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(57) Abrégée/Abstract:
Direct forced draft fluid cooler/closed loop cooling towers and cooling towers are provided with fans at the bottom of the unit, and a
plurality of layers of water collection troughs or channels above the fans to capture water droplets sprayed downwardly from the top
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(57) Abrege(suite)/Abstract(continued):
of the device through a heat exchanger or fill media above the collection troughs. In one embodiment the collection troughs supply

the collected water to one or more gutters inside the housing which lead the water to an external collection tank from which the
water Is recirculated through the system.
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(57) Abstract: Direct forced draft fluid cooler/closed loop cooling towers and cooling towers are provided with fans at the bottom
of the unit, and a plurality of layers of water collection troughs or channels above the fans to capture water droplets sprayed down-
wardly from the top of the device through a heat exchanger or fill media above the collection troughs. In one embodiment the col-
o lection troughs supply the collected water to one or more gutters mside the housing which lead the water to an external collection
tank from which the water 1s recirculated through the system.
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TITLE

DIRECT FORCED DRAFT FLUID COOLER/COOLING TOWER AND
LIQUID COLLECTOR THEREFOR

This application claims the benefit U.S. Provisional Application Nos.
61/208,995 filed March 3, 2009; 61/217,822, filed June 5, 2009; and 61/270,723

filed July 13, 2009, the disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to direct forced draft fluid
coolers/closed loop cooling towers and/or compact cooling towers and more

particularly to an improved air diffusing water drainage collection system for

such coolers and towers.

DESCRIPTION OF THE PRIOR ART
[0002] Conventional types of industrial cooling towers include so-called
counterflow towers wherein water or other liquid falls or 1s sprayed downward 1n
the tower counter flow to air moving upwardly in the tower, 1n the opposite
direction. Such systems are used for a variety of applications including water air
scrubbers, dust collection equipment, air cooling towers, evaporative coolers,

fluid coolers or closed loop cooling towers, evaporative condensers or the like.
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Typically such industrial cooling towers are quite large and permanent
installations which include very large bottom sumps to collect the falling water.
[0003] Some relatively small towers for such purposes have been built which are
transportable, for various applications, such as small rooftop towers. For
example, U.S. Patent Nos. 5,227,095 and 5,487,531 1ssued to Harold D. Curtis,
disclose individual modular towers of a size that can be readily transported,
prefabricated at a factory, and then easily assembled at a field site to provide the
capacity required by the particular water/liquid cooling or treatment project at the
site. The systems disclosed in the Curtis patents have a fan or fans for supplying
air to the tower located 1n the bottom of the tower below the fill, evaporative
cooling media, or liquid cooling coils. The fans force air directly upward in the
tower. These systems are referred to generally as direct forced draft counterflow
cooling towers.

[0004] Another modular type of direct forced draft counterflow cooling tower
with bottom fans is disclosed in Patent No. 5.545.356.

[0005] Each of these systems uses a large water or liquid collection basin, sump
or reservoir to collect and contain the circulating water for the system. These
basins or sumps are typically very large because they have to contain enough
liquid to charge the system, including all associated piping. Because the process
liquid (often, but not always, water) in these systems will scrub the air and collect
airborne particles, such particles will settle out in the basins, sumps or reservoirs
which then have to be periodically cleaned and the large volume of liquid 1n the
system dumped, cleaned or disposed of. In essence, such basins, sumps and
reservoirs become internal sediment basins. Such basins are maintenance intense
and require workers to enter and work 1n a confined space to perform cleaning.
At the same time the large volume of liquid itself may require water or chemical
treatment rather than disposal, further adding to costs. Moreover, the volume of
liquid 1n such systems greatly increases the weight of the system and thus
increases rooftop loading.

[0006] In addition to the issues of sedimentation, liquid volume and disposal,
previously proposed tower systems have not adequately addressed the problem of

air diffusion by their respective liquid collection systems. Generally, cooling
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tower (or other forms of towers like fluid coolers) efficiency 1s determined by
how well the uptlowing air 1s mixed with the downcoming liquid. The fans in
such systems are, of course, round and the air 1s not evenly distributed across the
tower media or elements since the tans do not deliver a balanced air flow. Thus,
for example, 1n the systems disclosed in U.S. Patent Nos. 5,227,095 and
5,487,531 a plurality of parallel elongated collection plates are used 1n the liquid
collector which are sloped and overlap. These plates limit, if not block off, air
flow on the wall areas of the tower and cause the air to enter the fill media, or
heat exchange fluid cooler coils above it, at an angle which forces much of the air
to one side of the tower or housing. Indeed, these collection plates are typically
supported 1in the tower housing by transverse support members or plates which
will block or limit air dispersion through them and prevent lateral dispersion of
air between them. These factors significantly affect the quality and dispersion of

the air entering the tower and thus reduces thermal performance of the tower.

OBJECTS OF THE INVENTION
[0007] Itis an object of the invention to provide an improved transportable
cooling tower and/or fluid cooler system.
[0008] Another object of the invention is to provide an improved air diffuser and
liquid collection system for use in forced draft cooling towers and fluid coolers
which increases performance and reduces maintenance costs.
[0009] A further object of the invention is to provide low profile, transportable
cooling towers and/or fluid coolers with a liquid collection system that reduces

liquid loads 1n the system and facilitates cleaning and/or liquid replacement.

SUMMARY OF THE INVENTION

[0010] In accordance with an aspect of the present invention low profile,
transportable cooling towers and/or fluid coolers/closed loop cooling towers are
disclosed which include a novel water/liquid collector/air diffuser system located
above one or more fans in the base of the tower housing. The liquid collector of
the 1nvention 1s positioned below the fill media in the tower or the heat transfer

coils of the fluid cooler. It collects substantially all of the liquid tlowing through
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the fill or heat transfer coils and directs the same to an internal gutter, or gutters,
which supply the collected liquid to an external collection tank from which the
liquid 1s returned to the top of the tower. The liquid collector 1s also constructed
to diffuse air from the fans across the width of the tower through its support
structure so that air flow through the fill media or heat transfer coils 1s uniform.
[0011] In accordance with another aspect of the present invention, the low
profile transportable cooling towers and/or fluid coolers have an external
water/liquid collection tank which holds a relatively low volume of liquid
laterally of the fans and which 1s easily accessible for cleaning.

[0012] In accordance with a further aspect of the present invention a water/liquid
collector and air diffuser for use 1n a low profile transportable cooling tower
and/or fluid cooler 1s provided which 1s formed from a plurality of elongated V or
U shaped laterally spaced troughs which form or define channels arrayed in a
plurality of layers. The troughs in each layer are offset from the troughs in the
layers above or below 1t to capture substantially all downflowing liquid 1n the
tower to provide substantially a 100% complete wet/dry barrier between the fill
media or heat exchanger and the fans while producing a uniform diffusion of air
flowing upwardly.

