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but it is equally important 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 maintains the desirable local air exchange
effectiveness characteristics at all 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 air”. The disadvantage
of such designs, particularly with variable-air-volume (VAV) systems, 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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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 loading conditions.
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20 The system described herein provides efficient air distribution, especially in high-rise air-
conditioned buildings, while at the same time ensuring excellent ventilation. The significant
advantage of the invention over current state-of-the-art systems is 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

25  that adequate ventilation and acceptable indoor air quality is maintained in all the individual
zones at all times. Thus, the HVAC system of the present invention provides 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.e., at the point of final distribution, different
rooms in the same building can receive tailored air supply depending on the local thermal load

30  and occupancy profile.

Preferably, the HVAC system comprises a single-coil twin-fan air-handling unit.
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The invention is further described, by way of example only, with reference to the
20  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.
25 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
30  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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Referring to Figure 1, an HVAC system denoted generally by the reference
nunmer al 2wbas/o4@4ventil ati ng and conditioning the air in @cmsdodoerg1 4 has
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downstream t hrough a recycled a 28 to a recyc air box
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the recycled aiy, may flow A recycl.ed gir damer 33 regyl ates_the flow of
cond t | SREAMPELYTeEHates fhe fﬂwa&%‘@lﬁm@arﬁ@ﬂ&ﬁamﬂ@wr&&c % MHFhdR 38,
A feedbgg&ioﬁq,@meqhix%@sg(ﬁrgg_mm ch is managed by a central processing unit
(CPU) 54, 25 controls the operation of the HVAC system 2. The CPU 54
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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 conditioned 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 (CO,) readings from sensors located
at various places in the building 4.
Referring still to Figure 1, the return 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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air back to the second VAV system 8. The return”alr duct 4 urcat 8s
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consi dered unconfortably stale or stuffy. This system not only ensures
excel | educt 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 Quality (IAQ) but it is capable of doing so with a single air-handling unit 5, although
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enhanced in conjunction with a single-coil twin-fan variable-air-volume system (“SCTF-VAV™),
Employing an SCTF-VAYV 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 of the coil.
As illustrated by the simplified schematic in Figure 3, the HVAC system 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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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 humidity. A coil
25  condition curve for the first VAV system 62 (fresh air) is pldtted 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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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
downstream 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 under various combinations of ventilation and thermal requirements. Room 2 is
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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 opening 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 characteristics in Room
1 during Experiments 3a and 3b resulted in the fresh air damper virtually closing in 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 the
occupied zone of Room 1 at a height of 1.2 m; (2) in each of the two return air grilles in Room
1; (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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I n Experinents 3a and 3b, base ventilation | oads were maintained in both
roons, which 1is evidenced by the CO2 readi ngs of about 500 ppm

Experi mnerwe odadamsl 4b were a repeat of 15 Experinents 2aprams$Ghbo@scept
that the chilled water nodul ation in Experinents 4a and 4b was achi eved by
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descri pt‘%vﬁr%wgrl‘éqmg Sént)odi ments should not be interpreted in a
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possible within the spirit and scope of the present invention. The scope
of the invenf¥o¥¢MmicemgEsinged in the appended clains and 20 their

equi val ents. (A1 g ./ 0 1 pgf\g‘lﬁq S CAMDIS 1. A
Vent i Lat 1 on SRS RERAROAR s ebRthrF Bpowtol a bR RETrIshEr i e
vent§l ation, sahdhdlisyshiefavdesprising: (a) an air-handling unit for
distributing air throughout a building or structure, said air- 5 handling
unit having (i) a@irse finst dieker for chagnehing ifregh fairetoha £irst heat-gxdhianging coil
heat - exchangi ng coi | | e of ; produci copdi;ti.oned fresh air; (ii) a
first fan for noving a%%gagge]c?pg?d@bnﬁoppgﬁggi)ﬁ?&%r,ai r through a fresh air

duct; 10 (iii) a sigcond firsitfakir hdvirghadpslyion Borddpsotel Elsihif tHrugh SBERAM
heat - exchangi ng coil capabl e of producing conditioned recycled air; and
(iv) a second fan for #B%ing a supply of conditioned recycled air through a

recygl ed air duct..(b) m. Xl. bex gonngcted to,a distal d,of said fresh
ai r¥§juct and al soll nnggfcé)gétl ng]ée {%fgﬁ%ngﬁ% < }ﬁcée%?lr goa"il Eecpﬁ‘ggiqt?ﬁc}éﬁ“gm&uct ,
sai d m xi ng chamber bekig cayabRIvT pesdtichgf Rhditibhed REydl&Eaipadi ti oned fresh
air and the conditioned recycled air for subsequent ventilation into a
near by space; (c) (&) conateenddgs fasmeang & swplypf congitidmed seqypled atfthrough a
conditioned fresh air and .the. supply of conditioned recycled air whereby a
desired m xture of congﬁc?'?%&g’&%flgtgsh air and 20 conditioned recycled air

