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The present mvention concerns a contact module (10) oper-
ating with three fluds, air, coolant fluid and desiccant solu-
tion, with hydrophobic tubular membranes for the dehumaidi-
fication and/or cooling of process air, said contact module
comprising plurality of conduits (1) for the refrigerant tluid,
in particular typically frigorific evaporating fluid, the contact
module being characterized in that:—the space between said
plurality of conduits (1) 1s substantially filled with a plurality
of capillary pipes (2) in hydrophobic micro-porous mem-
brane whose lumen 1s suitable to be crossed by and whose
main extension direction 1s perpendicular to said plurality of
conduits (1);—on the two opposite surfaces of the contact
module at the ends of said plurality of capillary pipes, one or
more closing material layers, 1n particular of hardening resin,
are disposed, for incorporating the end parts of said plurality
of capillary pipes and sealing the thus created space between
said plurality of capillary pipes, said space being suitable to
let a desiccant solution pass which laps the external surface of
said plurality of capillary pipes without being able to pen-
etrate 1n their interior owing to the hydrophobic nature of their
material, said two opposite surfaces having been subjected to
cutting mechanical operations to the end of opening the
lumen of said more capillary pipes making thus possible the
passage of the air to be dehumidified and/or cooled;—on the
opposite surfaces at the ends of said plurality of conduits (1)
respective collectors (2) are arranged for the collection of the
coolant fluid and the desiccant solution. The invention further
concerns an mtegrated plant (300, 400) for the dehumidifica-
tion and conditioning of air, which makes use of one or two
contact modules according to the imnvention.
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CONTACTOR MODULE WITH
HYDROPHOBIC CAPILLARY MEMBRANES,
INTEGRATED IN A HEAT EXCHANGER AND

HYBRID PLANT FOR THE
DEHUMIDIFICATION/CONDITIONING OF
AlIR

[0001] The present mnvention concerns a contact module
with hydrophobic capillary membranes integrated in a heat
exchanger, and hybrnid plant for the air dehumidification/
conditioning.

[0002] Moreindetail, the contact module (CMC, combined
membrane contactor) that constitutes the core of the invention
allows to simplity the architecture of such type of plants that
combine vapor compression cycles (refrigerator) with liquid
desiccant (hybrid plants) simultaneously improving the ener-
getic efficiency. Indeed the whole circuit of such type of
plants can be now integrated i an only CMC component
(dehumadification and/or regeneration contactor). In this
module one performs the following thermal and mass
exchanges: considerable thermal exchange between the cool-
ant and desiccant through metallic surfaces, thermal and mass
exchanges between the desiccant and process air through the
walls of the capillaries. In the CMC component the men-
tioned three tluids are present simultaneously. The mnvention
turther concerns a hybrid plant equipped with such compo-
nents, which allow large energetic savings in important pro-
cesses of air dehumidification and conditioning.

[0003] As 1t 1s known, during summer the air to be intro-
duced into the conditioned interiors has to be cooled and
dehumidified. Traditionally, the dehumidification 1s obtained
by cooling down the air below 1ts dew temperature. The
compressor of the refrigerating cycle needs a considerable
quantity of electrical/mechanical energy, particularly with
large latent loads (that are typical of hot and humid climates
and/or deriving from extensive productions of vapor within
conditioned interiors). Often, further energy 1s to be supplied,
in order to eflect the post-heating of the process air to the end
of a suitable control of the internal hygrometric conditions.

[0004] As 1t 1s well known, the dehumidification of air can
be realized also by way of chemistry, using solid or liquid
desiccant substances. Such a method can be advantageous
owing to the fact that i1t allows the control of the specific
humidity independently from the temperature. It follows that
it 1s possible to obtain significant energetic savings with
respect to the traditional dehumidification process, particu-
larly 1n presence of high latent loads or when one disposes
“free of charge” thermal energy to regenerate the desiccant
solution. Such substances are mainly utilized 1n the industrial
domain for the dehumidification of air 1n devices that pro-
vides for the air-desiccant solution direct contact, both 1n the
absorption and in the regeneration phase.

[0005] Accordingly, in the important sector of the (indus-
trial and civil) air treatments for the dehumidification and
conditioning, besides the traditional vapor-compression
refrigeration cycles, also plants are getting more and more
used, which use hygroscopic solutions (liquid desiccants)

such as, for example, aqueous solutions of Li1Cl, CaCl,, LiBr,
TEG.