[0013] The water/liquid collection system of the invention can be utilized in
equipment such as water air scrubbers, dust collection equipment, cooling towers,
evaporative coolers, fluid coolers, evaporative condensers and any equipment that
utilizes water or any liquid fluid for scrubbing, cleaning, or evaporative cooling.
Although the system 1s described for use with low profile transportable cooling
towers and/or fluid coolers, the collector/air dispersion system can be used with
any type of system, including those having conventional bottom sumps and
basins.

[0014] In addition to collecting all of the downcoming liquid the liquid
collection system provides a low-pressure means for the air to flow vertically up
between the liquid collection troughs and into the cooling media or fluid cooler
coil system. The channel forming troughs are strategically positioned to direct
and defuse the upflowing air to enhance even airtlow through the fill media or

heat exchanger. The structure of the collector allows air to flow laterally through
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its support system to uniformly disperse the air. This creates a much more
efficient air to liquid mixture, significantly improving thermal performance of the
heat exchanger or cooling tower. In addition, previously proposed liquid
collectors have a significant pressure drop across the collector panels. The
present invention will reduce the pressure drop as compared to the existing
technology. This will further increase thermal performance of the heat exchanger
or cooling tower. Moreover, the liquid collector system of the present invention
can be produced much more economically than the present technology. These
advantages are achieved regardless of where the collected water 1s ultimately
directed or contained.

[0015] As aresult of the structures of the present invention the use of sumps,
basins or reservoirs below and around the bottom fans of the towers can be
eliminated, thereby further reducing the height and weight of the towers. This
also reduces the cost of manufacturing the units. In addition, the utilization of an
external liquid collection tank laterally of the fan or fans reduces the amount of
process liquid needed in the system as compared to conventional arrangements 1n
which collections basin are below the fans. With the present invention only
sufficient liquid to charge the system and provide sufficient pump head to prevent
the pump from cavitating i1s needed.

[0016] Utilizing the liquid collection/air diffuser system of the present invention
with forced draft air systems containing fans mounted 1n the bottom of the towers
provides several advantages.

[0017] First, the fans operate outside of the wetted air system and below the
tower structure which thus protects the fans from the natural elements. This
feature greatly reduces fan maintenance cost and extends the fans’ serviceable
lite. Also, the fans are accessible and can be serviced and/or removed from
below the unit without the need for service personnel to enter the
environmentally unfriendly wetted areas of the equipment. This feature will also
oreatly reduce maintenance cost and not expose service personnel to any
unnecessary health risks.

[0018] Second, by facilitating the use of bottom-mounted fans the need for air

intake louvers and air plenum chambers 1s eliminated because the liquid
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collection system diffuses the uptlowing air. In addition, the height of the
equipment will be reduced because the plenum chamber and air intake louver
have been eliminated. The air then 1s drawn from below the equipment in the
space between the rooftop or ground level and the fans. This reduction in the
height and weight of the equipment will further reduce manufacturing, shipping
and hoisting cost.

[0019] Third, bottom-mounted fans are much more efficient than either top or
side mounted fans. When moving airflow into a square box with a round fan it 1s
challenging to make sure the cooling media has adequate and uniform airflow
coverage. The air supplied to towers having top or side mounted fans must turn
from horizontal to vertical immediately prior to entering the cooling media and
does not enter the bottom of the media uniformly. As a result voids are created.
With bottom-mounted fans air 1s ingested in the open space between the ground
or rooftop levels and the fan. The air makes its 90 degree turn as it enters the
fans. That air flows laterally inward under the tower and tends to move toward
the center of the fill material. In conventional systems that type of air flow tends
to create a void around the perimeter of the cooling tower. This 1s due 1n part to
the difficulty that the air encounters in making the ninety degree turn from lateral
motion to upward motion. Further, the fans of induced draft cooling towers are
near the center of the towers and thus all of the air tlow tends to funnel toward
the center of the fill media. With the present invention, the fans provide a very
vigorous blast of air against the under side of the liquid collector and the fill or
heat exchange coils above it, 1n effect creating a pressurized plenum so that
relatively uniform dispersal of the upwardly flowing air 1s provided. Thus the
bottom-mounted fans produce a more efficient air to liquid mixture significantly
improving thermal performance.

[0020] In addition, warm air normally rises vertically. This natural energy can
be optimized to increase airflow etficiency.

[0021] The liquid collection system of the present invention is dimensioned to
contain all of the downcoming liquid from the tower and directs the liquid into
gutters positioned on one or two sidewalls of the tower or housing. The gutters

are closed on one end and cause the liquid to flow 1n one direction into the
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external tank positioned at one end of the unit. The external collection tank of
the invention 1s also advantageous as 1t allows complete elimination of the water
basin or reservoir located beneath the equipment as used 1n all water cooled
equipment. Because these basins collect the downcoming water or liquid,
airborne contaminants in the liquid collect and settle into the basins. These
basins then must be periodically cleaned and are a significant maintenance cost.
The basins must also maintain a certain vertical depth of liquid as to assure
adequate pump head so that cavitation of the pumps will not occur.

[0022] The external tank has a four-sided sloped or conical shape at its bottom
that creates a small-defined space at its very bottom. Silt, dirt and other water or
liquid borne debris will settle into that small portion of the sloped bottom of the
tank. This produces several cost saving benefits.

[0023] First, because of the elimination of the basin, the cost of cleaning the
basin 1s completely eliminated. Thus debris can be purged from the bottom of the
collection tank with a valve on a periodic basis either manually or automatically.
The debris can be disposed of through a standard drainpipe or by other means. In
the event that additional cleaning of the collection tank is required it 1s easily
accessible by opening the tank lid. The automatic purging of the tank to dispose
of sediments eliminates the need to enter the confined spaces of the equipment to
clean and eliminates any unnecessary health risk or environmental exposure
associated with disposal of sediments.

[0024] Second, the external collection tank only requires a minimum amount of
liquid to charge the system. This feature greatly reduces the weight in the
equipment as compared with conventional basins. As noted above this liquid
must be periodically disposed of and with the tank of the invention only a few
gallons of liquid are necessary to purge the system as compared to hundreds of
gallons with conventional basins.

