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In this system, an absorption solution consisting of a
common salt and water is circulated through the Immediate
Heat Upgrading Absorption (IHUA) air handlers (1a, 1b, Ic,
1d) to upgrade heat taken from a first air mass or water and re-
lease the upgraded heat to a second air mass immediately. Pro-
duction of chilled water is avoided. An IHUA air handler (la,
1b, 1c, Id) has one or more Modular Evaporation-Absorption
Panels or heat pipe assemblies with two sets of heat transfer fin
assemblies. An E-A panel or E-A heat pipe assembly has a film
evaporative zone and a film absorption zone that respectively
exchange heat with air to be cooled and air to be heated through
the two sets of fin assemblies. An IHUA system can also pro-
vide cool thermal storage by storing water and absorbing solu-
tions. IHUA system can be used in air conditioning buildings
and moving vehicles.
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Immediate Heat Upgrading Air Conditioning System

and Associated Cool Thermal Storage

1.Field of the Invention (Technical Field):

The processes and apparatus of the present invention are related to (a)
air conditioning with heat upgrading by an absorption operation and (b)
cool thermal storage that can be charged during off peak hours of powsr
consumption and be discharged to provide air conditioning during peak

hours of power consumption.

2.Background Art:

Since Immediate Heat Upgrading Absorption Air Conditioning Systems |
IHUA Systems) of the present invention can provide air conditioning by
absorption for big areas and small areas and can also provide cool thermal
storages by storing water and concentrated absorbing solutions, prior art on
(a) absorption air conditioning, and (b) cool thermal storage are reviewed

in the following:
2A. Absorption Air Conditioning

-A large scale absorption air conditioning process comprises (a) a step of
producing a stream of chilled liquid such as water or an aqueous solution of
ethylene glycol at around 7.2°C (45°F), in an absorption liquid chiller and (b) a
step of circulating a stream of the chilled liquid through air handlers to
remove heat from indoor air and thereby return the liquid at around 15.5°C(16
°F). Manufacturers of absorption chillers are Trane Corp. in Wisconsin and
Carrier Corp. in New York State. There are several manufacturers in Japan
includint Mitsubishi and Yasaki. A commercial absorption liquid chiller has

a large vacuum enclosure enclosing (a) an evaporation zone, (b) an
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absorption zone, (c) a regeneration zone and (d) a condensation zone. The

processing steps are as follows:

(@) As water enters the evaporation zone, flash vaporization causes
formation of a first vapor and mass of internal chilled water at
_around 44°C (40°F). An external chill water at a first temperature
around 155°C (60°F) then exchange heat with the internal chill water
thereby cooled to a second temperature at around 7.2°C (45°F). The chilled
external chill water is then circulated to air handlers and heated to
the first temperature and returned to he liquid chiller;

(b) The water vapor is drawn to the absorption zone and is absorbed in
a strong absorbing solution such as 65% equeous lithium bromide
solution. The absorbing solution is thereby diluted and becomes a weak
absorbing solution, say 60% lithium bromide. The heat of absorption is

released to a cooling water stream;

(¢c) The weak absorbing solution then enters the regeneration zone,
wherein it is heated and vaporized to generate a second water vapor and
becomes a strong absorbing solution that is heat exchanged and returned to

the absorbing zone;

(d> The second water vapor is condensed by rejecting heat to a cooling
water stream and the condensate formed is heat exchanged and
returned to the evaporation zone.

The operations in a small conventional absorption air con-ditioner are

similar to those of . a larger unit described, except that the internal chilled

water produced in the evaporation zone is circulated directly to an air
handler.

In contrast, a system of the present invention wuses one or more
immediate Heat Upgrading Air Handlers, in which latent heat of vaporization
is taken directly from 1indoor air or outdoor air without forming an

intermediate chill water streams.

&
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2B. Cool Thermal Storage

Chilled water, ice or a phase change material can be used as a cool
storage medium. During a charging period, a cool storage medium is
cooled and taken to a low enthalpy state, such as chilled water, ice,
hydrate crystals; during a dis-charging period, the medium 1s heated
and taken to a high enthalpy state. In contrast, during a charging
period, the cool storing medium of a system of the present invention
is taken to a high free energy state or a low entropy state, ie. strong
absorbing solution and water, and during a dis-charging period, ‘the
medium is taken to a low free energy state or a high entropy state, ie. a

weak absorbing solution. The conventional systems are described as follows:
(a) Chilled Water Storage Systems

Conceptually, chilled water storage appears to be simple. The major
drawback is that the mass of water needed to provide a given cool
storage capacity is large. Water stores cooling capacity by a decrease in
its temperature. Chilled water storage is traditionally designed ona 1L1
C (20°F) temperature rise. Therefore, it takes almost 283 liters (10

ft3) of water to provide one ton-hour of cool storage capacity.
(b) Static Ice Storage Systems

In a static ice storage system, ice is made on tubes by an indirect
freezing operation and is melted in place by circulating water to
thereby produce chilled water for air conditioning. The volume of ice
must be permeated with channels of fluid to transport heat into and
out of the body of ice. A major manufacturer of static ice storage
systems is CALMAC Manufacturing Corporation of Englewood, N.J..
CALMAC  Corporation  uses water chiller manufactured by Trane

Company in its ice storage systems.

() Dynamic Ice Storage Systems
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In a dynamic ice storage system, ice is produced by a flake ice
machine and flake ice is stored in a vessel. A stream of circulating
water is brought in contact with flake ice to be chilled and
returned for cooling process equipment or a building. Major
manufacturers of _dynamic ice storage systems are Turbo Company

in Denton, Tex. and Mueller Company .in Springfield, Missouri.
Slushy Ice Storage Systems

In a slushy ice storage system, a slushy ice mixture is formed
by an indirect freezing operation. A mass of slushy ice may be directly
circulated for air conditioning or a water stream may be chilled by
the slushy ice and used for air conditioning. Developers of slushy ice
systems are Chicago Bridge and Iron Company in Chicago, IL. and

Sunwell Engineering Company in Canada.
Eutectic Salt Storage Systems

Eutectic describes a mixture of compound easily fused or fusing at
the lowest possible temperature. The eutectic salt wused in thermal
storage application is a salt hydrate that fuses a{: 4T°F . In a
crystalline form the salt crystallizes with several water molecules. In
the amorphous form the salt dissociates from the water molecules,
or "melts”". Energy in the form of heat must be added to the hydrate
to cause the dissociation. Transphase  Systems, Incorporated in
Huntington Beach, CA is a major supplier of eutectic cool storage

systems.
Vacuum Ice Storage

A vacuum ice storage system has been invented by Chen-Yen Cheng
and is described in U.S. Patent 5,059,228 issued on October 22, 1991.
The system comprises a vacuum vessel, a multitude of adiabatic ice

making trays, a set of con-denser tubes or plates and a set of

— 4 —
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vapor generating surfaces. During a charging period, refrigerant
liquid is vaporized inside of the condenser tubes or plates. A part of
the water in the adiabatic trays vaporizes to cause remaining water
to freeze on the trays and the vapor is desublimed on the condenser
surfaces. During a dis-charging period, a mass of external water is heat
exchanged with a mass o f internal water to cause vaporization of
the internal water and thereby form a vapor which pressure is ‘somewhat
higher than the triple point pressure of water. The vapor so formed

enters the adiabatic trays to melt the ice on the trays.

SUMMARY OF THE INVENTION

(DISCLOSURE OF THE INVENTION)

The present invention is entitled "Immediate Heat Upgrading by Absorption".
It consists of (1) taking in heat from a first mass of air at a first
temperature by vaporizing a mass of water under a reduced pressure, (2)
upgrading the heat by absorbing the water vapor into an absorbing
solution and (3) discharging the heat of absorption at an elevated
temperature to a second air mass or cooling water. The use of a chilled
water loop is eliminated. As the results, Immediate Heat Up‘grading
Absorption  Air Conditioning  Systems (IHUA Systems). Immediate Heat
Upgrading Air Handlers @([HUA air handlers), Modular Evaporation -
Absorption Panels (E-A panels), Modular Evaporation - Absorption Heat Pipe
Assemblies (E-A Heat Pipes), Modular Regeneration - Condensation Panels
(R-C Panels), Modular Regeneration - Condensation Heat Pipe Assemblies
(R-C Heat Pipes) and Combined Modular Evaporation - Absorption and

Regeneration-Condensation (EA-RC Panels) are herein introduced.

'A  basic IHUA system comprises (a) a first sub-system con-sisting of one or
more IHUA air handlers, (b) a second subsystem for regenerating the working

mediums and (c) a third subsystem for circulating the working medium. A

— 5 -
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comprehensive IHUA system further comprises a fourth subsystem for storing
the working mediums. Thus, a comprehensive system also provides a cool
thermal &torage system. In an IHUA system, water and an absor-bing
solution are stored and circulated and used as heat upgrading mediums.
Entropy increase associated with diluting the absorbing solution provides the
driving force fof the immediate heat upgrading. In contrast to the present
invention, a con-ventional absorption air conditioning system uses a chiller
to produce a stream of chilled liquid, such as chilled water, which is

circulated to remove heat from room air.

An THUA air handler uses one or more E-A panels or one or more
E-A heat pipe assemblies. An E-A panel has two closely spaced  heat
conductive walls forming an enclosure. An E-A heat pipe assembly
comprises a number of evaporation-absorption heat pipes. In either an E-A panel
or an E-A heat pipe assembly, there are a first falling-film zone (Zone 1), a
second falling-film zone (Zone 2) and a vapor passage within the enclosure.
There are a first heat interaction zome (Zone 3) and a second heat
interaction zone (Zone 4) outside of the enclosure. In a summer operation,
a mass of water is vaporized in Zonme 1 to remove heat from indoor air in
Zone 3; the vapor so formed is absorbed in an absorbing solution is Zone 2
and release the heat of absorption to outdoor air in Zone 4. In a
Winter operation, a mass of water is vaporized in Zone 2 to take in heat
from outdoor air in Zone 4; the vapor so formed is absorbed in an
absorbing solution in Zone 1 and release the heat of absorption to the indoor air

in Zone 3.

A R-C panel is similar in construction as an E-A panel; a R-C heat .
pipe assembly is similar in construction as an E-A heat pipe assembly. One or
more R-C panels or heat pipe assemb-lies are incorporated into a regeneration

unit to regenerate the absorbing solution.

One or more combined EA-RC panels or an EA heat pipe assembly
and a R-C heat pipe assembly are used in constructing a complete IHUA air
conditioning system for providing air conditioning for a maoving vehicle or

a room.
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IHUA systems have the following major advantages:

1. Temperature lift, defined as the difference between the absorption

temperature and the evaporation temperature is low.

2. E-A panels, R-C panels, EA-RC panels, E-A heat pipe assemb-lies'and R-C

heat pipe assemblies can be mass produced.

3. E-A panels, R-C panels, EA-RC panels, E-A heat pipe assemb-lies and

R-C heat pipe assemblies are all hermetically sealed.

4. A common salt, such as CaCl, or MgCl,, is used.

5. The systems can provide cool thermal storage by storing water and

absorbing solutions.
6. Equipment cost and energy cost are low.

7. Operations are reliable.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates the structure and operations of a ‘basic
Immediate Heat Upgrading Absorption Air Conditioning System .(IHUA
system). It comprises (a) a first sub-system that comprises one or more
Immediate Heat Upgrading Absorption Air Handlers (IHUA air handlers) (b) a
second sub-system for regenerating the working mediums and (c) a third
sub-system for circulating the working mediums. An IHUA air handler takes
in heat from a first air masss by vaporizing a mass of water, upgrade the
heat by absorbing the vapor into an absorbring solution, and discharge the
upgraded heat to a second air mass. Figure 2 illustrates a comprehensive
IHUA system  that further comprises a fourth subsystem for storing the

working mediums.

