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DEHUMIDIFIER/AIR-CONDITIONING SYSTEM
FIELD OF THE INVENTION

The present invention is related to the field of environmental controi systems and more
particularly, to the field of systems which combine dehumidification and air conditioning
BACKGROUND OF THE INVENTION

Int generat, air condioning systems not only reduce the temperature of the ambient arr,
but also remove substantial amounts of water from it. This is especially true when the air
conditioner is treating "fresh” air inputted from outside the controiled environment. However,
such combined air conditioning/dehumidification is generally inefficient. Furthermore, since
some of the potential cooling power of the air-conditioner is used for dehumidification, the
cffective cooling capacity of the air conditioner is significantly reduced.

It is known in the art to provide dehumidification of air prior to its being cooled. In
some cases, the mechanisms of the dehumidifier and the air conditioner are not integrated. In
such cases, while there is an increase in the cooling capacity of the air conditioner, the overall
efficiency of the svstem is relatively poor.

1S, Patent 4,984,434 describes an integrated system in which air 10 be cooled is first
dehumidified by passing i1t through a desiccant type dehumidifier before being cooled by
contact with an evaporator of an air conditioner. Regeneration of the desiccant is performed by
passing the water contaimng desiccant over the condenser of the air conditioning system.

This system suffers from a number of limitations. Firstly, it dehumidifies all of the air
being cooled. Since most of the air inputted to the dehumidifier 1s from the controlled space
(and thus fairly drv already) the dehumidifier does not remove much water from the air and
thus does not provide much cooling for the condenser. This wouid cause an overall increase in
the temperature of the desiccant and a reduction in the efficiency of both the dehumidifier and
the atr-comditioner. A second problem 15 that such a system 1s not modutar, namely, the
dehumidifier must be supplied as part of the system. Furthermore, adding a dehumidifier 10 an
cxisting air conditioning svstem and integrating the dehumidifier and air conditioner 10 form
the system of this patent appears to be impossible.

Another type of debumidifying/air conditioning system is also known. In this type of
systemn, as descnibed, {or cxample in US patents 5,826,641, 4,180,985 and 5,791,153, a dry
desiccant is placed in the air input of the air-conditioner 1o dry the input air before it is cooled.
Wasle heat (in the form: of the exhaust air from the condenser} irom the ar conditioner 15 then

brought into contact with the desiceant that has absorbed moisture from the input air in order to
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dry the desiccant. However, due to the relauvely low temperature of the awr exiting the air
conditioner, the amount of dryving available from the desiccant 1s relatively low.

The above referenced US Patemt 4,180,985 also describes a system using liquid
desiccant as the drying medium for the dehumidifying system. Here again, the low temperature
of the exhaust gas from the air conditioner recuces substantially the efficiency of the system.

Prior art desiccant based dehwmdifiers generally require the movement of the desiccant
from a first region in which it absorbs moisture 1o a second regeneration region. In the case of
solid desiccants, this transfer is achieved by physically moving the desiccant from a
dehumidifying station to a regeneration station, for example by mounting the desiccant on a
rotating wheel, a belt or the like. In itquid desiccant systems two pumps are generally provided,
one for pumping the liquid to the regeneration station and the other for pumping the liquid from
the regeneratien station to the dehumidifving station. in some embodiments, a single pump 1s
used to pump from one station to the other, with the return flow being gravity fed.

The operation of standard air conditioning systemns and the desiccant systems described
above is illustrated with the aid of Fig. 1. Fig. 1 shows a chart of temperature vs, absolute
humidity in which iso-enthalpy and iso-relative humidity curves are superimposed. Normal air
conditioners operate on the principle of cooling the mput air by passing it over cooling coils.
Assuming that the starting air conditions are at the spot marked with an X, the air is first cooled
(curve 1} until its relative humidity 1s 100% at which point further cooiing 1s assoclated with
condensation of mowsture in the air. In order for there to be removal of hiquid from the zir, 1t
must be cooled to a temperature that is well below a comfort zone 4. The air 1s heated to bring
it to the comfort zone, generally by mixing it with warmer air already in the space being cooied.
This excess cooling in order to achieve dehumidification 1s a major cause of low efficiency in
such systems, under certain conditions,

Normal dehumidifier systems actually heat the air while they remove air from 1t. Dunng
dehumidification (curve 2) the enthalpy hardly changes, since there is no removal of heat from
the system of air/desiccant. This results in an increase in temperaturs of both the desiccant and
the air bemng dried. This exra heat must then be removed by the air conditioning system,
lowenng 1ts efficiency.

In all dehurmidifier svstems mechanical power must be exerted 1o wransfer the desiceant
in at least one direction between & regenerating section and a dehumidifying scction thereof
For liquid svstems, pumps are provided to pump liguid m both directions between the two

sections or between reservoirs in the two sections. Whitie such pumping appears to be necessary
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in order to transfer moisture and/or desiccant wons berween the two sections, the transfer is
accompanied by undesirable heat transter as well.
SIUMMARY OF THE INVENTION

An aspect of some preferred emboediments of the invention is concerned with a
combined dehumidifier/air conditioner is which a relatively fow level of integration is provided.
In preferred embodiments of the invention. heat generated by the condenser is used fo remove
liquid from the desiccant. However, unlike the above referenced pror art, the air conditioner
condenser continues to be cooled by outside air. The heated air which exits the air-conditioner,
containing waste heat, is used to remove mossture from the desiccant.

In contrast to the prior art, in which the heated air is the sole source of energy for the
regeneration of the desiccant, in preferred embodiments of the invention, a heat pump 1s
utilized to transfer energy from relavively cool desiccant 0 heat the desiccant during
regeneration, in addition 1o the heat supplied from the exhaust of the air conditioning portion of
the systemn. This results in a system in which the air conditioner does not have to overcool the
air to remove moisture 2nd the debumidifier does not heat the air in order to remove moisture.
This is in contrast with the prior art svstems in which one or the other of these inefficient steps
must be performed.

In some preferred embodiments of the Inveation combined dehumidifier/air-conditioner
in which only “fresh”, untreated air is subject to dehumidification prier 1o cooling by the air
conditioner. This atlows for both the dehumidifier and the air-conditioner to operate at high
efficiency, since the dehurmdifier will be operating on only wet “fresh air and the air
conditioner will be cooling only relatively dry air,

Thus, in preferred embodiments of the inventon, the amount of waste heat generated by
the air-conditioner is refativelv high and the heat requirements of the dehumidifier are relatively
low, since 2 major portion of the heat for regeneration is supphed by the heat pump.

According to an aspect of the mmventien a simple method of integration of an air
conditioner and dehumidifier is provided. In accordance with a preferred embodiment of the
invention, the air conditioper and dchumidifier are separate units without conduts for air
connectng the units. However, unlike prior art ummegrated units, the present invention
provides advantages of utilizing waste heat from the air conditioner to provide regeneration

energy for the dehumidifier.

Lad
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According to an aspect of some preferred embodiments of the tmvention, in the steady
state. moisture is transferred from the dehumidifier poruon of a svstem to the regenerator
without the necessity of transferring liguid from the regenerator back 1o the dehumidifier.

