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Description

�[0001] The present invention relates to a climate con-
trol system for an environment, such as the passenger
compartment of a motor vehicle or a living or other ac-
tivities.
�[0002] In the prior art, climate control systems typically
include a vapour compression circuit, including a com-
pressor with its delivery connected to a condenser, with
an expansion device and an evaporator downstream, the
output of this last connected to the intake of the compres-
sor.
�[0003] These systems suffer from a problem with evac-
uating water that has accumulated as a result of the con-
densation of moisture in the air being treated.
�[0004] One object of the present invention is to provide
a climate control system which provides an effective so-
lution to this problem.
�[0005] Current so- �called ’split’ climate control systems
for domestic use call for the evaporator to be installed in
the room to be treated, while the condenser is typically
positioned outside. This arrangement involves the use
of rather long connecting pipes for linking the various
components. On the one hand, this means that a con-
siderable amount of cooling fluid is required, while on the
other it carries the disadvantage that cooling fluid can
become dispersed in the environment being treated in
the event of a leak.
�[0006] An additional object of the present invention is
to provide a system which overcomes these disadvan-
tages.
�[0007] These and other objects are achieved accord-
ing to the present invention by providing a climate control
system of which the main characteristics are defined in
the appended Claim 1.
�[0008] A system according to the preamble of claim 1
is disclosed in US 4 984 434.
�[0009] Additional characteristics and advantages of
the invention will become apparent from the detailed de-
scription which follows, provided purely by way of non-
limitative example, with reference to the appended draw-
ings, in which: �

Figure 1 is a diagram showing a first embodiment of
a climate control system of the invention; and
Figures 2 to 4 are diagrams of alternative embodi-
ments of the invention.

�[0010] In Figure 1, a climate control system according
to the invention is generally indicated CS.
�[0011] This system includes a first vapour compres-
sion circuit A, connected to or combined with a second
absorption circuit B, including exchangers with semi-�per-
meable membranes.
�[0012] The refrigeration circuit A includes a compres-
sor 1, the output or delivery of which is connected to a
condenser 2. The output of this is connected to an ex-
pansion device 4, (possibly) by way of a dryer 3.

