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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a gas/liquid
separation element, a gas/liquid separator and a gas/lig-
uid separation unit for use in a wide range of gas/liquid
separation applications, and in particular to a humidifying
element, humidifier and humidifier unit adapted for use
in a wide range of air conditioning applications requiring
humidification, and especially in humidified air condition-
ing applications for office buildings, factory environ-
ments, households and vehicles.

2. Description of Related Art

[0002] To date, gas/liquid separators employing
gas/liquid separation membranes to separate gases from
liquids have been employed in various fields such as hu-
midification, dehumidification, degassing, gas dissolving
and so on (gas dissolving, i.e. dissolving a gas into a
liquid, is included in the definition of gas/liquid separation
herein). In particular, membrane type humidifiers have
enjoyed a sudden surge in popularity in recent years due
to their more efficient and cleaner humidification relative
to the evaporator plate type humidifiers used to date.
[0003] Humidifiers of this type, namely, moisture per-
meable membrane type humidifiers employing porous
sheeting hydrophilic polymer material (herein below also
termed "first type humidifiers"), have been proposed (Un-
examined Patent Applications 5-286039, 7-4701). Hu-
midifiers of this kind employ a tubular membrane element
formed from sheet material, which itself is a laminate of
reinforcing material with a hydrophobic polymer mem-
brane that blocks passage of water, but allows water va-
por to pass. A liquid spacer is arranged within the tubular
membrane element to ensure an internal flow channel
for the humidification water, which is coiled into a spiral
configuration together with a corrugated spacer for en-
suring a gas flow channel, and accommodated within a
mounting frame. In some instances an air bleed line is
provided to enhance humidification efficiency.

[0004] To operate a first type humidifier, humidifying
wateris supplied into the tubular membrane element from
a water inlet, and air is introduced into an opening in the
mounting frame. The water inside the tubular membrane
element is released in the form of water vapor through
the hydrophilic polymer membrane, to effect humidifica-
tion.

[0005] Humidifiers of the first type, however, have a
number of problems, such as the following.

(1) A pinhole or liquid flow channel blockage, even
at a single location in the tubular membrane, may
result in the entire humidifier becoming nonfunction-
al, or in reduced humidifying performance.
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(2) The tubular membrane may expand due to the
pressure of the humidification water, thereby con-
stricting the gas flow passage, resulting in increased
pressure loss in the gas system and diminished gas
flow. Expansion of the tubular membrane may also
result in increased contact area between the water-
proof/moisture permeable membrane and the corru-
gated spacer defining the gas flow channel, so that
humidifying performance is depressed.

(3) The corrugated spacer for defining the gas flow
channel has a large number of peaks spaced at rel-
atively small intervals so as to ensure gas flow, as a
result of which there is a large contact area between
the corrugated spacer and the waterproof/moisture
permeable membrane, and significantloss of humid-
ifying performance.

(4) In order to achieve the desired humidifying per-
formance, it is necessary to coil a very long tubular
membrane (as long as 10 m or more) together with
a corrugated spacer to produce the humidifier, re-
sulting in a complex manufacturing process and high
costs.

(5) Itis necessary for tubular membrane connections
tothe water feed line or air bleed line to be liquid-tight;
the difficulty of fabrication of these components re-
sults in significant loss, and consequently increased
cost.

[0006] A humidifier plate type has been proposed by
way of another type of humidifier (herein below also
termed "second type humidifier") (Unexamined Patent
Application 8-128682). This kind of humidifier has a struc-
ture wherein a stack of a plurality of independent humid-
ifier plates (these consist of porous films of hydrophobic
polymer) of thin foliate configuration is accommodated
within a mounting frame, with each humidifier plate hav-
ing waterproof/moisture permeable membrane stacked
on the two principal faces of a frame having an opening
therein, and with the humidifier plate supplied with water
from an end thereof to a humidifier portion situated be-
tween the waterproof/moisture permeable membranes
in the frame. Accordingly, each frame is thicker in the
portion thereof defining the water feed portion that in the
portion thereof defining the humidifier portion; the humid-
ifier plates are stacked together with the water feed por-
tions thereof juxtaposed, so that gaps are produced be-
tween humidifier plates due to the thickness difference
between the water feed portion and humidifier portion of
the frame, to ensure that gaps, serving as gas flow chan-
nels, are present between the humidifier plates.

[0007] To operate a second type of humidifier of this
kind, humidifying water is supplied from a water inlet, and
air is introduced into an air inlet opening in the mounting
frame. The water supplied to the humidifier plates is re-
leased in the form of water vapor through the hydrophilic
polymer membrane, to effect humidification.

[0008] However, since the design of the humidifier of
the second type employs a stack of a plurality of humid-
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ifier plates of thin foliar configuration, while problems (1)
and (4) pertaining to the humidifier of the first type de-
scribed above are solved, other problems, such as the
following, remain.

(1) Where no corrugated spacer is used in the gas
flow channel, the waterproof/moisture permeable
membranes can expand due to water pressure,
thereby constricting the gas flow passage, resulting
in increased pressure loss in the gas system and
diminished air flow. Deformation of the water-
proof/moisture permeable membranes can be re-
duced to some extent by providing the frame with
ribs (the back face of the waterproof/moisture per-
meable membrane being stuck to theribs), butwhere
water pressure is high the waterproof/moisture per-
meable membrane will tend to come away from the
rib, possibly resulting in rupture of the waterproof/
moisture permeable membrane and water leakage.
(2) Where a corrugated spacer is used in the gas
flow channel, the corrugated spacer that defines the
gas flow channel will have a large number of peaks
spaced at relatively small intervals so as to ensure
gas flow, as a result of which will be a large contact
area between the corrugated spacer and the water-
proof/moisture permeable membrane, and signifi-
cant loss of humidifying performance. High water
pressure will result in larger contact area between
the waterproof/moisture permeable membrane and
the corrugated spacer, depressing humidifying per-
formance.

(3) Fabricating a humidifier composed of a stack of
a plurality of humidifier plates involves first bonding
or fusing waterproof/moisture permeable mem-
branes to a frame to produce the humidifier plate,
and then stacking and bonding the desired number
of humidifier plates one at time, resulting in a pro-
duction process that is complicated, involves numer-
ous steps, and is costly.

(4) Since the water feed portion of the humidifier plate
has an open mouth structure, individual humidifier
plates cannot be inspected for pressure-induced wa-
ter leaks; rather the assembled humidifier must be
inspected for pressure-induced water leaks, so leak-
age in even a single humidifier plate renders the en-
tire humidifier unusable.

[0009] As yet another type of humidifier, there has
been proposed one employing a humidifier sheet of uni-
fied triple-layer construction (herein below also termed
"third type humidifier") (Unexamined Patent Application
2000-274754). This kind of humidifier employs a humid-
ifier sheet of unified triple-layer construction, comprising
waterproof/moisture vapor permeable membranes that
block passage of water but allow passage of water vapor,
arranged on both sides of a humidifying water retaining
layer for accommodating and retaining water for humid-
ification. The humidifying water retaining layer consists
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of cloth having a three-dimensional configuration, com-
posed of a facing fabric, a backing fabric, and connecting
threads connecting these at predetermined intervals over
the entire extension thereof. The three-dimensional cloth
is composed of hydrophilic polymer material, subjected
to hydrophilic treatment. The humidifying element is pro-
duced by producing a through-hole at a predetermined
location in the humidifier sheet, the side wall of the
through-hole constituting a water inlet, with the peripheral
side portions of the humidifying element having a sealed
structure to prevent passage of at least water. A plurality
of these humidifying elements are arranged in parallel,
via spacers, within a mounting frame composed of upper
and lower fixing covers and side panels, placing them
within the mounting frame either flat or folded in a pleated
configuration, or coiled into a coiled configuration with an
intervening corrugated spacer, to assure a gas flow pas-
sage.

[0010] To operate a third type of humidifier of this kind,
humidifying water is supplied from a water inlet, and air
is introduced into an opening in the mounting frame. The
water supplied to the humidifier plates is released in the
form of water vapor through the hydrophilic polymer
membrane, to effect humidification.

[0011] The third type of humidifier employs a humidifier
sheet of unified triple-layer construction comprising a hu-
midifying water retaining layer and waterproof/moisture
permeable membranes, and as such the waterproof/
moisture permeable membranes are more resistant to
deformation than are the waterproof/moisture permeable
membranes used in humidifiers of the second type, but
nevertheless has room for improvement with regard to
the following points.

(1) As the liquid flow channel is formed by cloth of
three-dimensional structure, it is susceptible to de-
posits onfiber surfaces of foreign matter orimpurities
(such as rust, algae etc.) and tends to clog. Addition-
ally the high cost of the three-dimensional cloth is a
significant factor contributing to higher overall cost
of the humidifier.

(2) Where the unit is used at high water pressure,
stress is produced at the waterproof/moisture per-
meable membrane/three-dimensional cloth interfac-
es, making it necessary to control water pressure so
that the humidifier is not subjected to excessive pres-
sure. This imposes significant limits in terms of de-
vice design.

(3) The corrugated spacer that defines the gas flow
channel will have a large number of peaks spaced
at relatively small intervals so as to ensure gas flow,
as a result of which will be a large contact area be-
tween the corrugated spacer and the water-
proof/moisture permeable membrane, and signifi-
cant loss of humidifying performance.

(4) Since construction of the unit by stacking a plu-
rality of humidifier sheets involves first fabricating
humidifier units by bonding a humidifier elementand
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corrugated spacer in proximity to the through-hole
in the humidifier element, and then stacking and
bonding together the desired number of humidifier
units one at a time while aligning the through-holes,
this results in a production process that is complicat-
ed, involves numerous steps, and is costly. Further,
itis necessary to ensure that the connected portions
around the through-holes are liquid-tight; the difficul-
ty of fabrication of these components results in sig-
nificant loss, and consequently increased cost.