_7__.
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Figures 3a and 3b illustrate the structure and operations of a generic

THUA air handler. Figure 3a shows that, during a period of time in summer,
an THUA air handler takes in heat from room air upgrades the heat and
discharges the upgraded heat to outside air or cooling water immediately to
establish room cooling. Figure 3b shows that during a period of time in
Winter, the IHUA air handler takes in heat from outside air or water,
upgrades the heat and discharges the upgraded heat to room air immediately
for room heating. Water and an absor-bing solution, such as an aqueous solution
containing CaCl,, are used as working mediums and are circulated through
the THUA air handlers. This is in contrast to a conventional absorption air
conditioning system in which an absorption chiller is used to first produce a
stream of chilled water at about 4.2°C (40°F) and the chilled water is
circulated through air handlers in rooms to remove heat from room air and
returned to the chiller at about 155°C (60°F). In a conventional system, an
aqueous solution crontaining 60-65% LiBr is used as the absor-bing solution.
Since water and an absorbing solution are directly circulated through an
IHUA air handler without first producing a stream of chilled water, the
temperature lift needed in the heat upgrading is greatly reduced. Therefore,
the concentration of the absorbing solution wused is greatly reduced and an
absorbing solution of CaCl, rather than LiBr may be used. There are great
advantages in being able to use CaCl, because of (a) lower cost, (b) ready
availability and (c) non-toxicity.

Figure 4 illustrates a Multiple Pressure Zone IHUA air handler. It
has several compartments within the panel so that evaporation of water
and absorption of vapor take place at several‘ different pressures. A less
concentrated absorbing solution can be used as a working medium compared to

that used in a single pressure zone ITHUA air handler.

Figure 5a illustrates the temperature distributions in a conventional
large scale absorption air conditioning system using an absorption chiller. It
shows that the temperature lift, defined as the difference between the
absorption temperature and evaporation temperature, is around 46°C.

Figure &b illustrates the temperature distribution in a conventional small

— 8 —
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scale absorption air conditioning system. It shows that the temperature lift is
around 34°C.

Figure 5¢ illustrates the temperature distributions in a single pressure
zone IHUA air handler. It shows that the temperature lift is around 28.5
°C. Figure 5d illustrates the temperature distributions in a three pressure
zone IHUA air handler. It shows that the temperature lift is around 25.5°C.
In a system with a low temperature lift, én aqueous solution of é common

salt, such as CaCl, or MgCl,, may be used as the absorbing solution.

Figure 6 shows a phase diagram of CaCly;-H,O system. One can plot
the conditions under which evaporation and absorption take place in a given

air handler to determine the concen-trations of absorbing solutions to use.

Figure 7 illustrates the structure and- operation of a Type-A Modular
Evaporation Absorption Panel (E-A panel). An E-A panel is used for heat
interactions and immediate heat upgrading. An E-A panel has an
enclosure enclosed by two closely spaced heat conductive walls and has an
evaporation zone, an absorption zone and a vapor passage inside of the
enclosure, and a first heat interaction zone Witl?_l a first fin assembly and a .
second heat interaction zone with a second fin assembly  outside of the
enclosure. A Type A panel is a side-by-side panel in which the evaporation
zone and the absorption zone are separated in the width direction; a Type B
panel is a face-to-face panel in which the two zones aré separated in the
thickness direction. Figure 8 illustrates the structure and operations of an
IHUA air handler that uses one or more Type A E-A panels. The
structure and operations of an IHUA air handler that uses one or more

Type B E-A panels are similar to those illustrated by Figure 8.

Figure 9 illustrates a vertical cross section of an E-A heat pipe assembly.
It comprises a number of heat pipes and fin assemblies. There are
evaporation zones (Zone 1) and absorption zone (Zone 2) inside of the heat pipes;
there are first fin heat interaction zone (Zone 3) and second fin heat
interaction zone (Zone 4) outside of the heat pipes. Figure 9a illustrates a

horizoneal cross section taken at a point in the evaporation zone; figure 9b
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iliustrates a horizontal cross section taken at a point in the absorption zone.
Figure 9c¢ illustrates a cross section of an E-A heat pipe to show the
struction of an entraiment separating insert used to prevent liquid water

from being transferred from the evaporating zone to the absorbing zone.

Figure 10 illustrates an E-A heat pipe system that has several E-A
heat pipe assemblies. The system may be used as a multiple pressure Zone
system by operating the individual assemblies at different pressures and
circulating the absorbing solution through the assemblies in series. The
absorbing solution used can be lower in concentration and the changes in
concentration are greater both in the absorption and regene-ration operations

compared with those of a single pressure zone IHUA system.

Figure 11 illustrate the structure and operation of a Modular Single
Effect Evaporation - Condensation Panel (E-C panel) that is wused to
concentrate a solution. When an E-C panel 1is used in an absorption
refrigeration  system, it may also be called a Modular Regeneration -
Condensation Panel (R-C panel). Figure 12 illustrates an evaporation unit

using one or more R-C panels.

An evaporation - condensation heat pipe (E-C heat pipe) assembly is
similar to an E-A heat pipe assembly. It is use to evaporate a solution
and condense the vapor formed. When an E-C heat pipe assembly is used
in regenerating absorbing solution in an absorption refrigeration system, it
may be referred to as a regeneration - condensation heat pipe (R-C heat
pipe) assembly.

Figure 13 illustrates the structure and operation of a Modular
Double Effect Evaporation Condensation Panel (Double Effect E-C panel)
which performs the functions of a double effect evaporator. Figure 14
illustrates a double effect evaporation unit that uses one or more
Double Effect E-C panels. Used in an air conditioning system, they may be
referred to as Double Effect R-C panels.

Figure 15a illustrate the structure and operations of an Integrated
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Modular  Evaporation - Absorption and Regeneration-Condensation  Panel
(EA-RC panel). Figure 15b also illustrate the layout of a complete
absorption  air conditioning and medium regeneration system using one or

more EA-RC panels.

Figure 16 illustrates an EA-RC panel which also includes heat
exchangers and medium storages within the panel. Figure 17 illustrates
another EA-RC panel similar to that of Figure 16, except that the R-C
portion of the panel is placed above the E-C portion of the panel and
the heat exchangers and the medium storages are located in the middle portion

of the panel.

Figure 18 summarizes the characteristic features and the advantages of
the THUA systems.

PREFERRED EMBODIMENT OF THE INVENTION

(Best Mode for Carrying Out the Invention)

An Immediate Heat Upgrading Absorption  Air Conditioning System (
IHUA System ) and an Immediate Heat Upgrading  Air Absorption
Handler (IHUA air handler) are herein disclosed. In an IHUA air handler,
heat taken in from a first air or water mass at a first temperature is
subjected to an absorption heat upgrading and  the upgraded heat is
immediately discharged to a second air or water mass at a second
temperature that is higher than the first temperature. Due to the "Immediate
Heat Upgrading Operation,” a chilled water loop commonly used in a
conventional system is eliminated. Am IHUA system comprises one or more
IHUA air handlers, a regenerator, heat exchangers and medium storages.
Water and an absorbing solution are circulated through an IHUA system. An

IHUA system may be used for heating and cooling a building, a moving
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vehicle, and an apparatus.

Figure 1 illustrates a basic IHUA system used for cooling and heating a
building. The system comprises a first sub-system having one or more IHUA air
handlers 1a, 1b, 1Ic, 1d, installed in regions to be air conditioned in a
building 2, a second subsystem 3 of regenerating a weak absorbing selution
into a strong absorbing solution and a mass of water, and-a third
subsystem  comprising  conduits 4, 5 6, and pumps (not shown) for
delivering the strong absorbing solution J3; and water Ls; to the air
handlers and returning the weak absorbing solution J;5 to the regeneration
sub - system. During a period of time in Summer, heat is taken from
indoor air by the IHUA air handlers, the heat is upgraded by absorption,
and the upgraded heat is discharged to the outdoor air or water immed-iately.
During a period of time in Winter, heat is taken in from outdoor air or
water by the THUA air handlers, the heat is upgraded by absorption, and
the upgraded heat is supplied to the indoor air immediately.

Figure 2 illustrates- the structure and operations of a comprehensive
IHUA system. The system comprises a first sub-system having one or
more IHUA air handlers 1a, b, 1c, 1d, a second sub-system 7
comprising a vapor compression evapotator 8 and an ix}tegrated medium
storage 9, and a third sub-system comprising conduits 4, 5, 6, and pumps
(not shown) for delivering a strong absorbing solution and water to the
IHUA air handlers and returning the weak absorbing solution to the
regenerator. Regeneration of an absorbing solution can be accomplished by
using an evaporator. One may use a single effect evaporator, a multiple
effect  evaporator, Or a vapor compression evaporator. In the system

illustrated, a vapor compression evaporator is shown.

In a basic IHUA system, there is no medium storage. therefore,
the weak absorbing  solution is regenerated into the strong solution and
water, which are returned to the IHUA air handlers immediately. In a
comprehensive system, there are storages for the strong absorbing solution,
the weak absorbing solution and the water. One may use an integrated

storage 9 that store all the three liquids in a single vessel. Because of
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having medium storages, regeneration of the absorbing solution does not
have to take place immediately. In other words, air condition takes
place during a first period of a day, say daytime, and the weak absorbing
solution is concentrated during a second period of the day, say night time.
Therefore, a comprehensive IHUA system also serves as a cool thermal

storage system for power leveling.

It is important to note the following major differences between an

IHUA system and a conventional system:

(@ In an IHUA system, a strong absorbing solution and water are
introduced into air handlers. Vaporization of water and absorption of
the vapor into the strong absorbing solution provide the driving
forces for the heat upgrading. As the result, water and the strong
absorbing solution become the weak absorbing solution. From the
standpoing of thermodynamics, the entropy increase associated with

mixing provides the driving force for the heat upgrading.

(b) In a conventional absorption system, an absorption chiller is used to
produce a stream of chilled water, say at 4.44°C(40°F), the chilled wate
is delivered to air handlers to cool the indoor air and become heated to
say 1555°C(60°F), and the heated water is returned to the chiller to be
cooled.

It is also important to compare the cool storage of the present system

and the conventional cool storage systems.

Conventional cool storage systems are (a) Chilled water storage
system, (b) Ice storage systems and (c) Hydrate crystal storages systems.
These systems may be referred to as low enthalpy state cool storages,
because, in each of these systems, a medium is taken to a low enthalpy state.
In contrast, the cool storage of the present system may be referred to as a
low entropy state cool storage, because  the mediums are stored as a
concentrated absorbing solution and water, which are in a low entropy state

compared to the weak absorbing solution produced during an air
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conditioning period.

In the cool thermal storage technology, the first important factor is the
amount of heat that can be removed in the air conditioning unit per unit
mass of cool storage medium stored. This factor is referred to as Unit Cool
Thermal Energy Storing Capacity (CTE Storing Capacity). The CTE Storing
Capacity of an IHUA system can be found from the heat removed from an
air mass to be cooled by vaporizing a given amount of water and the
amount of absorbing solution used to absorb the vapor and is therefore related
to the solute concentrations in the strong absorbing solution and the weak
absorbing solution. When these concentrations are 55% and 50% , respectively,
the CTE Storing Capacity is 53.5 kcal/kg or 96 Btu/lb; when these concentrations
are 555 and 47% , the CTE Storing Capacity is 85.55 kcal/kg or 153 Btw/lb. In
addition, in an THUA system, the stored mediums can be nearly completely
utilized. Therefore, the medium utili-zation factor is very high. It can be seen
that the CTE Storing Capacity for an IHUA is quite high compared with an ice
storing system and a eutectic salt system. In comparison, the ideal CTE
Storing Capacity for storing ice is 80 kcal’kg or 144 Btwlb , and the actual
CTE Storing Capacity, assuming the utilization factor is 80% , is only 64
kecal/kg or 1152 Btu/lb. The ideal CTE Storing Capacity for storing a eutectic
salt is only 22.8 kcal/kg or 41 Btu/lb. Assuming that the utilization factor is
80% ,the actual CTE Storing Capacity for a eutectic salt storage system is only
18 kcal/kg or 32.8 Btu/lb. In an ice storage or a eutectic salt storage system, not
all of the water or salt stored is frozen or melted. The utilization factor is

to account for the incomplete freezing and melting.