�[0013] A plate heat exchanger 5, arranged between
the expansion valve 4 and the intake of the compressor
1, acts as an evaporator. This heat exchanger in fact
couples together the two circuits A and B, as will be seen
better hereinbelow.
�[0014] A dehydrating fluid (a hygroscopic solution),
such as an aqueous solution of LiC1, TEG, LiBr, CaCl2,
glycerine, or the like flows through the circuit B. This cir-
cuit includes a regenerator 11, constituted by a heat ex-
changer incorporating semipermeable membranes, op-
erable to confine a fluid in its liquid state but which a fluid
in its gaseous phase, in particular vapour, can pass
through.
�[0015] For convenience, the regenerator 11 is posi-
tioned adjacent the condenser 2 and an associated elec-
tric fan 6. If the climate control system is associated with
the passenger compartment of a motor vehicle, the re-
generator 11 and the condenser 2 can conveniently be
arranged behind the radiator of the cooling fluid circuit of
the engine of the vehicle.
�[0016] Downstream of the regenerator 11, the absorp-
tion circuit B passes through the heat exchanger 5, after
first passing through a tank 12 acting as hygrometric ab-
sorbor, if one is provided.
�[0017] Downstream of the heat exchanger 5, the ab-
sorption circuit B includes a heat exchanger 13, also in-
corporating semipermeable membranes and acting as a
dehumidifier. An electric fan 7 is associated with this heat
exchanger 13 for generating a flow of air (indicated sche-
matically by a plurality of arrows in Figure 1) into the
environment being treated. In the case of a climate con-
trol system in the passenger compartment of a motor
vehicle, the heat exchanger 13 can be arranged, for ex-
ample, in the treated air distribution ducts, within the fas-
cia of the vehicle.
�[0018] A circulation pump, indicated 14, is arranged
downstream of the heat exchanger 13 in order, in oper-
ation, to keep the fluid flowing through the absorption
circuit B, towards the regenerator 11.
�[0019] In the case of a climate control system for the
passenger compartment of a motor vehicle, it is conven-
ient if a heat exchanger 15 of a liquid/�liquid type is ar-
ranged between the output or delivery of the pump 14
and the intake of the regenerator 11, for exchanging heat
between the fluid flowing through the absorption circuit
B and the liquid flowing through the engine-�cooling circuit
of the motor vehicle.
�[0020] In operation, the vapour compression circuit A
operates in a strictly conventional manner. There will
therefore be no further description of the operation of this
circuit.
�[0021] The absorption circuit B operates as follows.
�[0022] A hygroscopic solution, at a low temperature
and a high moisture (water) concentration, flows into the
dehumidifying heat exchanger 13. Passing through this
dehumidifying heat exchanger, the solution comes into
contact with the relatively warm and humid air which
needs to be cooled and dehumidified before it is released
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into the environment being treated. The concentration
gradient in the hygroscopic solution and that contained
in the air means that part of the water vapour present in
the air passes into the hygroscopic solution through the
semipermeable membrane or membranes of the heat
exchanger 13. At the same time, when it comes into con-
tact with the relatively colder hygroscopic solution, the
temperature of this air also falls.
�[0023] On the other hand, the temperature of the hy-
groscopic solution increases, both through coming into
contact with the relatively warmer air and because the
absorption process is of an exothermic type.
�[0024] At the output of the dehumidifying exchanger
13, the hygroscopic solution is therefore at a lower con-
centration and a higher temperature than it was on en-
tering.
�[0025] Downstream of the circulation pump 14, the
heat exchanger 15, if fitted, is acts to raise the tempera-
ture of the hygroscopic solution, thereby facilitating the
subsequent regeneration process which takes place in
the heat exchanger 11. Inside the exchanger 15 the con-
centration of the hygroscopic solution remains un-
changed, since there is no contact between it and the
outside air.
�[0026] The hygroscopic solution then enters the regen-
erator exchanger 11 which, in operation, has a flow of air
through it, generated, at least in part, by the electric fan
6. The air flowing into the regenerator exchanger 11 is
heated, as a result of the heat exchanged by the con-
denser 2 of the circuit A. On contact with this heated air,
the hygroscopic solution in the regenerator 11 releases
part of the water contained in it into this air. The concen-
tration of the hygroscopic solution therefore increases.
�[0027] Downstream of the regenerator exchanger 11,
the hygroscopic solution is therefore at a high tempera-
ture and a high concentration and when it enters the plate
exchanger 5 it gives up heat to the cooling fluid which is
evaporating there.
�[0028] On exiting the heat exchanger 5, the hygroscop-
ic solution is therefore once again at a low temperature
and a high concentration.
�[0029] Figure 2 shows a first variant embodiment of
the climate control system of the invention. In this draw-
ing, components and elements which have already been
described have been given the same reference numbers
or letters.
�[0030] The system of Figure 2 differs essentially from
that of Figure 1 in that a heat exchanger 2’ is arranged
in the vapour compression circuit A between the com-
pressor 1 and the expansion device 4 to act as a con-
denser in which, as it condenses, the cooling fluid gives
up heat to the hygroscopic solution flowing through the
circuit B, in the portion between the circulation pump 14
and the regenerator 11.
�[0031] The system shown in Figure 2 operates in the
same way as that shown in Figure 1 so its operation will
not be described again in detail.
�[0032] In a variant, not illustrated, of the system shown

