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COIL TYPE EVAPORATIVE HEAT EXCHANGER

[0002] CROSS REFERENCE TO RELATED APPLICATION

[0003] This application claims priority from and benefit of U.S. provisional
patent application 60/400,609, filed August 2, 2002, and entitled “Compact Heat
Exchanger With High Volumetric Air-flow,” which is hereby incorporated by

reference herein as if fully set forth in its entirety.

[0004] BACKGROUND

[0005] The present invention relates to an improved heat exchanger coil
which utilizes evaporative cooling, and more particularly, to a condenser unit that
provides for a higher volumetric airflow within the heat exchanger with reduced
pressure drop to increase the heat exchanger efficiency.

[0006] Heat exchangers which are commonly used as condensing units in
refrigeration systems, such as for industrial air conditioning, are known. One such
heat exchanger which is described in detail in U.S. Patents 5,501,269 and
5,787,722, which are assigned to the assignee of the present invention and are
incorporated herein by reference as if fully set forth, utilize evaporative cooling of
spiral coils located within a heat exchanger housing. Water is sprayed onto the heat
exchange coils solely from above or from the top and through the middle and travels
downwardly through the coils providing evaporative cooling. At the same time, air
is drawn through the pathways located in the outer housing walls to the base of the
heat exchange unit and then upwardly through the spiral coils by a fan or blower to
increase the evaporative cooling efficiency.

[0007] To provide for maximum heat transfer, it is desirable to provide as
much surface area as poésible for each of the spiral cooling coils while still allowing
sufficient space for the travel of water droplets downwardly through the spiral coils

as well as upward airflow. Using these known parameters, the coil spacing has
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been maximized to provide efficient cooling for the refrigerant carried in the coils.
Closer radial spacing of the coils results in a higher pressure drop across the coils
for a given fan or blower airflow rating which ultimately leads to reduced efficiency
beyond a point of maximization.

[0008] Tt would be desirable to provide further improvements in the efficiency
of such heat exchanger units to increase the cooling capacity of the heat exchanger

as well as reduce cooling costs.

[0009] SUMMARY

[00010] Briefly stated, one embodiment of the present invention is directed
toward a heat exchanger including a housing having a base and defining an
interior. A plurality of coils are located in the interior of the housing and are
arranged to extend upwardly from the base to define a coil depth. A blower is
adapted to move air through the plurality of coils in a direction of the coil depth. A
water distribution system is configured to spray water onto the plurality of coils. At
least one air inlet opening is located in the housing to allow airflow across the
plurality of coils. A coil alignment mechanism is located on the base for positioning
the plurality of coils thereon. The number of the plurality of coils is adjustable so
that a desired amount of cooling is provided by the heat exchanger.

[00011] In another aspect, the present invention is directed to a heat exchanger
including a housing having a base and defining an interior. A plurality of coils are
located in the interior of the housing and are arranged to extend upwardly from the
base to define a coil depth. A blower is adapted to move air through the plurality of
coils in a direction of the coil depth. A water distribution system islocated around a
circumferential periphery of the plurality of coils to spray water on an outer surface
of the plurality of coils along substantially the entire coil depth thereof. Atleastone
air inlet opening is located in the housing to allow airflow across the plurality of
coils.

[00012] In another aspect, the present invention is directed to a heat exchanger
including a housing having a base and defining an interior. A plurality of coils are

located in the interior of the housing and are arranged to extend upwardly from the
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base to define a coil depth. A blower is adapted to move air through the plurality of
coils in a direction of the coil depth. A water distribution system is configured to
spray water onto the plurality of coils. A plurality of air inlet openings are located
in the housing at various locations to allow ambient air to contact the plurality of
coils generally along the entire coil depth to reduce an airflow pressure drop of the

heat exchanger .

[00013] BRIEF DESCRIPTION OF THE DRAWINGS

[00014] The foregoing summary, as well as the following detailed description of
the preferred embodiments of the present invention will be better understood when
read in conjunction with the appended drawings. For the purpose of illustrating the
invention, there are shown in the drawings embodiments which are presently
preferred. Itis understood, however, that the invention is not limited to the precise
arrangements and instrumentalities shown. In the drawings:

[00015] Figure 1 is a front elevational view of a compact heat exchanger in
accordance with the present invention with three of the air intake vents being
shown in phantom lines.