[0012] These and other purposes of the presentinven-
tion will become evident from review of the following

specification.

SUMMARY OF THE INVENTION

[0013] The presentinvention provides a gas/liquid sep-
aration element that does not expand when pressurized
by liquid feed; that requires no separate components
such as reinforcing members or gas flow channel spac-
ers; that is readily assembled with a mounting frame so
as to provide low production costs; that effectively pre-
vents clogging and blockage; that effectively prevents
bulging of the waterproof/moisture permeable mem-
branes; that has excellent stability over prolonged peri-
ods; and that is particularly useful for humidification and
dehumidification applications. Also provided are a gas/
liquid separator and gas/liquid separation unit employing
this element.

[0014] The presentinvention is a gas/liquid separation
element comprising: a frame having front and back faces
and at least two opposite sides and defining an opening
therein; waterproof/moisture permeable sheets affixed
to both faces of said frame so as to cover the opening,
whereby said frame and said waterproof/moisture per-
meable sheets define a liquid flow channel; a plurality of
spaced apart ribs arranged over the front face of said
waterproof/moisture permeable sheets, each rib being
separate from an adjacent rib and extending between
said two opposite sides of said frame, each rib having
two ends, each end at least partially joined to and unified
with a frame side; and a liquid inlet/outlet portion for liquid
feed or liquid outlet, provided at one or more locations in
a portion of said frame.

[0015] The frame is preferably a thin frame.

[0016] Inanother embodiment, said ribs arranged over
said back faces may be partially cut away.

[0017] In another embodiment, the invention provides
a gasl/liquid separation element comprising: two gas/lig-
uid separation element materials, each said material
comprising a frame of having an opening; a waterproof/
moisture permeable sheet affixed to the front face thereof
so as to cover the opening, a plurality of ribs arranged
over the front face of said waterproof/moisture permeable
sheet, and extending between two opposite sides of said
frame, with said materials being juxtaposed back-to-back
and unified by bonding or fusing, and said frame and said
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waterproof/moisture permeable sheets defining a liquid
flow channel; and a liquid inlet/outlet portion for liquid
feed or liquid outlet, provided at one or more locations in
a portion of said frame.

[0018] In another embodiment, the invention provides
a gas/liquid separation element comprising: two gas/lig-
uid separation element materials, each said material
comprising a frame having an opening; a waterproof/
moisture permeable sheet affixed to the front face thereof
so as to cover the opening, a plurality of ribs arranged
over the front and back faces of said waterproof/moisture
permeable sheet, and extending between two opposite
sides of said frame, with said materials being juxtaposed
back-to-back and unified by bonding orfusing; said frame
and said waterproof/moisture permeable sheets defining
a liquid flow channel, and said ribs arranged over said
back faces being partially cut away; and a liquid inlet/
outlet portion for liquid feed or liquid outlet, provided at
one or more locations in a portion of said frame.

face thereof so as to cover the opening, a plurality of ribs
arranged over the frontand back faces of said waterproof/
moisture permeable sheet, and extending between two
opposite sides of said frame, with said materials being
juxtaposed back-to-back and unified by bonding or fus-
ing; said frame and said waterproof/moisture permeable
sheets defining a liquid flow channel, and said ribs ar-
ranged over said back faces being partially cut away; and
a liquid inlet/outlet portion for liquid feed or liquid outlet,
provided at one or more locations in a portion of said
frame.

DESCRIPTION OF THE DRAWINGS

[0019] The operation of the present invention should
become apparent from the following description when
considered in conjunction with the accompanying draw-
ings, in which:

Figure 1 is a perspective view showing the overall
configuration of an exemplary humidifier element ac-
cording to the invention.

Figure 2 (a) is a side view of the humidifier element
of Figure 1; (b) is a plan view thereof; and (c) is a
front view thereof.

Figure 3 is a fragmentary plan view of the humidifier
element of Figure 1, showing the water feed port
portion enlarged.

Figure 4 (a) is a sectional view taken along line A-A’
in Figure 1, (b) is a sectional view taken along line
B-B’, (c) is a sectional view taken along line C-C’,
and (d) is a sectional view taken along line D-D’.
Figure 5 is a sectional view of an example addition-
ally provided with ribs on the back face of the water-
proof/moisture permeable sheet.

Figure 6 is a perspective view showing the overall
configuration of an exemplary humidifier element
material.

Figure 7 is a perspective view showing the obverse
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of the humidifier element material of Figure 6.
Figure 8 is a partly cutaway perspective view show-
ing the overall configuration of an exemplary humid-
ifier (horizontal humidifier) of the invention.

Figure 9 is a partly cutaway perspective view show-
ing the overall configuration of an exemplary humid-
ifier element having water inlet/outlet portions at two
locations on two sides.

Figure 10is a partly cutaway perspective view show-
ing the overall configuration of an exemplary veridi-
cal humidifier of the invention.

Figure 11 is a diagram showing an exemplary ar-
rangement for a dehumidifying system of the inven-
tion.

Figure 12 is a diagram showing a humidification per-
formance measuring unit used for evaluating per-
formance of the humidifiers of the Examples and
Comparisons.

DETAILED DESCRIPTION OF THE INVENTION

[0020] A fuller understanding of the gas/liquid separa-
tion element herein is provided by the following detailed
description made with reference to the accompanying
drawings, taking the specific example of a humidifier el-
ement for use in humidification.

[0021] Fig. 1is a perspective view showing the overall
configuration of an exemplary humidifier element accord-
ing to the invention. Fig. 2 (a) is a side view; (b) is a plan
view; and (c) is a front view. Fig. 3 is a fragmentary plan
view showing the water feed port portion enlarged. Figs.
4(a) -(d) are linear sectional views respectively taken
along lines A-A’, B-B’, C-C’ and D-D’ in Fig. 3.

[0022] As shown in the drawings, humidifier element
10 herein comprises a frame 11 produced by removing
an interior portion of a thin rectangular plate to form an
opening, and waterproof/moisture permeable sheets 12,
13 affixed to either side thereof, covering the opening.
Apart from a water inlet/outlet portion 14, the waterproof/
moisture permeable sheets 12, 13 provided to the frame
11 produce a hermetic liquid flow passage (humidifier
portion) that does not allow humidification water to pass.
On the front faces of the waterproof/moisture permeable
sheets 12, 13 there are arranged a plurality of ribs 15
extending between a pair of opposing sides 11A, 11B of
frame 11, i.e., in the cross direction of frame 11. The ribs
15 have the function of defining an air flow passage be-
tween humidifier elements 10 when humidifier elements
10 are assembled into a humidifier, and also serve to
maintain proper shape in the humidifier portion formed
by the waterproof/moisture permeable sheets 12, 13. At
a first end of frame 11 there is provided a water inlet/
outlet portion 14, within which is formed a water inlet/
outlet orifice 14’ that communicates with the liquid flow
passage. The end of frame 11 opposite the water inlet/
outlet portion 14 is closed. In other words, the water inlet/
outlet orifice in this humidifier element is situated at a
single location.
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[0023] Materials for frame 11 may be selected from
any number of rigid materials, such as ABS, polyethyl-
ene, polypropylene, nylon, POM, PPS, polyvinylchloride,
acrylic, polycarbonate and other plastics; or aluminum,
stainless steel, titanium and other metal alloy materials.
The configuration of frame 11 is not critical provided that
the aforementioned liquid flow passage (humidifier por-
tion) is formed therein; however, an approximately rec-
tangular configuration is preferable in terms of maximiz-
ing waterproof/moisture permeable membrane area for
a given humidifier volume. The dimensions of frame 11
may be selected appropriately with reference to the size
of the humidifier being produced; typical dimensions are
thickness of about 0.5 to about 10 mm at sides 11A and
11B; thickness of about 0.5 to about 20 mm at sides 11C
and 11D; a lengthwise dimension of about 20 to about
500 mm; a crosswise dimension of about 20 to about 500
mm; side 11A, 11B width of about 2 to about 20 mm; and
side 11C, 11D width of about 2 to about 30 mm. Thinner
sides 11A, 11B, 11C, 11D afford greater waterproof/
moisture permeable membrane area for a given humid-
ifier volume and higher humidification efficiency, but if
thinner than 0.5 mm, pressure loss may increase exces-
sively, and the element may lack strength, causing the
element to deform due to water pressure.

[0024] In a preferred embodiment of the humidifier el-
ement herein, the cross-sectional profile of the edge por-
tions of frame 11 against which air will be directed when
the humidifier is assembled, that is, the cross-sectional
profile of the portion extending from the air inlet into the
voided portion and/or the profile of the portion extending
from the voided portion to the air outlet, will be of stream-
lined or other profile providing minimal air flow resistance,
in order to minimize pressure loss in the air system.
[0025] Any of a number of materials may be used for
waterproof/moisture permeable sheets 12, 13 provided
that these are waterproof and moisture permeable, i.e.
do not allow liquids (such as water) to pass, while allowing
water vapor to pass; representative examples are water-
proof/moisture permeable membranes, and waterproof/
moisture permeable membrane/protective sheet lami-
nates. Waterproof/moisture permeable sheets will pref-
erably have a high degree of moisture permeability, typ-
ically 5,000 - 150,000 g/m2 - day, preferably 10,000
-100,000 g/m2 - day, and more preferably 20,000 -70,000
g/m2 - day. Moisture permeability herein is measured in
accordance with the method of JIS 1099-B1.