in Figure 2, an arrangement could be devised whereby
different quantities of hygroscopic solution or of dehy-
drating fluid were carried in the dehumidifying and regen-
eration portions respectively of circuit B. In such an event,
the dehydrating fluid could be drawn from the tank 12 by
two different pumps and delivered into two different sub-
circuits: the diluted dehydrating fluid returning from the
dehumidifier and the concentrated dehydrating fluid re-
turning from the regenerator (which, by the way, would
be at different temperatures) would be mixed again on
their return to the tank 12.
�[0033] Should the energy generated by the step in
which the cooling fluid is condensed in the circuit A be
greater than that required to heat the dehydrating fluid in
order to facilitate the regeneration thereof in the regen-
erator 11, yet another arrangement could be envisaged:
the exchanger 2’ acting as condenser could exchange
heat with the dehydrating fluid, as in the system shown
in Figure 2, and then dissipate any excess energy into
the air.
�[0034] Figure 3 shows a further variant of the invention.
In this drawing components or elements which have al-
ready been described have been given the same refer-
ence numbers or letters.
�[0035] In the system of Figure 3, the absorption circuit
B is the same as that described with reference to the
system of Figure 2.
�[0036] In the vapour compression circuit A of the sys-
tem of Figure 3 however, the condensation heat ex-
change first includes a gas/�liquid exchange between the
cooling fluid (in its gaseous phase on exiting the com-
pressor 1) and the dehydrating fluid or hygroscopic so-
lution and then a heat exchange between the cooling
fluid and the air, in the actual condenser, indicated 2.
�[0037] In a variant which is not illustrated, the conden-
sation heat exchange sequence could be reversed, with
an exchange first between the cooling fluid and the air,
followed by a liquid/�liquid exchange between the extra-
cooled cooling fluid and the dehydrating fluid.
�[0038] Figure 4 shows yet another variant. In this draw-
ing components or elements which have already been
described are again given the same reference numbers
or letters.
�[0039] In the system of Figure 4, the absorption circuit
B is the same as those of Figures 2 and 3.
�[0040] The vapour compression circuit A is similar to
that of the system according to Figure 3, differing in that
the cooling fluid is evaporated partly by the heat exchang-
er 5 and partly by an additional heat exchanger or actual
evaporator, indicated 16 and conveniently positioned
near the dehumidifying exchanger 13, in particular down-
stream thereof. In the system shown in Figure 4, the al-
ternative arrangements with regard to dividing up the
condensing heat exchange of the cooling fluid remain
valid.
�[0041] The climate control systems according to the
invention as described above effectively resolve the
problem of dripping condensation water.
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�[0042] When used to control the climate in domestic
environments or the like, the arrangements described
above with reference to Figures 1 to 3 make it possible
to fit just the dehumidifier in the space to be treated, with
all other devices being arranged outside. In this event,
only the pipes carrying the dehydrating fluid (hygroscopic
solution) need be used to connect the portion of the sys-
tem arranged in the environment to be treated with the
external portion. These pipes are less trouble to install
than those carrying gas, which would need to be used
for connection in so- �called ’split’ systems of the prior art.
In addition, should a leak occur into the environment be-
ing treated, only the hygroscopic solution is dispersed,
rather than cooling gas.
�[0043] Naturally, the principle of the invention remain-
ing unchanged, embodiments and manufacturing details
may vary widely from those described and illustrated
purely by way of non-�limitative example, without thereby
departing from the scope of the invention, as claimed in
the appended Claims.

Claims

1. A system (CS) for controlling the climate in an envi-
ronment, including

a first, vapour compression circuit (A), including
a compressor (1) the output of which is connect-
ed to a condenser (2; 2’) followed by an expan-
sion device (4) and an evaporator (5; 16) the
output of which is connected to the intake of the
compressor (1);
a second, absorption circuit (B) which, in oper-
ation, has a hygroscopic solution flowing
through it; characterised in that the second cir-
cuit includes a semipermeable-�membrane re-
generator (11) operable to allow the said solu-
tion to give up moisture (water) to a first airflow
flowing in the regenerator (11) during operation,
a dehumidifier with semipermeable membranes
(13), arranged downstream of the regenerator
(11) and operable to allow moisture to pass from
a second airflow to the hygroscopic solution, and
a circulation pump (14) ;
the first and the second circuits (A, B), being
connected by at least one heat exchanger (5) in
which the hygroscopic solution flowing through
the second circuit (B) give up heat to the cooling
fluid flowing through the first circuit (A).

