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This invention relates. to the conditioning of -

air and more particularly, to methods of and

means for humidifying, dehumidifying and

cleaning of air used both for industrial purposes

5 and in air conditioning for human comfort.
A principal object of the invention is to pro-
vide an air or other gas conditioning apparatus
utilizing a series of filaments of material bunched
together substantially longitudinally, The fila-
10 ments or fibres are preferably of non-aghsorbent,
non-hygroscopic, non-corrodible, easily wetted,
smooth surfaced material. In practice, appli-
" cant has found that thin filaments of glass meet
the requirements effectively. The longitudinally
16 bunched fillaments are positioned to receive liquid
-irom any desired source, the liquid contacting
with and flowing along or longitudinaly of the
filaments. The flow of a liquid particle along a
filament serves to spread the particle over a rela-
20 tively large area to form, in the aggregate, a
large amount of thin Nquid film. The spread
of liquid particles along the surfaces of the

bunched fllaments prevents the formation of i

- droplets, which otherwise 'would occur if the
25 filaments were not bunched and the flow of liquid
not longitudinally of and along the filaments.

Alr or other gas is circulated through and in
contact with the fllaments over which the liquid

. flows. The air (and the term “air” should be
30 understood to include other gases as well) may
be propelled in ahy desired direction, but pref-
erably longitudinally of the filaments, and pref-
erably in the same direction as the flow of
liquid, The velocity of the air when the air flow

35 is in the same direction as the liquid flow, along
the filaments, will aid the spread of liquid par-
ticles ‘over-the. filaments. But, regardless of the
direction of air flow, the primary consideration is

. the flow of liquid and air substantially longi-
40 tudinally of the bunched parallel filaments, so
that, in effect, the air course and the liquid
course are in parallel with the parallel bunched

filaments. As a result, the intimacy of contact

between air :.1d liquid enables relatively large
45 volumes of air to be intensively conditioned to a

desired degree by use of a relatively small volume

of liquid in an apparatus much more economicsl
in first cost, space requirements, and. cost of
operation. i

§0 By “filament” or “strand’ is meant a slender
hair-like” element along which moisture may
travel and spread to present a relatively large
surface area of moisture film. In practice, the

: fllaments, bunched in parallel relation with re-’
85 spect to one another, are packed in & basket or .

the like. The filaments, in effect, divide the afr
stream passing through the basket into s great
number of individual stréeams determined by the
myriad passages formed by adjacent fllaments.
The liquid flowing along the filaments acts in the &8
nature of a lubricant to aid the flow of air .

- through the passages, the movement of air

simultaneously aiding the liquid to spread over

- the filaments. In this manner, an optimum

“liquid-surface” relationship is established, so 10

- that substantially all of the air is brought in con-

tact with the liquid film to assure complete satu-
ration of the air, although a quantity of liquid
may be used not greatly in excess of that which
the air can take up; and due to the parallel rela- 18
tionship of filaments, air course and lquid source,
such optimum result is achieved with relatively
small consumption of power. ‘

The foregoing and other features of the inven-
tion will be apparent from the drawings dia-' gg
grammatically showing illustrative forms of the
invention, to be read in connection with the ac-
companying description. \ .

Fig. 1 diagrammatically illustrates a condi-
tioning system in which & group of filaments are 25
bunched, air and liquid passing through the fila-
ments in the same direction, the liquid being
distributed equally over the mass of filaments;

Fig. 2 shows a unit filled with fllaments, the
unit being of triangular cross-sectional area and 30
arranged to receive liquid at different points
thereof; ’ '

Fig. 3 shows a conditioning apparatus in
which a plurality of units are employed, each
unit containing a series of closely bunched fila- 35
ments, the liquid fed over one of the units be-
ing arranged to serve the others in succession; - _
and . o
Fig. 4 is a modified arrangement of the system

shown i Fig. 3. - 40

In Fig. 1, unit I contains a series of sub=
stantially straight, bunched fillaments. These
are preferably of glass, hence, not hygroscopic,

" but may be of any suitable material. They are

thin -and placed in parallel and substantially 45
vertical relation with respect to one another so
that air and liquid passing through the unit will
flow longitudinally along the strands. A few

. Strands are shown in a layer on top and at the

bottom of the unit to act as supports for the 50
vertical threads, forming the main unit, but these

‘may be replaced by equivalent means. The up-

per horizontal layer of fllamenis tends to dis-
tribute liquid deposited thereon, the Hquid being
held by capillarity to the filaments untfl a suf-. 85



