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This invention relates to heating, ventilation and air conditioning (FIVAC), and, more
specifically, to an energy-efficient system for optimizing indoor air quality.
BACKGROUND OF THE INVENTION
10

The build-up of indoor air pollutants and the ability of the ventilation system to eliminate
these indoor air pollutants affect the quality of air in the indoor environment. Although health
and thermal comfort caﬁ usually be addressed by attempting to eliminate the various sources of
indoor pollutants, it is almost impossible to totally eliminate them. It is thus inevitable that

15  ventilation with fresh air should play an important role in the eventual quality of the air in the
indoor environment. In the design of ventilation systems, 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 important to consider the related ventilation characteristics. It is essential that
the fresh air reaches thf: localized “breathing 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
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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 s 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,




systens to mai ntain adequate fresh air distribution to the ﬁ nam cal |y
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flow rate of conditioned &ifmi |ftue of a novable flow
control elenent |ocated m%‘%ﬁﬁg@ﬁﬁgﬁﬁ nt 3,934,795 (G na et at)

di scl oses a dual duct variable volune air conditioning 15 system As
~described in the Gnn patent, the air_in a roomis conditioned using two

i ndependent Faedimenta cfn provide ap shepnefficiontdBAC saremdiagieg aendl pentilasier duct ")
suppl yi P Eh t ar.cold.ajr. t hr ough .eac uet. i's regul ated by
val ves %@H‘%?g&“‘gg}g ed “gdr%%r ¢ (i)uglg&ﬁlﬁ@,)v LRSS ?Sfig%artllf’ ai o&ggu@%}n fem regulator in
response to @keniges td dfirkieeact G réskit iBentidC the U prodili&dn RaSlation and air

pressure-responsive sensor-actuator for sensing flow velocity in the duct
and adj G¥djtieping fisterpdprisoyiding zong seoling awl ivghtilatiey, sidyiypters compedsiigni cal | i nkage.

and_adj Ggkkgngn rlikrs v cal Iin
or 1 or ot raiet e RRAE s, B Rt LEAMORS RELRE o hufiFE B 0ot

primary out si deardliifig {ditd@uinged for ventilation) and secondary return air
_(required for offsettin%_thernal | pads) in such a way that indoor_air
thr

} Yy ! .
quality at vari ou8) | ocattirgristake, fr ghangeling frephradr tong fsy dicaitexchapgipg) goil
efficiency are 25 optipgj e-art variabl e-air-vol une
HVAC syst ens, which argbgggaﬁéﬁm%ﬁgg?ﬁ%ﬁ%%%%%g%?’have significant cooling
and dehum di f yi ng(ihequa fishan e mollng a8umisbfuanditioted eashlay threwphladyesh air
floor-by-floor Air Handling Units (AHUs). A single VAV fan is designed to
distribute air througﬁ%ﬁt the various zones of a building. The prior art

desi gns usual |y syffer ] -fr L. ventl .00 4.0 1 he

| ocal i zed zones sﬁ%&e %%%8$%%%£9g?r a%%%F&SQagkég) %%%@?%%ggg%ﬂﬁﬁgn t he
volunmetric flow rate i eoireapibiad prddudnddMdisiysddesnyaled higwad t her mal | oadi ng
conditions. 30 May 2006 Thus, there is a need in_the art for an inproved
HVAC system t hat é\’/)er cheend ke formpving s svgplyof cendisiuedrecyclsdpmAitougs THE

| NVENTI ON Enbodi nment s ﬁ%ﬂ:&ﬂﬁ%ﬁgﬁ an energy-efficient HVAC system havi ng
zonal ventilation controﬁ for controlling the indoor air quality (1AQ at
“vari ous | ocafb)onsxinf bax dotmde mga 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




