ospm@@mwmbzﬁ@bmﬂsmﬁllofgheanmnmnnsmn@md@mwmel sin

all of thggj |Iat| oad.l evel s,

that is, ?us"%hqg‘ﬂéi v’e'&?ﬁﬁe&ﬁ% &1 %&bgﬁﬁg‘fel%%@b g\{ﬂ {’ Wi nni ng

of Experi nEEnpedment 8z, gaight mpqmwmwe&nmeﬂoomu evheleaponlit W%ﬂt theWSs,

obser ved at trtle Ievg r os 000 inside Room 1 as well as

i nsi de RoGI V€ "¢ oY PEEIPS “aﬁ‘?‘mbf “&fg%?gﬂsl FHY%feE‘EWw'ﬂ@‘E Heurngp | evel

i N Roon 2t pesied) drlCOdével hﬂzmmwumda% th&Santd, w%uﬁﬁdr%ém ﬁ ¥ the
res i

recircul ating, air, Experinment 2a was conducted with both t r and
recycl ed the pecy r‘&ﬂ%“"&ﬁé’r ating at 30% speed. At the begi nnl ng of Experi ment

eeycl od air fapea b 83 ol ol R oA A7 A R M g bt 1 g

10 Exper i 3#3mspepd A@hmbegummgpftﬁxpm@nw itlecespted afdhiofidsh mﬁn wdsdndr@&Ite i n

 Room 1 t t hi Co2. L evel in Room 2
rona ned. 2EHhieIR i i Ahalndd Sibhe o i e ppled Sngont r o
is cliar IE/prﬁnﬁgzafdmﬂwdﬁﬂmelslgnﬁcm&édm&ﬁof@%QMlﬁﬁRo&ﬁsﬁo x&ﬂwé n | oads

were mai ntajned i.n '8 ong, which 1is evidenced bg eadl ngs of
about S0CPPPFSHIEBEy ﬁgﬁfl eve ma&ﬂ?@%fm@dés%%b’t angads 'Ex!pdlowmhﬁts 2a

and 2b e%ggtveﬂtﬁlﬁ{on%&ﬁg& VAL 8hi ul atl on in Experl ments 4a and 4b
was achi eved control l'ing resh air "off-coil" set-point

t enper at ur e. onds émsdr?qbpbasgmmiatlpm bhdy weard nairitdinkdrie béth re@hs whichot  be

|nterpret e other varia nodi fi cations and
refi nerren S %e?cé&p s&%%l% m mﬁ’%@@@}’?‘ﬁ rl:t%‘ﬁ é %t"}%e?ﬁe@ S

i nverisi oxpdimentsapad 2b exdopt m\nmﬂﬁm water §RBURE6h I ExpBEnaRIANEEdb Ghgi NS and
20 their elggvl'eg g}'! gtpnth%llmgjﬂm f?esl\{aa{vr “2& coil” set-point temperature.

The above description of preferred embodiments should not be mtéq;reted in a limiting

* manner since other variations, modifications and refinements are possible within the spirit and
scope of the preéent*invention. The scope of the invention is defined in the appended claims and
20 their equivalents,
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WO 03/ 046445 PCT/ S&2/00281 WHAT IS CLAIMED IS: 1. A venti QSM?S(%O@ d ai.r
condi tioning systemfor providing zonal cooling and ventil atit'on, I d
system conprising: (a) an air-handling unit for distributing air throughout
a building or structure, said air- 5 handling unit having (i) a first

i ntake for WHRAH¥S ng fresh air to a first heat-exchangi FE/a@R0028Lapabl e of
produci ng conditioned fresh air; (ii) a first fan for noving a supply of
condi t i onBHAT &8 FLAIMENS:ugh a fresh air duct; 10 (iii) a second intake
for channgling recycled,air to a second, heat.-exchanging coil_ capable of

pr oduci ngﬁcon%ﬂf gﬁ‘é‘?ﬂiar“ﬂé?&‘?”é‘ﬂl°ﬁli“g,sysﬁﬂﬂf°{i’r9‘}‘d1&g%Wﬂhﬁgaﬂﬁdff@mlqﬁ'ﬁ%sﬁg a
supply of condidtémpegfiprisggycl ed air through a recycled air duct; (b) a

m xi ng box connected to a distal end of said fresh air duct and al so
connected to 2&) apsirchagdling vait forodistgbytingrairdironghouta buildingtor sadtute,nsaidiairg

chanbgr bei ng arhaﬁc'ilﬁlg%ﬂ'hﬁviﬁé’r m xi ng the conditioned fresh air and the
conditioned recycled™alr for-subsequent ventilation into a nearby space;