The second important fac!:or in the cool thermal storagé technology is
the energy consumption for storing a unit of cooling capacity. The energy
consumption in storing ice is very high because the freezing temperature
of water is so much lower than the desired air conditioning
temperature. The energy consumption for a eutectic salt storage system is
considerably lower than that of an ice storage system because the phase
change temperature 1is higher. The energy consumption for an IHUA

system is also considerably lower than that of an ice storage system.
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It is seen that the cool thermal storage system provided by an IHUA
system has a high CTE Storing Capacity and requires low energy consumption.

Therefore, an' IHUA system provides a superb cool thermal storage system.

Figures 3a and 3b illustrate the structure and operation of a generic
IHUA air handler. Figure 8a illustrates the operations during a period
of time in Summer; Figure 8b illustrates the operations during a period of

time in Winter.

The air handler comprises an enclosure 10, a heat upgrading
compartment 11, an indoor fin assembly 12 and an outdbor fin
assembly 13. The heat upgrading compartment 11 is encolsed by two vertical
walls 14, 15 and a first liquid film 16 and a second liquid film 17 are
formed on the surfaces. The indoor fin assembly 12, provides heat transfer
passage between the indoor air and the first liquid film; the outdoor fin
assembly provides " heat rransfer passage between the outdoor air and the
second liquid film.

Figure 3a illustrates the operations during a period of time in the
Summer. Water LO1 and a strong absorbing solution J02 are applied on
the two walls of the heat upgrading compartment 14, _ 15, to respectively
form a first liquid film 16, and a second liquid film 17. The two zones
enclosing the two liquid films are respectively referred to as zone 1, 16,
and zone 2, 17. In operation, indoor air Vo3, 18 is introduced into the
indoor fin assembly 12 in zone 8 and thereby cooled and discharged as Vo,
19. The heat released by the indoor air is transmitted through the fin
assembly to the first liquid film to vaporize water and thereby form water
vapor Vyp and remaining water Ly, which is recycled. The water vapor is

absorbed into the absorbing liquid film. The absorbing solution introduced Jgg

is thereby diluted and becomes a weak absorbing solution Jg,. The heat of
absorption released is discharged to the outdoor air Vo4 through the outdoor
fin assembly 13 in Zone 4. Therefore, heat is taken in from the indoor air,
upgraded immediately, and the upgraded heat is discharged to the outdoor air
immediately. Dilution of the absorbing solution provides the driving force for

the heat upgrading. Figure 8b illustrates the operations of the IHUA air




WO 93/18359 PCT/US93/02214

~

handler during a period of time in Winter. The operations are similar to
those of the Summer operations, except that heat is taken in from the
outdoor air, upgraded immediately, and the upgraded heat is discharged to
the indoor air immediately and that the absorbing solution and water are
respectively applied to the first surface in Zone 1 and the second surface in
Zone 2.

Figure 4 illustrates a multiple pressure zone generic IHUA air handler.
In this unit, the heat upgrading compartment is divided into two or more
pressure zones by installing pressure isolating wunits 182, and 18b. By
installing one or more of these units, evaporation of water and absorption
of the vapor into absorbing solution take place at two or more different
pressures. It will be shown that a multiple pressure zone air handler

has several important advantages over a single pressure zone air handler.

The temperature lift of an absorption heat upgrading system is defined as
the  difference between the absorption temperature and the evaporation
temperature. In a system with a high temperature lift, say 45C or
more, a highly concentrated absorbing solution, such as 60% -65Y LiBr,
is used. In a system with a low temperature lift, say less than 30C, an
aqueous solution of a common salt, such as CaCl, or MgCly, may be

used.

Temperature distributions in several system are illustrated in Figures 5a,
b, 5c, and 5d. Figure 5a illustrates the tempel-'ature distributions in a
large absorption chilled system. It shows that chilled water at 45C (40.1°F)
is produced in the chille;. The chilled water exchange heat with room air,
thereby the water is heated to 156°C (60°F) and the room air is cooled
from 25°C to 20°C. In the chiller, water vaporizes at 1.5°C to chill the water.
A LiBr solution is used to absorb the water vapor at 48°C and release heat
to a cooling water stream which enters at 40°C and leaves at 45°C. The heated
water is cooled in a cooling tower by releasing heat to air at 87.5°C. In this
system, the temperature lift is 48°C - 1.5°C = 46.5°C, which is high. For this

system, an aqueous solution of LiBr is used as the absorbing solution.
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Figure 5b illustrates temperature distributions in a small scale conventional
absorption air conditioning system. In this system, the regeneration sub-system
is at a short distance away from the air handlers. A stream of chilled water is
produced by vacuum flash vaporizatin and circulated immediately.  The
evaporation temperature is around 14°C, and the absorbing temperature is
around 48°C. Therefore, the temperature lift is 48°C -14°C = 34°C.

Figure 5c illustrates temperature distributions in a single pressure zone
IHUA air .handler. It shows that water is evaporated under a single .
pressure at 17°C to cool an air stream from 25°C to 20°C. The vapor is
absorbed into an absorbing solution in a single pressure zone at 45.5°C so that
the heat of absorption is discharged to an outdoor air to thereby heat it
from 37.5°C to 42.5°C. There is no intermediate chill water loop. The temperature
lift is 45.5°C - 17°C = 28.5°C. For this system, an absorbing solution containing
CaCl, can be used. "

Figure 5d illustrates temperature distributions in a multiple pressure
zone IHUA air handler. It shows that water is evaporated under three
different pressures so that the evaporation temperatures are 17°C, 18.5°C
and 20°C respectively and the vapors are absorbed at 42°C, 432°C and 455
°C res-pectively. The temperature lifting at the last stage is 45.5°C- 20°C =
255°C. For this system, an absorbing solution containing CaCl2 can be

used.

It has been shown that the temperature lift required in a multiple
pressure zone air handler is several degrees lower than the temperature lift
required in a single pressure zone air handler. Therefore, a less
concentrated absorbing solution can be - used. Furthermore, this leads to a

significant energy saving in the regeneration operation.

Figure 6 shows a phase diagram of CaCly-HyO system taken from
Calcium Chloride Handbook, published by Dow Chemical Corp. in Michigan,
USA. It shows vapor pressure lines for water and aqueous Calcium
Chloride solutions of various concentrations and vapor pressures of saturated
solutions with respect to CaCly-6H,0, CaCly-4H,0 and CaCly-2H,0 at various
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temperatures. One can plot the conditions under which evaporation
and absorption take place in various types of air handlers and detenmines
the concentrations of the absorbing solutions to be used in these systems.
It can also be shown that when the temperature lift is high, such as 5(C
» aqueous solution of CaCl, can not be used because of formation of

one or more hydrates of calcium chloride.

Two types of Modular Evaporation-Absorption Panels (E-A panels) are
introduced. An E-A panel has an evaporation zone, an absorption zone and a
vapor passage within the enclosed region. An E-A panel is used for heat
interactions and immedi-ate heat upgrading. In a Type A E-A panel, the
evaporation zone and the absorption zone are in side-by-side arrangement; in
a Type B E-A panel, the evaporation zone and the absorption zone area - in
face-to-face  arrangement. An THUA air handler uses one or more E-A
panels. The E-A panel may also be referred to as immediate Heat Upgrading
Absorption Panels and designated as IHUA panels.

Figures 7a, 7b and 7c respectively illustrate a horizontal corss section,
a vertical cross section and a side cross section of a Type A E-A panel. It
has an enclosure 19 having two closely spaced heat conductive walls. The
enclosed space may be referred to as a heat upgrading compartment.  The
enclosed region is divided into a first falling liquid film zone (zone 1) 20
and a second falling liquid film zone (Zone 2) 21 by a perforated partition 22
which serves as an entrainment separator. There is a liquid barrier 23 at
the bottom of the enclosed space to prevent the two liquid masses in the
two zones from mixing. There is a spray device 27 in zone 1 to distribute a
Liquid to form a falling liquid film; there is another spray device 28 in zone
2 to distribute another liquid to form another falling liquid film. There is a
first external region (zone 3) 24 and a second external region (zone 4) 25 and
a barrier 26 separating the two zones. One may install a fin assembly in zone 3
to enhance heat transfer; one may also install a fin assembly in zone 4 to

enhance heat transfer.

It has been described earlier, by referring to Figures 4, 5c and 5d,

that a multiple pressure zone IHUA air handler has advantages over a
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single pressure zone unit. An air handler with pressure isolating units has
been illustrated by Figure 4. A first way to produce a multiple pressure
zone E-A panel, or R-C panel to be described, can be explained by referring
to Figure 7c.  When the two closely spaced heat conductive walls that are
used in constructing an E-A panel or R-C panel are corrugated plates
with horizontal grooves. The panel would have multiple horizontal mini -
compartments separated by horizontal constricted regions. As a ‘mass of
liquid falls inside of the panel, pools of the liquid are formed above the

constrictgd regions to provide liquid seals for maintaing pressure
differentials between neighboring horizontal mini-compartments. A small
gap is provided in a constriced region to allow liquid to pass through.
Liquid films of water and absorbing solutions are formed in each
minij-compartment of an E-A panel, so that the water vapor formed in the
evaporation zone of a mini-compartment flows horizontally to the absorption
zone of the same mini-compartment to be absorbed therein. Similar
operations take place in a R-C panel. Water vapor formed in the regeneration
zone of a mini-compartment flow to the condensation zone of the

mini-compartment to be condensed therein.

A second way is to place horizontal flat bars insids of an E-A panel or
a R-C panel to divide the inside space into multiple mini-compartments.
Vapor flows within each mini-compartment in the horizontal direction and
liquid flows down through edges of ﬁhe horizontal flat bars.

Figure 8 illustrates the structure and operations of an IHUA air
handler wusing several Type A E-A panels. The air handler has an
enclosure 29 and three Type A E-A panels. The air handler is installed on a
wall 30, so that zome 1 and zone 3 are inside of the building and zone
2 and zone 4 are outside of the building. In a2 Summer operation,
indoor air is introduced into zone 3, outdoor air is introduced into zone
4, water is sprayed into zone 1, and an absorbing solution is sparyed into
zone 2. Indoor air transfers heat through the first fin assembly in zone 3
and to the falling water film in zome 1 to vaporize water and form water
vapor Vi,. The indoor air is thereby cooled. The water vapor flows from

zone 1 to zone 2 and is absorbed into the absorbing solution. The heat of
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absorption is transferred from zone 2 to the outdoor air in zone 4 through

the second fin assembly. Therefore, the heat taken from indoor air is
upgraded by the evaporation and absorption operations and the upgraded
heat is discharged to the outdoor air immediately. During a period in time
in Winter, water is introduced into zone 2 and an absorbing solution is
introduced into zone 1. Heat is taken in from outdoor air, upgraded,
and the upgraded heat is given to the indoor air. It is seen that the air
handler can be used for both cooling and heating a room by simply

switching the flows of water and absorbing solutions into zone 1 and zone 2.

There are ways of modifying the structure illustrated by Figure 8. For
instance, one may use a structure having a central passage and having Z-1
zones and Z-2 zones stretching out to the right side and left side respectively
from the central passage. This structure is similar to the structure of

Figure 8 with the panels connected in the middle part.

The structure of a Type B E-A panel is very similar to that of a Type A
panel, except that the enclosed space is divided into an evaporation zone and
an absorption zone by a perforated partition that is extended in the
width direction. The operetions of an air handler using one or more
Type B E-A panels are similar to the operations of an air  handler using

Type A E-A panels.

Figure 9a illustrates a vertical cross section of an IHUA air handler that
comprises one or more E-A heat pipe assemblies. Each E-A heat pipe assembly
. has evaporatin Zones 20 (Z-1) and absorption Zones 21 (Z-2) inside of the heat
pipes and a first fin assembly in the first external Zone 24 (Z-?) and a
second fin assembly in the second external Zone 25 (Z-4). A falling water
film is formed in Zone 1 of each heat pipe; a falling liquid film of an
absorbing solution is formed in Zone 2 of each heat pipe; air to be cooled is
admitted into Zone 3; air to remove heat is admitted into Zone 4. The

operations of this system are similar to the system of Figures 7 and 8.