[00016] Figure 2 is a cross-sectional view, which is partially broken awa’ir and
shown in schematic form, of the compact heat exchanger of Figure 1.

[00017] Figure 3 is an elevational view of the heat exchanger coils used in the
compact heat exchanger in accordange with the present invention.

[00018] Figure 4 is an elevational view of a quarter segment of the housing
wall for the compact heat exchanger in accordance with the present invention.
[00019] Figure 5 is a right side elevational view of the quarter segment of the

housing segment shown in Figure 4.

[00020] Figure 6 is a left side elevational view of the housing section shown in
Figure 4.

[00021] Figure 7 is a top view of the housing segment shown in Figure 4.
[00022] Figure 8 is a cross-sectional view of the housing segment taken along

line A-A in Figure 4.
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[00023] Figure 8A is a cross-sectional view similar to Figure 8 of a headered
housing segment, showing the coil inlet and outlet headers located in the wall
recesses.

[00024] Figure 9 is a front elevational view of two compact heat exchangers
connected in parallel for a high capacity heat exchanger arrangement.

[00025] Figure 10 is a top plan view of the arrangement shown in Figure 9.
[00026] Figure 11 is a left side elevational view of the arrangement of two heat
exchangers shown in Figure 9.

[00027] Figure 12is a front elevational view of a second preferred embodiment
of a compact heat exchanger in accordance with the present invention.

[00028] Figure 13 is a cross-sectional view, which is partially broken away and
shown in schematic form, of the compact heat exchanger of Figure 12.

[00029] Figure 14is an elevational view of the heat exchanger coils used in the
compact heat exchanger of Figure 12.

[00030] Figure 15 is a view taken along lines 15-15 in Figure 13 to show the
ends of the tube supports in the frame post channels and the tube spacers.
[00031] Figure 16 is a cross-sectional view taken along lines 16-16 in Figure
12.

[00032] Figure 17 is a partial elevational view of the ends of two stacked
cooling coils with spacers located between adjacent coils.

[00033] Figure 18 is a side elevational view of a headered sidewall panel for the
compact heat exchanger of Figure 12. ‘

[00034] Figure 19 is a right side elevational view of Figure 18.

[00035] Figure 20 is a left side elevational view of Figure 18.

[00036] Figure 21 is a bottom view of Figure 18.

[00037] Figure 22 is a top view of Figure 18.

[00038] Figure 23 is a side elevational view of a non-headered sidewall panel
for the compact heat exchanger of Figure 12.

[00039] Figure 24 is a right side elevational view of Figure 23.

[00040] Figure 23 is a left side elevational view of Figure 23.

[00041] Figure 26 is a bottom view of Figure 23
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[00042] Figure 27 is a top view of Figure 23.

[00043] Figures 28 and 29 are side views of an alternate embodiment of the coil
spacer halves, shown disassembled.

[00044] Figure 30 is a side elevational view of the assembled coil spacer halves
from Figures 28 and 29.

[00045] Figure 31 is a top view of the spacer halve of Figure 29.

[00046] Figure 32 is a plan view of the sump for the compact heat exchanger of
Figure 12.

[00047] Figure 33 is a front elevational view, with the positions of the fork lift
supports and sensors indicated.

[00048] Figure 34 is a right side elevational view of the sump of Figure 32.
[00049] Figure 35 is an enlarged view of the header end of the sump.

[00050] Figure 36 is a cross-sectional view of the exhaust fan assembly for the
compact heat exchanger of Figure 12.

[00051] Figure 37 is a top plan view of a blow-through heat exchanger
arrangement.

[00052] Figure 38is a side elevational view of the blow through heat exchanger
arrangement of Figure 37.

[00053] Figure 89 is a top view of the four sidewalls and the bottom heat
exchanger tube support shown in a disassembled state.

[00054] Figure 40 is a top view similar to Figure 39 showing the four sidewalls

and the bottom heat exchanger frame assembled.

[00055] Figure 41 is a top view of the sump illustrating a preferred water
make-up connection and automatic drain.

[00056] Figure 42 is a side view of the sump arrangement shown in Figure 4.
[00057] Figure 43 is an elevational view of the four post frame with sensors

mounted thereon.

[00058] Figure 44 is an alternate housing of the heat exchanger of the present

invention illustrating the intake and outlet connections extending through the

housing above the sump.