In general, in liquid dehumidifier systems, meoisture must be rransferred from the
dehumidifier section to the regenerator section. Since the moisture is in the form of a moisture
rich (low concentration} desiccant, this is performed by pumpine or otherwise transferring the
desiccant. Since the desiccant also contains desiccant ions, these must be remumed to the
dehumidifier to maintam the desiccant ion level required for dehumidificanon. This 15 generally
achieved by pumping high concentration desiccant from the regenerator to the dehumidifier
section. Hewever, in addition to pumping ions, moisture is also transferred. While the extra
energy utilized for pumping may or may not be significant, the inadvertent heat transfer
implicit in pumping of the moisture back to the dehumidifier is significant in reducing the
efficiency of the system.

In a preferred embodiment of the invention, reservoirs in the dehumidifier and
regenerator sections are connected with a passageway that aliows only limited flow. Preferably,
the passageway takes the form of an aperture in a wall common to the two reservoirs.

During operation, the absorption of meisture in the dehumidifying section increascs the
volume in the dehumidifier reservoir, resulting in the flow, by gravity, of moisture rich (low
concentration) desiccant from the dehumidifier reservoir to the regenerator reservoir. This flow
also carmes with 1t a flow of desiccant 1ons, which must be returned 10 the dehumidifier section.
As indicated above, in the prior art, this 1s achieved by pumping ion rich desiccant solution
from the regenerater to the dehumidifier section. In a preferred embodiment of the mveation,
the returm flow of ions is achieved, by diffusion of ions, via the aperture, from the high
concentralion regenerator reservolr o the low concentration reservorr. [he inventors have
found that, surprisingly, diffusion is sufficient to maintain a required concentration of 1ons n
the dehunmdifier section and that the retumn flow is not assgciated with an undesirable heat
transfer associated with the transfer of (hot) moisture together with the 1ons, as n the prior art.

r especiaily preferred embodiments of the tnvention. no pumps are used to transfer
desiccant between the reservoirs or between the dehumidifier section and the regenerater, in
either direction,

There is thus provided, in accordence with a preferred embodiment of the invention, an
air condiioning and dehumidifier system for controlling the environment of a controlled area,

COMprising:
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an air conditioner comprising:
2 cooling anit in which air is cooled;
4 first inlet 1o the cooling unit drawing air from the area;
a second inlet to the cooling unit drawing fresh air from outside the area,
an outlet to the area via which cooled air is transferred to the arca;
a heat exchanger at which heat removed from air by the cocling unit is removed
from the air conditioner;
an air inlet 1o the heat exchanger into which relatively cool outside air is drawn,
heat being transferred to said air from said heat exchanger; and
1 heated air autlet from the heat exchanger from which the heated air exits;
a dehumidifying unit utilizing liquid desiccant, comprising:
a drying unit having a wet air inlet and a dry air oullet from which air dried by
the drying unit exits and in which liquid desiccant dries the air and removes heat mom it;
a regenerator unit in which moisture removed from air by the drying unit is
removed from the liquid desiccant;
a hot air inlet 1o the regenerator unit;
a wet air outlet from the Tegenerator unit via which air entering the hot air wlet
exits after moisture is transferred to it; and
2 heal pump that transfers heat from relatively cooler liquid desiccant in the
dehumidifying unit to retatively warmer liquid desiccant;
a conduit connecting the heated air outlet of the air conditioner to the hot air mlet of the
dehumiditving; and
a conduit connecting the dry air outlet of the dehumidifying umit to the second inlet of
the air conditioner,
Preferably, moisture removal from the desiccant s aided bv providing heat to the
regensralor.
In & preferred embodiment of the invention. the system includes at least one pump 0
pump desiceant between the drving unit and the regenerator.
Preferably, the relatively cooler liquid desiccant is 1 4 dehumidifier sump that receives
desiceant after it has absorbed moisture from the outside air.
Preferably, the drving unit comprises a chamber m which said moisture 15 removed ffom
the outside air and wherein the heat is removed by the heat pump from liquid desiccant being

transported to the chamber. Preferably, the drying unit comprises a dehwmidifier sump that
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receives desicecant afier it has absorbed moisture from the outside air and wherein the heat is
removed by the heat pump from hquid desiccant being transported to the chamber from the
sump.

In a preferred embodiment of the invention, the regenerator unit comprises a
compartment that contains liguid desiccant betng regenerated and wherein the heat is
transferred directly by the heat pump to said desiccant in said compartment.

Preferably, the regenerator unit comprises a compartment that contains liquid desiccant
being regenerated and wherein the heat ts transterred by the at least one heat pump to liquid
desiccant being transported to the compariment. Preferably, the regenerator unit comprises a
regencrator sump that receives desiccant atier moisture has been removed from it and wherein
the heat is transferred to desiccant being ransported to the chamber from the regenerator sump.

In a preferred embodiment of the invention, the air conditioner includes a fan to draw
air into the cooling unit and wherein the fan is also operative to draw air into the wet air inlet of
the drying unit.

In a preferred embodiment of the invention, the air conditioner includes a fan to draw
air info the heat exchanger and wherein the fan is also operative to force air exiting the heat
exchanger into the hot air inlet of the regenerator.

In a preferred embodiment of the invention, the air conditioner utilizes a refrigerant to
which heat 1s transferred in 2 condenser in said cooling unit and from which refrigerant heat is
transferred 1n an evaporator 1n said heat exchanger.

In a preferred embodiment of the invention. the air conditioner cools an ntenor space
and wheram the heat exchanger is ouwtside the space.

Preferably, the wet air mnlet communicates 1o an area outside the controlled area.

In a preferred embodiment of the invention, the controlled area is at least a portion of a
building.

In a preferred embodiment of the mvention. the proportion of air drawn 1o the cooling
unit via the first and second inlets thereto is at leasl panially controllable.

There 1s further provided, in accordance with a preferred embodiment of the invention. a
dehumidifier systcm compnsing:

a liguid desiccant in two reservoirs, one ol which contains a higher desiccant
concentration than the other;

a dehumidifier unit into which moist air is (ntroduced and from which less moist air is

removed after dehumidification by hiquid desiceant transierred thereto;

0
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a regenerator unit which receives desiccant solufion that has absorbed from the moist air
and removes moisture from it; and

a passageway connecling the reservoirs, via which passageway, during steady state
operation of the dehumidifier, there is a net flow of moisture from the reservoir having the
lower desiccant coneentration to the other reservoir without there being a net flow of desiceant
fons through the passageway.

Preferably, the passageway is an aperture such that the level of hquid desiccant in the
TwWo reservoirs is the same.

In a preferred embodiment of the invenuon, there is no pumping of liguid desiccant
from one reservolr to the other. Preferably, the mansfer of moisture 1s by gravity.

In a preferred embodiment of the invention, there i1s no transfer of liquid desiccant
between the reservoirs except via apertures conneclting the reservoirs.

In a preferred embodiment of the invention. the two reservoirs include a first reservoir
which receives said hiquid desiccant from said dehumidifying chamber after said desiccant
absorbs moisture thereat. Preferably. liquid desiccant is transferred o the dehumidifying
chamber from the first reservoir.

In a preferred embodiment of the invention, the two reservoirs include & second
reservolr which receives said liquid desiccant from said regenerator after removal of moisture
therefrom. Preferably, hiquid desiccant is transferred to the regenerating chamber from said
second reservoir.

In a preferred embodiment of the invention, the dehumidifier includes a heat pump that
transfers hest from relatively cocler liquid desiccant to relatively wanmer liquid desiccant.
Preferably, the heat pump pumps heat from the reservoir having the lower concentration of
desiccant to that having the hicher concentration of destccant. in a preferred embodiment of the
invention, the heat pump transfers heat from desiceant in a conduit carrying desiceant 1o the
dehumidifier unit.

