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The Invention relates to a sorption element for a sorption-supported air conditioning unit for the humidification and/or heating
and/or cooling of a room or an airflow. According to the invention, the heat and material transfer may be improved with a reduction
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(57) Abrege(suite)/Abstract(continued):
In the size of the embodiment, variable amounts of the employed sorption agent and increased resistance to over-saturation,

whereby the sorption element is embodied as a tubular piece with a tubular cross-section with a first and an opposing second open
end with a first air-permeable grid element (23), defining the first open end and a second air-permeable grid element (14), defining

the second open end thereof, whereby the grid elements do not permit a sorption agent to pass.
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(57) Abstract: The invention relates to a sorption element for a sorption-supported air conditioning unit for the humidification and/or
heating and/or cooling of a room or an airflow. According to the invention, the heat and material transfer may be improved with a
reduction in the size of the embodiment, variable amounts of the employed sorption agent and increased resistance to over-saturation,
whereby the sorption element is embodied as a tubular piece with a tubular cross-section with a first and an opposing second open
end with a first air-permeable grid element (23), defining the first open end and a second air-permeable grid element (14), defining
the second open end thereof, whereby the grid elements do not permit a sorption agent to pass.
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— it internationalem Recherchenbericht

(57) Zusammenfassung: Bei einem Sorptionselement fiir eine sorptionsgestiitzte Klimatisierungsanlage zur Entfeuchtung und/oder
Beheizung und/oder Kiihlung eines Raumes oder eines Luftstromes, wird zur Verbesserung des Wiarme- und Stoffiibergangs, wobei
die Ausfithrungsgrdssen reduziert, die verwendbare Menge des Sorptionsmittels variiert und die Bestiindigkeit bei Ubersittigung er-
hoht werden soll, vorgeschlagen, dass das Sorptionselement als Rohrteil mit einem Rohrquerschnitt und mit einem ersten und einem
gegeniiberliegendem zweiten offenen Ende ausgebildet ist, dessen erstes offene Ende mit einem ersten luftdurchldssigen Gitterele-
ment (23) begrenzt ist und dessen zweites offene Ende mit einem zweiten luftdurchldssigen Gitterelement (14) begrenzt ist, wobei

die Gitterelemente fiir ein Sorptionsmittel undurchlédssig sind.
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sorption element

The invention relates to a sorption element for a sorption-supported air conditioning umt for

heating and/or cooling and/or dehumidification of a room or an airflow.

Sorption elements are the central components in air conditioning systems of this kind and are
generally used for air conditioning and/or dehumidifying comfort areas, especially office and

living rooms, industrial rooms, or for process arflows ﬁequently used 1n industry.

A kuown embodiment of a sorption element is the sorption wheel. Chambers are formed in the
same along the circumference in which a carrier matenia for a sorption agent is located. The
carrier material mostly consists of cellulose and comes with a honeycomb-like structure, thus
ensuring a favorable ratio between material and surface and mechanical stability. Conventional
sorption agents are silica gel, hygroscopic salts, especially LiCl or L1Br, molecular sieves or

hygroscopic metal oxides, especially Al;Ox.

The punciple of adsorption is based on the fact that the above substances dehumidify an
airflow, with the relcased heat of evaporation heating the airflow. This process 1s reversible,

which 1s known as desorption, and is therefore also used for regenerating the sorption agents.

Sorption wheels rotate continuously about their longitudinal axis and are subjected 1n thas
prdcess in different sections permanently by two different airflows. One airflow supports the
desired air conditioning, whereas a secoud respectively prepared airflow ensures the
regeneration of the chambers not currently used for air conditioning and thus prevent

oversaturation of the sorption matenal.

The disadvantageous aspect 1s that as a result of the perm anept fluctuations in humidity and
temperature, sorption agent will detach from the camer material. This effect in combination

with the frequently occurring oversaturation frequently leads to the destruction of the carrier

matenal.

A further disadvantage is that as a result of the honeycomb-like structure of the carrier material,
sorption wheels have a complex configuration and thus can only be produced with considerable

cffort. The sorption agent on the surface of the honeycomb-like structure further does not show

AMENDED
SHEET
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optimal heat and material transfer. This and the proportional connection between the quantity

of the sorption agent and its saturation lead to embodiments with large volumes. The system

can thus only be scaled within limits and is further limited in the control area.