[0025] A third advantage provided through the use of the liquid collection
system of this invention as contrasted to a ground level catch basin 1s that a much
lower pump head for the pump is required to return the liquid to the liquid
distribution system. The pump need effectively only provide a pump head equal

to the differential between the elevation of the upper level of liquid within the



CA 02752644 2011-08-15
WO 2010/110980 PCT/US2010/024929

tank and the elevation of the distribution pipe. Conventional systems on the other
hand must provide a pump head from the ground level at which their catch basin
1s located all the way up to the uppermost extent ot the tower where the liquid
distribution system 1s located. The pump head which must be provided by the
pump 1n the present invention 1s only a few feet, thus greatly reducing required
pumping capacity. This 1s an economic savings for the operator of the tower as
compared to conventional induced draft towers.
[0026] As will be appreciated from the above discussion, the direct forced draft
countertflow systems of the present invention provide many advantages as
compared to induced draft countertflow water cooling towers which are now most
commonly used in the industry.
[0027] First, there 1s a major advantage in reduced 1nitial construction costs of
the modular units due to the elimination of the water basin, the louver and the
overall height of the structure. They also can be prefabricated, whereas the
typical site built induced draft counterflow cooling towers can not.
[0028] Second, accessibility to the fan units is very easy since the space below
the fans 1s open allowing them to be accessed from below.
[0029] Third, the fan units of the present invention cause a very turbulent
impacting on the air which tflows upward 1n the water collector and through the
f1ll material or heat transfer coils thus causing a better distribution of the air and
better cooling as the air turbulently impacts water flowing down through the
tower. This 1s contrasted in induced draft cooling towers where the air flow 1s in
a rather laminar fashion.
[0030] Another advantage is that fan efficiency in general 1s greatly improved
when using a fan in a forced draft mode rather than in a induced draft mode.
Further, having the fan very close to the fill material or heat transfer coils reduces
functional flow pressure losses of the air again improving fan efficiency.
[0031] In summary, the water collection system, when utilized in water operated
equipment, offers many cost saving features as well as eliminating health and
safety risk associated with water equipment including:

Increased thermal performance

Reduced energy consumption
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Reduced water volume and water weight in the equipment

Reduced water and chemical requirements

Reduced maintenance and increased equipment longevity

Reduced equipment weight

Elimination of air intake louvers

Elimination of plenum chamber

Reduced structural height of equipment

Elimination of basin

Reduced manufacturing cost

Removal of fan equipment from wetted exhaust air stream

Self-cleaning water sump

Elimination of pump cavitations

Environmentally friendly

Elimination of need to enter the wetted area to service a basin or fans
[0032] The above and other objects, features and advantages of the present
invention will be apparent to those skilled 1n the art from the following detailed
description of illustrative embodiments thereof when read 1in conjunction with the

accompanying drawings wherein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] Figure 1 is a perspective view of a direct forced draft/fluid cooler
constructed in accordance with the present invention;
[0034] Figure 2 is a side elevational view, with the sidewall removed, of the
invention as shown in Figure 1;
[0035] Figure 3 is a sectional view taken along line 3-3 of Figure 2;
[0036] Figure 4 is a sectional view similar to Figure 3 of another embodiment of
the present invention providing an evaporative cooling tower;
[0037] Figure S is a perspective view of one section of a water collector made in
accordance with the present invention;
[0038] Figure 6 1s an enlarged perspective view of one of the water troughs used

in the collector of Figure 35;
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[0039] Figure 7 1s a perspective view, similar to Figure 5, of a pair of water
collector sections connected together using the troughs of Figure 6;

[0040] Figure 8 is an enlarged plan view of a support plate used in the connector
section shown 1n Figure 35;

[0041] Figure 9 1s an end view of the support plate taken along line 9-9 of Figure
S

[0042] Figure 10 1s an end view of a second embodiment of support plates
showing two plates mated together;

[0043] Figure 11 is a schematic end view of one section of the water collection
system showing the relationship of the water troughs to each other and the air
flow paths therethrough;

[0044] Figure 12 1s a partial perspective view similar to Figure S5 of a water
collection system according to another embodiment of the invention;

[0045] Figure 13 is a schematic end view similar to Figure 11 of the relationship
of the troughs of the Figure 12 embodiment to one another and the air flow paths
therethrough;

[0046] Figure 14 1s an end view similar to Figure 11 showing the use of dampers
to prevent water flow out of the collector when the fans are off;

[0047] Figure 15 is an end view similar to Figure 14 showing the portions of the
dampers when the fans are on;

[0048] Figures 16a and 16b are schematic end views of a pair of water collector
units in which the troughs of one layer have dampers pivotally connected thereto;
[0049] Figure 17 is an elevational view of the water collection tank used in
accordance with the present invention;

[0050] Figure 18 is an end view of the tank of Figure 17;

[0051] Figure 19 is a top view of the tank of Figure 17;

[0052] Figure 20 1s an end view of another embodiment of support plate for use
in the present invention;

[0053] Figure 21 is an end view of a water trough for use with the connector

plate of Figure 20; and



CA 02752644 2011-08-15

WO 2010/110980 PCT/US2010/024929
11

[0054] Figure 22 is a partial enlarged perspective view of a collector system
using the connector plate of Figure 20 and troughs of Figure 21 (only one of

which 1s shown 1n the drawings).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0055] Referring now to the drawings in detail, and initially to Figure 1, a direct

draft fluid cooler 10 1s 1llustrated. The cooler 1s designed to advantageously use
the evaporation of water or other liquids to cool a second liquid 1n a heat
exchanger located within the device. The systems of the invention can be used
with water or other suitable liquids and although the illustrative embodiments are
described as utilizing water the invention 1s not so limited.

[0056] Fluid cooler 10 includes an exterior housing 12 having an open top 14,
vertical side walls 15, end walls 17 and a bottom wall 16. As seen in Figure 2,
wherein the side wall 15 has been removed to 1llustrate the interior of the cooler,
housing 12 contains a liquid distribution system 20 at its upper end 22, and a heat
exchanger 24 illustrated in the drawing as a cooling coil type structure. The latter
1s formed as curved piping having an inlet end 26 for supplying liquid to be
cooled to the heat exchanger and an outlet end 28 for supplying the cooled liquid
(e.g. glycol) to an outside system, €.g., a refrigeration system.

[0057] A water collector 30 also 1s located within housing 12 below the heat
exchanger coil 24 for collecting water that passes through the spaces between the
coil system from the water distribution system 20. One or more fans 32 are
provided 1n the bottom of housing 12, supported therein in any convenient
manner, for drawing air through the bottom opening of the housing and blowing
it through the water collector 30 and cooling coil 24 countercurrent to the water
distributed from distribution system 20.

[0058] Water distribution system 20 includes a collection tank 34 mounted
outside the housing 10 at the approximate level of the fans to receive water
collected by collection system 30, as described hereinafter. The collected water
1s discharged from the tank 34 through a discharge pipe 36 to a pump 38. The
pump recirculates the liquid through the distribution pipe 40 to which a plurality

of nozzles 42 are connected inside the housing. These nozzles create a downward
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spray of water in the housing above the heat exchange coil 24. These nozzles
may be of any known construction, suitable for use in fluid coolers or evaporative
cooler devices, but preferably are spray nozzles of the type disclosed in PCT
International Publication No. W(O2009/070691.