WO 2004/013555 PCT/US2003/024665

[00059] Figure 45 illustrates the use of an intake louver in the heat exchanger
of the present invention as opposed to the hood shown in Figure 12; the intake
louver is preferably one piece and allows for more compact construction; the intake
louver is preferably corrugated to prevent water droplets from being ejected through
the intake opening, this is advantageous in that it eliminates any baffling or
moisture recovery device that may be used in conjunction with a hood.

[00060] Figure 46 illustrates the intake louver of Figure 45 without
connections extending therethrough.

[00061] Figure 47 illustrates the intake louver of Figure 45 with holes for
housing field connections.

[00062] Figure 48 illustrates the mounting of the louver to the coil frame.
[00063] Figures 49A-49C illustrate an alternate embodiment of a heat
exchanger housing that is streamlined for attachment to the frame.

[00064] Figures 50-52 illustrate a preferred frame for the heat exchanger of the
present invention.

[00065] Figures 53 and 54 illustrate aliquid level switch that can be mounted
on the coil supporting frame so that the switch does not add any weight to the
housing which preferably remains non load bearing.

[00066] Figures 55 and 56 show the attachment of the liquid level switch to the
coil support frame.

[00067] Figures 57 and 58 show a preferred frame assembly.

[00068] Figures 59 and 60 show a preferred motor mounting; the mounting
plate that directly attaches to the motor is preferably attached first so that a crane
or other lifting device can align the motor with the larger plate which is preferably
supported on the heat exchanger frame; it is preferred that three bolts are aligned
across the top and bottom of the smaller plate to assure the proper alignment with
the larger plate and to secure the smaller plate thereto.

[00069] Figures 61 and 62 show an alternate way of stacking the spacers, and
thus the coils, within the frame.

[00070] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[00071] Certain terminology is used in the following description for
convenience only and is not limiting. The words "right," "left," "lower" and "upper"
designate directions in the drawings to which reference is made. The words
"inwardly" and "outwardly" refer to directions toward and away from, respectively,
the geometric center of the heat exchanger and designated parts thereof. The
terminology includes the words above specifically mentioned, derivatives thereof
and words of similar import. The word "a" as used in the claims and in the
corresponding portions of the specification means "at least one."

[00072] Referring to Figures 1-43, first and second preferred embodiments of
an improved heat exchanger are shown and generally designated as 10 and 110,
respectively. Briefly stated, the heat exchangers 10, 110 of the present invention
preferably allow for the easy adjustment of the number of coils therein to allow heat
exchangers to be produced for various loads while using a single standard housing
20. This simplifies the production of heat exchangers for different cooling loads and
facilitates the retroactive adjustment of cooling capacity or the addition of further
cooling circuits. Additionally, the heat exchangers of the present invention
preferably perform at higher capacity than conventional heat exchangers without
increasing fan horsepower.

[00073] Many of the features of the heat exchangers 1, 110 of the present
invention are similar and operate in a generally similar fashion. For simplicity, the
first preferred heat exchanger 10 will be described and, thereafter, only differences
between the first preferred heat exchanger and the second preferred heat exchanger
110 will be discussed. Accordingly, it is understood that those features discussed in
connection with any one of the preferred embodiments of the heat exchangers 10,
110 will operate generally the same in the remaining embodiments unless otherwise
described.

[00074] Referring to Figures 1 and 2, the first preferred embodiment of the
heat exchanger 10 includes a housing 20 having a base 24, also referred to as a
sump, a top enclosure 26, and at least one sidewall portion 22. The sidewall portion
22 preferably includes an inner sidewall 82 and an outer sidewall 84, as shown in