According to a first aspect of the present invention, therg k@ﬁgﬁﬂﬁidEd a
ventilation and air conditioning systemfor providing zon P I"hg and
ventilation, said systemconprising: (a) an air-handling unit for
distributing air throughout a building or structure, said air- handling
unit having (i) a first intake for channeling fresh air to a first

heat - exchangi ng coil capabl e of producing conditioned fresh air; (ii) a

first fan for.nmoving a,supply of conditioned.fresh air throu a fresh air
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t hrough a second duct to said m xing box; (c) said m xing box having a

fresh air datfhriemperatussaepsor fos groyidingon fepdsek signlite santaldthe pesepd vagiablei nto a
m Xi ng Cha”berai}.-golﬁﬂ% &H&ML&%P% élem{g) L.d m xing box having a recycl ed
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ai r danper for a I'ng a supp conditioned recycled air into said

m xi ng chanmbee¢confingsai d thirk bspgctbafxthaheeseltyinfentios, thed i prévided Dfheatiigndi ti oned
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vari abl fructure, 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 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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ai r-volune systemand the fresh air danper; (f) a tenperatg6§?s%8@$r for
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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 said recycled air duct, said m xing chanber being an eng{)giaur% or
m xi ng the conditioned fresh air and the conditioned recy Y£0PO £ or
subsequent ventilation into a nearby space. The system descri bed above nmay
provide efficient air distribution, especially in high-rise
air-conditioned buildings, while at the same tinme ensuring excellent
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sensi bl e cooling). Another key advantage of the overall system concept,
for exalepleest. is the ability to achieve the desired cooling and

dehum dif.yin rfor I.a rather independen nner using a single
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barrier will suffice to separate the fresh and the return air streans. By
usi ng -afollawing Hesciption apd thh dmwitigagl e chill ed water feed, the intermediate
return and supply mani folds between the fresh air coil and return air coil
are no longer required, resulting in fewer conponents and |ess cost. This
woul d al so nean that t ipRAHOEYCRIPITOCOFILE PRAVERGEE i n the building. Oher
objects and features of the invention will becone apparent by reference to
the follow ng description and the draw ngs. BRI EF DESCRI PTI ON OF THE
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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.
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recycled_air frominside e building through a recycled air intake 12.
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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 return air duct 46 of the said zon'e 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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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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and 1 he 3AEEH & SBeams usig only agnglgicoil 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 of 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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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 humidity. A coil
25  condition curve for the first VAV system 62 (fresh air) is pidtted 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 and 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
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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

LY
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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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Aa7Wposdm Raha* Caspa W®8b6 2440% 8980% 9a Wb am 99. Wb 6110% ggﬁ%\\(/\v/g g% 99. Wro
ffi80% mm mm Fl dmaknl npa 93Wh 98. W/ 9B4D% 99. W6 W Wh 88. ax Wd9%
8827% 9a W 94BD% f fi W 9aWh 502716 10 Table 2 clearly shows that the fresh

ai r danper I l'y when eight occupants are present in Room 1
(Experi rrent‘gagg'?‘dfg, 4a and 4b). The fresh air danper opé’ﬁys ¥ he cop

levél in Room 1l exceeds the set-point of 550 parts per million (ppm). In
Experi ments 2bDuiis Experimentd, the €6 leyels irf alkofithe indaor lasatiqne cortespantled ©®usef it S

i : ek i L1 i-n th tWo. .
Si‘é'e?}’?eit”é&f?‘é‘%ﬂ%‘fh%%ag e ot SO 8 i chAGREY 40B k3 boning g 15

i ded pDHEXRedment 2¢,@ight decupantsovel an@Remln Cotheteay@l ibwas@badraid d
ELg\r/;ct?er'is&i S, i B(?:)m-. 1 ri ng Experi, me %s 3a ,anlSWSb re,suﬁmégm?n(bz?ﬁe
fresh air eaarﬁ%s&to{hﬂ PR IPSIde oo ﬂ@s‘?’%eq?eb‘&fdg’ ogm 1’ fvo rgum aiy arllep Pwing  was