Figure 9b illustrates a horizontal cross section of the system across

the evaporation zone. It shows tubes 20a of the heat pipes and fins

-
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24a around the tubes. Figure 9c illustrates a horizontal cross section of
the system across the absorption zone. It shows tubes 21 a of the heat pipes
and fins 25a around the tubes. Figure 9d illustrates a horizontal cross section
of a heat pipe at a point in the evaporation zone. It shows a tube 20a, a
falling water film 20b and an entraiment separator 20c. The entrainment
separator is wused to prevent liquid water from being transferred from the

evaporation zone into the absorption zone.

Figure 10 illustrates an IHUA air handler that has three E-A heat pipe
assemblies 29a, 29b, 29c, that are respectively designated as A-assembly,
B-assembly and C-assembly.  The internal regions of these assemblies
are respectively under different pressures, P,, Pg and P;, so that the
evaporating and absorbing temperatures are also different. Similar to
what has been described in connection with Figures 4 and 5d, this system
is a multiple pressure zone IHUA system and has the advantages
described = earlier. Since one may use pumps 30a, 30b, the pressure

sequence may be Py > Pg > Py or Pg > Py > P,.

Figure 11 illustrates a horizontal cross section of a single effect
evaporatio-condensation panel (E-C panel) that is used in concentrating a
solution 'by evaporating the solution and condensing the resulting vapor.
When it is used in association with an absorption heat upgrading
system, an E-C panel may also be  referred to as a
Regeneration-Condensation Panel . (R-C panel). An E-C panel comparises an
enclosure 31, enclosed by two closely spaced heat conductive walls 31 an
evaporation zone (zone 1) 82 and a condensation zone 33 and a perforated
partition 34 inside of the enclosure, a heat source zone (zoné 3) 35 and a heat
sink zone (zone-4) 36 outside of the enclosure. One may place a first fin
assembly 37 in the heat source zone to enhance heat transfer; one may

also place a second fin assembly 38 in the heat sink zone to enhance heat

transfer.

Figure 1_2 illustrates a solution concentration unit that comprises an
enclosure 39 and one or more (three shown) E-C panels illustrated by

Figure 11. When this unit is used in regenerating an absorbing solution
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in an absorption heat upgrading system, it may also be referred to as a
regeneration unit. In operation, a solution to be concentrated is applied to
the inner walls in zone 1 of the E-C panels, a heat source medium is
introduced into zone 3, and a heat sink medium is introduced into zone 4
of the panels. A heat source medium used may be steam, electricity, a
hot liquid such as water after engine cooling, a hot gas such as a
conbustion gas or a flue gas. When the heat source medium is a hot gas,
a fin assembly is needed to enhance heat transfer. A heat sink medium
may be a cold liquid or a cold gas such as ambient air. When the heat
sink medium is a gas, a fin assembly is needed to enhance heat transfer.
Heat then flows Zone 3 to Zone 1 to cause a part of the solution in Zone
1 to vaporize and thereby concentrate the solution; the vapor generated in
Zone 1 of each panel V,, flows to Zone 2 of the same panel and condenses
therein; the heat of condensation then flows from Zone 2 to Zone 4 and
is transferred to the heat sink medium. It is noted the vapor Vy, flows
only a short distance. This is important because, in many cases, the
operating pressures are low and pressure drop for the vapor flow has to be
kept small.

It is noted that a system similar to the system illustrated by Figure 9a
may be used as an evaporation-condensation system. Such‘ a system may be
referred to as an Evaporation-Condensation Heat Pipe System. When such a
system is used in an absorption refrigeration system, it may be referred to as

a Regeneration-Condensation Heat Pipe System.

Figure 13 illustrates a double effect  evaporation-condensation
panel. When this unit is used in association with an absorption heat
upgrading system for regeneratiné_the absorbing solution, it may be referred
to as a double effect regeneration panel. Referring to the figure, it has
a first effect compartment, referred to as A-compartment, and a second
effect compartment, referred to as B-compartment. The A-compartment
has an evaporation zone, denoted as ZA-1 . (zone 40) and a condensation
zone, denoted as ZA-2 (zone 41). The B-compartment also has an evaporation
zone, denoted as ZB-1 (zone 42), and a condensation zone, denoted as

ZB-2 (zone 43). There is a heat source region outside of ZA-1 zone, denoted
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as ZA-3 (zone 44); there is a heat sink zone outside of ZB-2 zone, denoted as
ZB-4 (zone 45). There is a perforated partition 46 between ZA-1 zone and
ZA-2 zone; there is a perforated partiton 47 between ZB-1 zone and
ZB-2 zone and ZB-2 zone. In operation, there is heat interaction between
ZA-2 zone and ZB-1 zone. Therefore, these two zone together are referred to

as a heat coupling zone.

Figure 14, illustrates a double effect solution concen-tration unit that
comprises an enclosure 48 and one or more E-C panels (may be called R-C
‘panels). It is seen that seals 49 are provided to prevent mixing of fluids
in ZA-3 and ZB-4 zones. In operation, a solution to be concentrated is applied
to the walls of ZA-1 zones as falling films, another - solution to be
concentrated is applied to the inner walls 50 of ZB-1, zone that are in heat
communication with ZA-2 zone, a heating source medium is introduced into
ZA-3 zone and a heat sink medium is introduced into ZB-4 zone. Then,
heat transferres from the heat source medium in ZA-3 zone to the falling
film solution in ZA-1 zone to generate vapor (V5),; the vapor passes

* through the perforated partition 46 to ZA-2 zone to be condensed therein;
the heat of condensation is transmitted to ZB-1 zone to generate vapor (Vig)g;
the vapor passes through the perforated partition 47 to condense in the ZB-2
(zone 43); the heat of condensation is transmitted to . ZB-4 (zone 45) to
transfer heat to the heat sink medium. A heat source medium may be
steam, electricity, a hot liquid such as hot water, or a hot gas such as
hat air or flue gas or combustion gas. A heat sink medium may be a cold

liquid or a cold gas.

One may extend the approach illustrated in Figure 13 and 14 to devise
a unit with even higher number of effects, such as a- triple effect unit.
In the panel illustrated by Figure 14, ZB-1 zone is of a shape of a fork
that holds on the ZA-2 zone. One may reverse this and produce a panel

having ZA-2 zone shaped as a fork that hold on ZB-1 zone.

Figure 152 and 15b illustrate an Immediate Heat Upgrading Absorption
Air Conditioning System using one or more Doubly Integrated

Evaporation-Absorption and Regeneration-Condensation Panels (EA-RC panels).
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The system comprises an outer enclosure 51, one or more EA-RC panels 52,
one or more heat exchangers 53, an absorbing solution storage 54, a water
storage 55 and several pumps 56, 57, 58. An EA-RC panel can be considered
as a combination of an E-A panel and a R-(; panel described earlier.

An EA-RC panel has an enclosure 59 having two closely spaced
heat conductive walls. The enclosed space is divided into compartments, ie.
A-compartment 60 and B-compartment 61. There are an evaporation zone ZA-1
zone 62, and an absorption zone, ZA-2 zone 63 in the A-compartment; there
are an evapo-ration zone, ZB-1 (zone 64), and a condensing zone, ZB-2 (zone
65) in the B-compartment. There are a heat source zone, ZA-3 (zone 66),
outside of ZA-1 zone and a heat sink zone, ZA-4 (zone 67), outside of
ZA-2 zone. A fin assembly may be place in each of ZA-3 and ZA-4 zones to
enhance heat transfer. There are also a heat source zone, ZB-3 zone 68,
outside of ZB-1 zone and a heat sink zone, AB-4 zone 69, outside of ZB-2
zone. A fin assembly may be placed in each of the ZB-3 and ZB-4 zones to
enhance heat transfer. These are spraying devices 70, 71, 72 in the ZA-1,
ZA-2 and ZB-1 zones, respectively.

In operation, water (Ly; Ly), strong absorbing solution d3g, and weak
absorbing solution J23 are respectively introduced into ZA-1, ZA-2 and ZB- 1
zones respectively through the spraying devices 70, 71, 72. In addition, a low
temperature heat source medium and a low temperature heat sink medium
are  respectively introduced into the ZA-3 and ZA-4 zones; a high
temperature heat source medium and a high temperature heat sink medim
are respectively introduced into the ZB-3 and ZB-4 zones. The low
temperature heat source medium is the fluid, such as indoor air, outdoor air or
water to be cooled; the low temperature heat sink medium is the fluid, such as

indoor air, outdoor air, or water to be heated; the high temperature heat

source medium is the heat source used to regenerate the absorbing solution;
the high temperature heat sink is the fluid such as outdoor air or water to be
heated. )

The operational steps are as follows:
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(a) Heat transfers from the low temperature heat source medium ZA-3
region to water in ZA-1 region to thereby generate water vapor (V 12A

and cool the low temperature heat source medium, such as indoor air or

outdoor air;

(b) The water vapor (V 12A is absorbed into a strong absorbing solution J32
to thereby dilute the solution and form a weak absorbing solution

J23 and discharge the heat to the low temperature heat sink medium such

as indoor air, outdoor air, or water;

() The weak absorbing solution is pumped by a pump 56 exchanges
heat with a strong absorbing solution and a condensate stream in

the heat exchanger 53 and then introduced into ZB-1 zone;

(d) Heat flows from the high temperature heat source medium in ZB-3 zone
to the solution in ZB-1 zonme to vaporize the solution and thereby

from a vapor stream (V 12)B and the strong absorbing solution J32;

() The vapor (Vip)B condenses in ZB-2 zone and the heat is transtferred

to the high temperature heat sink medium;

(f) Both the strong absorbing solution and the condensate exchange
heat with the weak absorbing solution in the heat exchanger 53 and
are respectively introduced into the absorbing solution storage 54
and the water storage 55. Pumps 57 and 58 are used to pump the

strong absorbing solution and water into ZA-2 and ZA-1 zones respectively.

~ The system illustrated by TFigures 15a and 15b are useful when the
region to be cooled and the heat source for solution ‘regeneration are closely
located. Therefore, this gystem is useful in providiﬁg air conditioning for
a moving vehicle such as an automobile. Here, the high temperature
heat source medium is hot water or hot air produced by exchanging heat
with the engine. A system illustrated may also be used for room cooling.
In this case, combustion of a fuel or an electric power supply provides the

heat needed for regenerating the absorbing solution.
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Figure 16  illustrates  another type of EA-RC panel that has heat
exchangers 53a, &53b, - an absorbing solution storage 54 and a water storage
65 in addition to a low pressure evaporation zone, ZA-1 (zone 62), a low
Pressure absorption zome, ZA-2 (zone 63), a high pressure regeneration
zone, ZB-1 zone 64, and a high pressure condersing zone, ZB-2 (zone
65). The operational steps of a system using EA-RC panels described are
similar to the operations of the system of Figures 15a and 15b. The major
advantage of this type of panels are that they are modularized, can be mass

- produced, and can be made hermetically sealed. Figure 17 illustrates yet
another type of EA-RC panel that is similar to that of Figure 16,
except that the B-compartment with ZB-1 and ZB-2 zones are placed above
the A-compartment with the ZA-1 and ZA-2 zones and that the storages 54, 55
and the heat exchangers 53a, 53b are placed in the middle region. The
operatinal steps of a system with panels of Figure 17 are similar to those of a
system with panels of Figure 16.