i's ventil at eg)idinfxispbsk &idaédted @ a distdPHdi Ifdhitl FrRsR AR daétran8 ARDichhRRteddo §YSt €M
as ?Se fined in C(iigt:ﬂrgnld (\)A%h searide ;eilycszlgzi Caitircd?lréz, rs(;ild 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 a;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 cdnditioning 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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system conpri ses a carbon di oxi de sensor for providing a feedback signal to
a central processing unit for controlling the supply of conditioned fresh
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i nt ake. 65. AAventilatian pachaineehditioningsystiemi asriefigedsip anp maef daifrisrietd 5 wheréiai m 2

wherein said car bon ,di oxig]g sen and said tenperature sensor are |ocated

or
inareturn & nHﬁ‘Bg,b_oi‘ﬁsea P'ﬂﬁ’r?ﬁ?;fflper_' 5 duct being connected to the second
i ntake. 76. Aawgililatigh hRDaifBshdRidnifey et ReRkdSY 3he Bhést dahisnad ¢ Whady one
of claine 1 to 5 wherein said mxing box is a plenumchanber. 7. A
ventil ation said amihandingdiniti conipmigessa/Stsevarimblechif-volaoheisystem foroneving thel fedshs 1
to 6 wherein . said.ajr- dl i unit conpris a first variapl e-air-yol une
sysf%m f or nﬁ\‘)iﬁ?{auglh%‘e#]egg AL ‘il]‘gt %ﬂryra f%?‘%?jwag 'alf'P’BIé‘WeaﬁyPteHh maYP&thigecond
vari abl e- ai r pa¢QbludTBir IHSHEAE PhcyBleY bitdutte  recycled air through the
recycled air duct. 8. A'ventilation and air conditioning system as defined
in any 8ne ofA hhiatren dnd @r Gonditeméngsystsmi ad definednandy ongofiiaimsdaodrwisesina

constant-air-volu stemfor noving the fresh air  through the fresh air
duct and a v 315{1’5‘-@?/’}&%1] THPIEGt & Sf‘*&f-a%\?ﬁ%e Piter E’é%‘%’é‘éﬁ the fresh gir

through the pReyd REHBIH aif#6dt anda vﬁ-x%gélﬁﬂrjv@flﬁr%nsyéﬁﬂl dﬁk fno@ﬁ-%ﬁ_h% [ QUEBg aﬁy stem

as defined in any one of clains 1 to 6 wherein “said alr- I ng uni

confri ses a fhirough thorsyeled aimidnetvol une system for noving the fresh air
t hrough_t he fres ir duct and.a.second caonstant-air-volyne system faor
v hg Phe. AOEHHIRBAR a1t s Pacy S SRR A g Of s 13 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.
20 10. A ventilation and air-conditioning system for providing zonal cooling and ventilation,
said system comprising an air-handling unit having
(a) a first van'able-air—volumé 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 mixing box;
(d) said mixing box having a recycled air damper for admitting 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



20 10. A ventilation and air-conditioning systemfor providing zonal
cooling and ventilation, said systemconprising an air-handling unit

havi ng ( ayvoa3bidss vari abl e-air-volunme system for conditi earrsgoanaesnovi ng a
volune of conditioned fresh air through a first duct to a m xi ng box; (b)

d i abl e-air-vol stem f.or _condi tioni,ng, and ;oVi n | yme
35 or Ceondrti ane e eAR AR RHRT: K neSaafet AR el ool e A
(c) said mxing beyridataitSotunhé §stendard HamesH aif @impeni tting a supply of

conditioned fresh air into a mxing chanber in said mxing box; (d) said
m xi ng box havi ng(f artempetatue a¢nsori vidipg aglgedhack mignal towqoptrgl the second

condi ti oned recyclved zii r. i nio sai% m X{ ch rrjfer of said m xi ng box
whereby 30 a desi PAaPIGAETQIENG Y %mitﬂgﬁeéﬁaf’ BLHARRE recycled air is
ventil atied i Rt @nAlaGHR&ERI ailocfonaiﬁbﬂﬂng gy ad QI RALACHAREST /séé%%thQlt%ﬁ (e)

a carbon dioxide sensor for providing a feedback signal to contro
first vari abhiéceinprises|aufmst Bpforthedirst dusbarfid @sdrond fardfomler secérid dwct and a