[0006] In running functioning conditions, obviously, one
requires a continuous regeneration of the desiccant solution
to remove the absorbed water, which would gradually dilute
the desiccant solution, thus weakening the dehumaidification
action.
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[0007] Usually the regeneration 1s performed by the ther-
mal way both by making boiling the desiccant at atmospheric
pressure and by using various air-solution direct contact sys-
tems. In the first case, 1n order to realize an effective re
generation, 1t 1s necessary to dispose of a thermal energy at
temperatures higher than 130-140° C. In the second case the
following inconveniences appear:

[0008] (a) remarkable overall dimensions of the re gen-
eration systems, since it comprises, besides the real
regenerator, supply and return conduits for the regenera-
tion air and a ventilator for the moving thereof;

[0009] (b) dragging of desiccant droplets 1n the air as
treated by the dehumidifier with consequent erosion of
the conduits:

[0010] (c)reduced possibilities of variation, 1n the dehu-
midifier, of the air and desiccant flow rate indepen-
dently;

[0011] (d) progressive atmospheric particulate pollution
of the solution.

[0012] Moreover, such systems turn out to be of very prob-
lematic use on transport means that are subject to accelera-
tions/decelerations.

[0013] Inthetechnical literature air conditioning plants are
known as well, which integrate direct-contact dehumidifica-
tion systems and vapor-compression refrigeration cycles. In
such systems, so-called hybrids, the chiller can operate at an
evaporation temperature higher than that of a traditional plant
with high coefficients of performance (COP). The regenera-
tion 1s elfected by exploiting the thermal energy given to the
condenser of the refrigeration cycle and therefore these plants
need not further thermal energy. The overall energy saving
with respect to the traditional plants of air conditioning uti-
lizing refrigeration cycles can reach 30-35% with further
improvements 1n the case of high latent loads. Obviously also
the hybnd direct-contact plants share the above-recalled
drawbacks.

[0014] A first solution to these technical problems 1s given
by the subject-matter of the patent application No.
RM2009A0006772 with title “Integrated air conditioning and
dehumidification plant” filed by University di Genova on
Dec. 20, 2009, and herewith included by reference. It relates
to plants using membrane contactors (air/desiccant) for the
dehumidification of air, while for the re generation of the
desiccant the patent application proposed the use of mem-
brane distillation techniques. More 1n detail, 1n the evaporator
of the refrigeration cycle, one subtracts thermal energy to the
desiccant solution which, once chilled, 1s introduced 1n the
real membrane dehumidifier contactor, wherein the heat and
vapor exchange with air occurs. It 1s to be noted that 1n this
dehumidification circuit, which 1s part of the plant, the evapo-
rator and membrane contactor are two distinct components. A
second circuit (regeneration) operating with membrane dis-
tillation techniques and connected 1n parallel with the first
one (dehumidification) provides for the realization of suitable
solution exchanges with the dehumidification circuit, to the
end of transfer the absorbed water to the outside. The moving
ol the desiccant solution 1n the mentioned circuits 1s obtained
by means of circulating pumps (circulators).

[0015] Some patents concerning air-solution direct-contact
plants are also known which are property of DryKor (WO
99/26025; WO 99/26026/; WO 00/55546) and other ones that
use membrane contactors (GVS of Bologna: Italian patent
No. 01268171, granted 1n Feb. 21, 1997, Italian patent No.
01268172, granted on Feb. 21, 1997, U.S. Pat. No. 5,528,905,
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granted on Jun. 25, 1996, European patent EP 0 678 321 A3
granted on Mar. 3, 1995, Italian patent No. 0001328299
granted on Aug. 8, 2005, U.S. Pat. No. 6,887,303 granted on
May 3, 2005).

[0016] The analysis of the most recent technical literature

on the application of the liquid desiccant (see the bibliogra-
phy at the end of this description) highlights the following:

[0017] and increasing interest 1in these problems 1n the

scientific community as testified by the growing number
of published technical;

[0018] the research 1s oriented to eliminate/reduce the
phenomena of dragging of absorbent solution droplets 1n
the plants having direct-contact dehumidification con-
tactors (the aqueous solutions of LiCl, CaCl, are highly
corrosive for almost all the metals of technical interest);
this objective 1s today pursued by reducing the speed of
process air lapping the solution;

[0019] another aim of the research 1s the reduction of the
power used by the circulators; to this end, the desiccant
flow rate 1n the circuits of dehumidification/re genera-
tion 1s reduced, so that one has larger variations of the
solution concentration between entry and exit points of
the dehumidification/regeneration components; to avoid
that such vanations exceedingly reduce the mass trans-
port potential of the solution, 1t becomes necessary to
control the solution temperature inside the components
by suitable internal heat exchanges both in the dehu-
midification and regeneration contactor; the thermal
exchanges inside the contactors are realized by adding a
circulation system of coolant/heating fluids (hot/cold
water, air cooled down by free-cooling techniques, etc.).

[0020] However, mostly in the case of hybrid plants, the
resulting plant architectures are complex, presenting various
different circuits and pumps (circulators) for moving the solu-
tion through such circuits.

