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pollutants, it is almost 1mp0851b1e to totally eliminate them. It is thus inevitable that ventilation

with fresh air should play an important role in the eventual quality of the air in the indoor
environment. The high energy-penalty of cooling and dehumidification associated with

20  ventilation in the tropical context is apparent from the large enthalpy difference that exists
between the outside air and the indoor air conditions.

Inadequate ventilation almost invariably leads to a deterioration of the indoor air quality
due to a build-up of indoor pollutants such as carbon dioxide. Adequate ventilation with poor
dehumidifying performance of the cooling coil would be even worse as it is likely to result in

25  elevated humidity levels in the air distribution systems and the occupied zones. This
phenomenon could be considered in the context of humidity as an “indoor” pollutant, which
propagates the origin and sustenance of microbial contamination. The issue of high indoor
humidity levels in tropical buildings originates from the high ambient humidity levels in the
ventilation air (fresh air) and the need to provide adequate ventilation to avoid “Sick Building

30  Syndrome”.

The basic requirements of any air-conditioning system are to provide comfortable



environment, this is a relatively sinple task. However, in a dynam c indoor
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changes iwoOwsatdied and occupancy, designing an ener gy- ef PCTiSE02/00280
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second eb# pequentiad fecdipf ghillegwatert i || anpunts to two different 25
heat - exchanging coils both on the air side as well as the chilled water

si de. However, certain drawbacks are evident fromthis two-coil design. The
primary drawback is that DERCRIPTIOSYOF AHE PREOR@ARNery energy-efficient.
Secondly, two-coil systens are costly to build, as they require nore
conponents. Thirdly, twin-coil systens occupy nore space in a building,
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PCT/ S tzlfbgg §t8 t(})le coSi%JaM\éA \Ba¥io$1]; c(-)rnl_tl'lEguIrawi\(/)EsN& 8;] physical geometry of the coil. These designs
20  are exemplified by, for instance, the following patents: US 4,876,858 (Shaw), EP00415747A2
(Shaw), US 5,461,877 (Luminis), KR09302466B1 (Luminis) and W009220973A1 (Luminis).
Some recent enhancements are aimed at collecting the water from the first coil in a manifold and
then feeding this water (at the temperature of the chilled water return of the first coil) in a
sequential mode to the tubes of the second coil. In essence, this still amounts to two different

25  heat-exchanging coils both on the air side as well as the chilled water side.

However, certain drawbacks are evident from this two-coil design. The primary
drawback is that two-coil systems are not very energy-efficient. Secondly, two-coil systems are
costly to build, as they require more components. Thirdly, twin-coil systems occupy more space
ina building, thus diminishing the usable floor space in building layouts.

30 Thus, there is a need in the art for an improved ventilation and air conditioning system

that overcomes the foregoing deficiencies.



It is thus an object of the present invention to provide a single-coil

tw n-fan HVAC 5 system for energy-efficient conditioning of independent
fresh andwoesyedsedd air streans. As enbodi ed and broadl y destriGozo2ser ei n,
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singl e-coil heat exchanger for conditioning both 10 the vol unme of fresh air
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Consequent |y, the single-coil twn-fan system
simultaneous conditioning of two separate air streams without mixing in the downstream section

of the coil. By treating the fresh and return air streams separately (using separate fans which are
independently and separately controlled), the system achieves optimal dehumidifying
performance on the fresh air stream (which is predominantly latent cooling in the tropics) and
25  optimal sensible cooling performance on the recycled air stream (which is predominantly sensible
cooling). Another key advantage is the ability to achieve the desired cooling and dehumidifying
performance in a rather independent manner using a single coil, both on the air and the chilled
water sides. A single coil can be installed in a single air-handling unit (AHU) with suitable
modifications, which essentially involves installing a thermally insulated sheet-metal barrier to
30  distinctly separate the fresh and the return air streams. By using a single coil with a single chilled

water feed, there is no longer any need for intermediate return and supply manifolds between the



not only occupies less floor area but it also costs less to build, install
and operate. In other words, the present invention is a single-coil
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efficiency.

The significant advantage of thjs invention over existing state-of-the-art cooling and

20 dehumidifying coils is the relative ease of operation of the coil, which uses a single feed of

coolant (e.g. chilled water). The dynamic psychrometric performance of the coil is achieved by

modulating the rate of coolant flow as a function of changing cooling and ventilation
requirements.