(c) a control syst@m f or fisbintake! for cipnhélingsfashlajt 1ofa e dedtiendngins esh air
and the supply of condition recycled . air reby a desired mxture of
conditioned fresh air mb?aﬁ%%ﬁ&%gmﬂi@m%%%agd air is ventilated into
said space. 2. A v@ht i ladirit®nh BElovihg awwﬁmi%geﬁéhgggﬁ&ﬂgfﬂﬁg& in

n di oxXi de

claim1 wherein said control system conprises a carbo sensor for
provi ding a feedback sidt}?fal to a central processing unit for controlling

the ggpply of condjii OB!%QcoB&ﬁﬁ&e%{chaﬂi%ngg}ﬁ%‘g{a@%{;’gg@ﬁ&ﬁ%—h{ Ol i g[]g_vi di ng

a feedback signal t0 said central proces con 25
supply of conditioned reitgaphlldofpnoducing cdnditiotediredycledaiaidai r condi ti oni ng

Frosh ar chamber WannesbBhd S o miRRE R sthel ehrenubod et ed o Piiguct  and
a recycl ed air chanber repdarsii ddt;at a downstream end of said recycled air
et 3 U RS E RS hRecltd 0 25t S o0 it et et g cenmectod oy 1O
m xi ng porti
15 distal end of said recycled air duct, said mixing chamber being an enclosure for
mixing the conditioned fresh air and the conditioned recycled air for subsequent
ventilation into a nearby space;
() a control system for controlling the supply of conditioned fresh air e;nd the supply of
conditioned recycled air whereby a desired mixture of conditioned fresh air and
20 conditioned recycled air is ventilated into said space. . '
2. A ventilation and air conditioning system as defined in claim 1 wherein said control
system comprises a carbon dioxide sensor for providing a feedback signal to a central
processing unit for controlling the supply of conditioned fresh air and a temperature
sensor for providing a feedback signal to said central processing unit for controlling the
25 supply of conditioned recycled air.
3. A ventilation and air conditioning system as defined in claim 1 or 2 wherein said mixing
box comprises a fresh air chamber connected at a downstream end of said fresh air duct
and a recycled air chamber connected at a downstream end of said recycled air duct, each
of the chambers having a damper for regulating air flow into a mixing portion of said
30 mixing box.

4. A ventilation and air conditioning system as defined in any one of claims 1 to 3 wherein
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30 mi-xing box. 4. A ventilation and air conditioning systemas defined in
any one of clains 1 to 3 wherein 12 30 May 2006 WO 03/ 046448 M&gPO8n2/ 00281
the air-handling unit further conprises a fresh air filter downstream of
the first i d arecycled air filter downstreamo nd
I nt ake. 5. I‘ﬁﬁ%@ﬁﬁ ation and air conditioning system as 3’8&&%&%’%?3 claim?2
whefein said carbon _dioxide sensor and said tenperature sensor are |ocated
in a return aithe afchapdling pait fusther eompriges adresh pittfiltoedownstream efthe first intakdwmds econd
i ntake. 6. A | it Bfterdfd LI .C | Li.oni. system as defined in any one
of clainms 1 t\g?g&ah@{él n sal ér%mm ng Sc%o%aimg&g’ pl enum chanber. 7. A

ventil ati®n addvetikticroandl i omditipringsdystemas defiedrie dlann 2 WiereGail cafogi M 1
to 6 wherein ,said air- hgnd(liie%gj unit conprises a first variable-air-volunme
system for noVioAetRETAPRSHT tepgpergiyre senses gtsrloqeted in 4 getwmaindugh, the refynais second

vari algl e- ai r - dqdt beiBg Sonnécten foQke SRMIdNAkdIe  recycled air through the
recycled air duct, A venti|ation and air conditioning systemas defined