In a preferred embodiment of the invention. a substantial temperature differential s
maintained between the first and second reservoirs. Preferably, the temperature differeniial is at
least 2 OC. In some preferred embodiments of the invention, the temperature differential is at
least 10°C or at least 159,

BRIEF DESCRIPTION QF THE DRAWINGS

Particular embodiments of the inveniion will be described with reference to the

following deseniption of preferred embodiments in conjunction with the figures, wherein



15

WO 00/55546 PCT/ILGO/00105

identical structures, elements or parts which appear n more than one figure are preferably
labeled with a same or similar namber in all the figures in which they appear, in which:

Fig. 1 shows cooling and dehumidification curves tor conventtonal air conditioning and
dehumidification systems;

Fig. 2 schematically shoews a dehumudifier unit, usable in a combined
dehunudifying/air-conditioning system, in accordunce with a preferred embodiment of the
imvention,

Fig. 3 schematically shows a second dehumidifier unit, usable in a combined
dehumidifying/air conditioning system, in accordance with an alternative preferred embodiment
of the invention;

Fig. 4 schematically shows a dchumidifier unit system, in accordance with a preferred
embodiment of the invention, that is also usable in a dehumidifying/air-conditioning systems in
accordance with a preferred embodiment of the invention;

Fig. 5 shows the dehumidification curves for the systems described with respect to Figs.
2-4, together with those for conventional air conditioning and dehumidification systems; and

Fig. 6 1s a schematic diagram of a combined dehumidifier/air-conditioner system in
accordance with a preferred embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

In some preferred embodiments of the invention, the dehumidifiers descnbed in
applicants' PCT Applications PCT/IL97/00372, filed 16 November 1997 and PCT/TL98/00552,
filed 11 November 1998, the disclosures of which are incorporated herein by reference, are
used as dehumidifier 42, These applications were published on May 27, 1999 as WO 99/250235
and WO 99/26026 respectively. They were published after the filing of the applicaticn from
which the present application claims priority and were incorporated by reference therein. In
view of the utility of these dehumidifiers m the present invention. the dehumidiners described
therein are described in detail herein.

Referring first to Fig. 2, a dchumidifying svstem 16, as described in the above
relerenced applications, comprises, as 115 two main sections a dehumidifving chamber 12 and a
regenerator unit 32. Moist air enters dehumidifving chamber 12 via a moist air inlet 14 and
dried air exits chamber 12 via a dry air outlet 16.

Preferably, desiccant 28 is pumped by a pump 20 from a desiccant reservoir 30 via a
pipe 13 to a series of nozzles 22. These nozzles shower a {ine spray of the desiccant into the

interior of chamber 12, which is preferably filled with a ccllulose sponge material 24 such as 1s
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generally used in the art for such purposes. More preferably, the desiccant is simply dripped on
the sponge material. The desiccamt slowly percolates downward through the sponge material
into reservoir 30. Moist air entering the chamber via inlet 14 contacts the desiccant droplets.
Since the destccant 1s hygroscopic, 1t absorbs water vapor from the moist aiv and drier air is
expelled througit outlet 16. Preferabiy, reservoir 30 is located on the bottom of chamber 12 so
that the desiccant from sponge 24 falls directly into the reservoir.

In this embodiment, a pump 35 and associated motor 37 pump desiccant from an
extension of reservolr 30 into pipe 13. A divider 38 receives desiccant from pipe 13 and sends
part of the desiccant to nozzies 22 and part to regenerator unit 32. A valve or constriction 39
(preferably a controilable valve or constriction} may be provided to coniral the proportion of
the desiccant which is fed to regenerator 32. If a conrollable valve or constriction is used, the
amount of desiccant is preferably controlled in response to the amount of moistare in the
desiccant.

Chamber 34 includes a heat exchanger 36 which heats the desiccant to drive off part of
the water vapor 1t has abscrbed, thus regenerating it.

HRegenerated liquid desiccant is transferred back to reservoir 30 via a pipe 40 and a wbe
42 of sponge material such as that which {ilis chamber 12. Tube 40 is preferably contained in a
chamber 38 which has an inlet 60 and an outlet 62. Air, generally from outside the area 1n
which the air is being modified, for exampie from an air conditioning exhaust, as described
below, enters the charnber via inlet 6C and carries away addiuonal moisture which is evaporated
from the still hot desiccant 1 tube 42. The air exiting at outiet 62 carries away this moisture
and also mioisture which was removed from the desiccant in the regenerator. Preferably a fan
(not shown) at exit 62 sucks air from chamber 58.

Altemanvely or additionally, heat1s ransferred from the regenerated hiquad desiceant to
the desiccant entering or in the regeneralor by bringing the two desiccant streams into thermal
(but not physical} contact m a thermal transfer station (not shown). Allermauvely or
additionally, a heat pump may be used to wansfer additional energy from the covler desiccant
leaving the regenerator 1o the halter desiccant entering the regenerator, such that the desiccant
returning 1o the reservair is actually cooler than the desiccant which enters chamber 38.

Preferahly, a heat pump system 44 is provided which extracts heat {rom the desiccant in
reservorr 30 to provide energv o heat exchanger 36, Preferably, this heat pump includes (in
addition to cxchanger 36 which is the condenser of the system) a sccond heat exchanger 46 in

reservolr 30, which is the evaporator of the svstem, and an expansion valve 36. This transter of

Nel
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energy results in a reduced temperature of the desiccant which contacts the air being dried thus
reducing the temperature of the dried air. Second, this transfer of energy reduces the overall
requirement of encrgy for operating the regenerator, generally by up to a factor of 3. Since the
energy utilized by the regeneration process is the major energy requirement for the system, this
reduction in energy usage can have a major effect on the overall efficiency of the system.
Additionally, this method of heating of the desiccant in the regenerator may be supplemented
by direct heating, utilizing & heating carf or waste heat from an associated arr-conditioner.

It should be understood that the proportion of water vapor in ihe desiccant in reservoir
30 and in the regenerated desiccant must generally be within certain limits, which limits depend
on the particular desiccant used. A lower limit en the required moisture levet is that needed to
dissolve the desiccant such that the desiccant 1s in solution and does not crystallize. However,
when the moisture level is too high, the desiccant becomes mefficient in removing moisture
from the air which enters chamber 12. Thus, it is preferable that the moisture level be
monitored and controlled. It should be noted that some desiccants are liquid even in the absence
of absorbed moisture. The moisture level 1n these desiccants need not be so closely controiled.
However, even in these cases the regeneration process (which uses energy) should only be
performed when the moisture level in the desiccant 1s above some level.

This monitoring function is generally performed by measurement of the volume of
desiccant, which increases with increasing moisture. A preferred method of measuning the
volume of liquid in the reservoir is by measurement of the pressure in an inverted vessel 50
which has its opening placed in the liquid in the reservoir. A tube 52 leads from vessel 50 to a
pressure gauge 54. As the volume of desiccant increases from the absorption of moisture, the
pressure measured by gauge 32 mcreases. Since the volume of desiccant in the dehurmidifier
chamber and in the regenerator 1s fairly constant, this gives a good indication of the amount of
desiccant and thus of the amount of moisture entrained in the desiccant. When the moisture
level increases above a preser value. the heat in chamber 34 1s wmed on. In a preferred
embodiment of the invention, when the moisture level falls below some other. lower preset
value, the heater 1s turned off,

Other factors which may influence the cut-in and cut-cut points of the regeneration
process are the temperature of the dry air, the regeneration cfficiency and the heal pump
efficiency. In some preferred embodiments of the invention, it may be advisable te provide

some direct heating of desmiccant in the regencralion process,
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In other embodiments, heat pumps or other heat trapsfer means (not shown for
simplicity) are provided to transfer heat from the dried air exiting chamber 12 and or from the
heated moist air leaving regenerator chamber 34, to heat the desiccant on its way to or in
chamber 34. If heat pumps are used, the source ol the heat may he at a temperature {ower than
the desiccant to which it is transferred.