[0026] Porous polymer film is preferred for use as the
waterproof/moisture permeable membrane herein. Typ-
ical porous polymer film materials include hydrophobic,
porous membranes of polyethylene, polypropylene, poly-
carbonate, polytetrafluoroethylene, polytetrafluoroethyl-
ene/hexafluoropropylene copolymer, polyvinyl fluoride,
polyvinylidene fluoride, etc.; porous polytetrafluoroethyl-
ene is preferred for its resistance to heat and chemicals.
The porous polytetrafluoroethylene material will prefer-
ably have thickness of 1-1,000 pwm, porosity of 5 -95%,
and pore size of 0.01 -15 pum. In terms of achieving sat-
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isfactory levels of water vapor permeability, water resist-
ance and strength, thickness of 20 -200 pum, porosity of
60-90%, and pore size of 0.1 -3 wm are preferred. Porous
polytetrafluoroethylene materials of this kind may be pro-
duced by methods known in the art, such as stretching,
solvent extraction or casting. Stretching provides excel-
lent membrane strength, at relatively low cost. Methods
for producing porous polytetrafluoroethylene by stretch-
ing are disclosed inter alia in Kokai 46-7284 and
50-22881, and Tokuhyo 03-504876, and any of these
known methods may be used.

[0027] The porous polytetrafluoroethylene membrane
may be provided on one or both faces thereof with a
continuous coating of hydrophilic polymer, e.g. at least
partly crosslinked polyvinyl alcohol, cellulose acetate, or
cellulose nitrate, or with a polyamino acid, polyurethane
resin, fluororesin, silicone resin or other hydrophilic resin,
as taught in the publications mentioned above.

[0028] The porous polytetrafluoroethylene membrane
may also be coated on the porous matrix surfaces thereof
with an organic polymer having water repellency and oil
repellency, in such as way as to leave open cells, as
taughtin the publications mentioned above. Forexample,
a fluorinated surfactant (e.g. ammonium per-
fluorooctanoate) may be used to produce an aqueous
emulsion of a polymer derived by polymerization of a
fluoroalkyl acrylate and a fluoroalkyl methacrylate, ap-
plying the emulsion to the porous polytetrafluoroethylene
membrane and heating it to form a film like that described
above, as taught inter alia in W094/22928 and WO/
95/34583. Organic polymers for this purpose include bi-
nary or ternary copolymers of tetrafluoroethylene with
monomers such as acrylate, methacrylate, styrene, acry-
lonitrile, vinyl, allyl or alkene, preferable examples being
fluoroacrylate/tetrafluoroethylene copolymer, or fluoro-
acrylate/ hexafluoropropylene/tetrafluoroethylene. The
above copolymers excel in terms of resistance to soiling,
heatand chemicals, and also conform and bond securely
to porous matrix surfaces. Other organic polymers in-
clude AF POLYMER (trademark of DuPont) and CYTOP
(trademark of Asahi Glass). The organic polymer may be
coated onto the porous matrix surfaces of the porous
polymer film by first dissolving the polymer in an inert
solvent, such as FLUORINERT (trademark of 3M), im-
pregnating this into the porous polymer film, and then
evaporating out the solvent.

[0029] Alternatively, waterproof/moisture permeable
sheets 12, 13 may consist of laminate material of water-
proof/moisture permeable membrane with a protective
sheet as a reinforcing layer. The protective sheet may
take the form of woven, knit or nonwoven fabric, netting,
expanded sheeting, porous film etc., but woven, knit and
nonwoven fabrics are preferred for their excellent rein-
forcement, pliability and low cost. Materials for these in-
clude polyethylene, polypropylene, polyester, nylon,
polyurethane, polyvinyl chloride and other resin materi-
als, metals, glass and so on. Textile fabrics such as wo-
ven, knit and nonwoven fabrics will preferably be com-
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posed of core/sheath fibers. By using a resin material
with a lower melting point than the core component as
the sheath component (for example, a polyester core and
a polyethylene sheath), the process of fusing the water-
proof/moisture permeable membrane and protective
sheetwhen thermally laminating these may be facilitated.
Where a protective sheet is used, thickness thereof is
from 5 pm to 5 mm, preferably about 10 pm to 1 mm.
Thickness of less than 5 pwm will not provide adequate
protection, whereas in excess of 5 mm the waterproof/
moisture permeable sheet will be thicker, and conse-
quently the humidifier will be bulky.

[0030] Protective sheeting may be laminated to one or
both sides of the waterproof/moisture permeable mem-
brane; in preferred practice, however, protective sheet-
ing will be provided on one side only, and the product
used with the waterproof/moisture permeable membrane
arranged facing the air system, so as to provide good
humidification efficiency. Where the waterproof/moisture
permeable membrane is situated on the air system side,
diffusion resistance on the air system side is fairly low,
allowing water vapor passing through the waterproof/
moisture permeable membrane to rapidly diffuse into the
air.

[0031] Methods for laminating protective sheeting to
the waterproof/moisture permeable membrane include
applying adhesive to the waterproof/moisture permeable
membrane with a gravure-patterned roll, and then ar-
ranging protective sheeting thereon and compressing
with a roll; spraying adhesive onto the waterproof/mois-
ture permeable membrane, and then arranging protec-
tive sheeting thereon and compressing with a roll; ther-
mally fusing the juxtaposed waterproof/moisture perme-
able membrane and protective sheeting using a heated
roll; or other such methods known in the art. Where ad-
hesives are used, urethane, polypropylene, polyethyl-
ene, epoxy, silicone or other such adhesives may be
used. The waterproof/moisture permeable membrane
and protective sheeting will have contact area of 3 to
95%, preferably 10 to 50%. Contact area of less than 3%
will result in inadequate bonding strength between the
waterproof/moisture permeable membrane and protec-
tive sheeting, while adequate humidifying ability is not
achieved in excess of 95%.

[0032] As noted, ribs 15 perform the functions of de-
fining an air flow passage between humidifier elements,
and maintaining proper shape in the humidifier portion
(i.e. preventing excessive bulging). Materials, like those
for frame 11, may be selected from any number of rigid
materials, such as ABS, polyethylene, polypropylene, ny-
lon, POM, PPS, polyvinyl chloride, acrylic, polycarbonate
and other plastics; or aluminum, stainless steel, titanium
and other metal alloy materials. The material may be the
same as or different from that used for frame 11.
[0033] Rib 15 thickness and placement are not critical
provided that space for a proper air flow passage is main-
tained; typically, ribs are from 0.1 to 10 mm, and arranged
substantially parallel to sides 11C and 11D, at intervals
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of 5-100 mm; preferred values are thickness of from 0.3
to 3 mm and spacing of 10 to 30 mm. For a given number
of humidifier elements and waterproof/moisture perme-
able sheet dimensions, physical properties and air flow
rate, thinner ribs 15 allow for faster flow speeds of air
contacting the waterproof/moisture permeable mem-
brane, and consequently increased humidifying action.
On the other hand, thicker ribs 15 will increase air resist-
ance. Accordingly rib 15 thickness is a design element
that must be selected with reference to the performance
required of the humidifier element.

[0034] The two ends of each rib 15 may be at least
partially joined and unified with sides 11A and 11 B. Uni-
fying the ends of the ribs at least in part with sides 11A
and 11B allows stress created by water pressure on the
humidifier element, in a direction inducing the water-
proof/moisture permeable membranes 12, 13 to bulge
outward, to be borne by the frame as whole. Rib 15 place-
ment may be substantially parallel to sides 11A and 11B,
or an arrangement such that a plurality of ribs intersect
at locations over the waterproof/moisture permeable
membrane; in this latter instance, it may be necessary
to cut away portions of the ribs 15 to ensure an air flow
passage.

[0035] Ribs 15 may be provided as physically separate
elements from waterproof/moisture permeable mem-
branes 12, 13, or fused and unified therewith.

[0036] In the exemplary arrangement described
above, ribs 15 are provided only on the front faces of
waterproof/moisture permeable membranes 12, 13, but
where additional reinforcement of the humidifier element
is the goal, ribs may be provided on the back faces of
waterproof/moisture permeable membranes 12, 13 as
well. This arrangement is illustrated in Fig. 5 (Fig. 5 is
analogous to a linear sectional view taken along line C-
C’ in Fig. 3.) Symbol 15’ denotes ribs provided on the
back faces of waterproof/moisture permeable mem-
branes 12, 13; in this example, the two ribs 15’ [provided
to the respective membranes] are merely juxtaposed, but
could be unified instead. Where ribs 15’ are provided,
extension of these over the entire cross direction will pre-
vent passage of humidifying water, so it will be necessary
to provide cutouts 16 to allow humidifying water to pass
through the element. The number and dimensions of the
cutouts will be selected appropriately for the desired bal-
ance of reinforcement and passage of humidifying water.
[0037] Ribs15’maybe provided as physically separate
elements from waterproof/moisture permeable mem-
branes 12, 13, or fused and unified therewith.

[0038] Methods for affixing the waterproof/moisture
permeable sheets 12, 13 to the frame 11 include affixing
the waterproof/moisture permeable sheets 12, 13
through integral molding thereof when molding the frame
11 (where frame 11 is plastic); adhesively bonding them
to frame 11 with aurethane, polypropylene, polyethylene,
epoxy, silicone, solvent, acrylic or other adhesive; fusion
by methods such as ultrasonic fusion, high frequency
fusion, thermal fusion etc. (where frame 11 or waterproof/
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moisture permeable sheets 12, 13 are thermoplastic), or
other known techniques.