., 8. | i
in any orfe of Acenlilptionjand gir gonglitianing systerm peilefined ih anylbhaof daims 1 kofphearars a

constant -ai r - yg4 l%ﬁiH?g?feﬂﬁm'Iﬂa\é{tﬂ&g the fresh air through the fresh air

duct and a vari abl e-alr-votune systemfor nmoving the recycled air 15

t hrough t’he rAcoyuildivnand aidomtditiingAysi@mnis defiidddn amyeheificla@Bd Diotd wWiktkdh® Syst em
as defined in ng.of clains 1 to 6 wherein_ said air-handling unit
conpri ses a f?aﬁf;%{ -lgagﬁg{gal}wt_cgmppwl V%?@@%‘Y%‘F’“WF%fOF Feving dhefresty| r
throagh the faiethiough thediish a@dctoand @GS GRSl vatinhe LN @5@ or
noving the rec &Iped air through the recycled zlii‘r’ dugt-:%tzo féﬂ hd
ventilation a?‘?@;" pir upegh the rackgdedssisdustn f or provi di ng zonal cool i ng and

ventil at gon, A Sédithtsy L& EIREIPE ' |t ving (a) a
first variable- a[r-vo%%@%?%}r@?% con??ﬁ%y%dhgﬁé#%ﬁsrn@og%&ﬂ%e of
condi ti oned fseistr-handlingtunitiegmpeisdsiarcobstahtait-vblome syateri fgr thoving the Yresh second
vari abl e-air- t f or condi.t.ioni and noving a volume_ 25 of
condi ti oned rde{@b e%lﬁésl%r t ﬂﬁﬁ‘%ﬁ'&'ﬁ'&" PW%%W‘H’P&' A EFCdsd air

15 through the recycled air duct.

9. A ventilation and air conditioning system as defined in any one of claims 1 to 6 wherein

said air-handling unit comprises a first constant-air-volume system for moving the fresh
- air through the fresh air duct and a second constant-air-volume system for moving the
recycled air through the recycled air duct, i |
20  10. A ventilation and air-éonditioning system for providing zonal cooling and ventilation,
- said system comprising an air-handling unit having
(a) a first vmiable—air—volume' system for conditioning and moving a volume of
conditioned fresh air through a first duct to a mixing box;
(b) a second variable-air-volume system for conditioning and moving a volume
25 of conditioned recycled air through a second duct to said mixing box;
' (c) said mixing box having a fresh air damper for admitting a supply of
conditioned fresh air into a mixing chamber in said miking box;
(d) said mixing box having a recycled air damper for ﬁdmitting a supply of
conditioned recycled air into said mixing chamber of said mixing box whereby
30 a desired mixture of conditioned fresh and recycled air is ventilated into a space
| of a building;
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(c) said mxing box having a fresh air danper for adm'ttin% supply of,
conditioned fresh air into a m xing chanber in said m xing 2?0@? sai d
m Xi ng box having a recycled air danper for admtting a supply of
conditioned recycled air into said m xing chanber of said m xing box
wher eby 30VQ03@d&F ed nmi xture of conditioned fresh and reCysGwRM0ir is
ventilated into a space of a building; 13 30 May 2006 WO 03/ 046445

PCT/ SG02/ 00281 (e) (& wﬂwm@m@%ﬂﬁﬁ&%ﬁ@éf&&&\éiégitgﬂgt?cg,ﬁgpmg% si gnal

to control the first _variabl e-air-vol une sgstema resh arr arrper,
(f) a tenperature Eﬁ?@%ﬁ'mmluﬁﬁm%ﬁ@t@ﬁ@ dbde!lnp@‘:gnal to control the

second variable-a d. ai.r
ventilation and ai Fﬂc\(gn t1oni ngggsogﬁlg%hi@ lhag Sﬁgﬂalé?ﬁ?":ﬁjﬁg‘emp‘il n said
ai r-handling un| tVWbMamnﬂumemmanﬂmmleﬂla&d&mp&t duct and a second

fan f the s 20 duct a.nd si ngl e heat ch ngl ng coil for cooling and
dehumcy(’:h fyi ng ﬂa?%eanflfné &10?““5%“ 3? oy 10yphgroimsaid aihgndlingl ai r i n

t he second dUQthodrﬁpnsés ¥ ikt ifdncfor @8 fiddd duaiahd ﬁ@&ﬂh&f&%me%é!o%@ﬁiﬁ&‘%nd’aef' ned
in claim210 or, 11 whereln ‘the first 10 variable-air-volunme system

conprises a f Fingls heatrexehangiag ceihfyr copling andriehumidifyiaibethahe fesh air imtbe Syt em
conprises a r@agfehPile fckelbd Jn}ﬁ{the%e%oncfdu ntilation and air conditioning

system as defined in any one to 12 wherein said mxing box is
a pl enuml@hanBeientilation and hga;nndlgqmn@y‘stmhas deﬁned irtlclaii 10car1d iwhieRfh (hgfilgHVAC)