It should be understood that cooling of the desiccant in the reservotr can result in dried
air leaving the dehumidifier which has the same, or preferabiy a lower temperature than the
moist air entering the dehumidificr. even prior to any additional optional cooling of the dry air.
This featurc 1s especially uscful where the dehumidifier is used in hot climates in which the
ambient temperature is already high.

As indicated sbove, one of the problems with dehumidifier systems is the preblem of
determining the amount of water in the desiccant solution so that the dehumidifier solution
water content may be Kept in a proper range.

A self regulating dehumidifier 100, that 1s self regulating with respect to water content
of the desiccant solution and thus does not require any measurement of the volume or water
content of the desiccant solution, 1s shown in Fig. 3. Furthermore, the dehumidifier operates
antil a predetermined humidity {s reached and then ceases to reduce the humidity, without any
controls or cut-offs.

Dehurmdifier 100 is sumilar 10 dshumidifier 10 of Fig. 1, with several sigmiicant
differences, First, the system does not require any measurement of water content and thus does
not have a volumetric measure for the desiccant. However. such a measurement may be
provided as a safely measure if the solution becomes too concentrated.

Second, the heat pump transfers heat between two streams of desiccant solution being
transferred from reservoir 30 (which 15 conveniently divided into two portions 30A and 30B
connected by pipes 30C), namely a first stream being pumped to nozzles 22 by a pump system
13(, via & condwt 102 and a second stream being pumped o regenerator wut 32 hy a2 pump
system 132, via a conduit {04,

Preferably, pipes 30C {including the byvpass pipes shiown) are designed so that its major
effect is 10 generate a common level of the solution in portions 30A and 30B. In general, 11 1s
desirable that the two reservoir porions have difterent temperatures. This necessarily results in
different concentrations of desiccant. However, 1t 15 considered generaily desirable to provide
some mixing between the sections. by some pumping via the bypass pipes shown s as o

transfer moisture from one portion to the other. In a preferred embodiment of the invention a

il
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temperature differential of 59C or more is maintained, more preferably, 10°C or more and most
preferably 159C or even more. Thus, in a preferred embodiment of the invention, resepvolr
portion 30A is al a temperature of 30°C or more and reserveir portion 30B is at a temperature
of 150C or less.

In Fig. 3. a different construction for regenerator unit 32 1s shown, which 1s similar to
that of the dehumzdifier section. Furthermore, in Fig, 3, neither scetion has a celiulose sponge
material. Such material may be added to the embodiment of Fig. 3 or it may be omirted from
the embodiment of Fig. 2 and repiaced by the spray mechanism of Fig. 3.

In a preferred embodiment of the invention, applicable to either Figs. 2 or 3, spray
nozzles are not used. Rather, the spray nozzles are replaced by a dripper system from which
liquid is dripped on the cellulose sponge to continuously wet the sponge. Such sysiems are
showr, for example in the above referenced PCT/TLOR/00552.

Retuming 1o Fig. 3, heat pump system 44 extracts heat from the desiccant solution in
conduit 102 and transfers it to the desiccant in conduit 104. Heat pump system 44 preferably
contains, in addition to the components contained in the embodiment of Fig. 2, an optional heat
exchanger 136 to transfer some of the heat from the refrigerant leaving heat exchanger 104 to
the regenerating air. Preferably, the compressor 1s also cooled by the regenerating air. However,
when the air is very hot, additional air, not used in the regenerator, may be used for cooling the
compressor and the refrigerant. Alternatively, only such air is used for such cooling.

The resultant heating of the air entering the regenerator increases the ability of the air 1o
remove moisture from the desiccant. Heat pump 44 is set to transfer a fixed amount of heat. In a
preferred embodiment of the invenrtion, the humidity set point 1s determined by controlling the
amount of heat transferred between the two streams.

Consider the system shown in Fig. 3, with the air entering dehumidifier chamber 12 at
30 degrees C and 100% hurmidity. Assume further that the amount of liguid removed from the
air reduces its humidity to 35% without reducing the 1emperawre. In this situation, the amount
of heat wansferred between the streams of desiccant solution would be equal to the heat of
vaporization of the waler removed from the air, so that the temperature of the desiccant solution
falling into reservoir 20 from chamber 12 is at the same temperature as that which enters it,
except that 1t has absorbed a certain amount of moisture from: the air.

Assume further. that the regenerator is set up, such that at this same temperature and
humidity, it removes the same amount of water from the desiccant sofution. This may require

an input of heat (additionally to the heat available from the heat pump).
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Further assume that the air entering the dehumidifier chamber has a lower humidity, for
example 80%. For this humidity, less liguid is removed (since the efficiency of water removal
depends on the humidity) and thus, the temperature of the desiccant solution leaving the
dehumidifier chamber also drops. However, since less water enters the desiccant solution from
the dehumidifier chamber, the amount of water removed from the solution in the regenerator
also drops. This results in a new balance with less water removed and the desiccant sohution at a
lower temperature. A lower temperature desiccant results in cooler air. Thus, the temperatre of
the exiung air is also reduced. However, the relative humidity remains substantially the same. It
should be understood that a reduction of input air temperature has substantially the same effect.

Generally, the system 1s self regulating, with the dehumidifying action cutting off at
some humidity level. The humidity level at which this takes place wili depend on the capacity
of the solution sprayed from nozzles 22 to absorb moisture and the ability of the solution and
on the capacity of the solution spraved from nozzles 22' 10 release moisture.

In general as the air at inlet 14 becomes less humid (relative humidity)} the dehumidifier
becomes less able to remove moisture from it. Thus, the solution is cooled on each transit
through the conduit 102 and the percentage of desiccant in the solution in 30B reaches some
level. Similarly, as less moisture is removed from the air, the selunen in 30A becomes more
concentrated and less moisture is removed from 1t (all that happens is that 1t gets heated. At
some point, both removal and absorption of moisture by the solution stop since the respective
solutions entening the dehumidifier and regenerator chambers are in siability with the air to
which or from which moisture is normally transferred.

It should be undersicod that this humidity point can be adjusted by changing the amount
of heat transferred between the sofutions in conduits 102 and 104, If greater beat is transferred,
the desiccant 1n the dehumidifying chamber is cooler and the desiccant in the regeneration
chamber 15 hotter. This improves the moisture transfer ability of both the dehumidifying
chamber and the regenerator and the humidity balance point 1s lowered. For [ess heal pumpad
from the dehumidifier side o the regenerator side, a higher humidity will result In addihon, the
set-point wit] depend somewhat on the relative bumidity of the air entering the regenerator.