[0039] Where a molding process is selected as the fix-
ing method, the use of injection molding is especially pre-
ferred as it allows for simultaneous integral molding of
the waterproof/moisture permeable sheets, frame and
ribs. In an injection molding process, injection molding is
used to integrally mold a humidifier element material 17
in which a waterproof/moisture permeable sheet is fixed
to the surface of a frame having an opening therein pro-
duced by injection molding, so as to cover the opening,
and a plurality of ribs extend over the surface of the wa-
terproof/moisture permeable sheet, between a pair of op-
posing sides of the frame. Two of these humidifier ele-
ment materials 17 are then stacked back-to-back and
unified adhesively or by fusion to produce a humidifier
element. The humidifier element material is shown in per-
spective view in Figs. 6 and 7. Fig. 6 shows the humidifier
element material viewed from the side thereof provided
with ribs 15, and Fig. 7 shows the obverse.

[0040] The injection molding process entails first set-
ting the waterproof/moisture permeable sheet onthe low-
er mold of the injection mold assembly; closing the lower
and upper molds; injecting resin to effect injection mold-
ing; and then parting the lower and upper molds. Setting
of the waterproof/moisture permeable sheet may be ac-
complished by securing with pins, by suction provided
by a vacuum pump, etc. Where injection molding is used,
the material may consist of any injection-moldable resin,
although ABS resin is preferred for its excellent resist-
ance to heat and water, and ease of fusion. Where injec-
tion molding is conducted using ABS resin, preferred
process parameters for injection molding are an injection
temperature of 190 -240°C, injection time of 5 -20 sec,
cooling time of 5 -20 sec, and mold temperature or 50
-70°C.

[0041] The method for adhesively joining or fusing two
humidifier elements back-to-back to unify them may be
selected from any of a number of methods affording wa-
tertight joining/unification, such as methods using ure-
thane, polypropylene, polyethylene, epoxy, silicone, sol-
vent, acrylic or other adhesives; or methods such as ul-
trasonic fusion, high frequency fusion, thermal fusion etc.
[0042] As the method of attaching ribs 15, 15, where
frame 11 is produced by a molding process, ribs may be
molded simultaneously with frame 11; or attached after-
ward. Where attached afterward, methods such as ad-
hesion, fusion, solvent welding, etc. may be employed.

[0043] Inthe above exemplary arrangement, water in-
let/outlet portion 14 extends out from the center of the
sidewall at a lengthwise end of the humidifier element;
apart from the water inlet/outlet orifice 14’, the water inlet/
outlet portion 14 must be unified in watertight fashion.
The position, configuration and dimensions of water inlet/
outlet orifice 14’ and water inlet/outlet portion 14 may be
selected as appropriate to provide the proper supply of
humidifying water into the humidifier element. Alterna-
tively the water inlet/outlet portion 14 may be omitted,



13 EP 1 291 585 B1 14

instead providing water inlet/outlet orifice 14’ to a side
11C, 11D of the humidifier element; however, consider-
ations pertaining to joining with the mounting frame make
it preferable to provide a water inlet/outlet portion 14,
since it is relatively easy to produce a watertight joint.
[0044] The description now turns to a humidifier ac-
cording to the invention, employing the humidifier ele-
ment described herein above.

[0045] The overall arrangement of a humidifier of the
invention is shown in perspective view in Fig. 8. In the
figure, 20 denotes the humidifier, comprising a stack 21
of a plurality of humidifier elements 10 stacked vertically,
and open at the front and back to provide an air inlet and
outlet. The stack 21 is enclosed about its perimeter with
a mounting frame 22; a humidifying water inlet channel
(not shown) extends vertically within one of the vertical
frame piece 22A of the mounting frame 22. This humid-
ifying water inlet channel connects at a suitable location
at its lower end with a water inlet member 23, and at a
suitable location at its upper end with a water outlet mem-
ber 24. The water inlet/outlet portions 14 of the humidifier
elements that make up the humidifier 20 connect to the
water inlet member 23 (which serves as a common hu-
midifying water inlet orifice) and to the water outlet mem-
ber 24 (which serves as a common humidifying water
outlet orifice), respectively connected in watertight fash-
ion to the vertical frame piece 22A. It is preferable to
provide the water inlet member 23 at the upper side of
the humidifier and the water outlet member 24 at the low-
er side, so as to avoid air bubbles within the humidifier
elements (i.e. a portion of the humidifier element does
not fill with water, so that air remains).

[0046] When the humidifier elements 10 are stacked
up, the upper and lower ribs 15 are juxtaposed with the
edges 11 C, 11 D ofthe frames 11 so that air flow passage
spaces 25 of corresponding thickness are produced be-
tween sides 11C and ribs 15, and sides 11D.

[0047] The exemplary arrangement described above
is a horizontal humidifier employing humidifier elements
that have a water inlet/outlet portion 14 ata single location
on one side, with the water inlet member 23 and water
outlet member 24 of the humidifier provided to a vertical
frame piece 22A to which are connected the water inlet/
outlet portions 14 of the humidifier elements 10; however,
humidifier elements 10" having water inlet/outlet portions
14 at two locations situated on two sides, depicted in Fig.
9, could be used to produce a vertical humidifier like that
shown in Fig. 10. Here, it is preferable to provide water
inlet member 23’ to lower horizontal frame piece 22G and
water outlet member 24’ to upper horizontal frame piece
22H. Reversing the positional relationship of water inlet
member 23’ and water outlet member 24’ may result in
air bubbles, depending on operating conditions.

[0048] In the illustrated example, humidifier 20 has a
rectangular configuration, but depending on the applica-
tion could have some other suitable three-dimensional
shape.

[0049] Humidifier 20 dimensions may be selected as
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appropriate for a particular application.

[0050] Materials for the mounting frame 22 of humidi-
fier 20 may be selected from any number of rigid mate-
rials, such as ABS, polyethylene, polypropylene, nylon,
POM, PPS, polyvinyl chloride, acrylic, polycarbonate and
other plastics; or aluminum, stainless steel, titanium and
other metal alloy materials.

[0051] Thehumidifier elements 10 and mounting frame
22 may be assembled together, in the case of the ar-
rangement illustrated in Fig. 8 for example, by joining the
waterinlet/outlet portions 14 and vertical frame piece 22A
together in watertight fashion by means of adhesive
bonding, fusion, mechanical fastening, solvent welding
or other method. These same methods may also be used
for joining to vertical frame piece 22B or horizontal frame
pieces 22C, 22D. To take the example of vertical frame
piece 22A, orifices of a size matching the water inlet/
outlet portions 14 and equal in number to the number of
humidifier elements 10 to be attached are madein vertical
frame piece 22A; when joining the humidifier elements
10 with the vertical frame piece 22A, by inserting all of
the humidifier elements 10 into the corresponding orifices
in vertical frame piece 22A and joining them simultane-
ously using one of the above methods, a multitude of
humidifier elements 10 can be mounted onto the mount-
ing frame all at once. Here, the humidifier elements 10
may be simply stacked up; while gaps may be present
between humidifier elements 10, if the gaps between hu-
midifier elements 10 are too large the humidifier 20 will
tend to be bulky. In preferred practice, humidifier ele-
ments 10 will be stacked such that no gaps are present
between sides 11C, 11D and/orribs 15 (i.e. these contact
each other).

[0052] Where humidifier elements 10 and vertical
frame piece 22A are joined with adhesive, urethane, poly-
propylene, polyethylene, epoxy, silicone or other such
adhesives may be used.

[0053] Where fusion is used, methods such as ultra-
sonic fusion, high frequency fusion, thermal fusion etc.
can be employed.

[0054] For mechanical fastening, humidifier elements
10 may be joined to vertical frame piece 22A with a O-ring
or similar sealing member interposed between the water
inlet/outlet portions 14 and the orifices in the frame, and
fastened thereto with bolts and nuts.

[0055] The humidifier herein may be employed as a
humidifier unit, by connecting a plurality thereof in series.
One method for producing such a unit is to line up two
or more humidifiers therein, connecting together their wa-
terinlet members and water outlet members, respective-
ly, and situating the humidifying water inlet and humidi-
fying water outlet at respective single locations. With this
method, fabricating a relatively compact standard humid-
ifier allows a number of these standard humidifiers to be
connected together depending on the required humidi-
fying capability, thus obviating the need to produce dif-
ferent humidifier models for different humidification re-
quirements, which is advantageous from a cost stand-
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point.

[0056] The description now turns to an air conditioner
and humidifier system employing the humidifier herein.
[0057] To take the example of a commercial air condi-
tioning system equipped with a humidifying function, the
humidifier or humidifier unit is installed in the air condi-
tioning system and supplied with water through the water
inlet, whereby water is supplied to the humidifier ele-
ments. When dry air is forced by means of a forced air
fan through the air flow channels formed by ribs 15, the
dry air flows across the surfaces of the waterproof/mois-
ture permeable sheets, and the humidification water in-
side the humidifier elements evaporates through the wa-
terproof/moisture permeable sheets, humidifying the air.
The pressure of the humidification water supplied to the
humidifier elements must be controlled to a level below
the pressure which the humidifier elements can with-
stand. Methods for controlling water pressure include in-
stalling a humidification water supply tank above the hu-
midifier, keeping the water level in the tank constant with-
in a certain given range by means of a water level sensor,
float switch, etc. so that water is supplied to the humidifier
by a head differential; using a pressure reducing valve
to lower water pressure; or other such method known in
the art. Where space is limited, as with a compact air
conditioner, it is preferable to use a pressure reducing
valve. The humidifier is installed in such a way that air
flowing through the air conditioner passed through the
air flow passage of the humidifier. The humidifier mount-
ing location can be any suitable location in the air duct
extending from the air conditioner air intake to the blower
outlet; however, where situated between the heat ex-
changer unit and the blower outlet, air heated by the heat
exchanger unit can be passed through the humidifier to
provide humidification in winter, when it is particularly
needed; a high water vapor pressure differential between
the humidification water and supplied air is preferable as
it improves humidification efficiency. Forced air is typi-
cally delivered by a forced air fan, air pump, etc.; where
intake of air from the outside is possible, as with an air
conditioning system for a vehicle, no special mechanism
is needed to deliver forced air.