syst for co ntilatin ui ot her struct ure, said
syst gm conpri gﬂ“ﬁg‘% “%a‘%‘“‘g? Py g?'ﬁprfs &{5&? qﬁﬁegwli&!q seoopd,prighlesaigt £ r esh
air, (b) a flvdumhaateneom’ipﬁswﬂgcﬁmlmrfﬁq}er cool i ng and dehum di fying the

vol une of ,fre reby producing a supply of conditioned fresh air;
(c) a fildt f P“%H{;&%Wqﬁ‘él%ﬂsﬁ “Bfaséégﬂﬂdtmmﬁﬁd’ﬂ#loégmlwmﬁr%ugh a

first duct th&gngmm*ﬁgbgpﬁ,ap%hﬁcmgegg box having a first danper for

regul ati ng ai r fl ow
A heating, ventilation and air conditioning (HVAC) system for cooling and ventilating

15 a building or other structure, said system comprising:
(a) a first air intake for drawing in a volume of fresh air;
(b) a first heat exchanging coil for cooling and dehumidifying the volume of fresh
air, thereby producing a supply of conditioned ﬁ-esh air;

(c) a ﬁrst fan for blowing the supply of conditioned ﬁ‘esh air through a first duct

20 to a mixing box, said mixing box having a first damper for regulating air flow
into a mixing chamber located within said mixing box;

(d) a second air intake for drawing in a volume of recycled air from inside the
building or other structure;

- (€) a second heat exchanging coil for cooling and dehumidifying the volume of
- 25 recycled air, mefeby producing a supply of conditioned recycled air;

(D a second fan for blowing the supply of conditioned recycled air through a
second duct to said mixing box, said mixing box having a second damper for
regulating air flow into said mixing chamber where conditioned fresh air is
mixed with conditioned recycled air and then ventilated into a room or zone

30 | of the buildiné or structure;
(8) a carbon dioxide sensor for providing a first feedback signal to a control
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intoa mxing chanber |ocated within said m xing box; (d) g mfozgﬂ) air
intake for drawing in.a volune of recycled air frominside P 0| di ng or
ot her structure; (e) a second heat exchanging coil for cooling and

dehumi di f yi we obAg4as0! ume of 25 recycled air, thereby pl‘%gﬂ@ a supply of
condi tioned recycled air; (f) a second fan for blow ng t %’foﬁ Lof
conditioned recycled air thro second duct to said m xing box, said

m xi ng box having a s&EkHHE aque}lmg&reﬁrstef@mmmammml nt o sal d m xing
chanmber where condi ned cled air
and then ventil at ed(h? ﬁfé%ﬂagfa?gg%ngérfgﬂ gvi ag?co?%g“%ng E’@k ure;
(g) a car bon d| oxi de mhstﬁrmmngmedbmdmfmaﬁesmdaﬁﬁﬁam gnal to a

control 14 6 4644 PCT/ 302/ 00281 system for controlling
the fi rst "an %’%auﬁg‘%e?é{& gﬁfA@%ﬁﬂéﬁ‘f phinslsira o forther

provi dfng a semnﬁsi‘ng@ﬂiﬂdﬂteslcﬂﬂedl db@ns%%hﬁ’ ¢ et Q! rolling
t he second fa ang dtohe second danper. 15. R %a%n%rﬁ@%?ﬂgg%ﬁggﬁ air

condi tioning ( Wseam of éhesgeand ai intakes| ai m 14 furt her 5 conprising a
first filigr |0g . fi ir,int a, second filter
atiggl V@Jﬁﬂﬁh%‘h A% UndlddGin @RCE@&&E ‘ﬁgﬁﬁ‘?ﬁﬁ & ol

| ocat ed downstream of the second alr I'nf Fani4 orddi on and
air conditi onlwem-m@)stb@mmhangmngm&hbsmndlhaatm&ﬁn g doll ford1Bgifhie) t he

first heat exg i he, second heat_exchangi ng coil forma

single, integra ﬁ%gtt& hi&ﬁ%ﬁ@f’i&‘%&s oplant @%@tg’ééméﬁ!ﬂghmy@ within

sai d i ngl e, hmtegclahglﬁgcﬁeﬁvhcrebgﬁt!ﬁaﬂmuﬂﬂ of fedh M@&&Mﬁﬂbﬁﬁ% &FED(P FfreSh
alr trave

air travels in |rs ?ﬂduct and the volune of recycle sin
t he second duc‘,’? &35 tryels i the seogad duok withous ixing Sntil the mixing box.
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