Figure 18 summerizes the charachteristic features -and advantages of
an immediate Heat Upgrading Absorption Air Conditioning System of
the present invention. It takes in heat from air to be cooled, upgrades
it and discharges the upgraded heat to air or water to be heated
immediately. It also introduces hermetically sealed E-A panels, E-A heat
pipe assemblies, R-C panels (also called E-C panels) R-C heat pipe assemblies
and combined . EA-RC panels. The temperature lift defined as the
difference between the absorption temperature and the evaporation temperautre
in an IHUA system is greatly reduced. Therefore, one may use an absorbing
solution containing a common salt, such as CaCl,, or MgCl,, rather than LiBr,
which is rather expensive and may have some enviromental impact. EA
panels, RC panels, and EA-RC panels and corresponding heat pipe assemblies
are hermetically sealed and can be mass produced. Vapors (V;5), and (V 12)p only
travel short distances. Only water and an aqueous solution are stored and
circulated. Freon is not used. Therefore, the use of air conditioning
systems of the present invention does not cause ozone layer depletion. Cool
storage can be providéd by storing the weak absorbing solution, the strong

absorbing solution and water and regenerate the absorbing_ solution at
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night, which is referred to as off peak hours for the power usage. It can
therefore  accomplish  the desirable power levelling. Because of the low
temperature lift, the steam required for regeneration is reduced, the
electric power required for regeneration is reduced, and even waste heat can be
used for regeneration. Because the panels and heat pipes used are hermetically
sealed and can be mass produced, an IHUA air conditioning system can
be reliably operated and the equipment cost is low. The cool - storage

system has a high cool thermal energy storing capacity.
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What are claimed are as follows:

Claim 1

A heat upgrading absorption system for cooling or heating an air mass to
be conditioned by taking heat in from a first mass of fluid at a first
temperature and supplying heat to a second mass of fluid at a second
temperature that is higher than the first temperature, one of the masses of
fluid being the air mass to be conditioned, that comprises a first sub-system
[denoted also as a Type A sub-system] that comprises one or more air handlers,
each exchanging heat with the air mass to be conditioned, and each air handler
comprises one or more Type A processing regions, and each Type A processing
region comprises:

(a) a Type A enclosure surrounded by a Type A heat conductive wall;

(b) an evaporation zone [Zone A-1] and an absorption zone [Zone A-2] and
a vapor passage between the two zones within the Type A enclosure;

() a first heat interaction zone [Zone A-3] that is outside of the Type A
enclosure and is in heat communication with Zone A-1 through a first
portion of the Type A heat conductive wall;

(d) a second heat interaction zone [Zone A-4] that is also outside of the
Type A enclosure and is in heat communication with Zone A-2 through

a second portion of the Type A heat conductive wall.

So that conduction of the following operational steps:
(a) introducing water into Zone A-1,
(b) introducing a first absorbing solution into Zone A-2,
(c) introducing the first mass of fluid into Zone A-3, and

(d) introducing the second mass of fluid into Zone A-4.

Iead to the occurance of the following operational steps:
(a) heat transfers from Zone A-3 to Zone A-1 to thereby cool the first
mass of fluid in Zone A-3 and vaporize water in Zone A-1 to form a
first water vapor;

(b) the first water vapor flows through the vapor passage from Zone A-1

-28-
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to Zone A-2 and is absorbed into the absorbing solution to thereby
release the heat of absorption and form a second diluted absorbing
solution;

(c) heat transfers from Zone A-2 to Zone A-4 to thereby heat the second
mass of fluid in Zone A-4.

Claim 2
A system of Claim 1, wherein the first mass of fluid is the air mass to be

conditioned and is thereby cooled and the second mass of fluid is a mass of

outside air or a mass of water.

Claim 3
A system of Claim 1, wherein the second mass of fluid is the air mass to

be conditioned and is thereby heated and the first mass of fluid is a mass of

outside air or a mass of water.

Claim 4

A system of Claim 1, which further comprises a second sub-system
[denoted also as a Type B sub-system] for concentrating the second absorbing
solution to regenerate the first absorbing solution and produce a mass of water
and a third sub-system [denoted also as a Type C sub-system] for transferring
the first absorbing solution and water into the first sub-system and removing

the second absorbing solution from the first sub-system.

[3

Claim 5 _

A system of Claim 4 which further comprises a fourth sub-system [denoted
also as a Type D sub-system] for storing a mass of water, a mass of the first
absorbing solution and a mass of the second absorbing solution so that at least
a portion of the second absorbing solution formed in the first sub-system during
a first period of time is concentrated in the second sub-system during a second

period of time different from the first period.

Claim 6

A system of Claim 5, wherein at least a part of the second period of time

is within the off peak hours of power consumption that includes at least a part

-29-
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of the period between 8:00 p.n. of a day and 8:00 am. of the next day.

Claim 7

A system of Claim 1, wherein the water introduced into Zone A-1 forms a
falling liquid film and the absorbing solution introduced into Zone A-2 forms
another falling liquid film.

Claim 8

A system of Claim 1, which further comprises a fin assembly placed in
Zone A-3.

Claim 9

A system of Claim 1, which further comprises a fin assembly places in
Zone A-4.

Claim 10

A system of Claim 1, wherein each Type A heat conductive wall of each
Type A processing region forms a Type A processing panel having a first
dimension in the thickness direction. a second dimension in the width  direction
ahd a third dimension in the hight direction, and is characterized by that:

(a) the first dimension is 5.0 cm or less;

(b) Zone A-1 and Zone A-2 are inside of the panel;

(c) Zone A-3 and Zone A-4 are outside of the panel.

Claim 11
A system of Claim 10, wherein the first dimension of the Type A

processing panel is 3.0 cm or less.

Claim 12

A system of Claim 10, which further comprises a fin assembly placed in
Zone A-3.

Claim 13

A system of Claim 10, which further comprises a fin assembly placed in
Zone A-4,

-30-
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Claim 14
A system of Claim 4, wherein the second sub-system [denoted also as a
Type B sub-system] comprises one or more Type B processing regions and each
p Type B type processing region comprises: '

(a) a Type B enclosure surrounded by a Type B heat conductive wall;

% (b) a concentration of regeneration zone [Zone B-1], a condensation zone
{Zone B-2] and a vapor passage between the two zones within the Type
B enclosure; '

(c) a heat source zone [Zone B-3] that is outside of the Type B enclosure
and is in heat communication with Zone B-1 through a first portion of
the Type B heat conductive wall;

(d) a heat sink zone [Zone B-4] that is outside of the Type B enclosure
and is in heat communication with Zone B-2 through a second portion

of the Type B heat conductive wall;

so that conduction of the following operational steps: .
(a) introducing the second absorbing solution into Zone B-1;
(b) introducing a heat source medium into Zone B-3;

(c) introducing a heat sink medium into Zone B-4

Ieads to the occurance of the following steps:

(2) heat transfers from Zone B-3 to Zone B-1 to vaporize water from the
absorbing solution to thereby form a second vapor and concentrate the
absorbing solution; .

(b) the second vapor flows through the vapor passage from Zone B-1 to
Zone B-2 and is condensed therein to release heat of condensation and
form a mass of condensate, which is water;

(c) heat transfers from Zone B-2 to Zone B-4 to thereby heat the heat

sink medium.

Claim 15
A system of Claim 14, wherein each Type B heat conductive wall of each

Type B processing region forms a Type B processing panel having a first
dimension in the thickness direction, a second dimension in the width direction

ahd a third dimension in the height direction, and is characterized by that:
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() the first dimension is 5.0 cm or less;
(b) Zone B-1 and Zone B-2 are inside of the panel;
() Zone B-3 and Zone B-4 are outside of the panel.

Claim 16

A system of Claim 15, wherein the first dimension of the Type B
processing panel is 3.0 cm or less.

Claim 17

A system of Claim 15, wherein the absorbing solution in Zone B-1 forms a
falling liquid film.

Ciaim 18

A system of Claim 15, which further comprises a fin assembly placed in
Zone B-3.

Claim 19

A system of Claim 15, which further comprises a fin assembly placed in
Zone B-4.

Ciaim 20

A system of Claim 1, wherein each Type A heat conductive wall of each

Type A processing region is a tubular conduit.

Claim 21

A system of Claim 20, wherein each tubular conduit is a circular conduit

of a diameter that is equal or less than 8 cm.

Claim 22

A system of Claim 20, which further comprises a fin assembly placed in
Zone A-3.

Claim 23

A system of Claim 20, which further comprises a fin assembly placed in
Zone A-4,
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Claim 24
A system of Claim 4, wherein the Type AB combined sub-system that is
formed by .combining a first sub-system and a second sub-system comprises one
or more Type AB processing regions and each Type AB processing region
comprises:
(a) a Type AB enclosure surrounded by a Type AB heat conductive wall;
(b) a Type A processing compartment, a Type B processing coxﬁpartment
and a Type AB separator within the AB enclosure, the separator
separating the A-compartment and the B-compartment;
(c) an evaporation zone pZone A-1], an absorption zone [Zone A-2] and a
vapor passage between the two zones within the A-compartment;
(d) a first heat interaction zone [Zone A-3] and a second heat interaction
zone [Zone A-4] outside of the A-compartment and are respectively in
heat communication with Zone A-1 and Zone A-2’
(e) a concentration zone [Zone B-1], a condensation zone [Zone B-2] and a
vapor passage between the two zones within the B-compartment;
(f) a heat source zone [Zone B-3] and a heat sink zone [Zone B-4] outside

of the B-compartment and are respectively in heat communications with
Zone B-1 and Zone B-2;

so that conduction of following operational steps:
(a) introducing water in Zone A-1;
(b) introducing a first absorbing solution into ane A-2;
(¢) introducing a first mass of fluid into Zone A-3;
(d) introducing a second mass of fluid into Zone A-4;
(e) introducing a second absorbing solution into Zone B-1;
(f) introducing a heat source medium into Zone B-3;

(g) introducing a heat sink medium into Zone B-4;

leads to the occurance of the following operational steps:
(@) heat transfers from the first mass of fluid in Zone A-3 to water in
Zone A-1 to vaporize the water to form a first vapor and cool the first

mass of fluid;

(b) the first” vapor is absorbed in the absorbing solution in Zone A-2 to
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form a second absorbing solution and transfer the heat of absorption
to the second mass of fluid in Zone A-4;

(c) heat transfer from the heat source medium in Zone B-4 to the solution
in Zone B-1 to vaporize water from the solution to thereby form a
concentrated solution and a second vapor;

(@) the second vapor is condensed in Zone B-2 to form a mass of
condensate and transfor heat of condensation to9 the heat sink

medium in Zone B-4.

Ciaim 25

A system of Claim 24, wherein one or more fin assemblies are installed
within one or more of the following zones; (a) Zone A-3, (b) Zone A-4, (c) Zone
B-3, and (d) Zone B-4.

Claim 26
A system of Claim 24, which further comprises spraying devices installed
within Zone A-1, Zone A-2 and Zone B-1 to form liquid films therein.

Claim 27

A system of Claim 24, wherein the Type AB heat conductive wall of a
Type AB processing region froms a Type AB processing panel having a first
dimension in the thickness direction, a second dimension in the width direction
and a third dimension in the height direction, and is characterized by that:

(a) the first dimension is 5.0 cm or less: :

(b) Zone A-1, Zone A-2, Zone B-1 and Zone B-2 are inside of the panel;

(c) Zone A-3, Zone A-4, Zone B-3 and Zone B-4 are outside of the panel.

Claim 28

A system of Claim 27, wherein the first dimension of the Type AB panel
is 8.0 cm or less.

Claim 29

A system of Claim 27, wherein the Type AB processing panel comprises
one or more heat exchangers and one or more liquid storing conpartments sithin

the panel.
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Claim 30

A sgystem of Claim 29, wherein the A-compartment containing Zone A-1
and Zone A-2 and B-compartment containing Zone B-1 and Zone B-2 are placed
in side-by -side relation in the horizontal direction and the heat exchangers and

liquid storing compartments are placed above the A- and B-compartments.

Claim 31
A system of Claim 29, wherein the B-compartment is placed above the
A-compartment and the heat exchangers and the liquid storing compartments are

placed between the B-compartment and the A-compartment.