[0058] In the case of a humidifier system for use in air
conditioning of an office building or factory, the humidifier
or humidifier unitis installed in the air conditioning system
and supplied with humidification water through the hu-
midifier water inlet, as with the air conditioning systems
described above. The humidifier is arranged such that
the humidifier elements are facing the direction of air flow
through the duct. Air flowing through the duct is humidi-
fied as it passes through the air flow passages formed
by the ribs 15 of the humidifier elements.

[0059] Inthe case of a humidifier system for household
use, the humidifier, blower, humidification water pressure
reducing valve, operation control unit, etc. will be located
inside a casing, and when supplied with water through
the humidifier water inlet, the water is supplied into the
humidifier elements; when dry air forced by means of the
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blower flows across the surfaces of the waterproof/mois-
ture permeable sheets, and the humidification water in-
side the humidifier elements evaporates through the wa-
terproof/moisture permeable sheets, humidifying the air.
[0060] While the invention has been shown and de-
scribed herein above on the basis of certain preferred
embodiments, these should not be construed as limiting,
a wide variety of modifications and improvements being
possible.

[0061] For example, an ultra-thin humidifier could be
designed, by fabricating a humidifier element material
comprising a thin panel frame configuration having an
opening and having a waterproof/moisture permeable
sheet affixed to the front side thereof so as to cover the
opening, and a plurality of ribs arranged over the front
face of the waterproof/moisture permeable sheet, ex-
tending between two opposite sides of the frame; affixing
by adhesive or by fusion the humidifier element material
to the wall of an air duct or flow passage for air to be
humidified; and supplying humidifying water to the hu-
midifier space defined by the wall and the humidifier el-
ement material.

[0062] The humidifier element, humidifier and humid-
ifier unit herein can also be used as a dehumidifier ele-
ment, dehumidifier and dehumidifier unit, respectively.
[0063] Foruse as adehumidifier element, dehumidifier
or dehumidifier unit, the humidifier element, humidifier or
humidifier unit herein may be supplied with a moisture
absorbing/desorbing solution, as the liquid supplied to
the humidifier elements. Moisture absorbing/desorbing
solution refers to a solution that at low temperature ab-
sorbs moisture (water vapor) present in air, and that at
higher temperature releases moisture as water vapor;
materials known in the art may be used. Such materials
include solutions containing as the solute water-soluble
organic compounds such as diethylene glycol, triethyl-
ene glycol, glycerol etc.; or solutions containing water-
soluble inorganic compounds such as lithium chloride,
potassium chloride, sodium chloride, lithium bromide,
phosphoric acid, sodium hydroxide, potassium hydroxide
etc. The use of lithium chloride aqueous solution is es-
pecially preferred. The temperature at which the moisture
absorbing/desorbing solution absorbs moisture is typi-
cally 10 to 35°C, preferably 20 to 30°C. The temperature
at which the moisture absorbing/desorbing solution re-
leases moisture as water vapor is higher than the tem-
perature at which it absorbs moisture, typically 25 to
60°C, preferably 30 to 45°C.

[0064] An exemplary arrangement for a dehumidifier
system is illustrated in Fig. 11. A dehumidifier unit 26 is
installed, together with a forced air fan 27, in a room to
be humidity-conditioned. The moisture absorbing/des-
orbing solution is passed through a heat exchanger 28
where it is cooled to bring it to set temperature, and then
enters the dehumidifier unit 26, where it removes humid-
ity from indoor air delivered by the forced air fan 27. The
moisture absorbing/desorbing solution exiting the dehu-
midifier unit 26 enters a return line, and in a diluted state
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(due to having absorbed moisture) enters a heat ex-
changer 29 where it is heated to bring it to set tempera-
ture, and then enters the outdoor dehumidifier unit 26. In
dehumidifier unit 26 the moisture absorbing/desorbing
solution is condensed by being induced to release mois-
ture through humidification of outdoor air delivered by
forced air fan 27. The condensed moisture absorbing/
desorbing solution is returned to heat exchanger 28 by
a liquid feed pump 32, cooled, and recirculated. Alterna-
tively, moisture abscrbing/desorbing solution supplied to
dehumidifier unit 26 may be circulated by means of a
circulation regulator valve 33, to regulate the concentra-
tion and temperature of the moisture absorbing/desorb-
ing solution. Where a dehumidifier unit 26 installed in-
doors is used for humidification, the moisture absorbing/
desorbing solution is passed through heat exchanger 28
where itis heated to bring it to set temperature, and then
enters the dehumidifier unit 26, where it humidifies indoor
air delivered by the forced air fan 27. The moisture ab-
sorbing/desorbing solution exiting the dehumidifier unit
26 enters a return line, and in a concentrate state (due
to release of moisture) enters heat exchanger 29 where
it is cooled to bring it to set temperature, and then enters
the outdoor dehumidifier unit 26. In dehumidifier unit 26
the moisture absorbing/desorbing solution is diluted by
being induced to dehumidify outdoor air delivered by
forced air fan 27. The diluted moisture absorbing/des-
orbing solution is returned to heat exchanger 28 by a
liquid feed pump, heated, and recirculated. Alternatively,
moisture absorbing/desorbing solution supplied to dehu-
midifier unit 26 may be circulated by means of a circula-
tion regulator valve 33, to regulate the concentration and
temperature of the moisture absorbing/desorbing solu-
tion.

[0065] Next is described an example of use of the
gas/liquid separation element, gas/liquid separator and
gas/liquid separation unit herein for degassing, i.e. sep-
arating gas from a process liquid.

[0066] Where the gas/liquid separation element,
gas/liquid separator or gas/liquid separation unit herein
is used for degassing, either the gas/liquid separator is
installed in a hermetic housing, process liquid is flowed
into the gasl/liquid separation element, and the air flow
channel (space formed between the gas/liquid separa-
tion element and the housing) of the gas/liquid separator
is evacuated with a vacuum pump; or, inamanner exactly
analogous to the humidifier system herein described ear-
lier, process liquid (instead of humidification water) is
flowed into the humidifier element and, instead of air, gas
having a gas partial pressure of gas to be degassed lower
than the process liquid is flowed into the air flow channel
of the humidifier, to efficiently degas the process liquid.
The degassing system can be used in a manner exactly
analogous to the water supply system and humidifier sys-
tem herein described earlier, but where a vacuum pump
is used for degassing, a housing providing hermetic clo-
sure to the humidifier and a vacuum pump that can be
connected to the housing to evacuate the housing will be
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needed.

[0067] Next is described an example of use of the
gas/liquid separation element, gas/liquid separator and
gas/liquid separation unit herein for gas dissolving, i.e.
dissolving gas into a process liquid.

[0068] Where the gas/liquid separation element,
gas/liquid separator or gas/liquid separation unit herein
is used for gas dissolving, either the gas/liquid separator
is installed in a hermetic housing, process liquid is flowed
into to the gas/liquid separation element, and a gas for
dissolving into the process liquid is flowed into the air
flow channel (space formed between the gas/liquid sep-
aration element and the housing) of the gas/liquid sepa-
rator; or, in a manner exactly analogous to the humidifier
system herein described earlier, process liquid (instead
of humidification water) is flowed into the humidifier ele-
ment and, instead of air, gas to be dissolved is flowed
into the air flow channel of the humidifier, to efficiently
dissolve the gas into the process liquid. Where the gas
being dissolved is corrosive or toxic, it is desirable to use
the former method employing a hermetic housing, so that
gas does not leak into the environment. The degassing
system can be used in a manner exactly analogous to
the water supply system and humidifier system herein
described earlier, but where gas dissolving is carried out
in a hermetic housing, a housing providing hermetic clo-
sure to the humidifier and a blower etc. that can be con-
nected to the housing to supply gas into the housing will
be needed.

[0069] By virtue of the arrangements described herein
above, the invention provides the following extremely no-
table benefits.

(1) As the gas/liquid separation element houses no
components for forming the liquid flow channel, e.g.
spacers or fabric of three-dimensional construction,
it resists clogging by foreign matter or impurities
presentin liquids, and has negligible liquid pressure
loss.

(2) Therribs of the gas/liquid separation element are
unified with the frame and waterproof/moisture per-
meable sheeting, preventing deformation of the wa-
terproof/moisture permeable sheeting even when
liquid pressure is high. Provision of ribs also increas-
es the strength of the frame per se, allowing the
frame to be thinner and the gas/liquid separator to
be more compact. Where ribs are provided on the
back face of the waterproof/moisture permeable
sheeting (i.e. tothe inside of the gas/liquid separation
element), the strength of the frame can be increased
to an even greater degree, allowing the frame to be
even thinner and the gas/liquid separator to be even
more compact.

(3) Since the gas flow channel is defined by ribs,
contact area with the waterproof/moisture permea-
ble sheeting is smaller than with conventional corru-
gated spacers, reducing loss of gas/liquid separation
performance.
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(4) The gas/liquid separator herein can be manufac-
tured by stacking a plurality of gas/liquid separation
elements and simultaneously adhering or fusing lig-
uid inlet/outlet portions formed in their frames to a
mounting frame, providing a simple, inexpensive
manufacturing process.

(5) Where the waterproof/moisture permeable
sheeting and frame in the gas/liquid separation ele-
ment are fixed by means of injection molding, the
process can be carried out in stable fashion, and
connection with a liquid supply line or liquid outlet
line can be effected by adhering or fusing the liquid
inlet/outlet portion formed in the frame to mounting
frame having a liquid inlet member or liquid outlet
member, thus avoiding the difficult process of adhe-
sion to the waterproof/moisture permeable sheeting,
eliminating losses associated with adhesion.

