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DEHUMIDIFICATION SYSTEM AND
METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to a dehumidification
system and method and, in particular, to a system and
method for controlling the humidity of air in a process or
location using a desiccant-coated fluid-air heat exchanger.

BACKGROUND OF THE INVENTION

[0002] It is well known that air conditioning systems must
be designed to alter both the temperature and the humidity
of supply air to achieve specified thermal conditions in a
conditioned space. Typically, moisture vapour production
within a conditioned space is modest, and so most of the
latent thermal energy load on an conditioning system is
incurred when reducing the humidity of supply (or fresh) air,
to a specified range, rather than removing water vapour from
recirculated air flow within the space.

[0003] In a building, for example, in addition to sensible
heat that must be added or removed to maintain a specified
internal building temperature, excess water vapour may also
have to be removed from air entering the building to
maintain a specified internal humidity range. Such sensible
heat and humidity control typically forms part of an air-
conditioning and ventilation system.

[0004] The typical specified range for ventilated air enter-
ing occupied buildings, which may include residential and
commercial buildings and the like, lies in the range of 22°
C. to 23° C., and relative humidity typically is in the range
of 50% to 65%. This relative humidity corresponds to a
range between 9.73 g and 13.4 g water per kilogram air
(absolute humidity).

[0005] When outside conditions are hot and moist (for
example, 33° C. and 90% relative humidity), humidity ratio
is around 35.4 g of water per kilogram of air. If this air is
transferred to a location and cooled to a lower specified
temperature range by removal of sensible heat, the relative
humidity may reach 100% as the air cools and condensation
then occurs with further cooling. In this example, up to 20
g of water per kilogram of air must be removed in order to
produce a specified relative humidity of 55% at 23° C., as
the external air is cooled to the specified internal tempera-
ture.

[0006] There are various known techniques for dehumidi-
fying air within a process or location. One method is by
thermal condensation which involves drawing air across a
cold surface. As the air cools and relative humidity reaches
100%, water vapour in the air condenses as liquid water
droplets. For example, a fan may draw moist air over a
condensing coil maintained at or less than 11° C. The
condensing coil causes condensation of some of the water
vapour in the air, leaving air at a maximum humidity ratio
of 9.9 g/kg air. The air is then re-heated to a temperature
suitable for supply to the conditioned space, for example to
around 18° C.

[0007] However, this method requires large amounts of
mechanical energy, usually converted from electrical energy.
This mechanical energy is used to operate a reverse Rankine
cycle heat pump that must provide refrigerant fluid cooled to
temperatures at or below 11° C. in the condensing coil to
achieve an absolute humidity of less than 9.9 g water per
kilogram of air (corresponding to a specified relative humid-

Nov. 9, 2017

ity of around 50% at 22 C in the conditioned space). This
method of cooling supply air results in a substantial sensible
cooling load as the supply air is cooled to around 11° C., as
well as the latent energy load required to condense water
vapour from the supply air at this temperature. This latent
energy component varies with ambient humidity. For
example, removal of 20 g of water vapour requires removal
of around 45,000 J of latent energy. This is a typical peak
demand for 1000 m? of office space, representing a continu-
ous latent cooling load of up to 45 kW per thousand square
metres of ventilated space. The supply air temperature is
reduced to less than 12° C. and then re-heated to the
specified final supply air temperature. Further sensible heat
energy is required to cool and then reheat the air.

[0008] Reverse Rankine cycle heat pump air conditioning
equipment of this type must be capable of handling the latent
load imposed by high humidity supply air passing over a
condensing coil, which is chilled to around less than 11° C.
to produce the required final absolute humidity in the supply
air. When operating in conditions of high ambient tempera-
ture and high humidity, both the sensible and latent cooling
loads are large and these loads must be met by typically a
reverse cycle heat pump. These pumps work less efficiently
as the temperature differential increases in hot humid peri-
ods, requiring increased input of electrical or mechanical
energy, usually sourced from a fossil or nuclear fuel pow-
ered generator. The plant must be sized to operate at the peak
cooling load required by the supply air system but typically
operates at a lower power resulting in further inefficiency of
conversion of input energy during operation at these times.
In urban areas building air conditioning can form up to 35%
of the total load on the electrical grid, at peak times in
summer months. This load contributes significantly to the
required grid capacity and therefore the cost of the electrical
grid, which may result in oversizing of electrical generating
plants to meet this peak summer cooling load, and consumes
large amounts of fossil fuels, producing very significant
amounts of green house gases.

[0009] Another known dehumidification method uses
ionic membranes. Apparatus employing ionic membrane
technology operate at a molecular level. Water vapour is
removed through electrolysis. This dehumidification occurs
at rates too low for practical use in air conditioning systenis.
[0010] Yet another method involves the use of adsorption/
desiccant technology. Dehumidification apparatus utilizing
this technology works by exposing the high relative humid-
ity supply air to a desiccant, which adsorbs moisture when
water molecules bind to the desiccant surface. When satu-
rated, or nearly saturated, the desiccant is removed from the
moist supply air path and the adsorbed moisture is removed
from the desiccant, through the application of heat.