[0021] It 1s object of the present invention to provide a
CMC membrane contactor that solves the above mentioned
problems and overcomes the drawbacks of the prior art, and
that 1n particular allows to substitute the whole dehumaidifi-
cation/cooling circuit by an only component or even, as the
case may be, the whole regeneration circuit by another CMC
component.

[0022] The moving of the solution between the two com-
ponents (dehumidification/cooling and regeneration) can be
obtained by natural circulation or at most by an only circula-
tor

[0023] According to the known art, the dehumidification/
cooling circuit of a hybrid plant comprises: membrane con-
tactor, refrigerator evaporator, reservolr, dehumidification
circuit and circulator.

[0024] It1s subject matter of the present invention a contact
module operating with three fluids, air, coolant fluid and
desiccant solution, with hydrophobic tubular membranes for
the dehumidification and/or cooling of process air, said con-
tact module comprising a plurality of conduaits for the coolant
fluid, 1n particular typically frigorific evaporating fluid, the
contact module being characterized in that:

[0025] the space between said plurality of conduits 1s
substantially filled with a plurality capillary pipes 1n
hydrophobic micro-porous membrane, having cross-
section of any geometry and being apt to contrast the
external pressure ol the liquid phase so as to maintain the
section’s shape, whose lumen 1s suitable to be crossed by
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air, and whose main extension direction 1s perpendicular
to said plurality of conduaits;

[0026] on the two opposite surfaces of the contact mod-
ule at the ends of said plurality of capillary pipes, one or
more closing material layers, in particular of hardening
resin, are disposed, for incorporating the end parts of
said plurality of capillary pipes and sealing the thus
created space between said plurality of capillary pipes,
said space being suitable to let a desiccant solution pass
which laps the external surface of said plurality of cap-
illary pipes without being able to penetrate 1n their inte-
rior owing to the hydrophobic nature of their matenal,
said two opposite surfaces having been subjected to
cutting mechanical operations to the end of opening the
lumen of said plurality of capillary pipes making thus
possible the passage of the air to be dehumidified and/or
cooled:

[0027] on the opposite surfaces at the ends of said plu-
rality of conduits respective collectors are arranged for
the collection of the coolant tluid and the desiccant solu-
tion.

[0028] Preferably according to the invention, said plural-

ity of capillary pipes have a diameter comprised between
0.4 and 6 mm.

Preferably according to the invention, said diameter 1s com-
prised between 0.8 and 3 mm.

[0029] Preferably according to the invention, on the sides of
said plurality of conduits facing with each other, more fins are
fixed, which are preferably metallic fins, 1n substantially per-
pendicular way with respect to the same sides, said fins
extending only partially between said sides of plurality of
conduits facing with each other, said fins being fixed 1n an
alternate way on said sides facing with each other.

[0030] Preferably according to the invention, only the
space between some of said plurality of conduits 1s used for
the msertion of said plurality of capillary pipes whilst the
space that 1s not used to that end 1s provided with traditional
heat exchange fins to increase the thermal exchange with the
air, thus operating in this last part as a traditional heat
exchanger, 1n particular evaporation and/or condensation heat
exchanger, the contact module being hence a CMCP module.
[0031] It 1s further specific subject-matter of the invention
an mtegrated plant for the dehumidification and conditioning
ol air, comprising:

[0032] a conditioning and/or dehumidification unit con-
stituted by the contact module according to the subject-
matter of the invention, for the dehumidification and
cooling of the air by means of a desiccant solution,

[0033] cooling means, connected to said conditioning
and/or dehumidification unit, suitable to feed said con-
ditioning and/or dehumidification unit with the coolant
fluad,

characterized 1n that:

[0034] said conditioning and/or dehumidification unit 1s
the contact module according to subject-matter of the
invention;

[0035] a regeneration unit for the regeneration of said a
desiccant solution 1s comprised, which 1s connected to
the conditioming and/or dehumidification unit;

[0036] said regeneration unit 1s suitable to reconcentrate
said desiccant to solution that comes from the condition-
ing and/or dehumidification unit where 1t has been
diluted by contact with humidity, discharging outside
water and using for such a reconcentration process the
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condensation thermal energy of the coolant fluid, or the
energy provided by another thermovector fluid, the
reconcentrated desiccant solution being finally returned
to said conditioning and/or dehumidification unait.
[0037] Preferably according to the invention, regeneration
unit comprises a liqud/liquid membrane distillator of the
type DCMD/AGMD or thermal recovery AGMD.
[0038] Preferably according to the mvention, said regen-
eration unit 1s constituted by a further contact module accord-
ing to the subject-matter of the mvention.
[0039] Preferably according to the invention, when the con-
tact module 1s the contact module according to the subject-
matter of the imnvention:

[0040] said reinigerating means feed further separate

condensation coils and evaporation coils as well.
[0041] Preferably according to the mvention:

[0042] said conditioning and/or dehumudification umit
dehumidifies a part of the air flow which 1s subsequently
collected and mixed up with the non-dehumidified part
SO as to create an air mixture,

[0043] said air mixture 1s cooled down with an exchange
coil arranged 1n series on the air pathway, the exchange
coil being fed with a part of the flow of coolant fluid
coming from said cooling means;

[0044] said regeneration unit operates in parallel with a
condensing coil;

[0045] the exchange of desiccant solution between said
conditioning and/or dehumidification unit and said
regeneration unit, to the end of regenerating the desic-
cant solution, 1s effected through suitable conduits.