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

25  following description and the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described, by way of example only, with reference to the
30  accompanying drawings wherein:

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



Figure 2 is a sinplified schematic of the systemdepicted in Figure 1.
Figure 3 is an isonetric view of the heat-exchanging coil of the system
depicted wooBiogiane 1. 5 Figure 4 is a psychronetric char PCTIs@GM/NER80
graphi cal | y t he superior dehum difying performance of the system depicted

in Figure_f ordad thet 1(t“awi n gﬁteferred enbodi nents of the invention are
i |1ustrd & f)[ifmﬁ%vg epéx%t’ﬁgné Y is to be expressly understood that the
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nuneral "2 for 15 ventilating and conditioning the air in a building 4 has
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g ﬁir VAV (#OF 30. The fresh air VAV box 30 is connected to a m xing
box he Tpiteof hEBVEREh air may flow. A fresh air danper 31 regul ates
t he flow of conditioned fresh air into a m xing chanber 39 which is a
portion of the mxing box 38. 25 The second VAV system 8 draws recycl ed
air frominside theDBSCREFHPN DFCTIGE PREFERRAREMBODPIMENAISe 12. The
recycled air intake 12 has a diffuser 13 to expand and slow the recycl ed
air for maxinmal heat transfer. The recycled air is first filtered through

a recycled a'RreféxhﬁéﬁrFléﬁe angh IVPAe s &%‘&Ho@@@e&%?@y%éﬂe?&e&Xnﬁﬁbﬁl S@i! 20.
The coil 20 is the sane heat - exchangl ng coil "that "cbols the fresh air,
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ai r VAV baXsi3ar remRBMRGhRAgh Q feliP aifinthiRgl @%eﬁf?&sb 'ﬁfr%taée M&:"J 64441

PCT/ S&02/ 00280 which the recycled air may flow. A recycled air danper 33

r egul at ehi¢thexphhdsandfslovarttie fiiesinaid for maximal heat transfer. The fresh air is first filtered
through a fresh air filter 14 and then cooled and dehumidified by a coil 20. The coil 20 is a heat-

20  exchanging coil with a single feed of chilled water. A fresh air fan 22 moves the conditioned
fresh air downstream through a fresh air duct 26 to a fresh air VAV box 30. The fresh air VAV
box 30 is connected to a mixing box 38 into which the fresh air may flow. A fresh air damper
31 regulates the flow of conditioned fresh air into a mixing chamber 39 which is a portion of the
mixing box 38.

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

30  fan 24 moves the conditioned recycled air downstream through a recycled air duct 28 to a

recycled air VAV box 32. The recycled air VAV box 32 is connected to the mixing box 38 into



recycled air into the m xing chanber 39 of the m xing box 38. A feedback
control system which is nmanaged by a central processing unit (CPU) 54,
control s woasoparat i on of the HVAC system 2. The CPU 54 caoapsicas/oeso i nal
fan speeds and 5 danper openi ngs based on tenperature and carbon di oxi de
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circuit 21. "When the humdity Ievel of the fresh air 25 downstream’of the
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20  recycled air fan 24, that measures the “off-coil” temperature of the recycled air stream. A fresh
air humidity sensor 57 is also located in the AHU 5 between the coil 20 and the fresh air fan 22.
- There are mainly two control modes for the system. In normal operating conditions (i.e. when
humidity is within acceptable limits), the CPU 54 uses the temperature signal from the recycled
air temperature sensor to control the coolant circuit 21. When the humidity level of the fresh air
25  downstream of the coil exceeds the acceptable limit, the CPU 54 uses the temperature signal from
the fresh air temperature sensor to control the flow rate of the coolant in the coolant circuit 21.
As long as the humidity downstream of the heat exchanger 20 is within acceptable set-point
limits, the temperature of the recycled air downstream of the heat exchanger 20 will predominate
in the control.
30 Referring still to Figure 1, conditioned fresh air and conditioned recycled air are mixed

