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COOLING TOWER

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to and the benefit of U.S. Provisional
Patent Application Number 61/260,952, filed 13 November 2009, the disclosure of

which is now incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention relates generally to cooling towers, and more

specifically to a cooling tower that cools a fluid in stages.

BACKGROUND AND SUMMARY OF THE INVENTION

[0003] Cooling towers are known. lllustrative examples of conventional
cooling towers are found in U.S. Patent No. 7,364,141, dated April 29, 2008, and
U.S. Patent No. 7,484,718, dated February 3, 2009, the disclosures of each of which
are now incorporated herein by reference. In addition to the foregoing patents, a
paper entitled Analysis of Modified Counter-Flow Cooling Towers by M.P. Maiya,
found in Heat Recovery Systems &CHP, Vol. 15, No. 3, pp. 293-303 (1995),
describes relevant aspects of evaporative cooling towers and is now incorporated in
its entirety herein by reference and was submitted as an exhibit to the priority
provisional application. What is needed is a more efficient cooling tower.

[0004] The present invention may comprise one or more of the following

features and combinations thereof:

[0005] A method of cooling a fluid is disclosed comprising the steps of:
[0006] drawing a cooling fluid through an inlet and into a pre-cooling chamber;
[0007] delivering a pre-cooling fluid generally downwardly and cross-wise to

the flow of the cooling fluid;

[0008] drawing the cooling fluid through a pre-cooling chamber;

[0009] drawing the cooling fluid out from the pre-cooling chamber and
generally across into a main cooling tower; and

[0010] delivering a fluid to be cooled generally downwardly in a cross-wise

fashion to the flow of the cooling fluid through the main tower.
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[0011] An illustrative apparatus for cooling a fluid is disclosed. The apparatus
generally comprises a pre-cooling chamber in side-by-side relation to a main tower.
The apparatus further comprises one or more of the following elements and features
alone or in combination: The pre-cooling chamber includes an inlet side and an
outlet side opposite the inlet side. The main tower includes an inlet side and an
outlet side opposite the inlet side. A main sump is disposed generally below and in
fluid communication with the main tower. The main sump is also disposed generally
below and in fluid communication with the pre-cooling chamber. A spray pump is in
fluid communication with the main sump. A series of spray fluid piping is in fluid
communication with the spray pump and with the pre-cooling chamber. A fluid
reservoir is disposed generally above and in fluid communication with the main
tower. The pre-cooling chamber outlet side and the main tower inlet side are
disposed in a generally side by side relationship in fluid communication with one
another. The fluid outlet and the pre-cooling chamber are in fluid communication
with one another. The fluid outlet and the main tower are in fluid communication with
one another. The pre-cooling chamber is configured to pre-cool a cooling fluid
flowing therethrough from the pre-cooling chamber inlet side generally transversely
across to the pre-cooling chamber outlet side through a heat exchange with a pre-
cooling fluid spray delivered generally downwardly and perpendicular to the
transversely flowing cooling fluid. The pre-cooling chamber and the main tower are
positioned to allow the cooling fluid to flow generally transversely between the pre-
cooling chamber outlet side and the main tower inlet side; wherein the main tower is
configured to allow the cooling fluid to flow therethrough from the main tower inlet
side generally transversely across to the main tower outlet side in order to cool a
fluid to be cooled delivered from the fluid reservoir generally downwardly and
perpendicular to the generally transversely flowing cooling fluid. A fluid outlet is
disposed generally above the main tower and the pre-cooling chamber. The fluid
outlet is configured to draw the cooling fluid therethrough.

[0012] In another illustrative embodiment, the apparatus may further comprise
a circulating pump in fluid communication with the main sump. A fluid delivery pipe
is in fluid communication with the circulating pump. A fluid return pipe is in fluid

communication with the fluid reservoir.
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[0013] In another illustrative embodiment two pairs of pre-cooling chambers
and main towers are disclosed. The second pair of pre-cooling chamber is in fluid
communication with spray fluid piping. The spray fluid piping is in fluid
communication with the spray pump and/or another spray pump as desired. Each
pre-cooling chamber may be in fluid communication with an auxiliary sump.

[0014] In another illustrative embodiment an auxiliary heat exchanger system
has one end disposed generally above the pre-cooling chamber and an opposing
end disposed generally above the main tower in fluid communication with that pre-
cooling chamber. The auxiliary heat exchanger system may comprise a heat pipe
system. The auxiliary heat exchanger system may comprise a run-around coil
system.

[0015] These and other objects of the present invention will become more

apparent from the following description of the illustrative embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The detailed description particularly refers to the following figures, in
which:

[0017] FIG. 1 depicts a partial view of an illustrative cooling tower; and
[0018] FIG. 2 depicts an enlarged cross section of a heat exchanger of the

illustrative cooling tower; and

[0019] FIG. 3 depicts a partial view of another illustrative cooling tower; and
[0020] FIG. 4 is an illustrative psychrometric graph of the illustrative cooling
tower.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

[0021] For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to a number of illustrative embodiments
illustrated in the drawing and specific language will be used to describe the same.
While the concepts of the present disclosure are susceptible to various modifications
and alternative forms, specific exemplary embodiments thereof have been shown by
way of example in the drawings and will herein be described in detail. It should be

understood, however, that there is no intent to limit the concepts of the present
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disclosure to the particular forms disclosed, but on the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and
scope of the disclosure.