[0011] The only commercially available adsorption sys-
tems known to the Applicant that directly remove water
from the air, utilise a large wheel containing an extensive
honeycomb mesh coated with desiccant material that is
rotated through two separated air streams. The first air
stream is a stream of hot air to dry the desiccant material,
and the second air stream is the supply air stream to remove
water vapour from supply air. Water vapour is removed
directly from the air stream by adsorption and then as the
wheel rotates, the saturated desiccant is returned to the
regenerating stream of hot air that vaporizes adsorbed water
from the honeycomb mesh during the regeneration cycle.
The desiccator wheel thus rotates through alternating
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adsorption and regeneration sections. The high temperature
air required for regeneration of the desiccant is either
provided by direct heating from a dedicated source (typi-
cally provided by burning fossil fuel), or by indirectly
produced thermal energy supplied to large heat exchangers
positioned in the air stream (the large size is dictated by the
low specific heat capacity of air). The rotating wheel is
expensive and prone to damage over time due to its large
size, and delicate honeycomb structure. Seals are required to
prevent admixing of the two streams of air, and these seals
are also prone to mechanical failure over time. The regen-
eration cycle is performed at high temperatures, close to the
boiling point of water requiring substantial thermal energy
input, typically from a fossil fuel source such as a gas burner.
The energy supplied must exceed the latent load of the
supply air stream, to regenerate the desiccant material. The
desiccant material on the honeycomb is at a high tempera-
ture at the conclusion of the regeneration cycle and on
rotation into the supply air stream, adds temperature to the
supply air resulting in an increased sensible cooling load
which must be met elsewhere in the supply air conditioning
process.

[0012] Itis an object of the present invention to overcome
at least some of the aforementioned problems or to provide
the public with a useful alternative.

[0013] Any discussion of documents, acts, materials,
devices, articles or the like, which has been included in the
present specification is solely for the purpose of providing a
context for the present invention. It should not be taken as
an admission that any or all of the previous discussion forms
part of the prior art base or was common general knowledge
in the field of the invention as it existed before the priority
date of any of the claims herein.

SUMMARY OF THE INVENTION

[0014] According to an aspect, the present invention pro-
vides a dehumidification system for providing dehumidified
air to a process or location, the dehumidification system
including:

[0015] a fluid-air heat exchanger including an external,
air-side surface coated with desiccant material, wherein
during an adsorption cycle fluid is passed through the heat
exchanger at a temperature which causes water vapour to be
removed from a stream of air permitted or forced across the
heat exchanger;

[0016] a means for permitting or forcing a stream of air
across said heat exchanger during the adsorption cycle; and

[0017] a means of heating the desiccant material during a
regeneration cycle to cause adsorbed water to be removed
from the desiccant material by vaporisation, thereby regen-
erating the desiccant material to a state which will allow the
desiccant material to remove water vapour from a stream of
air in a subsequent adsorption cycle.

[0018]

[0019] a means of cooling the desiccant material during
the adsorption cycle in order to maintain said temperature
within a range sufficient for water vapour to be removed
from the stream of air.

[0020] In an embodiment, the means of cooling the des-
iccant material is the fluid-air heat exchanger wherein cool-
ing is achieved by passing a cooling fluid through the
fluid-air heat exchanger.

In an embodiment, the system further includes:
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[0021] In an embodiment, the means of heating the des-
iccant material is the fluid-air heat exchanger wherein heat-
ing is achieved by passing heating fluid through the fluid-air
heat exchanger.

[0022] In an embodiment, the method further includes a
2-way valve at an entry into said heat exchanger which is
operable to switch between heating and cooling fluid supply
to the heat exchanger.

[0023] In an alternate embodiment, the heating and cool-
ing fluid is fluid from a common source heated or cooled
prior to entry into the heat exchanger according to whether
the heat exchanger is operating an adsorption or regenera-
tion cycle.

[0024] In an embodiment, the means of permitting or
forcing a stream of air is one or more fans.

[0025] Inanembodiment, the fluid-air heat exchanger is in
the form of a fin radiator including a fluid flow pipe and
associated heating/cooling fms which are coated in said
desiccant material.

[0026] Inan embodiment, the fluid-air heat exchanger and
the means for permitting or forcing a stream of air is
disposed in ductwork used to transport ambient air into a
location.

[0027] In an alternate embodiment, the fluid-air heat
exchanger and the means for permitting or forcing a stream
of air forms part of a module which is attachable to ductwork
used to transport ambient air into a location.

[0028] In an embodiment, the location is a building inte-
rior.
[0029] In an embodiment, the means of permitting or

forcing a stream of air across the heat exchanger is operated
alternately in an air supply mode to permit or force a stream
of air to the location via the fluid-air heat exchanger, and an
air return mode to draw a stream of air out from the location.

[0030] In an embodiment, the return air is supplied to a
process.

[0031] In an embodiment, the system further includes:
[0032] a second fluid-air heat exchanger operating in

parallel to said fluid-air heat exchanger, wherein when the
fluid-air heat exchanger is operating said adsorption cycle,
the second fluid-air heat exchanger is operating said regen-
eration cycle, and vice versa, to ensure a continuous supply
of dehumidified air to said location;

[0033] a means of switching the operation of each heat
exchanger between adsorption and regeneration cycles; and
[0034] air handling means which provide that air passing
through the heat exchanger operating in said regeneration
cycle is not provided to the location and air passing through
the heat exchanger operating in said adsorption cycle is
provided to the location.

[0035] In an embodiment, the system is configured to
provide dehumidified air to a process.

[0036] In an embodiment, the process is an evaporative
cooling process.

[0037] Inanembodiment, the evaporative cooling process
includes permitting or forcing a volume of desiccated air
across a surface area of a volume of fluid, whereby the
volume of air causes the temperature of said fluid to be
lowered by evaporative means.