Figure 2. The housing 20 defines an interior 21 that is preferably bounded by the
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inner sidewall 82. Air intake openings 60, 62 are provided through the inner and
outer sidewalls 82, 84 of the housing 20. To reduce the total airflow pressure drop
of the system, the airflow openings 60 are located in the inner sidewall 82 along
generally the entire flow length adjacent to coils 30 (further described below).
Sewer inlet openings 62 are also provided in the outer sidewall 84.
[00075] To prevent debris and light from directly entering the housing 20,
intake vent covers 64 are preferably located over the opening 62 in the outer
sidewall of the housing 20. Three of the four vent covers 64 shown in the front face
of the housing 20 in Figure 1 have been removed to show the opening 62 in the
outer sidewall 84 and the opening 60 spaced along the height (i.e., along the coil
depth CD, further described below) of the coils 30 in the inner housing sidewall 82.
[00076] The intake vent covers 64 may be formed of plastic or any other type of
material that is suitable for outdoor use. These may be attached by an internal clip
or secured with a minimum of mechanical fasteners. Preferably a screen element in
the form of a mesh or removable filter is attached the intake hoods 64 to preclude
the egress of airborne particulates into the sump 24.
[00077] As best shown in Figure 2, the coils 30 are located in the interior 21 of
the housing 20 and are arranged to extend upwardly from the base 24 to define a
coil depth “CD” (shown in Figure 3). The cooling coils 30 are preferably formed of a
smooth walled material, such as cooper, aluminum, or a suitable polymeric
material. However, other materials and a thinned, corrugated, or other type of tube
construction can be utilized, without departing from scope of the present invention.
As best shown in Figure 3, it is preferable that the coils 30 include a plurality of
stacked, spiral coils that are generally conically shaped. The spirals are preferably
of the Archimedes type with uniform tube spacing or may be of the LogA R/MC type.
Stacked flat coils can also be used with the heat exchanger of the present invention.
[00078] The coils 30 preferably carry a refrigerant such as CFC, HFC, or
ammonia and preferably act as an condenser in an air conditioning system, or carry
a liquid such as water or a water soluble aqueous mixture of water and glycol, or
any other type of heat exchange medium capable of acting as a fluid cooling medium

wherein the refrigerant does not undergo a state change during operation. The heat
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exchanger may also incorporate coils 30 including two or more cooling circuits
carrying multiple types of refrigerant that are individually circuited to act as a
combination condenser and fluid cooler. The coils 30 may include at least one coil
having a different diameter and/or a different spacing between vertically adjacent
coils than the remaining coils.

[00079] A blower 50 is adapted to move air through the plurality of coils 30 in a
direction of the coil depth CD. The blower 50 is preferably located within the top
enclosure 26. A moisture recovery device 52 is preferably incorporated into or
attached onto the housing 20 to generally prevent water from being blown out of the
housing 20 when water droplets are drawn up through the heat exchanger 10 by the
blower 50.

[00080] The moisture recovery device 52 can be in form of a series of baffles
which force the airflow to make one or more turns such that water droplets are
prevented from traveling upwardly through the moisture recovery device 52.
Referring to Figure 2, a preferred water distribution system (collectively shown by
components 40, 42, 44) is adapted to spray water onto the coils 30.

[00081] Preferably, a pump 40 draws water from the base 24 and pumpsittoa
plurality of spray nozzles 42 located above and/or along the entire depth CD of the
coils 30. The pump 40 can be located externally or preferably internally in the
sump 24. Preferably, the spray nozzles 42 are located around a circumferential
periphery of the plurality of coils 30 to spray water on an outer surface of the
plurality of coils 30 along the entire coil depth CD thereof.

[00082] The water distribution system 52 benefits from the preferred
advantageous double wall heat exchanger housing 82, 84 which defines a passage
therebetween. Feed lines 44 for the cooling fluid of the water distribution system
may be located within the passage between the internal and external sidewalls 82,
84. The nozzles 42 may be in form of slots in the distribution tubes 44 aligned with
an air inlet opening 60 in the inner housing sidewall 82. Additionally, the nozzles
42 may be spray nozzles of various types connected to the feed lines 44 to provide a

desired spray pattern.
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[00033] At least one air inlet opening 60 is located in the housing 20 to allow
airflow across the coils 30. Preferably, a plurality of air inlet openings 60 are
located in the housing 20 at various locations to allow ambient air to contact the
plurality of coils 30 generally along the entire coil depth CD to reduce an airflow
pressure drop of the heat exchanger. “Ambient air” as used in the claims is defined
to include “air which is in the passage between the inner and outer sidewalls 82, 84
as well as air that is in the intake vent cover 64.”

[00084] Preferably, the airflow openings 60 in the inner sidewall 82 are
symmetrically arranged around the periphery of the coils 30 and are spaced evenly
throughout the coil depth CD. However, non-symmetric arrangements may also be
provided and the sizes and spacing of the opening 60 may be varied to balance the
airflow and pressure drop across the entire coil assembly 30.