Claim 32
A heat upgrading absorption process for cooling or heating an air mass to
be conditioned by taking heat in from a first mass of fluid at a first
temperature and supplying heat to a second mass of fluid at a second
temperature that is higher than the first temperature, one of the masses of
fluid being the air mass to be conditioned, in a processing system that
comprises a first sub-system [denoted also as a Type A sub-system] that
comprises one or more air handlers, each exchanging heat with the air mass to
be conditioned, and each air handler comprises one or more Type A processing
regions, and each Type A processing region comprises:
(a) a Type A enclosure surrounded by a Type A heat conductive wall;
(b) an evaporation zone [Zone A-1] and an absorption zone [Zone A-2] and
a vapor passage between the two zones within the Type A enélosure;
(c) a first heat interaction zone [Zone A-3] that is outside of the Type A
enclosure and is in heat communication with Zone A-1 through a first
portion of the Type A heat conductive wall;
(d) a second heat interaction zone [Zone A-4] that is also outside of the
Type A enclosure and is in heat communication with Zone A-2 through

a second portion of the Type A heat conductive wall.

So that conduction of the following operational steps:
(a) Step 1: introducing water into Zone A-1,

(b) Step 2: introducing a first absorbing solution into Zone A-2,
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(c) Step 8: introducing the first mass of fluid into Zone A-3, and
(d) Step 4: introducing the second mass of fluid into Zone A-4.

Iead to the occurance of the following operational steps:
(e) Step 5: heat transfers from Zone A-3 to Zone A-1 to thereby cool the
first mass of fluid in Zone A-3 and vaporize water in Zone
A-1 to form a first water vapor; , )
(f) Step 6: the first water vapor flows through the vapor passage from
Zone A-1 to Zone A-2 and is absorbed into the absorbing
solution to thereby release the heat of absorption ahd form a
second and diluted absorbing solution;
(g) Step 7: heat transfers from Zone A-2 to Zone A-4 to thereby heat the

second mass of fluid in Zone A-4.

Claim 33

A process of Claim 32, wherein the first mass of fluid is the air mass to

be conditioned and is thereby cooled and the second mass of fluid is a mass of

outside air or a mass of water.

Claim 34

A process of Claim 32, wherein the second mass of fluid is the air mass
to be conditioned and is thereby heated and the first mass of fluid is a mass of

outside air or a mass of water.

Claim 35

A process of Claim 32, wherein the system further comprises a second
sub-system for regenerating the absorbing solution and a third sub-system for
transferring fluid streams and the process further comprising the following
operational steps:

(h) Step 8: separating the second absorbing solution into a mass of water
and a mass of concentrate which becomes the first absorbing
solution in the second sub-system;

(@) Step 9: transferring water and the first absorbing solution from the
second sub-system and through the third sub-system, into the

first sub-system and transferring the second absorbing
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solution from the first sub-system, through the third

sub-system and into the second sub-system.

Claim 36

A process of Claim 32, wherein the sywstem further comprises a second
sub-system for regenerating the absorbing solution, a third sub-system for
transferring fluid streams and a fourth sub-system that comprises a first fulid
storage region, a second fluid storage region and a third fluid storége region
and the process further comprises the following steps:

(h) Step 8: transferring the second absorbing solution form the first
sub-system through the third sub-system into the first fluid
storing region in the fourth sub-system;

(i) Step 9: transferring the second absorbing solution form the first fluid
storing region of the fourth sub-system through the third
sub-system into the second sub-systeni;

(j) Step 10: separating the second absorbing solution into a mass of water
and a mass of concentrate, which becomes the first absorbing
solution in the second sub-system;

(k) Step 11: transferring water and strong absorbing solution (produced in
Step 10) through the third sub-system and into the second
fluid storage region and the third fluid storage regions in

the fourth sub-system;

Step 1 and Step 2 being conducted by transferring water and the first absorbing
solution from the second and third fluid storage regions in the fourth

sub-system through the third sub-system and into the first sub-system.

Claim 37
A process of Claim 36, wherein Steps 1, 2, 3, 4, 5, 6, 7 and 8 are
conducted during a first period of time and Steps 9, 10 and 11 are conducted

during a second period of time different from the first period of time.

Claim 38

A process of Claim 37, wherein at least a part of the second period of

time is within the off peak hours of power consumption that includes at least a
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part of the period between 8:00 p.m. of a day and 8:00 a.m. of the next day.

Claim 39

A process of Claim 32, wherein the water introduced into Zone A-1 forms
a falling liquid film and the absorbing solution introduced into Zone A-2 forms
another falling liquid film.

Claim 40

A process of Claim 32, wherein Step 5 comprises a sub-step of transferring

heat through a fin assembly in Zone A-3.

Claim 41
A process of Claim 32, wherein Step 7 comprises a sub-step of transferring

heat through a fin assembly in Zone A-4.

Claim 42

A system of Claim 32, wherein each Type A heat conductive wall of each
Type A processing region forms a Type A processing panel having a first
dimension in the thickness direction, a second dimension in the width direction
and a third dimension in the hight direction, and is characterized by:

(a) the first dimension is 8.0 cm or less;

(b) Zone A-1 and Zone A-2 are inside of the panel;

() Zone A-3 and Zone A-4 are outside of the panel

Claim 43

A process of Claim 42, wherein Step 5 comprises a sub-step of transferring

heat through a fin assembly in Zone A-3.

Claim 44

A process of Claim 42, wherein Step 7 comprises a sub-step of transferring

heat through a fin assembly in Zone A-4.

Claim 45

A process of Claim 32, wherein each Type A heat conductive wall of each

Type A proceesing region is a tubular conduit.
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Claim 46
A process of Claim 45, wherein each fubular conduit is a circular conduit

of a diameter that is equal to or less than 3 cm.

Claim 47

A process of Claim 45, which is further cheracterzed in having a fin

assembly placed in Zone A-3.

Claim 48

A process of Claim 45, which is further charaoterized in having a fin

assembly placed in Zone A-4.
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AMENDED CLAIMS

[received by the International Bureay on 26 July 1993 (26.07.93);
original claims 1-48 replaced by amended claims 1-48 (12 pages)]

Claim 1

A heat upgrading absorption system for cooling or heating an air mass to
be conditioned by taking heat in from a first mass of fluid at a first
temperature and supplying heat to a second . mass of fluid at a second
temperature that is higher than the first temperature, one of the masses of
fluid being the air mass to be conditioned, that comprises a first sub-system
[denoted also as a Type A sub-system] that comprises one or more air handlers,
each exchanging heat with the air mass to be conditioned, and each air handler

compriges one or more Type A processing regions, and each Type A processing
region comprises:

(a)
(b)

(c)

@

a Type A enclosure surrounded by a Type A heat conductive wall;

an evaporation zone [Zone A-1] and an absorption zone [Zone A-2] and
a vapor passage between the two zones within the Type A enclosure;

a first heat interaction zone [Zone A-3] that is outside of the Type A
enclosure and is in heat communication with Zone A-1 through a first
portion of the Type A heat conductive wall;

a second heat interaction zone [Zone A-4] that is also outside of the
Type A enclosure and is in heat communication with Zone A-2 through
a second portion of the Type A heat conductive wall;

so that conduction of the following operational steps:

(a)
(b)
()
(@

introducing water into Zone A-1,

introducing a first absorbing solution into Zone A-2,
introducing the first mass of fluid into Zome A-3, and
introducing the second mass of fluid into Zone A-4;

leads to the occurance of the following operational steps:

()

(b)

heat transfers from Zone A-3 to Zone A-1 to thereby cool the first

mass of fluid in Zone A-3 and vaporize water in Zone A-1 to form a

first water vapor;

the first water vapor flows through the vapor passage from Zone A-1
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to Zone A-2 and is absorbed into the absorbing solution to thereby
release the heat of absorption and form a second diluted absorbing
solution;

(c) heat transfers from Zone A-2 to Zone A-4 to thereby heat the second
mass of fluid in Zone A-4.

Claim 2

A system of Claim 1, wherein the first mass of fluid is the aif mass to be
conditioned and is thereby cooled and the second mass of fluid is a mass of

outside air or a mass of water.

-Claim 3

A system of Claim 1, wherein the second mass of fluid is the air mass to
be conditioned and is thereby heated and the first mass of fluid is a mass of
outside air or a mass of water.

Claim 4
A system of Claim 1, which further comprises a second sub-system
[denoted also as a Type B sub-system] for concentrating the second absorbing

solution to regenerate the first absorbing solution and produce a mass of water

and a third sub-system [denoted also as a Type C sub-system] for transferring

the first absorbing solution and water into the first sub-system and removing

the second absorbing solution from the first sub-system.

Claim 5

A system of Claim 4 which further comprises a fourth sub-system [denoted
also as a Type D sub-system] for storing a mass of water, a mass of the first
absorbing solution and a mass of the second . absorbing solution so that at least
a portion of the second absorbing solution formed in the first sub-system during

a first period of time is concentrated in the second sub-system during a second
period of time different from the first period. '

Claim 6

A system of Claim 5, wherein at least a part of the second period of time

is within the off peak hours of power consumption that includes at least a part
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of the period between 8:00 pm. of a day and 8:00 am. of the next day.

Claim 7

A system of Claim 1, wherein the water introduced into Zone A-1 forms a
falling liquid film and the absorbing solution introduced into Zone A-2 forms
another falling liquid film.

Claim 8

A system of Claim 1, which further comprises a fin assembly placed in
Zone A-3.

Claim 9

A system of Claim 1, which further comprises a fin assembly places in
Zone A-4.

Claim 10

A system of Claim 1, wherein each Type A heat conductive wall of each
Type A processing region forms a Type A processing panel having a first
dimension in the thickness direction. a second dimension in the width direction
ahd a third dimension in the hight direction, and is characterized by that:

(a) the first dimension is 5.0 cm or less;
(b) Zone A-1 and Zone A-2 are inside of the panel;
(c) Zone A-3 and Zone A-4 are outside of the panel.

Claim 11

A system of Cla.lm 10, wherein the first dimension of the Type A
processing panel is 3.0 cm or less.

Claim 12

A system of Claim 10, which further comprises a fin assembly placed in
Zone A-3.

Claim 13

A system of Claim 10, which further comprises a fin assembly placed in
Zone A-4.
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Claim 14

A system of Claim 4, wherein the second sub-system [denoted also as a
Type B sub-system] comprises one or more Type B processing regions and each
Type B type processing region comprises:

(a) a Type B enclosure surrounded by a Type B heat conductive wall;

(b) a concentration of regeneration zone [Zone B-1], a condensation zone
[Zone B-2] and a vapor passage between the two zones within the Type
B enclosure; .

(c) a heat source zone [Zone B-3] that is outside of the Type B enclosure
and is in heat communication with Zone B-1 through a first portion of
the Type B heat conductive wall;

(d) a heat sink zone [Zone B-4] that is outside of the Type B enclosure
and is in heat communication with Zone B-2 through a second portion

of the Type B heat conductive wall;

8o that conduction of the following operational steps:
(a) introducing the second absorbing solution into Zone B-1;
(b) introducing a heat source medium into Zone B-3;

(c) introducing a heat sink medium into Zone B-4;

leads to the occurance of the following steps:
(@) heat transfers from Zone B-3 to Zone B-1 to vaporize water from the

absorbing solution to thereby form a second vapor and concentrate the

absorbing solution; .

(b) the second vapor flows through the vapor passage from Zone B-1 to
Zone B-2 and is condensed therein to release heat of condensation and
form a mass of condensate, which is water;

(c) heat transfers from Zone B-2 to Zone B-4 to thereby heat the heat
sink medium.

Claim 15

A system of Claim 14, wherein each Type B heat conductive wall of each
Type B processing region forms a Type B processing panel having a first
dimension in the thickness direction, a second dimension in the width direction

ahd a third dimension in the height direction, and is characterized by that:
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(a) the first  dimension is 5.0 cm or less;
(b) Zone B-1 and Zone B-2 are inside of the panel;
(c) Zone B-3 and Zone B-4 are outside of the panel.

Claim 16

A system of Claim 15, wherein the first dimension of the Type B
processing panel is 3.0 cm or Jess, 7

Claim 17

A system of Claim 15, wherein the absorbing solution in Zone B-1 forms a
falling liquid film.