[0038] In an embodiment, the volume of fluid is held in a
tank and the volume of air is pe mitted or forced across the
top surface area of the body of fluid in the tank.
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[0039] In an embodiment, the volume of fluid is in the
form of droplets in a cooling tower and the volume of air is
permitted or forces across a surface area of each droplet.

[0040] In an embodiment, the volume of fluid having had
its temperature reduced by the evaporative cooling process
is supplied to the fluid-air heat exchanger as cooling fluid
used to cool the desiccant material during the adsorption
cycle.

[0041] Inan embodiment, the evaporative cooling process
is used to cool and/or re-humidify desiccated air prior to
entry into a location or further process.

[0042]

[0043] a second fluid-air heat exchanger operating down-
stream of the process, wherein when the fluid-air heat
exchanger is operating said adsorption cycle, the second
fluid-air heat exchanger is operating said regeneration cycle,
and vice versa;

[0044] a means of switching the operation of each heat
exchanger between adsorption and regeneration cycles;

[0045] a means of switching a mode of operation of the
means of permitting or forcing a stream of air across the heat
exchanger to ensure continuous supply of dehumidified air
to the process such that when the fluid-air heat exchanger is
operating an adsorption cycle a stream of air is drawn across
the fluid-air heat exchanger to provide dehumidified air to
the process whilst the second fluid-air heat exchanger is
operating a regeneration cycle, and when the second fluid-air
heat exchanger is operating said adsorption cycle a stream of
air is drawn across the second fluid-air heat exchanger to
provide dehumidified air to the process whilst the fluid-air
heat exchanger is operating a regeneration cycle.

In an embodiment, the system further includes:

[0046] In an alternate embodiment, the system further
includes:
[0047] a second fluid-air heat exchanger operating in

parallel to said fluid-air heat exchanger, wherein when the
fluid-air heat exchanger is operating said adsorption cycle,
the second fluid-air heat exchanger is operating said regen-
eration cycle, and vice versa, to ensure a continuous supply
of dehumidified air to said process;

[0048] a means of switching the operation of each heat
exchanger between adsorption and regeneration cycles; and

[0049] air handling means which provide that air passing
through the heat exchanger operating in said regeneration
cycle is not provided to the process and air passing through
the heat exchanger operating in said adsorption cycle is
provided to the process.

[0050] In another aspect, the present invention provides a
method of dehumidifying air provided to a process or
location, said method including:

[0051] operating, during an adsorption cycle, a means for
permitting or forcing a stream of air across a fluid-air heat
exchanger including an external air-side surface coated with
desiccant material, wherein fluid is passed through the heat
exchanger at a temperature which causes water vapour to be
removed from the stream of air by the desiccant material by
adsorption;

[0052] heating, during a regeneration cycle, the desiccant
material to cause adsorbed water to be removed from the
desiccant material by vaporisation, thereby regenerating the
desiccant material to a state which will allow the desiccant
material to remove water vapour from a stream of air in a
subsequent adsorption cycle.
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[0053] In an embodiment, the method further includes:
[0054] cooling the desiccant material during the adsorp-
tion cycle in order to maintain said temperature within a
range sufficient for water vapour to be removed from the
stream of air.

[0055] In an embodiment, cooling the desiccant material
includes passing cooling fluid through the fluid-air heat
exchanger.

[0056] In an embodiment, heating the desiccant material
includes passing heating fluid through the fluid-air heat
exchanger.

[0057] In an embodiment, the method further includes:
[0058] operating a second fluid-air heat exchanger in
parallel to said fluid-air heat exchanger such that when the
fluid-air heat exchanger is operating said adsorption cycle,
the second fluid-air heat exchanger is operating said regen-
eration cycle, and vice versa, to ensure a continuous supply
of dehumidified air to said location or process; and

[0059] handling the air such that air passing through the
heat exchanger operating in said regeneration cycle is not
provided to the location or process and air passing through
the heat exchanger operating in said adsorption cycle is
provided to the location or process.

[0060] In an alternate embodiment, the method is for
providing dehumidified air to a process located downstream
of the fluid-air heat exchanger, and further includes:
[0061] operating a second fluid-air heat exchanger down-
stream of the process such that when the fluid-air heat
exchanger is operating said adsorption cycle, the second
fluid-air heat exchanger is operating said regeneration cycle,
and vice versa;

[0062] switching a mode of operation of the means of
pennitting or forcing a stream of air across the heat
exchanger to ensure continuous supply of dehumidified air
to the process such that when the fluid-air heat exchanger is
operating an adsorption cycle a stream of air is drawn across
the fluid-air heat exchanger to provide dehumidified air to
the process whilst the second fluid-air heat exchanger is
operating a regeneration cycle, and when the second fluid-air
heat exchanger is operating said adsorption cycle a stream of
air is drawn across the second fluid-air heat exchanger to
provide dehumidified air to the process whilst the fluid-air
heat exchanger is operating a regeneration cycle.

[0063] In an embodiment, the process is an evaporative
cooling process including:

[0064] permitting or forcing a volume of desiccated air
across a surface area of a volume of fluid, whereby the
volume of air causes the temperature of said fluid to be
lowered by evaporative means.

[0065] In an embodiment, the method further includes:
[0066] supplying the volume of fluid having its tempera-
ture reduced by the evaporative cooling process to the
fluid-air heat exchanger as cooling fluid used to cool the
desiccant material during the adsorption cycle.