[0022] Referring to the Figures, an illustrative cooling tower or apparatus 10,
10A is depicted. The illustrative cooling tower 10, 10A is adapted to cool a fiuid.
The fluid could be for example a liquid, such as for example and without limitation
water, or a gas, such as for example and without limitation air. The illustrative
cooling tower 10, 10A illustratively and generally comprises one or more center or
main cooling tower(s) 14 and one or more heat exchanger(s) 12 or pre-cooling
chamber(s) 12. The illustrative cooling tower for example and without limitation
comprises two center or main cooling towers 14 and two heat exchanger(s) 12. It
will be appreciated that the cooling tower 10, 10A illustratively could comprise a
single main tower 14 in combination with a single pre-cooling chamber. The main
cooling tower(s) 14 illustratively is of conventional construction and is in fluid
communication with a respective fluid reservoir(s) 22 disposed generally above the
main tower(s) 14 and a fluid sump, main basin or main sump 15 disposed generally
below the main tower(s) 14. The main sump 15 may also be disposed generally
below the pre-cooling chamber(s) 12. The main tower 14 may be for example and
without limitation a conventional mechanical induced draft cooling tower or any other
suitable cooling tower. For example, the main cooling tower(s) 14 is an evaporative
cooling tower having conventional fill media 16 for cooling as will be explained. The
fill 16 may be for example and without limitation a plurality of plastic sheets of
suitable size and shape, for example a wavy shape, as known to those skilled in the
art. For example, the sheets may illustratively comprise polyvinyl chloride or
polypropylene or other suitable material. The main tower(s) 14 comprises an inlet
side(s) 29A and an opposing outlet side(s) 29B. The inlet side(s) 29A and the outlet
side(s) 29B are generally vertically extending and generally parallel to one another.
The inlet side(s) 29A define an inlet into the main tower(s) 14 and the outlet side(s)
29B define an outlet out of the main tower(s) 14. The pre-cooling chamber(s)
comprises an inlet side(s) 28A and an opposing outlet side(s) 28B. The inlet side(s)
28A and the outlet side(s) 28B are generally vertically extending and generally

parallel to one another. The inlet side(s) 28A define an inlet into the pre-cooling
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chamber(s) 12 and the outlet side(s) 28B define an outlet out of the pre-cooling
chamber(s) 12. The illustrative fluid reservoir(s) 22 may hold a fluid to be cooled 25,
25A such as for example and without limitation water 25. One or more circulating
pump(s) 20 and one or more spray pump(s) 21 may be in fluid communication with
the main sump 15. The circulating pump(s) 20 illustratively is in fluid communication
with fluid delivery pipe 20A and with main sump 15. Spray pump(s) 21 is in fluid
communication with a series of spray fluid piping 21A, 21B, 21C and with main sump
15. The one or more heat exchanger(s) 12 or pre-cooling chamber(s) 12, which also
may be of any suitable conventional construction, illustratively are in fluid
communication with respective heat exchanger or auxiliary basin(s) 13 also referred
to as auxiliary sump(s) 13. The auxiliary sump(s) 13 illustratively is in fluid
communication with the main sump 15 and with respective pre-cooling chamber(s)
12, disposed generally therebelow. The heat exchanger(s) or auxiliary coolers or
pre-cooling chambers 12 illustratively are side heat exchangers disposed generally
to the side of and adjacent to the respective main tower 14. More specifically, the
pre-cooling chamber outlet side 28B and the main tower inlet side 29A of each
respective pre-cooling chamber 12 and main tower 14 pair are disposed in a
generally side-by-side relationship to one another and are in fluid communication
with one another. The main tower(s) 14 and the side heat exchanger(s) 12 are in
fluid communication with one another. lllustratively, the auxiliary heat exchangers or
coolers are configured to pre-cool a fluid prior to further cooling in the main tower(s)
14 as will be explained. The cooling tower 10, 10A may include a fan 30. The fan
30 may be for example and without limitation a medium pressure, induced draft fan.
As best seen in FIG. 2, the heat exchanger(s) 12 illustratively comprise heat
exchange elements 17, disposed generally above the side or auxiliary sump(s) 13.
The heat exchanger(s) 12 may be any suitable heat exchanger having heat
exchange elements 17. For example and without limitation the heat exchanger(s) 12
may be a fluid-to-fluid heat exchanger, such as for example a liquid-to-gas heat
exchanger, or it could be a plate and frame heat exchanger. In the case of a liquid-
to-gas heat exchanger, the elements could be for example and without limitation

conduits or coils or other suitable elements in which a suitable fluid, such as for
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example and without limitation water or other coolant could be circulated through
finned pipes running through the heat exchanger.