[0046] Preterably according to the invention:

[0047] the evaporation temperature of the frigorific fluid
1s the same 1n said conditioning and/or dehumaidification
umt and 1n said separate exchange coil;

[0048] the condensation temperature of the frigorific
fluid 1s the same 1n said regeneration unit and 1n said
separate condensation coil.

[0049] Preferably according to the invention, when the con-
tact module 1s the contact module according to the subject-
matter of the mnvention:

[0050] said cooling means do not comprise the evapora-
tion coil external to the CMCP contact module,

wherein the space that 1s not occupied by said capillary pipes
operates as a traditional refrigerating coil arranged 1n parallel.

[0051] Preferably according to the invention, when the con-
tact module 1s the contact module subject-matter of the inven-
tion:
[0052] said cooling means do not comprise a condensa-
tion coil external to

[0053] the CMCP contact module,

wherein the space that 1s not occupied by said capillary oper-
ates 1n parallel as traditional condensation coil.

[0054] The mvention will be now described by way of
illustration but not by way of limitation, with particular ret-
erence to the drawings of the enclosed figures, wherein:

[0055] FIG. 1 shows a typical traditional heat exchanger
(exchange coil) wherein the vaporization of the refrigerant or
evaporator;

[0056] FIG. 2 shows an example of contact module accord-
ing to the present invention, as obtained by partially modity-
ing a traditional evaporation coil;

[0057] FIG. 3 shows a schematic representation of a CMC
module according to the invention;
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[0058] FIG. 4 shows a further schematic representation of a
CMC module according to the invention;

[0059] FIG. 5 shows a different embodiment of the CMC
module according to the mvention;

[0060] FIG. 6 shows an integrated plant of dehumidifica-
tion/conditioning of air according to the prior art (patent
application No. RM2009A0006772 with title “Integrated plant
of conditioning and dehumidification of air” filed by Univer-

sita di Genova on Dec. 21, 2009);

[0061] FIG. 7 shows an integrated plant with two CMC
(dehumidifier and regenerator) according to the invention,
this plant 1s suitable to air dehumidification mostly;

[0062] FIG. 8 shows a different embodiment o fan inte-
grated plant with two CMC (dehumidification and regenera-
tor) according to the invention;

[0063] FIG. 9 shows on the psycrometric diagram (Ashrae

diagram) how the air transformations within the system of
FIGS. 6,7 occur.

[0064] The present invention provides the construction of
innovative components of mass and thermal Exchange here
called “Combined microporous hydrophobic membrane con-
tactors” (CMC) and “Only partially combined microporous
hydrophobic membrane contactors” (CMCP) which combine
in an only object components that were not combined 1n the
prior art, to the end of lighly simplily the known hybnd
plants, some of which are described 1n the above-mentioned
patent application RMZ2009A000672. Such membranes,
thanks to their hydrophobic nature and the dimension of the
pores (some tenths of micrometer), are permeable to air and
vapor but not to water and aqueous solutions, what allows
their use 1n the air conditioning plant.

[0065] In the following, structures of integrated plants
using advantageously the present invention are illustrated as
well.

[0066] In FIG. 1 the photo of a typical commercial evapo-
rator 1s reproduced. The conduits 1 (horizontal 1n the arrange-
ment of the photo) within which the refrigerant evaporates are
well recognizable 1n FIG. 1. On these conduits 1 sheet undu-
lations ({inning) are welded so as to increase the surface of
thermal exchange with air that flows perpendicularly.

[0067] According to the invention, membrane capillaries 3
are 1nserted 1n place of the sheet finning till a partial or almost
complete filling of free spaces between the conduits 1 of the
refrigerant (FIG. 2). In order to realize the CMC or CMCP, the
invention provides to insert a suitable number (some thou-
sands) of capillaries of a hydrophobic microporous mem-
brane (illustrative but not limitative diameter: 0.8-3 mm), for
example 1n polypropylene or other hydrophobic microporous
maternal, for the air flux 1n commercial evaporation/conden-
sation coils.