2. A system according to Claim 1, in which the said
heat exchanger (5) acts as evaporator in the afore-
said first circuit (A).

3. A system according to Claim 1 or Claim 2, in which
the regenerator (11) of the second circuit (B) is ar-
ranged near the condenser (2) of the first circuit (A),

and a fan (6) is provided to generate a flow of air first
into the condenser (2) and then into the regenerator
(11).

4. A system according to any of the preceding Claims,
for the climate control of the passenger compartment
of a vehicle with an internal combustion engine with
a cooling circuit associated therewith;�
a liquid/�liquid heat exchanger (15) being interposed
between the dehumidifier (13) and the regenerator
(11) in the second circuit (B) for causing the cooling
liquid of the engine to give up heat to the hygroscopic
solution flowing through the said second circuit (B).

5. A climate control system according to Claim 1 or
Claim 2, in which the first and the second circuits (A,
B) are connected by an additional heat exchanger
(2’) in which the fluid flowing through the first circuit
(A) gives up heat to the fluid flowing through the sec-
ond circuit (B).

6. A climate control system according to Claim 5, in
which the said additional heat exchanger (2’) is ar-
ranged in the first circuit (A) between the compressor
(1) and the expansion device (4), and in the second
circuit (B) is arranged between the output of the de-
humidifier (13) and the intake of the regenerator (11).

7. A climate control system according to Claim 5 or
Claim 6, in which the second circuit (B) includes two
sub-�circuits in which respective pumps generate re-
spective flows of hygroscopic solution, with different
volumes respectively, from a common tank (12) to-
wards the regenerator (11) and the dehumidifier (13)
respectively; the flows of hygroscopic solution com-
ing from the regenerator (11) and the dehumidifier
(13) respectively being returned to the said tank (12).

8. A climate control system according to Claim 5, in
which the said additional heat exchanger (2’) is ar-
ranged upstream or downstream of the condenser
(2).

9. A climate control system according to Claim 5 or
Claim 8, in which the first circuit (A) includes an evap-
orator (16) arranged downstream of the said first
heat exchanger (5) which connects the first and sec-
ond circuits (A, B); the said evaporator (16) being
arranged near the dehumidifier (13) of the second
circuit (B), downstream thereof along the direction
of the aforesaid second airflow which flows into the
said dehumidifier (13) in operation.

Patentansprüche

1. System (CS) für die Regelung des Klimas in einer
Umgebung, wobei das System aufweist:�
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einen ersten Dampfverdichtungskreis (A), der
einen Kompressor (1) aufweist, dessen Aus-
gang mit einem Kondensator (2; 2’) verbunden
ist, auf den eine Ausdehnungseinrichtung (4)
und ein Verdampfer (5; 16) folgen, dessen Aus-
gang mit dem Einlass des Kompressors (1) ver-
bunden ist;
einen zweiten Absorptionskreis (B), der im Be-
trieb von einer hygroskopischen Lösung durch-
flossen wird;

dadurch gekennzeichnet, dass der zweite Kreis
einen Regenerator mit semipermeablen Membra-
nen (11), der in Betrieb steht, um zu ermöglichen,
dass die Lösung Feuchtigkeit (Wasser) an eine erste
Luftströmung abgibt, die während des Betriebs im
Regenerator (11) fließt, einen Entfeuchter mit semi-
permeablen Membranen (13), der stromabwärts des
Regenerators (11) angeordnet ist und in Betrieb
steht, damit Feuchtigkeit von einer zweiten Luftströ-
mung zur hygroskopischen Lösung gelangen kann,
sowie einen Umlaufpumpe (14) aufweist;�
der erste und der zweite Kreis (A, B) über zumindest
einen Wärmetauscher (5) verbunden sind, in dem
die hygroskopische Lösung, die durch den zweiten
Kreis (B) fließt, Wärme an das Kühlmittel abgibt, das
durch den ersten Kreis (A) fließt.