Fig. 4 shows anoiher dehumidifier 200, in which no pumping of desiccant is reguired.
Except as described below, it is generally stmilar to the dehumidifier of Fig. 3, cxeept that there
1s no pumping of the desiccant liquid between the sumps 30A and 30B. (F1g. 4 does have a

somewhat different layout from that of Fig. 3.) The mventors have surprisingly found that an
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appropriately shaped and sized aperture, such as aperture 202 connecting the two sumps
provides a suitable way tc provide required transfer between the two sumps,

In general, in a liquid desiccant system such as that of Figs. 3 or 4, sump 30B (the sump
of dehumidifying chamber 12) accumulates additional moisture over sump 30A (the sump of
regenerator 32). This additional moisture must be transferred to sump 30A or directly to the
regenerator in order to remove the moisture from the desiccant. In addition, the concentration of
desiccant in sump 30B is much lower than that in sump 30A, and the proportion of desiccant in
sump 30A must be continually increased so that the efficiency and drving capacity of
regeneration is kept high.

One way of coping with this problem is to use a single sump, as in the device of Fig, 2.
However, this results in substantially the same temperature for the desiccants used from
dehumidification and that being regenerated. This results in a loss of efficiency.

In the dehumidifier of Fig. 3, the sumps are kept separate an pumps are used to pump
the liquid from one sump to the other. This allows for a temperature differential to be
maintained between the sumps and thus between the regenerator and the dehumidifying
sections. As indicated above, pipe 30C is so constructed that only minimal liquid transfer takes
place between the sumps. preserving a relatively high temperature differential.

However, the transfer of liquid in Fig. 3 is inefficient, since desiccant is inevitably
transferred from the dehumidifying section to the regenerator and moisture is transferred to the
dehumidifying section from the regenerator. In addition. in order tc preserve the temperature
differential, an undesirahle balance of moisture and desiccants in the sumps is alsc preserved,
even if it is reduced by the pumping. (The desiccant concentration 1s higher in the regenerator
sump than in the sump of the dehumidifier section.) Both these effects result in reduced
efficiency of both sections of the dehumidifier,

The apparatus of Fig. 4 solves this problem by transferring the desiccants and salts by
diffusion between the liquids in the sumps, rather than by pumping desiccant solution between
the swmps. Thus, on a net basis, only destccant salt 1ons are transferred from the regenerator
sump to the pumps, and only moisture, on a net basis is transterred from the dehumidifier sump
to the regenerator sump.

T a preferred embodiment of the invention, aperture 202 is provided between sumps
30A and 30B. The size and positioning of this aperture is chosen to provide transfer of 1ons of
water and desiccant salt between the sumps without an undesirable amount of thermal transfer,

especially from the hotter to the cocler reservoir. In practice, the size of the aperturc may be
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increased. such that at full dehumidification. the flow of heat between the sumps is at an
acceptable level. When the hole is too large, there appears to be a flow of hear from the hotter
regenerator reservoir t¢ the cooler dehurmidifier reservoir. Undesirable heat flow may be
determined by measuring the temperature ricar the hole and comparing it to the temperature in
the bulk solution in the sump. When the hole is too large, there will generally be a significant
thermal flow from sump 30B to sump 30A. When the hole size is reduced too much, the
transfer of ions is reduced and the overalil efficiency 1s reduced.

it should be undersiood that the embodiment of Fig. 4 preferably provides temperature
differentials of the same order (or even greater) than that of Fig, 3.

While the size 1s preferably empircaily determined as described above, in an
exemplary, but not hmiting, expenmental sysiems the aperture is rectangular, with rounded
corners having a width of 1-3 cm (preferablv about 2 crm) and a height of 1-10 cm, depending
on the capacity of the system. Preferabiy, the hole is placed at the botiom of the partition
between the reservoirs, so as to take advamiage of the higher salt concentration in the
regenerator reservolr at the bottom of the reservoir. The additional height allows the system to
operale even under extreme conditions when some crystallization {which may block the
aperture} occurs at the bottom of the reserveir.

It should be understood that the dimensions and positioning of the aperture or apertures
1s dependent on many factors and that the example given above was determined experimentally.

Some salient points about the dehumidificr of Fig. 4 should be noted. Thers is a net
flow of moisture, via aperture 202 from reservoir 30B 1o reservoir 30A when the system has
reached a steady state and the air conditions are constant. In fact, since the dehumidifier section
1s continuonsly adding moisture to the desiccant and the regenerator 13 continuously removing
morsture from 1t, this s to be expected. During cperation, the concentration of ions in reservolr
J0A 13 gencrally higher than that in reservoir 30B. This will be true, because the desiccant in
30A 15 conunuously being concentraled and thar in 30B is continuously be diluted. This
difference m concentration causes a diffusive flow of 1ons from reservolr 30A (o reservorr 308,
via aperture 202, However. this s balanced by the flow of ions from reservoir 308 to 30A
caused by the flow of solution n this direction. This results in no ner flow of 1ons from onc
reservoir to the other. During periods of changing conditions of the input air, there may be a
transient net flow of ions.

Dunng a start-up transient, the total amount of livwid desiccant solution increases by the

addition of moisture removed from the wr. This means that during this transient pericd there is
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a net transfer of desiccant ions from reservoir 30B to 30A which results in the concentration of
desiccant in reservoir 30B being lower than that in reservoir 30A during steady state.

Inn a practical system, during steady state, the temperature of the desiccant in reservoir
30B 1s 159C and the concentration is 25% by weight of salt. Preferably, the salt used is lithium
chloride, since this is a stable salt with relatively high desiccating capaeity. Lithium bromide is
an even better desiccant, but is less stable; it too can be used. Other usable salts include
magnesium chloride, calcium chloride and sodium chloride. Other liquid desiccants, as known
in the art may also be used.

The temperature and concentrations for reservoir 30A is 400C and 35%. Tt should be
understood that the concentration in reservoir 30A can be higher (without crystallization) than
that in reservoir 30B due to the higher temperature of the desiccant. When the system stops, the
concentrations and temperatures soon equalize. Of course, these numbers will vary widely
depending on the temperature and humidity of the air being conditioned and the "set point" of
the dehumidifier (as determined by the heat pump setting), among other factors.

In the preferred embodiment of the invention, there is no transfer of materials between
the reserveirs, except via the aperture and no pumps are used for transfer.

Fig. 5 shows a diagram, similar to that of Fig 1, except that the desiccant systems of
Figs. 2-4 arc represented by a line 3. This shows that the cooling of the desiccant in the
dehumidifier side, by the heat pump, results in only & small change in the temperature of the air,
This means that the air treated by the dehumidifier need neither be cooled by the air conditioner
(as in the case of the desiccant systems of the prior art) nor need it be heated as is necessary if
air conditioning systerms are used to remove the moisture. This allows the air conditioning
svstem 10 do the job they do best, namely removing heat from the air, while freeing them from
any side effects of having a dehumidifier coupled to them, for example, the heating of the air
nto the air conditiencr by the dehumidifier,

Frg. 6 1s a block diagram of a combined dehumidiier/air-conditioner system 310 in the
context ot a split air conditioner 312, such as is nonmally used to cool an enclosed areu such as
a large room 314 in a house. Air conditicner 312, in i1s simplest form. comprises & room air
inlet 316 which feeds room air via a conduit 318 to an evaporator 320 which cools the air. Air
from the room is drawn into evaporator 320 by a fan 322 and exists the evaporator via a room
air outlet 324 to room 314,

Heated refrigerant is compressed by a compressor 324 (shown in an outside portion of

air conditioner 312) and passed to a condenser 328, Condenser 328 1s cooled by outside air
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drawn into a cooling mlet 330 by a fan 332, Heated air exits outside portion 326 via a waste
heat outlet 334,

The cooled compressed refrigerant is expanded in an expander 336 and returns to
evaporator 320 to be used to cool the room air.