BRIEF DESCRIPTION OF THE FIGURES

[0067] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
several implementations of the invention and, together with
the description, serve to explain the advantages and prin-
ciples of the invention. In the drawings:

[0068] FIG. 1 is a schematic view of a dehumidification
system for providing dehumidified air to a location accord-
ing to an embodiment of the present invention;
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[0069] FIG. 2 is a schematic view of a dehumidification
system for providing dehumidified air to an evaporative
process according to an embodiment;

[0070] FIG. 3 is a schematic view of a dehumidification
system involving two heat exchangers for providing dehu-
midified air to an evaporative process according to a further
embodiment;

[0071] FIG. 4 is a schematic view of a dehumidification
system involving two heat exchangers operating in parallel
for providing dehumidified air to an evaporative process
according to a further embodiment; and

[0072] FIG. 5 is a schematic view of a dehumidification
system for providing dehumidified air to a location and
subsequently to an evaporative process according to a still
further embodiment.

DETAILED DESCRIPTION OF
EMBODIMENT(S) OF THE INVENTION

[0073] The following detailed description of the invention
refers to the accompanying drawings. Although the descrip-
tion includes exemplary embodiments, other embodiments
are possible, and changes may be made to the embodiments
described without departing from the spirit and scope of the
invention. Wherever possible, the same reference numbers
will be used throughout the embodiments and the following
description to refer to the same and like parts.

[0074] A dehumidification system 10 according to an
embodiment is shown schematically in FIG. 1, and includes
at least one desiccant-coated heat exchanger 12 and a means
of permitting or forcing air across the heat exchanger 12 and
into a location. It is to be understood that whilst the
embodiment shown in FIG. 1 is directed to providing
dehumidified air to a location, the system 10 could equally
well be configured to provide dehumified air to a process as
described below. The means of permitting or forcing air
across the heat exchanger 12 is, in the example shown, in the
faun of a fan 14 configured to draw a stream of air into the
location via a duct 16, wherein the location may for example
be an interior of a building. The duct 16 may house both the
heat exchanger 12 and fan 14, however, other mounting
configurations and arrangements may be possible. For
example, the heat exchanger 12 and fan 14 may form part of
a portable dehumidification module (not shown) which is
attachable to ductwork. The use of other means capable of
permitting or forcing a stream of air into the location and via
the heat exchanger may also be possible, for example, the
fan 14 may be replaced by a damper or other handling
equipment (not shown in FIG. 1) which when open permits
air to pass across the heat exchanger 12.

[0075] The stream of air is therefore drawn into the
building after passing through the desiccant-coated heat
exchanger 12 which serves to remove water vapour from the
stream of air by adsorption, thereby dehumidifying the air.
Water which is adsorbed by the desiccation material is
referred to herein at times as “adsorbed water”, and the heat
exchanger 12 is referred to herein at times as a “desiccator”.
The heat exchanger 12 may be of the fin radiator type,
including a heat exchanger pipe 18 for accommodating fluid
used to heat and/or cool associated fins 20 coated with
desiccant material (not shown). In an embodiment, the fluid
is water, due to its high heat capacity, abundance and ease of
handling. The desiccant material could be any suitable
material, such as any zeolitic adsorbent.
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[0076] In order for there to be sensible cooling of the fins
20 and hence of the desiccant material to permit the removal
of water vapour from the stream of air during an adsorption
cycle, the fluid passing through the heat exchanger pipe 18
needs to be maintained at a lower temperature than the
desiccant material. The heat exchanger 12 therefore operates
in a cooling mode during the adsorption cycle. Cooling the
desiccant material during the adsorption cycle removes heat
energy of adsorption from the desiccant and thus permits the
further adsorption of water vapour from the supply air
stream.

[0077] Accordingly, those skilled in the art would already
realise that the fan 14 and the heat exchanger 12 may be
operated to supply fresh air to a location or a process at low
relative humidity during an adsorption cycle.

[0078] The system 10 may also operate a regeneration
cycle to enable the desiccant material to regenerate and then
continue to draw moisture from incoming air. During a
regeneration cycle, adsorbed water is removed from the
desiccant material. This may be achieved by operating the
heat exchanger 12 in a heating mode, whereby fluid passing
through the heat exchanger pipe 18 is at a higher temperature
than the desiccant material. The desiccant material may be
directly heated via the fins 20. Unlike known dehumidifi-
cation systems using desiccation technology, only a low
temperature heat source is required to heat the fluid flowing
through pipe 16 to heat the desiccant material. For example,
during a regeneration cycle test, the temperature of heating
fluid 24 was measured at 73° C. entering the heat exchanger
pipe 18 and again measured at 59° C. on exit from the heat
exchanger pipe 18. The regeneration cycle removed a total
of 220 g of water from the dehumidification system 10 by
desorption during heating at an average rate of 1.67 g/s over
a 132 second time interval. Air entered the dehumidification
system 10 at 20.2° C. with a humidity ratio of 11.75 g/kg air,
and air left at a temperature of 44° C. and a humidity ratio
of 16.47 g/kg air with 0.35 kg/s air passing through the
system 10.

[0079] The fluid that is passed through the heat exchanger
pipe 18 during the adsorption cycle is referred to herein at
times as “cooling fluid”, and fluid that is passed through the
heat exchanger pipe 18 during the regeneration cycle is
referred to herein at times as “heating fluid”.

[0080] In an embodiment, the system 10 may form part of
a more general building heating ventilation and cooling
(HVAC) system and can be a valuable adjunct to provide
dehumidified air using a low-temperature (thermal) energy
source, for example obtained from a solar thermal collector
(not shown).