t enperature sensqr_for. providi. a feedb signal to _control the second
variabl e-air -S\Illg‘%ﬁlr‘?@t'%’gfggrégf‘ﬁlga%p @ﬁgo‘?’lglt@f(?ﬁé@‘ﬁp\%%@#‘.t frf%? a‘ﬁ\“\/@ﬁsﬁtat i on
and air condighétQl e Y& tHeldcBrgdh&. ¢l ai m 10 wherein said
air-handling wunit conprises a first fan for the first duct and a second

fan for 12he devmtithtignend amdonditigiing bystdne at defineth amglaing 1¢ of 111 hereaotht fingg and

dehum di fying both the fresh air in.the first. ct gnd the recycled. air in
helGecond ddEERIersRtpia DY OMPHHA B itPTL g e GRige SHOPdmasbigett ned
in claim10 Qplukk S%l%%ﬁ]pﬁ@%z“eﬁ?éled APfinar i abl e-air-vol ume system
conprises a fresh air filter and the second variabl e-air- volunme system
conpri sé$ a Aeesntilasignaand it borslitionigg systenens idefinédin amdomd of cleindi 10 onil2g
system as defined in a)r.@/ e of Iﬁl ainms, 10 to 12 wherein said mxing box is

a pl enum chaRtighem spyd m iﬂgﬁ?’f}?ga, LR Chabesn and air conditioni ng (HVAQ)
system fgr Cﬁ%éaﬂﬂg,?vg?til\gﬁ(?ﬁ hdpdit &md_itio%hig @ Aeh B f&?&@ﬁn%{db%mag sai d

system conpri si ng: irst air intake for drawng in a urreon%resh
ai r15 (b) a f absildihgat othrritmegire gaidaiybtemmonmpaisingng and dehuni di fyi ng t he

vol une of fresh

(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;

() a first fan for blowing the supply of conditioned fresh 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;

(e) a second heat exchanging coil for cooling and dehumidifying the volume of

25 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

30 of the building or structure;

(g) a carbon dioxide sensor for providing a first feedback signal to a control
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air, thereby producing a supply of conditioned fresh air; (c) a first fan
for blow ng the supply of conditioned fresh air through a first duct 20 to
a m xi ng wox3/0sai®l m xi ng box having a first danper for regalssoe/ngsair fl ow
into a m xing chanber | ocated within sai-d m xi ng box; (d) a second air

intake for drawing in a volume of recycled aiy. from.inside the building or
other structure; ?e)syéte BHWtF@%géﬁﬁﬁﬁﬁﬁﬂb{@ﬁﬁFStﬂémp%@ ng and °
dehuni di fyi ng t he 0} 14 epiﬁre%élseﬁmf%k&ﬂdiﬂga,seédaarfséabs% ﬁgﬂalts'g?@cg&pal y of

condi ti oned recycled air; ) a second fan " for blown supp
condi ti oned recycl edsyaiem fohcentgiilizg the eecond faluatd the secand dampemg box, said

m Xi ng x hgving a second danper faor . r lating air flow into said mxing
chanberqahergl?;e@ﬁ%g’ﬁ’f”&ﬁ%tﬂ’q SH g 1t1?1§ng§?82@§5 ngq‘?‘ %&F@mﬁ&fé@w@e‘yﬁh@d air
and ghen Vemcgﬁigltiﬁg St BtdrA00AY dFRiErean bfhe HiRE Hqgtaﬂk 184 3'se +r{duﬁ;1ttéf'r e
(g) a carbon di oxi %sensor for providing a first faee ack signal to a
control 14 WRafed/dodbdtEanPeithScdh0@R8dtaksyst em for controlling the first

fan and _ the first danper; and (h) a tenperature sensor for providing a
second fl8edbAckeaEng rvapﬂl@(sors%ndomw@mmngwé’tw Yeiemassefined medrumnd csdéond

fan and the $geRR % N j [ ks it oni ng
(HVAQ) systeﬁq&as deg ?iggé?tﬁ;gqagé#?%@ urtﬁ\é(%%ghg%rergér}}aggﬂé%gﬁ foﬁlr%rs‘htdgl#l gt er
| ocat ed downsitegralnheaf-exdhanging soéil aiith a sidglé eodlad fRovarg erithir sdid sihgle| Dekad
downstream of the second air_intake. 16. A heating, ventilation and air
contf ti oni ng?‘?ﬁ?ﬁé}%@% whereyt theealyme of ¢ airgg'@\felqsl thatistedust mebthei r st
ntegral noat DameR reBRied ki B AR the \eRind HHEL BRAN i Rle Lok THE Rphl T,
single, integral 10 heat-exchanging coil whereby the volunme of fresh air
travels in the first duct and the volune of recycled air travels in the
second duct without mxing until the m xing box. 15
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