Additionally, air conditioner 312 comprises a fresh air inlet 338 through which fresh air
is brought in to the rcom. The guantity of fresh air is generally controlicd by a louver or baffle
system 340, 341. Either one or both louvers or baffles 340, 341 may be suppiied, depending on
the amournt and type of controf over the proportion of fresh air required. The fresh air is mixed
with the air drawn from the room and 1s fed to evaporator 320.

Air conditioner 312. as described, is completely conventiona! in design. In some
preferred embodiments of the invention, other types of air conditioning systems may be used as
appropriate.

In preferred embodimenis of the invention, a dehumidifier umt 342 1s utilized to
increase the efficiency and cooling capacity of the air~conditioner.

Dehumidifier 342, in a simplified block diagram compriscs a drying unit 344 which
receives outside air via a wet air inlet 346 and passes dried air out of a dried air outlst 348. The
atr is dried in unit 344 by passing it through a mist, or the like, of liquid desiccant or desiccant
solution. Moisture in the air is adsorbed by the desiccant. In a preferred embodiment of the
invention, dried air outlet 348 communicates with fresh air inlet 338 of air conditioner 312,
preferahly, via a conduit 349, Preferably, since the impedance of drying umit is relatively low,
no air pump, additional o fan 322 of the air conditianer is required. However, one may be
provided, in some embodiments of the invention.

Desiceant with adsorbed water is transferred to a regenerator 350 in which the desicecant
is regenerated by removing meisture from 1t, by heating the desiccant. In a preferred
embodiment of the invention, this heating (and the carrying away of the water vapor removed
from the desiccant ) 1s accomplished by passing het air through the desiccant (preferably the
desiccant 13 In 2 mist or other finely divided form). The hot relatively dry air enters the
dehumidifier via an inlet 332 and exits via an outlet 354, This hot air is conveniently and
efficiently provided, in accordance with a preferred ambodiment of the invention, by
connecting waste heal outler 334 of air conditioner 312 with inlet 332 of the dehumidifier,
Since the pressure drop in regencrator 330 1s very low, 1 preferred embodiments of the
mvennon, no fan or other air pump n addition to fan 332 of air conditioner 312 is needed 1o

move the air through the regenerator.
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While, in a preferred embodiment of the invention, no additional fans are required for
moving air into or out of the dehunudifier. such fan or fans could be present, if convenient, as
for example if stand alone dehumidifier and air conditioners are 1o be integrated as described
herein.

In a preferred embodiment of the inventicn, the air conditioner and dehurmidifier share a
common control panel from which both are controiled and from which, preferably, ali the
above functions can be tumed on or off or adjusted.

In preferred embodiments of the invention, one of the systems of Figs. 1-3 is used as
dehumidifier 342, In these embodiments of the invention, port 348 of Fig. 4 corresponds to port
16 of Figs. 1-3, port 352 corresponds te port 60, port 346 corresponds to port 14 and port 354
corresponds to port 62. Tt should be further understood that dehumidifier 342 is shown in very
schematic form in Fig. 4 and that. for exarmaple, the placement of the elements may be different
and many elements are not shown in Fig. 4. In addition, for the embodimen: of Fig. 3 the
pumps shown in Fig. 4 are not present. Furnthermore, the heat-pumnps of Figs. 1-3 are nct shown
in Fig. 4, although they are preferably present in the sysiem.

System 310 has a number of advarntages over the prior art. As can be casily noted from
Fig, 4, dehumidifier 342 can be an add on 1o air conditioner 312, which may be a standard unit.
The task of drying incoming air, performed in a most mefficient manner by the air conditioner,
has been transferred to a more efficient dchumidifier which utilizes waste heat from the air
conditioner for most of its energy (only energy to pump the desiccant between dryer 344 and
regenerator 350 1s needed). The capacity of the air conditioner system for cooling Is enhanced
since 1t no longer needs to dry the awr. The efficiency of the combined unit actuaily increases
with increasing temperature in contrast to normal air conditioner systems. While the heat
availabic 1s the heat developed by the air conditioner in cooling ail of the air, the dehumidifier
dries only part of the air, namely that entering the room. This balance means that the heating
requirements for the dehumidifier are generally eastly met by the air conditioner exhaust.

In addition, while air conditioning systems are not suitable for use in high humidity, low
remperature situations, the system of the present invention 1s effecuive in these sieations as
well.

A combination device such as that described above, has shown a 60% cooling capacity
over the zir conditioner itself and a 30% efficiency improvement over the use of an air

conditioner by itself, for the same indoor air quality.
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The invention has been descnbed in the context of particular non-limiting embodiments.
However, other combinations of air conditioning and debumidifiers in accordance with the
invention, as defined by the claims will cccur to persons of skill in the art. For example, in Fig.
2, the heat 1s removed from liquid desiccant in the sump. Altematively, it could be removed
from liquid desiccant being transported to the drying chamber. In Figs 3 and 4 the heat is
pumped from liquid desiccant while 1t is bemg transported to the drying chamber.
Alternatively, it could be removed from the liquid desiccant in 2 sump that receives carrier
liquid from the drying chamber. Fig. 2 shows a different type of regenerator than does Figs. 3
and 4. In some preferred embodiments of the invention, the regenerator types are
interchangeable. Fig. 2 shows the heat being transferred by the heat pump to the liquid in the
regeneration chamber. Alternauvely, or additonally, it can be transferred to liquid desiccant
being transported to the regeneration chamber {as in Figs. 3 and 4). Finally, while not shown in
the Figs., the heat could be transferred to hquid in sump 30A for all both Figs 3 and 4.
Additionaily, while many features are shown in the preferred embodiments, some of these
features, although desirable, are not essennal.

As used n the claims the terms "comprise”, "include” or "have” or their conjugates

mean "incliding but not himated to".
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CLAIMS

13 An air conditioning and dehumuidifier system for controlling the environment of a
controlled area, comprising:
5 an air conditioner comprising:
a coeling unit in which air 1s cooied;
a first inlet to the cooling unit drawing air from the area;
a second inlet to the cooling unit drawing fresh air from outside the area;
an outlet to the area via which cooled air 1s wansferred to the area;
10 a heat exchanger at which heat removed from air by the cooling unit is removed
from the air conditioner;
an air inlet to the heat exchanger into which relatively cool outside air is drawn,
heat being transferred to said atr from said heat exchanger; and
a heated air outlet from the heat exchanger from which the heated air exits;
15 a dehumidifying unit utilizing liquid desiccant, comprising:
a drying unit having a wet air inlet and a dry air outlet from which air dried by
the drying unit exits and in which liquid desiccant dries the air and removss heat from it;
a regenerator unit in which moisture removed from air by the drying unit is
removed from the liquid desiccant;
20 a hot air inlet to the regenerator unit;
a wet air outlet from the regenerater unit via which air entering the hot air inlet
exits afier moisture 18 transferred to 1t; and
a heat pump that transfers heat from relatively cooler liquid desiccant in the

dehumidifying unit to relatively warmer liguid desiccant,

25 a conduit connecting the heated air outlet of the alr conditioner to the hot air iniet of the
dehumidifving; and

a conduit connecting the dry air outlet of the dehumidifying unit to the second inlet of
the air conditioner.