[0081] As a result of the effectiveness of the system 10 in
removing unwanted moisture from supply air (for example,
in the case of building supply air, achieving an absolute
humidity as low as 3 g per kg air) without significant loss of
efficiency, the system 10 need only operate intermittently
remove moisture from supply air to maintain a specified
thermal environment at the location or process. A single
desiccator or an array of desiccators working as a single unit,
each operating concurrently in an adsorption or regeneration
cycle, can provide the supply air requirements without the
need for a continuous supply of dehydrated air. This may
also simplify the control and mechanical structures required
to operate the dehumidification process.

[0082] The desiccant material may be maintained at a
sufficiently low temperature compared to the temperature of
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the desiccant material by cooling fluid supplied to the heat
exchanger 12. In an embodiment, and as described further
below, the heat exchanger 12 may be configured to switch
between fluids used in each of the adsorption and regenera-
tion cycles. In some circumstances, the fluid used in the
regeneration cycle may be the same fluid used in the
regeneration cycle. For example, heating fluid that has
passed through the heat exchanger during the regeneration
cycle may be appropriately cooled in another process so that
it is also suitable for use as the cooling fluid during the
adsorption cycle, and vice versa.

[0083] Due to the properties of adsorbant materials oper-
ating at or even above 30° C., the fluid used in the adsorption
cycle is not required to be cooled to the typical condensing
coil temperature range of less than 12° C. as in a hitherto
known condensing coil dehumidifier. The required tempera-
ture of fluid in the heat exchanger pipe 18 can thus be
achieved by sourcing cooled fluid from an evaporative
means forming part of the system 30 as described further
below, or even a mains water or rain water supply in
circumstances where the temperature of the water is suffi-
ciently low compared to the temperature of the desiccant
material.

[0084] With the excess humidity in the supply air removed
in this manner, the resulting supply air stream can be
sensibly heated or cooled efficiently using the minimum
required sensible thermal energy, by for example a coil heat
exchanger. This system may further allow for a sensible
cooling load to be handled by direct evaporative cooling to
produce the temperature and relative humidity conditions
specified for the location or process.

[0085] FIG. 1 further illustrates a 2-way valve 22 associ-
ated with the heat exchanger input for allowing entry of
either heating 24 or cooling 26 fluid into the heat exchanger
pipe 18 in accordance with an embodiment. Operation of the
2-way valve 22 causes the valve 22 to alternately supply
cooling 26 and heating 24 fluid (for the adsorption and
regeneration cycles respectively) to the heat exchanger pipe
18. Operation of the valve 22 may be controlled by an
appropriate control mechanism (not shown). Such a control
mechanism may be an electronic control mechanism, for
example, and may constitute or form part of an overall
system control mechanism used to also intermittently oper-
ate the fan 14 and, in the case of a reversible fan, the
direction of flow of the fan, for example.

[0086] Other components which may be controlled
include any downstream component that may be used to
further cool or re-humidify the air stream and air handling
apparatus such as dampers, for example. The system may
further include means of measuring certain conditions such
as the temperature and humidity of supply air, the tempera-
ture and humidity of air after the desiccator, and the tem-
perature and humidity of air after having reached the target
location or process, in order to determine the extent to which
the mode of operation of these various components need to
be altered. The present invention is not limited to any one
particular control mechanism, system or method.

[0087] A bi-directional fan could be used in circumstances
where say a location has limited ducting capacity, for
example, where the exhaust air from the location must be
drawn back through the same ductwork through which the
treated air was supplied to the location. Because the system
10 allows for treated air to be provided to the location
intermittently, that is, during the adsorption cycle but not
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during the regeneration cycle, the fan may be operated in
reverse during the regeneration cycle in order to draw
exhaust air out from the location to atmosphere.

[0088] FIG. 2 illustrates an example system 30 in which
dehumidified air is provided to a process rather than a
location. In particular, the process is a downstream evapo-
rative cooling process according to an embodiment. For the
purpose of brevity, components of system 30 that perform
the same or similar function to components of system 10 are
referenced using like reference numerals. System 30 fea-
tures an evaporative cooling process involving a volume of
water 32 separated from the air stream duct 16 downstream
of'the fan 14 with a free surface 34 exposed to the air stream.
While the system 30 is running an adsorption cycle, as
earlier described with respect to system 10, the humidity
downstream of the heat exchanger 12 is reduced, which
lowers the wet bulb temperature of the desiccated air. The
lowered humidity allows for improved evaporative cooling
of the air when passed over the free surface 34. Evaporative
cooling may also be utilised to add humidity back to air that
may otherwise be undesirably dry.

[0089] Thus, with warm, dry air passing over the free
surface 34 of a volume of a volume of water 32, the low
partial pressure of water in the desiccated air permits an
evaporative process from the free surface, entraining water
vapour as it passes across the free surface 34. The latent heat
of vaporisation of the entrained water vapour mass results in
a reduced temperature of the air and of the water body. Thus
the incoming air may be cooled and re-humidified by the
volume of water 32 to a desirable level, while the water body
is also somewhat cooled.

[0090] In this manner, the water body can be cooled to a
temperature below the ambient wet bulb temperature. This
can be achieved with the addition of equipment required for
the circulation of the volume of water 32, being for example
plumbing and a single pump. FIG. 2 shows for example the
use of a warm water line 36 into the volume of water 32 and
a cool water line 38 out. As the fluid may be close to
atmospheric pressure, and open to atmosphere at least one
location, the required additional energy input required to
move the air and the cooling fluid is low, resulting in a
favourable electrical coefficient of performance (ECOP)
compared to mechanically operated vapour compression
cycles.