[0068] A suitable hardening resin 1s poured on the two
opposite faces of the component to incorporate the end parts
ol the capillaries and seal the space between the thus created
capillaries. The desiccant solution wholly fills this internal
space lapping the external surface without being able to per-
meate their internal opening for the hydrophobic nature of the
microporous material membrane constituting the capillaries
walls. The two opposite resin faces are subjected to cutting
mechanical operations to the end of opening the internal
opening of the capillaries, making possible the passage of the
air to be dehumidified and/or cooled.

[0069] FIG. 2 shows, by way of 1llustration, the photo of a
commercial evaporator transformed mto a CMCP wherein
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the finning has been partially removed 1n order to be able to
isert sad capillary membranes (diameter of around 2 mm),
according to the mvention.

[0070] Inthe resin layer of the upper and lower parts of the
device that 1s being described, suitable collectors are made to
allow solution exchanges between the CMC/CMCP for dehu-
midification and the CMC/CMCP for regeneration of the
plant (FIG. 3).

[0071] Always according to the invention, the liquid desic-
cant to be used will have to be compatible with the metals
normally utilized for the realization of these components of
thermal exchange (1n general aluminum).

[0072] The desiccant 1dentified for a preferred use accord-
ing to the present mnvention 1s a HCOOK (potassium formate)
solution that 1s already today utilized as thermo-vector fluid 1n
refrigeration, because 1t 1s much more compatible with many
metallic materials with respect to the aqueous solutions of
L1Cl, CaCl,. The use of solutions of HCOOK contacting the
aluminum 1s, nowadays, made possible by special additives
anti-corrosion known in literature. Besides, such desiccant
presents suitable thermo-physical and thermo-dynamical
properties, low cost and results not to have contraindications
concerning ecologic and hygienic aspects.

[0073] Concerning the use of the present invention 1n the
integrated plants described 1n the above-mentioned patent
application RM2009A000672, 1t 1s here to precise that those
plants made reference to hydrophobic membrane contactors
to effect the dehumidification of air, whilst the regeneration of
the desiccant was elfected by membrane distillation tech-
niques. The new CMC component according to the invention
as substitute of the dehumidification circuit can be coupled to
several re generation circuits, for example circuits using the
membrane distillation processes described in the former
patent application, or another CMC module (1n this case
functioning as regenerator) can be utilized, inverting the sign
of the thermal and mass exchanges and utilizing the external
air to re-concentrate the desiccant.

[0074] Making reference to FIG. 3, one can observe the air
pathway 31n,3out inside the opemings of the capillary mem-
branes, the pathway of the desiccant solution 21n,2out flowing
with contact of the external surface of the capillaries and,
finally, that of the coolant fluid 1in,1out flowing inside the
evaporation conduits of the CMC.

[0075] Making reference to FIG. 4, two prospective repre-
sentations of the upper part of the CMC are shown. From the
representation on the lower part one sees better the disposi-
tion of the fibers inside the CMC (the disposition 1s by way of
illustration limited o only a part of the fibers).

[0076] Making reference to FIG. 5, between the facing
sides of the conduits 1, fins 4 are interposed that do not extend
in such extent to form a bridge between conducts, but leave
suificient space for the passage of the desiccant solution.
Their disposition 1s preferably alternated on one and the other
one of the facing sides, so as o create an undulated pathway
for the desiccant solution (the alternation of the fins can be
realized in several ways, alternating for example an only fin or
two subsequent fins or with another mixed pattern). In such a
way, one avoids that the thermal Exchange between the des-
iccant and the conduits wall and the thermal and mass
exchange between the desiccant and the external surface of
the capillary pipes 3 can be limited by preferential pathways
ol the desiccant solution.

[0077] Making reference o FIG. 6, one 1llustrates the inte-
grated plant 100 of dehumidification/conditioning of air as
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described 1n the patent application RM2009A000672. Such
plant allows the control of the internal climatic conditions of
a confined interior A, such as a civil/industrial interior or an
interior compartment of moving means such as cars, etc.

[0078] The air in the thermodynamic state (m), as results
from the mixing of the fresh air (e) and recirculation air (a'),
1s cooled down and dehumidified by means of the integrated

plant 100 t1ll the conditions of mtroduction (1) 1n the condi-
tioned interior A are fulfilled.

[0079] The plant 100 comprises a conditioning/dehumaidi-
fication unit 20 that provides the cooling and dehumidifica-
tion of the fresh air (e) and recirculation air (a'), and a reser-
volr 30 connected to 1t for the recollection of the desiccant
solution.

[0080] Theplant100 further comprises refrigerating means
40, provided with an evaporator 41, a lamination valve 42, a
condenser 43 and a compressor 44. Such evaporator 41 1s
connected to said reservoir 30 by means of a first pump 51.

[0081] The plant 100 comprises also an economizer 31
connected by a pair of supply and return conduits wherein the
circulation 1s determined by a second pump 52. Said econo-
mizer 31 can also be connected to a ring between the reservoir
30 and the evaporator 41.To said economizer 31, moreover, re
generation means 60 are connected which comprise a mem-
brane distillator 61, disposed between the desiccant regenera-
tion circuit 62 and the distilled water circulation circuit 63.