A sorption element 1s further known from US Pat. No. 4,687,573 A which is arranged as a

tubular piece with a tubular cross section and a first and an opposing second open end whose

first open end is delimited with a first air-permeable perforated plate and whose second open

~end 1s delimited with a second air-permeable plate, with the plates being impermeable for the

used sorption agent.

It is therefore the object of the present invention to provide a sorption element with which the
above disadvantages can be avoided, the heat and material transfer is optiriized, the
construction sizes that can be techmically realized are reduced, the useable quantity of the

sorption agent is variable, and the endurance in the case of oversaturation can be increased.

This is achieved in accordance with the invention in such a way that the sorption agent 1s
arranged as a loose fill, with the sorption agent being filled up to such a height which is lower

than the length of the sorption clement, that the sorption agent can be fluidized/swirled by an

airflow, especially coming from below.

As a result of this configuration, the sorption agent can be introduced between the grid
elements without any help of a carrier material. A random accumulation by loose filling of the
sorption ageut in the sorption element offers the respectively subjected airflow with an
especially large acting specific surface during the flow through the same, leading to a higher
flow resistance. Heat and material transfer is thus improved, thus leading to an efficient
adsorption and desorption behavior. Since the sorption agent is arranged as a loose fill, the

advantage is gained that the possibilities for influencing an increase of the heat and material

trapsfer and the increase of the specifically acting surface can be utilized.

Suice the sorption agent is filled up to a height which is lower than the len gth of the sorption

element, it is thus ensured that swirling is allowed to expand spatially. This embodiment
further offers the possibility to adjust the quantity of sorption agent to the respectively desired

alr conditioning. This is advantageous because this also increases the scaleability and thus also

the controllability.
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The sorption agent can be fluidized/swirled by an airflow, especially coming from below. It is
advantageous 1n this respect that the specific acting surface of a fluidized bed is substantially
higher than in the case of a homogeneous cross flow of a loose fill or even a conventional

sorption wheel with carter material. This leads to a further increase in the heat and material

transfer.

According to a preferred embodiment of the invention it can be provided that the sorption

element has a substantially circular cross section. This advantageously ensures that a geometry
1s present for the respective airflow which is optimal from the standpoint of flow technique and
thus an even distribution of the cross-flow can be achieved. Furthermore, the input of material

tor the sorption element is low as a result of the circular cross section.

A. variant of the invention can be that the sorption element has a substantially polygonal,
especlally rectangular cross section. Production costs for a sorption element can thus be

reduced. Further advantages are shown m the costs for packaging, storage, transport and the

possibility of simple mounting.

[t can be provided for in a further embodiment of the invention that the first open end and/or the

second open end 1s smaller than the tubular cross section. The advantageous effect is obtained
here 1n that the reduction of the cross section can act like a nozzle. This ensures that the
sorption agent can be subjected to an airflow in such a way that swirling occurs. The largest

possible acting specific surface of the sorption agent is thus achieved, leading to improved heat

and matenal transfer.

In a further development of the invention it can be provided that a maintenance opening is
provided through which the sorption agent can be introduced into the sorption element and/or

is exchangeable. This is advantageous because sorption agent can simply be refilled, removed
or exchanged, 1f necessary. The maintenance opening further ensures that in the case of a

contamination of the sorption agent, the same can be removed and cleaned or replaced easily.

One variant of the invention can be that the sorption agent comprises silica gel, a hygroscopic

salt, especially LiCl or LiBr, a molecular sieve, hygroscopic metal oxide, especially Al;Os, or a

combinatiol1 of the above. This allows ensuring and/or setting the property of change of

AMENDED
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humidity which 1s necessary for sorption at a simultaneous change of temp etature of the

flowing medium.

In an embodiment of the invention it can be further provided that the sorption element is

- arranged 1 a substantially perpendicular fashion.

The invention further relates to a sorption system for a sorption-supported air-conditioning unit

for dehumidifying and/or heating and/or cooling a room or airflow.

A known sorption system is the sorption wheel with carmer material onto which the sorption

agent 1s applied.

This disadvantage of this system 1s that as a result of the frequent fluctuations in temperature
and humidity the sorption agent will detach from the carrier material and the same will be
destroyed as a result of water precipitations, especially after several cases of oversaturation.