[0059] A known form of drift eliminator structure 44 is mounted in the opened
top 14 of housing 12 to intercept, trap and collect mist blown through the heat
exchange coil 24 to prevent the mist from escaping to the atmosphere. Such drift
eliminators are well known 1n the art and need not be described here in detail.
Examples of suitable drift eliminators are shown and described in U.S. Patent
Nos. 5,227,095 and 5,487,531, along with their mountings. The disclosures of
those two patents are incorporated herein by reference.

[0060] As illustrated in Figures 2 and 3, housing 12 and the equipment mounted
therein are supported by supports or I-beam legs 46, or any other convenient form
of foundational support, on the floor or on the ground, or, for example, the roof of
a building. Thus the bottom 16 of housing 12 1s spaced from the tloor support to
allow air to flow 1nto the space 49 formed by this structure, where it 1s drawn 1nto
the housing by fans 32.

[0061] Figure 3 of the drawings is a view taken along the line 3 -3 of Figure 2
with the rear wall 17 of the housing removed to expose the interior. As seen
therein, the heat exchanger coil 24 consists of a plurality of turns of the piping
forming the coil so that fluid to be cooled entering at the coil inlet entrance 26
has a relatively long path of travel within the cooler for exposure to the cooling
effects of the countertlowing air and liquid from the distribution system 20
passing therethrough. The coil structure can be manufactured in any convenient
manner and supported by brackets or a perforated housing 46 within the housing
12, in any convenient manner known to those skilled 1n the art.

[0062] As seen in Figures 2 and 3, the water collector system 30 includes a
plurality of V-shaped troughs 50 arrayed in multiple layers as described 1n greater
detail hereafter. These troughs collect the liquid passing through the coil 24 to
intercept the liquid and direct it away from fans 32. As illustrated in Figure 3,
the ends of the troughs 50 are open and the system 30 1s supported on an L-

shaped wall structure 52 at each side of housing 12. This wall structure extends
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along the length of the housing and, with the side wall of the housing forms a
outter. The two gutters carry the water to openings 54 adjacent tank 34, which
openings are connected through waterproof seals or the like to corresponding
openings 1n the tank so that the collected water flows into the tank and can be
recirculated as described above.

[0063] Referring now to Figure 5 of the drawings, an enlarged perspective view
of a portion of the water collector system 30 1s illustrated. Figure 6 1s an 1solated
view of one of the troughs 50. The entire water/liquid collector 30 1s formed of a
plurality of water collector units or segments 60, as seen 1n Figure 5, connected
together, as seen 1n Figure 7, and described hereinafter. Each of the units 60
consists of a plurality of trough support plates or structures 62 having openings
64 therein for receiving troughs 50. These support plates may be formed of
lightweight molded plastic or the like. In the illustrative embodiment, four
support plates are provided, but the number of support plates will be dependent
on the size of a unit. In the embodiment of the invention 1llustrated in Figures 3
and 6 troughs 50 are generally V-shaped and formed of a tflexible metal or plastic
material which allows the legs 66 of the trough to flex for convenience in
engaging the troughs in the support plates.

[0064] A more detailed view of a support plate 62 is shown in Figure 8, wherein
it 1s seen that the openings 64 in the plate have a generally V-shaped bottom
peripheral configuration that 1s complementary to the V-shaped configuration of
the troughs 50. The V-shaped edges 64a of opening 64 terminate at abutments
64b which form notches 64c¢ 1n the plate at the ends of the edges 64a. The top
edge 64d of the opening 64 1s slightly arched. This structure allows the flexible
V-shaped trough to be slightly bent so that its legs 66 approach one another
slightly and thus can be inserted longitudinally in openings 64. When the trough
1s properly positioned 1n the opening plate openings the notches 68, formed 1n its
legs 66 will snap into place beneath the notches 64c¢ 1n the plates. This
arrangement provides a cooperating means 1n the water system collector
assembly to hold the troughs in the support plates and to stabilize the plates

themselves.
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[0065] The slot and notch design of this system allows for assembly without
utilizing mechanical fasteners while maintaining the structural integrity of the
modules. It also provides for ease of removal.

[0066] In addition to facilitating assembly, this structure of the support plates
forms air passages through the plate above the troughs so that air can pass
between the support plates, even 1t a trough 1s filled with liquid, to insure uniform
lateral dispersion of air as it moves through the collector.

[0067] Referring to Figures 8 and 9, the ends 70 of the plates 62 have transverse
wall elements 72 formed thereon. These wall elements will abut one another
when a plurality of the water collector segments 60 are positioned in the housing,
as shown 1n Figure 7. In addition, as seen 1n Figures 5, 7 and 8, the edges 70 of
the support plates have partial openings 64 formed in them that are
complementary to a corresponding partial opening on an adjacent plate so that
when the plate ends abut they form a complete opening between them. By this
arrangement, when a V-shaped trough element 50 1s snapped into that opening,
the trough itself forms a connection between the two support plates and serves to
connect the collector segments 60 together. Although the 1llustrative
embodiment shows two such partial openings on each edge of the plate 62, the
number of such openings will depend on the size of the plate.

[0068] As seen in Figure 9, the bottom edge 74 of the support plate 62 has a thin,
offset wall 75 extending therefrom providing a support surtace 78 on bottom
edge 74 which can rest on the top edge of gutter wall 52a (Fig. 3) for support
thereon. In addition, if more than one layer of collection units 1s used, the units
can stack on one another with the support surface 78 resting on the upper edge 79
of plate 62.

[0069] Although the preferred embodiment of the invention utilizes V-shaped
troughs 50 as described above to provide liquid collection channels to lead the
collected liquid to the gutters, it should be understood that other convenient
shapes such as U-shaped troughs can be used as well. In addition although, as
illustrated in Figure 3 the opposed ends of the troughs are open to supply the
water to a pair of gutters, if desired, one end of the troughs can be closed so that

all of the liquid 1s supplied to a single gutter in the housing.
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[0070] Referring now to Figure 11, a schematic illustration of the array of the
troughs in the water collector 1s provided. As seen therein the air flowing from
the fans encounters the lower layer of troughs 50, passes through the gaps
between the troughs, and 1s diffused against the bottom of the troughs above
them. In addition, because openings 64 are formed in the plates 62 with a large
top portion above the troughs air can flow through the plates 62 to the opposite
side of the plate even if the trough 1s filled with water as 1llustrated schematically
in the upper right on Figure 11, and shown by arrows B. This diffusion pattern
occurs 1n and continues through the multiple layers of troughs so that at the top of
the water collector system the air 1s fully diffused laterally for uniform flow
through the cooling coil and thus uniform heat transfer. As also seen in Figure
11, troughs 50 1n each layer are laterally spaced from one another and offset
relative to the troughs in the layer above or below it. The space 78 between the
ends of the troughs in each layer 1s less than the width of the troughs themselves,
thus increasing the opportunity for the troughs to collect liquid flowing down
towards the fans as mist or droplets through the collector.