[0023] In the illustrative embodiment of FIG. 2, a plate and frame heat
exchanger is depicted wherein a number of generally vertical plates or exchange
elements 17 are arranged in a frame. lllustratively, one example of a suitable plate
and frame heat exchanger 12 comprises a plurality of plates 17 having alternating
openings or open passages and closed areas or blocked passages. The alternating
openings illustratively allow the cooling fluid 40, also referred to as inlet air 40 to
proceed generally transVerser through the pre-cooling chamber 12, exiting the outlet
side 28B as pre-cooled cooling fluid 42 and entering generally transversely into the
inlet side 29A of the main tower(s) 14 as will be explained. The closed areas or
blocked passages illustratively block the outside cooling fluid or inlet air 40 from
proceeding transversely through to the pre-cooling chamber to the main tower 14.
Rather, the blocked air proceeds upwardly toward the fluid outlet 33 and is cooled
directly by pre-cooling fluid 26 also known as pre-cooling spray 26 as it proceeds
upwardly towards the air outlet 33 as cooling fluid that is now cooled saturated air
43. As will be further explained, the portion of cooling fluid or air 40 that passes
transversely through the pre-cooling chamber(s) 12 to the tower(s) 14 is sensibly
cooled, in that the pre-cooled cooling fluid or air 42 and the pre-cooling fluid or spray
26 are kept separate or isolated from one another, as for example by baffles or
gaskets or the like. Thus, the pre-cooling fluid or spray 26 contacts and cools one
side of the plates 17 and the portion of the blocked inlet cooling fluid or air 40 that is
directly pre-cooled thereby to become moist cooling fluid or air 43, while the
unblocked portion of the outside cooling fluid or air 40 that proceeds transversely
through the pre-cooling chamber contacts the opposite side of the plates 17 while
avoiding direct contact with the pre-cooling fluid or water 26. lliustratively, the
directly pre-cooled cooling fluid or air 43 is cooler relative to the inlet cooling fluid or
air 40, but also relatively more saturated or moist due to the direct cooling that
transpires in the pre-cooling chamber(s) 12. In contrast, the pre-cooled cooling fluid
or air 42 is also cooler relative to the inlet cooling fluid or air 40, but relatively drier
compared to the pre-cooled cooling fluid or air 43 due to the indirect or sensible

cooling that transpires in the pre-cooling chamber(s) 12.
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[0024] llustratively, a cooling fluid, such as for example and without limitation
outside or inlet air 40, 42, 43, is drawn into the cooling tower apparatus 10, 10A.
The fan 30 may aid in drawing the cooling fluid 40 into the cooling tower 10, 10A.
The cooling fluid or air 40 is drawn through the one or more heat exchangers 12.
Hllustratively, the heat exchanger(s) 12 is disposed or positioned generally adjacent
to and prior to its respective main tower(s) 14 in a generally side-by-side
configuration such that the cooling fluid or air 40, 42 is drawn generally transversely
across or through the heat exchanger and generally transversely across or through
the main tower(s) 14. As apparentin Figures 1 and 2, the pre-cooling chamber(s) 12
heat exchanger(s) 12 or auxiliary cooler(s) 12 is prior to and generally in line with the
main cooling tower(s) 14 such that the flow of the portion of the fluid 40 to be
sensibly cooled 42 follows generally one path generally transversely through each of
the respective main tower(s) 14 and the auxiliary cooler(s) 12 in a generally parallel
and transverse flow therethrough each main tower 14 and pre-cooling chamber 12
pair, such transverse or parallel flow being generally perpendicular to the generally
downwardly flow of pre-cooling fluid or spray 26 in the pre-cooling chamber(s) 12
and the downwardly flow of the fluid to be cooled 25, 25A in the main tower(s) 14
respectively thereby setting up a substantially cross-flow configuration or cross-wise
flow. So, the main tower 14(s) and the pre-cooling chamber(s) or auxiliary heat
exchanger(s) 12 are disposed relative to one another on generally the same
horizontal plane in profile as opposed to directly below or above one another in a
vertical plane or arrangement. Portions of the cooling fluid or inlet air 40 thereby
become pre-cooled cooling fluid or air 42 that illustratively proceeds to respective
main cooling tower(s) 14 as described herein. As will be explained, this pre-cooled
cooling fluid or air 42 proceeds generally transversely across and through the main
tower(s) 14, cools the fluid 25 and exits as relatively warm and saturated air 45. As
noted, other portions of inlet cooling fluid or air 40 are drawn generally upwardly
away from the pre-cooling chamber(s) 12 or heat exchanger as cold or pre-cooled
saturated or moist cooling fluid or air 43. As will be appreciated by those skilled in
the art, fan 30, while not necessary, may assist the movement of the fluid, gas or air
40, 42, 43, 45 throughout the apparatus 10, 10A. The cold saturated cooling fluid or

air 43 and the warm saturated air 45 illustratively mix to form exhaust or outlet air 47,
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which is or may be drawn upwardly in part by the fan 30 and expelled out of the
cooling tower or apparatus 10 through fluid outlet 33. The outlet air 47 is relatively
warm and moist compared to pre-cooled cooling air 42, but may be relatively cooled
compared to inlet cooling fluid 40. It will be appreciated that, rather than being
expelled directly to for example the atmosphere, this outlet air 47 or a portion thereof
could be used to pre-cool incoming air 40. For example and without limitation the
outlet air 47 and/or the cold saturated air 43 could be used in some type of air-to-air
heat exchanger to pre-cool the inlet air 40 as explained for example and without
limitation in the Maiya reference. It will be appreciated that the operation of natural
drafts, convection and the like could also draw the air 40, 42, 43, 45, 47 into, through
and out of the cooling device 10, 10A without the aid of or in addition to a fan 30.
So, too, additional draft fans, for example the illustrative pre-cooler fan(s) 32 (FIG.
3), and/or driving fans could be used alone or in combination as will be appreciated
by those skilled in the art.