Additional factors are large embodiments as a result of adverse cfﬁciency; As aresult, the

systern 1s scalable only within Iimiis and the control range is thus limited.

It 1s the object of a sorption system to avoid the above disadvantages and to further develop the

system in such a way that it is profitable at acceptable overall sizes and can be operated

continuously and 1s provided with a respective controllable configuration.

This 1s achieved In accordance with the invention in such a way that the sorption system
corgprises at least two substantially parallel extending sorption elements according to one of
the claims 1 to 7. The advantage is that as a result of spatial closeness of the sorption elements
alternating subjection to conditioning and/or regeneration airflow can be realized in a simple

manner without decisively influencing the size of the constructional configuration.

According to a further embodiment it can be provided that the sorption system is rotatable

about an axis substantially paralicl to the longitudinal axis of the sorption system and/or is
movable normal to its longitudinal direction. This advantageously ensures that the supply

and/or discharge of the different airflows can be provided in a rigid manner. The subjection of

the individual sorption elements occurs by movement of the sorption system itself and thus

substantially simplifies technical implementation.

AMENDED
SHEET
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The invention further relates to a method for a sorption-supported air-conditioning wnit for
dehumidifying and/or heating and/or cooling a room or an auflow with a sorption element

according to one of the claims 1 to 7, optionally a sorption system according to claim 8 or 9.

Known methods in air-conditioning technology are the use of refrigerating machines such as
compression refrigerators, the dehumidification by falling below the dew point with the help of

 refrigeration cycles and the known method of evaporative cooling.

The disadvantageous aspect is that these methods can only be realized with a high amount of
electrical effort and thus high system costs are incurred. Further costs are incurred by adverse
long-term behavior and the thus required high amount of maintenance. A further disadvantage
is the adverse environtoental compatibility of the known systems because they can only be '

operated by' using ecologically doubtful and/or toxic refrigerating agents which need to be
disposed of specially.

It is the object of the invention to provide a method for air-conditioning with which the
mentioned disadvantages can be avoided, especially conceming the economic and ecological

weak pomnts such as the omission of toxic refrigerating agents, increase in the service life,

icrease 1n the operational security and lowering the operating costs.

This 1s achieved 1n accordance with the invention in such a way that the airflow to be
conditioned 1s guided through at least one of the sorption elements in a conditioning cycle, with
the airflow to be conditioned being dehumidified. In this manner, heat is obtained in addition to
the dehumidification of an airflow according to the principle of sorption, which heat will be
used directly for heating a room and/or an airflow or is recirculated to the air-conditioning unit

for increasing efficiency. The use of sorption elements according to the claims 1 to 7, and
optionally sorption systems according to the claims 8 and 9, ensure increased operational

security 1 combination with higher efficiency and reduced maintenance work.

In a further development of the invention it can be provided that after reachjng a predetermined
degree of saturation of the sorption agent in a regeneration cycle a regeneration airflow, and
especially heated air, 1s guided through the at least one sorption element, and the conditioning

cycle is started again after regeneration. This ensures that the property of adsorption of

AMENDED
SHEET
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humidity of the sorption agent is restored again. The sorption agent can thus be used effectively

again until the renewed reaching of the degree of saturation in the following conditioning

cycle.

In a further embodiment of the invention it can provided that two or more sorption elements
perform conditioning and regeneration cycles in a temporally staggered way with respect to

each other. This ensures that the individual sorption elements are situated permanently in a

conditioning and/or regeneration cycle and thus allow a continuous operation of the sorption

systen.
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The mvention 1s now explained 1n closer detail by reference to the enclosed drawings which

show embodiments and process explanations, wherein:

Fig. 1 shows a sorption element in a plan and front view for illustrating a circular tubular cross

section;

F1g. 2 shows a sorption element in a plan and front view for illustrating a square cross section;
Fig. 3 shows an embodiment of a sorption system in front view;
F1g. 4 shows a functional diagram of sorption-supported air-conditioning in a cyclic process;

Fig. 5 shows a functional diagram of a sorption-supported air-conditioning in a continuous

process.

