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Abstract

A water cooling tower having an improved water collection system. The cooling

‘tower has an outer shell, legs, and one or more layers of fill material, through which the

~ water to be cooled moves vertically downward. The water is distributed across the upper

surface of the fill material by piping and nozzles. A fan underlying the fill material

moves air vertically upward through the fill material. The water collection system, which

is positioned below the fill material, has upper and lower troughs which receive water
flowing vertically downward through the fill material. Preferably, the lower troughs are

positioned beneath the spaces between upper troughs, to catch water falling between the

upper troughs. A number of hinged baffles close off the spaces between lower trougfls,

but rotate upward in response to upward air flow and open the spaces between the lower

troughs.
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Patent Application '
of
David Alan Ferree and Billy Wayne Childers, Jr.

for
Cooling Tower

Cross Reference to Related Applications

This regular patent application claims priofity to United States prOvisional patent
application serial no. 61/236901, filed August 26, 2009, for all purposés.
Background - Field of the Invention

This invention fCl&t@S to cooling towers, used for the cooling of water 1n various

systems. More particularly, this invention relates to a cooling tower, which may be a
transportable cooling tower, having an improved water collection system.

Background — Description of Related Art

Generally, cooling towers in the relevant field have a tower shell which holds

- vartous other components (described below); legs which position the cooling tower shell

_ at a desired elevation above a datum surface (typically the ground or a pad), and which

' preferably permit tr'anspoﬁation of the cooling tower by truck ‘(for example, legs which

retract, fold, are removable, or any combination thereof); a means fqr moving air through
the cooling tower, typically one or more fans located at the éir inlet or discharge which
draw or force air upwardly through the cooling tower through one or more 1ayers of
cooling tower fill, positioned above an air inlet area such that air tlows upward and
counter to downwardly flowing watcf; ameans for distributing watér across the upper

surface of the fill material, namely a water distribution system above the fill, generally
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comprising piping including a water supply header, lateral lines, and multiple nozzles to
distribute water across the top of the fill surface; and drift eliminators above the water

distribution system which minimize the amount of water droplets which are blown out of

the unit by the upward air flow.
5 A key structural and functional element of the cooling tower of the present

invention 1s a water collecﬁon system which allows air to pass upwardly through the
water collection system while collecting water that falls into it, so that the water can be
gravity drained or pumped out for cycling through the system. A further key aspect of
the present invention is a cooliﬁg tower having a water collection system which gives rise
10 té a number of fabrication and operational advantages over the known existing designs.

~ Brief Description of the Drawings
Fig. 1 1s an isometric view of an exemplary cooling tower.

Fig. 2 is a side view in partial cross section of a cooling tower of the present

invention, showing further structural detail of the various cooling tower components and

15  detail of the water collection system.

- Fig. 3 is a detailed view of various components of the water collection system of

the present invention, shown in cross section view from one side of the cooling tower.

Fig. 4 1s another detailed view of the water collection system of the present
invention, including arrows showing the directions of water and air flow through the
20  system. -
Fig. 5 is a view of an end bracket.
Fig.61sa viefv of an end bracket in place on the cooling tower, hol.ding various

elements of the water collection system in place.
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Fig. 7 is a side view of another embodiment of the present invention, comprising

only a single layer of water collection troughs.
Detailed Description of Some of the Presently Preferred Embodi
Cooling tower shell, legs, water distribution system, and means for moving air

By way of background: Fig. 1 shows an isometric view of a water cooling tower

10 of the present invention. For convenience in describing the invention, water cooling

tower 10 has a length L and a width W, both indicated on Fig. 1. .F‘ig. 2 1s a side view of

water cooling tower 10 in further detail. With reference to those two drawings, an outer
shell 20 encloses various elements of the cooling tower as previousiy described. Legs 30
elevate the structure to a desired height above é base. In the preferred embodiment, legs
30 are of a configuration that permits folding, telescoping or otherwise moving the legs
s0 as to make the cooling tower more compact, for ease in transportation. One or more -
layers of cooling tower fill material, referred to as fill 55, as positioned within outer shell
20. Fill 55 may be of various forms well known in the relevant art, and provides a large
surface area for heat exéhange with the water flowing through tt.