[0071] In one preferred embodiment the width between the legs of a single
trough 50 1s about 3 inches while the spacing between the ends of adjacent legs 1s
2 1nches.

[0072] It has been found that using five layers of troughs as shown in Figures
2-9 will collect substantially 100% of the water droplets which pass through the
heat exchanger return to the tank 34. If desired, however, more or less layers can
be utilized.

[0073] Of course it 1s to be understood that the uniform spacing of the troughs
described above 1s not mandatory. Indeed, depending upon the application or the
specific shape of the housing, it 1s within the scope of the invention to vary the
spacing between the troughs 1n order to direct air flow to specific areas. In
addition, varying the size of the openings between adjacent troughs will effect the
air velocity between the troughs. By varying the gap between them, air
distribution can be better balanced throughout the system. However, it 1s
important that the troughs remain overlapped, as described above, so that water

cannot escape to the fans.
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[0074] Figure 10 1llustrates a support plate structure similar to that previously
described, but using four layers of collecting troughs. In this case, the support
plate 62" has a somewhat different end configuration so that the edges of the plate
interdigitate and the transverse walls 72 on the end edges overlap to support one
another. These transverse walls can have snap fitting structures formed in them,
such as recessed U shaped forms that will receive and functionally engage the flat
opposed edges 72" of an adjacent plate to snap the adjacent plates together.
[0075] Figures 12 and 13 illustrate schematically another embodiment of the
present invention. In this case, rather than using individual troughs 50 as in the
prior embodiment, pairs of troughs 80 are provided, which are connected by an
integral web 82 extending vertically between their apexes. These structures
would snap into openings in the support plates corresponding to the openings 64
previously described. However the plates in this embodiment would include slots
33 extending between the openings 64 to accommodate the webs 82. In Figure
12 the plates and their openings are simply illustrated schematically. By
providing the troughs in pairs connected by the web 82, somewhat greater
rigidity 1s provided to the structure, yet air distribution through the support plates
1S maintained.

[0076] Referring again to Figure 8, the trough support plates include ribs 90
formed therein extending downwardly and away from the troughs toward the
troughs therebelow. It has been found that in the course of operation of a cooler
in accordance with the present invention the liquid from system 20 can condense
on the surfaces of the plates and move in a film downwardly along the support
plates. That condensation needs to be collected so as not to enter the fan area.
Accordingly, ribs 90 break up the condensation film as it moves downwardly and
directs 1t to the water collection trough immediately therebelow. Likewise,
condensation can form on the interior surfaces of the walls of the tower. Thus,
on the end walls 17 deflector plates 96 are provided, as seen in Figure 2, to direct
condensate moving down those walls into the troughs. On the sidewalls, as seen
in Figure 3, no such detlector plates are required because the condensate will

flow directing downwardly into the gutters.
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[0077] Referring now to Figure 4, the technology of the present invention 1s
equally adapted to use in evaporative coolers. In an evaporative cooler the liquid
1s passed countercurrent through an evaporative cooling media of well-known
construction forming a layer 100 in the housing 12 instead of through coil 24.
The evaporative cooling media can take many forms, and typically could be
cross-corrugated sheets of plastic material which form air passageways
therebetween through which the liquid and air pass countercurrently. The
moisture evaporates 1n the media as 1t contacts the air thereby cooling the air for
use 1n air-conditioning systems and the like.

[0078] As noted above, although the water collector system as illustrated and
described 1n connection with compact, transportable fluid coolers or cooling
towers with bottom fan system, the water collection structure may be used in
more conventional systems having conventional water sumps or basins below the
liquid cooler or fill media, e.g., with the systems of Patent Nos. 5,227,095 and
5,545,356 or others, while retaining 1ts superior air diffusion and dispersion
properties and advantages.

[0079] Referring now to Figures 14 and 15, a damper system 1s illustrated for
closing the gaps between the troughs 50 in the lower layer of the water collector
system to prevent any liquid dripping down through the water collector from the
water distribution system from entering the fans therebelow. In the embodiment
illustrated 1in Figures 14 and 15, a small trough-like damper 110 1s provided in
each gap between troughs 50 in the lower layer. The damper 110 has a length
corresponding to the length of troughs 50 and has a generally M shape with small
outer legs that sit on the upper edges of the legs of each trough. These dampers
are lightweight plastic members and will move upwardly, under the influence of
air pressure when the fans are on, to the position shown in Figure 15 and be held
against the bottom surfaces of the troughs thereabove. When the fans are turned
off, these dampers will settle down onto the top edges of the troughs in the lower
level. These dampers may be free-floating, although, if preferred, they could
have guide pins formed therein engaging in slots formed in the support plates to
guide their vertical movement from the closed position shown in Figure 14 to the

open position shown in Figure 13.



CA 02752644 2011-08-15

WO 2010/110980 PCT/US2010/024929
18

[0080] In an alternative arrangement, as shown in Figures 16a and 16b, the
dampers 110 may be formed integrally with the troughs using a live hinge 112 or
other convenient pivoting mechanism as would occur to those skilled 1n the art.
In this case, the dampers are formed of a pair of elongated plates 111 connected
to the point of the V shaped troughs in the next to lowest layer of troughs. Each
plate 111 1s connected thereto by an integral live hinge 112 as shown on two of
the troughs or by a suitable mechanical hinge consisting of a pivot rod formed at
the point of the V which 1s engaged by partly cylindrical hinges 115 which allow
the damper plates 111 to pivot on the rod. With either of these arrangements
when the fans are off the dampers would fall by gravity to the position shown in
solid lines 1n Figure 16a, and when the fans are on the dampers would be moved
to the dotted line position under the influence of the forced air. As would be
understood by those skilled 1n the art, the dampers would be formed on the
troughs in segments, between the notches 68 described above, so that the troughs
can be seated 1n the support plates. In addition the pivoting damper panels can be
held in the open position of Figure 16b while the trough 1s being installed in the
support plates so as not to interfere with installation. Moreover, the dampers of
either Figure 15 or Figure 16 will not interfere with the improved air dispersion
provided by the collector system of the invention as described above.

[0081] The use of dampers in the present invention 1s advantageous not only
because it keeps liquid out of the fans and avoids corrosion, but keeps the water
out in freezing conditions as well, which could create a hazard and damage to the
fans.

[0082] In certain applications (whether the fans are on or off) it 1s conceivable
that moisture might condense on the outer surtaces of the troughs or that droplets
impinging on the edges of the troughs might migrate to those outer surfaces by
surface tension or otherwise. Such liquid would tend to migrate along those
surfaces and fall into the trough therebelow. Should that occur on the lowest
layer of troughs, liquid droplets may then fall onto the fans.

[0083] To overcome this potential occurrence, the liquid collector system shown
in Figures 20-22 may be used. In this embodiment the support plates 62 have

openings 64 formed therein as described above. In addition, these openings have
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vertical slots 64e formed therein where the edges 64a of the opening meet. A
small V shaped slot 641 1s also formed 1n the plate at the lower end of each slot
64e.