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



WD 03/ 046446 PCT/ S&2/ 00280 m xi ng box 38 preferably functions as a pl enum
chanber. A plenum chanber is an enclosed space in which the air pressure
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cont rol I4§ble danper 52 is located at the bifurcation of the return air 10
ducts 46.  The AdaREI abave qa@m%dczemsr\@hﬂea%egm u&ﬂse@vé{ﬁmoqmoed RO (2
recycled air back to tRe second VAV systent8, I.e., into the recycl ed air
i nt ake dfHiceThbuilting Zohelr ditterrobra 42 hisodasithe retbh venb441haﬂmh d&rhes siom qur mesthee

depi ct olPHP At Firpk AP PG AR BN 1 HGLINE TBU e GRS B EREbNks. ¢ wo
T R, e B O S8 O 5

recycl ececgeled sirimake 12. nA ebhieollabbe dtanpdriié i loested at theitsfuk¢ativa o€ the retmml'atri oned
P11 1y efiiet 08 dhe AGREH Shiitn Mo oletRtF ey B DI RLOh O AgSebin e
However sehhgy AV E;ﬁim@é‘qﬁ:“gﬁt{%%r éyéle%va%ﬁfafzegz $1o 0RLLs4 BRrSRTR. SRR 3 and

dehum di fying col ass wat er throug the tubes of the
coi | setovakviatd dir pfessufe bmld-up what lla@mohlmhstdf ﬁes}eam are ventilafdad istortbasystefihe

counter- 11 ot diPiifgancte SEPBGeL SRR ANHE 3 (e by AC S ER EigReE03.
A SO SHOURIALELGIUER G20 Poltthe GRich SHETH fEkle! ufflon 250 2800 cddinkS

i mportant to note ormpar es n I ntegrate
Theis ar delnmnduﬁgﬂgibmthtlm Reshamstream tisd B accyZled air strennde]n dtloer oyatrdsyilediesh air
counter:f ow heat thermal |y jnsul ated sheet netal barrier

" comont Sv?vlal C%ﬂltwﬁ a5 g@VPCﬁ@ Oy RsEEpm Py ¢ faq HERNANE LR @eﬁqyehda. r

stream ,IRerRaEd I6hdit %ed%me@?#%gs%gmﬁﬂqﬁ%]&cgﬁd %\éﬁm% 8 MRivel &m0

interface with one o t he eat e er to ensurée that
t he ai r fisst arrhsesond €AW sxystemsl épbsiﬂ&rﬂle sanak eoohng e Munﬁrﬁf}qﬂg @il 200 rEadlg pass he

heat 20. At t t f
poasi bl 6 Al waichthraeh BEwbieibe Coll o Daees 35%@3&5@3 e TRty it
Si ngd e GPdam Ofhd tgrncurct to?me thf)es ib hHﬁc{}l‘has fra a/ag Wb hs ) dnStielak chx ga%f)ﬁl?t&genent

(with four passes, exarrp -circuiting or one-t circuiting
flow arrangement asposs1b1e Wthh is illustrated in Figure 3. Also shown in Figure 3 are two

coil sub-circuits 20q and 20b. 1t is important to note that these form part of the single, integrated

coil 20. They are arranged into sub-circuits 20a, 205 in order to optimize counter-flow heat

transfer. A thermally insulated sheet metal barrier (a “common wall”’) 27 separates the fresh

25  air stream from the recycled air stream. The barrier, or common wall, 27 should be suitably

modified to interface with one of the plate fins of the heat exchanger to ensure that the air streams
remain independent and unmixed as they flow through the heat exchanger 20.

Alternative circuiting arrangements are, of course, possible. Figure 3 is a schematic

diagram of what takes place in the single coil of the system. It illustrates a full-circuiting

30 arrangement (with four passes, for example). A half-circuiting or one-third-circuiting

arrangement could also be used. In all of the circuiting arrangements, there is but one, single coil
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will not change the coolant flow rate under normal operating characteristics, i.e., no unusual

increase in humidity differences downstream of the first VAV system 6 of the heat exchanger 20.
A change in zonal thermal loads, characterized by a modulation of the recycled air fan 24, will
modulate the coolant flow rate in the coolant circuit 21. For instance, when the occupancy of
25  the room 42 diminishes, the ventilation requirement also diminishes. The fresh air fan speed is
modulated accordingly, but the flow rate in the coolant circuit 21 remains unchanged. The
temperature in the room 42 will therefore decrease because the air being cooled is mainly
recycled air. The temperature sensor 36 in the return air duct 46 detects this temperature change
and modulates the dampers and fan speed accordingly. When temperature and humidity levels
30 begin to rise above the acceptable limits, the CPU 54 uses the signal from the fresh air

temperature sensor in order to control the flow rate in the coolant circuit 21.
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2: 45 p. in a 8624y1aaecoiditiorBase Base Base 4a 3: 15 - 3:40 p.m 30% 30% Base
Base High Base 4b 3:40 - 4:10 p.m 100% 30% Base Base Hi gh Base Table 1:
Si mul at ed experinental conditions in two chanbers (Room 1 and Room 2) and