[0025] lllustratively, a fluid to be cooled, for example and without limitation
water 25, 25A is delivered or returned to reservoir(s) 22, through circulating fluid to
be cooled return piping or pipe 20B as indicated by circulating fluid to be cooled
return arrows 24, 24A. From the fluid reservoir(s) 22, the fluid to be cooled 25, 25A
is delivered, sprayed or distributed to the main tower(s) 14. The water or fluid to be
cooled spray 25A illustratively runs down through the fill 16 generally vertically
between the fluid outlet 33 and the inlet sides 28A, 29A of inlet cooling fluid 40, 42
for each main tower 14 resulting in evaporative cooling by the cross-flowing pre-
cooled outside air 42. More specifically, the fluid to be cooled spray 25A is delivered
downwardly from the reservoir(s) 22, through the fill media 16 and collected in the
main sump 25 generally in a cross-flow relationship with the cooling fluid 42 which
flows generally transversely through the main tower(s) 12 from inlet side 29A to
outlet side 29B. Incorporated U.S. Patent No. 7,364,141, and U.S. Patent No.
7,484,718, as well as the incorporated Maiya reference describe pertinent aspects of
evaporative cooling.

[0026] The resulting fluid to be cooled 25, 25A or water is collected in the
main sump 15 as now cooled circulating cooling fluid or water 23. The tower main

pump 20 draws the circulating cooling fluid 23 away from the sump 15 through
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supply piping or fluid delivery pipe 20A and illustratively delivers it as indicated
generally by the circulating cooling fluid supply arrow 23 to for example and without
limitation a heat exchanger (not shown), a chiller plant (not shown), or the like for
cooling of an item such as for example a structure such as for example and without
limitation a building, a room, or a piece of equipment or other cooling load. The
invention contemplates improving chiller plant efficiency through for example the
reduced condenser water temperatures and/or the optimizing the use of waterside
economizer operations. The invention further contemplates such efficiencies that the
use of chillers can be eliminated altogether. It will be appreciated that additional
pumps or means, such as for example, gravity, may be used to deliver the circulating
cooling fluid or water 23 or other cooled fluid to the cooling device or cooling load
(not shown). After the cooling load, the now relatively warmer fluid to be cooled 24 is
returned to the reservoir(s) 22 through fluid return pipe or piping 20B as indicated by
water return arrows 24, 24A.

[0027] Auxiliary or spray pump 21 illustratively draws cooling fluid from the
main sump or basin 15 and distributes it via spray fluid piping 21A to provide pre-
cooling fluid or spray 26 through for example and without limitation nozzles. Such
pre-cooling fluid or spray 26 can occur at one or more locations in the heat
exchanger(s) or pre-cooling chamber(s) 12, but illustratively is configured to flow
downwardly between the fluid outlet 33 and the inlet side 28A for the outside cooling
fluid or air 40 until it is collected in the auxiliary or side sump(s) or basin(s) 13. More
specifically, the fluid spray 26 illustratively flows out of spray piping 21B, 21C
downwardly through the heat exchanger(s) 12 in a cross-flow manner with respect to
the generally flow-through path of the cooling fluid 42, and is collected in the heat
exchange sump 13, also known as an auxiliary basin or side sump 13. The cooling
fluid or spray 26 illustratively contacts and cools one side of the plates 17, which in
turn cool, sensibly, the generally flow-through cooling fluid 42 portion of the inlet
cooling fluid 40. The cooling fluid or spray 26 illustratively directly or latently cools
the cooling fluid 43 that flows generally upward toward the fluid outlet 47 through the
pre-cooling chamber(s) 12 because it is blocked from flow-through. lllustratively, the
side or auxiliary sump 13 may but need not feed into the main sump 15. For

example, one or more pumps 21 could access the side sump(s) 13 directly. Those
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skilled in the art will understand that one or more than one pump 21 may be utilized,
for example a separate pump to provide the pre-cooling fluid spray 26 to the
illustrative one or more locations served respectively by spray piping 21B and 21C in
the pre-cooler(s) or pre-cooling chamber(s) 12. For example, FIG. 3 depicts two
pumps 21, one of which is in phantom to show that it may or may not be used. The
pre-cooling fluid 26 may also come from other supply means, for example and
without limitation directly out of reservoir(s) 22, directly from fluid return pipe 20B, or
directly out of the side or auxiliary sump(s) 13, or any combination of the above as
desired and appropriate to provide the pre-cooling fluid or spray 26. As noted, the
pre-cooling fluid 26, for example and without limitation water, in the pre-cooling
chamber(s) 12 proceeds generally downwardly through the pre-cooling chamber(s)
12 and is collected in the auxiliary or side sump(s) 13.