[0084] The slots 64e and 641 are formed to accommodate and receive a trough
extension 67 which has a vertical leg 67a and a small V shaped trough 67b
formed at its end. Liquid condensing or migrating on the outer surfaces ot such
troughs will be captured in the smaller troughs 67b. Of course, it 1s to be
understood that the troughs 67b are essentially the same length as troughs 66 to
carry liquid collected therein to the tower’s gutters.

[0085] The trough 66 with extension 67 is received in openings 64 and slots 64¢
and 641 as shown in Figure 22. In that Figure only part of the plate 62 1s shown,
with one trough 66 1n place for clarity. To assemble the system the trough 1s
ouided into the openings 64 in the support plates 62 as described above while the
trough extension 1s simultaneously guided into slots 64¢ and 64, until the slots 68
align with the support plates and are snapped 1n place.

[0086] In principle only the lower layer of troughs in the support plates should
require these extensions 67 since any liquid on the outer surfaces of the upper
troughs should be collected 1n the trough below 1t and carried to the gutters as
described above. Any residual liquid on the outer surtfaces of the lower layer of
gutters would then be collected by the small troughs 67b and carried to the
gutters as well. However, 1n order to remove such liquid from the air stream as
quickly as possible, it 1s preferred that all trough layers 1n the collection system
include troughs having extensions 67.

[0087] Figures 17 - 19 illustrate the water collection tank 34 in greater detail. In
a typical application for use 1n a direct forced draft fluid cooler or closed loop
cooling tower, as described above, this tank 1s formed to be relatively small
compared to prior art devices. This 1s because 1n such systems the water never
leaves the fluid cooler and is recirculated from the tank to the spray heads and
back again. This 1s as distinguished from cooling towers where the water 1s used
outside the system for cooling before being returned.

[0088] A water collection tank of the present invention for use with a fluid

cooler typically would hold approximately 90 gallons of fluid for the entire
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system. As discussed above, and as seen 1n Figures 17-19, the tank has a tapered
bottom 35 either formed by four tapering generally triangular walls or as a
conical shape so that all of the liquid 1s directed to the bottom outlet. By this
construction, the sediment and the like that 1s collected in the operating liquid
will settle in the tank into the tapered bottom and can be readily flushed from the
system as necessary through drain 120. In addition, because the tank 1s located
exteriorly of the housing, and has a simple removable top 41, there 1s easy access
to the tank for cleaning. Still further, because the tank 1s located higher than the
pump, and due to the location of the outlet 39, the pump will remain primed, and
the head required for operation 1s less than in prior systems, thereby requiring a
smaller pump for operation.

[0089] As described above, the system of the present invention provides a
number of major improvements. The liquid collection system collects all of the
downcoming water, but also directs and diffuses the uptlowing air so that all the
fill media gets substantially equal air flow across the entire surtface of the heat
exchanger or fill media. This enhances more efficient air to water mixtures
which increases performance of the system. In addition, the design of the water
collectors provides a significant pressure drop across the collector panels, as
compared to existing technology. The reduced pressure drop also increases
thermal performance of the cooling tower. Moreover, the water collector system
1s relatively simple and economical to manufacture.

[0090] Although the invention has been described herein with reference to the
specific embodiments shown in the drawings, 1t 1s to be understood that the
invention 1s not limited to such precise embodiments and that various changes
and modifications may be effected therein without departing from the scope or

spirit of the invention.
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AMENDED CLAIMS
received by the International Bureau on 04 July 2010 (04.07.2010)

WHAT IS CLAIMED IS:

1. A direct forced draft fluid cooler comprising a housing, heat exchanger
means in said housing for containing a first liquid to be cooled for use outside the
tluid cooler, liquid distribution means located above said heat exchanger means for
distributing a second liquid on said heat exchanger means so that said second
liquid gravitates downwardly through said heat exchanger means; fan means
located below and beneath said heat exchanger means for blowing air directly
upwardly through the heat exchanger means to cause evaporative cooling ot said
second liquid thereby to cool the first liquid in the heat exchanger means;

a water collection and air diffuser means in said housing below the heat
exchanger means including a plurality of layers of separate water troughs for
collecting the second liquid falling from said heat exchanger means, said troughs in
cach of said layers being spaced laterally from each other to provide air passages
between them and being laterally offset from the troughs 1n the layers above or
below 1t whereby said troughs capture substantially all of the downflowing second
liquid 1n the tower and produce a uniform diffusion of upwardly flowing air
leaving the water collection and air diffuser means and entering said heat
exchanger;

said troughs each having at least one open end; and gutter means 1n said
housing for receiving said second liquid from the at least one open end of the

troughs.

2. The apparatus as defined 1in Claim 1 including an external liquid collecting
tank means adjacent said housing for receiving said second liquid from said gutter

IMCcans.

3. The apparatus as defined in Claim 2 wherein said tank means 1s located

laterally of said fans.

AMENDED SHEET (ARTICLE 19)
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4. The apparatus as defined in Claim 3 including pump means connected to
said tank means and to said liquid distribution means for pumping said second

liquid from the tank means to the liquid distribution means.

d. The apparatus as defined in Claim 4 including means for connecting said
pump means to said tank means for conveying said second liquid from the tank
means to the pump means; said connecting means having a first end connected to
the tank means and a second end connected to the pump means at a lower elevation

than said first end.

0. The apparatus as defined in Claim 4 or Claim 5 wherein said tank means
has a tapered bottom 1ncluding a drain hole located at a lower level than the

connection of said tank means to the pump means.

7. An apparatus as defined in Claim 1 wherein said water collection means
includes at least a pair of trough support plate structures having openings therein
for receiving said troughs; said plate structures being longitudinally spaced from

cach other along the lengths of the troughs.

3. An apparatus as defined in Claim 7 therethrough wherein said openings are
sufficiently large to allow air to pass from one side of the plate structure to the

other even when a trough 1s filled with liquid.

9. An apparatus as defined in Claim 7 wherein said troughs and plate
structures have cooperating means formed thereon for securing the troughs in said

openings.

10. An apparatus as defined in Claim 7, 8 or Y wherein said troughs extend
generally parallel to each other 1n said layers with the maximum lateral spacing

between troughs being less than the maximum width of an individual trough.

AMENDED SHEET (ARTICLE 19)
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11. An apparatus as defined in Claim 10 wherein said troughs are V-shaped in

transverse Cross-section.

12. An apparatus as defined in Claim 10 wherein said troughs are U-shaped in

fransverse cross-section.

13. An apparatus as defined 1in Claims 7, 8 or 9 including means associated

with at least one of the lower layers of said troughs for closing the space between
adjacent troughs 1n said at least one of said layers when the at least one fan 1s off
and for opening those spaces when the fans are on in response to air flow caused

by the at least one fan.