15 si nUIEgLRA[ §@ay QRETASd N[ Gl ACT e’Re%Szdléasmr CRidinfl 5l ADOVEVIMIaiaé8 1 ]are
variousmestpef i ments that wegeaymn W tRatter ngl and ventifation | oads |that

are charactefized as eithef base or|high. Baafoom\.ia SRSSL ERESET RS,y g ant
1 11:40 am - 12:15 p.m. | 30% 30% Base Base Base Base
2a 12:15-12:35 p.m. 30% 30% Base Base High Base
2b 1:00 — 1:20 p.m. 100% 30% Base Base High Base
3a 2:00-2:15p.m. 30% 30% High Base Base Base
3b 2:20 — 2:45 p.m. 30% 100% High Base Base Base
4a 3:15-3:40 p.m. 30% 30% Base Base High Base
4b 3:40-4:10 p.m. 100% 30% Base Base High Base

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

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

20  Typically, base loads require fans to be run at 30% of their maximum speed. High ventilation
loads are simulated by having eight occupants in Room 1 and high thermal loads are simulated
by additional heat-emitting lights in Room 1. For the purposes of the performance validation
tests, a single-coil twin-fan system was designed and fabricated having the characteristics and
geometry presented in Table 2 below.

25
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oo cafmptoasid bR Fr Ut AL RSCHE! PART BHSOR SV . (A ent
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seven exgdmgyethedifferchor imgtle efeqtive serficediréas of tieltero pdrtivek ofithe single coil is a
design criterion that should govern the overall dimensions of the single coil in relation to the total
anticipated cooling capacity. It is thus possible to design such coils in modular sizes that are
capable of addressing the varying combinations of sensible and latent cooling requirements that
15 are typical of different climatic conditions as well as varying occupancy levels.

The psychrometric analysis of all the seven experiments performed is presented in Table
3 below.

10



10 WO 03/ 046446 PCT/ S&2/ 00280 Psychrometric Exp 1 Exp 2a Exp 2b Exp 3a

Exp 3b Exp 4a Exp 4b Paraneters Fresh Air

28 28.3 28043/04dsé) DBT (C) F/ A ON coil

DPT (C) F/ A OFF coil

F/A ON coil :
23.6 23.6 23.4

28.5 27.5 27 28.2
) PETHGA20628R3 23. 3
11.1 11.3 12 11.3 12.6 11.2 12 DBT (C F/ A OFF coil

11.1 11.3 12 11.3 12.6 11.2 12 DPT (C F/ A Enthalpy 43.6 42.1 39.3 42.7

36.5 41.
48. 3 53.
(kW Rec
(O RA
: 10.6 1
10.9 12.
22.5 di
53.1 (I

40. 6 |dispdometrice ([KEXp lkg) Eky/2A |Mixp 2 || Bap Baa| BxpB. |Exp3a Y EIRD. |/ 48. 3

5 148, 3 | Ratappetprs -/ A (apacily 2. 78 2.69 6.04[2.44 2.09 2.65 7|13
y EleshchiR/ |A/ORNeoil | : (2853 2479 2278 242824 2428 24.2B3 Aj|28¢R A) DBT
O/4oi | ||DRTCQ@ 17.8147.2 17.3 18.2 14.5 17/2 DAT (O |R'A OFF coill
1.3 10. 3 AHQOYcaip: 5 1@3F 112¥%6 DBEB4 C) 2RFA (OFF4 c0i23 : 1038 1{1.3 10.3
b 10. 7 1[IDPA COPT (Ol RIA Enthalpy 252 24, 25,3 24.6122.4 P5. 4
f f erencel HAOFkepfl: R/ A1Alr {1 rjak2e 75.18375| 8.677.21124, 41252, P 65. 8
ps) R A °')ty2"622723 2.1714 04 98 41