A means for distributing water across an upper surface of fill 55 is provided. In

the preferred embodiment, the means for distributing water comprises piping 40 which

delivers water to nozzles 50 positioned over one or more layers of cooling tower fill 55.

Nozzles 50 may be of different configurations well known in the art, and spray water

downwardly over the top surface of the fill 55, preferably over most of the horizontal

surface area of fill 55. A drift eliminator 56 (which may comprise a screen-type

structure, or other structure known in the art) is disposed above nozzles 50, which (as
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earlier described) serves to catch water spray which 1s driven upward by air flow, past

nozzles 50.
While the present invention may have applicability to a number of different types
of cooling towers, the present invention has particular applicability to counterflow

cooling towers (where the water and the air are moving in opposite directions — namely,

the water moving vertically downward, the air moving vertically upward). As is well

known in the art, cooling towers (other than “natural draft” cooling towers, which do not

employ a fan to move air) have a means for moving air through the cooling tower fill.

Air 1s drawn (in “induced draft” cooling towers, with the fan positioned above the fill) or

- blown (in “forced draft” cooling towers, with the fan positioned below or perpendicular

to the fill). In the present embodiment air is blown upwardly through the cooling water

collection system, designated generally as element 60, and through the fill 55, by the
means for moving air vertically upward through the cooling tower and fill 55 therein,
which in the preferred embodiment comprises one or more fans 200, as shown in Fig. 2.

It is understood that the means for moving air through the cooling tower comprises fans

positioned below, above, or to the side of the cooling tower, or any combination thereof.

As is known in the prior art and as previously described, the water sprayed over

fill 55 moves via gravity downward through fill 55 to water collection system 60, where

it is then drained into a basin to be drained or pumped out for cycling through a system.

Referring to Fig. 2, which is a side view of a cooling tower in partial cross
section, various elements of the cooling tower including a portion of the water collection
system can be seen in further detail. The various components of the water collection

system (shown in more detail in Figs. 3 and 4 and described in detail below) are held in
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place via end brackets 70 as shown in Figs. 5 and 6. As annotated in Fig. 6 for clarity,
end brackets 70 are in place over only a portion of the collectors, allowing water to drain

from the ends of the troughs (which are described in more detail below).

The water collection system

Fig. 3 and 4 show one embodiment of various components of the water collection

system 1n greater detail. It is understood that Figs. 3 and 4 show a cross section from the

same direction as Fig. 2. Generally, water collection system 60, disposed below fill 55,

comprises a plurality of elongated, spaced apart upper troughs 90 and a plurality of
elongated, spaced apart lower troughs 95, underlying upper troughs 90. Upper and lower

troughs 90 and 95 are positioned so as to run substantially across the width of cooling
tower 10. The particular cross section shape (whether a V-shaped cross section, or one
with more squared-off or rounded edges) and dimensions of the troughs may be varied to
suit water capacity and manufacturing considerations; it is understood that the trough

opening faces upward, as shown in the figures. In the preferred embodiment, the troughs

are positioned so that a lower trough underlies the space between each upper trough, as
shown in the figures. The preferred embodiment may also comprise one or more upper
supports 210, which generally span the width of cooling tower shell 20. Upper supports

210 serve to provide support for the fill 55 (and generally structural support for cooling

tower 10), and may also serve as a guide for water flowing vertically downward.

Depending upon structural requirements, an upper support 210 may be positioned above

each of upper troughs 90, as shown.

In the embodiment shown in Figs. 3 and 4, upper supports 210 have a cross

section shape generally resembling an I-beam. It is understood, however, that upper
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supports may have a variety of cross section shapes, for example a generally inverted V-

shape, rectangular, square, etc.

For clarity, Figs. 3 and 4 are cross section views of the troughs, bafﬂ.es, etc.,
without end bracket 70 in place; Fig. 5 is a view of end bracket 70 alone, to better show
its shape; and Fig. 6 is an end view with end bracket 70 in place, holding troughs’, etc. in
position.

Water not collected by upper troughs 90 is collected by bottom troughs 95. '

Typical water flow paths (along with typical air flow paths) are shown in Fig. 4, where

- water cascades into the upper and lower troughs 90 and 95. As previously noted, it is

understood that upper and lower troughs 90 and 95 run across the width of the cooling

tower, substantially spanning the width of cooling tower 10, and are held in place by end
brackets 70. Depending upon the dimensions of cooling tower 10, additional brackets
simflar in shape to end brackets 70 may be .\pos'itioned as needed between the end
brackets. Troughs 90 and 95 drain into basins (not shown) that tyeically run the length of

both sides of cooling tower 10, where the water is diverted into a drain. From there the

water can be drained or pumped out as desired for cycling through the system.