[00085] By allowing ambient air to contact the coils 30 along the entire coil
depth CD, the heat exchanger experiences increased airflow through the coils 30
and a reduced total airflow pressure drop across the coils 30. This increased airflow
also increases cooling since the air drawn through the unit evaporatively cools the
water. The increased airflow provides the benefit of more air being drawn through
the unit per given horsepower which increases the total heat rejected by the system
into the air stream with no increase in operating costs. It is believed that the
system efficiency can be improved by ten percent or more utilizing the heat
excilangers of the present invention.

[00086] Returning again to the preferred construction of the heat exchanger
housing 20, as shown in detail in Figures 4-8 and 8A, the housing sidewall portion
22 is preferably formed by four sidewall segments 80, 80" which are joined together.
One segment 80' is preferably a headered sidewall segment that has provisions for
inlet and outlet connecting manifolds or headers 88, 89 (which are illustrated in
Figure 8A to show the relative positions) used to connect the coils 30. As shown in
detail in Figures 7 and 8, the sidewall segments 80 include both the inner sidewall
82 and the outer sidewall 84. The sidewall segment 80 is preferably formed of a
polymeric material and may be molded. Cut outs 60 and 62 are made in the inner

and outer sidewalls 82, 84, respectively.
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[00087] Four of the segments 80 are joined to form the sidewall portion 22 of
the housing 20. The segments 80 may be connected together via mechanical
fasteners, adhesive, welding, or a combination thereof, or through other appropriate
means depending upon the material utilized to form the segments 80. Preferably
the inner diameter of the inner wall 82 is slightly greater than the outside diameter
of the coils 30. For additional control of coil spacing, longitudinal bumps 23 may be
provided on the inner sidewall 82. The height of the housing sidewall portion 22
can be varied depending upon the height of the coils 30. Preferably, the housing 20
is made of a corrosion resistant material, which is also resistant to ultra-violet light,
ozone, and other external factors since the heat exchangers 10, 110 are intended for
outdoor use. The housing 20 may also be coded with a protective material or
chemical treated to enhance its properties.
[00088] Referring now to Figures 9-11, a dual arrangement utilizing two
compact heat exchangers 10 in accordance with the present invention is shown. The
heat exchangers 10 may be located on a pallet 90 and may be connected together in
parallel or in series with tubing 92, depending upon the particular application.
Valves 94 may be provided to take one or more of the heat exchangers off-line
depending on the cooling capacity required. Multiple units may be arranged in this
manner to provide for ease of installation.
[00089] Referring to Figures 12-40, a second preferred embodiment of a heat
exchanger 110 in accordance with the present invention is shown. The heat
exchanger 110 preferably incorporates a plurality of flat wound coils 130 and uses a
' flat mandrel having internal grooves for mechanically forming the tubing and radial
slots to contain the coil spacers 133 or 234 (further described below). The flat coils
130 minimize residual stress and preferably use uniform spacing.
[00090] A coil alignment mechanism 132 is preferably located on the base 124
for positioning the coils 130 thereon. The coil alignment mechanism 132 preferably
includes a post structure 112 having a plurality of posts 114 which extend generally
upwardly from the base 124. Each of the coils 130 is preferably connected to at

least one of the posts 114 using a sliding engagement.
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[00091] Each of the coils 130 is preferably positioned over the base 124 of the
housing 120 by the posts 114 such that the weight of the coils 30 is support
substantially entirely by the base 124. The coils 130 are preferably located on a
framework that engages at least one of the plurality of posts. The framework is
preferable formed by two support bars 133, 134. The support bars 133, 134
preferably include coil tube supports 135 located thereon for maintaining the
desired distance between the adjacent windings of the coil 130. The tube supports
1385 preferably allow movement of the coil tubes due to thermal expansion and
contraction while still maintaining their relative spacing. The maintenance of
proper spacing enhances scale shedding. Each post 114 includes an inwardly facing
channel 115, shown in Figure 15, in which the ends of the supportbars 133, 134 can
be held, so that the coils 130 can be stacked to desired total coil height (or coil depth
CD). The framework formed by the support bars 133, 134 preferably include
spacers 136 that are located between vertically adjacent coils 130, as shown in
Figure 17. This allov;rs easier assembly then prior known systems in which coils 130
are fastened in place using mechanical fasteners or welding or braising, and also
allows for easier maintenance and/or replacement of one or more coils 130 for
repair.