| ess thanthgRrig) te Gdaawhin Foont Daafei @indsi RS Sk i - i tional
| i ghting) derrandeg;3 npre recycl ed a)imrl'. Conseque%%%ﬁgﬁ?ﬁé%fwgagsgw danper

remai ned EGHSFC Buring these experinments. Carbon di oxide |levels were
moni tored 20 qg gﬁ,ﬂa{g%w dh MRS L on rk the course of
the seven exper?rrents: , 13&%% ?ﬁle&ﬂ%{):cupl gitfs@%?émgﬁe%ﬁg%rﬁr CPERIRE Yt of
1.2 m (230% speehoht the baghmingyef Bxpériment 2b, thegspedd ofshd fesRaiz fan ws ifclasédtot he

- occupi ed t. a hei ght . of 2 4), in_the return air grille
in Room @E)&S‘H@ie( ?9%‘%?‘28"?%%@?%’5’?‘? a's%%a#%ééﬂi?‘@ﬁpﬁé’fq‘rm‘iw g 10 30
May 2006 BiDefiiéd2b AdbitddG (SCRRRARuBN JTCADIHRAS T RBEm Y to _aﬁb%t.%ghﬁvel s in

all of t mc{gor, | ocat | ogs i:_orrespondeq to base ventilation load |evels,

that is, Il?‘ﬂ%"ﬁ § Rt the COs devel infkooghd resmnined egsentigly upgliangedn This showe thrégi nni ng

of Exper i 3kdl verdffatioR icBhitol BEGPHBER JONGE4 | Nt 0 Room 1 whereupon it was
observed that the CO2 |evel fose to 1000 ppminside Room1l as well as

i nsi de Room | InsExpgximends 3 andz3by bage ivéntilation Dads weye mairitiisedin both ehonishehicd? | evel

i n Room - I Wi m nqe fluctuations caused by _ the
recircul g %%Xgﬁqrbgt@%@f%eggﬁggﬁbﬁgbgg?ﬁu%wtﬁg%%ﬁtﬁe‘l‘F‘@g"ﬁ °fir and
r ecydbSed Experithents2aané 2intxcept thit thedilled pRRE mofllatifEinFRgEriRéiiMaQhd B RAS | ment
2b, the sgﬁed gf t he frg@eh a'hr,f“a& 1S increased to 100% while the

recycl ed 2&PsVof By, cqnirollmg the fresh afsgiotr-pail” sekrpoipt temmeralufsh air supplied duri ng
10 ‘Exper i ment Tidubbsddsérilioh 0f preRmed Sibddi bOte L&Y in
Room 1 to about 750 ppér;ﬂfi‘l II)ur%)r_lig thléﬁs%({d:uﬁrrgﬁ %@gﬁ%b%ﬁrﬂ%}%%@ﬁ

r emai ned TIPSR sincegthey vardtionndeaedificatipns agdrafiwements are possitile withinitleapiriband ont r ol

wpr o R SRR on, Tho SUREL B Bl GR Uhudn PR i g of

abou050teppauivalenter i nent s 4a and 4b were a repeat of :
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15 Experinents 2a and 2b except that the chilled water rmdghg%ﬁi ozrboi n .
Experinents 4a and 4b was achieved by controlling the fre 08¢ ¢ _coi |
set-point" tenperature. The above description of preferred enbodi nents

shoul d not_be interpreted in a limting manner since other variations,
nodi fi cat i $fP344H44% ef i nenents are possible within the sph@H5603#e81 scope of
t he: present invention. The scope of the invention is defined in the
appended WHA'RES ERAIMED IS1ei r equi val ents. 11 30 May 2006 WO 03/ 046445