30 2. A system according to claim 1 wherein moisiure removal from the desiceant is aided by

providing heat to the regencrator.
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3 A system according to claim 1 or ¢laim 2 including at least one pump to purnp desiccant
between the drving unit and the regenerator.
4. A svstem according to any of the preceding claims wherein the relatively cooler liguid

desiccant is in a dehumidifier sump that receives desiccant after it has absorbed moisture from
the outside air.

3. A system according to any of claims 1-3 wherein the drving unit comprises a chamber
in which said moisture is removed from the outside air and wherein the heat is removed by the

heat pump from liquid desiccant being transported to the chamber.

6. A system according to claim 3 wherein the drying umt comprises a dehumidifier sump
that receives desiccant after it has absorbed moisture from the outside air and wherein the heat
is removed by the heat pump from liquid desiccant being transported to the chamber from the

sump.

7. A systern according 1o any of the preceding claims wherein the regenerator unit
comprises a compartment that contains liquid desiccant being regenerated and wherein the heat

is transferred directly by the heat pump to said desiceant in said compartent.

5. A system accerding to anv of claims -6 wherein the regenerator unit comprises a
compartment that contains liquid desiccant bemg regencrated and wherein the heat s
wansferred by the at least one heat pump to liquid desiccant being transported to the

compartment.

9. A system according to clalm § wherein the regeneralor unit Comprises a regenerator
surnp that receives desiccant after moisture has been removed (fom it and wherein the heat 15

transterred to desiccant bemg transported to the chamber from the regenerater sump.

10, A system according to any of the preceding claims whersin the air condizoner includes
a fan to draw air into the cooling unit and wherein the fan 1s also operative to draw air mnto the

wet air indet of the drying unit.
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i1, A system according to any of the preceding claims wherein the air conditioner includes
a fan to draw air into the heat exchanger and wherein the fan is also operativc to force air

exiting the heat exchanger 1nto the hot air inlet of the regenerator.

12. A svstern according to any of the preceding claims wherein the air conditioner wtilizes a
refrigerant to which heat 1s transferred in a condenser in said cooling unit and from which

refrigerant heat is transterred in an evaporator in said heat exchanger.

13. A system according to anv of the preceding claims in which the air conditioner coals an

interior space and wherein the heat exchanger is outside the space.

14, A system according to any of the preceding claims in which the wet air inlet

communicates to an area outside the contrelled area.

15. A system according to any of the preceding claims in which the controlled area is at

least a portion of a building.

16. A svsiem according to anv of the preceding claims wherein the proportion of air drawn

into the cooling unit via the first and second inlets thereio is at least partially controliable.

17. A dehumtdifier system comprising:

a liguid desiccant i two reservoirs, one of which comains a higher desiccant
concentration than the other:

a dehumidifier unit into which moist air is introduced and [rom which less moist air is
removed after dehumidification by liquid desiccant translerred thereto:

a regencrator unit which receives desiccant solution that has absorbed from the moist air
and removes moisture {rom it and

a passagewsy connecting the reservoirs, via which passageway, during steady state
operation of the dehummditier, there is a net flow of moisture frem the reservoir having the
iower desiccant concentration to the other reservoir without there being a net {low of desiceant

ions through the passageway.

1
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18. A dehumudifier according to claim |7 wherein the passageway is an aperture such that
the level of liquid destecant in the two reservoirs is the same.
19. A dehuemidifier according to claim 17 or claim 18 wherein there is no pumping of liquid
desiceant from ane reservorr to the other.
20. A dchumidifier according to anv of claims 17-19 wherein said transfer of moisture is by
gravity.
21, A dehumidifier according to any of claims 17-20 wherein there is no transfer of liquid

desiccant between the reservoirs except via apertures connecting the reservoirs,

22, A dehurmdifier according to anv of claims 17-21 wherein the two reservoirs include a
first reservoir which receives said liquid desiccant from said dehumidifying chamber after said

desiccant absorbs moisture thereat.

23 A dehumidifier according to ciaim 22, wherein liquid desiccant is transferred to the

dehurmidifying chamber from the first reservoir.

24, A dehumidifier according to any of claims 17-23 wherein the two reservoirs include a
second reservoir which receives said liquid desiceant from said regenerator after removal of

moisture therefrom.

25, A dehwmidifier according to claim 24 wherein liquid desiccant is transferred to the

regencrating chamber from satd second reservorr,

26 A dehumidifier according to any ol claims 17-25 and including a heat pump that
transfers heat rom relatively cooler liqund desiccant to relatively warmer Liquid desiceant.

27 A dehumidificr according to claim 26 wherein the heat pump pumps heat from the
reservolr paving the lower concentration of desiccant to that having the higher concentration of

desiceant.
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28. A system according to claim 26 wherein the heat pump transfers heat from desiceant in
a condult carrving desiccant to the dehumid:ifier unit.
20, A svstem according to any of claims 17-28 wherein a substantial temperature
differential is maintained between the first and sccond reservotrs.
30. A svstem according to claim 29 wherein the temperature differential is at least 5 °C.
31. A system according to claim 29 wherein the temperature differential 1s at least 102C.
32 A system according to claim 31 wherein the temperature differential is at ieast 15°C.




PCT/AILOG/OUI03

[n] ainmjesadwia) gg
Gp ov Ge 0t GZ 0¢ G1 Ok

o (5]

1/6

~—Adjeyuz

_ALIAINAE ALY 1Y

%de
« = = = LUBJISAS |DOUM S3(]

WO 00/55544

— =l LB]SAS UONIPUOD Uhy

S S|apo 103AI

To) < -
— bl ’

j
[B3/5] onex Alpiuny

Ee

o™

| bi4




WO 00/55545

PCTALGI/00105

S
.? i
W \ I
’I’ /E ‘1 P \ f \\ “\ \
"\ e \\ . o
& i m L \ 1 =

I 3
#



PCT/IL00/00105

WO 00/55546

3/6

AN

o de g e iy

{

i

= = -—80s

ﬁ
i
B
¥
s

.H» A Ay

,¢_cﬁ_o

._.}

: p,, _\V

,\\4

:
YU

___ﬁq

/

m,, \H‘?

| ,7 1l _;‘L,\,i +,

|

{1}

}
WA

‘,\\

Vi

f_ﬁ__

:
\,c\,

“J

i

i

|

-

vl
Jail
Wiy

hvd

:f? MDA O
[BUNRISIUN R ST Y f‘ |
f,myX>XK( Yxx}yy,
:_:_:: {1}

g
—

5 ygmwy<<yy;<ﬁ

i,
! !