[0091] The above evaporative cooling process involving
the permitting or forcing of a volume of air across a free
surface 34 of a volume of water 32 to produce cooled fluid
is the subject of a co-pending application by the present
Applicant. The co-pending application describes that the
volume of fluid could equally be in the form of droplets in
a cooling tower which enables an air stream to pass across
the droplets to cool the fluid. It is to be understood that the
present invention is not limited to any one process to which
dehumidified air may be provided.

[0092] The skilled person would understand that cooled
fluid produced as a by-product of a process, such as the
evaporative cooling process described above, may be trans-
ferred for use in another location or process. In an embodi-
ment, and as described below with respect to the embodi-
ment of FIG. 4, the cooled fluid could be supplied back to
the heat exchanger 12 as cooling fluid during the adsorption
cycle.

[0093] FIG. 3 illustrates a further example system 40 in
which dehumidified air is provided to a process rather than
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a location. Tn the embodiment shown, the process is the
earlier described evaporative cooling process, however, this
is by way of example only. Identical or similarly functioning
components from system 10 and 30 are referenced using like
numerals. The system 40 includes two heat exchangers 42
and 44 positioned upstream and downstream of a free
surface 34 of a volume of water 32. Each heat exchanger is
operated in an opposite mode such that at any one time, one
heat exchanger will operate an adsorption cycle and the
other heat exchanger will operate a regeneration cycle, and
vice versa, with the mode of operation controllably switch-
able.

[0094] In this embodiment warm and/or humid air may be
brought in from ambient, and passed across the desiccant-
coated heat exchanger 42 where it is de-humidified during
an adsorption cycle, passed across the free surface 34 where
it cools the water body 32 by the removal of latent heat
through the entrainment of water vapour, and finally across
the second desiccant-coated heat exchanger 44 which is in
its regeneration cycle. In this manner, the volume of water
32 is continuously cooled, and the desiccant-coated heat
exchangers 42 and 44 can be run in alternate adsorption/
regeneration cycles by reversing the air path and the heating
24 or cooling 26 fluid flows.

[0095] FIG. 3 further illustrates a valve 46 associated with
the heat exchanger inputs for allowing entry of either
heating 24 or cooling 26 fluid into the heat exchanger pipe
18 in accordance with the heat exchanger to which the fluid
is provided running either a regeneration or an adsorption
cycle.

[0096] FIG. 4 illustrates a system 50 according to a still
further embodiment in which dehumidified air is provided to
a process rather than a location. In the embodiment shown,
the process is the earlier described evaporative cooling
process, however, this is by way of example only. Compo-
nents from systems 10, 30 and 40 which are the same or have
a similar purpose are referenced using like numerals. The
system 50 may include a pair of desiccant-coated heat
exchangers 52 and 54 operating in parallel, being alternately
supplied with cooling 26 fluid and heating 24 fluid from a
heat source (not shown), with a means of switching between
the two sources and modes of operation as described earlier.
Also shown is at least one means of permitting or forcing a
stream of air independently across the heat exchangers 52
and 54. In the embodiment shown, this is in the form of two
ventilation fans 14 but a single fan with appropriately
controlled damping components (not shown) could equally
be used.

[0097] Having passed the supplied air across the coated
heat exchangers 52 and 54, the air may be controllably
directed by air handlers, for example dampers 56 and 58
associated with heat exchanger 52 and dampers 60 and 62
associated with heat exchanger 54. The air that has been
utilised for a regeneration cycle is allowed by a damper 56
or 60 to exit the system, while the air which has been
desiccated is directed downstream via dampers 58 and 62.
For example, if heat exchanger 52 is operating in a regen-
eration cycle and heat exchanger 54 in an adsorption cycle,
damper 56 will be open and damper 58 will be closed to
allow for this air to exit the system. In the meantime, damper
62 will be open and damper 60 closed to allow desiccated air
to travel downstream to the process. When the mode of
operation of the heat exchangers are switched, each damper
is also controlled to switch from open to closed or vice versa.
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[0098] As described earlier, the process may include a
means of exposing a free surface 64 of a body of water 66
to be cooled by evaporation to a stream of dried air supplied
by the heat exchanger operating an adsorption cycle. Water
cooled from this process may be fed back into the system as
cooling fluid for the heat exchangers when operating in a
regeneration cycle or be used for some other process. In this
regard, the system 50 may further include a valve 68 which
when opened allows for feeding of cooling water into one or
both of the heat exchangers, and valve 70 which when
opened allows for feeding of water from one or both of the
heat exchangers back into the volume of water 32.

[0099] FIG. 5 illustrates an example system 80 which is
similar to the system of FIG. 2 in that it is configured to
allow for dehumidified air to be supplied to a process, but in
addition, includes a means 82 of providing desiccated air to
a location before being returned to the process. In the
embodiment shown, the process is the earlier described
evaporative cooling process, however, this is by example
only. Components from system 30 of FIG. 2 which are the
same or have a similar purpose are referenced using like
numerals. The skilled addressee would appreciate that the
means of providing desiccated air to the location and return-
ing exhaust air from the location back to the process may be
one or more additional fans and additional ductwork (not
shown) employing appropriate air handling equipment such
as dampers (not shown). The supply of desiccated air to a
location and then a process may be used to further advantage
where the location and the process can operate with an
advantage compared to operation with ambient air.