[0028] lllustratively, in operation, outside or ambient cooling fluid or air 40
enters the tower 10, 10A through the inlet side(s) 28A of the pre-cooling chamber(s).
lllustratively, the outlet side(s) 28B of the pre-cooling chamber(s) 12 is in fluid
communication with the inlet side(s) 29A of the respective main cooling tower(s) 14.
Effectively there is substantially a single path for the pre-cooled portion of the cooling
fluid 42 through each respective pre-cooling chamber 12 and main cooling tower 14
pair that is disposed in side-by-side relation. As noted, the pre-cooled portion of the
cooling fluid 42 of the incoming outside air or cooling fluid 40 illustratively is sensibly
cooled as known to those skilled in the art, while the other pre-cooled portion of the
cooling fluid 43 is directly cooled and exits the pre-cooling chamber(s) 12 as cooled
saturated fluid 43 rather than entering the main tower(s) 14. Generally, during
sensible pre-cooling, the moisture content of the cooling fluid or air 42 remains
essentially constant, but its temperature decreases as it flows over the cooling
elements for example a cooling coil or the illustrative cooling plates 17. The surfaces
of the cooling coil/plate 17 should be dry and their surface temperature should be
greater than the dew point temperature of air. lllustratively, the sensible heat
transfer is from the cooling fluid or air 42 to the water. '

[0029] The sensibly cooled cooling fluid 42, which illustratively has a lower wet
bulb temperature relative to the outside fluid 40, illustratively flows out from the pre-

cooling chamber(s) 12 generally and substantially transversely into and through the
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main cooling tower(s) 14. Thus, the sensibly pre-cooled cooling fluid or air 42 may
be thought of as pre-cooled tower inlet cooling fluid or air 42. Cooling tower main
sump 15 fluid to be cooled 25, 25 is sprayed 25A illustratively to be cooled
evaporatively by the pre-cooled cooling fluid 42 as it flows generally transversely
through the main tower 14. The main tower operation is enhanced by the use of the
pre-cooled cooling fluid 42, for example and without limitation because the illustrative
fluid 42 has a lower wet bulb temperature. lllustratively, the sensibly pre-cooled
cooling fluid’s dry bulb temperature may approach the ambient wet bulb temperature.
lllustratively, the sensibly pre-cooled cooling fluid's wet bulb temperature may be
depressed. For example and without limitation the pre-cooled wet bulb temperature
of the cooling fluid 42 may be depressed about one degree per three degree
reduction in dry bulb temperature. Decreasing the wet bulb temperature of the
sensibly pre-cooled cooling fluid 42 entering the main tower(s) 14 illustratively
improves the efficiency or cooling capacity of the tower(s) 14. In certain conditions, it
is possible for the main cooling tower fluid to be cooled 25 to attain temperatures
below the ambient wet bulb temperature. lllustratively, only sensibly pre-cooled
cooling fluid 42 enters the main tower(s) 14. While ambient air generally is not
directly introduced into the tower(s) 14, those skilled in the art will understand that,
generally, in the main tower(s) 14, cooling and humidification is happening such that
sensible heat transfer is from the air to the water and latent heat transfer is from the
water to the air. Illustratively, the temperature of the water should be lower than the
dry-bulb temperature of the air, but higher than its dew-point temperature. Some
losses of fluid to be cooled 25 due to evaporation may be expected such that the
invention contemplates the use of replacement fluid or water as necessary.

[0030] Generally, cooling tower performance is dependent on heat transfer
surface area, the dry bulb temperature difference between the fluid to be cooled and
the cooling air, and the wet bulb temperature of the cooling air. For example, a
cooling tower with infinite surface area and infinite air flow could produce cooled fluid
at the wet bulb temperature of the air, and no lower. With other factors constant,
cooling air with lower wet bulb temperatures will result in better cooling tower
performance. The invention illustratively lowers the wet bulb temperature of the

incoming cooling fluid or air 40 by indirectly, sensibly, pre-cooling it 42 by
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evaporating a portion of the cooled fluid 26 from the cooling tower sump 15. The
dewpoint of the pre-cooled cooling air 42 remains the same, but as the air state point
moves along the same dewpoint line to a lower wet bulb temperature prior to
entering the main cooling tower inlet its temperature is lowered and it is pre-cooled.
This lower wet bulb air illustratively enhances the tower cooling performance
producing a lower temperature cooled fluid 23, 26 in the sump 15. It will be
appreciated that a cooling tower 12/precooler 14 with infinite surface area and infinite
air flow could produce cooled fluid at the dewpoint temperature of the air, and no
lower.