F/A OFF coil : 11.1 11.3 12 11.3 12.6 11.2 12

DPT (°C)

F/A Enthalpy 43.6 42.1 39.3 42.7 36.5 41.8 40.6

difference (kJ/kg)

F/A Air flow rate | 53.9 53.9 129.7 48.3 48.3 53.6 148.3

(Ips)

F/A Capacity 2.78 2.69 6.04 2.44 2.09 265 - |7.13

kW)
Recycled | R/A ON coil : 243 244 23.8 24 24 243 24.1
Air (R/A) | DBT (°C) ‘

R/A ON coil : 17.4 17.8 17.2 17.3 18.2 17.5 17.2

DPT (°C)

R/A OFF coil : 10.6 11.3 10.3 10.9 12.5 10.7 11.7

DBT (°C)

R/A OFF coil : 10.6 11.3 10.3 10.9 12.5 10.7 11.7

DPT (°C)

R/A Enthalpy 25.2 24.7 25.3 24.6 224 254 22.5

difference (kJ/kg)

R/A Air flowrate | 75.8 75.8 77.2 74.4 152.2 65.8 53.1

(Ips)

R/A Capacity 2.26 2.22 2.31 2.17 4,04 1.98 1.41

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

twin fans (kW)

Table 3: Psychrometric analysis

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

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

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

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

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

11
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used to control the chilled water flow rate, the air conditions of the fresh air stream could be

20  dynamically varied. Howeyver, it is the mixture of the fresh air and the recycled air in the mixing
box that determines the space conditions. An inherent buffer is built into the design of this coil.
In these experiments, a buffer of 2°C (between 10°C and 12°C) on the saturation line is observed

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

similar room conditions were to be achieved using a prior art VAV system, the fan would have

12
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conventional VA stem.i s ivalent to fhe ditional unt o resh
T pr ol SRl i BRI ek 107 pery e R PriaRan v AR bahtF ac:
I'n t he 6@1§&1t81fin ask. ﬁ@ﬂfes’ii)‘xﬁ&& 'Ebww&, Ak abt M%ﬁlﬂu&fth@ér{efré}ﬂéﬂvﬁ%s R Uh put
is 1115 10 nB/h. This breaks down into a fresh airflowrate of 534 nB/h

andla r exlpcédlinaise.f Moveovear, thed3CHB SystamBAdes ridhnend to havehesdcondyaiengump or a
psychronetric analysis, the.SCTF syste f the present invention 1is

bat ot Scrop CHCS yht Fiomn DV TG B TUAE )TET FRATBNL than prior art VAV
systenms that TRE §bove\des@iphibN orPrewed ehfbodirRéritd SHBLRL ndP BYEHEret RS mﬂi&inEVﬁn

include the energy savings attendant in 15 reduced fan use. Moreover, the
SCTF sy stagnerchires otter variattbns,onddifieations endrefingments arepogsible withis despiitehd| | ed

t I . [ I ltg in f he. . ' . Th .
doscr i pors obiHegrErdiisEan Rt & BTN (S8 HiBp prrspad iy and

|'i MG i Neheir equivalents.
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manner since other variations, nodifications and refinenents are possible
within the spirit and scope of the present invention. The scope of the

i nvent i orwD93dedssred i n t he appended cl aims and 20 their pequsicoab@sts. 13
WO 03/ 046446 PCT/ S&2/00280 WHAT IS CLAIMED I'S: 1. A ventilation and

ai r - conqj, {4 O S or energy-efficient conditioning of independent
fresh a%%%g&wwﬁr eans, said systemconprising: 5 (a) a first
intake for drawing in a volume of fresh air; (b) a second intake for

drawing in a volune of recycled air; (c) a single-coil heat exchanger for
condi ti dni ng Abotentitatien vasidurir-esmditionsitg aysteranér epwseysffigient opondatiapeng dfaj r |

t her eby producj of ¢ dlt oned fr.es air and a supply of
condi ti oned Frédce?%f(gﬂ?g%?l aylééec(yafaﬁ“ TPLPS:F %llqs RFmr%B{ﬂPﬁ‘&‘%al d supply of
conditi oned fresh(@lgﬁgpm&r@mwﬂ,gqnafuomﬁemsh air; (€) a second fan for
novi ng said supply of conditioned recycled air downstream in a second

duct; (f) a m xi ngbosecenshintakedor drowingtin @aieluste efaeeydedrait, duct and sai d