[0100] The benefits afforded by the present invention
should now be apparent. The skilled addressee would appre-
ciate that a fluid-air heat exchanger may be coated on an
external (air-side) surface with desiccant material and used
to remove entrained water vapour from air by an adsorption
process. Desiccant material adsorbs water at or above ambi-
ent temperatures, and the resultant air stream is of a reduced
humidity compared with the humidity of the supply air. The
desiccant material may then be dried/regenerated through
addition of heat, driving water back into the vapour state
with addition of latent energy of vaporization. Low grade
heat (as low as 60° C.) may be added to the heat exchanger
fluid, from solar thermal or another source, to provide
energy of desorption to remove water from the desiccant
material during the regeneration cycle. Tepid fluid (at or
above 23° C.) may be used to remove heat of adsorption
during the adsorption process. An advantage is that desic-
cation of air may be achieved without the need for a lower
temperature condensing coil thereby eliminating the need
for a reverse cycle heat pump. The low grade heat used
during the regeneration cycle may be obtained from a
renewable source such as a solar thermal collector, reducing
or eliminating the need for fossil or nuclear fuel powered
electrical energy input.

[0101] It should be apparent that the means of permitting
or forcing a stream of air across one or more heat exchangers
could be a fan or a series of fans. It is to be further
understood that the speed of the fan may be controlled
depending on the mode of operation of the heat exchanger.
For example, a 2-speed fan could be used to alter air rate
between adsorption and regeneration cycles. As shown in
the example of FIG. 4, the system may also include a means
of selecting an air path for process and waste air between
cycles, and the fluid for the adsorption cycle may be
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supplied by an evaporative cooling means downstream of
the heat exchanger(s). A further example of a means of
permitting a stream of air across the desiccant coated heat
exchanger(s) is air handling equipment such as a damper
which when opened permits a stream of air to move through
the heat exchanger.

[0102] Further advantages and improvements may very
well be made to the present invention without deviating
from its scope. Although the invention has been shown and
described in what are conceived to be the most practical and
preferred embodiments, it is recognized that departures may
be made therefrom within the scope and spirit of the
invention, which is not to be limited to the details disclosed
herein but is to be accorded the full scope of the claims so
as to embrace any and all equivalent devices, apparatus,
systems and/or methods.

[0103] Inany claims that follow and in the summary of the
invention, except where the context requires otherwise due
to express language or necessary implication, the word
“comprising” is used in the sense of “including”, i.e. the
features specified may be associated with further features in
various embodiments of the invention.

1. A dehumidification system for providing dehumidified
air to a an evaporative cooling process, the dehumidification
system including:

a fluid-air heat exchanger including an external, air-side
surface coated with desiccant material, wherein during
an adsorption cycle fluid is passed through the heat
exchanger at a temperature which causes water vapour
to be removed from a stream of air permitted or forced
across the heat exchanger;

a means for permitting or forcing the stream of air across
said heat exchanger during the adsorption cycle;

a means of heating the desiccant material during a regen-
eration cycle to cause adsorbed water to be removed
from the desiccant material by vaporisation, thereby
regenerating the desiccant material to a state which will
allow the desiccant material to remove water vapour
from a stream of air in a subsequent adsorption cycle;

a means for cooling the desiccant material during the
adsorption cycle in order to maintain said temperature
within a range sufficient for water vapour to be
removed from the stream of air, wherein the means of
cooling the desiccant material is the fluid-air heat
exchanger wherein cooling is achieved by passing a
cooling fluid through the fluid-air heat exchanger; and

wherein the evaporative cooling process includes permit-
ting or forcing a volume of desiccated air across a
surface area of a volume of fluid, whereby the volume
of air causes the temperature of said fluid to be lowered
by evaporative means.

2. (canceled)

3. (canceled)

4. The dehumidification system according to claim 1,
wherein the means of heating the desiccant material is the
fluid-air heat exchanger, wherein heating is achieved by
passing heating fluid through the fluid-air heat exchanger.

5. The dehumidification system according to claim 4,
further including a 2-way valve at an entry into said heat
exchanger which is operable to switch between heating and
cooling fluid supply to the fluid-air heat exchanger.

6. The dehumidification system according to claim 4,
wherein the heating and cooling fluid is fluid from a com-
mon sourced heated or cooled prior to entry into the fluid-air
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heat exchanger according to whether the fluid-air heat
exchanger is operating the adsorption cycle or the regenera-
tion cycle.

7. The dehumidification system according to claim 1,
wherein the means of permitting or forcing the stream of air
is one or more fans.

8. The dehumidification system according to claim 1,
wherein the fluid-air heat exchanger is in the form of a fin
radiator including a fluid flow pipe and associated heating
cooling fins which are coated in said desiccant material.

9. The dehumidification system according to claim 1,
wherein the fluid-air heat exchanger and the means for
permitting or forcing the stream of air is disposed in duct-
work used to transport ambient air into a location.

10. The dehumidification system according to claim 1,
wherein the fluid-air heat exchanger and the means for
permitting or forcing the stream of air forms part of a
module which is attachable to ductwork used to transport
ambient air into a location.

11. The dehumidification system according to claim 9,
wherein the location is a building interior.

12. The dehumidification system according to claim 9,
wherein the means of permitting or forcing the stream of air
across the fluid-air heat exchanger is operated alternately in
an air supply mode to permit or force the stream of air to the
location via the fluid-air heat exchanger, and an air return
mode to draw the stream of air out from the location.