[0031] Referring to FIG. 3, another illustrative embodiment 10A of the
invention is depicted. While this other embodiment 10A is substantially similar in
construction and operation to the embodiment 10 of FIG. 1 described above, it
further comprises a pre-cooler fan 32 associated with each pre-cooling chamber 12,
as well as an associated run-around coil heat exchange system 34, or, alternately, a
heat pipe heat exchange system 34. lliustratively, the heat pipe 34 comprises an
evacuated metallic coil at least partially filled with a fluid, such as for example and
without limitation a refrigerant such as for example a glycol mixture. The heat pipe
34 illustratively spans between the pre-cooling chamber 12 and the respective fluid
reservoir 22 with one end disposed generally above and in fluid communication with
the respective pre-cooling chamber, and an opposing end disposed generally above
the respective main tower 14 and generally below the respective reservoir 22 and in
fluid communication with the respective reservoir 15, main tower 14 and pre-cooling
chamber 12. Similarly, a similarly positioned run-around coil 34 could be used in
addition to or instead of a heat pipe. lllustratively, the run-around coil generally
comprises a pipe filled with a fluid, such as for example and without limitation water.
A pump illustratively would circulate the fluid back and forth between the opposing
ends respectively disposed above respective heat exchanger 12 and respective
cooling tower 14 as depicted in Fig. 3 and as described with respect to the heat pipe.
[0032] In operation, the latently pre-cooled cooling fluid or air 43 exhausting at
the top of the pre-cooling chamber(s) 12 illustratively and generally at point “2” 2 in
FIG. 3 is relatively cooler than the basin fluid 25 exiting the reservoir 22 generally at

point “B” 102 and as thermodynamically represented at point “2” 2 and point “B” 102
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on FIG. 4. In the illustrative case of a heat pipe 34, refrigerant vapors illustratively
rise through the heat pipe from the end disposed under the reservoir 22 and move
toward and condense at the end of the pipe disposed generally above the pre-
cooling chamber 12, where they are cooled by the rising pre-cooled cooling fluid 43,
and then flow back to the end disposed generally under the reservoir 22 such that
the fluid to be cooled 25, 25A passing over the end is pre-cooled resulting in lower
the water temperature in the vicinity of point “B” 102. The cycle then repeats within
the heat pipe 34. In the case of a run-around coil 34, the substantially the same pre-
cooling cycle would occur, but a pump illustratively would circulate the cooling fluid
between the end near point “2” 2 and the other end near point “B” 102 in order to
pre-cool the fluid to be cooled 25. In either case, a pre-cooler fan(s) 32 may be used
to draw the pre-cooled cooling fluid or air 43 over the heat pipe/run-around coil 34 to
cool the fluid therein prior to proceeding over the tower piping 20B to pre-cool the
fluid 25 in the circulating fluid to be cooled 24 flowing through the fluid return pipe
20B and/or as drawn upwardly by convection and/or the tower fan 30.

[0033] Referring to FIG. 4, an illustrative psychrometric chart for a given
atmospheric pressure, for example standard atmospheric pressure, is depicted. The
horizontal or x-axis 7 illustratively is the dry bulb temperature (for example, degrees
F) and the vertical or y-axis 8 illustratively is humidity ratio (for example, pounds
moisture per pound dry air), which is a measure of moisture content of the illustrative
air. For example, it represents the weight of the water contained in the air per unit of
dry air. Unlike relative humidity, the humidity ratio is not dependent upon the
temperature of the air. The dry bulb temperature is the temperature typically
measured by a dry thermometer sensor tip, and illustratively increases on the chart
moving from left to right towards the y-axis, with lines of constant temperature
running vertically up the chart. The humidity ratio increases from bottom to top
moving upwardly away from the x-axis, with lines of constant humidity ratio running
horizontally across the chart. Relative humidity is represented on a psychrometric
chart as a curving line running from left to right up through the chart. Relative
humidity is an indicator of how much moisture is in the air compared to how much
moisture the air can hold at a particular temperature. The upper curved boundary of

line 122 represents saturated air or 100 percent moisture holding capacity; i.e.,



WO 2011/060367 PCT/US2010/056720

14 -

100% humidity for any given temperature. Generally, warmer air can hold more
water or moisture than colder air. Thus, when air is cooled, its relative humidity
would increase until saturation is reached, resulting in condensation. The wet bulb
temperature, which is the temperature measured when air is circulated past a wetted
sensor tip, represents the temperature at which water evaporates and brings the air
to saturation, assuming no loss or gain in heat by the air. The wet bulb temperature
123 is determined by following lines of constant enthalpy 110A, 110B, which would
run downwardly from left to right across the chart, to the intersection with the
saturation temperature boundary line 122. Enthalpy is expressed as BTU per pound
of dry air. It is the heat energy content of moist air. lllustratively, the lines of
constant enthalpy and constant wet-bulb temperature are the same on the chart, but
the values would be read off of separate scales. The intersection of a dry bulb
temperature vertical line (none are depicted) and a wet bulb diagonal line 110 may
be known as a “state point” for the measured air as seen for example in points “1" 1,
“2" 2,“3” 3 and “4” 4 (though no wet bulb line is shown). Those skilled in the art will
appreciate that more accurate charts would use slightly different lines for wet-bulb
temperature and enthalpy. Therefore, the chart depicts the relative wet bulb line(s)
110A, 110B, 111 and 112, 113 and 114. Line 116 and line 118 relatively represent
cooling tower 10, 10A with a pre-cooling section as compared to line 120
representing a cooling tower which lacks a pre-cooler section. Line 122 shows a
relative humidity line, with relative humidity lower in the regions below the line and
higher in regions above the line. The points represented on the chart generally
correspond to the relative state of cooling fluids, e.g., air, at points represented by
like reference numerals throughout the illustrative cooling tower(s) 10, 10A in FIG 3.
The relative temperatures of the fluids to be cooled, e.g., water, are also depicted as
letters illustratively in FIG. 3 and superimposed on the x-axis 7 for illustration
purposes. Generally, (Enthalpy of the fluid (e.g., air) at point “4” 4 — Enthalpy of the
fluid (e.g., air) at point “3” 3) x mass flow rate of the fluid (e.g., air) at point “3" 3 =
(Enthalpy of the fluid (e.g., water) at point “A” 101 — Enthalpy of the fluid (e.g.,
water) at point “B” 102) x the mass flow rate of the fluid to be cooled (e.g., water)
(conventional tower portion). Fluid (e.g., air) 43 from point “1” 1 to point “2" 2 follows