2. System gemäß Anspruch 1, wobei der Wärmetau-
scher (5) im oben erwähnten ersten Kreis (A) als
Verdampfer arbeitet.

3. System gemäß Anspruch 1 oder Anspruch 2, wobei
der Regenerator (11) des zweiten Kreises (B) in der
Nähe des Kondensators (2) des ersten Kreises (A)
angeordnet ist und ein Gebläse (6) vorgesehen ist,
um eine Luftströmung zuerst in den Kondensator (2)
und dann in den Regenerator (11) zu erzeugen.

4. System gemäß irgendeinem der bisherigen Ansprü-
che für die Regelung des Klimas im Fahrgastraum
eines Fahrzeugs mit einem Verbrennungsmotor,
dem ein Kühlkreislauf zugeordnet ist;�
ein Flüssigkeit/Flüssigkeit-�Tauscher (15), der zwi-
schen dem Entfeuchter (13) und dem Regenerator
(11) im zweiten Kreis (B) liegt, um zu veranlassen,
dass das Kühlmittel des Motors Wärme an die hy-
groskopische Lösung abgibt, die durch den zweiten
Kreis (B) fließt.

5. Klimaregelsystem gemäß Anspruch 1 oder An-
spruch 2, wobei der erste und der zweite Kreis (A,
B) über einen zusätzlichen Wärmetauscher (2’) ver-
bunden sind, in dem das Fluid, das durch den ersten
Kreis (A) fließt, Wärme an jenes Fluid abgibt, das
durch den zweiten Kreis (B) fließt.

6. Klimaregelsystem gemäß Anspruch 5, wobei der zu-

sätzliche Wärmetauscher (2’) im ersten Kreis (A)
zwischen dem Kompressor (1) und der Ausdeh-
nungseinrichtung (4) angeordnet ist und im zweiten
Kreis (B) zwischen dem Ausgang des Entfeuchters
(13) und dem Einlass des Regenerators (11) ange-
ordnet ist.

7. Klimaregelsystem gemäß Anspruch 5 oder An-
spruch 6, wobei der zweite Kreis (B) zwei Unterkrei-
se aufweist, in denen entsprechende Pumpen ent-
sprechende Strömungen einer hygroskopischen Lö-
sung mit jeweils unterschiedlichem Volumen von ei-
nem gemeinsamen Behälter (12) zum Regenerator
(11) bzw. zum Entfeuchter (13) erzeugen; wobei die
Strömungen der hygroskopischen Lösung, die vom
Regenerator (11) bzw. vom Entfeuchter (13) kom-
men, zum Behälter (12) zurück geführt werden.

8. Klimaregelsystem gemäß Anspruch 5, wobei der zu-
sätzliche Wärmetauscher (2’) stromaufwärts oder
stromabwärts des Kondensators (2) angeordnet ist.

9. Klimaregelsystem gemäß Anspruch 5 oder An-
spruch 8, wobei der erste Kreis (A) einen Verdampfer
(16) aufweist, der stromabwärts des erste Wärme-
tauschers (5) liegt, der den ersten und den zweiten
Kreis (A, B) verbindet; wobei der Verdampfer (16) in
der Nähe des Entfeuchters (13) des zweiten Kreises
(B) stromabwärts von diesem entlang der Richtung
der oben erwähnten zweiten Luftströmung angeord-
net ist, die im Betrieb in den Entfeuchter (13) fließt.