14. An apparatus as defined in Claim 7, 8 or 9 wherein said support plate
structures include surface rib means adjacent the openings therein positioned for
directing any of said second liquid on the plate structure to the layer of troughs

therebelow.

15. An apparatus as defined in Claim 7 wherein said support plate structures
cach comprise at least two plate elements of substantially 1dentical shape having
opposed ends adapted to abut one another and means for securing said abutting

ends together.

16. An apparatus as defined in Claims 8 or 9 wherein said support plate
structures each comprise at least two plate elements having opposed ends adapted
to abut one another, said opposed ends each having cutout portions formed therein
which, together, when said ends are abutting form an opening for a trough and said
cooperating means on said trough and plates secure a trough therein and the

abutting plates together.

17. An apparatus as defined in Claim 16 where said plate structures each have

at least one pair of said cutout portions formed therein.

AMENDED SHEET (ARTICLE 19)
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18. A direct forced draft fluid cooler comprising a housing, heat exchanger
means 1n said housing for containing a first liquid to be cooled for use outside the
tluid cooler, liquid distribution means located above said heat exchanger means for
distributing a second liquid on said heat exchanger means so that said second
liquid gravitates downwardly through said heat exchanger means; fan means
located below and beneath said heat exchanger means for blowing air directly
upwardly through the heat exchanger means to cause evaporative cooling of said
second liquid thereby to cool the first liquid 1n the heat exchanger;

a water collection and air diffuser means 1n said housing below the heat
exchanger means including a plurality of layers of separate water troughs for
collecting the second liquid falling from said heat exchanger means, said troughs in
cach of said layers being spaced laterally from each other to provide air passages
between them and being laterally offset from the troughs in the layers above or
below 1t whereby said troughs capture substantially all of the downwardly flowing
second liquid 1n the tower and produce a uniform diffusion of upwardly flowing air
leaving said water collection and air diffuser means and entering said heat
exchanger;

said troughs each having at least one open end; gutter means in said
housing for receiving said second liquid from the at least one open end of the
troughs; an external liquid collecting tank means adjacent said housing for
recerving said second liquid from said gutter means; and pump means connected to
said tank and to said liquid distribution means for pumping said second liquid from

the tank to the liquid distribution means.

19. The apparatus as defined 1in Claim 18 wherein said tank is adopted to

contain about 90 gallons of said second liquid.

20). The apparatus as defined in Claim 18 wherein said troughs have two open
ends located at the longitudinal ends thereof and said gutter means includes two
gutters respectively associated with the ends of the troughs for receiving said

second liquid from the troughs and supplying it to said tank.

AMENDED SHEET (ARTICLE 19)
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21. The apparatus as defined 1in Claim 18 or Claim 20 wherein said tank has a
tapered bottom including a drain hole located at a lower level than the connection

of said tank to the pump.

22. An apparatus as defined 1in Claim 18 wherein said water collection means
includes a pair of trough support plate structures having openings therein for
recelving said troughs; said support plate structures being longitudinally spaced
from each other along the lengths of the troughs, and said troughs and support plate
structures have cooperating means formed thereon for securing the troughs in said

openings.

23. An apparatus as defined in Claim 18 therethrough wherein said openings
are sufficiently large to allow air to pass from one side of the plate structure to the

other even when a trough 1s filled with liquid.

24, An apparatus as defined 1in Claim 22 or Claim 23 wherein said troughs
extend generally parallel to each other 1n said layers with the maximum lateral

spacing between troughs being less than the maximum width of the troughs.

25. An apparatus as defined in Claim 22 or Claim 23 wherein said troughs are

V shaped 1n transverse cross-section.

26. An apparatus as defined in Claim 22 or Claim 23 wherein said troughs are

U shaped 1n traverse cross-section.

27. An apparatus as defined 1in Claim 25 wherein said openings in said support
plate structures have edge portions generally complementary to the surfaces of the

troughs they receive.

23. An apparatus as defined 1in Claim 25 wherein troughs in alternate layers of

the water collecting means are vertically aligned.

AMENDED SHEET (ARTICLE 19)
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29. An apparatus as defined in Claim 28 wherein said vertically aligned troughs

are connected by a vertically extending web therebetween.

30. An apparatus as defined 1n Claim 28 including means associated with at
least one of the lower layers of said troughs for closing the space between adjacent
troughs 1n said at least one layer when the fan means 1s off and for opening those

spaces when the fan means 1s on 1n response to air flow caused by the fan means.

31. An apparatus as detined in Claim 25 wherein said support plate structures
include surface rib means adjacent the opening therein positioned to direct any of

said second liquid on the plate to the layer of troughs therebelow.

32. An apparatus as defined 1in Claim 26 wherein said support plate structures
include surface rib means adjacent the opening therein positioned to direct any of

said second liquid on the plate to the layer of troughs therebelow.

33. An apparatus as defined 1in Claim 25 wherein said support plate structures
ecach comprise at least two plate elements of substantially identical shape having
opposed ends adapted to abut one another and means for securing said abutting

ends together.

34. An apparatus as defined 1in Claim 25 wherein said support plate structures
cach comprise at least two plate elements having opposed ends adapted to abut one
another, said opposed ends each having cutout portions formed therein which,
together, when said ends are abutting form an opening for a trough and said
cooperating means on said trough and plates secure a trough therein and the

abutting plates together.

33. An apparatus as defined in Claim 34 wherein said plate elements each have

at least one pair of said cutout portions formed therein.

AMENDED SHEET (ARTICLE 19)
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36. A water collector and air diffusing device for use 1n cooling towers and
fluid coolers comprising a plurality of layers containing a plurality of
longitudinally extending separate troughs for collecting liquid falling from above
the troughs, said troughs in said layers being spaced laterally from each other to
provide air passages between them and being laterally offset from the troughs
above or below them with the troughs 1n at least some alternate layers being in
generally vertical alignment with one another; said troughs each having at least one
open end; and at least a pair of trough support plate structures having openings
therein for recerving said troughs; said support plate structures being longitudinally
spaced from each other along the lengths of the troughs and said troughs being
removably mounted 1n said openings, whereby said troughs capture substantially
all of the liquid falling from above the troughs and diffuse air uniformly when

leaving the device.

37. An apparatus as defined in Claim 36 wherein said trough and support plate
structures have cooperating means formed thereon for removably securing the

troughs 1n said openings.

38. An apparatus as defined 1in Claim 37 therethrough wherein said openings
are sufficiently large to allow air to pass from one side of the plate structure to the

other even when a trough 1s filled with liquid.

39. An apparatus as defined in Claim 37 or Claim 38 wherein said troughs
extend generally parallel to each other 1n said layers with the maximum lateral

spacing between troughs being less than the maximum width of the troughs.