[0082] The re generation means 60 are suitable to re-con-
centrate said desiccant solution that has been diluted and
coming from said conditioming/dehumidification unit 20,
extracting from 1t water by utilizing thermal energy obtained
from a thermal source, the thus re-concentrated solution
being finally returned 1n said reservoir 30.

[0083] Said membrane distillator module 61 1s of the lig-
uid-liguid type, for example of the type DCMD (*Direct
Contact Membrane Distillation™) or even of the air-gap

AGMD type (Air-Gap Membrane Distillation).

[0084] Advantageously, as described in the first patent
application RM2009A000672, the regeneration section can

be simplified by using a membrane distillator of the air-gap
type (AGMD—Air-Gap Membrane Distillation) with heat
recovery.

[0085] As forthe functioning of the plant, 1t 1s here referred
to the description of the patent application RM2009A000672.

[0086] As can be observed, 1n the dehumidification circuit
of the just described plant the following components disposed
in series were provided: desiccant reservoir, circulation
pump, refrigerator evaporator, membrane contactor, the

assembly of these elements having been indicated by refer-
ence 200 1n FIG. 6.

[0087] According to the present mvention, this whole cir-
cuit 200 (dehumidification) can be substituted by the only
CMC component that treats the air to be itroduced in the
ambient and that 1s connected by supply and return conduits
to the regeneration section.

[0088] A sensor, sensible to the concentration of the solu-
tion or more simply to the pressure of the solution contained
in the dehumidification CMC, allows to activate, when nec-
essary, the exchange of solution with the regeneration system.
This, as already recalled, can be realized both by membrane
distillation processes and exploiting the imnnovative simplifi-
cation potentials of the present invention, 1.¢. by realizing the
solution exchange with a second regeneration CMC (ct. FIG.
7), using the condensation heat of the refrigeration cycle. Also
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the regeneration system can indie be substituted with a CMC
that will be operated 1n this case as a regenerator.

[0089] In this case, the mass and thermal exchanges occur
in the mverse direction and the absorbed water 1s discharged
in the external air flow crossing the regeneration CMC.
Advantageously according to the invention, as represented in
FIG. 7, between the two CMC a heat exchanger (HE econo-
mizer) can be disposed. The solution exchange through said
conduits can be realized by natural convention because of the

different temperatures of the solution present in the dehu-
midification CMC (CMC1) and 1n the regeneration CMC

(CMC2), or the desiccant solution can be moved by a pump
controller by the mentioned sensor. This plant 1s particularly
suited for the dehumidification of atr.

[0090] In all cases, 1n the solution circuit a suitable expan-
sion vessel/reservoir will have to be 1nserted (not shown 1n
figure).

[0091] In case 1t 1s needed to realize, besides the air dehu-
midification, 1ts sensible cooling as well, 1t 1s proper to make
reference to the plant structure illustrated 1n FIG. 8. This
structure combines the high efficiency of the CMC compo-
nents 1n the realization latent exchanges with the sensible
exchange high efficiency allowed by the traditional thermal
exchange coils.

[0092] Ascanbeobserved in FIG. 8, the CMC1 component
dehumidifies a portion of the recirculation air tflow that 1s
therefore mixed up with the remaining part. The dehumidified
mixture that therefore does not contain the relevant latent load
1s then cooled down by a traditional exchange coil fed with a
portion of the refrigerant flow rate of the refrigeration cycle.
It1s here observed that the fluid evaporation temperature 1s the
same 1n the CMC1 and in the cooling coil. In a similar way the
CMC2 component operates 1n parallel with a traditional con-
densation coil (even 1n this case the condensation temperature
1s 1dentical 1n the two components). Obviously the conden-
sation of the coolant fluid, instead of occurring in two parallel
separated components (CMC and condensation coil), can
occur 1n an only CMCP component.

[0093] The solution exchange between CMC1 and CMC2
to the end of regenerating the solution 1s effected through the
conduits 1llustrated 1n FIG. 8. It 1s observed that the solution
movement can be realized by natural convention because of
the density solutions as present in CMC1 (more diluted) and
CMC2 (more concentrated). Alternatively, the solution can be
moved by a pump controller by a proper sensor. The plant,
now described 1n an 1llustrative way, can realize power sav-
ings for the refrigeration compressor of the order of 40-350%
with respect to the plants of the traditional type. The saving 1s
connected to the possibility of realizing differences between
the condensation and evaporation temperatures lower than
those obtained with a traditional plant.