10

15

20

25

30

35

. cant thickness, yet admirably

40

45

50

66

60

65

70

- 16

2

ficient mass accumulates, whereupon it gently
runs down the adjacent vertical filaments. This
aids even distribution over the whole unit. The
bottom layer of Horizontal filaments collects the
liquid left after passage along the vertical fila-
ments, this liquid then falling in large drops to
sump 32 below. Thus, the bottom layer of fila-
ments, beside affording support to the vertical
filaments, also acts as an eliminator, preventing
minute droplets of water from being carried along
by the air stream. Liquid is supplied from sump
32 by pump 33 to supply pipe 34 which floods
the top of distributing pan 35. The pan extends
across the casing 10 and has a plurality of spaced
orifices, each with a nozzle formed lip extend-
ing downwardly toward
uid above the nozzles determining the rate of
flow therethrough. In many instances, the dis-
tributing pan need not be used and the liquid
discharged directly upon the horizontal filaments,
the purpose of pan 35 being to aid more even
distribution of liquid over the unit.  The liquid,
after its course from pan to top horizontal fila-
ments through the vertical fillaments to bottom
horizontal: filaments to. sump 32, is recirculated
and the process repeated in a continuous cycle.
The filaments are closely packed to form a vast
number of passages or tiny channels through
which the liquid and air streams flow. In effect,
there will be an innumerable number of air pas-
‘sages and liquid passages. Hefce, the liquid will
be assured of intimate contact with the surfaces
of the filaments and form in the aggregate a
large area of unbroken film surface. The aggre-
gate liquid surface will be & maximum for the
quantity of liquid employed, in view of the lon-
gitudinally grouped filaments, each of insignifi-
fitted to provide
a maximum surface area for & minimum quan-
tity of liquid. Since all filaments are bunched
together, so that the interstices between them
are relatively small, liquid will not be permitted
to escape without contact with the filaments
and formation of desired liquid film.

The air stream through casing 10 is in a di-
rection the same as that of the flow of liquid.
The air, howéver, moves at a velocity which will
not destroy or negative the adhesive attraction
between liquid and filaments. The films, in fact,
are caused to spread by the air stream going
in the same direction; the liquid acting in the
nature of a lubricant to aid the flow of air
through the tiny passages. Concurrent flow in-
creases the tendency of vapor pressures of the
conditioning liquid and treated gas to equalize;
and also, reduces resistance to flow of the gas.
A counter current of air may be employed, if
desired, but it is preferred to flow the air and
liquid concurrently, to prevent building up the
liquid into drops, or retard the spreading of the
liquid to form film surface, as may occur under

some conditions of air velocity. Although the .

filaments may deviate from the vertical, this
deviation should not be so great that moisture
will drop from the filaments instead of flowing
along them to the bottom extremities. .

By controlling the volume and temperature
of the fluid, and/or the volume of air pulled by
fan 36, the condition of the air may be accurately
regulated at minimum cost and maximum effi-
ciency, due to the small cost of power by rea-
son of low resistance through the unit and the
reduced water requirements.

The use of filaments, grouped together, as de-

sceribed, assures positive cleaning of all the air

2,054,809

for the air quantity passing

‘practical operation of a device such as

unit {1, the level of lia-

~ so that different portions of the air stream

or gas passing through the unit, because of the
small diameter—large surface channels hetween
filaments. Unlike scrubbers or units heretofore
employed in which the exposed surface of liquid
is by comparison relatively small (although the

.quantities of liquid used in such scrubbers is

the surface here is a maximum
through the unit, so
that positive contact with the total air volume
is had and maximum cleaning afforded. In the
illustrated
in Tig. 1, the efficiency of cleaning will be re-
duced by employing filaments of larger diameter
and increased by using smaller ones. The fact
that the filaments .are not perfectly parallel,
causes the air stream to impinge and deposit dirt
particles and the like on the liquid film sur-
faces. Due to the rapid movement of the air
in small streams of great turbulence over the
flowing liquid surfaces, practically complete
cleaning or removal of solid matter is accom-
plished. . The film tension causes agglomeration
of particles to form masses of sufficient size and
mixed with sufficient water to prevent their being
carried away by the air stream. Further, if the
filaments are of glass or other washable mate-
rial, they may easily be cleaned by an ordinary
solution of soapy ammonia water, and hence,
be retained in service over long periods of time.

In Fig. 2, the unit It consists of filaments, lon-
gitudinally grouped, but the filaments are of dif-
ferent lengths, to form a unit of varying thickness
will
be differently conditioned. The air stream is here
shown transverse of the filaments, but a parallel
flow of air and liquid is preferred. Liquid is sup-
plied by header 31 to a plurality of distributing
points. Individual valves 138 may meter the
liquid fed to the unit at the several distributing
points.