40). An apparatus as defined in Claim 39 wherein said troughs are V-shaped 1n

fransverse cross-section.

41. An apparatus as defined 1in Claim 39 wherein said troughs are U-shaped in

fransverse Cross-section.

AMENDED SHEET (ARTICLE 19)
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42, An apparatus as detined in Claims 36, 37, or 38 including means associated
with at least the lower layer of said troughs for closing the space between adjacent

troughs 1n response to air flow between the troughs.

43. An apparatus as defined in Claims 36, 37, or Claim 38 wherein said support
plate structures include surface rib means adjacent the openings therein positioned

to direct any of liquid on the plate to the layer of troughs therebelow.

44 An apparatus as defined 1n Claims 36, 37, or Claim 38 wherein said support
plate structures each comprise at least two plate elements of substantially 1dentical
shape having opposed ends adapted to abut one another and means for securing

said abutting ends together.

45. An apparatus as defined 1n Claims 36, 37, or Claim 38 wherein said support
plate structures each comprise at least two plate elements having opposed ends
adapted to abut one another, said opposed ends each having cutout portions formed
therein which, together, when said ends are abutting, form an opening for a trough
and said cooperating means on said trough and plates secure a trough therein and

the abutting plates together.

46. An apparatus as defined 1in Claim 45 where said plate elements each have at

least one pair of said cutout portions formed therein.

47. A compact cooling tower comprising a housing, an evaporative cooling pad
mounted 1n said housing, liquid distribution means located above said evaporative
cooling pad for distributing a liquid on said evaporative cooling pad so that said
liquid gravitates downwardly through said evaporative cooling pad; fan means
located below and beneath said evaporative cooling pad for blowing air directly
upwardly through the evaporative cooling pad thereby to cool said air;

a water collection and air diffuser means in said housing below the

evaporative cooling pad including a plurality of layers of separate liquid collecting
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troughs for collecting the liquid falling from said evaporative cooling pad, said
troughs 1n each of said layers being spaced laterally from each other to provide air
passages between them and being laterally otfset from the troughs 1n layers of
troughs above or below 1t whereby said troughs capture substantially all of the
downtlowing liquid 1n the tower and produce a uniform diffusion of upwardly
tflowing air leaving the water collection and air diffusion means and entering said
heat exchanger;

said troughs each having at least one open end; and gutter means 1n said

housing for receiving said liquid from the at least one open end of the troughs.

43. The apparatus as defined 1n Claim 47 including an external liquid collecting

tank means adjacent said housing for receiving said liquid from said gutter means.

49. The apparatus as defined 1in Claim 48 wherein said tank means 1s located

laterally of said fans.

S0. The apparatus as defined 1in Claim 49 including pump means connected to
said tank means and to said liquid distribution means for pumping said liquid from

the tank means to the liquid distribution means.

S1. The apparatus as defined 1in Claim 50 including means for connecting said
pump means to said tank means for conveying said liquid from the tank means to
the pump; said connecting means having a first end connected to the tank means

and a second end connected to the pump means at a lower elevation than said first

end.

S2. The apparatus as defined 1in Claim 50 or Claim 51 wherein said tank means
has a tapered bottom including a drain hole located at a lower level than the

connection of said tank means to the pump means.
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53. An apparatus as defined in Claim 47 wherein said water collection means
includes at least a pair of trough support plate structures having openings therein
for receiving said troughs; said plate structures being longitudinally spaced from

cach other along the length of the troughs.

4. An apparatus as defined 1in Claim 53 wherein said troughs and plate

structures have cooperating means formed thereon for securing the troughs in said

openings.

S53. An apparatus as defined 1in Claim 54 therethrough wherein said openings
are sufficiently large to allow air to pass from one side of the plate structure to the

other even when a trough 1s filled with liquid.

S6. An apparatus as defined in Claim 53 or Claim 54 wherein said troughs
extend generally parallel to each other 1n said layers with the maximums spacing

between troughs being less than the maximum width of an individual trough.

S7. An apparatus as defined 1in Claim 56 wherein said troughs are V shaped in

transverse Cross-section.

3. An apparatus as defined 1in Claim 56 wherein said troughs are U shaped in

fransverse cross-section.

59. An apparatus as defined in Claims 53, 54, or 55 including means associated
with at least one of the lower layers of troughs for closing the space between
adjacent troughs 1n said at least one layer when the at least one fan 1s off and for
opening those spaces when the fans are on in response to air flow caused by the at

least one fan.

60. An apparatus as detined in Claims 53, 54, or 55 wherein said support plate

structures include surface rib means adjacent the openings therein positioned for
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directing any of said liquid on the plate structure to the layer of troughs

therebelow.

61. An apparatus as defined in Claim 53 wherein said support plate structures
cach comprise at least two plate elements of substantially identical shape having
opposed ends adapted to abut one another and means for securing said abutting

ends together.

62. An apparatus as defined 1in Claims 53, 54, or 55 wherein said support plate
structures each comprise at least two plate elements having opposed ends adapted
to abut one another, said opposed ends each having cut out portions formed therein
which, together, when said ends are abutting form an opening for a trough and said
cooperating means on said trough and plates secure a trough therein and the

abutting plates together.

63. An apparatus as detined 1in Claim 62 wherein said plate structures each

have at least one pair of said cut out portions tormed therein.

64. The apparatus as defined in Claim 7 wherein the troughs 1n at least the
lower layer of troughs include a main trough and means for collecting liquid
moving downwardly on the outer surtaces of the main trough and conducting such

liquid to said gutter means.

63. The apparatus as defined in claim 64 wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough.

66. The apparatus as defined in Claim 64 wherein all troughs 1n all layers

thereof 1nclude said means for collecting liquid.

67. The apparatus as defined 1in Claim 22 wherein the troughs in at least the

lower layer of troughs include a main trough and means for collecting liquid
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moving downwardly on the outer surtaces of the main trough and conducting such

liquid to said gutter means.

63. The apparatus as defined in Claim 67 wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough.

69. The apparatus as defined in Claim 67 wherein all troughs 1n all layers

thereof 1nclude said means for collecting liquid.

70. The apparatus as defined in Claim 37 wherein the troughs 1n at least the
lower layer of troughs include a main trough and means for collecting liquid
moving downwardly on the outer surtaces of the main trough and conducting such

liquid to said gutter means.

71. The apparatus as defined in Claim 70 wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough.

72. The apparatus as defined in Claim 70 wherein all troughs 1n all layers

thereof include said means for collecting liquid.

73. The apparatus as defined in Claim 47 wherein the troughs 1n at least the
lower layer of troughs include a main trough and means for collecting liquid
moving downwardly on the outer surtaces of the main trough and conducting such

liquid to said gutter means.

74. The apparatus as defined in Claim 73 wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough.
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73. The apparatus as defined in Claim 64 wherein all troughs 1n all layers

thereof include said means for collecting liquid.
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