[0094] The technical advantages of the solution according
to the present invention are, among others:

[0095] the CMC component allows a high simplification
of the plants integrating a refrigeration cycle with liquid
desiccants:

[0096] the CMC component allows the further improve-
ment of the energetic efliciency of these plants (remark-
able increasing of the COP as obtained tank to the
increase of the evaporation temperature and reduction of
the condensation temperature of the refrigeration cycle,
reduction of amount/elimination of the circulators,

improving of the efficiency of the thermal exchange);
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[0097] the fabrication of the CMC component results
quite simple starting from components already on the
market; possibility to realize very compact plants;

[0098] possibility to obtain mechanical/electric Energy
savings with respect to the traditional vapor compres-
sion plants (up to the 40-50% 1n the summer conditions)
by using the condensation heat of the refrigerator.

[0099] Moreover, 1n the intermediate seasons, the dehu-
midification of air can be privileged with respect to cooling
(by adopting higher evaporation temperatures). In the case of
plant structure illustrated i FIG. 8, it 1s suificient not to
supply the cooling coil to reduce the refrigerant tlow rate into
the compressor to the only end of maintaiming a constant
temperature and concentration of the absorbent solution of
the CMC1. In the intermediate seasons 1t 1s thus possible to
dehumidify the air without the need of cooling 1t below the
dew temperature (traditional dehumuidification), providing
then further energy savings with respect to the traditional
case.

[0100] The type of plant could offer important commercial
advantages both 1n the civil sector and 1n that of the transport
means. By way ol example, one can observe that in the
modern cars the power need for the air conditioning repre-
sents now a very important fraction of the fuel consumption
as a consequence of the progresses obtained in the engine
eificiencies and the increase of the glass surfaces (higher solar
loads) that characterize the today’s cars. For example, by way
of indication, a car with a maximum power of 70-80 kW can
absorb for the summer conditioning a mechanical power
equal to around 4-5 kW. Such need has a significant percent-
age relevance 1f one considers that, 1n the normal conditions
of use, the power supplied by the engine 1s much lower
(around 18 kW). One can further observe that 1n the interme-
diate seasons or in the rainy days, 1n order to avoid problems
of glass’s steaming up, one often requires only the dehumaidi-
fication of air and not 1ts concurrent cooling.

[0101] The present invention consists mainly 1n the struc-
ture of the CMC that allows to concentrate in an only com-
ponent (CMC contactor) the whole dehumidification circuit
that 1s constituted by: membrane contactor+(refrigerator
evaporator)+reservoir+dehumidification circuit+circulator.

[0102] Theplantregeneration system can refer to processes
of membrane distillation as 1n the former patent application or
can make use of another CMC module (1n this case with re
generation function) by mnverting the sign of the thermal and
mass exchanges and using external air to re-concentrate the
desiccant.

[0103] Other important aspects of the invention re the high
simplification of the plants referred to 1n the former patent
application of the same Applicant. The obtainable simplifi-
cation entails definite advantages in the compactness, further
improving the energetic efficiency and reducing/avoiding the
utilization of the circulation pumps. This aspect 1s of particu-
lar importance for the application to the conditioning/dehu-
midification of the air on motor vehicles and transport means.
A further aspect that is believed very interesting, owing to the
fact that 1t can make closer the plant application, 1s the pos-
s1ibility to utilize thermal exchange components coming from
an 1ndustrial fabrication (evaporators/condensers, heat
exchangers) as basis for the realization of CMC components.

[0104] The 1nvention concerns the wide sector of the air
treatment (conditioning of civil and industrial interiors, air-
conditioning of transport means, hygrometric control of con-
fined interiors, refrigeration domain, etc.).
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[0105] In the domain of air treatment, the invention can
have further applications: for example, the reduction of the
hoar-frosting phenomena on the coils for air cooling in the
sector of preservation of victuals ({or example refrigeration
stocks, refrigerated transports).

[0106] In the description and claims the term “capillary
pipe”” has been used. Such an expression must be understood
not only 1n the sense of a conduit with circular cross-section,
but also 1n the sense of a conduit with cross-section having,
any form, for example a square form. Besides, the cross-
sections of different pipes can possibly differ with each other,
though 1t 1s preferable, from the production point of view, that
this does not happen.

[0107] Moreover, when the pipe cross-section 1s not circu-
lar, 1.e. when the pipe i1s not self-supporting, 1t 1s provided
with internal supports suitable to contrast the external pres-
sure of the liquid phase, to guarantee the non-deformability of
the cross-section.