PCT/ SQ02/ p028 I.1S CLAIVED 1S 1. vent.i|ation and air conditioning
system fog pr h/%’?@ﬂ%‘)% & cngiioping SEFFHI%%PFPY‘F‘% 75! coglingpnd yentifating, said
conprising: (ayst@fcanprisigndl i ng unit for distributing air throughout a
building or structure, said air- 5 handling unit having (i) a first intake
for channel i n§®f3tcdivhagdlingugitfor distgbuting ir-terughonts bujldogior strecyresaid airf

produgi ng condi tﬂaﬂ&lﬁ%u&ﬁ‘ﬁ%ﬂn ir; (ii) a first fan for noving a supply of
conditioned fresh air throu a fresh air duct; 10 (iii) a second intake
for channeling rec§kl ec fist intakeafos elrmneliripetaish @itcb anfish YeateRéHangia@ ol e of
produci ng condi tioned rec Eltgdng r, and. i\‘% a.second fan for noving a
suppl y of conditioned r qU® “ngﬁ?‘g’llf&\‘l‘ freshaiycl ed air duct; (b) a

m xi ng box connect@y t @ fast@nShoRhoAnga pp%f@oﬁdftﬁﬁ@i%ﬁaﬁ'ﬂﬁ&u%f&%ﬁhﬁp
connected to a 15 distal end of saild recycled air duct, sald m Xl ng
chanber bei ng an encl odlfte for nixi ng the conditioned fresh air and the
condijpi oned recycl alg, : SE a1 hlsati.on i a,near by space;
(c) a control syst(gi% fgrseéggéri]??o I ngQI'E}%H%%%FJ&%\CQ%8%1%%‘?*‘%3&8’&“%%% air
and the supply of condbil tapabld of progudimgicoaditionddeeaytiyd air;dadi r ed ni xt ure of
conditioned fresh agakr ndi t.i oned recycled air is yentilated into
sai d space. 2. A \@?\t i ?3%8%9”5‘?@“3??“%8%9&%%Pﬂ‘ﬁ“%%?éfwlﬁ!mamwd in
claim1l wherein said cesnydead air ducgt em conpri ses a carbon di oxi de sensor for
providing a fgedback signal tqQ a central = processing unit for controlling
the supply of(%iﬁﬁﬂ’f‘%@?wm?‘?c@gw %&“ﬁg‘ﬁ@ of said frpsbraindypteand glsp senmegted topr ovi di ng
a fepslback si gnaistat endSet sidCRBole! aiPdRE 3R iing Unhmb befi@ M QloloR 1€ 25

supply of conditioned recycled air.
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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3. A.ventilation and air conditioning systemas defined in_claim1 or
wherein said m xing box conprises a fresh air chanber conABMay08¢ 2
downstream end of said fresh air duct and a recycled air chanber connected
at a downs of said recycled air duct, each of h rs having
a danper ftgfr&%gﬂéﬁlwgti ng air flowinto a m xing portion O%Eilg%y%g%g m xi ng
box: 4. A ventjlation and air conditioning systemas defined in any one of
claims 1 to 3 HgfsrhandlingnnitGurthercopmuises wedBiiionddvisEFSeNRE HROBHkd dnd

ai r-handl i ng ' : gm;' e fresh.air filter downstream of the
first intake gﬁﬁéy"lg"%@%‘% al‘éraﬁjf%t?eesﬁcoggm °t eam of the second intake. 5.
A venti | ati on Aavetilation awhair tomtitioningssysteans dsfimkdfih REGMI 2 whbrein B BRel N

sai d carbon g{oxi de senaor.d nd said tenperature sensor are |located in a
return air dultoXdpfgserand 4 frpperagurg; srosor e loggted i a stum girrdyct the rebiun aind

intake. 6. A vedbih@édnasten thé Seckiakd ONi Ng System as defined in any one
of clains. 1 tg 5 wherein said mxing box is a plenum chanber. 7. A

ventil atifn afdeatlptionsnd pir cenditinping systemasdefives in nayloneofaamoh® HFhediai ns 1