The principle of sorption is known by two phenomena, namely adsorption and desorption. In the
case of adsorption, an airflow flowing over a sorption agent 1s dehumidified, with the same
heating up as a result of the originating heat of evaporation. This effect is used in a sorption-
supported air conditioning system in the conditioning cycle. Adsorption is reversible, which is
then called desorption. Desorption is used in such a way that a sorption agent saturated with
humidity is subject to hot air, with the sorption agent thus being dehumidified. This process also
occurs 1n sorption-supported air conditioning systems, namely in the regeneration cycle. The

techmcal implementation occurs 1n a sorption element 1 which can be used both in the

conditioning as well as the regeneration cycle.

Fig. 1 shows an embodiment of a sarption element 1 with circular tubular cross section 16. The

- relevant aspect 1s that the sorption element 1 is configured as a tubular part whose open ends 11
and 12 are each provided with a grid element 13 and 14. The main feature of the grid elements
13 and 14 1s however that they are impermeable for a sorption agent 3, without considerably

influencing the flow of the auflow. The embodiment of the grid elements 13 and 14 is
determined by the choice of the sorption agent 3. The sorption agent 3 is usually configured as a

granulate most relevant feature in addition to the material itself is the grain size. The larger the

grain s1ze of the sorption agent 3, the wider the meshes can be in the grid elements 13 and 14.

T'hc choice of the matenal used for the grid elements 13 and 14 also depends on the condition of
the sorption agent 3 and the medium flowing through the same. The relevant aspect is that the
grid elements 13 and 14 show chemical and mechanical endurance. Chemical resistance against

oxidation in particular is a fundamental requirement for ensuring long-term operation. Possible
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further chemical reactions which influence the operation of the air conditioning system such that
the quality of the airflow to be conditioned is influenced must also be prevented. Depending on
the quantity of the sorption agent 3, the mechanical configuration of the grid elements 13 and 14
can be different. It is possible that in the case of smaller sorption elements 1 the grid elements 13
and 14 are arranged as a textile material part stretched over a frame, whereas in the case of large

sorption elements the grid elements 13 and 14 can be arranged as a wide-meshed screen which is

supported by a suitable mechanical construction.

The relevant aspect is also the type of fastening of the grid elements 13 and 14 to the respective
tubular part. It is thus possible that the grid elements 13 and 14 are fastened with easily

detachable connecting elements to the tubular part. They can be arranged as screwed joints,

clamped joints, spring devices such as springs, belts or straps. Detachable connecting elements
are especially useful in adjusting air conditioning units, because the open ends 11 and 12 of the
tubular part are easily accessible and thus facilitate the introduction, refilling or exch anging of

the sorption agent 3. A maintenance opening 17 can thus be realized.

When the grid elements 13 and 14 are mounted with a connecting method which can be detached
only within limits or not at all, e.g. by riveting, welding, soldering or gluing, which can be
applied 1n larger mﬁts, 1t is necessary to provide an alternative possibility for introducing the
sorption agent 3. It is possible to provide an easily accessible maintenance opening 17 which is
casy to open and close. A configuration is possible in the form of a flap with a respective lock or

screwable cover in the upper region of the sorption element which is usually used in an upright

position.

Fig. 2 shows a further possible tubular cross section 16 in a square. Depending on the
configuration of the sorption element 1, the tubular cross section 16 can also be implemented in
other polygonal geometries, especially in rectangles of a large variety of side ratios. Such
embodiments are possible in air conditionin g units with predetermined available space. This may

be the case in units in which the support by a sorption clement 1 will be installed as a retrofit.

The Figs. 1 and 2 show that the sorption agent 3 is not introduced over the entire length 15 of the

sorption element. The quantity of the sorption agent 3 can thus be adjusted to the requirements of

the air conditioning unit.
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The sorption agent 3 is introduced through the roamntenance opening 17 whach can be provided
separately or can be mtegrated in the gnd elements 13 and 14. The relevant difference to the
previoilsly known methods is the manner in which the sorption agent 3 is introduced into the
sorption element 1. Whereas previously complex carrier material was used to which the sorption
agent 3 1s attached, the sorption agent 3 1s introduced withun the terms of the invention as a loose
ful into the sorption element 1. With the same configuration size it 1s thus possible to introduce
more sorption agent 3, which offers the considerable advantage that the entire surface of the
sorptioh agent 3 1s used for heat and material transfer, which 1s in contrast to previously used
sorption elements which entail a surface loss by joining with the carrer material. The specific
aching surface of the sorption agent 3 is thus increased and a functional failure due to destruction

of the carrier material caused by oversaturation for example can be excluded.