[0108] Finally, 1t 1s here to be mentioned a further applica-
tion of the contact module according to the invention. A
contact module fed only with water can advantageously be
utilized as evaporative condenser, 1n place of the traditional
condenser of refrigeration plants. In this case, the thermal
flow of the refrigeration cycle can be given to the external air
at temperatures lower than the traditional ones, realizing sig-
nificant electric energy savings (better coellicients of perfor-
mance, COP, of the cycle).
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1.-13. (canceled)

14. A contact module comprising:

a plurality of conduits for a coolant fluid;

a plurality of capillary pipes made of a hydrophobic micro-
porous membrane substantially filling a conduit space
between said plurality of conduits, the capillary pipes
having a section of any geometry and being configured
to contrast an external pressure of a liquid phase to
maintain the section’s shape, the capillary pipes having
openings suitable to be crossed by air to be dehumidified
and/or cooled, and having a direction of main extension
perpendicular to said plurality of conduaits;

one or more layers of closing material disposed on two
opposite surfaces of the contact module at ends of said
plurality of capillary pipes, for incorporating end parts
of said plurality of capillary pipes and sealing a thus
created pipe space between said plurality of capillary
pipes, said pipe space being suitable to let a desiccant
solution pass, the desiccant solution bordering an exter-
nal surface of said plurality of capillary pipes without
being able to penetrate 1n the interior of the capillary
pipes; and

respective collectors arranged on opposite surfaces at the
ends of said plurality of conduits for collection of the
coolant fluid and the desiccant solution.

15. The contact module according to claim 14, wherein

said plurality of capillary pipes have a diameter comprised
between 0.4 and 6 mm.

16. The contact module according to claim 15, wherein
said diameter 1s comprised between 0.8 and 3 mm.

17. The contact module according to claim 14, further
comprising a plurality of fins disposed on sides of said plu-
rality of conduits substantially perpendicularly with respect
to said sides, said fins extending only partially between said
sides and being fixed 1n an alternate pattern on said sides.

18. The contact module according to claim 14, wherein a
conduit space portion between some of said plurality of con-
duits 1s filled with said plurality of capillary pipes while a
remaining conduit space portion i1s provided with heat
exchange fins to increase a thermal exchange with the air, thus
operating 1n said remaiming conduit space portion as a tradi-
tional heat exchanger.
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19. An integrated plant for dehumidification and condition-
ing of air, comprising:

the contact module of claim 14, operating as a conditioning

and/or dehumidification unit for dehumidification and
cooling of air by way of a desiccant solution;

cooling means, connected to said contact module, suitable

to feed said contact module with a coolant fluid; and

a regeneration unit for regeneration of said desiccant solu-

tion, said regeneration unit being connected to the con-
tact module and being suitable for reconcentration of
said desiccant solution when 1t comes from the contact
module where said desiccant solution has been diluted
by contact with humidity, by discharging outside water
and using for said reconcentration a condensation ther-
mal energy of the coolant fluid or energy provided by
another thermovector fluid, the desiccant solution being
returned, after said reconcentration, to said contact mod-
ule.

20. The integrated plant according to claim 19, wherein
said regeneration unit comprises a liquid/liquid membrane
distillatory.

21. The ntegrated plant according to claim 19, wherein
said regeneration unit 1s formed by a further contact module.

22. The integrated plant according to claim 19, wherein
said cooling means also feed separate condensation coils and
evaporation coils.

23. The mtegrated plant according to claim 19, wherein:

said contact module dehumidifies a part of air flow which 1s

subsequently collected and mixed up with a non-dehu-
midified part to create an air mixture;

said air mixture 1s cooled down with an exchange coil

arranged 1n series on an air pathway, the exchange coil
being fed with a part of the tlow of coolant fluid coming
from said cooling means;

said regeneration unit operates 1n parallel with a condens-

ing coil; and
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exchange of desiccant solution between said contact mod-
ule and said regeneration unit, 1n order to regenerate the
desiccant solution, 1s effected through suitable conduits.

24. The integrated plant according to claim 23, wherein:

evaporation temperature of the coolant fluid 1s same 1n said
contact module and 1n said separate exchange coil; and

condensation temperature of the coolant fluid 1s same 1n
said regeneration unit and 1n said separate condensation
coil.

25. The integrated plant according to claim 23, wherein:

in the contact module, a conduit space portion between
some of said plurality of conduits 1s filled with said
plurality of capillary pipes while a remaining conduit
space portion 1s provided with heat exchange fins to
increase a thermal exchange with the air, thus operating
in said remaiming conduit space portion as a traditional
heat exchanger:;

said cooling means do not comprise an evaporation coil
external to the contact module; and

the pipe space that 1s not occupied by said capillary pipes
operates as a traditional refrigerating coil arranged 1n
parallel.

26. The integrated plant according to claim 23, wherein:

in the contact module, a conduit space portion between
some ol said plurality of conduits 1s filled with said
plurality of capillary pipes while a remaining conduait
space portion 1s provided with heat exchange fins to
increase a thermal exchange with the air, thus operating
in said remaiming conduit space portion as a traditional
heat exchanger;

said cooling means do not comprise a condensation coil
external to the contact module; and

the pipe space that 1s not occupied by said capillary pipes
operates 1n parallel as traditional condensation coil.
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