[00092] Alternatively, as shown in Figures 28-31, the framework can be formed
by spacer bar halves 233, 234 which can be form fit (i.e., snapped) together to hold a
coil 130 in place. The ends of one or both spacers halves 234, 235 preferably include
a channel 237 through which vertical posts 114 can be installed to stack a plurality
of the coils 130 together to form the stack heat exchanger coil 130. The openings in
the spacer halves 233, 234 are preferably greater than the diameter of the preferred
coil tubing to allow both circumferential and radial movement of the coil 130 due to
thermal expansion and contraction. The spacer halves 233, 234 for the tubing serve
only to contain the tubing in a manner that does not abrade or knick the tubing.
The spacer halves 233, 234 are of sufficient thickness to provide for a smooth
contact surface to preclude damage to the tubing.

[00093] The frame structure 112, including the posts 114, are preferably mounted to

the base 124. The frame 112 preferably also allows for internal mounting of any desired
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components, such as a liquid level switch, sensors, sump heater, and devices to prevent
scale formation, bacteria or fungal growth, algae, etc, as shown in Figure 43. Housing
sidewall panels 122, 122' can be attached to posts 114 and surround the coils 130. Unlike
the prior known assemblies, the housing panels 122 are non-load bearing, and are
provided to surround the cooling coils 130 to control the moisture flow for evaporative
cooling and to resist outside weather and UV radiation.

[00094] Longitudinal bumps 123 are preferably located on the sidewall panels 122,
122" to keep the cooling coils 130 centered and spaced from the sidewall inner surface to
maintain uniform spacing along the outer diameter of the coil 130 to provide for uniform
airflow. As shown in Figures 18-22 and 23-27, two different types of side panels 122,
122' may be provided. The side panel 122" includes a headered panel 125 for pipe
connections and recesses for locating the manifolds for piping connections.

[00095] Top and bottom cover pieces (which are not shown in the drawings, but
generally the same size of the inner housing wall recesses) are located above and below
the manifold connections to prevent airflow bypassing the coils 130. Locating the tubing
manifolds (or headers) in the enclosure provides protection for the manifold as well as
some additional heat transfer area.

[00096] The side panel 122 does not necessarily include the headered provision.
Preferably, a service panel 127 is provided at the top of one side panel 122, and can also
be provided for each of the side panels 122, 122' for access to the blower 150 and
moisture recovery device 152. A bottom lip 128 is provided on the panels to direct
cooling water sprayed on the coils inwardly and into the sump 124. Additionally, an
internal slot 122a' provides for protection and concealing of electrical wiring, sensors, or
water piping.

[00097] A preferred sump 124 is shown in detail in Figures 32-35. The sump 124 is
preferably molded from a polymeric material, and is supported on a metal frame 129 (as
shown in Figure 35) which preferably includes fork lift support rails. Inlet and outlet

connections can be located around the entire sump periphery, and are not limited to a

13



WO 2004/013555 PCT/US2003/024665

single side. A drain connection is provided at a lower most ‘point on the side, and the
bottom of the sump is sloped toward the drain connection. A liquid level switch can be
installed into the coil support frame in order to preclude damage as seen in Figures 55 and
56.

[00098] Rubber grommets are preferably used at all bulkhead connections and
through piping to prevent leakage of water through the sump walls. Sensors, such as for
liquid level, conductivity or other properties can also be located on the sump wall and
preferably along the same elevation of the drain line to ensure accurate measurement.
This is due to the fact that the liquid being measured is not subject to turbulence or
agitation resulting from falling water droplets that are not evaporated but recollected in
the sump.

[00099] As shown in Figures 41 and 42, a water make-up arrangement is preferably
provided, and can be located anywhere along the sump perimeter. Additionally, an
overflow provision can also be provided. As shown in Figure 44, the connections can
also be made above the sump and through an intake louver (shown in Figure 45) or
another portion of the housing.