The sorption element 1 can be subjected to airflows of different flow directions and speeds. The
difference between the length 15 of the sorption element 1 and the height 31 of the loose fill of
the sorption agent 3 form a chamber. It acts as a calming chamber in Which the airflow that has
already flowed through the sorption agent 3 can homogenize in order to supplied thereafter as a
laminar flow through the second grid element 14 to the air conditioning process. A further
fimction of the chamber is that in the case of a reversed flow the airflow distributes
homogeneously over the tubular cross section 16 and flows through the sorption agent 3 only
thea. The air flow utilizes the entire cross-sectional surface. A further possible ntilization of the

chamber can be that it offers space for swirling at high flow speeds of the applied airflow.

The 1llustrations 1 and 2 show 1in the respective pictureé on the right side possible embodiments
of the sorption element 1 in order to achieve the effect of swirling. The necessary increase of the
flow speed is achieved by reducing the tubular cross section 16. The advantage of this flow
method is that the same, in comparison with the homogencous flow through a loose fill, leads to

an additional enlargement of the specifically acting surfaces and the heat and matcrial transfer is

increased additionally.

Sorption agents 3 used are silica gel, hygroscopic salts, especially LiCl or LiBr, a molecular
sieve, a hygroscopic metal oxide, especially Al;Oa, or a respective combination. It is possible
that the sorption agent 3 which is usually provided as a granulate is used in different grain sizes.

As aresult, a ratio of surface to mass of the chosen sorption agent 3 which is adjusted to the unit

can be used.
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Fig. 3 shows a possible embodj_ment of a sorption system 2, namely a sorption wheel with
sorption elements 1 in accordance with the invention. A sorption system 2 consists of at Jeast two
parallel extendiug sorption elements 1 which are isolated from one another and which are

subjected simultaneously, but diametrically opposed, with different airflows. In F 1g. 3, the

sorption system 2 comprises eight sorption elem ents 1. Conditioning and regeneration cycle can
thus occur at the same time and thus allow a continual support of the air conditioning unit. The
sorption wheel rotates about its longitudinal axis, with sorption elements 1 arranged on the
circumference being moved past the different airflows. This principle is easy to realize becausc

the feed and discharge hnes of the airflows can be provided with a rigid configuration.

A further possible system for the continuous operation can be achieved by translation of the
parallel extending sorption elements 1 normal about its longitudinal axis. This is necessary when

the parallel extending sorption elements 1 are arranged linearly next to one another.

Combinations of rotation and translation are possible when the sorption elements 1 are provided

- with a matrix-like configuration. A possibility for realization can be the use of a gnided rotating

chain.

Figs. 4 and S show two different operating methods for the permanent support of an air
conditioning unit. The following nomenclature applies for explanation purposes in the two

figures:

Distributor
b Blower
C Heat exchanger
c' Changeover between the diffcrent trains
d Heat exchanger
e Injection
f Bypass
& Fresh air
h Regeneration air
1 Feed air
] Discharge air
k Escaping air

1 Conditioning air
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Fig. 4 shows a cyclic method. The core element of this method is formed by two separate,
spatially separated sorption clements 1. While one sorption element 1 works i the conditioning
cycle, the other is in the regenération cycle. Regeneration occurs at higher temperatures and thus
progresses faster. Once the sorption element 1 wortking in the conditioning cycle reaches 2
defined limit value of saturation with water, regeneration airflow and conditioning airflow are
exchanged by changeover of train ¢'. After the changcbver, the saturated sorption element 1 1s

subjected to regeneration air and the regencrated sorption element 1 to conditioming air. This

alternating changeover allows a continual support of the air conditioning unit upon reaching a
defined saturation limit.

Fig. 5 shows the continual method. The core element is formed by the sorption wheel. The
characterizing elements in this method are the rigidly arranged feed and discharge lines of .
regeneration and conditioning airflow. The airflows are applied by rotation of the sorption wheel,
i.e. the joined but isolated sorption elements 1 are turned into the respective airflow. The feed
and discharge lines of the airflows are configured in such a way that a sorption element 1 is
permanently situated in the conditioning cycle and a second sorption element 1 m the

regeneration cycle, as a result of which a continual support of the air conditioming unit can be

ensured.