(6) The gas/liquid separation element herein has a
liquid inlet/outlet portion formed in a portion of its
frame, so that when the gas/liquid separation ele-
ment is tested for pressurized leakage, the liquid in-
let/outlet portion can be connected to the pressurized
liquid line of the leak tester, allowing gas/liquid ele-
ments to be tested individually.

Examples

[0070] Examples of the invention and comparisons are
described below.

Example 1

[0071] Porous polytetrafluoroethylene film (approxi-
mately 30 um thick, mean pore size approximately 0.2
wm, porosity 85%) was laminated on one face thereof
with  polyester nonwoven fabric (MARIKKUSU
903030WSO ex Unitika) using a heated roll, to produce
waterproof/moisture permeable sheeting. The resultant
waterproof/moisture permeable sheeting had moisture
permeability of 20,000 g/m2 - day. Next, insert molding
was carried out by cutting the waterproof/moisture per-
meable sheeting to 395 x 55 mm, setting it on the lower
mold of the injecting mold assembly, with the nonwoven
fabric face facing upward, and performing injection mold-
ing with resin to produce a 410 x 60 x 2.5 mm humidifier
element material like that depicted in Fig. 6 and 7. During
the injection molding process the waterproof/moisture
permeable sheet was secured in place with pins provided
to the mold. Rib dimensions were 1.5 mm width, 1.0 mm
height; 18 of these were arranged at 20 mm pitch. The
molding unit was a Nisei Jushi Kogyo TH00-12VSE; con-
ditions for injection molding were 30% injection speed,
75% injection pressure, 60°C mold temperature, and
220°C resin temperature. The resin was SAIKORAKKU
X7-11001(N) from Ube Kosan.

[0072] Two of the resultant humidifier element materi-
als were arranged back-to-back and bonded to produce
a humidifier element like that depicted in Figs. 1to 5. The
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adhesive was KP1000 ex Konishi. 24 of the these hu-
midifier elements were stacked to produce a 430 x 150
x 60 mm humidifier like that depicted in Fig. 8. The same
Konishi adhesive was used to bond the humidifier ele-
ments to the mounting frame. The effective membrane
surface area of the humidifier was 0.582 m2; humidifier
volume was 0.00324 m2,

Example 2

[0073] Using waterproof/moisture permeable sheeting
similar to that in Example 1, a humidifier was fabricated
in the same manner as in Example 1, except for setting
it on the lower mold of the injecting mold assembly, with
the nonwoven fabric face facing downward. Effective
membrane surface areawas 0.582 mZ2; humidifier volume
was 0.00324 m2.

Example 3

[0074] Using the same fabrication procedure as in Ex-
ample 1, a humidifier was fabricated in the same manner
as in Example 1, except for making the ribs 0.8 mm high.
Effective membrane surface area was 0.582 m2; humid-
ifier volume was 0.00324 m2, the same as in Example 1.

Comparison 1

[0075] Porous polytetrafluoroethylene film (approxi-
mately 30 um thick, mean pore size approximately 0.2
wm, porosity 85%) was coated on one face thereof with
polyurethane adhesive using a gravure roll (opening rate
set to 80%), and onto this face was juxtaposed three-
dimensional fabric (0.3 mm-diameter polyester monofil-
ament knit, 1.5 mm thick) as a humidification water sup-
port layer, which was then roll compressed at 0.5 kg/cm?2
pressure, speed of 30 m/min. Three-dimensional fabric
was then applied to the other face by the same method
and under the same conditions, to produce a triple-layer
film of compacted porous polymer film. The triple-layer
film was cut to dimensions of 250 x 85 mm to produce a
rectangular sheet. The perimeter of the rectangular sheet
was thermally fused with a mold, and a hole 10 mm in
diameter was produced at a location 18 m from one short
side of the sheet, ata pointin the lateral center, to produce
a water inlet to the film interior. Fifty-eight such samples
were stacked and bonded to produce a humidifier. Effec-
tive membrane surface area of the humidifier was 1.74
m2; humidifier volume was 0.00524 m?2.

Comparison 2

[0076] Using waterproof/moisture permeable sheeting
similar to thatin Example 1, a tubular membrane element
165 mm wide and 9.3 m in length, having the nonwoven
fabric face of the waterproof/moisture permeable sheet
facing outward, was fabricated. Bonding of the joined por-
tion of the tubular membrane elementwas done with poly-
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urethane adhesive. The resultant tubular membrane el-
ement and a vinyl chloride corrugated spacer 185 mm
wide and 10 m in length were coiled in a coiled configu-
ration and assembled in a mounting frame, providing an
inlet for humidification water to one end of the tubular
membrane element, to produce a humidifier. Effective
membrane surface area of the humidifier was 3.069 m2;
humidifier volume was 0.0137 m2.

Results of comparison of Examples and Compari-
sons

(1) Liguid pressure loss comparison

[0077] Tap water was brought down to pressure of 65
kPa, injecting water into the water inlet of the samples of
Example 1 and Comparison 1 while monitoring flow rate
with a flow meter. When full, the water supply was shut
off. Water was then drained from the water inlet, meas-
uring the time needed for 50% of the water to drain out.
The sample of Example 1 had shorter drain time, indi-
cating lower liquid pressure loss.

[0078] Example 1: 36 sec

[0079] Comparison 1: 112 sec

(2) Comparison of liquid pressure loss with extended op-
eration

[0080] The samples of Example 1 and Comparison 1
were supplied with air from a duct under conditions of a
humidified flow rate of 250 m3/h, 60°C, 40% RH environ-
ment, while supplying humidification water reduced from
tap water pressure to 65 kPa with a pressure reduction
valve. No water was drained from the humidifier during
humidifier operation. After 200 hours of operation, oper-
ation was halted, the humidifier was detached from the
duct, and the water was expelled from the humidifier.
[0081] Samples operated for 200 hours were then
measured as described in (1). The Comparison sample
showed clogging of the liquid flow channel. The sample
of Example 1 was virtually unchanged from initial values,
even after 200 hours of operation, and no clogging of the
liquid flow channel was noted.

[0082] Example 1: 38 sec

[0083] Comparison 1: 156 sec

(3) Humidification performance (volume/surface area ra-
tio

[0084] The humidifiers of Examples 1, 2 and 3 were
set in the humidification performance measuring unit de-
picted in Fig. 12, and supplied with air from a duct under
conditions of a humidified flow rate of 250 m3/h, 20°C,
40% RH environment, while supplying to the humidifier
humidification water reduced from tap water pressure to
65 kPa with a pressure reduction valve. No water was
drained from the humidifier during humidification meas-
urement. Humidification was converted to a 1 m3 humid-
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ifier volume basis and a 1 m2 humidifier surface area
basis for comparison. The humidifiers of Examples 1, 2
and 3 all showed higher humidification efficiency than
the Comparison humidifiers.

[0085] The humidifier of Example 1 had the nonwoven
fabric situated on the air system side, and the humidifier
of Example 2 had the waterproof/moisture permeable
membrane situated on the air system side. The humidifier
of Example 2 showed higher humidification performance
than the humidifier of Example 1. That is, it was found
that humidification efficiency is higher when the water-
proof/moisture permeable membrane is situated on the
air system side.

[0086] The humidifier of Example 3 also showed higher
humidification performance than the humidifier of Exam-
ple 1. That is, it was found that humidification efficiency
is higher when rib height is lower.

Example 1: 0.42 kg/hr, 130 kg/hr - m3, 0.72 kg/hr - m2
Example 2: 0.53 kg/hr, 164 kg/hr - m3, 0.91 kg/hr - m2
Example 3: 0.44 kg/hr, 139 kg/hr - m3, 0.77 kg/hr - m2
Comparison 1: 0.61 kg/hr, 116 kg/hr - m3, 0.35 kg/hr
. m2

Comparison 2: 1.01 kg/hr, 74 kg/hr - m3, 0.33 kg/hr
- m2

(4) Evaluation of Water Pressure which Humidifier Ele-
ment Can Withstand (Water Pressure Resistance)

[0087] An air pressure reduction valve was attached
to awatertank, and compressed air was supplied to pres-
surize the water tank, supplying the pressurized water to
the humidifier elements of Example 1 and Comparison
1. Pressure ramp-up was 2 kPa/sec. For the humidifier
element of Example 1, water pressure resistance was
designated as the level of water pressure at which water
began to exude from the surface of the waterproof/mois-
ture permeable sheeting. For the humidifier element of
Comparison 1, water pressure resistance was designat-
ed as the level of water pressure at which the poly-
tetrafluoroethylene film and three-dimensional fabric
delaminated. The humidifier element of Example 1 dem-
onstrated higher water pressure resistance than the hu-
midifier element of Comparison 1.

[0088] The above comparisons demonstrate the supe-
riority of the humidifiers of Examples 1, 2 and 3.

Claims
1. A gas/liquid separation element comprising:

a frame (11) having front and back faces and at
least two opposite sides and defining an opening
therein; waterproof/moisture permeable sheets
(12, 13) affixed to both faces of said frame so
asto coverthe opening, whereby said frame (11)
and said waterproof/moisture permeable sheets
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(12, 13) define a liquid flow channel; a plurality
of spaced apartribs (15) arranged over the front
face of said waterproof/moisture permeable
sheets (12, 13), each rib being separate from an
adjacent rib (15) and extending between said
two opposite sides of said frame, each rib having
two ends, each end at least partially joined to
and unified with a frame side; and a liquid inlet/
outlet portion (14) for liquid feed or liquid outlet,
provided at one or more locations in a portion of
said frame.