-

— ST =
T

—

—e

1A

=

) A‘ww
aﬁAyw

S E

\ .
iz ,ﬁ_ :baa_::aac__¢\ fzﬁ\ =l
zzzﬁ Wil il 4a:fp Sillys

%é%%/é

91

\

e

'y




PCT/ILO0/00105

WO 00/55546

Y

805 ¢

oy ﬁ__ : vy : : NI

% ,

4/6

b Yy >§)_ Iy
by :,::ﬁ: : .:

VAR EAN VR V
By \_:y__, %\_ \fa \x

_J_ .,A:v:., |
,_F ,_r.,;h :A/_J:C:A_“V : ‘r A &._: v,:_

.}

:;i;?;ywzga

AN ,::\ /;:1 _3 ,:,:\ Ly
, ;;/y\ ,x\_: /x:? _A_:A
) ; 1 t:: A ;::
W :: payyt () M _:E
A

:,__3 andl _::a,:f};:_ Iy _%/

Sl ol e Ml )

v 4@/4%

g

_ |

==

e

T

by

b Old

'
_.,:

i

)/i <

B
xv__?
+:thzzq,z

:\H::_Sia H v::y:
A g ity sl g

vl A v v A v A

’_ ._..F ,.__

h/

Pt ] T

va

A\ 44
\

¢ gy

N

79

00¢



PCT/IL00/AO0105

WO 00/55546

05

5/6

[o] aanjesadwa] gqg
SE o€ 52 0T Gl Ok

[B31/r]

-~ \
e
s e Adieyug

\ ALIQINAH ALY 1Y

%

€

« = =« WBISAS JOYM "SO(]

- =lU3]SAS UORIPUOD Iy

S|9pOoN 10MAI(Q

G ‘b4

Ie]
=

o]
[6s/6] oney Ayipiwuny

o
o

0t




PCTALOO/ODLOS

WO 00/55546

6/6

9¢¢



INTERNATIONAL SEARCH REPORT

Inte lonal Application No

PCT/IL 00/00105

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 F24F5/00 F24F3/14 BG1D53/26

Accorzing to Intemational Patert, Classification (IPC) er to both national classitication and IPG

B. FIELDS SEARCHED

Minimum aocumentation searched {ctassibcalion system foliowed by classification symbols)

IPC 7 F24F

Cocumentation Searchead other than minimum documentaticn to the axtent that such documents are imciided in the lields searched

Electronic Jdata base consuited during the intemiational search {name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED 7O BE RELEVANT

Category ° | Citation of document, wih indication, where appropriate, of the refevant passages Relevant to claim No,

Y US 5 791 153 A (BELDING WILLIAM A ET AL) 1-16
11 August 1998 (1998-08-11)

cited in the application

column 3, line 38 -column 4, line 16;
figure 1

Y WO 99 26026 A (FORKOSH MORDECHAI ;FORKOSH 1-16
DAN (IL), DRYKGR LTD (IL); FORKQOSH TOMY)
27 May 1999 (1999-05-27)
cited in the application

A page 8, line 6 — line 29; figures 1,2 17-28

3

A US 4 180 985 A (NORTHRUP LYNN L JR) 1-16
1 January 1980 (1980-01-01)
cited in the application
column 1, line 60 -column 2, line 19;
figure 1
column 7, line 13 - Tine 17; figure 3

-~/

Further documents are listed in the cantinuation of oax G, Patent family members ara iisted in annex.

> Bpecial categunes of cited douuments -

"a" document defining the general state of the ant which is not
cansidered to pe of particular relevance

"£r wadier dosument but published on or after the intemational
tiling date

" document which may throw doubts on prority elaim{s) or
which ts cited o establish the publication dale of another
citation or other spec:al reason (as specified)

"0 document feterring 1o an oral disclosure, use, exhibiion of
cther means

"R document published pAor o he miemanoral Siling date bt
later than the pionty date claimed

"T later document published alter the rtemational fling date
or priofity date and notin conflict with the application but
cited to understand the pringipte o theory underying ihe
fvertion

X gooument of pariouar relevance: the claimed invention
cannol be considered novel or carnot be considered to
involve an inventive stap when the documeant is taken alone

"Y' document of particLiur relevance; the claimed inveition
cannot be considered to invoive an invenhive step when he
documert is commned with ane or more olher such docu—
meg!s, such combination beinyg cbvious to a persen skilled
in the ar.

"&* documnent mermnber of the same patent family

Date of tha actual completion of the intemational search

& June 2C00

Date of mailing of the intemationat search repost

20/06/2000

MName and mailing address of the 154
European Palent Offica, P.B. SE18 Palentiaan 2
NL - 2280 HY Riiswijk
Tal (+31-70) 340 -2040, Tx. 21 651 epo i,
Fax: (+31-70) 34073016

1 Authenzed officer

Mootz, ©

S e OIS AR T secomnd SNEst] DIy Tuel)

page 1 of 2



INTERNATIONAL SEARCH REPORT

nte onat Apphication No

PCT/IL 00/00105

C.{Cantinuation) DOCUMENTS CONSIDERED 7O BE RELEVANT

Category ©

Citation of docurnent. with indication,where approprate, of the relevant passages

Heievant to claim Mo,

US 5 826 641 A (BIERWIRTH HENRY C ET AL)
27 October 1998 (1998-10-27)

cited in the application

column 2, Tine 5 - line 26

column 4, line 29 -column 5, Tine 51;
figure 2

US 4 984 434 A (HOWELL JOHN R ET AL)
15 January 1991 (1991-01-15)

cited in the application

claims; figure 1

US 5 233 843 A (CLARKE NORMAN P)

10 August 1993 (1993-08-10)

column 2, line 64 -column 3, Tine 15;
figure 2

EP 0 217 656 A (QRMAT TURBINES)

8 April 1987 (1987-04-08)

column 7, line 36 -column 8, line 9;
figure 2

US 4 685 617 A (ASSAF GAD)
11 August 1987 (1987-08-11)
column 6, line 4 - line 37; figure 2

RUDIGER PIELKE: "Trockene Luft mit
Kathabar-Anlagen"

DIE KALTE UND KLIMATECHNIK,

no. 1, 1988, pages 18-21, XP002139536
page 18 -page 19; figure 1

1-16

1-16

17-28

17-28

17-28

17

Forrm FOTI3 4210 eommituaton of sSecond shaafl {1y 1390




INTERNATIONAL SEARCH REPQRT

IMormation on patent tamily members

intet anal Apptication No

PCT/IL 00/00105

Patent document
cited in search report

HS 5791153 A

Publicaticn Patent family Publication
date member(s) date

11-08-1998 NONE

27-05-1999 Wwo 9926025 A 27~05-1999
AU 1171699 A 37-06-1999
Al 4963397 A 07-06-1999

01-01-1980 NONE

27-10-1998 NONE

16-01-1991 Us 4941324 A 17-07-1990

10-08-1993 NONE

08-04-1987 CA 1305857 A 04-08-1992
ES 2003106 A 16-10-1988
JP 62074221 A 06-04-1987

11-38-1987 NONE

Form FOTASARI0 (patant by Annsx Sty 1952)




BRRBE/ ZHRE

—EEARRRER (310) AFE . —BhSPETHEMNERSE
§i28 (312) ; BRXHETHE—EAD (316). FI{EEHIERK (314)
FIAZE ; BRAHBETHFE =@AD (338), WER (314) SN
FIAFRERE EMILER (314) AT (324) ;BEEHK5 A0 (830)
RIS SR (328), HBRAOWIAMEMERKIMNEEE  RKELE
# (328) WBESHHH D (334) ; A BRHEBFRHIRERETT (342),
BE-BATRSEAD (346) MBBRSEED (348) WEPRETT

(344) ;EWMMRFERTT (350) BE LA O (352) ;IWEFH T (354) 5
M, (ERBEIETHE B AU B R R TS B AR B
B BT RS (312) AR RHEEL O (334) FRFEBT (342)
MBI EAL (352) BEE  EEREET (30) HRBREFELT

(348) FIZEMBATER (312) WEZ@AD (838) AIEHE (349)-

-~