A simple example of the functionality of a sorption element 1 or sorption system 2 1s the
dehumidification of the discharged air of a swimming pool for example. The discharged air j 1s
guided through a sorption element 1 in the conditioning cycle, with the airflow being
dehumidified and the same being heated up by the released heat of evaporation. This heated and

dried airflow can now be directed back to the mdoor swimming pool, as a result of which heating

costs can be reduced considerably.

It certain temperatures or a final humidity are to be reached, the aitflow 1 can be cooled by heat
cxchangers ¢ and d. The preliminary humidification of the airflow by Injecting water e further
lowers the temper;iture and additionally offers the possibility to achicve certain aur humidity. As
tequired, temperature and humidity of an airflow 1 can thus be set in a purposeful manner. A
changeover from winter to ssinmer operations can thus be realized easily, such that heat
exchanger or injection units ¢, d and ¢ are passed by with by-passes f, or that they are Aowed
through without cooling. The sorption element 1 can‘thus remain 1n the system for the whole

year. A relevant advantage of the somption-supported air conditioning systems 1s that the sorption
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elements 1 can be combined with all tested humidifying systems, external cooling systems or

alternative heat sources, especially solar heat, waste heat from industry, condensation heat from

refrigerating systems and combined heat and power generation systems.
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CLAIMS:

1. A sorption element (1) for a sorption~supportéd air conditioning unit for heating and/or
~ cooling and/or dehumidification of a room or an airflow, with the sorption element (1)

being arranged as a tubular piece with a tubular cross section (16) with a first (11) and
an opposmg second (12) open end whose first open end (11) is delimited with a first
air-permeable grid element (13) and whose second open end (12) is delimited with a
second air-permeable grid element (14), with the grid elements (13, 14) being
Impermeable for a sorption agent (3), characterized in that the sorption agent (3) is
arranged as a loose fill, with the sorption agent (3) being filled up to a height (31) which
1s lower than the length (15) of the sorption element (1), that the sorption agent (3) can

be flurdized/swirled by an airflow, especially coming from below.

2. A sorption element (1) according to claim 1, characterized in that the sorption element

(1) has a substantiaily circular cross section.

3. A sorption clement (1) according to claim 1, characterized in that the sorption element

(1) has a substantially polygonal, especially rectangular, cross section.

4. A sorption element (1) according to one of the claims 1 to 3, characterized in that the

first open end (11) and/or the second open end (12) is smaller than the tubular cross
section (16).

5. A sorption element (1) according to one of the claims 1 to 4, characterized in that a
maintcnance openug (17) is provided through which the sorption agent (3) can be

introduced into the sorption element (1) and/or can be exchanged.

6. A sorption element (1) according to one of the claims 1 to 5, characterized in that the
sorption agent (3) comprises silica gel, a hygroscopic salt, especially LiCl or LiBr, a
molecular sieve or a hygroscopic metal oxides, especially Al;Os, or a combination of

the aforementioned.




7.

10.

11.

12.
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A sorption element (1) according to one of the claims 1 to 6, characterized in that the

sorption element is arranged in a substantially perpendicular fashion.

A sorption system (2) for a sorption-supported air conditioning unit for dehumidifying

and/or heating and/or cooling a room or an airflow, characterized in that it comprises at

least two substantially parallel extending sorption elements (1) according to one of the

claims 1 to 7.

A sorption system (2) according to claim 8, characterized in that it is rotatable about an

axis substantially parallel to the longitudinal axis of the sorption system (2) and/or is

movable normal to its longitudinal direction.

A method for a sorption-supported air conditioning unit for dehumidifying and/or
heating and/or cooling a room or an airflow with a sorption element (1) according to
one of fhe claims 1 to 7, optionally with a sorption system (2) according to claim & or 9,
characterized in that in a conditioning cycle the airflow to be conditioned is guided

through at least one of the sorption elements (1) , with the airflow to be conditioned
being dehurmdified.

A method according to claim 10, characterized in that after reaching a predetermined
degree of saturation of the sorption agent (3) in a regeneration cycle, a regeneration

airflow, especially heated air, is guided through the at least one sorption element (1),

and the conditioning cycle is started again after regeneration.

A method according to claim 11, characterized in that two or more sorption elements (1)

perform conditiomug and regeneration cycles in a hime-staggered manner with respect

to each other.
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