T e T8 ST e 3o RRR B WLBE ol g

prior to being ventglabRehe dﬁr@q@leﬂ%ﬁmh‘éfeb%%ﬁﬁiuc Pdl JuPplyfeoditiBhedSrd&shem
for sensi ng a zonal terrperat ure and a zonal ventilation requi renent and

for regul ating sai d guppl qxsupplymfmndlhomheﬁy@@mnm rin 20 accordance with
sai d_ zonal ventil 0 u rement an n
congﬁ)ti oned recyc?@ ﬁfsf? O B8t S“RP er’fgcgi"%‘% ‘Ffpfrg i?‘g%ﬁ‘?éﬁm ms3 a

ventilation and air-g@nglid;i oning systemas defined in claim1 wherein said
m xing box conprises a fresh air compartment connécted to said first duct
and a recycled ai (e) zwopat fandortmeving eaid eupplpofsmnditioaebredydedair dewhstreimesh
air conpartment conprisin 25 fresh air danper for admtting conditioned
fresh air into a n XMig® (ﬂjéiarfjd’@’ within said mxing box, and said recycled

ai r duct conprisi pg @miﬁﬁgfséxe@orﬁbaeai aGPRItreh@of MM rstl dUSt arfdVafll deborrdhict,
recycled air into the mxing chanber within said m xi ng box.

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

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

20 accordance with said zonal ventilation requirement and for regulating said
supply of conditioned recycled air in accordance with said zonal temperature.

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

conditioned recycled air into the mixing chamber within said mixing box.
3. A ventilation and air-conditioning system as defined in claims 1 or 2 further comprising
a return air duct connected to said second intake, said return air duct comprising a carbon

30 dioxide sensor for sensing said zonal ventilation requirement and a temperature sensor

for sensing said zonal temperature, said sensors providing signals to said control system.
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3. Aventilation and air-conditioning systemas defined in clainms 1 or 2
further conprising a return air- duct connected to said second intake, said
return aiwodaoteseOnpri sing a carbon 30 di oxi de sensor forCIses/ngseai d
zonal ventilation requirenent and a tenperature sensor for sensing said

zonal t%%ig%%&ﬁy%&%@%. ié%ﬁﬁgﬁs{%h{‘& RS0k Ond 8F dait N b3 wh¥Shem

14 WO O ventilation and arr-conditioning system
as defined i saidsinglerwildeaté@hamget hivcodland owing inaaiodntet-AgverGagdmdigat
exchanger has coglant flowing in a counter-flow_ arrangenent.

)| a \ 1n. - 9. A

ventil afi on éneentlation andpiricopditigniag sysiem as defered ppany eneaficlame 140 4dvhars 1
to 4 further | Si g ] Ll ter. sal | rsteintake
and = recyo SyiEiany % Bn il HE Birecld; b ARITELRS ohd oS Rufhied B il
ventj |l ati on anthedted t€d sdcopdimekesyst em as defined in any one of clains 1
to 5 wherein said first fan is a variable-air-volune fan and said second
fan is & varAawntlation andairrrenditigning system aseietinediiniaoy oanaf epimsddadi Wheseinng
system as deEAiﬁ'ﬁgﬁteaﬂfié"MarPag%-sﬁﬁ d& 1 T Ahd's@ia e85 9 %%?

i.d.fi.rst, f is a
constant-air-vo an and sal d secon an i s a constan &%}??V%Pn%qu

i urre” 10
fan. 8.7A veRAtvehfilatiomadgr-abddiceinh §ysen falefined @Mnaonélef dlmad 1 to samereine of
claine 1 to 5 wherein said first fan is a constant-air-volune fan and said
second fan i 83i@ figst fanaisjacconptpntyair-ypksmerfam andsaidiserend fandis iagangaet-air-volume
air-&onditiog&pg system as defined in claim3 wherein said control 15
sys%en1conpr|sés a central processing unit for processing signals received

fromsagd t aneafiRtion endARsSditdHinSgistntardednedindnl dfe 5LA8RTs WS Wwik¥eihhe
central processing unit <controls said first fan and said second fan. 10. A