In a presently preferred embodiment, water collection system 60 further

cemprises a plurality of elongated, hinged baffles 100 which are attached below upper

troughs 90, as seen in Figs. 3 and 4. As shoWn, bafiles 100 are hinged so that if no air is

‘moving upward through a particular part of water collection system 60, baffles 100

remain in a first position, rotated downwardly by their weight and closing the space

between adjacent bottom troughs. This baffle position can be seen on the leftmost -

trough/baffle combination in Figs. 3 and 4. As air begins moving upward past a set of

P dnm p —— e — ok an s ] bl A
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baffles, baffles 100 are moved by the force of the air through the intermediate position

shown in the middle trough/battle bombination mn Figs. 3 and 4, to an upper position as
can be seen in the rightmost trough/batfle combinétions in Figs. 3 and 4, where baftle
100 may rotate S0 as to contact the bottom of troughs 90. The baffle system helps to
minimize the amount of water which may fall through the spaces adjacent bottom troughs
95, rather than into a bottom trough 95, in any portion of the water collection system 60
through which air is not moving. ‘

The preferred embodiment of water collection system 60 may additionally
COMmMpIise one or more generally vertically disposed dividers 110, disposed above lower
troughs 95, as shown in Figs. 3 and 4. In the embodiment shown, dividers 110 are

positioned above each of the lower troughs 95, but it is understood that dividers 110 may

or may not be in any or all lower troughs.

Another possible embodiment of the invention
Another possible embodiment of the invention is shown in Fig. 7. This
embodiment shares certain elements with the previously disclosed embodiment, but has

only a single layer of troughs. In this embodiment, a single layer of troughs 120 as

shown in Fig. 7 is disposed below fill 55. Water guide members 125 are positioned

above troughs 120. Water guide members may have a generally inverted V cross section
shape, a rectangular cross section shape, or other suitable shape. Baftles 100 are

disposed between water guide members 125 and troughs 120." As in the previously

described embodiments, baffles 100 rotate in response to air flow; in the position shown

in the two rightmost trough sets of Fig. 7, where no air is moving vertically upward

~ through the water collection system, baftles 100 rotate downward and cover the spaces

L ¥ ' Y SR —————— P oA -
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between troughs 120. When air flow 1s present, as in the two leftmost trough‘ sets of Fig.

7, baffles 100 rotate upward, and uncover the spaces between troughs 120. Itis

- understood that the presence of vertically upward airflow prevents water from flowing

through the spaces between the troughs.

Materials and fabrication

Materials suitable for fabrication of the present invention include metals of

different types, and non-metals such as plastics, fiberglass ,etc. In particular, while the

scope of the invention encompasses any suitable materials, many of the components can
be made of reinforced fiberglass or similar materials, which provide a high strength at

relatively low weight. The various components may be formed by different ppocesses,

including molding, extrusion, or other methods known in the art.

Fabrication of the cooling tower and components thereof are by means well

;knbwn in the relevant art, including but not limited to the use of metal fasteners,

adhesives, etc.
Conclusion
While the foregoing description sets forth a number of details associated with a

presently preferred embodiment, it is understood that the scope of the invention is not

limited to these examples. Various aspects for the cooling tower may be modified yet

still fall within the scope of the invention, for example, dimensions may be modified to

suit particular applications, different materials may by used in fabrication, multiple units

maybe be used to provide needed cooling capacity, etc. While the described

‘embodiments comprise one or two levels of troughs (upper and lower), it is understood
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that more than two levels of troughs, namely three or more, could be used within the

scope of the invention.