13. The dehumidification system according to claim 12,
wherein return air is supplied to the evaporative cooling
process.

14. The dehumidification system according to claim 9,
further including:

a second fluid-air heat exchanger operating in parallel to
said fluid-air heat exchanger, wherein when the fluid-
air heat exchanger is operating said adsorption cycle,
the second fluid-air heat exchanger is operating said
regeneration cycle, and vice versa, to ensure a continu-
ous supply of dehumidified air to said location;

a means of switching the operation of each of the fluid-air
heat exchanger and the second fluid-air heat exchanger
between adsorption and regeneration cycles; and

air handing means which provide that air passing through
the fluid-air heat exchanger or the second fluid-air heat
exchanger operating in said regeneration cycle is not
provided to the location and air passing through the
fluid-air heat exchanger or the second fluid-air heat
exchanger operating in said adsorption cycle is pro-
vided to the location.

15. (canceled)

16. (canceled)

17. (canceled)

18. The dehumidification system according to claim 1,
wherein the volume of fluid is held in a tank and the volume
of air is permitted or forced across a top surface area of a
body of fluid in the tank.

19. The dehumidification system according to claim 1,
wherein the volume of fluid is in the form of droplets in a
cooling tower and the volume of air is permitted or forced
across a surface area of each droplet.

20. The dehumidification system according to claim 1,
wherein the volume of fluid having had its temperature
reduced by the evaporative cooling process is supplied to the
fluid-air heat exchanger as cooling fluid used to cool the
desiccant material during the adsorption cycle.
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21. The dehumidification system according to claim 1, stream of air, wherein cooling the desiccant material
wherein the evaporative cooling process is used to cool or includes passing cooling fluid through the fluid-air heat
re-humidify desiccated air prior to entry into a location or a exchanger; and
further process. wherein heating the desiccant material includes passing
22. The dehumidification system according to claim 1, heating fluid through the fluid-air heat exchanger.
further including: 25. (canceled)
a second fluid-air heat exchanger operating downstream 26. (canceled)
- 1. 27. (canceled)
of the process, wherein when the fluid-air heat h hod dine to claim 24. further including:
exchanger is operating said adsorption cycle, the sec- 28. The method according to claim 24, or Inctucing.
L . . . operating a second fluid-air heat exchanger in parallel to
ond. fluid-air heat e?(changer is operating said regen- said fluid-air heat exchanger such that when the fluid-
eration cycl.e, apd vice versa, L air heat exchanger is operating said adsorption cycle,
a means of switching the operation of each of the fluid-air the second fluid-air heat exchanger is operating said
heat exchanger and the second fluid-air heat exchanger regeneration cycle, and vice versa, to ensure a continu-
between adsorption and regeneration cycles; ous supply of dehumidified air to said location or
a means of switching a mode of operation of the means of process; and
permitting or forcing a stream of air across the heat handling the air such that air passing through the fluid-air
exchanger to ensure continuous supply of dehumidified heat exchanger or the second fluid-air heat exchanger
air to the process such that when the fluid-air heat operating in said regeneration cycle is not provided to
exchanger is operating the adsorption cycle, a stream of the location or process and air passing through the
air is drawn across the fluid-air heat exchanger to fluid-air heat exchanger or the second fluid-air heat
provide dehumidified air to the process whilst the exchanger operating in said adsorption cycle is pro-
second fluid-air heat exchanger is operating the regen- vided to the location or process.
eration cycle, and when the second fluid-air heat 29. The method according to claim 24 for providing
exchanger is operating said adsorption cycle, a stream  dehumidified air to a process located downstream of the
of air is drawn across the second fluid-air heat  fluid-air heat exchanger, the method further including:
exchanger to provide dehumidified air to the process operating a second fluid-air heat exchanger downstream
whilst the fluid-air heat exchanger is operating the of the process such that when the fluid-air heat
regeneration cycle. exchanger is operating said adsorption cycle, the sec-
23. (canceled) ond fluid-air heat exchanger is operating said regen-
24. A method of dehumidifying air provided to a process eration cycle, and vice versa;
or location, said method including: switching a mode of operation of the means of permitting
operating, during an adsorption cycle, a means for per- or forcing a stream of air across the fluid-air heat
mitting or forcing a stream of air across a fluid-air heat exchanger or the second fluid-air heat exchanger to
exchanger including an external air-side surface coated ensure continuous supply of dehumidified air to the
with desiccant material, wherein fluid is passed through process such that when the fluid-air heat exchanger is
the fluid-air heat exchanger at a temperature which operating an adsorption cycle, a stream of air is drawn
causes water vapour to be removed from the stream of across the fluid-air heat exchanger to provide dehu-
air by the desiccant material by adsorption; midified air to the process Wh11§t the seconq fluid-air
heating, during a regeneration cycle, the desiccant mate- heat exchanger is operating said regeneration cycle,
rial to cause adsorbed water to be removed from the and when the second fluid-air heat exchanger is oper-
desiccant material by vaporization, thereby regenerat- ating said adsorption cycle, a stream of air is drawn
ing the desiccant material to a state which will allow the across the second fluid-air heat exchanger to provide
desiccant material to remove water vapour from a dehumldlﬁe.:d air to Fhe process whilst .the fluid-air heat
stream of air in a subsequent adsorption cycle; exchanger is operating said regeneration cycle.

cooling the desiccant material during the adsorption cycle ;(1) (canceieg)
in order to maintain said temperature within a range - (canceled)
sufficient for water vapour to be removed from the * ok k& ok