Revendications

1. Système (CS) pour réguler la climatisation dans un
environnement, comprenant

un premier circuit de compression de vapeur (A),
comprenant un compresseur (1) dont la sortie
est reliée à un condensateur (2 ; 2’) suivi par un
dispositif d’expansion (4) et un évaporateur (5 ;
16) dont la sortie est reliée à l’admission du com-
presseur (1) ;
un second circuit d’absorption (B) qui, lors du
fonctionnement, possède une solution hygros-
copique s’écoulant à l’intérieur ; caractérisé en
ce que  le second circuit comprend un régéné-
rateur à membrane semi perméable (11) capa-
ble de permettre à ladite solution d’évacuer l’hu-
midité (eau) dans un premier flux d’air s’écoulant
dans le régénérateur (11) pendant le fonction-
nement, un déshumidificateur muni de membra-
nes semi perméables (13), agencé en aval du
régénérateur (11) et capable de permettre à l’hu-
midité de passer d’un second flux d’air à la so-
lution hygroscopique, et une pompe de circula-
tion (14) ;

7 8 



EP 1 651 456 B1

6

5

10

15

20

25

30

35

40

45

50

55

le premier et le second circuits (A, B) sont reliés
par au moins un échangeur thermique (5) dans
lequel la solution hygroscopique s’écoulant
dans le second circuit (B) évacue la chaleur vers
le fluide de refroidissement circulant dans le pre-
mier circuit (A).

2. Système selon la revendication 1, dans lequel ledit
échangeur thermique (5) agit comme un évapora-
teur dans le premier circuit susmentionné (A).

3. Système selon la revendication 1 ou la revendication
2, dans lequel le régénérateur (11) du second circuit
(B) est agencé près du condensateur (2) du premier
circuit (A), et un ventilateur (6) est prévu afin de gé-
nérer un flux d’air en premier dans le condensateur
(2) puis dans le régénérateur (11).

4. Système selon l’une quelconque des revendications
précédentes, pour la régulation de la climatisation
du compartiment passager d’un véhicule ayant un
moteur à combustion interne avec un circuit de re-
froidissement associé à celui- �ci ;�
un échangeur thermique liquide/�liquide (15) étant in-
terposé entre le déshumidificateur (13) et le régéné-
rateur (11) dans le second circuit (B) afin que le li-
quide de refroidissement du moteur évacue la cha-
leur vers la solution hygroscopique s’écoulant dans
ledit second circuit (B).

5. Système de régulation de climatisation selon la re-
vendication 1 ou la revendication 2, dans lequel le
premier et le second circuits (A, B) sont reliés par un
échangeur thermique supplémentaire (2’) dans le-
quel le fluide s’écoulant dans le premier circuit (A)
évacue la chaleur vers le fluide s’écoulant dans le
second circuit (B).

6. Système de régulation de climatisation selon la re-
vendication 5, dans lequel ledit échangeur thermi-
que supplémentaire (2’) est agencé dans le premier
circuit (A) entre le compresseur (1) et le dispositif
d’expansion (4), et dans le second circuit (B) entre
la sortie du déshumidificateur (13) et l’admission du
régénérateur (11).

7. Système de régulation de climatisation selon la re-
vendication 5 ou la revendication 6, dans lequel le
second circuit (B) comprend deux sous-�circuits dans
lesquels des pompes respectives génèrent des flux
respectifs de solution hygroscopique, avec des vo-
lumes différents respectivement, à partir d’un réser-
voir commun (12), vers le régénérateur (11) et le
déshumidificateur (13) respectivement ; les flux de
solution hygroscopique provenant du régénérateur
(11) et du déshumidificateur (13) étant respective-
ment renvoyés vers ledit réservoir (12).

8. Système de régulation de climatisation selon la re-
vendication 5, dans lequel ledit échangeur thermi-
que supplémentaire (2’) est agencé en amont ou en
aval du condensateur (2).

9. Système de régulation de climatisation selon la re-
vendication 5 ou la revendication 8, dans lequel le
premier circuit (A) comprend un évaporateur (16)
agencé en aval dudit premier échangeur thermique
(5) qui relie le premier et le second circuits (A, B);
ledit évaporateur (16) étant agencé près du déshu-
midificateur (13) du second circuit (B), en aval de
celui-�ci le long de la direction du second flux d’air
susmentionné qui s’écoule dans ledit déshumidifica-
teur (13) lors du fonctionnement.
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