the wet bulb line 110B to near saturation 122 in the pre-cooling section 12. Fluid
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(e.g., water) 25 from point "A” 101 to point “B" 102 approaches the dry bulb
temperature of the fluid (e.g., air) 42 at point “3” 3 (similar as in a conventional
cooling tower). Fluid 26 temperature at point “D” 104 is the mixed temperature of the
fluid (e.g., water) 25 at point “C” 103 and the fluid (e.g., water) 26 returning from pre-
cooling at point “E” 105 (tower sump). The fluid 26 temperature at point “E” 105
approaches the wet bulb temperature of the fluid (e.g., air) 43 at point “3" 3. The
fluid (e.g., water) 25 at point “F” 106 is the mixed temperature, almost the same as
that of the fluid (e.g., water) 26 at point “D" 104.

[0034] The cooling tower 10 and its components illustratively may be
fashioned in any suitable size and shape, from any suitable materials by any suitable
method of manufacture.

[0035] While the invention has been illustrated and described in detail in the
foregoing drawings and description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only illustrative embodiments
thereof have been shown and described and that all changes and modifications that

come within the spirit of the invention are desired to be protected.
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What is claimed is:

1. An apparatus for cooling a fluid comprising:

a pre-cooling chamber including an inlet side and an outlet side
opposite the inlet side;

a main tower including an inlet side and an outlet side opposite the inlet
side;

a main sump disposed generally below and in fluid communication with
the main tower,

the main sump also being disposed generally below and in fluid
communication with the pre-cooling chamber;

a spray pump in fluid communication with the main sump;

a series of spray fluid piping in fluid communication with the spray
pump and with the pre-cooling chamber,

a fluid reservoir disposed generally above and in fluid communication
with the main tower; and

a fluid outlet disposed generally above the main tower and the pre-
cooling chamber,

wherein the pre-cooling chamber outlet side and the main tower inlet
side are disposed in a generally side by side relationship in fluid
communication with one another;

wherein the fluid outlet and the pre-cooling chamber are in fluid
communication with one another,;

wherein the fluid outlet and the main tower are in fluid communication
with one another;

wherein the pre-cooling chamber is configured to pre-cool a cooling
fluid flowing therethrough from the pre-cooling chamber inlet side generally
transversely across to the pre-cooling chamber outlet side through a heat
exchange with a pre-cooling fluid spray delivered generally downwardly and
cross-wise to the generally transversely flowing cooling fluid;

wherein the pre-cooling chamber and the main tower are positioned to
allow the cooling fluid to flow generally transversely between the pre-cooling

chamber outlet side and the main tower inlet side;
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wherein the main tower is configured to allow the cooling fluid to flow
therethrough from the main tower inlet side generally transversely across to
the main tower outlet side in order to cool a fluid to be cooled delivered from
the fluid reservoir generally downwardly and cross-wise to the generally
transversely flowing cooling fluid; and

wherein the fluid outlet is configured to draw the cooling fluid

therethrough.

2. The apparatus of claim 1 further comprising:

a circulating pump in fluid communication with the main sump;

a fluid delivery pipe in fluid communication with the circulating pump;
and

a fluid return pipe in fluid communication with the fluid reservoir.

3. The apparatus of claim 2 further comprising:

a second pre-cooling chamber including a second pre-cooling chamber
inlet side and a second pre-cooling chamber outlet side opposite the second
pre-cooling chamber inlet side;

a second main tower including a second main tower inlet side and a
second main tower outlet side opposite the second main tower inlet side;

a second series of spray fluid piping in fluid communication with the
spray pump and with the second pre-cooling chamber; and

a second fluid reservoir disposed generally above and in fluid
communication with the second main tower and in fluid communication with
the fluid return pipe;

wherein the fluid outlet is disposed generally above the second main
tower and the second pre-cooling chamber,;

wherein the second pre-cooling chamber outlet side and the second
main tower inlet side are disposed in a generally side by side relationship in
fluid communication with one another;

wherein the main tower outlet side and the second main tower outlet
side are disposed generally in a side by side relationship;

wherein the main sump is disposed generally below and in fluid

communication with the second main tower;
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wherein the main sump is disposed generally below and in fluid
communication with the second pre-cooling chamber;

wherein the fluid outlet and the second pre-cooling chamber are in fluid
communication with one another,;

wherein the fluid outlet and the second main tower are in fluid
communication with one another,;

wherein the second pre-cooling chamber is configured to pre-cool a
second cooling fluid flowing therethrough from the second pre-cooling
chamber inlet side generally transversely across to the pre-cooling outlet side
through a heat exchange with a pre-cooling fluid spray delivered generally
downwardly and cross-wise to the generally transversely flowing second
cooling fluid;

wherein the second pre-cooling chamber and the second main tower
are positioned to allow the second cooling fluid to flow generally transversely
between the second pre-cooling chamber outlet side and the second main
tower inlet side;

wherein the second main tower is configured to allow the second
cooling fluid to flow therethrough from the second main tower inlet side
generally transversely across to the second main tower outlet side in order to
cool a second fluid to be cooled delivered from the second fluid reservoir
generally downwardly and cross-wise to the generally transversely flowing
second cooling ﬂuid‘; and

wherein the fluid outlet is configured to draw the second cooling fluid

therethrough.