to 6 wherein 3@, gﬂ%'g- hahdiohi conprises a first variabl e-air-vol unme
system for noving t eof(r esﬂie 1 cgﬁ[h%ﬁc{'hrough the fresh air duct and a second

vari abl e-7ai r - fofentilation psd einvdmiitioningispgent Alefincddy ehyesherdficlaify Dot whchén

recycled air Qlﬂféit— 8dI'A vetnti | at i o[hma}nd,%lr .conditioning system as defined

in any one of "¢l A HLdfgtSomRDsesa it yarishleivoluparySn BRmovieg fsdiedes a

constiant - ai r - aipthroigh g FeShhir Auct i la@&oh@%aﬁab%%—?dlﬁmefs?{t&n‘x‘ﬁ? gﬁ%lgftﬁéizh arr
ed ai

duct and a vari abl e- %’i&r)-vol ume system for noving the recyc
t hrough the rég¥pted ey thipyehdhe recyded air dusht i | ati on and air conditioni ng system

as defingd i nA3aNi@RE Al : L1z I d air-handli uni t
conprises a first con?s‘%ﬁaarllltcé-(%}d@% %&%%%%&iogﬁfa{nﬁé%pﬂm%i r
t hr ough t he fseidsir-handlingupit camgrisessionstoht-giowslimptsyaérh -forahoving thy Steehaid or

noving the r LI -t hrou t he recycled air duct. 20 10. A
ventilation an |tfﬁgg%}llcﬁlﬁ‘rugﬁ%@%ﬁV%@mﬁﬁm?‘HQfdn%ﬁ%‘lheﬁ"ﬁlﬁq}% and
vent1d ati on, theagidtheiesyoded dipdget.i Si ng an air-handling unit having (a) a
first variabl g-air-vol yng syait_em for conditioning and noving a volunme of
condi ti ofted 4 ¥¥ilakion andiirsonditigning sysiemes defined inanionk aficlaios;! ¢ Bywhareinec ond
vari abl e- ai r yidla#KBndidg b ERprise O fist &9&%&%@?% &ﬁ{%}éé*@% Qgs% of

condi tioned recycled arr through a secon m Xin
- air through the fresh air duct and a second constant-air-volume system for moving the

recycled air through the recycled air duct.

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;

13




(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 B YQ?(}@? 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/ SC02/ 00281 ((€) (& *AfbATICkiawdefiftr BRMIRIiEDE RIS el 13 SSFRB G S anal
to control the first_ _variable-air-volume system an e fresh arr c'larrper;
(f) a tenperature Eﬁ?@%ﬁ'm'mluWﬁm%ﬁ@t@ﬁ@deMPQ‘tgnal to control the

second vari abl e- apg - i cled. ai.r, da . 511, A
ventilation and ai Fﬂ (E:l\(gn T onis%ggogﬁlg%wﬁ %gﬁlﬁ% Sﬁgﬂalé?ﬁ?":ﬁ?)ﬁg‘emp‘ii n said
ai r-handling unit vaahpriiseduae Systeat anflalre réoklet it dinpet duct and a second
fan f the second duct .and a..single heat-exchanging coil for cooling and
dehum’cy(’tli f{)i ngiovgeflﬂatf%eanf] P’ég‘?{l%ﬁio?‘mg {eﬁngﬁf@?m%ﬂ@tloﬂ{mﬂﬁ@d@e@le air in
the second duahit cdmprists ¥ Gt ifirlol @8 g dudiahd ﬁ@%ﬁléh&m%lﬂmle%é!o%h@ﬁﬁ@%nd’ae“ ned

in claim10 or, 11 wherein 'the first 10 variable-air-volune system
conpri ses a f gl hgatrexehangipg ceihfyr copling andiehumidifyiai bethahe fresh air imthe Sxs6t em

conprises a r@agfehPile fckelbd ﬁi}glfrth%%egonﬁ@u)ftgmi | ation and air conditioning