[000100] A top enclosure 126 with a blower 150 and a moisture recovery device 152
mounted thereto is supported by the posts 114. As shown in Figure 36, the top enclosure
126 is preferably formed so that it accommodate fans of at least two different sizes by
utilizing or trimming away the inlet cone area located radially around the fan for a draw
through arrangement. The top enclosure can also be used with a blow through (forced air)
arrangement by trimming a rectangular opening in the top which would be adapted to
receive a moisture recovery device.

[000101] As shown in Figure 13, a pump 140 is used to pump cooling water used for
evaporative cooling of the coils 130 to spray nozzles 142 via distribution tubes 144, ina
similar manner to the first embodiment, as described above. Preferably, the pump 140 is

located in the sump 124.
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[000102]  Figures 39 and 40 show the sidewalls 122, 122' being assembled, with the
bottom coil support as well as the stackable tube supports 234,235 shown in position. Ior
T-shaped posts are used to stack the flat coils 130 (not shown) installed in the tube
supports 234, 235.

[000103]  The use of the flat coils 130 allows for more cooling coil surface area to be
contained within a given volumetric space. This allows for more cooling capacity within
a limited footprint. Additionally, by using cooling coils 130 located on support bars 133,
134 that can be stacked and held in position by channels 116 in the posts 114, or by
separate vertical posts installed through channels 237 of the assembled supports 234, 235,
assembly time is reduced, and heat exchangers having various cooling capacities can be
readily assembled or reconfigured using the same components.

[000104] To provide additional efficiency to the heat exchanger 110, the cooling coils
130 in a given heat exchanger can be connected in series or in parallel, or a combination
of both with valves for opening and closing circuits to provide different cooling
capacities. Additionally, two or more separate cooling circuits can be wound in the same
flat coil 130, and different cooling circuits can be activated using valves (not shown),
depending on the cooling load.

[000105] To improve the cooling airflow, airflow openings 160 are preferably
provided between the entire bottoms of the sidewall panels 122 and the top of the sump
124. Intake vent covers 164 similar to those described above in connection with the first
embodiment can be located over the openings 160 to prevent the ingress of debris and
preclude the penetration of sunlight into the sump.

[000106] Two different types of flat coils 130 may be provided having different tube
spacing and/or diameters, so that the tubes are staggered relative to tubes of the vertically
adjacent coils 130. This provides better heat exchanger efficiency.

[000107]  Referring now to Figures 37 and 38, a blow through fan 155 is shown in
connection with the compact heat exchanger 110. The fan 155 is mounted on the side of

the heat exchanger 110 so that additional heating coils 130 can be stacked within a given
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housing height because no fan is provided on top. A duct 156 connects the fan outlet to
the bottom of the heat exchanger 110 on at least one side. Any remaining openings onthe
bottom of the heat exchanger 110 are closed off with panels formed from plastic or any
other suitable material. This arrangement allows for more cooling capacity within a
height limited area by allowing more coils 130 to be stacked in the housing. This is
advantageous in many applications.

[000108] It will be recognized by those skilled in the art from the above
description, that changes may be made to the above described embodiments of the
invention without departing from the broad inventive concept thereof. As such, any
of the features shown in either of the preferred embodiments can be used with
either embodiment or in combination. It is understood, therefore, that this
invention is not limited to the particular embodiments disclosed, but that it is
intended to cover all modifications which are within the spirit and scope of the

invention as defined by the appended claims and/or as shown in the attached

drawings.
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CLAIMS

What is claimed is:

1. A heat exchanger comprising:

a housing havihg a base and defining an interior;

a plurality of coils located in the interior of the housing and arranged to
extend upwardly from the base to define a coil depth;

a blower adapted to move air through the plurality of coils in a direction of
the coil depth;

a water distribution system to spray water onto the plurality of coils;

at least one air inlet opening located in the housing to allow airflow across
the plurality of coils; and

a coil alignment mechanism located on the base for positioning the plurality
of coils thereon, the number of the plurality of coils being adjustable so that a

desired amount of cooling is provided by the heat exchanger.

2. The heat exchanger of claim 1, wherein the water distribution system
is located around a circumferential periphery of the plurality of coils to spray water

on an outer surface of the plurality of coils along the entire coil depth thereof.

3. The heat exchanger of claim 1, wherein the plurality of coils comprise

stacked spiral coils.

4. The heat exchanger of claim 1, wherein the number of the plurality of
coils can be adjusted retroactively after the heat exchanger has been assembled

without changing a size of the housing.