ventil ation 8ad fisst farcis Adtonstant-#g veluaedan and srad peread ifan is|aavatiablewdireydimesai d
central prOﬁﬁﬁsing unit further controls the rate of coolant flowin said
single-coil heat exchanger. 20 11. A ventilation and air-conditioning

system gs defl valldtion GhaiaicchdRionidy YeRhidd¢Tiied if QIYitd wRERHLSS B6nttbi t
further controls an exhaust danper for exhausting an excess vol une of

recl&l ed ai rsystem copprases-aeanénl prgcessing ynit fog processing signals myeived drom saifon
o0 L ocon L L08R G bR LRI R BT,
t hrough a fi e&dtrolaid ARE A andGeiddeésddhhl oni ng system for conditioni ng
10. A ventilation and air-conditioning system as defined in claim 9 wherein said central
processing unit further controls the rate of coolant flow in said single-coil heat exchanger.

20 11. A ventilation and air-conditioning system as defined in claims 9 or 10 wherein said
central processing unit further controls an exhaust damper for exhausting an excess
volume of recycled air.

12.  An air-handling unit for use in a heating, ventilation and air-conditioning system, said air-
handling unit comprising a first conditioning system for conditioning and moving a

25 volume of fresh air through a first duct and a second conditioning system for conditioning
and moving a volume of recycled air through a second duct, said first conditioning system
and said second conditioning system sharing a single common heat-exchanging coil.

13.  An air-handling unit as defined in claim 12 wherein said first conditioning system is a
first variable-air-volume system and said second conditioning system is a second

30 variable-air-volume system.

14.  An air-handling unit as defined in claim 13 wherein said first variable-air-volume system
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and noving a volune of recycled air through a second duct, said first
conditioning system and said second conditioning systemsharing a single
comon heaD-oemeddangi ng coil. 13. An air-handling unit aspPdeSGez28n0 cl aim
12 wherein said first conditioning systemis a first variabl e-air-vol une
system and said seco

Lot anl o ¢ i S TaR oM By 2 BT bt bRS o ek signpl Fep i m 13

wherei n sai dc£1b61$ Hiokleisefof add Said Qédéf{@ v 1€ Bir-vbRin¥RRnD dGifipéses a second
PCT/ SG02/ 00280 TTPI‘I ses a first fan controllable by a control system

based on a féfmon@a trelldilghypaid contrel sygemibasedionox fatdbankrrignal fom & teintpesaterond
vari abl e-ai r-vol une system conpri ses a second fan controllable by said
control syst&MBased on a feedback signal froma tenperature sensor. 5 15.

An &1 - hgndl m&l%ﬁh@gsurﬂﬁésl de6ifled fh Hims T3 of 34 Wherﬂeﬁl Wiefift Oar%ledaﬁ yéisine
vari abl e-air-volune systemfurther conprises a fresh air filter and said

second vari abj'seenalﬁmhcommgnwgtm afr filten and sgdpedandsvasiablecycvddmaisystéml| t er .
16. An air-h unit as @in in any one of clains 12 to 15 wherein
said coil is 58 sep A reeyelst | ow arrangement. 10 17. An

ai r - hanglg i ng AWRithaRdli t'&@@leﬁr{éd% %&y’en%f\éﬁﬁ‘ﬁseiﬂo%'%e?&h Lai§ B8t Ridposed
cool ant whose rate o low is regul’ated by said control system based on

t he feedbackirszitgnmlter%ﬂawmraangbmnmerat ure sensor |located in the air-handling
i,n cl ai. wherein said

uni 1 An air - 1
contl 1 L ng AR dfae Bt it in et ayteeei Picko L pRES 20088 whiskc ond
condi ti oni ngr3yef AOW i8 r@gﬁﬁ@@ﬁg sa135:oﬁ9815§})§ﬂ:§n Based vl tH@?ee?lﬁ%keﬂgnal Frontd
air-handling unit as defined in claim 12 wherein said first conditioning
systemis a tengresttenetsessor locoled e theyest lemdbinglusiai d second condi tioni ng system
's a Valié abl ?\na21|1rr-ha¥n%11ng unit ag/ géflenr«gd ir]i glaim 12 wherein said first conditioning system is a
first constant-air-volume system and said second conditioning system is a second
15 constant-air-volume system.
19.  An air-handling unit as defined in claim 12 wherein said first conditioning system is a

constant-air-volume system and said second conditioning system is a variable-air-volume

system.
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