4. The apparatus of claim 3 further comprising a second spray pump in
fluid communication with the main sump and in fluid communication with the

second series of spray fluid piping.

5. The apparatus of claim 3 further comprising a first auxiliary sump
disposed below and in fluid communication with the first said pre-cooling
chamber and a second auxiliary sump disposed below and in fluid

communication with the second pre-cooling chamber, the first and second
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auxiliary sumps each being disposed generally above and in fluid

communication with the main sump.

6. The apparatus of claim 5 further comprising a heat exchange system
having a first end disposed generally above and in fluid communication with
the first said pre-cooling chamber and a second end disposed generally
above the first said main tower, the second end being in fluid communication

with the first said reservoir.

7. The apparatus of claim 6 further comprising a second heat exchange
system having a first end disposed generally above and in fluid
communication with the second pre-cooling chamber and a second end
disposed generally above the second main tower, the second end being in

fluid communication with the second reservoir.

8. The apparatus of claim 7 further comprising a first pre-cooler fan
disposed generally above and in fluid communication with the said first pre-

cooling chamber.

9. The apparatus of claim 8 further comprising a second pre-cooler fan
disposed generally above and in fluid communication with the second pre-

cooling chamber.

10.  The apparatus of claim 9 wherein the first and second heat exchange

systems comprise a heat pipe system.

11.  The apparatus of claim 9 wherein the first and second heat exchange

systems comprise a run-around coil system.

12.  The apparatus of claim 9 wherein the first heat exchange system is
chosen from a group consisting of a heat pipe system and a run-around coil
system, and the second heat exchange system is chosen from a group

consisting of a heat pipe system and a run-around coil system.

13.  The apparatus of claim 12 wherein the first pre-cooling chamber and

the second pre-cooling chamber each comprises a heat exchanger.

14.  The apparatus of claim 13 wherein the heat exchanger comprises a

plate and frame heat exchanger having a series of plates.
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15.  The apparatus of claim 14 wherein the first main tower and the second

main tower each comprises a heat exchanger having a fill media.

16.  The apparatus of claim 15 further comprising:

a fluid to be cooled delivered by the fluid return pipe to each of the first
reservoir and the second reservorr,

a fluid to be cooled is delivered from the first reservoir and second
reservoir downwardly to the respective first and second main towers generally
cross-wise to a generally transverse flow path defined through each of the
respective first and second main towers;

wherein the fluid to be cooled is collected in the main sump as
circulating cooling fluid and delivered by the circulating pump to the fluid
delivery pipe; and

wherein the spray pump delivers the circulating cooling fluid to each of
the first and second pre-cooling chambers as pre-cooling fluid delivered
generally downwardly and cross-wise to at least a portion of a cooling fluid
drawn into and generally transversely through each of the first and second
pre-cooling chambers from the respective inlet side generally across to the
respective outlet side thereby sensibly cooling the cooling fluid;

wherein the generally transversely flowing portion of the cooling fluid is
drawn generally transversely out through the respective pre-cooling chamber
outlet sides and into the respective inlet sides of each of the first and second
main towers and continues flowing transversely across to the respective outlet
sides of the first and second main towers generally transversely and cross-
wise to the downwardly flowing fluid to be cooled, thereby evaporatively
cooling the fluid to be cooled; and

wherein the cooling fluid is drawn upwardly and outwardly through the
fluid outlet.

17.  The apparatus of claim 16 wherein the cooling fluid comprises a gas,
the fluid to be cooled comprises a liquid, and the pre-cooling fluid comprises a
liquid, and the gas is in generally a cross-flow relationship with the liquids.
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18.  The apparatus of claim 17 wherein the gas comprises air and the

liquids each comprise water.

19. A method of cooling a fluid comprising the steps of:

drawing a cooling fluid through an inlet;

drawing the cooling fluid through a pre-cooling chamber;

delivering a pre-cooling fluid generally downwardly and cross-wise to a
direction of flow of the cooling fluid through the pre-cooling chamber;

drawing the cooling fluid out from the pre-cooling chamber and
generally transversely into and through a main cooling tower; and

delivering a fluid to be cooled generally downwardly and cross-wise to

the cooling fluid flowing generally transversely through the main tower.

20.  The method of claim 20 further comprising the steps of:

cooling sensibly the cooling fluid as it flows generally transversely
through the pre-cooling chamber;

cooling evaporatively the fluid to be cooled as it flows generally
transversely through the main tower; and

circulating the evaporatively cooled fluid to be cooled to cool an item.
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