Ciaim 18

A system of Claim 15, which further comprises a fin assembly placed in
Zone B-3.

Claim 19

A system of Claim 15, which further comprises a fin assembly placed in
Zone B-4.

Claim 20

A system of Claim 1, wherein each Type A heat conductive wall of each
Type A processing region is a tubular conduit.

Claim 21 i

A system of Claim 20, wherein each tubular conduit is a circular conduit
of a diameter that is equal or less than 3 cm.

Ciaim 22

A system of Claim 20, which further comprises a fin assembly placed in
Zone A-3.

Claim 23

A system of Claim 20, which further comprises a fin assembly placed in
Zone A-4. '
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Claim 24
A system of Claim 4, wherein the Type AB combined sub-system that is

formed by combining a first sub-system and a second sub-system comprises one
or more Type AB processing regions and each Type AB processing region’
comprises:
(a) a Type AB enclosure surrounded by a Type AB heat conduct1ve wall;
(b) a Type A processing compartment, a Type B processmg compartment
and a Type AB separator within the AB enclosure, the separator
separating the A-compartment and the B-compartment;
(c) an evaporation zone PZone A-1], an absorption zone [Zone A-2] and a
vapor passage between the two zones within the A-compartment;
(@) a first heat interaction zone [Zone A-3] and a second heat interaction
zone [Zone A-4] outside of the A-compartment and are respectively in
heat communication with Zone A-1 and Zone A-2’
(e) a concentration zone [Zone B-1], a condensation zone [Zone B-2] and a
vapor passage between rthe two zones within the B-compartment;
(f) a heat source zone [Zone B-3] and a heat sink zone [Zone B-4] outside

of the B-compartment and are respectively in heat communications with
Zone B-1 and Zone B-2;

so that conduction of following operational steps:
(a) introducing water in Zone A-1;
(b) introducing a first absorbing solution into Zone A-2;
(c) introducing a first mass of fluid into Zone A-3;
(d) introducing a second mass of fluid into Zone A-4;
(e) introducing a second absorbing solution into Zone B-1;
(f) introducing a heat source medium into Zone B-3;

(g) introducing a heat sink medium into Zone B-4;

leads to the occurance of the following operational steps:
g (a) heat transfers from the first mass of fluid in Zone A-3 to water in
Zone A-1 to vaporize the water to form a first vapor and cool the first
i mass of fluid;

(b) the first vapor is absorbed in the absorbing solution in Zone A-2 to
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form a second absorbing solution and transfer the heat of absorption
to the second mass of fluid in Zone A-4;
(c) heat transfer from the heat source medium in Zone B4 to the solution

in Zone B-1 to vaporize water from the solution to thereby form a
concentrated solution and a second vapor;

(d) the second vapor is condensed in Zone B-2 to form a mass of

condensate and transfor heat of condensation to9 the heat sink
medium in Zone B-4.

Claim 25

A system of Claim 24, wherein one or more fin assemblies are installed
within one or more of the following zones; (a) Zone A-S (b) Zone A-4, (c) Zone
B-3, and (d) Zone B-4.

Claim 26

A system of Claim 24, which further comprises spraying devices installed
within Zone A-1, Zone A-2 and Zone B-1 to form liquid films therein.

Claim 27
A system of Claim 24, wherein the Type AB heat conductive wall of a
Type AB processing region froms a Type AB processing panel having a first
dimension in the thickness direction, a second d_1mensmn in the width direction
and a third dimension in the height direction, and is characterized by that:
(a) the first dimension is 5.0 em or less:
(b) Zone A-1, Zone A-2, Zone B-1 and Zone B-2 are inside of the panel;
(c) Zone A-3, Zone A-4, Zone B-3 and Zone B-4 are outside of the panel.

Claim 28

A system of Claim 27, wherein the first dimension of the Type AB panel
is 3.0 cm or less.

Claim 29
A system of Claim 27, wherein the Type AB processing panel comprises

one or more heat exchangers and one or more liquid storing conpartments sithin
the panel.
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Claim 30

A system of Claim 29, wherein the A-compartment containing Zone A-1
and Zone A-2 and B-compartment containing Zoné B-1 and Zone B-2 are placed
in side-by -side relation in the horizontal direction and the heat exchangers and

liquid storing compartments are placed above the A- and B-compartments.

Claim 31
A system of Claim 29, wherein the B-compartment is placed above the
A-compartment and the heat exchangers and the liquid storing compartments are

placed between the B-compartment and the A-compartment.

Claim 32
A heat upgrading absorption process for cooling or heating an air mass to
be conditioned by taking heat in from a first mass of fluid at a first
temperature and supplying heat to a second mass of fluid at a second
temperature that is higher than the first temperature, one of the masses of
fluid being the air mass to be conditioned, in a process'ingr system that
comprises a first sub-system [denoted also as a Type A sub-system] that
comprises one or more air handlers, each exchanging heat with the air mass to
be conditioned, and each air handler comprises one or more Type A processmg
regions, and each Type A processing region comprises:
(a) a Type A enclosure surrounded by & Type A heat conductive wall;
(b) an evaporation zone [Zone A-1] and an absorption zone [Zone A-2] and
a vapor passage between the two zones within the Type A enclosure;
(c) a first heat interaction zone [Zone A-3] that is outside of the Type A
enclosure and is in heat communication with Zone A 1 through a first
portion of the Type A heat conductive wall;
(d) a second heat interaction zone [Zone A-4] that is also outside of the
Type A enclosure and is in heat communication with Zone A-2 through

a second portion of the Type A heat conductive wall;
so that conduction of the following operational steps:

(a) Step 1: introducing water into Zone A-1,

(b) Step 2: introducing a first absorbing solution into Zone A-2,
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(c) Step 3: .introducing the first mass of fluid into Zone A-3, and
(d) Step 4: introducing the second mass of fluid into Zone A-4;

leads to the occurance of the following operational steps:

(e) Step 5: heat transfers from Zone A-3 to Zone A-1 to thereby cool the
first mass of fluid in Zone A-3 and vaporize water in Zone
A-1 to form a first water vapor; .

(f) Step 6: the first water vapor flows through the vapor passage from
Zone A-1 to Zone A-2 and is absorbed into the absorbing
solution to thereby release the heat of absorption ahd form a
second and diluted absorbing solution;

(8) Step 7: heat transfers from Zone A-2 to Zone A-4 to thereby heat the
second mass of fluid in Zone A-4.

Claim 33

A process of Claim 32, wherein the first mass of fluid is the air mass to
be conditioned and is thereby cooled and the second mass of fluid is a mass of

outside air or a mass of water.

Claim 34

A process of Claim 32, wherein the second mass of fluid is the air mass
to be conditioned and is thereby heated and the first mass of fluid is a mass of

outside air or a mass of water.

Claim 35

A process of Claim 32, wherein the system further comprises a second
sub-system for regenerating the absorbing solution and a third sub-system for
transferring fluid streams and the process further comprising the following
operational steps:

(h) Step 8: separating the second absorbing solution into a mass of water
and a mass of concentrate which becomes the first absorbing
solution in the second sub-system;

(i) Step 9: transferring water and the first absorbing solution from the
second sub-system and through the third sub-system, into the
first sub-system and transferring the second absorbing
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'solution from the first sub-system, through the third

sub-system and into the second sub-system.

- Claim 36
A process of Claim 32, wherein the sywstem further comprises a second
sub-system for regenerating the absorbing solution, a third sub-system for
transferring fluid streams and a fourth sub-system that comprises a, first fulid
storage region, a second fluid storage region and a third fluid stofage region
and the process further comprises the following steps:

(h) Step 8 transferring the second absorbing solution form the first
sub-system through the third sub-system into the first fluid
storing region in the fourth sub-system;

() Step 9: transferring the second absorbing solution form the first fluid
storing region of the fourth sub-system through the third

» sub-system into the second sub-system;

() Step 10: separating the second absorbing solution into a mass of water
and a mass of concentrate, which becomes the first absorbing
solution in the second sub-system;

(k) Step 11: transferring water and strong absorbing solution (produced in
Step 10) through the third sub-system and into the second
fluid storage region and the third fluid storage regions in
the fourth sub-system;

Step 1 and Step 2 being conducted by transferring water and the first absorbing
solution from the second and third fluid storage regions in the fourth

sub-system through the third sub-system and into the first sub-system.

Claim 37

A process of Claim 36, wherein Steps 1, 2, 3, 4, 5, 6, 7 and 8 are
conducted during a first period of time and Steps 9, 10 and 11 are conducted
during a second period of time different from the first period of time.

Claim 38
A process of Claim 37, wherein at least a part of the second period of

time is within the off peak hours of power consumption that includes at least a
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part of the period‘between 8:00 pm. of a day and 8:00 a.m. of the next day.

Claim 39

A process of Claim 32, wherein the water introduced into Zone A-1 forms
a falling liquid film and the absorbing solution introduced into Zone A-2 forms
another falling liquid film.

Claim 40

A process of Claim 32, wherein Step 5 comprises a sub-step of transferring
heat through a fin assembly in Zone A-3.

Claim 41

A process of Claim 32, wherein Step 7 comprises a sub-step of transferring
heat through a fin assembly in Zone A-4.

Claim 42

A system of Claim 32, wherein each Type A heat conductive wall of each
Type A processing region forms a Type A processing panel having a first
dimension in the thickness direction, a second dimension in the width direction
and a third dimension in the hight direction, and is characterized by:

(@) the first dimension is 3.0 em or less;
(b) Zone A-1 and Zone A-2 are inside of the panel;
(c) Zone A-3 and Zone A-4 are outside of the panel.

Claim 43

A process of Claim 42, wherein Step 5 comprises a sub-step of transferring
heat through a fin assembly in Zone A-3.

Claim 44

A process of Claim 42, wherein Step 7 comprises a sub-step of transferring
heat through a fin assembly in Zone A-4.

Claim 45

A process of Claim 32, wherein each Type A heat conductive wall of each

Type A proceesing region is a tubular conduit.
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Claim 46
A process of Claim 45, wherein each fubular conduit is a circular conduit

of a diameter that is equal to or less than 3 cm.

Claim 47
A process of Claim 45, which is further cheracterzed in bhaving a fin

assembly placed in Zone A-3.

Claim 48

A process of Claim 45, which is further charaoterized in having a fin
assembly placed in Zone A-4.

51




PCT/US93/02214

WO 93/18359

£

14

B W W W W W N W W . U W Y

i

Z

A L L S S S T S A S A &

AW W W W, W, W W . W W . W, . %

it
| | L
— iy~ — |
f N L 3 e S S W . Y ﬁ <<
\ N
N 4 ] { —1 N
\ _ _ \ _ _ \
N : N
\ \ \
N N
\ \ \
I
\ \ \
N : \
\ N
z N
N N
N
N R \
q N
N N
t N
\ N
AW W W . . . W, ”//ﬁ”’// ”/f’/”’/ N W O W W, . N l”f.’///’f‘ A L W . . W, U S
N
N ™
N hany ~—t D
N m u/
\ -
N N
N
t N
, i <+
N
W . W . W, . A W W W WY V”/”f”f’f”’/ W W W W W . W . . W N . I, W W, W W, .
\
N \
N \ \
N \ \
\ N
N
N \ “
N \ A
N N X
\ \
N ) \
N R \
N \ X
N \ A
N ” X
N
\ _ | \ | | \
\ L N t T
f
S [ s S S SS. 3 . W
1

~ &

Fig. 1

1/16

SUBSTITUTE SHEET



!—_.

PCT/US93/02214

4 SN AW WA . Y » . ‘ S S SN ////,//V//////f//f////fff/’ff’//
N
N 7 — A _ \
\ _ A _ T u
\ A s / N
\ H
. c K d \
v 2 ~ u
g N
N N A
N
~—t \ X
™ \ m
- o
// / N
. W . . N S aSuS S /lrl///f///// BN WL W . W Y /////r///’ N N N . O . . .