5. The heat exchanger of claim 4, wherein the number of plurality of coils

is increased due to the addition of coils forming an additional cooling circuit.

17



WO 2004/013555 PCT/US2003/024665

6. The heat exchanger of claim 1, wherein the coil alignment mechanism

comprises a plurality of posts which extend generally upwardly from the base.

7. The heat exchanger of claim 6, wherein each of the plurality of coils is

connected to the plurality of posts using a sliding engagement.

3

8. The heat exchanger of claim 3, wherein the plurality of coils comprises

at least two cooling circuits.

9. The heat exchanger of claim 1, wherein the base comprises fork lift

support rails.

10. The heat exchanger of claim 1, wherein the plurality of coils include at
least one coil having a different diameter and/or a different spacing between

vertically adjacent coils than the remaining coils.

11. The heat exchanger of claim 1, wherein the housing comprises inner

and outer sidewalls that define a passage therebetween.

12. The heat exchanger of claim 1, wherein the housing includes a
moisture recovery device which generally prevents water from being blown out of

the housing.

13. A heat exchanger comprising:

a housing having a base and defining an interior;

a plurality of coils located in the interior of the housing and arranged to
extend upwardly from the base to define a coil depth;

a blower adapted to move air through the plurality of coils in a direction of

18
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the coil depth;

a water distribution system located around a circumferential periphery of the
plurality of coils to spray water on an outer surface of the plurality of coils along
substantially the entire coil depth thereof; and

at least one air inlet opening located in the housing to allow airflow across

the plurality of coils.

14. The heat exchanger of claim 13, wherein each of the plurality of coils is
positioned within the housing by a plurality of posts which extend generally
upwardly from the base such that a weight of the plurality of coils is supported
substantially entirely by the base of the housing.

15. The heat exchanger of claim 14, wherein each of the plurality of coils is

located on a framework that engages at least one of the plurality of posts.

16.  The heat exchanger of claim 15, wherein the number of the plurality of
coils positioned within the housing can be adjusted by engaging or disengaging at
least one coil from the plurality of posts so that a desired amount of cooling is

provided by the heat exchanger.

17.  The heat exchanger of claim 16, wherein the number of the plurality of
coils can be adjusted retroactively after the heat exchanger has been assembled

without changing a size of the housing.

18. The heat exchanger of claim 17, wherein the number of plurality of

coils is increased due to the addition of coils forming an additional cooling circuit.

19. The heat exchanger of claim 13, wherein the plurality of coils

comprises at least two cooling circuits.
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20. A heat exchanger comprising:

a housing having a base and defining an interior;

a plurality of coils located in the interior of the housing and arranged to
extend upwardly from the base to define a coil depth;

a blower adapted to move air through the plurality of coils in a direction of
the coil depth;

a water distribution system to spray water onto the plurality of coils; and

a plurality of air inlet 6penings located in the housing at various locations to
allow ambient air to contact the plurality of coils generally along the entire coil

depth to reduce an airflow pressure drop of the heat exchanger.

21. The heat exchanger of claim 20, wherein the water distribution system
is located around a circumferential periphery of the plurality of coils to spray water

on an outer surface of the plurality of coils along the entire coil depth thereof.

92.  The heat exchanger of claim 20, wherein the plurality of coils comprise

stacked spiral coils.

23.  The heat exchanger of claim 20, wherein each of the plurality of coils is
positioned within the housing by a plurality of posts which extend generally
upwardly from the base such that a weight of the plurality of coils is supported by
the substantially entirely by the base of the housing.

24. The heat exchanger of claim 23, wherein each of the plurality of coils is

located on a framework that engages at least one of the plurality of posts.

925. The heat exchanger of claim 21, wherein the plurality of coils

comprises at least two cooling circuits.
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26. The heat exchanger of claim 20, wherein the base comprises fork lift

support rails.

27. The heat exchanger of claim 20, wherein the plurality of coils include
at least one coil having a different diameter and/or a different spacing between

vertically adjacent coils than the remaining coils.

28. The heat exchanger of claim 25, wherein the housing comprises inner

and outer sidewalls that define a passage therebetween.

29.  The heat exchanger of claim 20, wherein the housing includes a
moisture recovery device which generally prevents water from being blown out of

the housing.
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