Therefore, the scope of the invention is not limited by the illustrative
embodiments shown herein, but by the scope of the appended claims and their legal

equivalents.
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We claim:
1. A cooling tower for the cpoling of water, comprising;:
an outer éhell having a plurality of legé attached thereto, said outer shell having a
length and a width;
5 . a volume of fill material disposed within said outer shell, for passage of water
vertically downward therethrough;

a means for distributing water across an upper surface of said fill material;

a means for moving air vertically upward through said fill material; and
‘a water colle(:tidn system disposed below S:':lid fill material, comprising:
10 | a plurality of upper troughs substantially spanning said width of said outer
shell; and ‘

a plurality of lower trou ghs' substantially spanning said width of said outer
shell, disposed below said upper troughs and substantially parallel to said upper
troughs. |

15 | 2. The cooling tower of Claim 1, further comprising a plura'lity' of elongated hinged
- baffles disposed substantially parallel to said upper and lower troughs and movable

~ between a first position wherein said baffles cover a space between adjacent lower

‘troughs, and a second position wherein said baffles are rotated upward to uncover said

space.

. 20 3. The cooiing tower of Claim 2, further domprising one or more elongated dividers

v positioned above said lower troughs and substantially parallel to said lower troughs.
4, The cooling tower of Claim 3, further comprising one or more upper supports

disposed above said upper troughs and substantially parallel to said upper troughs.

10
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5. The cooling tower of Claim 4, wherein said upper supports have a generally

rectangular cross section shape.

6. The cooling tower of Claim 4, wherein said upper sUpports have a generally

inverted V cross section shape.
7. The cooling tower of Claim 2, wherein said means for moving air vertically
upward through said fill comprises one or more fans positioned below said fill.

8. The cooling tower of Claim 2, wherein said means for moving air vertically

' upward through said fill comprises one or more fans positioned above said fill.

9. The cooling tower of Claim 2, further comprising a drift eliminator positioned

above said fill material.
10. A wafer collection system for a cooling tower, wherei_n said cooling towei' has a
width and a length, comprising:

a plurality 0f elongated, Spaced aémt_ upper troughs sﬁbstantially spa'nhing Said -
width; | ‘

a plurality of elongated, spaced apart lower troughs substantially spanning said

width and diSposed below said upper troughs and substantially parallel to said upper

troughs, said lower troughs positioned so that a lower trough underlies the space between

each two adjacent upper troughs; and

a plurality 6f elongated Bafﬂes disﬁosed-between said upper and lower troughs
and movable bétwee‘n;a first position wherein said baffles cover the spaces bemeen
adjacent lower troughs, and a second posiﬁon wherein said Bafﬂes are rptated upward to

uncover said spaces.

11
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11.  The water collection system of Claim 10, further comprising one or more

elongated vertical dividers, posit.ibned above and aligned with said lower troughs.

12.  The water collection system of Claim 11, further comprising one or more
elorigated'upper supports, positioned above and aligned with said upper troughs.

13. The water éollection system of Claim 12, wherein said upper supports have a
genera.lly'rectangular cross section shape.

14.  The water collection system of Claim 12, wherein said upper supports have a
generally inverted V ‘cros-s section shape.

15. A cooling tower for the cooling of water, comprising:

an outer shell having a plurality of legs attached thereto, said outer shell havinga -

- length and a width;

a volume of fill material disposed within said outer shell, for passage of water
vertically downward fherethrough;

a means for disfributing water across an upper surfabe of said fill material, said
means comprising piping and a plurality of nozzles positioned above said fill material;

one or more fans positionéd below said fill material, fér mox_?i-ng air vertically |

upward through said fill material;

a water ‘c.ollecti'on system disposed below said fill material, comprising:
a plurality of uppcf t;'oughs substantially spanning said width of said outer
shell;
a plurality of lowef troughs substéntially spanning Said width of sgid outer
shel'l and disposed below said upper troughs and 'sub'stantial-l.)‘/ parallel to said

upper troughs;'

12




CA 02713628 2011-09-14

a plurality of baffles disposed between said upper and lower troughs, and
rotably movable between a first position covering the space between adjacent
lower troughs, and a second position uncovering said space, in response to

upward vertical air movement.

16 The cooling tower of Claim 15, further comprising one or more vertical dividers

positioned above said lower troughs.

17.  The cooling tower of Claim 16, further comprising a plurality of upper supports

disposed above said upper troughs.

18.  The cooling tower of Claim 15, wherein said legs are collapsible.
19. The cooling tower of Claim 17, wherein said upper supports comprise generally
inverted V cross section shapes.

20.  The cooling tower of Claim 16, wherein said vertical dividers comprise generally

rectangular cross section shapes.

13
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