XV AV LD AV AV A9 AN AV AV 45 45 &5 4

Ll

5 ]

T
\ .

f——

A W . . . W . G W A NV W W% . . W W N . U WA A ¥ L W W U W W W W W . . N . Y S LS W W W W A . W . N Y

v

VAVA

bbbkl kol XL T T L T T T T T T T T TR T T T T T DT TITIY 2L LIl

o ]
]

e

e A . W WA Y W W . Y g L L WA Y /’f/f’f’/;f//’/’/’///’//,’/f’//’//

WO 93/18359

2/16
SUBSTITUTE SHEET

|
L



WO 93/18359

PCT/US93/02214

N

. ™M
ad =

Nl L XL LT 7 777707 7 7 7 X

N

3

~ 3 v

SSSNSSS
L0

Ll Ll L7277 7377777707

Jo1

. NN
Voo TN
NN as D
/A / /

4

v

Lo

L02

L4 Z
LLLL LI 27277777, LLLLLL L 27

MNNSSSSSS
g J

] 3

]

ANINIIINX

LLLN L i 7 P77 77 77 P P P77

g o
5 B

4

V30

™M o))
= —~
o

18

el LAl T 777777 7777 770 77T

v > -

N

AN S

LlO

\

Lot

mn
—

v

Jo

NN \\B\\\

50

>

AN
=
L V4
.

n A
\
\O
— —f
- 7 7
//////J/////////////////////
LTI 777070777 T T T

LLLL L 277 7777 LLLLL L 77
—f
o
>ﬁ‘

VO4 NASNISSSS

3/16

SUBSTITUTE SHEET

Fig. 3b

Fig. 3a



PCT/US93/02214

WO 93/18359

o
o
O

i

o
o
N~

-—i
o

-l

o
i
-1

277

Y

—

st - E :H :HHITHE I I I T I T T T T T T I T T T T T T LTI L AL R LA AR LALLM L MG IR R AR A MM SRR R,
A N
4 ) M N
/ —~ ~=— D WK
“ N N
o e e e A e i 7 S 7 a0 o o e o e e e e VA My M v ar Sy 207 4 N
s N
/ —=)|— Y —=J|— Y \
4 ] ae— | Q (r._ N
V N
7 (60 09 N
A — J_/lll _ J_rl' _ \
_— N
va va v 3 < = A S SR AR S SN SN LT A L L 4 4 D" S L S A L N BN N
] — <+ N
s — N
] N N
¢ \
AT EHITHITHEHTIIATTHIHII T T T TTII T I ALLAL AR AR AR R Y AT T T T TR AR AR

)

0
100

110

4/16




WO 93/18359 ) PCT/US93/02214
|
50 48 50— 48
20 1 '/1 wl 0/‘.
+ 37.5 T L 37.5
(C) )
304— 30—
T 5 i 25
(C) 20
20-—20 20+ 22
. 15.5 | 17
T ///,/////////A 10 4+ 14
T v2.5 T
1.5
Q .
Fi 5 Figure 5b
50" 50T
R 45.5 |
401 1/21.5 40 4 -5
T 1 37.5 T 1 37.5
() - (©
30 30+
] 25 B 25
2
0 20
20 - l/] 20 1
‘ ‘ 18.5 20
. 17 . — 17
10 - 10 4—
Q Q .
Figure 5c Figure 54

5/16



PCT/US93/02214

WO 93/18359

9 31y D ‘IUNLVHIdWAL
081 091 ovl ozt 00l 08 09 ot 0z 0
| / Vi
/ 7/
o A z
7/
/ ) 4 c
i LY L/
N\ yayan \ .\
7 7 7
ya L7 A 9
yd « L A 7 77
y L 71777 8
pd Z L VAR O

‘\ 7 74 ON
A \\\\\\\\\ o
P P 94 oF
7 yd Y aye &4
Ll N7 77V
i D VAV AR, G AY AV 09
2. 217 7 pd Zz 7 7
=z Z 7 AR V.Y A4 08
rd yd 17 Z Zz 7

\\ \ [ 001
7 \\\\\\\\\\\ o
ol \\\\\\ \

L~ \\\,\ \\\\ 00¥
= P AV V. S * 009
“——50 09 9509 0F 08070 008

6/16
SUBSTITUTE SHEET

BHWW '3YNSSINY YOdvA



PCT/US93/02214

WO 93/18359

filaly

?6

24
FLﬂﬂJ/'L,

179,

Y,
UL 19

NLU L[

N~ H
N @) {
ln'
uo,
,Z”
8 N
\
N
\ N
,D,
, ~
J U {
N
v N
4
\ \
N N
\
\
\ —
.
\
(QUEN

£3

Zone 4

21

ML L A 1 LT 2

ockdenke ZZ L L X LL T T T T VT 7T or—yriomhey

one 2

7

uuuy

(&

ooy

Fig. 7a

01

02

— v o

01

f B N W, W W W W W W T W W W % T W W 0 T W o W, W Y W . —_——a - T L W T T B W W T T . W W W Y T S — T
N
N - N
\ N
\
A
N N
“ =i N
N N
\
N e N
\
\ c \
N N
\ @ \
N N
N Z N _
\ (o \
\ a -
N \ “T—
\ ad a4 eV} \
A ~—i L ] ~i n
\ > > > N
N
N
..* A
J
N

////////////////////////////////////////////

AR AL AR AR LR AR B BB BB

. /b

Fi

7/18

SUBSTITUTE SHEET



PCT/US93/02214

WO 93/18359

g8 'O14

.

..d.{.._Q.{. U -

ANttt s

! \\\w\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\1\\\

e AL S S S G U

ONO0a00nnnm

TITHNHHINTIIINIIIIAAMATRRARRR RN

=S
T
|

!mm 12 c—Z

AL RS

LLLLIZZZL7Y \\\\\\\\\\N\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\K\\\\\\\\\\\\y\\\\\\\\\\\\\\\\

v3’

ez 62

@\om bz

8/16



WO 93/18359 PCT/US93/02214

— ]
Va\ N Va 7\
-1 21 P a1
20 20 20 20 20
7-3
24
X X
L - 4
AN AN AN AR AR
2l 21 21 21 21
7-4
25
) 3
{
- — J =0
: J
L1t sz
' Lo Fig 9a Joz '

9/16






01 Fur

av p

B0g Rw

{OO0O O O0OO0000OO0

(O ONONONONONONS®
OO O0OO0OO000OO0OO

OO O0OO0O0O0O0O0O
OO O0OO0O0O0OO0OO0O

OO0 0000000

90¢ Rw ‘

OO O0OO0OO0O00OO0OO0
OO O0OO0OO0O0O0OoO0

852

D@N

OO 0000000

11/16

SUBSTITUTE SHEET




WO 93/18359 PCT/US93/02214

GIIOIITIIISIETETIIIITIIIIITITIO TN IIETIENETNIY

AOONNONNNONNOZNNN0NAN0NA00T
L2 33 - =——Vp 32 Z-1
TMUUOUUI OO OO0 OO OO OO
1NNA00NNNANONANNNANNANNN00nN
z2 33 =l \v, 32 71

/%%?uuuﬂﬂﬂangﬁggggggggggggg

TRV, o S S S N N e S NS S N AN NN

VRVRVRRLY Tl allth i niatiuti Lt bbb,

= == 12 == —
1
(hd il Ll L L L LA Ll L Ll L L L L L L L L L L L L L 4 Ll L lldd WIS IIIIITIGIGIIITIII SISO IIINS

Fig. 12

ZB-4 45 47 48 90  ZA-3 44
/ u// // 1

—— | —-—
ZB-2 43 0%8>§:Zﬁ:§ b 46110, 40 za%)
[Tooooono

H o~ s .
\

Fig. 13 42 ZB-1 50

WWMW/”””////////1/””///”n/”/”nn/””

/myuuuuuyﬂ ﬁnnnnnnnﬂ
NI T

AN

VRO

\__/

I

\

CLUMRURRRAR Y é{\ DUUCRLRMRRRLRRRAAN
—
OSSO S S S S O S SO OO RSNASSE SN




WO 93/18359

62

63

PCT/US93/02214

e

O S AN

32

P 7272727 </
4 J
G A et ek ded ot b ol )y L N TN, Aririrdr

Z-A1 (Vo) — 7-A2 || ZB—2 ——=l (\V,) 7ZB-1
=0 M Viplp L | &2 1 128 £2_= fiy
e e G pQuarmui i oo — |

14

/\
AL N Ly N Y T Y A T T T I T X I T T I I T I T Y P VP T P T e P XY T v iy Y rr vy ;

] o°
Z=A1 (Vjpdp —j—> Z-A2 || ZB-2 - (V) ZB-1 [j1>°
ST T I | S — e L S | |§

[

Ll Ll LR L L Ll
N
66 ZA-3 67 ZA-4 69 ZB-4 68 ZB-3
Fig. 15
| Q

O T TFT IR P T I PPTIT G TSGR G TP & it TGP P PPl S WX LR D S 8 YI2ZZIZZZT) Pl

2

OISO OTTITIIITI TN TSI TIIIIIIIIIrsy.

Ll bl dddodnd s

Yllillis

]

/

; 70

ZA-1

-

62

/B-2

N

M\ MRARRAR TR

=

AN

2T XTI

XX I I

J o

va'er

XITATITY.

32

1 M
f ' '
/
' / '
H / i ! H
1 ¥
E zrrr p
i
i
1 E/W\/\/\/\\

23

01

, 98

29

-

LTI YT T TN I I I VI VT T T YT T T T

Fig. 15k

13/

16

23



WO 93/18359

54

53a

PCT/US93/02214

53b

L

SOANMMVANIVNNNNANNNANNNNNNNN )I\\\\\\\\\\\\\l\\\\\\\\\\\\\\\\\\

/ ¢

—1

A

A

\\\\\\\\\\\\\\\\\\i\\\\\\\\\\\\‘

AN

N\

i

L LLLLLL LSO O P APl Pl 7 7 7 7

N L L AT 7 A P r P PP 777l 7, ///////////

N
H I I -
N
SO S NN NN NN \\\\\\\\\ \\\\\\\\\l[\\\\\"'\\\\\\\\ SN
N
N
L ' ) L v ) §
77 [/ NN\ 7 NN\ S /7,/\\\
L
71 70 § 72
N
N\
N
N
N
N
N\
N
\
N
N 2zB-2
ZA-2 ZA-1 N ZB-1
N\
N
N
N
63 62 N 64
- - N\
\
\
\
N
N N N
N

\ N N

N N \

N b N
SAINISNNSSKN \\\\\\_\“ AN \\\\\\\\\\\\“\ AAIDNSNINIAINININN
56 Z)538 57

Figure 16

14/16




WO 93/18359 PCT/US93/02214

~

\ 5 NN Y AN AN ‘|l DS —— i \:
N || N
\ J | £ ] I
N { N
X ! 1
\ I / \
N
N V“ 72 N
N N
N ( 12)8 N
N ] N
N ! N
N "————,, X
\ 7B-2 0 £B-1 ‘
——— e, N
\ 22 - N
\1
N N
N \ \
533 ;\\\\\\\\\ o ANRYAN AN KN AN AN AN N
\ \
\ l \
N ¥l - ' o B\
54 N N
N
~4 \
\ SN N\ N N . X A AN N S
N N N
] N f 1 N
\ ~ |
N | | \\\
\ K AN . S I/‘\\\“j\‘ . —_ ‘\
N N 53b
\IRL P | /1 . ' \
N Tl N
N / ) \ A
N ! I
N 55 N
\ 71 N 70 \
N
\ (Vy2)a A
IN N
N 4__!1'___.
\ Zh-2 I \
N ZA-1
\ 63 e \
\ —_ 62 \
N N
N N
AN AN NS AN N N N N N N N N O N T U \\\
o N
56
58 .
Figure 17

15/16



WO 93/18359

PCT/US93/02214

(a) Immediate Heat Upgrading(No Chilled Water Loop)
(b) Water and Absorbing Solutions as Working Mediums
(c) Modularized and Hermetically-Sealed Processing Panels
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