In Fig. 3, a plurality of units tic, 11d and lle,
containing filaments of different lengths are em-
ployed. Screens, or the like, 38, act as supports
for each unit. The air and liquid flow through
the units in the same direction. Liquid from any
desired source and at a desired condition, is sup-
plied to distributor pan 39, which is of the same
type as pan 35 of Fig. {. 'The liquid is thereby
equally distributed to unit {lc, and after pass-
ing through the unit along the filaments thereof,
it falls within the sump of section C. It is then
pumped to and over pan 40, which distributes it
over unit I1d; and finally, is pumped from the
sump of section D to pan 41, which distributes it
over unit lle. It is, thereupon, reconditioned,

relatively larger),

 tecirculated in whole or in part to pan 38, or

otherwise disposed of. While three stages are
shown, any number may e provided. Different
portions of the air stream pulled through casing
10 by fan 42 will thereby be differently condi-

median temperature and relative humidity.

In Fig. 4, a method of operation similar to that
of Fig. 8 is employed, except that the air flows
cross-wise of the filaments and liquid streams
instead of parallel with them. The method of
liquid distribution utilizes & single pump - which
supplies liquid from a desired source and/or the
sump to a distributing pan 43 over an upper unit

{1f. After passing through this unit, the liquid
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drains to a pan 44 over and serving unit g,

and then repeats the operation after passing
through unit (lg, by draining to pan 85 serving
the lowermost unit 1l2. The units may bhe of
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different size and comprise varying group:. of
filaments of desired length.

The uses to which applicant may employ his
filament formations, for humidification, dehu-
midification, air and gas cleaning, and tempera-
ture control, are numerous; and the diagram-
matic forms shown in Figs. 1-4 are submitted as
illustrative only and in no way limiting.

I claim: ‘

‘1. An apparatus for conditioning air compris-

ing a unit of non-hygroscopic material, the ma-
terial comprising a plurality of parallel glass-
like fllaments readily wettable and permitting the
spread of liquid in the form of thin film, the
filaments providing a plurality of substantially
parallel passages for air, means for passing air
through said passages and means for depositing
liquid at one end of the unit, the liquid flowing
through said passages to the other end of the
unit, the direction of flow of the liquid and air
being substantially the same, but the rate of flow

of the liquid and air being substantially different.

2. An apparatus of the character described,
comprising a conditioning unit, the unit contain-
ing a plurality of packed substantially parallel
elements to provide a series of substantially par-
allel passages through the unit, means for flow-
ing a liquid through the unit, means for passing
air through the unit substantially in the same
direction as the liquid, and means for control-
ling the condition of the air passing through the
unit by controlling the flow of liquid through said
passages and the flow of air in contact with the
liquid in the passages. i

~ 3. Apparatus of the character described com-
prising a unit having a plurality of parallel ele-
ments comprising capillary threads, said ele-

ments so arranged as to provide a plurality of

bassages for liquid and air passing through the
unit, said elements providing resistance means
to the flow of fluid through the unit, a second unit
composed of similar elements, said second unit
being positioned with respect to the first unit
whereby a stream of air passing through both
units will have different, portions thereof sub-
jected to different resistances.

4. Apparatus of the character described, com-

.prising a first unit, said unit consisting of a plu-

rality of bunched capillary threads forming sub-
stantlally parallel passages for the flow of Haquid
and gaseous fluids through the unit, another unit
composed of similar elements, means for flowing
liquid through said units and over said elements,
and means for passing air through said units and
over said elements whereby the temperature and

--relative humidity of the air will be changed.

60

65.

5. A conditioner comprising a plurality of thin
strands of material, the strands being bunched
together, each strand being substantially parallel
to the others, means for supplying liquid for flow
longitudinally along the strands and means for
passing air longitudinally along the strands the
alr and liquid flowing in streams substantially

parallel to each other and substantially parallel.

to the strands of material,
6. A method of conditioning air consisting in

" feeding liquid to a group of parallel filaments,

70

75

allowing the liquid to flow by gravity along the
filaments and moving air in contact with the fila-
ments in the same direction as the flow of liquid.

7. A method of conditioning a gas consisting
in distributing liquid over the top extremities of
& group of vertfcally positioned parallel strands
of material, allowing the liquid to flow by gravity
along the strands, circulating gas in contact with

-3
the strands in the same direction as the flow of
liquid, and controlling the degree of conditioning

" by regulating the difference in velocity of the

How of liquid and circulation of the gas.