system as defined in any one al to 12 wherein said mxing box is
a pl enuml@hanBeientilation sdlazzonditioningsystethas defined irdclaiin 100 d iwhisefi thafilsHVAC)
syst for cogling and. ventilating .15 uilding or other structure, said
syst gm conpr i gﬂ“ﬁg‘% “%a‘%‘“ég? Py g?tﬁprfsm a&'@g} g qﬁﬁegwli&!q seoopd,prighlesaigt £ r esh
air, (b) a fivedtmégatenpoonipeiags dygcyeRi birffiter, cool i ng and dehum di fyi ng the

vol une of ,fresh i I, thereby producing a supply of conditioned fresh air;
(c) a fildt f enatign %WW%&W@B?S@@EW@@MM%@W@}Otphlrzough a

first duct Z\Qh&éin%m&iﬁgb&?ﬁ,ap‘f&bﬁc' bdpd box having a first danper for
r egul atigg air flow into a mxing chanber |ocated within said m xi ng box;
n

(d) a seddnd Aheating;vertilation andrainsondjtioning(FMA Qneysten foeeptihgshdaientilitingm i nsi de
e P SRRl i BB o o0 el (o
(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 fresh 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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25 r'ecycl ed air, thereby producing a supply of conditioned @%0%9%8 air;
(f) a second fan for blow ng the supply of conditioned rec;? I t hr ough

a second duct to said m xing box, said m xing box having a second danper
for . regul alvogudsids f1 ow i nto sai d m xi ng chanber where 3&[}&%@ oned fresh
air is mxed with conditioned recycled air and then venti 4% 0 a room
or zone 30 of the buildi nfq or structure; (g) a carbon dioxide sensor for
providing a first feeéEekiosentrallingshefirsidan smdlthe firsSdaniylay a?d06 WO 03/ 046445

PCT/ SQ02/.00281 syst i he. first n,and the.first danper,

and (h) a tenperat u(rﬁj;uség{r?g%?ﬂ%%e%héﬁjro |ré‘f1§i6gﬁs%°83%%8dl?ag€§f§¥§ﬁ°%ai‘ frok o sai d

(r:]ont rol system for cﬂﬁtCmdbtmoléhgﬂ&eemdfﬁl&ﬂd)&ﬁ%eéoﬁﬂdﬁﬁﬁé}gdf darrger. 1|5- A
eati ng, nt i 0n and ,air canditj.oni n HVAC) system as defined in claim
14 furt he\rﬁ' 5 %@%ﬁﬁ@&#ﬂaﬁa@ﬁ?@{ @h“?’é‘?g &Bé%@bﬂst%mﬁqﬁpmcumﬂﬁwm st.air

i nt ake5and a seapnsing ialfiretrfiltel GRab® dowrass | : i I.kntake.

16. A heati nggogq?\ﬁgol ation and air (():ondi ti ggiﬁir?g t%5§§§§¥g%&§éd gg‘f’i ned in

claimi14 or 1 wostraapeotithe sgpondairtintakechangi ng coi | and the second heat

exchangi ngs.coiA hé8h t24i102!a8d air & Ig[ﬁ s exchangi coil, with a single

coolant flowing within said s??ll(rgjl e, | %@5 raﬁblﬁs%’wggﬁ‘%ﬁé’hﬁl%lwilﬁ

wher eby the vor @@ﬁﬁth@hemhmgingmmthesebdhahéétﬂeﬁ&haﬁyﬁécoﬂ%ﬁi‘ﬁnglé’m une

f | ed ai; ' d.duct . wit t m til the mixi

of recycl ed alfiehlRe kohdbghd Soif SR A Sinlt dootant Howing witkin soid s, intoncat " ' "9
10 heat-exchanging coil whereby the volume of fresh air travels in the first duct and the

volume of recycled air travels in the second duct without mixing until the mixing box.
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