The gas/liquid separation elementaccording to claim
1, wherein the plurality of ribs (15) is arranged over
the front and back face of said waterproof/moisture
permeable sheets (12, 13), with said ribs (15) ar-
ranged over said back face being partially cut away.

A gaz/liquid separation element according to claim
1 comprising: two humidifier element materials, each
said material comprising a frame (11) having front
and back faces and at least two opposite sides de-
fining an opining therein; a waterproof/moisture per-
meable sheet affixed to the front face thereof so as
to cover the opening, a plurality of ribs (15) arranged
over the front face of said waterproof/moisture per-
meable sheet, and extending between said two op-
posite sides of said frame (11) with said humidifier
element materials being juxtaposed back face-to-
back face and unified by bonding or fusing, and said
frame and said waterproof/moisture permeable
sheets (12, 13) defining a liquid flow channel; and a
liquid inlet/outlet portion (14) for liquid feed or liquid
outlet, provided at one or more locations in a portion
of said frame.

The gas/liquid separation element according to claim
3, wherein said ribs (15) arranged over said back
faces being partially cut away.

The gas/liquid separation element according to any
ofthe preceding claims wherein said frame (11) com-
prises resin; and said waterproof/moisture permea-
ble sheet is affixed simultaneously with molding of
the frame by means of injection molding of the resin.

The gas/liquid separation element according to any
of the preceding claims wherein said ribs (15) are
formed simultaneously with moulding of the frame
by means of injection molding of the resin.

The gas/liquid separation element according to any
of the preceding claims wherein said waterproof/
moisture permeable sheet (12, 13) and said ribs (15)
are bonded by fusing.

The gas/liquid separation element according to any
of the preceding claims wherein said waterproof/
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moisture permeable sheet (12, 13) is a laminate
comprising protective sheeting and a waterproof/
moisture permeable membrane.

The gas/liquid separation elementaccording to claim
8 wherein said protective sheeting is arranged on
the liquid flow channel side, and said waterproof/
moisture permeable membrane (12, 13) is located
on the opposite side thereof.

The gas/liquid separation elementaccording to claim
8 or 9 wherein said protective sheeting comprises
nonwoven fabric.

The gas/liquid separation elementaccording to claim
8, 9 or 10 wherein said waterproof/moisture perme-
able membrane (12, 13) comprises porous polymer
film.

The gas/liquid separation elementaccording to claim
11 wherein said porous polymer film is porous poly-
tetrafluoroethylene film.

The gas/liquid separation elementaccording to claim
12 wherein said porous polytetrafluoroethylene film
matrix is coated with water/oil repellent.

The gas/liquid separation element according ot claim
12 or 13 wherein said porous polytetrafluoroethylene
film is provided on at least one face thereof with a
continuous film of hydrophilic resin.

A gas/liquid separator comprising a stacked plurality
of gas/liquid separation elements according to any
one of the preceding claims, wherein gas flow chan-
nels are formed between gas/liquid separation ele-
ments by means of said ribs (15) arranged on the
front face of said waterproof/moisture permeable
sheet of each said gas/liquid separation element,
and wherein said liquid inlet/outlet portions (14) are
connected in liquid-tight fashion to form a common
liquid feed port or liquid outlet portion.

A gas/liquid separation unit comprising a plurality of
gas/liquid separators according to claim 15 arrayed
with said liquid feed ports or outlet portions connect-
ed in liquid-tight fashion.

The gas/liquid separation element of any one of the
preceding claims adapted for use in at least one of
a humidifier, a dehumidifier and an air conditioner.

The gas/liquid separation element of any one of the
preceding claims, wherein each rib (15) is 0.1 - 10
mm thick.

The gas/liquid separation element of claim 18,
wherein each rib (15) is 0.3 - 3mm thick.



20.

21.

22.

23.

25 EP 1 291 585 B1 26

The gas/liquid separation element of any one of the
preceding claims, wherein each rib (15) is solid.

The gas/liquid separation element of any one of the
preceding claims, wherein each rib (15) is adapted
to contact a rib on an adjacent separation element.

The gas/liquid separation element of any one of the
preceding claims, wherein the plurality of ribs (15)
are unified with the frame to strengthen the frame.

The gas/liquid separation element of any one of the
preceding claims, wherein the separation element is
arranged, in use, to co-operate with an adjacent sep-
aration element to form a plurality of air passages,
each air passage bounded by at least two ribs (15)
and a waterproof/moisture permeable sheet (12, 13)
from each of the adjacent separation elements.

Patentanspriiche

1.

Gas-Flussigkeit-Trennelement, das Folgendes um-
fasst:

einen Rahmen (11), der eine vordere und eine
hintere Flache und wenigstens zwei gegentiber-
liegende Seiten hat und eine Offnung in dem-
selben definiert, wasserdichte/feuchtigkeits-
durchlassige Bahnen (12, 13), die an beiden
Seiten des Rahmens befestigt sind, so dass sie
die (")ffnung abdecken, wodurch der Rahmen
(11) und die wasserdichten/feuchtigkeitsdurch-
lassigen Bahnen (12, 13) einen Flissigkeits-
durchflusskanal definieren, mehrere mit Zwi-
schenraum angeordnete Rippen (15), die Uiber
der vorderen Flache der wasserdichten/feuch-
tigkeitsdurchldssigen Bahnen (12, 13) angeord-
net sind, wobei jede Rippe von einer benach-
barten Rippe (15) getrenntist und sich zwischen
den zwei gegenuberliegenden Seiten des Rah-
mens erstreckt, wobei jede Rippe zwei Enden
hat, wobei jedes Ende wenigstens teilweise mit
einer Rahmenseite verbunden und vereint ist,
und einen Flussigkeitseinlass-/-auslassab-
schnitt (14) fur Flussigkeitszufuhr oder Flussig-
keitsauslass, der an einer oder mehreren Posi-
tionen in einem Abschnitt des Rahmens bereit-
gestellt wird.

Gas-Flussigkeit-Trennelement nach Anspruch 1,
wobei die mehreren Rippen (15) Uiber der vorderen
und der hinteren Flache der wasserdichten/feuchtig-
keitsdurchlassigen Bahnen (12, 13) angeordnet
sind, wobei die Uber der hinteren Flache angeord-
neten Rippen (15) teilweise weggeschnitten sind.

Gas-Flussigkeit-Trennelement nach Anspruch 1,
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das Folgendes umfasst: zwei Befeuchterelement-
materialien, wobei jedes Material einen Rahmen
(11) umfasst, der eine vordere und eine hintere Fla-
che und wenigstens zwei gegeniiberliegende Seiten
hat, die eine (")ffnung in demselben definieren, eine
wasserdichte/feuchtigkeitsdurchlassige Bahn, die
an der vorderen Seite desselben befestigt ist, so
dass sie die (")ffnung abdeckt, mehrere mit Zwi-
schenraum angeordnete Rippen (15), die tber der
vorderen Flache der wasserdichten/feuchtigkeits-
durchlassigen Bahn angeordnet sind und sich zwi-
schen den zwei gegeniberliegenden Seiten des
Rahmens (11) erstrecken, wobei die Befeuchterele-
mentmaterialien Rickseite an Riickseite nebenein-
ander angeordnet und durch Verbinden oder Ver-
schmelzen vereint sind und der Rahmen und die
wasserdichten/feuchtigkeitsdurchldssigen Bahnen
(12, 13) einen Flussigkeitsdurchflusskanal definie-
ren, und einen FlUssigkeitseinlass-/-auslassab-
schnitt (14) fur Flussigkeitszufuhr oder Fllssigkeits-
auslass, der an einer oder mehreren Positionen in
einem Abschnitt des Rahmens bereitgestellt wird.

Gas-Flussigkeit-Trennelement nach Anspruch 3,
wobei die tber den hinteren Flachen angeordneten
Rippen (15) teilweise weggeschnitten sind.

Gas-Flissigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei der Rahmen (11)
Harz umfasst und die wasserdichte/feuchtigkeits-
durchlassige Bahn gleichzeitig mit dem Formen des
Rahmens mit Hilfe von SpritzgieRen des Harzes be-
festigt ist.

Gas-Flussigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei die Rippen (15)
gleichzeitig mit dem Formen des Rahmens mit Hilfe
von SpritzgielRen des Harzes geformt sind.

Gas-Flussigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei die wasserdichte/
feuchtigkeitsdurchlassige Bahn (12, 13) und die Rip-
pen (15) durch Verschmelzen verbunden sind.

Gas-Flissigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei die wasserdichte/
feuchtigkeitsdurchlassige Bahn (12, 13) ein Laminat
ist, das eine Schutzverkleidung und eine wasser-
dichte/feuchtigkeitsdurchlassige Membran umfasst.

Gas-Flussigkeit-Trennelement nach Anspruch 8,
wobei die Schutzverkleidung auf der Seite des Flus-
sigkeitsdurchflusskanal angeordnet ist und die was-
serdichte/feuchtigkeitsdurchlassige Membran (12,
13) auf der demselben gegenlberliegenden Seite
angeordnet ist.

10. Gas-Flussigkeit-Trennelement nach Anspruch 8
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oder 9, wobei die Schutzverkleidung Vliesstoff um-
fasst.

Gas-Flussigkeit-Trennelement nach Anspruch 8, 9
oder 10, wobei die wasserdichte/feuchtigkeitsdurch-
lassige Membran (12, 13) eine porése Polymerfolie
umfasst.

Gas-Flussigkeit-Trennelement nach Anspruch 11,
wobei die porése Polymerfolie eine porése Polyte-
trafluorethylen-Folie ist.

Gas-Flussigkeit-Trennelement nach Anspruch 12,
wobei die pordse Polytetrafluorethylen-Folienmatrix
mit einem Wasser/Ol abweisenden Stoff beschichtet
ist.