8. A method of conditioning air consisting in
arranging a group of non-hygroscopic parallel
strands of material so that the interstices between
adjacent strands is reduced to a practical mini-
mum, feeding liquid over the strands so that
it spreads over them by capillary attraction to
form a plurality of films of liquid, and circulat-

‘ing air in contact with the strands, the air and

liquid moving in the same direction whereby the
surface tension of the air and liquid will tend to
equalize, - )

9. A method of conditioning a gas consisting in
feeding a liquid to a group of capillary threads
bunched in parallel relation to one another, the
liquid flowing by gravity along the threads, col-

lecting the liquid subsequent to its contact with -

the threads, feeding the collected liquid to an-
other group of capillary threads, and circulating
gas in contact with said groups of threads.

10. A method of conditioning a gas consisting
in grouping a plurality of parallel strands of thin
material to form a unit through which gas and

lquid may be passed in the form of substantially -

parallel streams, positioning simi’ar units of
strands of desired length, adjacent to the first
unit, feeding liquid to each of the units between
the strands whereby films of liquid are formed on
the strands, and flowing gas through the units
in contact with the film of liquid.

11. A unit of the character described comprising
& plurality of strands of material, each strand
consisting of a capillary thread of non-hygro-
scopic material, all strands being bunched par-
allel to each other and means for fiowing “iquid
and gas in the same direction longitudinally of
and between said strands. .

12. An apparatus for changing the moisture
content of a gas comprising a body of substan-
tially parsllel fillaments
the filaments being grouped whereby liquid.de-
posited thereon will flow in & plurality of sub-
stantially parallel films along said filaments, and
means for positioning the fllaments as a unit in
the path of a stream of gas, the gas flowing
through the unit in g plurality of parallel courses.

13. Apparatus for conditioning air comprising

- & series of non-hygroscopic filaments arranged

substantially in parallel relationship, means for
feeding liquid in contact with and longitudinally
of the fllaments whereby a plurality of surfaces
of liquid film will be formed travelling length-
wise of said flaments, and means for passing
air longitudinally between the filaments and in
contact with the films of liquid, the air and
liquid travelling in paraliel courses.

. 14. A humidifier comprising & unit filled with
filaments of non-hygroscopic material, each flla-
ment being substantially straight and packed in
parallel relationship with the other filaments,
the packing being so arranged as to provide a
plurality of parallel and vertical courses through
the unit, means for depositing liquid at the top
of the unit whereby it will be substantially evenly
distributed to said courses,
ing air through said courses, the passage of air

afding the greavitational fiow of liquid through the |

courses, the Hquid forming film on the sides of the
filaments. :

15. A gas conditioning apparatus of the char-
acter described including a plurality of substan-
tially paraliel fillaments of non-hygroscopic mg-

of glass-like material, '

and means for flow-
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terial, each filament being substantially straight,
means for feeding liquid and air to the filaments,
all filaments being grouped in and filling an air
channel whereby the passage of air and -liquid
through the channel results in the production of
a plurality of substantially parallel streams of air
and liguid, the direction of flow of the air and the
direction of flow of the liquid being substantially
parallel to the filaments. ‘ .

16. Apparatus for conditioning air comprising
a series of non-hygroscopic filaments arranged
substantially in parallel relationship, means for
feeding liquid in contact with and longitudinally
of the filaments wherey a plurality of surfaces
of liquid film will be fo. med travelling lengthwise
of said filaments, and means for passing air lon-
gitudinally between the filaments and in contact
with the films of liquid, the air and liquid travel-
ling in the same direction.

17. A gas conditioner of the character de-
scribed including a pack of filaments, each fila-

2,054,809

ment being straight and substantially parallel
to the other filaments in the pack, the filaments
being so arranged as 1o provide a plurality of
vertical channels, a matting of filaments super-
posed on the pack crosswise of the channels, a

second matting under the pack and crosswise

of the channels, and means for passing air and
liquid through the conditioner. . )

18. A gas conditioner of the character described
including a group of filaments, each filament be-
ing straight and substantially parallel to the
other filaments in the group, the filaments being
so arranged as to provide a plurality of vertical
channels, means for passing air and liquid
through the conditioner, supporting means on top
and at the bottom of the filaments crosswise of
the channels, said supporting means on top caus-
ing liquid to spread and to be distributed to said
channels, said supporting means at the bottom
causing liquid from the channels to be collected.

. WALTER L. FLEISHER.
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