Gas-Flussigkeit-Trennelement nach Anspruch 12
oder 13, wobei die pordse Polytetrafluorethylen-Fo-
lie auf wenigstens einer Flache derselben mit einem
durchgehenden Film von hydrophilem Harz verse-
hen ist.

Gas-Flussigkeit-Trennvorrichtung, die mehrere ge-
stapelte Gas-Flissigkeit-Trennelemente nach ei-
nemdervorhergehenden Anspriiche umfasst, wobei
Gasdurchflusskanale zwischen Gas-Flissigkeit-
Trennelementen geformt sind, mit Hilfe von Rippen
(15), die auf der vorderen Flache der wasserdichten/
feuchtigkeitsdurchlassigen Bahn jedes Gas-Flussig-
keit-Trennelements angeordnet sind, und wobei die
Flissigkeitseinlass-/-auslassabschnitte (14) in flus-
sigkeitsdichter Form verbunden sind, um einen ge-
meinsamen Flussigkeitszufuhranschluss oder Flis-
sigkeitsauslassabschnitt zu bilden.

Gas-Flussigkeit-Trenneinheit, die mehrere Gas-
Flussigkeit-Trennvorrichtungen nach Anspruch 15
umfasst, so gruppiert, dass die Flussigkeitszufuhr-
anschlisse oder - auslassabschnitte in flissigkeits-
dichter Form verbunden sind.

Gas-Flussigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, eingerichtet fiir eine Ver-
wendung in wenigstens einem von einem Befeuch-
ter, einem Entfeuchter und einer Klimaanlage.

Gas-Flussigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei jede Rippe (15) 0,1
bis 10 mm dick ist.

Gas-Flussigkeit-Trennelement nach Anspruch 18,
wobei jede Rippe (15) 0,3 bis 3 mm dick ist.

Gas-Flussigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei jede Rippe (15)
massiv ist.
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Gas-Flissigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei jede Rippe (15) da-
fur eingerichtet ist, eine Rippe an einem benachbar-
ten Trennelement zu berthren.

Gas-Flussigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei die mehreren Rip-
pen (15) mit dem Rahmen vereint sind, um den Rah-
men zu verstarken.

Gas-Flissigkeit-Trennelement nach einem der vor-
hergehenden Anspriiche, wobei das Trennelement,
bei Anwendung, so angeordnet ist, dass es mit ei-
nem benachbarten Trennelement zusammenwirkt,
um mehrere Luftdurchgénge zu bilden, wobei jeder
Luftdurchgang durch wenigstens zwei Rippen (15)
und eine wasserdichte/feuchtigkeitsdurchlassige
Bahn (12, 13) von jedem der benachbarten Tren-
nelemente begrenzt wird.

Revendications

1.

Elément de séparation gaz/liquide, comprenant :

un cadre (11), comportant des faces avant et
arriére et au moins deux c6tés opposés, et dé-
finissant une ouverture dans celui-ci; des
feuilles imperméables a I'eau/perméables a
I’humidité (12, 13), fixées sur les deux faces du-
dit cadre, de sorte a recouvrir I'ouverture; ledit
cadre (11) et lesdites feuilles imperméables a
I'eau/perméables a I'humidité (12, 13) définis-
sant ainsiun canal d’écoulementde liquide ; plu-
sieurs nervures espaceées (15), agencées au-
dessus de la face avant desdites feuilles imper-
méables a l'eau/perméables a 'humidité (12,
13), chaque nervure étant séparée d’'une nervu-
re adjacente (15) et s’étendant entre lesdits
deux cotés opposés dudit cadre, chaque nervu-
re comportant deux extrémités, chaque extré-
mité étant reliée au moins partiellement a un c6-
té du cadre et faisant partie intégrante de celui-
ci ; et une partie d’entrée du liquide/de sortie du
liquide (14) pour assurer I'alimentation du liqui-
de ou la sortie du liquide, agencée au niveau
d’'un ou de plusieurs emplacements dans une
partie dudit cadre.

Elément de séparation gaz/liquide selon la revendi-
cation 1, dans lequel les plusieurs nervures (15) sont
agencées au-dessus de la face avant et de la face
arriere desdites feuilles imperméables a I'eau/per-
meéables a 'humidité (12, 13), lesdites nervures (15)
agenceées au-dessus de ladite face arriere étant en
partie découpées.

Elément de séparation gaz/liquide selon la revendi-
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cation 1, comprenant : deux matériaux d’humidifica-
tion, chaque dit matériau comprenant un cadre (11)
comportant des faces avant et arriére et au moins
deux cotés opposés, définissant une ouverture dans
celui-ci ; une feuille imperméable a I'eau/perméable
au liquide fixée sur la face avant, de sorte a recouvrir
I'ouverture, plusieurs nervures (15) agencées au-
dessus de laface avant de ladite feuille imperméable
al’eau/perméable au liquide, et s’étendant entre les-
dits deux cotés opposés dudit cadre (11), lesdits ma-
tériaux d’humidification étant juxtaposés face arriére
contre face arriere et reliés par collage ou fusion,
ledit cadre et lesdites feuilles imperméables a I'eau/
perméables a 'humidité (12, 13) définissant un canal
d’écoulement de liquide ; et une partie d’entrée du
liquide/de sortie du liquide (14) pour assurer I'alimen-
tation du liquide ou la sortie du liquide, agencée au
niveau d’un ou de plusieurs emplacements dans une
partie dudit cadre.

Elément de séparation gaz/liquide selon la revendi-
cation 3, dans lequel lesdites nervures (15) agen-
cées au-dessus desdites faces arriere sont en partie
découpées.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel ledit cadre (11) comprend une résine ; ladite
feuille imperméable a I'eau/perméable a I'humidité
étant fixée de maniére simultanée au moulage du
cadre par l'intermédiaire d’'un moulage par injection
de la résine.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel lesdites nervures (15) sont formées de maniére
simultanée au moulage du cadre par l'intermédiaire
d’'un moulage par injection de la résine.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel ladite feuille imperméable a 'eau/perméable a
'humidité (12, 13) et lesdites nervures (15) sont re-
liées par fusion.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel ladite feuille imperméable a 'eau/perméable a
'humidité (12, 13) est un stratifi€ comprenant une
feuille de protection et une membrane imperméable
a l'eau/perméable a I'lhumidité.

Elément de séparation gaz/liquide selon la revendi-
cation 8, dans lequel ladite feuille de protection est
agenceée sur le coté du canal d’écoulement du liqui-
de, ladite membrane imperméable a I'eau/perméa-
ble a 'humidité (12, 13) étant agencée sur le coté
opposé a celui-ci.
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Elément de séparation gaz/liquide selon les reven-
dications 8 ou 9, dans lequel ladite feuille de protec-
tion comprend un tissu non tissé.

Elément de séparation gaz/liquide selon les reven-
dications 8, 9 ou 10, dans lequel ladite membrane
imperméable a 'eau/perméable a 'humidité (12, 13)
comprend un film polymere poreux.

Elément de séparation gaz/liquide selon la revendi-
cation 11, dans lequel ledit film polymere poreux est
un film poreux de polytétrafluoréthyléne.

Elément de séparation gaz/liquide selon la revendi-
cation 12, dans lequel la matrice dudit film poreux
de polytétrafluoréthyléne est recouverte d’'un maté-
riau hydrofuge/oléofuge.

Elément de séparation gaz/liquide selon la revendi-
cation 12, dans lequel ledit film poreux de polytétra-
fluoréthyléne comporte un film continu de résine hy-
drophile sur au moins une de ses faces.

Séparateur gaz/liquide , comprenant plusieurs élé-
ments de séparation gaz/liquide empilés selon 'une
quelconque des revendications précédentes, dans
lequel des canaux d’écoulement de gaz sont formés
entre les éléments de séparation gaz/liquide par I'in-
termédiaire desdites nervures (15) agencées sur la
face avant de ladite feuille imperméable a I'eau/per-
méable a '’humidité de chaque dit élément de sépa-
ration gaz/liquide, lesdites parties d’entrée du liqui-
de/de sortie du liquide (14) étant connectés de ma-
niére étanche au liquide pour former un orifice d’ali-
mentation du liquide commun ou une partie de sortie
du liquide commune.

Unité de séparation gaz/liquide, comprenant plu-
sieurs séparateurs gaz/liquide selon larevendication
15, agencés avec lesdits orifices d’alimentation de
liquide ou lesdites parties de sortie du liquide con-
nectés de maniére étanche au liquide.

Elément de séparation gaz/liquide selon 'une quel-
conque des revendications précédentes, adapté
pour une utilisation dans au moins un des appareils
ci-dessous : un humidificateur, un déshumidificateur
et un conditionneur d’air.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel chaque nervure (15) a une épaisseur comprise
entre 0,1 et 10 mm.

Elément de séparation gaz/liquide selon la revendi-
cation 18, dans lequel chaque nervure (15) a une
épaisseur comprise entre 0,3 et 3 mm.
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Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel chaque nervure (15) est massive.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel chaque nervure (15) est adaptée pour contacter
une nervure sur un élément de séparation adjacent.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel les plusieurs nervures (15) sontreliées au cadre
pour renforcer le cadre.

Elément de séparation gaz/liquide selon I'une quel-
conque des revendications précédentes, dans le-
quel I'élément de séparation est agencé en service
de sorte a coopérer avec un élément de séparation
adjacent pour former plusieurs passages d’air, cha-
que passage d’air étant délimité par au moins deux
nervures (15) et une feuille imperméable a I'eau/per-
méable a '’humidité (12, 13) de chacun des éléments
de séparation adjacents.
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